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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 conditions and within the service conditions for which they were fur-

nished,

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

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

For product warranties requiring return to Wavetek, products must be returned to a service facility desig-
nated 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 procucts 1o 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 representa-
tive and not in accordance with instructions furnished by Wavetek.

Exclusion of Other Warranties

The Warranty described above is Buyer’s sole and exclusive remedy and no other warranty, whether
written or oral, is expressed or implied. Wavetek specifically disclaims the implied warranties of
merchantability and fitness for a particular 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 exccuted by an authorized Wavetek employee. Under no eircumstances shall Wavetek be liable for
any direct, indirect, special, incidental, or consequential damages, expenses, losses or delays (includ-
ing loss of profits) bused on contract, tort, or any other legal theory,
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ERRATA
FOR
INSTRUCTION MANUAL
MODEL 1391
50MHz VXI PULSE GENERATOR

NOTE

This errata is only for the
Model 1391 manual
dated 4/93

Make the following changes to the manual:

Page 1-4, Paragraph 1.3.7, Cooling Requlrement:
Replace
"Minimum airflow requirement for 10°C rise is 0.381mm (.015 in) H20 at 11.34 1/sec (24 CFM)."
with
"Minimum airflow requirement for 10°C rise is 0.381mm (.015 in) H2O at 3.9 1/sec (24 CFM)."

Page 3-20, Paragraph 1.3.7, SUMBUS Operation
At the bottom ol the second coflumn, change from

Receiver: INIT:CONT OFF
TRIG:SCOUR:ECLTO

to

‘Receiver: INIT:CONT OFF
TRIG:SOUR ECLTO
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SAFETY FIRST

PROTECT YOURSELF. Follow these precautions:

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

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

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

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

Don't energize the VXI chassis until directed to by the installation
instructions.

Don't repair the instrument unless you are a qualified electronics techni-
cian and know how to work with hazardous voltages.

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

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

Section 1

1.1 The Model 1891

The Model 1391 is a2 1 mHz to 50 MHz "C" size VXI
Programmable Pulse Generator. It can generate
single, double, and delayed pulses with programmable
period, width, delay, rise/fall transitions, and ouiput
levels. The generator operates as a continuous,
triggered, gated or burst pulse source up to 50 MHz.
Additionally, the Model 1391 can be programmed for
a square wave function (~50% time symmelry) up to
100 MHz. Pulse characleristics are programmable
with 4 digit resolution, with width and delay up 1o
2000 seconds, and rise/fall transition times settable
from 5 ns to 50 ps.

The pulse ouput amplitude may be specified as upper
and Jower levels, which can be programmed in a

16 V window (£8V into 502 termination). Peak to
peak amplitude, upper level value minus lower level
value, is continuously variable in 10 mV steps from
150 mVp-p to 16 Vp-p (50Q2). The pulse amplitude
{upper, lower, or both) may be modulated (PAM)
with an external signal.

Control of the pulse generator adheres to the SCPI
(Standard Commands for Programmable Instruments)
format Version 1992.0, February 1992 (refer to the
SCPI manual for further information). SCPI is an
industry standard language for remote instrument
programming. Using any manufacturer's VXI chassis,
the Model 1391 can be controlled using the SCPI
language and the appropriate controller.

Multiple pulse generators may be linked and operated
together inside one VXIbus chassis. Series operation
is provided by full support of the VXIbus SUMBUS.
A signal programmed at the output may be sent to the
SUMBUS, or signal present at the SUMBUS may be
summed into the model 1391 output. In parallel
operation, model 1391's may be slaved (o a master
clock/trigger bus on the VXIbus backplane to create a
multichannel pulse generator.

The model 1391 has extensive self-adjustment utilities
built in, Calibration constants are maintained in non-
volatile memory.

1.2 Speclficatlons

1.2.1 Functicns

Programmable single, double or delayed pulse and
fixed (~50%) duty cycle square wave.

1.2.2 Opsrating Modes

Conlinuous:

Pulse period generated continuously internal to the
model 1391 at programmed frequency/period. Se-
lected pulse waveform is continuously output at
PULSE OQUT with programmed pulse characteristics.
Period timing signal appears at SYNC QUT (if
cnabled) and may be sclected for output to the
backplane. Pulsc periods programmable up to

25 MHz in double pulse, 50 MHz in single or delayed
pulse, and 100 MHz in square wave, Pulse Amplitude
Modulation may be enabled for external signal at
PAM IN.

Triggered:

As above for Continuous mode, except that pulse
period generation is disabled. Qutput quiescent until
triggered by an external signal at TRIG IN, a
TTLTRG or ECLTRG signal, internal trigger fre-
quency, or a VXIbus command, then generates one
pulse period with the programmed pulse waveform
and pulse characteristics. Triggered pulse periods
operate to 25 MHz in double pulse, 50 MHz in single
or delayed pulse and square wave.

Gated:

Similar 1o triggered mode except output continues for
the duration of gate signal. The last puise period
started is completed,

Burst:

Similar to triggered mode except programmable
number of pulse periods in a burst, Burst length,
initiated by the trigger signal, is programmable
between 2 and 10,000,000 cycles.

SPECIFICATIONS 1-1
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1.2.3 Inputs

Trig In:

Front panel BNC input for external triggering signal.
Variable trigger level control accepts TTL or variable
amplitude bipolar signals. In addition, any of the
rigger lines on the VXIbus backplane can be selected
as the trigger tnput, see Trigger Input (from VXI
Backplane). TRIG IN is protected overa £20V
input range.

Variable Trigger Leyel:

Range: 10V

Resclulion: 50 my

Accuracy: 50 mY
Minimum input level: 750 mvipp
Maximum input level =20V
Minimum puise widlh: 10 ns

inoul impedance: =1k shunted by <10 pF

Jitter: £500 ps; for 2750 mVpp square wave
input with <50 ns transitions.

PAM In:

Front panel BNC connector, used 10 externally Pulse
Amplitude Modulate the model 1391. PAM modula-
tion scale factor is set so that a 1 volt input at this
connector will result in a 2 volt change in upper/lower
level amplitude at the PULSE OUT connector. Input
is proteeted to £50 'V inputs,

Input impedance: 21 k{2
Bandwidih: dcto >20 kHr
Accuracy: 5%

SUMBUS Input (from VXI Backplane):

Analog signals on the VXIbus SUMBUS line may be
summed into a model 1391 PULSE QUT with a fixed
scale factor. A full-scale PULSE OUT signal of

16 Vpp requires a 2Vpp (80 mApp driving 25€2) input
signal at the SUMBUS line. SUMBUS receiver
specifications are:

Scale factor: R
Accuracy: 2 (6% + 200 MV + 2.5 MA)
{input fmpedance: >10 k€2 in parallel with <20 pF

Bandwialh: > 50 MHz

Trigger Input (from VXI Backplane}:

Any one of the eight VXIbus TTLTRG lines or either of
the two ECLTRG lines may be selected as the tngger
input for the model 1391. When a TTLTRG line is
selected, the triggering signal on that line is limited to a
maximum of 12.5 MHz by the VXIbus specification.

[-2 SPECIFICATIONS

1.2.4 Outputs

Pulse Qutput;

Front panel BNC output, supplies the 150 mVpp to
16 Vpp pulse waveform into a S0Q termination, up to
50 MHz. Programmable on or off (Zoff > 500 kQ).
QOutput is protected against short circuits.

Scurce Impedance: 508

NOTE: Wwhen overload current is Ogtected, the protection
circuitry disables the Pulse Oulput. To recover from an
averioad, tuen the power cif, wait two minules, and tum
Mhe power back on.

Sync Output;

TTL level pulse (active high) into 3082, Program-
mable as cither the pulse peried (MARKern TYPE
CLOCKk) or as a copy of the cxternal gating signal
(MARKen: TYPE GATE). When in continuous mode,
the Sync Output is an approximate 50% duty cycle
squarc wave defining the timing of a pulse period up
to 50 MHz. For frequencies »50 MHz and up to

100 MHz, the Sync Output operates as a cloek source.

In triggered mode (INITiate: CONTinuous OFF), the
Sync Output (MARKen: TYPE CLOCK) is a copy of
the triggering signal. The Sync Output (MARKer:
TYPE GATE) is valid only in burst mode (TRIGger:
COUNT1 <value>, where “value” is greater than 1) or
in gated mode (TRIGger:GATE ON). The SYNC

OUT BNC is short circuit protected,
TTL Compatibie. <0.410>2.0V into 5002

Timing: 50% point of rising edge delines the
start of a pulse period. Configuration

dependent delay (see Trigger Lalency,

Figure 1-2 and Lhe {able below)
following trigger event.

<5ns with 3 feet RG-58 50€2 coax
cable lerminated into 50€2.

Transition lime.

Trigger Delays {1, - 1,, see Figure 1-2)

Configuration* ! Trigger Latency

External Trigger Input**
Trigger Modc typically 58 ns
Burst Mode, Pulse
Burst Mode, Square

ECL Tngger**

TTL Trigger

typically 83 ns
typically 63 ns
typically 52 ns
typically 52 ns

® Trigger delays measured for 2 singte pulse, 0 ns delay.

=" Add 22 ns when unil is conliguied as the Masler.
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SUMBUS Output (to VX] Backplane):

Pulse output signals from the model 1391 may be
summed onto the VXIbus SUMBUS line with levels
proportional to the pulse output. A full-scale PULSE
OUT signal of 16 Vpp results in an 80 mApp signal
driving the SUMBUS line. SUMBUS driver specifi-
cations are:

5 mANV
+£{6% + 2.5 mA)

Scale factor:
Accuracy:

Load Impedance: 2562 x 2% (VX! Specification)

Oulput impedance: >10 k@2 in parailel with <20 pF

Compiiance: 2 1.2V minimum

Bandwicth: > 50 MHz (limited by the backplane).
Trigger Qutput (to VX! Backplane):

Any one of the eight VXIbus TTLTRG lines or either
of the two ECLTRG lines may be selected to be driv-
en by a signal from the model 1391, The internal
trigger, the external trigger input, or the pulse wave-
form may be selected to be output. When a TTLTRG
line is selected, the triggering signal on that line is
limited to & maximum of 12.5 MHz by the VXIbus
specification.

1.2.6 Puise Characteristics

See Figure 1-2 for an illustration defining the various
pulse characteristics. Pulse functions are programma-
ble using operating mode, pulse period (frequency),
width, delay, transition times, and amplitude levels.

NOTE: All pufse characleristics specifications require
high-guality 5052 cabie (=3 feet RG-59 or equivalent) and
a high-frequency 50Q (= W) iermination at the far end
0! the cable Irom the PULSE QUT BNC.

Pulse Period:
Range:
Pulse Qul: 20 ns to 1000 s (1 mHz to 50 MHz2}
Sync Out: 10 ns 10 1000 s {1 mHz2 to 100 MH2)
Aesolution; 4 digits, limited by 1 mHz
Accuracy: Same as the VXIbus CLK10 reference
in” mage (=0.01% typical), =
2% ot setling in non-continuous mcses.
Pulse Width:
Range: 10 ns 1o 1000 5 (up 1o 2030 s with
external trigger).
Resolulion: 4 digis, limited by 1C0 ps
Accuracy: +={1% + 2 ng)
Jitrer: x(0.05% + 100 ps)
Quiy Cycle: 95% limited by min. off-time of 10 ns.

Pulse Delay:

Range: Onsto2000s

Resolution: 4 digits, limited by 100 ps

Accuracy: +{1% + 5 ns); transilion limes sal to
miftimum.

Jilter: ={0.05% + 100 ps)

Duty Cycla: 95% limited by minimum colf-lime of
12 ns.

Rise and Fall Transitions:

Range: 5nsto50 s

Aesolution: 4 digits, limited by 160 ps

Accuracy: £(5% + 2 ns)

Aberrations (Vop): < (5% of Vpp + 20 mV)

NOTE: The ratio of rise time to fall time may nof exceed
10:1. For Ampliludes > 12 Vpp the Aberralions
specification appliss for transitions = 7 ns.
Upper and Lower Levels:
Range. 8V

Resolution. 10my

Vpp Amplitude (Upper Level - Lower Lavel)

Accuracy:
Vpp 205 = (2% of setting + S0 mV)
Vpp < 0.5 = (2% ol selling + 25 mV)
Otfset  {({Lipper Level + Lower Lavel)/2)

Accuracy. =(2% of selting + 50 mvy)
NOTE: The minimum amplilude (upper — lower) may not
be less than 150 mVpp. Pulses less than 500 mVpo are
restricled to a = 2V window.

1.2.8 Multichannel Operatlon

Multiple 1391 modules may be operated together in
series or in parallel to create a multichannel pulse
generator.

Serles (SUMBUS) Operation

A module may be selected to drive the SUMBUS,
receive from the SUMBUS, or disconnect from the
SUMBUS. Allows the signal from one module to be
summed with the signal at the output of another.
Allows for more complex waveform generation than
provided with simple pulse generator features, such as
multi-level pulses.

SPECIFICATIONS [-3
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Parallel (Master/Slava) Operation

Up to 10 model 1391 modules may be operated in
Master/Slave configuration within a VXIbus chassis.
This mode of operation uses the high bandwidth and
tight timing of the ECL trigger lines to couple the
start of triggered pulse periods of Slave modules to
the trigger output of the Master module, Sets the
“start of pulse period” (1) timing points of adjacent
modules into close agreement. Modules further away
will have a timing delay of approximately 0.5 ns per
slot, dependent upon the VXIbus chassis backplane.

1.3 GENERAL

1.8.1 8CPI Programming

Conforms to SCPI Version 1992.0 (see Appendix E)
and IEEE-488.2 standard mandated commands. Rocot
level commands include:

DIAGnostic OUTPut SOURce
STATus SYSTem TRIGger
INITiate CALibrate RESet
TEST

1.3.2 VXlbus Interface

Message Based Device (MBD), 256 byte input buffer.

Supports the following subsets/protocols:

Al6/A24 D16/D24 Master, A16/A24 D16/D24 Slave:
VXIbus Instrument Protocol (I);

VXIbus IEEE-488.2 Instrument Protogol (14);

Event Generator, Response Generator;

DC (Dynamically Configurable) Device.

The model 1391 supports all Word Serial Commands
specified in the VXIbus System Specification (Rev,
1.4), Tables E.1 and E.2 for the above subset/protocol
classification.

1.3.2 Environmental

Temperature Range:

Operating: Specificatiens apply G°C to 50°C,
when calibrated at 23°C = 3°C.
Storage: -40°C to +71°C (RH not controlled).

30 minutes for specified operation,
except stabllity specitications require
60 minutes.

warm-up Time:

1-4 SPECIFICATIONS

Altltude:
Operatlng: Sea level to 10,000 1.
Storage: Sea level to 15,000 It.

Relative Humidity (non-condensing):
0°C to +10°C:
+11°C to +30°C:
+31°C to +40°C:
+41°C to +50°C:

not controlled.

85 = 5% RH max,
75 = 5% RH max.
45 £ 5% RH max.

Vibration: 0.013in., 5 t0 55 Hz, 2g max.

Shock: Nor-operating, 40 g, § ms hall-sine.

Bench Handling. Non-cperating, 4 inch or point of
balance drop, any face, solid wooden
surface,

1.8.4 8lre
Dimensions: Single stel, "C* size VXI module.
Weight: 1.65 kg (3.63 1b) net; 3.64 K

(8.00 Ib) shipping.

1.3.6 Power

Total: < 47 Watts
Voltage Peak Currant Dynamic Current
+24 Vdc 04A 0.3A
$12 Vde 1.0A 01A
+5 Vde 1.0A 02A
-2 Vdc 1.1A 014
5.2 Vde 184 014
-12 Vde 08A 014
=24 Vdc 0.4 A 034

1.3.6 Rellability

»22,000 hours MTBF at 25°C, ground benign.
MIL-HDBK-217 calculation at 50% component
stress.

1.8.7 Cooling Requirement

Within a VXI mainframe with cooling air. Minimum
airflow requirement for 10°C rise is 0.381mm

(.015 in) H,0 at 11.34 l/sec (24 CFM).

1.3.8 8aiety
Designed and tested to MIL-T-28800D, UL-1244, and
the VXI System Specification, Revision 1.4,

1.8.9 EMC

Designed and tested to MIL-STD-461C, Part 7, RE-
02, and VXI System Speecification, Revision 1.4; RE,
RS, CE, CS.
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Figure 1.2 Delinitions ol Pulse Characteristics
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Preparation

Section 2

2.1 REGEIVING INSPECTION

Check the shipment at the time of delivery and inspect
each box for damage. Describe any box damage and
list any shortages on the delivery invoice.

2.1.1 Unpacking Instructions

1. Unpack the boxes, Unpack the boxes in a clean
and dry environment. Save all the packing
material in case the instrument must be returned
for repair.

2. Inspect the shipment for damage, Inspect the
equipment carefully for any signs of mechanical
damage regardless of the condition of the shipping
boxes.

3. If necessary, file a claim. In the case of mechani-
cal damage, call the shipper immediately and start
the claim process.

4. Call Wavetek. Call Wavetek's Customer Service
representative (619 279-2200) to inform them that
the shipment arrived damaged. Please be prepared
to provide a detailed damage report.

2.1.2

Follow these steps when you return equipment to
Wavetek:

Raturning Equipment

1. Save the packing material. Always return
equipment in its original packing material and
boxes. If you use inadequate material, you'll have
to pay to repair any shipping damage as carriers
won't pay c¢laims on incorrectly packed equipment.

2. Call Wavetek Customer Service and ask for a
return authorjzation. The Wavetek Customer
Service representative (619 279-2200) will ask for
your name, telephone number, company name,
equipment type, model number, serial number, and
a description of the problem.

3. Pack and ship the equipment.

2.2 PREPARATION FOR STORAGE OR SHIPMENT

2.2.1 Packaging

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

1. Wrap the Model 1391 in ESD sensitive packing
material.

2. Use a double-walled cardboard shipping container.

Protect all sides, including the top and bottom, with
shock absorbing material (minimum of 2 inch thick
material) to prevent movement of the Model 1391
within the container. Seal the shipping container with
approved sealing tape, Mark “FRAGILE" on all sides,
top, and bottom of the shipping container,

Z2.2.2 Blorapge

The Model 1391 should be stored in a clean, dry
environment. In high humidity environments, protect
the Model 1391 from temperature variatjons that could
cause internal condensation, The following environ-
mental conditions apply to both shipping and storage;

Temperature —~40°C to +71°C

Relative Humidity not controlled,
non-condensing.

Altitude <15000 ft

Vibration <2g

Shock < 40g

2.3 PREPARATION FOR USE

Paragraph 2.3 covers the following topics:
Logical Address Selection
Data Transfer Bus Arbitration
Installation

PREPARATION 2-1
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2.3.1 Loglcal Address Sefection

The VXI chassis Resource Manager identifies units in
the system by the unit's logical address. The VXI
logical address can range from 0 to 255. However,
addresses 0 and 255 are reserved for special functions.
Address 0 identifies the Resource Manager, Address
255 permits the Resource Manager to dynamically
address the unit based on the unit's VXI chassis slot.

To change the Moedel 1391's logical address, use the
eight position DIP switch (figure 2-1) accessible from
the side panel. The Model 1391 uses binary values (2°
10 27) to set the address using the active low address
switch, This means the OFF position represents a
logical 1. Conversely, an ON position represents a
logical 0. Switch position number cne is the least
significant bit of the address. Insert A in figure 2-1]
illustrates a switch set to a logical address of 3.

Wavetek ships the Model 1391 with a logical address
of 255 for Dynamic Configuration. Refer to insert B
in figure 2-1.

2.3.2 Data Yransfer Bus Arbitration

The Model 1391 has VMEbus Mastership capability.
This means the Pulse Generater, when enabled, sends
Responses and Events as signals to its Commander.
The Model 1391 cannot drive the interrupt lines.

The Model 1391 is configured as a level 3 requestor by
the factory. The level 3 Bus Request and Bus Grant
lines are used (BR3*, BG3IN*, and BG30UT*). The
other Bus Grant lines are daisy-chained by jumpers,
The VMEDbus specifications describe three priority
schemes: Prioritized, Round-robin, and Single level.
The Prioritized arbitration assigns the bus according to
a fixed priority scheme where each of four bus lines
has a priority from highest {(BR3*) to lowest (BRO*).
Round-robin arbitration assigns the bus on a rotating
basis. Single level arbitration only accepts requests on
BR3*.

If a different requestor level is required, the jumpers
must be changed. The following instructions and
figure 2-2 will aid in reconfiguring the Model 1391 to

LOGICAL
ADDRESS
255
GLORYET !

avalafululegl
NO

INSERT B

LOGICAL
ADDRESS
3

gLoSrtel

Ry
NO

INSERT A

Figure 2-1. Set the Logicaf Address
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Flgure 2-2. Bus Arblitration Level Jumpers
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a new level. Refer to the VMEDbus specification for
more information on 'data transfer bus arbitration’.

CAUTION

The Pulse Generator contains CMOS
devices which are sensitive to static
electricity. When performing the bus
arbitration level change, static elec-
tricity dischargestrapsshould beworn,

1. Remove the four flat head screws on the Model
1391 left side panel, remove the panel.

2. Remove the four pan head screws holding the VXI
Interface card 1o the main Pulse Generator board.

3. Slowly and gemtly lift the VXI Interface card up
from the Pulse Generator board, Considerable
force may be required as there are four connectors
between the two boards with a total of 136 pins.
Do not use a metallic prying tool.

4. Change the data transfer bus arbitration jumpers to
the desired level. Refer to figure 2-2,

5. Carefully install the VXI Interface card onto the
Pulse Generator board. Install the four pan head
screws, the side panel and the four flat head
SCrews.

2.4 INSTALLATION

The instrument will be installed in a VXI mainframe in
any slot except slot 0 (zero). When inserting the
instrument into the mainframe, it should be gently
rocked back and forth to scat the connectors into the
backplane receptacles. The ejectors will be at right
angles to the front panel when the instrument is
properly seated into the backplane. The two captive
screws above and below the ejectors are used to secure
the instrument into the chassis.

2.6 INITIAL CHECKOUT AND OPERATION
VERIFICATION

This procedure provides the operator, service techni-
cian, receiving inspector, etc. with a quick methed of
verifying the functional operation of the Model 1391,
This procedure does not test the unit's specifications,
This procedure assumes the Model 1391 is properly
instalied in a “C” size VXI chassis with a VXI centrol-
ferin slot 0. Required tools and test equipment are
given in table 2-1.

2-4 PREPARATION

Tabie 2-1. Test Equipment and Tools

Equipment Comments

Oscilloscope Bandwidth: 2100 MHz

Signal Source Frequency: 10 kHz
QOutput; =1V sine wave

BNC 508 Feed-
through (2ea)

BNC Coax
Cable (3ca)

Accuracy: 0.5%
Power: 2W

RG358U, 3 ft. length

Because each step in the procedure is dependent on the
preceding step, start with step | and continue through
to the end. Do not send any command unless specifi-
cally instructed to do so within the procedure,

1) Verify proper LED operation during instrument

power-up
LED Normal Result
Run On

Fail Off

MODID Flashes

Al6 Flashes

A24 Off

2y Send: *tst?
If response = 0, continue

If response = 0, decode error value
(see Appendix D).

NOTE

If the test fails on a new or newly fac-
tory repaired unit, call Wavetek Cus-
tomer Service at 619/279-2200 or FAX
619/565-9558,

3) Connect two coax cables between the Model 1391
PULSE OUT and SYNC OUT connectors and the
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oscilloscope. Use a 5082 terminator on each
cable. Connect the SYNC OUT to CHI and the
PULSE OUT to CH2, and synchronize the oscillo-
scope internally from CHI.

Send:

Verify the SYNC waveform on CHI is a 1 MHz,
TTL level square. Verify the pulse waveform on
CH2 as follows:

outp ¢n;:mark on

NOTE

Numeric values should not be verified
Jor accuracy in this operational check-
out, but should be checked visually on
the oscilioscope trace for approximate
accuracy. Use the Performance Verifi-
cation Procedure in Section 5 of this
manual, if required, 1o test the unit to
specification.

* single pulse; 1 ps period

* £2.5 V upper and lower levels

* 250 ns pulse width

* <5 ns leading and trailing transition times

4y Verify the various pulse functions (waveforms)

and pulse characteristics:
Send: puls:del 600e-9

Verify the single pulse is now delayed 600 ns
relative to the rising edge of the SYNC.

Send:

Verify double pulses with the second pulse
delayed 400 ns relative to the rising edge of the
SYNC.

Send:

Verify a 50% square wave cutput coincident with
the SYNC.

Send:

Verify the waveform returns to double pulse, and
that the waveform period (determined by the sync)
has increased to 5 ps.

Send: puls:doub:del 2e-6

puls:doub on

fune squ

func puls;freq 200e3

puls:widt 8e-7

puls:tran:stat on;lead
le-7:tra 3e-7

5)

6)

7)

)

Verify the double pulses now have a leading
transition time of 100 ns, a pulse width (between
the 50% points) of 800 ns, a trailing transition
time of 300 ns, and that the second is delayed from
the first by 2 ps.

Verify the output levels as follows:
Send; wvolt:high 4:low -2

Verify the output levels change from 2.5 Viwoa
low level of -2V and a high level of +4V,

Set the external generator up for a1V, 10 kHz
sinc wave. Connect the external signal to the
Model 139] TRIG IN connector,

Send: dinit:cont off

trig:lev O;sour ext

Verify a double pulse with all of the characteris-
lics set up in steps 3 and 4, except that the pulse
period is now triggered by the 10 kHz rate set by
the external signal.

Send: <trig:coun 3

Verify the double pulses are now triggered for 3
periods (six pulses in all) at the 10 kHz rate.

Send: trig:gate on

Verify the double pulse periods are gated on for
approximately half the time by the 10 kHz external

signal.
Send: init:cont on

Verify continuous operation.

Move the cable from the the TRIG IN connector to
the the PAM IN eonnector.

Send: pulm:stat on:ampl rpos

Verify the lower level is at zero volts and that the
upper level is being amplitude modulated around
its 4V median level with a £2V sinusoidal enve-
lope.

This completes the operational verification.
Disconnect the test equipment.
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Operation

section 3

3.1 Introduction

This section provides the Operator/Programmer with
the information needed to operate the Model 1391
Pulse Generator in a VXI system. The unit resides in a
VXI chassis and is subject to all of the restrictions and
benefits of that environment.

Paragraph 3.2 describes the Model 1391 connectors
and LED indicators. Paragraph 3.3 defines the Model
1391 SCPI programming messages. Paragraph 3.4
demonstrates how to operate the Model 1391 using the
defined messages.

3.2 Connactore and LED Indicators

This paragraph describes the Model 1391 front panel
connectors and LED indicators. Figure 3-1 illustrates
the front panel; bold numbers identify the indicators
and connectors. Table 3-1 describes the function of
each item shown in figure 3-1.

3.3 Model 1381 Programming

The Model 1391 communicates within the SCPI (Stan-
dard Commands for Programmable Instruments) and
IEEE 488.2 standards. It may alsoc communicate using
the CIIL (Contro! Interface Intermediate Language)
language described in the MATE specificailion as an
option. When the CIIL language is included, the “Na-
tive” SCPI language is also retained, because it has a
much broader set of features. For MATE/CIIL infor-
mation, refer to Appendix A at the end of this manual.

The standard Model 1391 must respond to two types of
commands: SCPI commands and IEEE 488.2 Common
Commands. The IEEE 488.2 Common Commands
support functions that are common to all instruments,
such as reset, self test and status reporting. Common
Commands are non-heirarchical (can be included with-
in SCPI commands without disturbing their heirarchi-
cal relationships) and are easily identified by their
leading asterisk (*).

SCPI commands support functions that are specific to
the instrument. The SCPI language is heirarchical, re-
quiring commands to be entered in a very specific
fashion, and this manual contains tabular and graphical
representations of the logic used by the SCPI parser
(the 1391's firmware) to process commands,

This section provides the following information:

SCPI Command Table
Command Message Format
Model 1391 SCPI Commands
Self Test Query Response Paragraph 3.3.4,
System Trigger Paragraph 3.3.5.
IEEE 488.2 Common Commands Paragraph 3.3.6.

Paragraph 3.3.1.
Paragraph 3.3.2.
Paragraph 3.3.3.

8.8.1 8CPI Command Tahle

Table 3-2 lists the SCPI commands used in the Model
1391 and indicates their hierarchical relationships.
The IEEE 488.2 Common Commands are listed in a
separate table {Table 3-4). The SCPI Command Table
is organized as follows:

Keyword Parameter Form Notes
(SCURce]
:FREQuency
[:CwW] {numeric_value>
:MODE {list>
STARt {numeric_value>
STOP <{numeric_value>

The indentations of keywords indicates their hierarchi-
cal relationships according to a tree system. The left-
most edge is called the roor node. Keywords closer to
the root node are higher in hierarchy; lower nodes are
to the right of their parent node. To program or query
a settable parameter, the full path must be defined to
reach the keyword appended with the required parame-
ter form. A SCPI programming string typically starts
at the root node and proceeds to the right through
branch nodes to the leaf node. This string of keywords
separated by colons and completely defining a single
path is defined as a Program Header, and is commonly
referred to as a "command” (see paragraph 3.3.2) or as
a "query” (see paragraph 3,3.2.6). A Program Header
followed by Program Data is defined as a Program
Message Unit (paragraph 3.3.2.1).

In the example above, the left-most keyword,
[SOURce], is directly off the root node. Nodes in
this position are called Subsystems, and all keywords

OpERATION 3-1
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Figure 3-1. Model 1391 Front Panel
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Table 3-1. Model 1391 Front Panel

Item Item Name

Funclion

1 RUN LED Indicator
running.

2 FAIL LED Indicator
initialized,

3 MODID LED Indicator

4 Al16 LED Indicator

5 A24 LED Indicator

6 TRIG IN Connector

7 SYNC OUT Connecter

8 PAM IN Connector

9 PULSE OUT Connector

When lit, indicates the VXIbus Interface Module microprocessor is
When lit, indicates the VXIbus Interface Module registers are not
This indicator turns on momentarily indicating the Resource Manager

has detected the presence of the model 1391,

When lit, indicates that devices on the VXIbus are accessing the
generator's A6 registers,

This indicator illuminates during a VMEbus access to the A24 shared
memory. This LED will not function in a Model 1391,

This connector receives the external trigger signal for the Model 1391°s
triggered, gated, and burst modes.

This connector outputs TTL pulses for waveform synchronization.

This connector is the input for external signals to Pulse Amplitude
Modulate the PULSE OUT levels.

This connector supplies the generator's waveform output. Output level
is 150 mVpp to 16 Vpp into 5042,

indented under [SOURce] are part of the Source
Subsystem. FREQuency is one of the main parame-
ters under the Source Subsystem. The third level key-
words under FREQuency set or query the various fre-
quency related parameters. The brackets around the
SOURce and CW keywords indicate that they are im-
plied nodes, and they may be included in or omitted
from the message at the programmer's option, When
included, do not use the brackets in the command.
Referring to Table 3-2, [SOURce] i1s the only
Model 1391 Subsystem which is in brackets. This is
the default Subsystem, and is assumed unless another
Subsystem is specified at the start of a command.

The root node itself is an implied node and is not di-
rectly programmed. A colon at the start of a command
resets the SCPI parser (included in instrument firm-
ware) to the root node. A leading colon at the root
node location is unnecessary (see paragraph 3.3.2.3).

8.3.1.1 Long and 8hort Farm Keywords

The Model 1391 recognizes specific keywords that
must be in the accepted long or short format. No other
form of the keyword is accepted. For example, to send
‘frequency’ as part of a message, the short form

keyword, shown in the table as upper case letters
‘FREQ’, or the long form of the same keyword contain-
ing both upper and lower case characters 'FREQuen -
cy' may be sent. Equal weight is given to upper and
lower case characters when sending messages to the
Mode] 1391,

3.3.2 Command Mossage Format

The following paragraphs provide the programmer/ op-
erator with an introduction to the general rules that
must be followed when sending messages to the Model
1391. For an understanding beyond what is covered in
this paragraph, refer to the appropriate SCPI and IEEE
488.2 documents.

Operating the Model 1391 is easy, provided the pro-
grammer/operator pays strict attention to the message
format, as shown in this manual. Each character, in-
cluding spaces, must be properly placed or the Model
1391 will record any unrecognized parts of the com-
mand string as an error,

Table 3-2 shows the Model 1391 message structure
and message relationships. Refer to this while work-
ing within this paragraph.

OperaTION 3-3
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Note

The Model 1391 records programming
errors in its memory. The programmer/
operator must use the

'SYSTEM: ERROR7 query to review
these errors.

8.3.2.1 Program Mossage Unit

The Program Header (command or query) has been
previously defined as a complete single path to a leaf
node. It consists of one or more keywords separated
by colons. It may also have a leading colon used to
explicitly select the root node as the starting point. A
Program Message Unit, <pmu?, consists of a Program
Header followed (optionally) by Program Data,

3.3.2.2 Program Messags

The Program Message (message) consists of one or
more <pmu>'s deliminated by semicolons and fol-
lowed by a Program Message Terminator, <pmt>.

8.3.2.3 Propram Message Dalimiters

To piece together the Program Message, the Model
1391 expects commands and parameters in the correct
order (per Table 3-2), separated by defined delimiters:
colons (:), semicolons (;), and spaces ( ).

Use the colon to separate keywords (nodes) within a
Program Message Unit, for example,

VOLT:LEV: IMM:AMPL 5

Do not insert spaces between keywords and colons,
Placing the opticnal colen at the beginning of a Pro-
gram Message Unit ensures the parser starts from the
“root” or top level. For example, a complete message
with the leading colon is as follows:

:0UTP ON

The leading colon at the beginning of any new mes-
sage is optional because the Program Message Termi-
nator (<pmt»>) at the end of the previous message sets
the parser to the "root" level. The leading colen is not
shown for most messages in this section.

The semicolon is used as a Program Message Unit
Separator (<pms>). It permits the message units to be
linked together in a single message. The colon may
follow the semicolon to start the next message unit at
the "root". For example,

SOUR:FREQ:CW

Without the colon following the semicolon, the mes-
sage must start within the same subsystem as the previ-
ous message. For example:

SOUR:FUNC SQU;FREQ:CW lE4

1E4;:0UTP ON
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A space separates the Program Header from its data, as
shown in the previous example.

3.8.2.4 Parameter Forms

For the Model 1391, parameters may be in the form of
a decimal numeric value (numeric_data), alpha charac-
ters (character_data), or Boolean data. Examples of all
three are: '

FREQ 1000 (numeric_data)
FUNC SQU (character_data)
OUTP ON (Boolean_data)

Notice that in all cases, a space separates the header
from data.

Numeric data values for most parameters may be in the
form of an integer, a fixed or floating point value, or a
special keyword as shown in the following:

integer;

FREQ 1000
fixed point;

FREQ 10.1
[floating point;

FREQ 10E3
special form character;

FREQ MIN

When any of the three special form decimal numeric
value keywords, 'MINimum', MAXimum', or 'DE -
Fault’, are sent, the parameter being addressed is set
to a predetermined numeric value, The 'MAXimum'
and ‘MINimum' numeric values are the upper and low-
er limit values of the parameter. The 'DEFault’ nu-
meric value is within the limits of the parameter select-
ed. Defaults values are listed in paragraph 3.4.3,

The Model 1391 uses several character data keywords,
These are shown in Table 3-2,

Boolean data expresses an enabled (‘on' or '1') or dis-
abled ('off” or '0') state.

3.3.2.6 Program Massage Terminators

The Model 1391 accepts New Line (NL, <LF>),
END, or NL with END as the Program Message Ter-
minator (<pmt>). However, the END (CEQI>)is
the preferred <pmt> because it initiates an immediate
transfer from the command/data buffer to the Lan-
guage Processor for parsing. The other terminators
may be delayed until the buffer fills,
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Table 3-2. Model 1391 Command Summary

KEYWORD J PARAMETER FORM NOTES
|

CALibration

[:ALL]? '
INITiate

[:IMMediate]

:CONTinuous {Boolean_data> {(QN)
OUTPut

:ECLTrg<n> <n>=0ta 1 VXIbus
[:STATe] {Boolean_data> (QFF) ECLTrigger lines
:S0URce {IRIP | PULSe>

[:STATe] {Boolean_data> (QFF)

:SUMBus
[:STATe] (Boolean_data> (QFF)

:TTLTrgdn> <n>=010 7 VXlbus
[:STATe] . <Boolean_data> (QFF) TTLTrigger lines
:SQURce {TRIP [ PULSe>

RESet |
[SOURce]

:FREQuency
[:CW | FIXed] {numeric_value>

:FUNCtion
[:SHAPe] (<PULSe | SQUare>)

:MARKer
:TYPE {CLOCk | GATE>
[:STATe] {Boolean_data> {(QFF)

:PULSe
:WIDTh <{numeric_value>
:DELay I {numeric_value>
:DOUBle

:DELay {numeric_value>

[:STATe] {Boolean_data”> (QFF)
:POLarity {NQRMal | COMPlement | INVerted>
:PERiod . <numeric_value?
:TRANsition

:5TATe {Boolean_data> (QFF)

[:LEADing] {numeric_value>

:TRAiling {numeric_value>

1 AUTO {Boolean_data> (ON)

: SUMBus
[:STATe] {Boolean_data> (QFF)

:VOLTage

[:LEVel]
[:IMMediate]
:HIGH {numeric_value>
' LOW {numaric_value>
[:AMPLitude]1 {numeric_value>
:0FFSet {numeric_value>
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Table 3-2, Model 1391 Command Summary (Continued)

KEYWORD PARAMETER FORM

NOTES

[SCURce] (Continued)

' PULM
[:STAaTe] {Boclean_data> {QFF)
tAMPLitude {RIPolar | POSitive | NEGative>
STATus
:0PERation
:CONDition?
:ENABle {numeric_value>
[:EVENt]?
:QUEStiocnable
:CONDition?
:ENABle {numeric_value>
[:EVENt]?
:PRESert
SYSTem
:ERRor?
:DATE {year>, <{month>, {day>
:TIME <hour?>, <{minute>, <second>
:VERSion?
:LANGuage 1381 MATE oniy
1CIIL
TRIGger J
+COUNT {numeric_value> '
;LEVel {numeric_value>
:GATE
[:STATe] {Boolean_data> (QFF)
:MODE {8YNChronous | EXTWidth>
:MODE {MASTer | SLAVe>
:SLOPe {pPOSitive | NEGative>
:SCURce {INTernal | BUS | EXTernal | TTLTrg<n>| <n>=01t07 VXlbus
ECLTrgén> | TOFF> ITTLTrigger lines or 0 to
1 ECLTrigger lines.
:TIMer {numeric_value>
|
DIAGnostic
:CALibrate? {step>
:CALibrate
:¥MEASure {step>,<{numeric_value>
:MEASure? {step>
tSAVE
INIT
TEST
[:ALL]?
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3.9.2.0 Queries

Unless otherwise indicated, each header with a param-
eter form also has a query form so that the current set-
ting may be reported back. A query is programmed by
following the leaf node keyword with a question mark
(7, no space, For example, send:

SOUR:FREQ:CW?
or the reduced form:
FREQ?

to query the frequency setting. The response for this
query is a floating point numerical value representing
the frequency in Hertz. For example, if the response is
1 kHz, the returned value is:

1.000000E+Q3

For queries that include parameters, the question mark
and a space are inserted prior to the parameter:

FREQ? MAX
Some commands may exist in query form only:
SYSTEM:ERROR?

Some queries are mandated such as *ESE?, *SRE?,
and "TST?; see paragraph 3.3.4.

3.3.3 Model 1381 SCPI Commands

This paragraph introduces the operator to the Model
1391 SCPI command set. Paragraph 3.4 covers the re-
fationship between these units, For a description of
message format, refer to paragraph 3.3.2. This para-
graph uses only the short form keyword recognized by
the Model 1391 (refer to Table 3-2). Program Mes-
sage Terminators are assumed, and therefore not
shown in the examples. However, most optional key-
words are shown to document the program flow.

9.3.3.1 CALlbration Bubsystem

The IEEE-488.2 calibration query (see paragraph
3.3.2.6) causes an internal Self Calibration to be per-
formed and a response to be placed in the Output
Queue. The value of 0 is returned if the self calibra-
tion passed. The interpretation of the value returned
in the event of a failed self calibration is listed in Ap-
pendix C.

The * CAL? query invokes the same internal Self Cali-
bration functions and returns the same reponse as the
SCPICALibration{:ALL]? query. Followingis
the CALibrate Substem excerpted from the SCPI Com-
mand Table:

CALibration
[+ALL])?

CALibration[:ALL]?

Performs a Self Calibration and stores the calibration
data in non-volatile memory. If the calibration is suc-
cessful, use of the data is enabled. If the calibration is
unsuccessful for any rcason, use of the data is disabled
and default correction factors are used. The response
value will indicate the nature of the failure.

The value of a 16-bit Self Calibration Status Word is
returned in response to the calibration query. The for-
mat of the Status Word is shown below:

Error Code
109 8 7 & 5 4 a 2 1 a

Self Calibration Status Word

The Error Code field contains a bit weighted code that
is unique to the failed step. Refer to Appendix C for
more information.

BY 95 14 73 12 11

8.3.3.2 TEST Bubsystem

The IEEE-488.2 self test query causes an internal Self
Test to be performed and a response to be placed in the
Output Queue, The value of 0 is returned if the self
test passed. The interpretation of the value returned in
the event of a failed self test is listed in Appendix D.

The * TST? query invokes the same internal Self Test
functions and returns the same reponse as the SCPI
TEST[:ALL] ? query, Following is the TEST Sub-
system excerpted from the SCPI Command Table:

TEST
[:ALL]?

TEST{:4LL]?

Performs a Self Test and sends the results to the Qut-
put Queue. The response value will indicate the nature
of the failure,

The value of a 16-bit Self Test Status Word is returned
in response to the calibration query. The format of the
Status Word is shown below:

Error Code

Bt35 12 13 12 11 10 § 8 7 6 & 4 3 2 1 0O

Self Test Status Word

The Error Code field contains a bit weighted code that
is unique to the failed step. Refer to Appendix D for
more information.
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3.3.3.8 INITIate Subsystem

INITiate
TiIMMediate]
:CONTincous {Booleanv

INITiate[:IMMediate]

This command is included to support the SCPI specifi-
cation, but it does not alter the setup of the mode!
1391.

INIT:ate:CONTinuous <ON|1|OFF|0>

This command sclects between continuous mede of
operation and a non-continuous (riggered, gated, or
burst) mode of operation.

3.3.8.4 OUTPut Subsgystem

OUTPur
TECLTrg<n>
[:STATe]) {Boolean_data>
:SCURce (TRIP | PULSe>
1 STATe] {Boolean_data?
:SUMBus
[:8TATe] {Boolean_data>
'TTLTrgdn>
[:STATe] {Boolean_data>
:SOURce {TRIP | PULSe>

CUTPut  ECLTrgén>»[:STATe]
CON|Y|OFF|O>

Enables the selected model 139] SOURce signal to

drivc one of the VXIbus backplane ECL Trigger Lines,

Each ECL Trigger Line output can be separately en-
abled, one at a time, Valid numeric suffixes {<n>) are
in the range 0 through 1. Default selection is “OFF"
{0), enabled with "ON" or 1",

QUTPut:ECLTrgd<n>:SCURce
{TRIP|PULSe>

Selects the signal {(internal to the 1391) which is to be

enabled to drive one of the backplane ECL Trigger

Lines. The default selection is the "trigger pulse™,
TRIP. which exists at the circuit node between a signal

3-8 OPERATION

selector and the inputs to the width and delay one-shot
generators. The selector chooses one signal among
several, dependant upen operating mode, to trigger the
one-shots. The PULSe signal is the output of the one-
shots before it is applied to the analog output condi-
tioning circuit blocks.

OUTPut [:STATe! <Boolean>

Controls the state of the function output relay, turning
the signal to the PULSE OUT on or off. Default selec-
tion is “OFF" (0), enabled with “*ON" or "1™

OQUTPut:SUMBus[:3TATe] <ONH|1|OFF|0>

Connects or disconnects the Model 1391 to the
VXIbus backplane SUMBUS line.  Default selection
is “OFF” (0); enabled with “ON" or *1". When ON,
the Model 1391 drives the SUMBUS with a current
proportional to the voltage waveform at PULSE OUT.

CUTPut:TTLTrg<n?> [:5TATe]
{ON|1|CFF|0Q>

Enables the selected model 1391 SOURce signal to
drive one of the VXIbus backplane TTL Trigger Lines.
Each TTL Trigger Line output can be separately en-
abled, one at a time. Valid numeric suffixes (<n>) are
in the range 0 through 7. Default selection is “OFF"
(0), enabled with "ON" or "“1".

DUTPut:TTLTrg<n>:SCURce
{(TRIP|PULSe>

Selects the signal (internal to the 1391) which is to be
enabled to drive one of the backplane TTL Trigger
Lines. The defaull selection is the “trigger pulse”,
TRIP, which exists at the circuit node between a signal
selector and the inputs to the width and delay one-shor
generators. The selector chooses one signal among
several, dependent upen operating mode, to trigger the
one-shots. The PULSe signal is the output of the one-
shots before it is applicd to the analog output condi-
tioning circuit blocks.

3.3.3.6 RESet Subsystem
RESet

Resets all parameters to their default state (see para-
graph 3.4.3).
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3.3.5.8 80URce Subsystem

[SOURce]
:FREQuency
[:CW | FIXed] <numeric_value>
:FUNCticn
[:SHAPe] {PULSe | SQUare>
1 MARKer
:TYPE {CLOCk | GATE>
[:STATe] {Boolean>
:PULSe
:WIDTh {numeric_value>
:DELay {numeric_value>
:DOUEle
:DELay {numeric_value>
[:STATe] {Boclean>
:POLarity {NORMal|COMPlement |
INVerted>
:PERiod {numeric_value>
:TRANsition
:STATe {Bcolean>
[:LEADing] <numeric_value>
:TRALiling {riumeric_value>»
tAUTO {Bgcolean>
: SUMBus
[:STATe] {Boolean>
:VOLTage
[:LEVel]
[:IMMediate]
+HIGH {numeric_value>
:LOW {numerdic_value>
[:AMPLitude] <numeric_value>
t0FFSex {numeric_value>

[SOURce:]FREQuency
[:CW | FIXed)

Sets pulse generator “frequency” as an alternate to set-
ting SOUR: PULS:PER <value> to control the
pulse period. FREQuency and PERiod are “coupled”
paramelers, so that programming one updates the value
of the other. "CW?" and “FIXed" are interchangable.
Parameter values range from a MINimum of 0.00]1 Hz
to a MAXimum of 100 MHz. DEFault value is

1 MHz,

{numeric_value>

[SOURce:]FUNCtion
[:SHAPe] <PULSe|SQUare>

Selects the shape of the ourput signal. For the Model
1391, the Functions available at the PULSE QUT are
the PULSe and the SQUare. Additionally, with the
PULSe selected, other PULSe parameters in this Sub-
system are used to select single, delayed, or double
pulses within each period. Default selection is PULSe,

[SOURce: ]MARKer [:STATe]

Enables or disables the SYNC output, Default se-
lection is "OFF” (0); enabled with “*ON" or 1",

{ON|1|OFF|0>

[SCURce:]MARKer:TYPE <CLOCKk|GATE>
Sclects the method used to generate the SYNC output.

* CLOCk A signal derived from the repetition

rate (period) generator,

* GATE A signal derived from the triggering
circuitry. The GATE signal goes true
when a trigger/gate/burst cycle is ini-
tiated, and goes false when the trig-

ger/gate signal goes false.

[SOURce:]PULSe:WIDTh <numeric_value’

Selts the width of the pulse waveform in seconds, De-
fined as the time between the 50% points of leading
and trailing transitions. Each pulse period can have
single or double pulses. Width parameter values
range from 2 MINimum of 10 ns to a MAXimum of
2000 s. DEFault value is 250 ns.

[SOURce:]PULSe:DELay <{numeric_value>

Sets the delay of a single pulse waveform in scconds.
Defined as the time between the start of a pulse period
(50% point of SYNC OUT) and the 0% point of the
leading transition of a single pulse. Delay parameter
values range from a MINimum of 0 ns to a MAXimum
of 2000 s. DEFault value is O ns,

[{SOURce:}PULSe:DOUBle:DELay
{numeric_value?

Sets the delay of a double pulse waveform in seconds.
Defined as the time between the start of a pulse period
(50% point of SYNC OUT) and the 0% point of the
lcading transition of the second pulse. Delay parame-
ter values range from a MINimum of 20 ns to a MAXi-
mum of 2000 s. DEFault value is 400 ns.
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(SOURce: PULSe:DOUBle[:8TATe]
{ON|1|0FF|0>

Enables or disables the double pulse function. De-
fault selection is “OFF” (0Q); enabled with “"ON" or
“1". Enabling the double pulse selects the
FULSe:DOUBLZe:DELay parameter in place of the
PULSe:DELay parameler.

"SOURce::PULSe:PCLarity <NORMal]
COMPlement |INVerted>

Allows the internal signal at the one-shor generator
output to be inverted (complemented) before being ap-
plied to the output circuits and to the PULSE OUT.
Default selection is NORMal.

* NORMal Pulse leading transitions arc rising
transitions. Pulse width is active

high.

* COMPlement Pulse leading transitions are falling
transitions. Pulse width is active low.

« [NVerted Alias for COMPlement.

"S50URce:]PULSe:PER:cd
{numeric_value>

Sets the period of the pulse waveform in seconds. De-
fined as the time between the 50% points of the rising
transitions of two adjacent SYNC OUT waveforms
(MARKer:TYPE CLOCK). This is the same as the
time between two adjacent, idenrical transitions at the
PULSE OUT. Each pulse period can have single or
double pulses. Period parameter values range from a
MINimum of 10 ns to a MAXimum of 1000 s. DE-
Faulr value is 1 us. PERiod is "coupled” to the FRE-
Quency parameter such that changing one parameter
updates the other.

[SOURce:]PULSe: TRANsition:STATe
<ON|1|OFF|0O>

Sets the pulse transition time generators ON or OFF.
Default is OFF. If the state is off, then the transitions
are se! to the minimum values of 5 ns. If the state is
on, the transitions are determined by the values tor
LEADing and TRAIiling.

'SOURce:]PULSe: TRANsition [:LEADing]
{rnumeric_value?

Sets the width of the pulse waveform transitions in
seconds when TRANSsition state is ON. Defined as the
lime between the 10% point and 90% point of a lead-
ing transition. LEADing parameter values range from
a MINimum of 5 ns 1o a MAXimum of 50 us. DEFaul
value is 5 ns,
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[SOURce:1PULSe:TRANsition:TRAL1ling
{numeric_value>

Sects the width of the pulse waveform transitions in
scconds when TRANsition state is ON. Programming
this value sets “auto-trailing™ OFF if it is ON. Defined
as the time between the 10% point and 90% point of a
trailing transition. TRAiling parameter values range
from a MINimum of 5 ns to a MAXimum of 50 us.
DEFault value is 5 ns.

[SOURce: ] PULSe:TRANsition:TRAiling :AUTO
<ON|1|OFF| 0>

When enabled, causes the parameter values for the
TRAIling transition time to be set along with the
LEADing transition time. When disabled, the TRA1]-
ing transition has its own parameter values, and
LEADing and TRAiling transitions are independent,
restricted only by the maximum 10:1 ratio.  Default
selection 1s "ON" (1); disabled with “OFF" or “0"'.

[SOURce:]SUMBus[:STATe] <CW|1|OFF|0>

Connects or disconnects the Model 1391 to the
VXIbus backplane SUMBUS ltine.  Default selection
1s "OFF" (0); enabled with "ON" or *'1". When set to
ON, the Model 1391 sums the waveform on the SUM-
BUS with the PULSE OUT waveform.

[SOURce:]VOLTage[:LEVel] {:IMMediate]
:HIGH <numeric_value>

Sets the amplitude in volts peak (5052) of the upper
level of the pulse waveform at the PULSE OUT.
Should be programmed along with the LOW LEVel
parameter (see the NOTE below). HIGH level param-
eter values range from a MINimum of -7.850 V (5002)
to a MAXimum of +8V (5092). DEFault value is
+2.50 V (5082).

NOTE

The AMPLitude and OFFSet paramte-
rers, and the HIGH and LOW level pa-
rameters, are twao ways of setting the
output levels, Use HIGH and LOW to-
gether, or use AMPLitude and OFFSer
together. These are “coupled” func-
tions — serting up one pair causes the
other pair to update 1o equivalent val-
Hes.
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[SOURce: ] VOLTage[:LEVel] [:IMMediate]
:LOW <numeric_value>

Sets the amplitude in volts peak (5082) of the lower
level of the pulse waveform at the PULSE QUT.
Should be programmed along with the HIGH LEVel
parameter (see the NOTE above). LOW level parame-
ter values range from a MINimum of -8V (50Q) 10 a
MAXimum of +7.850 V (50£2). DEFault value is
-2.50 V (50Q).

[SOURce: | VOLTage [:LEVel] [:IMMediate]
1OFFSet {numeric_wvalue>

Sets the offset in volts dc (50Q2) of the pulse waveform
at the PULSE OQUT. Should be programmed along
with the AMPLitude LEVel parameter (see the NOTE
above). OFFSet parameter values range from a MINi-
mum of =7.925 Vdc (50Q) to a MAXimum of

+7.925 Vde (50Q2). DEFault value is 0.

[SOURce:]VOLTage{:LEVel] [:IMMediate]
[:AMPLitude]

Sets the amplitude in volts peak-to-peak (50Q) of the
pulse waveform at the PULSE OQUT, Should be pro-
grammed along with the OFFSet LEVel parameter
(see the NOTE above). AMPLitude parameter values
range from a MINimum of 0.150 Vpp (50Q) to a
MAXimum of 16 Vpp (50Q). DEFault value is

5 Vpp (50Q).

{numeric_value>

NOTE

Restrictions on output levels: The sum
of Vpk amplitude (half the programmed
Vpp value) and the absolute offset value
cannot exceed 8V. Additionally, for
pulses less than 0.5 Vpp, this restriction
is reduced to 2 V.

When setting the outpur in terms of
HIGH and LOW levels, the HIGH level
must be at least 0.15 V more positive
than the LOW level. HIGH and LOW
levels are programmed withina 8 V
window, reduced to a £2 V window
when (upper — lower) is less than 0.5 V.

[SOURce: ] PULM[:STATe] <ON|1|OFF{0>

Connects or disconnects the PAM IN connector to the
Model 1391. This enables or disables Pulse Ampli-
tude Modulation. Default selection is "OFF" (0); en-
abled with "ON" or “1".

[SOURce: ] PULM:AMPLitude
{BIPolar |POSitive|NEGative>

Determines how the Model 1391 pulse amplitude mod-
ulates the PULSE OUT signal using the PAM input,
Default selection is BIPolar,

* BIPolar The PULSE OUT waveform's lower
level is a mirror image of its upper
level. The instantaneous amplitude of
the levels is a linear function of the
signal at the PAM input.

The PULSE OUT waveform’s lower
level is fixed at the programmed
QOFFSet setting. The instantaneous
amplitude of the upper level is a lin-
ear function of the signal at the PAM
input,

The PULSE OUT waveform’s upper-
level is fixed at the programmed
OFFSet setting. The instantaneous
amplitude of the lower level is an in-
verted linear function of the signal at
the PAM input.

= POSitive

« NEGative
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3.8.8.7 8Y8Tam Bubsysiem
SY¥STem
:ERRor?
:DATE {year>,{menth>,<{day>
: TIME {hour>,<{minute>,{second>
:VERSion?
:LANGuage
:CIIL

SYSTem:DATE <year>,<month>,<{day>

Sets the system date using the following format:
yyyy,mm,dd.

SYSTem:ERRor?

Returns the next message from the system error queue.
With each query, the unit returns a number followed
by a brief description, The error queue holds up to
eight errors, with one returned for each query sent, un-
til the queue is empty. Table 3-3 describes the system
CITOT MESSAZES.

SYSTem:TIME <heour?>,<{minute>,<{seccnd>

Sets the system time using the following 24 hour for-
mat: hh,mm,ss.

SYSTem:; TIME?

Returns the system's idea of the time in the following
format;

<hour>,<{minute>,{second>

SYSTem:VERSion?

Returns the system's firmware version number in the
following format:

{manufacturer>,{model’>,<{serisl_number
| ¢>,{firmware_level | 0>

SYSTem:LANGuage:CIIL

Used only with the MATE/CIIL option. A unit with
the option installed uses CIIL as its default command
language and SCPI as its alternate or “native’ com-
mand language. Many of the more complex features in
the SCPI command set are not implemented in CIIL.
When in CIIL, the operator can use the CIIL GAL
command to go to SCPI to accomplish a task needing
the additional features. This command is used to re-
turn to CIIL from SCPIL
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8.8.3.8 TRIGpar Subsystem

TRIGger
tCOUNzT {numeric_value>
:LEVel {numeric_value>
:GATE
i MODE {SYNchronous |EXTWidth>
[:STATe] {Boolean>
: MODE {MASTer|SLAVe>
:SLOPe {POSitive |NEGative>
:S0URce {INTernal |BUS|EXTernal
| TTLTrg<n> | ECLTrg<n> | TOFE>
tTIMer {numeric_value>

NOTE

When INITiate:CONTinuous is ON, the
pulse generator mode is continuous, re-
gardless of the settings in this Sub-
system. When INITiate:CONTinuous is
OFF, the mode is non-continuous and
determined by these settings. When
GATE{:STATe] is OFF, the puise gen-
erator is in a triggered mode if the
COUN! parameter is I, or in a burst
mode if the COUN! is set higher than 1,
When the GATE[:STATe] is ON, the
pulse generator is in a gated mode, us-
ing either the SYNChronous or EXT-
Width sub-modes.

TRIGger:COUNt <numeric_value?>

This command sets the number of pulse periods gener-
ated after a trigger is received. MINimum and DE-
Fault value is 1. MAXimum value is 10,000,000.

TRIGger:GATE[:STATe] <ON|1|OFF|0>

This enables or disables gated mode of operation. See
the above note. Default selection is “OFF”" (0); en-
abled with “ON" or "1™,

TRIGger:GATE:MCDE
{SYNChronous|EXTWidth>

Selects the GATE sub-mode. Default is SYNChro-
nous.

* SYNChronous The pulse generator is quies-
cent at the lower level value. When a
trigger is received, the generator out-
puts pulse periods (with selected
pulse parameters) as long as the gat-
ing signal is true. When the gating
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signal goes false before the 50% point
of the current period, the generator
completes its current period, and then
returns to the quiescent state. When
the gating signal goes false beyond
the 50% point of the current period,
the generator completes its current
period and the next full period, and
then returns to the quiescent state.

« EXTWidth When the triggering signal is faise,
the pulse generator outputs its lower
level. When the triggering signal is
true, the pulse generator outputs its
upper level. Transition times can be

programmed.

TRIGger:LEVel <numeric_value?

This command selects the voltage threshold level for
the trigger comparator. This determines the triggering
point on an external signal applied to the TRIG IN
connector, Determine TRIGger SLOPe at the same
time. MINimum value is ~10 V and MAXimum value
is +10V, DEFault value is 1V.

TRIGger:¥ODE <MASTer|SLAVe>

This command selects whether a 1391 module is inde-
pendent, a master or a slave. A master supplies a trig-
ger to other modules. A slave picks up the trigger
from a master. Master/Slave triggering operation al-
lows multiple modules in a VXIbus chassis to operate
as a multiple channel pulse generator system. Timing
between channels is very tightly controlled. When set
to SLAVe, but not making use of a trigger from a mas-
ter, then the module is “independent”. Default is SLAVe.

= MASTer The module supplies its SYNC OUT
signal to an ECLTrg line for slave
modules to use.

+ SLAVe Can pick up thc master trigger from

an ECLTrg line.

TRIGger:SLOPe <POSitive|NEGative>

This command selects whether a trigger is initiated as
the selected trigger signal passes through the thresh-
old set by trigger LEVel in a positive-going or a nega-
tive-going directien. Default is POSitive.

TRIGger:SOURce <INTernal|BUS|EXTernal
| TTLTrgén? | ECLTrg<n> | TOFEY

Selects the source of the trigger signal. The trigger signal
is used to initiate activity when the instrument is in a non-
continuous mode of operation. Default is INTernal.

» EXTernal  Selects an external signal at the TRIG

IN connector as the trigger source.,

» INTernal  Selects the Model 139! internal sig-
nal programmed by the trigger TIMer

as the trigger source.

« BUS Selects the IEEE-488 bus (488.1 GET
command or 488.2 *TRG command)
or the VXIbus (Word Serial Trigger
command) as the triggering source.

* TTLTrg<n> Selects one of the VXIbus TTL Trig-

ger Lines from the backplane. Valid
numeric suffixes are in the range 0
through 7.

* ECLTrg<n> Selects one of the VXIbus ECL Trig-
ger Lines from the backplane, Valid
numeric suffixes are ¢ and 1.

*« TOFF Disables all trigger sources.

TRIGger:TIMer <numeric_value>

Sets the period of an internal periodic signal source.
The timer signal acts as a trigger when it is the select-
ed trigger source., MINimum value is 20 ns and
MAXimum value is 1000 s. DEFault value is 10 ms.

3.3.3.8 DIAGnostic Subsystem
DIAGnostic

:CALibrare? {srep>
:CALibracte
:MEASure <(srep?,{numeric_value>
:MEASure? <(step?
:SAVE
tINIT

DIAGnostic:CALibrate? (step?

Initiates the manual ealibration system. The <step>
entered is the manual calibration step number that is to
be set up for and performed. Some steps in the manual
calibration procedure are handled automatically by the
Model 1391, and this will be indicated by the return
message. Manual steps requiring measurements with
external test equipment and/or adjustments will return
a message giving the appropriate instructions.

DIAGnostic:CALibrate:MEASure
{step”,{numeric_value>

When the particular step requires an external measure-
ment (see above), this command allows the operator to
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enter the value measured into the Model 1391°s vola-
tile memory. These values may be entered step-by-
step as the data is taken, or all at once at the end of a
successful manual calibration. See the SAVe com-

mand for making the new data non-volatile.

DIAGnostic:CALibrate:MEASure? <step>

Query form of the above command. Allows operator
to query the currently stored Calibration Data for the
given step number,

DIAGnostic:CALibrate: SAVe

Transfers the block of calibration data values from vol-
atile to non-volatile memory. After the manual cali-
bration has been successfully completed, the operator
should send this command so that the new values are
used to optimize the unit’s accuracy.

DIAGnestic:CALibrate:INIT

Replaces the current calibration data values in non-
volatile memory with a set of “default” values in
ROM. The default values are nominal values which
should aid in troubleshooting whether a unit’s mal-
function is due to miscalibration or to hardware fail-
ure,

8.8.3.10 8TATus Subsystem
STATus
:OPERation
:CONDition?
:ENABle {NRE>
(:EVENt]?
:PRESet
:QUEStionable
:CONDition?
ENABle {NRE>
(:EVENt]?

STATus:0PERation:CONDition?

Returns the contents of the Operation Condition Regis-
ter, The Model 1391 supports this query, but will only
return the value "0”, indicating operational condition.

STATus:0PERation:ENABle <NRf>

Sets the enable mask of the Operation Event Register,
which allows true conditions to be reported in the sum-
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mary bit, The Model 1391 supports the command by
saving the mask value and by not generating an errer,
although the Status registers do not exist.

The <NRf> notation indicates that SCPI's
<numeric_value> format is not used in this case. Re-
fer to the IEE488.2 <DECIMAL NUMERIC PRO-
GRAM DATA>, flexible Numeric Representation for
more information.

The “STATus:0PERaticon:ENABle?" query re-
turns the enable mask of the Operation Event Register,
The Model 1391 returns the value sent previously with
the command above using the <NR1> format.

STATus:0PERation[:EVENt?]

Returns the contents of the Operation Event Register.
The Model 1391 supports this query, but will only re-
turn the value “0", indicating operational condition.

STATus:PRESet

Sets the enable registers to all 1°s, The Mode] 1391
accepts the command without performing any action,

STATus:0PERation:CONDiticon?

Returns the contents of the Operation Condition Regis-
ter. The Model 139! supports this query, but will only
return the value “0", indicating operational condition.

STATus:0PERation:ENABle <NRf>

Sets the enable mask of the Operation Event Register,
which allows true conditions to be reported in the sum-
mary bit. The Model 1391 supports the command by
saving the mask value and by not generating an error,
although the Status registers do not exist.

The <NRf> notation indicates that SCPI's
<numeric_value> format is not used in this case. Re-
fer to the IEE488.2 <DECIMAL NUMERIC PRO-
GRAM DATA>, flexible Numeric Representation for
more information,

The “STATus:0PERation:ENABle?" query re-
turns the enable mask of the Operation Event Register.
The Model 1391 returns the value sent previously with
the command above using the <NR1> format,

STATus:QPERaticn{:EVENt?]

Returns the contents of the Operation Event Register,
The Model 1391 supports this query, but will only re-
turn the value “0", indicating operational condition.
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Table 3-3. Error Messages

Error Number Message Error Number Message
0 "No error” =222 ' “Data out of range”

-1C0 “Command error® -223 "Toco much data”
-101 "Invalid character® -224 ‘llegal parameter vaiueg®
-102 *Syntax error” -230 “Data corrupt or stale”
-103 ‘Invalid separator” -231 "Cata questionablg®
-104 ‘Cata type error” -240 "Hardware error”
-105 "GET not allowed” -241 ‘Hardware missing”
-108 "Parameter not allowed" -250 ‘Mass storage error”
=110 *Command header error” -251 "Missing mass storage®
-111 ‘reader separator error” -252 *Missing media®
-112 "Program mnemaonic toc long” -253 ‘Corrupt media®
-113 "Undefined header" -254 “Media full®
-114 "Header suffix out of range’ -255 *Directory full®
-120 “Numeric data error” -257 *File name error”
-121 “Invalid character in number® -258 "Media protected®
-123 "Exponent too large’ -260 "Expression error”
-124 Too many digits” -261 "Math error in expression®
-128 *Nurneric data not allowed" -270 “Macro error”
-130 ‘Suffix error’ -271 "Macro syntax error”
-131 Invalid suffix” -272 "Macro execution error”
-134 *Suffix too long* -273 "lllegal macro label
-140 "Character data error” -274 ‘Macro parameter error”
-144 ‘Character data too long” -275 *Macro definition too long®
-148 ‘Character data not allowed” -278 *Macre recursion error*
-150 *String data error” -277 *Macroe recefinition not allowed”
-151 “invalid string data’ -278 ‘Macro header not found”
-158 *String data not allowed" -280 *Program error”
-160 *Block data error® -281 *Cannct create program’
-1e1 'Invalid block data® -262 "lllegal program name”
-168 "Block data not allowed® -283 “llegal variable name”
-170 "Expression error” -284 "Pregram currently running’
-171 Invalid expression” -285 *Program syntax error’
-178 *Expression data not allowed’ -286 *Program run time error”
-180 *Macro error* -300 *Device specific error®
-181 "Invalid outside macro definition® -310 "System error”
-183 "Invalid inside macro definition” -311 | ‘Memory error”
-184 ‘Macro parameter error’ -312 "PUL Memory lost”
-200 "Execution error® -314 *Save/frecall memaory lost*
-201 “Invalid while in local” -315 *Configuration mermory lost®
-202 "Settings lost due to ril” -330 *Self test tailed”
-210 "Trigger error”
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8.9.4 IEEE-488.2 Common Commznds

The * CAL? self calibrate query, the *TST? self test
query, and the * TRG command are discussed else-
where in this manual (along with their equivalent SCPI
query or command).

The * CAL? query is equivalent to the SCPI CAL{ -
brate[:ALL] 7 query. The self calibration query
is discussed in Appendix C of this operator's manual,

The *TST? query is equivalent to the SCPI
TEST[:ALL]? query. The self test query is dis-
cussed in Appendix D of this operator's manual.

The * TRG is an IEEE Common Command used to
provide a properly sequenced trigger and execute to an
addressed 488.2 device. It triggers the Model 1391 via
the VXI data bus (‘'BUS' must be selected as the trigger
source in the Trigger subsystem).

The previous paragraphs describe in detail the three
most commonly used IEEE Common Commands. Ta-
ble 3-4 bricfly describes the messages mandated by the
488.2 standards, plus optional commands supported by
the model 1391.

3.4 Modsl 1391 Operation

The following paragraphs describe the SCPI language
commands for various modes of operation for the
Model 1391.

Continuous Operation Paragraph 3.4.4
Marker Operation Paragraph 3.4.5
SUMBUS Operation Paragraph 3.4.6

PAM Operation Paragraph 3.4.7

Triggered Operation Paragraph 3.4.8
Gated Operation Paragraph 3.4.9
Burst Operation Paragraph 3.4.10

Internal Frequency Sweep Paragraph 3.4.11

Before beginning, review the data in paragraphs 3.4.1,
3.4.2, and 3.4.3.

8.4.1 Cutput Terminations

Each output connector must be properly terminated
during its use to minimize signal reflection or power
loss due to an impedance mismatch, High quality 500
coax cable and terminations should be used for pulse
waveform fidelity, Terminators should be placed at
the end of the coax cable at the point of signal deliv-
ery, Figure 3-2 shows proper 50Q termination for the
PULSE OUT connector, with R, representing the Mod-
el 1391 source impedance, R representing the termi-
nation or load resistance, and R representing the re-
ceiving instrument input impedance, Table 3-5 lists all
the input and output impedances of the Model 1391,

Table 3-5 Input and Ouiput Impadances
Connector impedance

PULSEQUT | 50Q

SYNC OUT 50Q, TTL (0 to »2.0 V terminated)
TRIG IN z1 k2, =10 pF

PAM IN z1 kQ

Table 3-4 JEEE 488.2 Common Commands

Ccommand Function

Description

*CAL? Calibration Query

*CLS Clear Status Command

*ESE Standard Event Status Enable

*ESE? Standard Event Status Enable Query
*ESR? Standard Event Status Register Query

*IDN? Identification Query

*OPC Operation Complete Command
*CPC? Operation Complete Query

*RST Reset Command

*SRE Service Reguest Enable Command

*SRE? Service Request Enable Query
*STB? Read Status Byte Query

*TRG Trigger Command
*TST? Self Test Query
*WAI Wait - to - Continue Command

Starts self-cal, places pass/fail responsein output queue
Clears Status Data Registers, forces OCIS/OQIS

Sets Event Status Enable Register bils

Returns contents of Event Status Enable Register
Returns contents of Event Status Register

Identifies devices over the system interface

Requires oper. comp. message in Event Status Reg.
ASCII'1'in dev. out. queue when operations complete
Resets the device

Sets Service Request Enable Register bits

Heturns contents of Service Request Enable Register
Returns statlus and master summary status bytes
Initiates a properly sequenced trigger and execute
Starts seli-test, places pass/failresponse inoutput queue
Blocks device commands until'No-Op-Pend' flagis true
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3.4.2 Input/Output Protection

The Model 1391 provides protection for internal cir-
cuitry connected to input and output connectors. Refer
to the Specifications in Section | of this manual 1o de-
termine the level of protection associated with each in-
put or outputl connector.

8.4.3 Power On/Rezet Defeults

PAM Mode BIPolar

Sumbus Off (not input or output)
Sumbus Mode DRIVe

Trigger Mode SLAVe

TTL Trigger Lines Off (not input or output)
ECL Trigger Lines Off (not input or output)
Trigger Slope Positive

Trigger Leve] value +l.0V

Trigger Source Internal

At power on, or as the result of sending *RST or RE -
Set, the Model 1391 defaults to the following condi-
tions:

Subsystem SOURce

Operational Mode CONTinuous

Function Shape PULSe

Frequency value I MHz

Upper Level value
Lower Level value

+2.5 V into 5092
-2.5 Vinto 50Q2

Trigger Timer 10 ms (100 Hz)
Trigger Count 1

Gate State OFF

Gate Sub-Mode SYNChronous

3.4.4 Continuous Cparation

This paragraph shows how to set up the Model 1391
for a pulse waveform output using the default settings
provided at power-on. The subsequent paragraphs un-

g:;;f::l::lz:aluc (5) zgg der this heading will then demonstrate the continuous
Pulse Output OFF rgodc pulse period, pulse waveforms and characteris-
Pulse Period value s tics, and the output levels. All of the parameters
Pulse Width value 250 ns sho':wn here are dc.tailcd in ez?rlicr paragraphs. Much of
Pulse Delay value 0 ns the information given here directly transfers to other
Double Pulse state OFF modes.
Double Pulse Delay 400 ns Connect the Model 1391's PULSE OUT connector
Pulse Transition state  OFF (5 ns) (terminated) to the device under test, as shown in fig-
Leading Transition 5 ns ure 3-3, Use the SYNC OUT signal as a synchronizing
Trailing Transition 5 ns source. Figure 3-4 illustrates the SYNC OUT and
Auto-Trailing state ON PULSE OUT relationships.
Pulse Polarity NORMal At power on, the Model 1391's PULSE OUT is always
Sync Marker Output OFF turned OFF. To enable the PULSE OUT connector,
Sync Marker Type CLOCk send the command:
PAM Input Disabled (Off) '
QUTP:STAT ON
COAX
CHARACTERISTIC
IMPEDANCE
Zo TERMINATION ECEIVING
MODEL 139 o) ol R R. R,>> Ry
R. Ry
CIRCUIT COMMON
COMMOCN

Figure 3-2. OQuiput Termination
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MQDEL 1391
e

1 / DEVICE

UNDER

~&—GYNC OUT

i(lel=— PULSE OUT SIGNAL
i INPUT

NOTE!
% 500 TEAMINATORS

Two Equal-Length
RG-58 BNC Cables

SYNC
INPUT

Figure 3-3, Model 1391 Basic Operation Setup

At power on, the Model 1391's SYNC QUT is always  Setup a 2 channel, high bandwidth oscilloscope as the
turned OFF. To enable the SYNC OUT connector, DUT in Figure 3-3. Connect the SYNC to CH ] and
send the command: the PULSE to CH 2. Trigger the scope internally from
CH 1. Compare the pulse waveform to Figure 3-4 be-
low. The default pulse waveform should be a Single
The two previous commands could be shortened and Pulse with its 0% point coincident with the 50% point
combined as follows: of the rising edge of the SYNC, as shown in the dia-
OUTP ON::MARK ON gram. The pulse period is 1 ps and the Leading Tran-
sition (t ) and Trailing Transition (t,) should both be no
more than 5 ns. Verify 250 ns Pulse Width.

SOUR:MARK:STAT ON

: 0% —

1
|
1
11 ] |
DELAYED 1] s \ |
PULSE T |
PULSE OUT BNG ¢

DOUBLE
PULSE

+—80% DUTY CYCLE—!

SQUARE

|
1
SYNG QUT —7{;%—_\\_—_/_
o ' : i

p——————PLSE PERICD————b
VFREQ

Figure 3-4. Continuous Waveform Characteristics
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3.4.4.1 Frequency/Pariod Paramatars

The FREQuency and PERiod parameters are “cou-
pled”, meaning that setting one updates the other ap-
propriately. The current default settings from the pre-
vious setup are 1 ps period and 1 MHz frequency.
Change the pericd from 1 us te 10 us by sending:

PULS:PER lE-5

Verify the frequency valuc has been updated by send-
ing the query:

FREQ?

The returned response should be ' FREQ 1ES”

(100 kHz). The display on the oscilloscope should
now have a pulse pericd of 10 ps, with the other pulse
parameters remaining the same.

3.4.4.2 Pulse Parameters

Programmable pulsc parameters included in this para-
graph are the WIDTh, LEADing TRANsition, TRAIl-
ing TRANsition, DELAY, and DOUBIle DELay. Para-
graphs 3.4.4 and 3.4.4.1 above have the Model 1391
set up in its default values except that the PULSE and
SYNC outputs are ON and the pericd has been changed to
10 us. There shouid be a 250 ns single pulse with 5 ns
transitions on the oscilloscope. Change the single pulse
width and transition times as follows:

PULS:TR&4N:STAT ON

PULS:TRAN:TRA:AUTO ON
PULS:WIDT
PULS:TRAN

2E-6
200E-9

The first command enables the transition times for pro-
gramming to values other than the default minimum of
5 ns. The second command causes the trailing transi-
tion 1o be programmed along with the leading transi-
tion. The next changes the single pulse width to 2 ps,
and the final command command sets the leading (and
thus both) transition to 200 ns. The oscilloscope dis-
play should now show a 2 uys wide single pulse with
200 ns transitions. Decouple the trailing transition
from the leading transition as follows:

PULS:TRAN:TRA:AUTO OFF
PULS:TRAN:TRA 600E-9

The trailing transition should increase to 600 ns.
Change from a single to a delayed pulsc as follows:

PULS:DEL 2E-6

The pulse should now start 2 ps after the SYNC rather
than coincident with the SYNC. Set up a double pulse
as follows:

PULS:DCUB:DEL 4E-6
PULS:DOYR ON

The double pulse should appear much like the one in
Figure 3-4. Note that the delay values for the delayed
pulse and the double pulse are two independent param-
eters.

3.4.4.3 Outpul Levels

Lcave the unit set up per the previous paragraph. Note
that the default settings for output amplitudes of the
pulse waveform result in levels of £2.5 V into a 5002
termination,

The output levels can be set up using the AMPLitude
and OFFSect parameters, or by using the HIGH and
LOW level parameters. Use HIGH and LOW together,
or usc AMPLitudc and OFFSet together, These are
“coupled” functions — setting up one pair causes the
other pair to updatc to equivalent values,

Setting up the output is not as simple as many of the
other parameters. Because the output amplifier is only
capabic of generating an output within a fixed “win-
dow™ without limiting, there are interactions between
the scttings. This window is +8V with the attenuartor
off and =2V with the attenuator on.

When using the AMPLitude and OFFSet parameters,
the sum of Vpk amplitude (half the programmed Vpp
valuc) and the absolute value of the offset parameter
cannot excced 8V, Additionally, for pulses less than
0.5 Vpp. this restriction is reduced to 2 V.

When setting the output in terms of HIGH and LOW
levels, the HIGH level must be at least 0.15 V more
positive than the LOW level. HIGH and LOW levels
are programmed within a =8 V window, reduced to a
+2 V window when (upper — lower) is less than 0.5 V.

Set up the pulse waveform for negative supply ECL
levels using AMPLitude and OFFSet parameters as
follows:

VOLT BE-1
VOLT:Q0FFS -1.3

Observe normal ECL levels on the oscilloscope wave-
form. The upper level should be -0.9V and the lower
level should be 1.7V,

Set up the pulse waveform for CMOS levels using
HIGH and LOW LEVel parameters as follows:

VOLT:HIGH 5
VOLT:LOW O
The waveform should change to CMOS levels.

Note that the pulse waveform is “false™ at the lower
level and pulses “true" to the upper level. This is
NORMal PULSe POLarity. Reverse the levels by pro-
gramming the following:
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PULS:POL COMP (or INV)

Note the change in the waveform from positive to neg-
ative logic. This feature can be used to increase duty
cycle to >35% by programming the complement of the
desired waveform.

3.4.4.4 Pulse/Square Functions

Paragraph 3.4.4.2 demonstrates how to set up single,
delayed and double pulses. These three waveforms are
available under the default setting:

[SOUR:]FUNC[:SHAP] PULS

The Model 1391's default settings are designed to pro-
vide a “generic” starting point for common operations.
Reset the unit (RESet or *RST) and then turn the
PULSE and SYNC outputs back on (see paragraph
3.4.4). This is the single pulse. Observe a delayed
pulse by sending:

PULS:DEL 10QE-9

Observe a double pulse by sending:
PULS:DQOUB CN

And finally, observe the SQUare function by sending:
FUNC SQU

The square has the same timing characteristics as a
CLOCk SYNC, and its transitions and levels are setta-
ble like the PULSe waveforms. Additionally, the
square’s upper frequency is extended to 100 MHz.

3.4.6 Marker Qperation

The pulse waveform Marker is the SYNC OUT wave-
form. The SYNC waveform can be set up as a pulse
period marker, or as a non-continuous mode timing
marker. The continuous mode default setting is as a
period marker. This can be programmed as follows:

MARK:TYPE CLOC

For the non-continuous modes, GATE and BURS, the
marker type can be changed as follows:

MARK:TYPE GATE

The GATE SYNC will be described in paragraphs
3.4.9 and 3.4.10 and in the related figures.

3.4.8 8UMBUS Oparation

SUMBUS operation requires the use of at least two
Model 13915 or one 1391 and a VXlbus module sup-
porting the SUMBUS. This discussion assumes two
Model 1391s. The modules may be located anywhere
in the VXIbus chassis (except slot 0).

Note that the scale factors (sec Section 1) for output-
ting to the SUMBUS (5 mA/V) and inputting from the
SUMBUS (0.2 V/mA) arc reciprocals. This means that
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there is an end-to-end scale factor of 1 Vin/Vout for
two Model 1391s.

NOTE

This simple 1 Vin/Vour scale factor ap-
plies to unattenuated amplitudes. Use
1 VAV if both the driving and the receiv-
ing units are unattenuated (both have
their amplitudes =0.5 Vpp). This 1 V/V
factor is also valid if both have their
amplitudes set <0.5 Vpp. If the unit
driving the SUMBUS is below and the
receiving unit is above 0.5 Vpp, use a
0.25 Vin/Vout scale factor. If the unit
driving the SUMBUS is above and the
receiving unir is below 0.5 Vpp, use a
4 Vin/Vout scale facior.

Designate one of the units as the Driver. Its amplitude
setting is Vin, Designale the other as the Receiver, Its
amplitude setting is Vout. The Receiver unit will have
its PULSE OUT and SYNC OUT connected to the os-
cilloscope as in Figure 3-4, First, set up the pulse
waveforms of both units to match Figure 3-5, as fol-
lows:

Driver:
RES
QUTP ON::MARK ON
PULS:PER 1E-3
PULS:WIDT 500E-6
PULS:DEL 2C0E-&
Receiver:
RES
OUTP ON;:MARK ON
PULS:PER 1E-3
PULS:WIDT 2QQE-6
PULS:DOUB ON
PULS:DOUB:DEL 600E-6

Now, set up the Driver as the Master and the Receiver
as the Slave (Master/Slave Operation is explained in
paragraph 3.4.11), as follows:

Driver:
TRIG:MOLDE MAST
OUTP:ECLTO ON
Receiver:
INIT:CONT OFF
TRIG:SOUR:ECLTO
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This slaves the Receiver’s peried to the Driver's. Fi-
nally, enable the SUMBUS, as follows:

Driver:

CUTP:SUMB CN
Receiver:

[SOUR:]SUME OW

The oscilloscope waveform should look like the "RE-
CEIVER W/SUMBUS" waveform in the figure. Note
that the Driver and Receiver waveforms wcre at their
default amplitudes of 5 Vpp. The summed waveform
should be 10 Vpp because of the 1 V/V scale factor.

3.4.7 PAM Operatlon

PAM operation requires a Model 1391 and an external
signal source to drive the PAM IN connector. Setting
the Pulse Modulation (PULM) STATe ON enables sig-
nals at the PAM IN input 10 amplitude modulate the
pulse level(s) around the value set by the programmed
VOLTage setting. PAM is accomplished with four-
guadrant multiplication of the 1391"s pulse signal and
the external PAM IN signal. Pulse Modulation has
three sub-modes of operation. *'POSitive AMPLitude"
modulation causes the lower level 10 be fixed at the
currently programmed QFFSet value and the median
value upper level to be at its programmed value. The
signal at PAM IN will amplitude modulate the instan-

taneous value of the upper level around this median
value. The envelope of the modulated upper level will
have the same shape as the external signal, limited by
the >20 kHz bandwidth of the PAM input. The scale
factor between the amplitude of the external signal and
the amplitude of the modulation envelope is 2V of change
in the output level per 1V of change in the external signal.
This scale factor is reduced to 0.5 V of change in the out-
put per 1V of change in the external signal when the pro-
grammed amplitude is set below 0.5 Vpp.

“"NEGative AMPLitude” PAM is the mirror image of
the POSitive case. The upper level is fixed at the cur-
rently programmed OFFSet value and the lower level
is amplitude modulated. Note that the modulation en-
velope is also the mirror image of the external signal.

“BlPolar AMPLitude” modulation is essentially the
sum of the POSitive and NEGative sub-modes.

The programmer/operator needs to be aware of two
things when setting up PULseModulatton. First, the
output swing is limited to a window of 8V (x2V for
Vpp amplitudes less than 0.5 Vpp). Since the 1391’s
firmware has no knowledge of the external signal's
amplitude and offset, the unit cannot issue an output
stage clipping warning as it does with an AMPLitude/
OFFSet setting conflict. Second, the multiplier can be
overdriven resulting in overmodulation (including a
polarity reversal of the pulses because of four-quadrant

DAIVER
PULSE 1

AECEIVER

|
[
1
{
PULSE ; :
|
|
|
|

RECEIVER

WISUMBUS

SYNC QUT

Figure 3-5 SUMBUS Waveforms
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operation), To avoid these problems, the desired PAM
waveform should be designed using the following
steps:

D

2}

3

4)

Sketch the desired PAM output waveform. From
the sketch, select the required pulse characteristics
(paragraph 3.4.4), PULM sub-mode, and the medi-
an pulse output level(s). Ensure that the required
waveform can be produced within the 1391"s out-
put window capability.

Program the Model 1391 for pulse period, func-
tion, transitions, width and delay for the required
pulse characteristics as discussed in the previous
paragraphs. Turn on the pulse output.

Based on the PULM sub-mode selected from the
sketch, set up the pulse upper and lower levels to
the desired median level(s). Note that for POSi-
tive or NEGative sub-modes, the programmed val-
ue of the level which is to be set to zero by the
sub-mode is not important.

Enable the PAM IN and select a sub-mode, for ex-

ample:
PULM ON

FPULM:AMPL POS

Verify the PULSE OUT waveform to ensure it
matches the sketch.

Set up the external signal waveshape and ampli-
tude, From the Vpp amplitude of the envelope in
the sketch and the known scale factor, set the ex-
ternal signal's Vpp amplitude, Connect the exter-
nal signal to the PAM IN connector. The =1 kQ2
input impedance should not reduce the signal am-
plitude unless its source impedance is very high.

Compare the result to the sketch and fine adjust
the external signal as necessary. In general, the
oscilloscope should be synchronized to the lowest
frequency component in the waveform, the exter-
nal signal.

8.4.8 Triggerad Operation

In the triggered mode, the Model 1391's output re-
mains guiescent until triggered by the trigger source.
All Maodel 1391 functions may be triggered. When
riggered, the Model 1391 produces one complete
waveform period, then returns to the quiescent state,
The quiescent state for POSitive POLarity is the lower
level, The quiescent state for NEGative POLarity is
the upper level. The unit may be triggered by using

EXTERNAL TRIGGER

POSITIVE SLOPE

VARASLE TR:GOER /
LEVEL

EXTERNAL TRIGGER

NEGATIVE SLCFPE

SINGLE PULSE
{(POSITIVE POLARITY)

SINGLE PULSE
{NEGATIVE POLARITY)

OELAYED
PULSE

DOUBLE
PULSE

SYNC CUT

L

Figure 3-6. Triggered Waveform Characteristics
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the internal trigger TIMer, the external TRIG IN, the
trigger command, or the VXI trigger bus input.

To set the Model 1391 for the triggered mode, follow
the instructions in paragraph 3.4.4, then change the
mode to triggered by sending;

INIT:CONT OFF

The default settings select triggered modes rather than
one of the other non-continuous modes. These default
settings are:

TRIG:GATE OFF
TRIG:COUN 1

In order to properly trigger the 1391, the TRIGger
SOURce, MODE, TIMer, SLOPe and LEVe] may also
need to be set up.

3.4.8.1 Level and Slope Parameters

The TRIger LEVe!l and SLOPe paramelers are used to
tailor the response of the trigger input comparator to
external triggering signals applied to the TRIG IN con-
nector. This is only applicable when the triggering
SOURee is sclected as EXTernal. The LEVel should
be set to a voltage level which corresponds to a point
on the external signal where the dV/dt value of the sig-
nal’s transitions is maximum. This minimizes trigger-
ing uncertainty (jitter). The SLOPe selection deter-
mines whether the 1391 is (riggered on a positive-
going or a negative-going transition through the select-
ed voltage level. See Figure 3-6.

3.4.8.2 External Trigger Input

First set up the desired pulse characteristics per para-

graph 3.4.4. Each trigger input will initiate one pulse
period with these selected characteristics. Then deter-
mine the level and slope requirements (see the previ-

ous paragraph) for the external signal to be applied to
the TRIG IN connector, and program the unit for trig-
gered mode, external source. For example, for an ex-
terna] TTL triggering input:

RES

(PULSE CHARACTERISTICS)
TRIG:5LOP POS;LEV 1:50UR EXT
INIT:CONT OFF

The result will be one period of the selected pulse
waveform each time the external TTL signal makes a
low-to-high transition. Note that the period of the ex-
ternal signal must be greater than the pulse peried.
Figure 3-6 illustrates triggering of each of the pulse
functions. The SQUare may also be triggered, with
timing coincident with the SYNC.

The pulse waveform could be complemented by send-
ing the command:

PULS:PCL CO¥P

Referring to Figure 3-6, the time t, is shown to be the
point where the selected external signal transition, pos-
itive-going or negative-going, crosses the programmed
trigger level voltage. The time t, is the 50% point of
the rising edge of the SYNC OUT (MARKer:TYPE
CLOCk). Thetimet,is the 0% point on the leading
edge of a delayed pulse. The time (t, - t;) is a fixed
eircuit delay between the triggering event and the start
of a waveform period. Both the syne output (50%
point) and the non-delayed pulse (0% point) occur at
t,, regardless of the operating mode. The time (t, - 1))
is the programmable DELay parameter,

3.4.8.3 Internal Trigger

The trigger slope and level parameters have no effect

on an internal trigger source. To trigger the generator
internally, set up the internal trigger TIMer to a value
greater than the pulse period. Using the previous ex-

ample as a starting point, select the internal triggering
source and program the TIMer as follows:

TRIG:SOUR INT;TIM <value>

Where <value> is the desired triggering period. Trig-
gercd periods operate to 25 MHz in double pulse,

50 MHz in single or dclayed pulse, and 100 MHz in
square.

3.4.8.4 BUS Trigger Commands

To trigger the generator using the IEEE 488 bus (exter-
nal host) or the VX1bus, set up the generator in a trig-
gered mode as described above, then select the bus
trigger command by sending:

TRIG:SOUR BUS

Trigger the generator by sending either the 488.2
*TRG or 488.1 GET command over the 488 bus, or
the word serial Trigger over the VXIbus. The
*TRG command is mandated to be recognized by the
Commander and by the Model 1391, The GET com-
mand causes the Commander to send the VXIbus word
Serial Trigger command to addressed devices
which support Trigger and do not have their DIR
bit cleared to O (seee VXIbus System Specification).
Trigger level or slope do not apply when using the
BUS as the trigger source, and the bus commands only
have effect when the Model 1391 is in a triggered
mode of operation and the selected trigger source is
BUS.
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3.4.8.5 VXI TTL/ECL Trigger Bus input

The Model 1391 may also be triggered from the
VXIbus TTL or ECL trigger lines on the backplane.
The signal must be placed on the bus from another
source within the VXI chassis,

To use the trigger bus as a trigger source, first set up
the Model 1391 per the previous examples, Next, se-
lect one of the eight TTL trigger lines by sending the
message!

TRIG:SOUR TTLTSm>

Where <n> represents one of the eight TTL Trigger
lines, 0 through 7. Aliermatively, select one of the two
ECL trigger lines by sending the message:

TRIG:SOUR ECLT<n>

Where <n> represents one of the two ECL Trigger
lines, 0 or 1. The ECL trigger lines will have higher
bandwidth and tighter timing coupling between mod-
ules. Note that a TTL trigger line has a maximum
bandwidth of 12.5 MHz per the VXIbus specification.

The selected signal will trigger the Model 1391 on the
leading edge. Trigger level or slope does not apply

when using one of the TTL Trigger lines as the trigger
source,

The Model 1391 also offers a special operation mode
optimized for triggering a 1391 from a 1391 using the
ECL trigger lines (see paragraph 3.4.11).

3.4.8 Gated Operation

The synchronous gated mode is identical to the trig-
gered mode, except the output from the Model 1391
starts from the quiescent state, produces continuous
pulse periods for the duration of the trigger signal,
then returns to the quiescent state. All waveforms may
be gated (see figure 3-7).

To view synchronous gated mode, set up the Model
1391 pulse characteristics per the previous examples,
and set the unit up for trigger mode using an EXTernal
SOURce at the TRIG IN input. To observe gate mode
properly, set the oscilloscope to both display and sync
to the external triggering signal on CHI, and to display
the 1391 PULSE OUT on CH2. Then switch from
triggered to gated mode:

TRIG:GATE ON

EXTERNAL TRIGGER

VARIABLE TRIGOER
LEVEL

~_____ POSITIVESLOPE

COMPARATOR
OUTPUT

SYNC OUT
(PULSE PERIODS)

SINGLE
PULSE

DELAYED
PULSE

DOUBLE
PULSE

tolty 1

Figure 3-7. Synchronous Gate Waveform Characteristics
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The default setting is “synchronous” rather than “ex-
ternal width” gate mode, which can be programmed
with the command:

TRIG:GATE:MODE SYNC

The SYNC OUT should appear as in Figure 3-7.
Change the Sync waveform to be similar to the "COM-
PARATOR OUTPUT” waveform in the figure by
sending:

MARK:TYPE GATE

Gate mode may also use various trigger sources, The
unit may be triggered by the external TRIG IN as de-
scribed above, the internal source as described in para-
graph 3.4.8.3, or the VXI trigger bus input as de-
scribed in paragraph 3.4.8.5. The BUS trigger
commands as defined in paragraph 3.4.8.4 do not pro-
vide a trigger duration and are not valid in gated mode.

3.4.9.1 Exiernal Width Operallon

In external width, the Modcl 1391 produces an output
pulse whose period and width are determined by the
selected triggering signal and the trigger level and
slope settings, as shown in figure 3-8. To select exter-
nal width, set up the 1391 in gated mode as described
above and then send the command:

TRIG:GATE:MODE EXTW

Frequency or period commands are not required for
external width, All other pulse characteristics are as
described in paragraph 3.4.4. The external width ac-
cepts trigger inputs from all four trigger sources: exter-
nal TRIG IN, internal trigger generator, VXI Trigger
Bus, and the Trigger command, However, the most
useful trigger source for external width is the external
TRIG IN connector. This is because an externally de-

fined signal is used and the trigger level and slope are

adjustable as described in paragraph 3.4.8.1. To select
the TRIG IN connector as the trigger source, send the

command:

TRIG:SOUR EXT

To select the internal signal source (the frequency syn-
thesizer) for the External Width function, send the fol-
lowing:

TRIG:TIM <{value?;SOUR INT

The internal TIMer value is defined in paragraph
3.4.8.3; Itis not recommended that this setup be used,
since the identical result may be obtained by simply
using a continuous square function,

A third trigger source for external width is the VXI
backplane, described in paragraph 3.4.8.4. The period
and width of the instrument cutput is dependent on the
characteristics of the selected signal. A backplane sig-
nal is selected by programming one of the eight TTL
trigger lines by sending the message:

TRIG:SCUR TTLT<n>

Where <n> represents one of the eight TTL Trigger
lines, 0 through 7. Altermatively, select one of the two
ECL trigger lines by sending the message:

TRIG:SOUR ECLTCn>

Where <n> represents one of thc two ECL Trigger
lines, 0 or 1. The ECL trigger lines will have higher
bandwidth and tighter timing coupling between mod-
ules. Note that 2 TTL trigger line has a maximum
bandwidth of 12.5 MHz per the VXIbus specification.

The remaining trigger source available to the Model
1391 in external width is the trigger command '* TRG',

EXTERNAL TRIGOER
POSITIVE SLOPE
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VAALABLE TRIGGER
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HEQATIVE SLOPE

—d
—i—

t -1g)

—

{4y =g}

QUTPUT
WAVEFORM

Figure 3-8, External Width Waveform Characteristics
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described in paragraph 3.4.8.3. When using the trigger
command, the period and width of the output signal is
determined by the * TRG bit. To select the trigger
command, send:

TRIG:SOUR BUS

A pulse will be generated, whose width will be a func-
tion of the commander's * TRG write cyele time.

3.4.10 Burst Operation

The burst mode is identical to the triggered mode, ex-
cept when a trigger is received, the Model 1391 leaves
its quicscent state, produces a predefined number of
pulse periods, then returns to its quiescent state. Burst
waveforms (with COUNt set to “3") will be identical
10 the gate waveforms illustrated in Figure 3-7.

To observe the burst mode, sct up the Model 1391 for
triggered mode as described in paragraph 3.4.8, then
send the burst mode command:

TRIG:COUN <n>

Where the value <n> is a number preater than 1 and up
to 10 million. Numeric values are explained in para-
graph 3.3.1.4. For burst count messages, numeric val-
ues may be in the form of an integer or floating point
value, or one of the specia! casc character keywords,
MAXimum', 'MINimum' or ' DEFaul<t’ Burst dura-
tion depends on the period or frequency programmed.

Both types of Syne waveform (see Gate Mode) are val-
id and programmable in Burst Mode.

A burst is initiated when the unit is triggered by the se-
lected trigger source, The trigger source may be the
external TRIG IN, as described in paragraph 3.4.8.2,
the internal trigger source as defined in paragraph
3.4.8.3, the BUS trigger command as described in
paragraph 3.4.8.4, or the VXI trigger bus input as de-
scribed in paragraph 3.4.8.5,

3.4.11 Mastenr/8lave Operation

Master/Siave triggering allows a VXIbus chassis with
more than one Model 1391 module installed to operate
as a multichannel pulse generator system. An ECL
Trigger line is used to distribute the Master's trigger
signal to the Slaves to ensure tight coupling., Addi-
tionally, signal timing is optimized to closely match
the t, poimis (start of a pulse period, see Figure 3-7 and
paragraph 3.4.8.2) of the Master module to an adjacent
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Slave module, Slave modules further away from the
Master will have a backplane delay of approximately
0.5 ns per slot. Therefore, for best timing perfor-
mance, the [391 modules in the Master/Slave group
should be adjacent to one another and the Master
should be the one in the middle of the group.

The default setting for a 1391 module is “Slave”,
which allows it 10 be a Slave module in a Master/Slave
group or an independent module. Once the Master
module is chosen, send it the command;

TRIG:MODE MAST

There can only be one Master connected to a group of
Slaves using one particular ECL Trigger line. Program
the ECL Trigger line to be used by the group by send-
ing the following command to the Master:

OUTP:ECLT<n> ON

Set up the Slaves to receive the Master's trigger on
this particular ECL Trigger line by sending the follow-
ing command to each Slave:

TRIG:SQOUR:ECLT<n>

The Master is operated in continuous mode or a non-
continuous mode with its trigger source set to anything
other than the particular ECL Trigger line being used
to trigger the Slaves. The Slaves must be set to a non-
continuous mode with the trigper source set up as
above. Each module, Master or Slave, can have all
pulse characteristics (see paragraph 3.4.4) set up inde-
pendently. The only restriction is that the master repe-
tition period determined by the signal placed on the
ECL Trigger line by the Master (essentially the signal
that drives its SYNC OUT) is the longest period pro-
duced by any module. Each time a Slave is trigpered
by the Master, it must complete its output sequence,
taking into consideration its period and COUN1 value,
and return to a quiescent state before the next Master
trigger.

3.4.12 Status Commands

This subsystem contains the Status reporting registers.
Neither the Operation, nor the Questionable registers
are implemented in the Mode] 1391. All queries will
return a "0" (zero). The Enable subcommands for each
register will be accepted, but will not perform any
function. Preset may be exercised, but will perform no
function.
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Circuit Description

dection 4

4.1 INTRODUCTION

Figure 4-1 shows the Wavetek Model 1391 VXIbus
Pulse Generator overall block diagram. The VXIbus
connects to the module al backplane connectors P and
P2, which supply the module with a digital interface,
power supplies, trigger lines and a master clock. The
module contains three printed circuit boards: the VX-
Ibus Interface Board, pulse generator Main Board, and
the pulse generator Amplifier Board. The VXIbus In-
terface Board contains the VXIbus P! and P2 connec-
tors and provides an interface between the VXIbus and
the Pulse Generator Main Board. The Pulse Generator
Main Board receives control signals and data from the
interface and generates pulse waveforms, The Ampli-
fier Board plugs into the Main Board and provides the
high voltage, 50Q source impedance pulse output sig-
nal to the PULSE OUT connector.

Under the direction of its VXIbus Commander (and
more directly, the VXIbus Interface Board), the
Wavetek Model 1391 Pulse Generator module produc-
es pulse waveforms at the PULSE OUT BNC connec-
tor, and a TTL level pulse at the SYNC OUT BNC
connector for pulse waveform synchronization, It also
receives external triggering inputs at the TRIG IN
BNC and external modulating signals at the PAM IN
BNC.

The Model 1391 can also drive or receive triggering
signals on the TTLTRIG or ECLTRIG lines on the
VXlbus chassis backplane. This allows intermodule
triggering and Master/Slave operation. In this manner,
each Mcdel 1391 moedule can be one channel ina
multichannel pulse generator system.

The VX1bus chassis backplane also provides an analog
SUMBUS, which is utilized by the Model 1391,

a PULSE GENERATOR MAIN BOARD
CLE O [y
TRIG IN
TTLTA'G 70,
VXIbus H—
P LR LLeMA:A Y Pu!sg Gane@or
DigitalCircuits
(see Figure 4-1)
SYNC OUT
B Asomes »O)
[4
vXibus [ —P
INTER-
FACE CONTROL L'frESl PLLSEl lPULEEJ
{see Figure
4-2) PAM IN
— Pulse Generator
Analeg Circuits @
{see Figure 4-13)
V f SUMELS I»
P?z( bus L' AMPLIFIER BOARD PULSE OUT
»©

Figure 4-1., Model 1391 Pulse Generator Overall Block Diagram

Circurr DescripTION 4-1


https://www.manualsplus.com/

4.2 VX!BUS INTERFACE BOARD

All operating instructions and data for the Model 1391
module originate from its Commander, located within
the VXI chassis. The VXIbus Interface Board, mount-
ed within the Model 1391 module, transfers signals be-
tween the Pulse Generator and the VXIbus. An
eight-position rocker switch, located on the interface
board, determines the module's logical address.

Because of its high density, multilayer printed circuit
card utilizing LSI and custom ASIC surface mount
parts, the Interface Board is documented in this manual
only as necessary to support factory repair. Mainte-
nance information is provided to aid in fault isolation
to the board level.

4.2.1 VXibus Overview

A block diagram of the VXIBUS Interface Board is
shown in figure 4-2. The VXIbus is contained in the
chassis® backplane, and interconnects 10 the Model
1391 module Pl and P2 connectors. Refer to the VX-
Ibus System Specifications for electrical specifications
of the P1 and P2 connectors, the CLK10 line, the
MODID line, the TTLTRG*ECLTRIG* lines, and the
TTLTRG*ECLTRIG* protocols if detailed informa-
tion is needed on the inputs to the VXI Interface Beard.

The VXIbus System Specifications will also provide
system architecture information that will be of help to
understand the various tasks that the interface board
performs. For Wavetek's implementation, the follow-
ing sections should be understood: Device Overview,
Message Based Devices, Message Based Device Com-
munication Protocols, VXIbus and IEEE-488.2 Instru-
ment Protocols, Shared Memory (present, but not used
in the Mode) 1391), and Dynamic Configuration. The
Wavetek VXlIbus chip is an ASIC device which imple-
ments these protocols under direction of the interface
68HC000 CPU and system firmware,

4.2,2 Interface Board

The block diagram (figure 4-2) segments the Interface
Board into a VXTI INTERFACE block, a CPU & MEM-
ORY block and an INSTRUMENT INTERFACE
block. The VXIINTERFACE block contains the Pl
and P2 connectors, the VXI ASIC device, the Shared
Memory, module addressing, and vartous drivers and
transceivers. The VXI ASIC device implements the
complete VXIbus Message Based Device interface. It
generates control signals that regulate the transfer of
data between the interface CPU and the VXIbus. The
VXIbus A16 registers are located within the ASIC. Tt
also controls the RUN, FAIL, MODID, Al6 and A24

IAPPLICATION HARDWARE (PULSE GEN)

4
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CPU & MEMORY 4  VXINTERFACE .
. %

AT 84KB SHARED "

TMER s4x8 MEMOCRY

Locat wonn ol B
RAM . Pa[¢— 8

£ ¥ C
e WAVETEK ] ¢
vXl ] p

CHIP L

1208 System & i i 4—b oy [P 5
Appdiceion N
E

Figure 4-2. VXlbus Interface Board Block Diagram
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LEDs on the module's front panel. The VXIBUS in-
terface contains 32K x 16 RAM as 64K bytes of A24/
D16 Shared Memory which may be used to efficiently
move large quantities of data. The Logical Address
Switch and Bus Arbitration jumpers are explained in
Section 2 of this manual,

The CPU & MEMORY block contains thc micropro-
cessor, local RAM and ROM, decoders, a rcal time
clock/timer, an interrupt controller, a bus crror timer
and various drivers and transceivers. The local ROM
consists of 128K of EPROM containing VXIbus Sys-
tem and Application (the Model 1391 Pulse Gencrator)
code. There is also 64K bytes of local static RAM for
variable data, stack and heap. The real-time clock pro-
vides timer and cvent capability. Up to seven inter-
rupt inputs may be priority encoded; three from the
application (not used in the 1391}, three from the VXI
ASIC, and one from the real time clock. The bus error
timer generates a local BERR\ signal if data transfer
acknowledgment (local DTACKV) is not given before
time-out occurs. BERR\ is generated if a microproces-
sor aceess cycle exceeds 16 us,

The INSTRUMENT INTERFACE block consists of
connectors P4 through P7. The pin-outs and signal
names of the interface between the VXI Interface
Board and the Main Board are shown in shcet 1 of the
Model 1391 Pulse Board schematic, 1104-00-3612, in
Section 7 of this manual. These address, data, and
control signals are described in paragraph 4.3.2 and are
illustrated in figure 4-4,

4.3 PULSE GENERATOR BOARD - DIGITAL CIRCUITS

Refer to figures 4-1 and 4-3, other indicated figures,
and the Main Board schematic 1104-00-3612 in Sec-
tion 7 of this manual for the paragraphs under this
heading. The Main Board is divided into “digital” and
“analog” circuits, as indicated in figure 4-1. These
paragraphs describe the theory of operation for the
“digital” circuit blocks. Paragraphs under the 4.4
heading cover the “analog” circuit blocks of the Main
Board and the Amplifier Board.

The interconnection of the digital circuits of the pulse
generator is illustrated in figure 4-3. The main signal
path is indicated by the heavier signal lines. This sig-
nal path is for normal operation in Continuous Mode.
The signal path will be different for each mode. The
following paragraphs give a quick overview of the pur-
pose of each digital circuit block shown in figure 4-3,
These descriptions will be followed by detailed circuit
descriptions concentrating on each block.

Frequency Synthesizer

The synthesizer's output is a square wave with a pro-
grammable frequency range of ImHz to 100 MHz, The
synthesizer produces the basic timing signal for the
continuous modes. The synthesizer also provides the
internal trigger source for non-continuous modes, The
synthesizer's output is routed to the SYNC output 1o
provide clock outputs from 50 MHz 10 100 MHz.
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Figure 4-3. Pulse Generator Digital Gircuits Block Diagram
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Trigger Amplitier

The trigger amplifier conditions the external triggering
signal applied to the TRIG IN BNC connector. The
rigger level is controlled by the TDAC signal from the
analog section.

VXlbus TTL Trigger Recalver

The trigger receiver selects one of the eight VXIbus
TTL Trigger Lines to trigger the Model 1391 when
non-continuous modes are selccted.

VXthus ECL Trigger Racaiver

The trigger receiver selects one of the two VXIbus
ECL Trigger Lines to trigger the Model [391 when
non-continuous modes are selected.

Trigger Source Selector

The trigger source selector selects one of five trigger-
ing sources to trigger thc Model 1391 when non-con-
tinuous modes are selected.

Mode Cantrol Lagic/Burst Counter

The mode control logic provides the gating signal to
the gatable oscillator/divider upon receiving a trigger
when gated or burst modes are selected. In gated
mode, the oscillator runs for the duration of the trig-
gering signal. When burst mode is selected, the gat-
able oscillator runs until the programmed number of
cycles have been produced. The mode logic also pro-
vides an output GATE SYNC, routed to the sync out-
put driver, eoincident with the oscillator's gating signal.

Gatable Oscillator/Divider

The oscillator's output is a square wave with a pro-
grammable frequency range of 25 to 50 MHz when
gated “'on” by the mode control logic. The oscillator's
frcquency is controlled by the FDAC signal from the
analog section. The oscillator also provides two refer-
ence voltages, 4. 5VREF and SVREF used by the ana-
log scction. The divider produces frequencies from
ImHZ to 50 MHz from the oscillator's output.

PGEN Source Selector

The source selector selects the pulse gencrator's trig-
gering source. The selector produces three outputs,
TRG, DLY TRG, and DLY TRG G, from the selected
triggering source. The TRG output is the triggering
source. This output can be routed to the VXIbus ECL
Trigger Lines to drive other Model 1391's configured
as slaves. The DLY TRG output is the triggering
source delayed by about 20 ns. This output is routed
to the sync output driver to produce a synchronizing
output coincident with the pulse output. The DLY
TRG G signal is a narrow glitch coincident with the
lecading edge of the DLY TRG signal. This signal
clocks the pulse generator. The 20 ns delay between
the TRG signal and the DLY TRG and DLY TRG G

4.4 Circult DESCRIPTION

signals accounts for the time delays incurred driving
and receiving the VXIbus ECL Trigger Lines so that
master and slave Model 1391's are time synchronized.

Oslay and Widih One-Shots

The delay and width one-shots produce narrow output
glitches at a programmed time delay after they are trig-
gercd. The onc-shots have two sections; a coarse res-
olution digital section and a fine resolution analog
section. The digital sections provide 10 ns steps,
while the analog sections provide 100 ps steps. The
analog delay sections are controlled by the DDAC and
WDAC signals from the analog section. The
VBB_U74 and VBB_US82 signals are used to gencrate
the control voltages.

Pulse Generator

The pulse generator circuitry routes the DLY TRG G
signal to the delay and width one-shots. The delay
one-shot is always triggered by the DLY TRG G sig-
nal. The delay one-shot's output triggers the width
one-shot. The signal routing for normal and delayed
pulses are the same. A normal pulse is a delayed
pulse with zero programmed delay. When the width
one-shot is triggered, a flip-flop is set. The flip-flop
is reset by the width one-shot’s output. The flip-
flop's output is a pulse whose width is determined by
the width one-shol’s programmed time delay.

When double pulses are selected, the DLY TRG G sig-
nal triggers both the width and delay one-shots, The
width one-shot is immediately triggered, producing a
pulse, and then triggered by the delay one-shot, pro-
ducing a second pulse. When the delay one-shot is
triggered, a second flip-flop is set. The output of the
delav one-shot resets the flip-flop. This flip-flop pro-
duces a pulse whose width is equal to the programmed
delay. This pulse, DLY, is used to calibrate the delay
one-shot.

Qutput Mode Selector

The output mode selector selects the signals to drive
the differential ECL signals PULSE and PULSE\,
These signals drive the analog section, the VXIbus
ECL/TTL trigger lines, and the autocalibration circuit-
ry. For normal, delayed, and double pulses, the pulse
generator's output is selected. For square wave out-
puts, the DLY TRG signal is selected. The TRG sig-
nal is selected for external width mode. The DLY
signal is selected during an autocalibration of pulse de-
lay. The CAL signal is a TTL version of the PULSE
and PULSE\ signals.

Sync Source Selector

The sync source selector selects one of three signals to
drive the sync output driver. The selector also has
several programmable time delays to account for the
Model 1391's many operating modes.
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Two types of sync are available from the Model 1391;
pulse sync is coincident with the rising edge of the
pulse output, gate sync is high when bursts of pulses
are gencrated or the pulse generator is gated.

When squarc waves over 50 MHz are programmed, the
frequency synthesizer's output is routed to the sync
driver.

Sync Output Oriver

The sync output driver level shifts the sync source se-
lector’s ECL output to drive TTL levels into a 500
load,

VXlbus ECL/TTL Trigger Driver

The trigger driver routes the PULSE or the TRG signal
to any one of the eight VXIbus TTL trigger lines. The
PULSE and TRG signals can also be routed to either of
the two VXIbus ECL trigger lines as well.

Delay - Width - Fraquency Aulocallbration

The autocalibration circuitry is used to characterize the
gated oscillator frequeney and the delay and width
one-shots digital section’s periods.

Microprecessor Interface

The interface allows the microprocessor's parallel data
bus to talk to the serial data CMOS and NCMOS con-
trol registers.

CMOS and NCMOS Centrel Registers

The registers control the analog and digital sections of
the Model 1391, The CMOS control registers have 0
to +5 volt output levels, and control analog section and
the VXIbus TTL trigger driver and receiver sections.
The NCMOS control registers have -5.2 to -0.6 volts
output levels that are compatible with the ECL logie
used throughout the Model 1391.

4.3.1 Interconnect and Power Distributlon

Sheet 1 of the Model 1391 Pulse Board schematic
shows all of the connections between the pulse genera-
tor and the VXIbus Interface Board. All power sup-
plies and instrument control originates from the VXI
Interface Board. Coded lines are identified as follows:
‘A’ for address; ‘D’ for data, ‘L’ for a VXIbus Inter-
face Board origin, and ‘B’ for a buffered line. Each
front panel LED is independently enabled (logic low)
or disabled (logie high) by the VXIBUS Interface
Board through control lines VA16 LD\, MID_LD\,
FAIL_LD\ and RUN_LD\

4.3.2 Digital Intertace and Data Registers

Refer to figure 4-4 and Pulsc Board schematic shects 2
and 3. Three types of digital controi signals direct the
Model 1391 operations: dynamic control, strobed con-
trol, and static control. Dynamic control lines origi-

nate from programmable logic devices U2 and U3.
These lines are synchronized to Interface Board micro-
processor system timing and are controlled by LR/W
{Read/Write) and LUDS\ (data strobe) to insure proper
timing. LUDS\ is enabled after the 16 data bus lines
have stabilized following a data change. Address lines
(LA[01:05 and 14:20]) are always controlled by the In-
terface Board microprocessor, Parallel Data lines
(LD[00:15]) are bidirectional between the Interface
and Pulse Boards. Parallel Data is restricted to the de-
vices on sheet 24 of the Pulse Board schematic, The
Pulse Board data interface on sheets 2 and 3 of the
schematic uses serial data on the bidirectional LDOQ
data line.

U2 acknowledges successful data transfer between the
Pulse Board and VXlbus Interface Board (DTACK)V).
Abscnce of this important signal results in a Bus Error
{BERR\) at the Interface microprocessor. U2 also gen-
erates three strobes for the data register decoders.
REGSA strobes Ul, REGSB strobes U8, and REGSC
strobes U9. Ul, U8, and U9 generate all of the strobed
control signals., The RLYEN\ dynamic control signal
generated by U2 determines when the attenuator relays
can be energized (sheets 21 and 22 of the Pulse Board
schematic). U2 also generates the DACI_LD and
DAC2_LD dynamic control signals which load data to
the DACs on sheet 15 of the schematic.

U3 buffers the bidirectional LDOO serial data line as
LDATAQO, which is the source of data to all of the sc-
rial data registers, which produce all of the statie con-
trol lines for the pulse generator circuitry. U3 controls
the reading and writing of sertal data to and from U4,
the serial Calibration Data Memory. U4 is a 4096 bit
EEPROM, organized as 256 sixteen bit words,
CS_SMEM\ and SMEM_CLK are dynamie controls
lines to U4, LDATAQQ is the input data, and SMEMD-
OUT is the output data. This allows the microproces-
sor to read from and write to the Calibration Data
Memory, U4, using U3 and LD00. CS_ADC\ and
CS_901\ are dynamic control signals used to select the
ADC (U109, Analog-to-Digital Converter) and the
Counter/Timer (U112) on sheet 24 of the schematic.
ADC_SCLK is the ADC clock.

When both REGSA (from U2) and LUDS\ (from the
VXIbus Interface Board) are low, three to eight-line
decoder Ul briefly enables (pulses low) one of eight
control lines (YO through Y7), as determined by the
status of address lines LA[14:16]. Four of these eight
strobed control lines operate the three serial data regis-
ters U7, Ull, and UlS5, which produce the static con-
trol lines for the pulse generator circuits that operate at
nermal TTL or CMOS levels. S_CLEK\ clocks all seri-
al data. R_ENI\, R_EN3\, and R_EN2\ strobe regis-
ters U7, Ull, and UlS5. U7 controls the output
attenuator relays {sheet 21) and the frequency refer-
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ence (sheet 24). Ul1 controls transition time range se-
lection (TR1\, TR2\, TR3\ lines to sheer 19 and the
LE<IONS and TE<I0ONS lines to sheet 17) and PAM
enable and modes (PAMEN\, NPSEL\, and PPSEL\
lines to sheet 16). The serial data outputs of U7 and
Ul are also used to supply data for the quad DACs,
U87 and U89 on sheet 15. R_EN3\ is sent to enable
serial data register U15 (sheet 3), which controls the
selection of TTLTRIG* outputs to and inputs from the
VXIbus backplane (sheet 6).

The remaining Ul generated signals control the ADC
(U109, U110, and Ul 1 on sheet 24) and the BUS trig-
ger. SWTRIG\ is the software gencrated trigger sig-
nal. ADCL_EMN\, ADCL_CLK}\ and ADCR_CLK\
select and enablce serial data registers U110 and U111,
The serial data output of UL0O9 connects to the serial
data input of U110, cascading them to transform the
serial ADC data into 16 bit words [LD0O0:16] for the
MICrOprocessor.

U5 and U6, level shifters, translate the normal CMOS
levels of the LA[14:16], REGSB, REGSC, LUDS\,
LDATAOQO, S_CLK\ and LRESET\ signal lines to NC-
MOS. These signals, now with a *T" prefix, control
the data decoders, U8 and U9. These decoders operate
as described for Ul, except that their cutputs (strobed
control lines) are at NCMOS levels,

TDATAQO0, TS_CLK)\, and TRESET\, buffered by
U10, are sent as inputs to the NCMOS data registers
(U13 through U20, except UlS5, on sheet 3).

U8 generates the strobes, R_CLK[0:6]\, for the NC-
MOS data registers. U9's ourputs, buffered by Ul2,
are sent as strobed control signals to various pulse gen-
erator circuits, DDNCEN and WDNCEN are sent to
the Delay and the Width onc-shots (sheets 12 and 13)
to enable the DNC2016 counters. Likewise, CDN-
CEN, SDNCEN, and BDNCEN are sent to DNC2016
cnable pins in the clock divider (sheet 9), frequency
divider (sheet 5), and the burst counter (sheet 10).
PLLEN enables the single-chip PLL, U21, on sheet 4.
BRSTCNT (buffecred reset to counters) initializes and
clears the Mode Control logic (sheet 7), the Burst
Counter (sheet 10), the Pulse Generator (sheet 11), the
Delay one-shot (sheet 12), and the Width onc-shot
(sheet 13).

The NCMOS data registers, strobed by US, are on
sheet 3 of the Pulse Board schematic. These are Ul3
through U20, excluding Ul5. NCMOS levels are cre-
ated by running CMOS devices with —5.2 volts at their
ground pins and —0.6 volts (a diode drop from ground)
at their supply pins. The resulting NCMOS logic lev-
els can be used as static control lines to ECL logic
without further logic level translation.

4.3.3 Fretiuency Syntheslizep

The frequency synthesizer consists of two sections; a
phase locked loop (Pulse Board schematic, sheet 4)
and a frequency divider\selector (sheet 5}. The phase
locked loop produces an ECL level square wave be-
tween 50 and 100 MHz with 10 kHz resolution. A ba-
sic phase locked loop consists of & phase comparator, a
loop filter, a VCO, and a programmable {(+ N)
counter. The phase comparator drives the VCO via the
loop filter until the + N counter's output is the same
frequency and phase as the reference frequency. For
output frequencies between 50.01 and 100,00 MHz,
“WN" ranges between 5001 and 10000, with a reference
frequency (1 LSB step) of 10 kHz. The loop filter de-
termines the loop dynamics as well as suppresses ref-
erence frequency sidebands. The Model 1391 employs
a slightly different loop, called Dual Modulus prescal-
ing. This technique produces an additional digit of
resolution at the same time as it scales down the

100 MHz VCO frequency to a value that the + N
counter ean manage. A simplified dual modulus phase
locked loop is shown in figure 4-5. The VCO's output
is applied to the dual modulus prescaler. The prescaler
divides F__ by "P" or "(P+1)" under control of the MC
signal. The prescaler's output drives two low speed
counters; + A and + N. The + A counter controls the
prescaler’s division ratio.
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Figure 4-5. Dual Modulus PLL

The counter system operates as follows. The overall
division ratio, N total, is factored into two parts; "A"
and “N". Values for A and N are calculated from the
equation: Nlolal = (N*P)}+ A. The counter system di-

vides F_ by the value “(P+1)" A times and then di-
vides F_ by the value “P” (N-A) times. In the Model
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1391, “P" equals 64. For example, to produce a
100.00 MHz output, N_ = 10000. Therefore A = 16
and N = 156 (10000 = 16 * 65 + 140 * 64),

Refer to the schematic, sheet 2. The phase locked
loop’s reference is provided by the 10 MHz VXIbus
CLK!0 signals, BCLKI0+ and BCLK10-. U29 buff-
crs the reference and drives U21's reference input.
U21 contains a reference divider programmed to di-
vide by 1000 to provide the 10 kHz reference for the
phase locked loop. U21 also contains the divide by A
and N counters along with the phase comparator.
U21's dividers arc programmed scrially by the micro-
processor. Scrial data, PLLDATA, is clocked into
U21 by the S_CLKA\ signal. The data latches into
U21 by the PLLEN line. The phase detector’s output
is applied to the loop filter comprised of U23 and its
associated components. The phase detector’s output
contains 10 kHz reference frequency compenents that
would modulate the VCO's output. The sideband sup-
pression filter, comprised of U22 and its associated
components filter out the reference frequency compe-
nents. The R-C filter, R14-C23, provide additional
high frequency filtering. U24 and its associated com-
ponents form the VCO. The VCO's frcquency is de-
termined by the LC tank circutt comprised of L1 and
varactor diodes CR14 through CR17. As the voltage
on the varactor diodes cathodes rises, the diodes ca-
paeitance deereascs, inereasing the VCO's frequency.
CR13, CRI18, and RS limit the range of the VCO's
control voltage to ensure start-up when power is ap-
plied. U24's 50.01 to 100.00 MHz output is buffercd
by U30. U25 divides the buffered VCO ourput by 64
or 65 as selected by U21's MC output. The phase
locked loop is powered by isolaled supplies provided
by U26 thru U28. The VCO's 50.0] 10 100.00 MHz
output is successively divided by two providing the
lower output frequencies. The buffered VCO output is
applied to multiplexer U33 and to the divide-by-two
stage U32\A. U32\A's output drives the multiplexer,
U33, and the second divide-by-two stage U32\B.
U32\B's output drives the multiplexer and the ECL to
NTTL translator comprised of Q2, Q3, R23, and R24.
The translated 12.5 to 25 MHz signal drives program-
mable divider U31. Scrial data, SDNCDATA, is
clocked into U31 by the S_CLKA\ signal. The data is
latched into U31 by the SDNCEN signal. U31's NC-
MQOS level output is level shifted by CR19 and R22 to
ECL levels and applied to the multiplexer, U33. U33's
output provides an ECL level square wave, ranging
from 500 uHz to 100 MHz, When frequencies be-
tween 50 and 100 MHz are programmed, dividers
U32\A and B are disabled by the VCO/2_OF and
VCO/4_OF signals to remove sub-harmonic jitter
caused by coupling within the ECL logic devices. Di-
vider, U32\B is disabled when frequencies between 25
and 50 MHz are programmed. U33's output, buffered

4-8 CirculT DESCRIPTION

by one section of U30, produces the SYNTH signal,
which ts again buffered by U36/B producing the
BSYNTH signal.

4.3.4 Trigger Amplifiar

The external triggering signal is compared to the trig-
gering level signal by high speed comparator, U34; see
schematic 1104-00-3612 sheet 6. The output of the
trigger level DAC, TDAC, swings between O volts and
4.5 volts, An offsctting current is added via R27 and
R28 1o allow setting the triggering level down to -10
volts. The input of U34 is restrained to about 0.6
volts by CR20 and CR21{ 10 preserve speed. Positive
feedback around U34, provided by R29 and R30, pro-
duces about 40 mV of hysteresis. One section of U36
buffers U34’s output,

4.8.5 VXitus TTL Trigger Racelvar

Data selector U38 selects one of eight VXIbus TTL
trigger lines to drive TTL to ECL translator U35; see
schematic 1104-00-3612 sheet 6. The desired trigger
input is selected via the IN_TTLTRGA,
IN_TTLTRGB, and IN_TTLTRGC signals.

4.8.8 VXlbus ECL Trigger Recelver

The differential ECL trigger signals, ETRGINO+, ETR-
GINO-, ETRGIN1+, and ETRGIN1-, are buffered by two
sections of U29; see schematic 1104-00-3612 sheet 6.

4.3.7 Trigger Source Ssiector

Data selector U37, controlled by the TRG_SRCA,
TRG_SRCB, and TRG_SRCC signals, selects the
unit's triggering sourcc; see schematic 1104-00-3612
sheet 6. The TTL level software triggering signal,
SWTRGH\ signal is translated to ECL levels by one sec-
tion of U35 to drive U37. U37's output inverted by
exclusive-OR gate U41 provides trigger slope selec-
tion. The SLP_CMP signal sclccts the slope.

4.8.8 Moda Controf Logic\Burst Counter

The mode control logic controls the operation of the 25
to 50 MHz gatable oscillator; see schematic 1104-00-
3612 sheets 7 and 10. When the gated mode is select-
ed, the gatable oscillator runs for the duration of the
external triggering signal, and always produces an in-
teger number of cyeles. When burst mode is selected,
the gatable oscillator runs until the programmed num-
ber of cycles have been produced. Simplified mode
control logic for the gated mode is shown in figure 4-
6. When the triggering signal goes high, flip-flop
U46\A, is set driving its QA output low, starting the
gatable oscillator. The triggering signal also clears
flip-flop U46\B, holding its Q output low, When the
triggering signal returns jow, the DIV_CLK\ signal
from the gatable oscillator clocks U46\B’s Q output
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high, which clocks a low into U46\A stopping the gat-
able oscillator. The RES_CLK signal, produced by
U46\B, resets the gatable oscillator to a known state,
ready for its next opcrating cycle. Figure 4-7 shows
the mode control logic configured for burst mode. The
glitcher produces a narrow ~5ns wide pulse on the
leading edge of the triggering signal. The glitcher sets
flip-flop U46\A starting the gated oscillator. The
glitcher's output also arms the burst counter. The
burst counter counts the gated oscillator's cutput,
DIV_CLK, driving the B_END signal high after the
programmed burst count has been reached. Flip-flop
U46\B's Q output is then clocked high which clocks
U46\A stopping the gatable oscillator. The RES_CLK
signal, produced by U46\B, resets the gatable oscilla-
tor to a known state, ready for its next operating cycle.

The glitcher circuit, as shown on the schematic dia-
grams, comprised of U43 sections A and B along with
R31 and C32 produce a narrow pulse coincident with
the leading edge of the TRIG signal. U43 section C
along with U44 scctions A and B form a multiplexer
that routes the glitcher output or the TRIG signal to the
D input of U46\A under control of the G_MODE},
B_MODE), and OSCONOFF signals. U45\A applies
the B_END signal or a logic high to the D input of
flip-flop U46\B under control of the B_MODE} signal,
The burst counter is a high speed counter that counts
down from its programmed count to zero after it has
been armed by the B_START signal, producing the
B_END signal. The burst counter is comprised of two
scctions, a short count high speed ECL scetion, and a
long count low speed NCMOS section. Flip-flop U58
sections A and B along with gates U57 A thru D form
a two bit Johnson counter, clocked from the gatable
oscillator’s output DIV_CLK. NOR gates U57 preset
the Johnson counter to any one of its four states when
flip-flop US9\B is cleared by the B_START signal,
The states are selected by the BH 14\, BH23\, BH12\,
and BH34\ signals,
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Figure 4-6. Model Control Logic - Gated

NTTL levels by Q18, Q19, R53, and R54 1o load the
programmed count into U60. When U60 counts down
to zero, its CYDA output goes high. CR25 and R55
level shift the CYDA output 1o ECL compatible levels
to drive the D input of U59/B high. The high level is
clocked thru USAB producing the B_END signal, and
reloading programmable counter U60. Serial data,
BDNCDATA, is clocked into U60 by the S_CLKB\
signal. The secrial data is latched into U60 by the
BDNCEN signal.
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Figure 4-7, Mode Control Logic - Burst
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The Johnson counter’s output, translated to NTTL lev-
els by Q16, Q17, R51, and R52, clocks the program-
mable CMOS counter U60. The Johnson counter
divides the 50 MHz maximum frequency DIV_CLK
signal by four, producing a 12.5 MHz maximum clock
compatible with U60. US59\B’s output is translated 1o

4.3.9 Gatable Osclllator / Bivider

When gated, the gatable oscillator {(schematic 1104-00-
3612 sheets § and 9) produces a 25 to 50 MHz square
wave output by charging and discharging a timing ca-
pacitor with a constant current. The frequency of os-
cillation is controlled by varying the charging /
discharging current. The magnitude of the current is
controlled by the FDAC signal. A simplified gatable
oscillator is shown in figure 4-8. The timing capacitor
is always charged with a current of +I. A current of
-21 is switched in to discharge the timing capacitor.
When the oscillator is disabled, the timing node is bi-
ased to maintain the first oscillator period the same
length as the following oscillator periods.
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Figure 4-8. Galable Oscillator
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Voltage divider, R35 - R37, divides the 0 to 4.5 volt
FDAC signal down to 0 to about 3.5 volts. U48/B and
Q5 force the voltage on the bottom of R38 equal to the
divided down FDAC signal; refer 10 schematic 1104-
00-3612 sheets § and 9. U47 provides a precise

10 volts reference voltapge to the voltage divider
formed by R32 thru R34, The voltage divider produc-
es reference outputs of about 4.5 volts and 5 volts that
are used throughout the Model 1391. U48/A and Q4
force the top of R38 to +5 volis. As the FDAC signal
swings between 0 and 4.5 volis, the voltage across R3§
swings between 5 and 1.5 volts, producing a current of
2,11 mA 10 0.55 mA thru RN16/D, Q4, R38, Q5, and
RN19/C, The end result is variable voliages referenced
10 the =12 volts power supply rails. The voltages drive
two complementary current sources, U49 - Q6, and
US50 - Q9. U49 and Q6 force the variable voltage to ap-
pear across RN19/E, producing a collector current of
2.11 10 0.55 mA in Q6. U50 and Q9 opcrate in a simi-
lar manner. Q9's collector current swings between 1.1
and 4.22 mA as RN19 sections A and B are in parallel.
The discharging current is switched into the timing ca-
pacitor, C36 by diode switch CR22 - CR23, When the
oscillator is disabled, an amplifier comprised of Q10 -
Q! and their associated components biases the timing
node so that the oscillator’s first period is the same
length as the following periods. R42 provides adjust-
ment of the first period. Current source Q7 - R40 bias-
es cmitter follower Q11 with a current equal to the
discharging current to compensate for Q10's Vbe shift
with current, The frequency of the oscillator is depen-
dent on the value of the timing capacitor, the charging
curreni, and the threshold voltage of US1, The oscil-
lation frequency versus control voltage is also slightly
non-linear. To account for these errors, the frequency
autocalibration system measures the oscillator’s output
frequency at several programmed values and applies a
correction factor to the FDAC signal.

The gated oscillator's 25 to 50 MHz output is succes-
sively divided by two to obtain lower frequencies. Re-
fer to figure 4-9 for a simplified diagram of the
divider. The gated oscillator’s ouiput is applied to a
divide by 2 stage and to one input of a multiplexer.
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The divide by two stages output drives another input of
the multiplexer, a second divide by two stage and a
2/N stage. The 2/N stage output is divided by 2 before
being applied to the multiplexer,

The multiplexer’s output is a square wave from 1mHz
to 50 MHz, refer again to the schematic diagrams,
Three sections of U53 add time delay to the
CLK25_50 signal to match the delays of the other di-
vider paths before driving the multiplexer U5S5 to pro-
vide the 25 to 50 MHz frequency range, The
CLK?25_50 signal is divided by 2 by U52/B. US53 adds
time delay before driving the multiplexer USS 1o pro-
vide the 12.5 to 25 MHz frequency range. The
RNG2_OFF signal disabies U52/B when frequencies
between 25 and 50 MHz are programmed to remove
sub-harmonic jitter caused by coupling within the ECL
logic devices. The RES_CLK signal sets flip-flop
US2/B 1o a known state. UlL5/A, configured as a di-
vide by 2 stage further divides U52/B’s output provid-
ing the 6.25 to 12.5 MHz frequency range. Flip-flop
U52/A is configured as a divide by two when the
CLK_SEL signal is low which routes U52/A"s Q\ out-
put to its D input via one section of U51 and U54. The
RES_CLK signal sets flip-flop U52/A to a known
state. When the CLK_SEL signal is high, programma-
ble divider U56 is included in the feedback loop to the
D inpur of U52/A. U52/A’s output is translated to
NTTL levels by Q12, Q13, R46, and R47 1o drive the
load input of U56. The 12.5 to 25 MHz output of U52/
B, buffered by U435, is translated to NTTL levels by
Q14, Q15, R48, and R49 to clock U56. CR24 and R50
translate U56's NCMOS level output to ECL levels.
The programmable divider operates as follows. The
RES_CLK signal sets U52/A"s Q output low which
loads the down counter U56, US6's CYDA output is
low which is inverted by US54 providing a high to the
D input of US2/A. When US52/A is clocked, its Q out-
put goes high allowing U56 to count down from its
programmed value. When U56 counts down to zero,
its CYDA output goes high placing a low on U52/A's
D input. The next clock reloads the down counter U56
and the cycle is repeated. US52/A's unsymmetrical out-
put is turned into a square wave by divide by two stage
U115/B. The RES_CLK signal sets {lip-flop Ul15/B's
output to a known state. The divide by N stage is con-
figured as described above so that the placement of the
leading edge of the divided output is accurately de-
fined. Serial data, CDNCDATA, is clocked into U56
by the S_CLKB\ signal. The serial data is latched into
U356 by the CDNCEN signal.

4.3.10 PGEN Source Salactor

Multiplexer U61 selects one of three triggering sources
{schematic 1104-00-3612 sheet 11), The BSYNTH
signal is selected by the C_MODE\ signal for the con-


https://www.manualsplus.com/

tinuous mode. The TRIG signal is selected via the
T_MODEN\ signal for the triggered mode. The
BG_MODE\ signal selects the BGCLK signal for gated
and burst modes. The multiplexer's output is applied
to delay line DLI and to a second multiplexer, U63,
along with the VXIbus ECL trigger drivers. The delay
line’s output is applied to the second multiplexer U63,
controlled by the ODL_SEL\ and SDL_SELA\ signals se-
lects a fixed delay when the unit is configured as a
master in a multiple unit system. The fixed delay ac-
counts for the time delays incurred driving and receiv-
ing the VXIbus ECL trigger lines. Multiplexer, U63's
output clocks the pulse generator and sync output cir-
cuitry,

4.3.11 Delay and Width One-gshats

The width and delay one-shots (schematic [104-00-
3612 sheets 12 and 13) are identical; only the delay
one-shot will be described, After triggering, the one-
shots produce a narrow pulse, ~5ns wide, at the pro-
grammed time delay. The one-shots consist of a
digital section providing 10 ns resolution and an ana-
log section providing 100 ps resolution. When delays
of less than 10 ns are programmed, the analog section
is triggered directly. For longer delays the digital sec-
tion is triggered, which in turn triggers the analog sec-
tion. A simplified analog one-shot is shown in figure
4-10, Quiescently, the Q\ output of the flip-flop sits at
logic high, and the timing capacitor Ct is charged to
about -0.9 volts. When triggered, the flip-flop's output
is released, and the current source discharges the ca-
pacitor producing a linear ramp. The comparator mon-
itors the ramp voltage, and clears the flip-flop when
the threshold voltage is exceeded,
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Figure 4-10. Analog One-Shot

When the flip-flop is cleared, its Q\ cutput rapidly
chargces the timing capacitor back to -0.% volts. A nar-
row pulse is generated during the time it takes to
charge the capacitor. The time delay between this
pulse and the triggering pulse is proportional to the
threshold voltage and the value of the timing capaciter
and inversely proporticnal to the discharging current,
With the timing capacitor's value and the discharge
current fixed, the time delay is determined by the

threshold voltage only, which is controlled by the
DDAC signal.

A simplified digital one-shot is shown in figure 4-11.
The digital one-shot produces precise delays with

10 ns resolution by counting periods of a 100 MHz
gated oscillator. To generate very long time delays,
i.e. 2000 seconds, a large counter is required (about 38
bits). A 38-bit counter that clocks at 100 MHz is very
expensive, complex, and power hungry, so the counter
is split into two sections, a 2-bit high speed ECL
counter, and a 36-bit low speed CMOS counter.
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Figure 4-11. Dipital One-Shot

The 2-bit counter provides 10 ns resolution steps,
while the 36-bit counter provides 40 ns resolution
steps. The desired time delay is factored into X *

40 ns steps + Y * 10 ns steps + analog delay. The trig-
gering signal resets the flip-flop, enabling the

100 MHz gatable oscillator and the Johnson counter,
and releases the load input of the CMOS counter. Af-
ter Y 10 ns steps the Johnson counter clocks the
CMOS counter, After the CMOS counter clocks X

40 ns steps, its carry output sets the flip-flop's D input
high. On the next clock, the Q output returns high, and
the counters are reloaded awaiting their next trigger.
The rising edge of the delayed pulse then clocks the
analog one-shot,

Refer to the schematic diagrams in section 7. NOR
gates U71\A and B, route the DLYIN\ signal to the an-
alog or digital one-shots, under control of the DLA-
LSEL\ and DLDSEL\ signals. When long delays are
selected, the DLYIN\ signal clears flip-flop U70\B.
U70\B’s output is translated to NTTL levels by Q22,
Q23, R67, and R68 to drive the load input of CMOS
counter U75, U70\B's output also enables the gatable
oscillator and releases the preset inputs of the Johnson
counter. NOR gate U72\C and delay line DL3 form a
100 MHz gatable oscillator. The oscillation frequency
is determined by the propagation delay of the gate and
the length of the delay line. U72\A, configured as a
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Vbb generator, biases the input of the delay line to en-
sure that the first period of the oscillator is the same
length as later cycles. Gates, U71\B, U71\D, and
U72\B delay the oscillator's output to eliminate a race
condition in the one-shot. Gate, UT2\D performs a
similar function.

The gated oscillator runs at about 100 MHz, The exact
frequency is unimportant, as the frequency is measured
during autocalibration to determine the exact period of
the *10 ns" steps. Both sections of U69 form a
Johnson or twisted ring counter. The counter has four
states each with equal duty cycle, at one fourth of the
clock frequency. NOR gates U68\A to D allow preset-
ting the counter to any of its four states. U69\B’s out-
put is translated to NTTL levels by Q20, Q21, R6S5,
and R66 to clock CMOS coumnter U75. CR26 and R64

- level shift the counter's NCMOS output to ECL com-
patible levels, Serial data, DDNCDATA, is clocked
into U75 by the S_CLKA\ signal, and latched into U75
by the DDNCEN signal, At the end of the long delay
period, UTOAB's Q output clocks a logic high into flip-
flop U70\A to start the analog one-shot.

When short delays arc selected, the DLYINVsignal is
routcd to the set input of U70\A to start the analog
onc-shot. U73 and its associated components form a
eonstant current source to discharge timing capacitor
C46. Common base stage Q24 buffers the current
source output and limits the voltage swing of UT0\A's
output. U73 and Q25 force the refercnce voltage pro-
vided by U86 1o appear across R71, producing a con-
stant discharging current, The voltage ramp on the
timing capacitor is compared against the DDAC signal
by comparator, U74\B. RC nctwork R72-C44,5 re-
move high frequency noisc on thc DDAC signal to re-
duce timing jitter. U74\C buffers the comparator's
ourput producing the DLPLS signal to drive the pulse
generator,

4.8.12 Pulee Generator

The pulse generator (sehematic 1104-00-3612 sheet
11) routes the triggering signal to the width and delay
onc-shots. The triggering pulse is always routed thru
the delay one-shot, as a normal pulse is a delayed
pulse with zero delay. A simplified pulse gencrator is
shown in figure 4-12. The glitcher produces a narrow
pulse, ~5 ns wide, on the rising edge of the triggering
signal. This pulse triggers the delay one-shot, and re-
sets the delay flip-flop. When double pulse is selected,
this pulse is also routed to the width one-shot. The de-
lay one-shot produccs a narrow pulse after its pro-
grammed delay. This pulse triggers the width onc-shot
as wcll as elocking a logic high into the delay flip-
flop. The pulse resets the width flip-flop 3.5 ns later.
The width one-shot produces a narrow pulse after its
programmed delay. This pulse clocks a fogie high into

4-12 CirctiT DESCRIPTION

the width flip-flop. The outputs of the flip-flops are
pulses whose widths are equal 1o the programmed
puise width and delay. The 3.5 ns delay line allows
generating a pulse width less than the minimum pro-
grammable delay of the width one-shot. Refer to the
schematics. U64 sections A and C along with R56 and
C65 produce a narrow pulse or glitch on the rising
edge of the triggering signal.
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Figure 4-12. Simplified Pulse Genarator

This pulse is routed to the delay one-shot. U65 sec-
tions A and C route the pulse to the width onc-shot un-
der control of the DP_SEL signal. R59 and R60
terminate DL2"s output into its characteristic imped-
ance.

4.3.13 Output Mode 8elector

The output mode selector (schematic 1104-00-3612
Sheet 11) routes the delay and width outputs from the
pulse generator and the pulsc generator triggering sig-
nal to the analog pulse shaping circuitry and to the au-
tocalibration system. Multiplexer, U67, under control
of the PLS_SEL\, SQR_SEL\, TRG_SEL, and
DLY_CAL signals, sclects the signal applied to exclu-
sive OR gates U41\B and C. The exclusive OR gate
inverts the multiplexer’s output when pulse comple-
ment is selected, via the PLS_COMP signal, U41\B's
differential outputs drive the analog pulse shaping cir-
cuitry., U41\C’s outputs drive ECL to TTL translator
U42 to interface with the autocalibration system,

4.3.14 8ync Sourcs 8slector

The sync source selector (schematic 1104-00-3612
sheet 14) selects the type of sync signal, pulse or gate,
and selectable time delays to account for the various
delays of the different pulse modes. UG4\B, along
with U117 sections A and B, select the GATE_SIG or
PLS_SRC signals under control of the SYNCTYPE
signal. The GATE_SIG signal is delayed 20 ns by
DL7. R248 and R249 terminate the output of DL7.
Delay lincs DLS, 6, and 8 add additional delay to the
selected sync signal. Data selector, U84 under control
of the SYNC_SEL1, SYNC_SEL2, and SYNC_SEL3
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signals select either the delayed sync signal or the
SYNTH signal when square waves greater than
50 MHz are selected.

4.8.15 8ync Output Driver

The single-ended output from the sync source selector
U84 (schematic 1104-00-3612 sheet 14) 15 converted
to differential signals by U36 to drive differential am-
plifier Q32 - Q33. R90, R91, and R153 provide a con-
stant current to Q32 - Q33. When the sync signal
changes state, transistors Q32 and Q33 divert the cur-
rent to ground or to the R88 - R89 combination and the
sync output. When Q33 is turned off, the sync output
is pulled up to +5 volts by R88 and R89. When Q33 is
turned on, the constant current thru R88 and R89 drops
the valtage at the sync output to about zero volts.
When an external 50Q load is connected, a voltage di-
vider is formed with R88 and R89 producing an upper
sync level of about +2.5 volts. The lower level remains
al about 0 volts.

4.8.18 VXlbus ECL/TTL Trigger Orivers

The VXIbus ECLTRG and TTLTRG lines can be driv-
en by either the pulse signal, with controlled width and
delay, or the pulse generator's triggering signal; see
schematic 1104-00-3612 sheets 6, 11, and 14, U92
sections A thru D, configured as a data sclector, under
control of the TTLT_SEL signal, sclects which signal
drives the VXIbus TTLTRG lines. One section of U42
translates the ECL signal to TTL levels.

Data selcctor U39, controlled by the OT_TTLTA,
OT_TTLTB, OT_TTLTC, and TTRG_EN\ signals, se-
lects which VXIbus TTLTRG line will be driven.

Only one of the VXIbus TTLTRG lines may be driven
at a time. Buffer U40 provides the output drive cur-
rent necessary 1o drive the VXIbus backplane. The sin-
gle-ended PULSE\ and P_START signals are buffered
and converted to differential signals by U98 sections A
and C. The differential signals are received and con-
verted back to single-ended signals by U113 sections
A and C., NOR gates U62 and U91, configured as mul-
tiplexers, controlled by the EPLSSLO\, EP_SELQ\,
EPLSSLI\, and EP_SELI\ signals, select which signal
drives the VXIbus ECLTRIG lines. Each of the two
ECL trigger lines may be independently controlled.

4.3.17 Delsy - Width - Frequency Autocalibration

The autocalibration circuitry (schematic 1104-00-3612
sheet 24) compares the frequencies of the 25 to

50 MHz gatable oscillator and the delay and width
one-shot 100 MHz gated oscillators to the 10 MHz
VXIbus Cleckl10 frequency reference.

The BCLK 10+ reference signal is buffered by Ul 13\B.
Common base stage Q500 and its associated compo-

nents disable the reference via the REFON\ signal dur-
ing normal unit operation. Ul13's differential ECL
level outputs are translated to TTL levels by U42,
Ul14 section A divides the reference by 5 producing a
2MHz reference for timer-counter U112, The timer/
counter can directly measure low frequencies up to
about 10 kHz. The 25 10 50 MHz gatable oscillator is
characterized by programming a burst of 50 cycles at
programmed frequency of about 1kHz. The period of
the 50 cycles is measured and the actual oscillator fre-
quency is calculated, knowing the programmed divider
ratio. This is repeated eight times for frequencies be-
tween | and 2kHz to determine the oscillator frequen-
cy verses control voltage. The delay and width
one-shots are characterized by programming a burst of
fifty 1ms pulses. The periods of the pulses are aver-
aged and the actual gated oscillator frequency is calcu-
lated knowing the programmed divider ratio,

4,3.18 Microprocesson Interfaca Schematic Disgram

The analog and digital circuitry of the Model 1391 is
controlled by the microprocessor located on the VXI
Interface board (schematic 1104-00-3612 sheets 1,2,
and 3). Signals to and from the interface board are
routed thru connectors I4 thru J7. The microproces-
sor's address space is divided into blocks by decoder
Ul and PLD's U2 and U3. Calibration constants are
stored in EEROM, U4,

The analog and digital circuitry is controlled by serial
input parallel output shift registers that are spread
around the main PCB. Serial communication is used
to reduce the number of signals on the board. Shift
registers U7, Ull, and UL5 control the analog circuitry
and the VXIbus TTL trigger circuttry. The ECL logic
used throughout the Model 1391 is powered from the -
5.2 volts supply. These devices have a logic high level
of -0.9 volts, and a logic low leve] of -1.8 volts. The
logic low level can be as low as -5.2 volts but the logic
high level cannot swing above about -0.6 volts without
effecting the device speed. CMOS shift registers, U13,
Ul4, and UL6 thru U20 are powered between -5.2 and
about -0.6 volts via diedes CR6 thru CR11 to control
the ECL logic. The CMOS logic levels (0 to +5 volts)
of the microprocessor circuitry are translated to nega-
tive CMOS levels (-5.2 10 -0.6 volis) by translators U5
and U6, powered thru diode CR2. Decoders U8 and
U9 further decode the address space providing en-
abling signals to latch the data into the shift registers.

4.4 PULSE GENERATOR BOARD — ANALOG CiRCUITS

Refer to the Model 1391 Analog Block Diagram (fig-
ure 4-13). The shect numbers shown inside the circuit
blocks correspond to the schematic diagram sheet
numbers of the Model 1391 main board (I 104-00-
3612).

Circurr DescripTion 4-13
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4.4.1 Main High Speed Ansglog 8ignal Path

The differential ECL level pulse from the pulse gener-
ator circuitry is applied 10 the level shifter. The level
shifter converts the ECL (-0.9 to -1.8 volts) levels to a
pulse of about 3Vpp centered around ground to drive
the current switch. The current switch alternately
switches the REI] and FEI! currents from the transi-
tion control current sources into the timing capacitors.
As the timing capacitors charge, a linear voltage ramp
is produced. The larger the REI1 or FEII current, the
faster the timing capacitor will charge, providing faster
edge transitions. Four ranges of timing capacitors can
be selected to allow programming slower edge transi-
tions. A larger timing capacitor produces a slower
edge speed.

The limiter restrains the voltage on the timing capaci-
tor to 1.2 Vpp. The resulting trapezoidal waveform
has smooth leading and trailing edges but large
amounts of overshoot that is dependent on the pro-
grammed edge speed. The trapezoid shaper clips off
the top and the bottom parts of the trapezoidal wave-
form. The shaper also allows selective clipping of the
top or bottom portions of the waveform to produce
positive- or negative-going pulses. The multiplier pro-
vides gain control to adjust the peak-to-peak output
amplitude of the pulse. The pulse amplitude can be
modulated via the PAM IN BNC connector. The out-
put amplifier provides voltage and current gain to pro-
duce 16 Vpp pulses into a 502 load. The output
amplifier includes three attenuators to produce low

level pulses. The signal on the VXI SUMBUS can
also be added to the pulse output using the SUMBUS
driver.

The SUMBUS driver contains circuitry to drive and re-
ceive the signal on the VXI SUMBUS. The SUMBUS
driver produces a current output to the SUMBUS pro-

porticnal to the amplitude of the pulse output,

Support Circultry

The support circuitry provides the control voltages and
currents required by the high speed analog signal path,
and other sections of the Model 1391,

Control Voltage D to A Convertors

The Digital to Analeg Convertors (DAC) provide con-
trol voltages to adjust the pulse output transitions, am-
plitude, and offset, the analog width and delay
one-shots, the tripger level, and the gated oscillator
frequency.

Transilion Conlrol Currenl Sources

The current sources produce current outpuls propor-
tional to the control voltage DAC LEDAC and TEDAC
outputs to control the leading and trailing edge speeds.

Amplitude Control / PAM

This circuitry processes the centrol voltage DAC out-
put ADAC, and the PAM IN signal to produce the con-
trol voltage for the multiplier, AMPCNTL, to vary the
output amplitude.

[ [ 3
1 ATOH I o
KW
AEAY Corn BaT. 1
* l LEBLEL|
¥ -
TN _ N
I g i
- I~ E H HE
MATILES L Y A
purin QuTPUT
- J [MAr S [ AMPLIFIER ) PULSE QUTPUT
LYY 5 Ak P prR T r
b - -
zlee momED =] = 5 Qe Hmilia
i cl=|e NGRS g “:' b oarvLR
| | 1 2 P e P BSUMBUS IN;OUT
LE g o -
,,_—'—'):.,,5 TRANETION SONTROL CURRIWT JOURTES H K 2
LS I 3 g
a 3
TS - 2
Y s
YGu >
[T DTGa h EnTAT
PAZIS | comv. A
X1 A, AMPINT]
T PAMEN Aury
L ——|contaoL
L] e
al
PM"«@—P [ PuRTY s EE
G R e I T N
WOOAT i apTi —>» DDAC
VA Ot
B UM uloMERsOT
4 .| wman
VA, |couTR: (I » WDAC
O0AL
oA L
s o e i
Iy AoTooAL |20
BAT P
ATGD ‘ADCM
CoNy. [ gA3E0m
L AXCO,
g
| 2z ¥

Figure 4-13. Pulse Generator Analop Circuits Block Diagram.
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Delay/Widih One-shat Control

This circuitry processes the control voltage DAC out-
puts DLDAC and WDDAC to produce the control volt-
ages for the width and delay analog one-shots, DDAC
and WDAC.

Relay Oriver

This circuitry buffers the control lines to drive the re-
lays in the output amplifier and SUMBUS driver.

Powar Ogciliator

The power oscillator provides a [2 Vpp, 100 kHz
square wave Lo drive the charge pump voltage conver-
tor,

Charge Pump

The charge pump produces approximate =30 volts
power supply rails, +SUP and -SUP, from the

+24 volts VXIbus supplies and the power oscillator
output. These high voltage supplies are required for
the output amplifier.

Autgcal-81T Ato D Convartor

The Analog to Digital Converter (ADC) measures the
output amplificr output to calibrate the pulse amplitude
and offset. The ADC also monitors several control
voltages throughout the analog circuitry for the “Built-
In-Test™” function.

4.4.2 Leval 8hiit

See Schematic Diagram Sheet 19 (1100-04-3612).
U98 receives the differential pulse signal from the
pulse generator. Dual diodes CR45 and CR446 biased
by R125 thru R128 level shift U98’s output about 1.2
volts negative. The bases of Q41 and Q42 swing thru
about -2.1 to -3 volts. Q4] and Q42 are configured as
a differential amplifier biased from a constant current
source via diodes CR47 and CR48. Q43 and its asso-
ciated components form a constant current source.

The voltage across CR50 is impressed across R132
producing a collector current in Q43 of about 28 mA.
CR49 offsets the Vbe of Q43 providing first order tem-
perature compensation of current. When pin 6 of U98
is high (pin 7 is low), Q41 is turmed on and current
flows from ground thru Q41 and CR47 into Q43. Q42
is off and its collector sits at about +1.5 volts as set by
the voltage divider R133 and R134. With pin 6 low,
Q4! turns off and Q42 turns on and Q42’s collector
sits at about -1.5 volts. To increase the speed of the
level shifter, Q41 and Q42 are not allowed to turn
completely off. R129 and RI30 provide a small (about
ImA) current bleed to keep the stage biased.

4.4.3 Current Switch

See Schematic Diagram Sheet 19 (1104-00-3612).
Complementary emitter followers Q44 and Q45 buffer

the level shifter output to drive the diode switching
bridge. CRS51, biased by R135-R138, compensates for
the Vbe's of Q44 and Q45. C96 and C97 provide AC
bypass around CR51 to preserve the edge speeds.

The diode bridge comprised of CR52 thru CR54 alter-
nately switches the FEIl and the REII currents into the
timing capacitors, Common base stages Q46 and Q47
buffer the diode bridge from the output capacitance of
the current sources, and stray PCB capacitances. The
bases of Q46 and Q47 are biased at about =5 volis by a
resistive divider located in the transition control cur-
rent sources. When the level shifter’s output is high
(about +1.5 volts), CR53 is forward biased and Q44
sources current inta the REI1 current source and re-
verse biases the lower section of CR54. CR52 is re-
verse biased and the FEII current flows thru the upper
section of CR54 and into the timing capacitor. When
the level shifter’s output is low (about -1.5 volts),
CRS52 is forward biased and Q45 sinks the current
from the FEII current source and reverse biases the
upper section of CR54, CRS53 is reverse biased and the
REII current flows out of the timing capacitor thru the
lower section of CR54.

4.4.4 Timing Capacitors

See Schematic Diagram Sheet 19 (1104-00-3612).
Four ranges of transition time are provided by timing
capacitors C106 thru CI109. The fastest transition
range is set by C106 and stray capacitances. Timing
capacitors C107 thru C109 are switched in one at a
time by diode switches CR56 thru CR58 driven by lev-
el shifter Q48.

The operation of the three diode switches are the same,
Cnly the C107 switch will be explained. C107 is se-
lected by driving the TR1/ line to a CMOS logic low
(0 volts) which turns on Q48/A, Current flows thru
Q48/A and R147 and forward biases both sections of
CR56. The bottom end of C107 then see’s a low im-
pedance to ground and is effectively put in parallel
with C106 slowing down the edge speed.

With the TR1/ signal at a CMOS logic high (+5 volts),
(Q48/A is turned off and its collector is pulled to -2
volts via R148 reversc biasing the upper section of
CR56. The lower section of CR56 is reverse biased to
about -7.2 volts, set by voltage divider R145 and
R146, via R142.

4.4.6 Limiter

See Schematic Diagram Sheets 18,19 (1104-00-3612).
The voltage across the timing capaciter is limited to
about £ 0.75 volts by the limiting circuit, U48/D buff-
ers the 5 volt reference applicd to inverting amplifier
U97/D. RN26/A and R124 set the gain to -0,15 pro-
ducing the lower limit level of -0.75 volts. U97/B, ar-
ranged as a unity gain inverter, produces the upper

Circurr DEscriPTION 4-15
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limit level of 0,75 volts. A simplified upper level lim-
iter circuit is shown in figure 4-14. Feedback around
1'97/C maintains the voltage on the inverting input at
+0.75 volts. As the voltage across the timing capacitor
rises, CRS55 conducts and the FEIT current flows into
1J97. With FEI2 equal to FEII, the voltage drop across
CR43 is equal to the voltage drop across CRSS, the volt-
age across the timing capacitor will limit at +0.75 volts.

FEIZ FEN

Figure 4-14. Simplified Upper Level Limiter

Refer to the schematic. Q40 buffers the output of U97/
C to sink the FEIL and FEI2 currents. CR35 reduces
the power dissipation in Q40. RN26/E bleeds a small
current (about 1 mA) into Q40 1o stabilize its operating
point. R221 and C77 provide 1J97/C with loop com-
pensation, R256 limits Q40's basc current on turn on,
as well as damping high frequency oscillations. The
lower level limiter cperates in the same manner but
with reversed polarities. R223 and R224 are part of
the built in test circuitry. The midpeint of these resis-
tors will sit very ncar O volts when the limiter eircuitry
is operating correctly.

4.4.8 Trapezold 8hapepr

See Schematic Diagram Sheets 16 and 20 (1104-00-
3612). U99, configured as a non-inverting amplifier
with a gain of .67, buffers the voltage on the timing
capacitors to drive the diode shaper. R162 shapes the
transient response of U99, U99 is powered from about
=6.9 volts via CR61 and CR62. The output of U99,
BUTT, is a waveform of about 2.5 Vpp with smooth
leading and trailing edges, but rough top and bottom
edges. The distortion is caused by the turn-off time of
the limiter diodes. The diode shaper clips off the top
and bottom portions of the waveform,

Figure 4-15 shows a simplified shaper. The bridge is
fed constant currents via R157 and R158. When the
BUTT signal is high, current flows thru R157 and the
upper section of CR60 into R163, producing a voliage
of about 0.5 volts. At the same time the lower seclion
of CR59 is forward biased and current flows from the
BUTT signal into R158. When the BUTT signal
swings low, current flows thru R163 and the lower sec-

4-16 Circlim DESCRIPTION

tion of CR6Q into R158, producing a voltage drop of
about -0.5 volts across R163. At the same time, the

upper section of CR59 is forward biased and current
flows thru R157 and into the BUTT signal.

The end result is a clean 1Vpp waveform across R163.

If either of the constant currents is turned off, the
waveform will be clipped at ground, producing mo-
nopolar pulses. Q34 sections C and B are configured
as swilches that turn off the current sources. Q34 sec-
tions A and D level shift the control signals NPSEL/
and PPSEL/ to drive the switches.

+i2V

AEVERSED
B'ASED

12V

BUTT

R163

12V

Figure 4-15. Simgplified Trapezoid Shaper
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4.4.7 Multiplter

See Schematic Diagram Sheet 20 (1104-00-3612). The
output of the trapezoid shaper is applied to the four
guadrant multiplier, U101, Resistors R226 and R227
terminate the unused differential inputs of UI01. R170
and R171 decouple the multiplier’s negative power
supply. R169 biases U101's positive power supply.
U1Q1 produces a differential current output, propor-
tional to the product of the trapezoidal waveform and
the AMPCNTL signal, into R172 and R231. Resistors
R228, R232, R230, and R233 level shift the output to
within the input common mode range of U102. U102
converts the multiplier’s differential output into a sin-
gle ended signal of about 2Vpp maximum when the
output is [6 Vpp into 509.

U102 is powered from the +5.2 volt rails via CR33 and
CR34. Additional veliage gain is provided by non-in-
verting amplifier U100 and its associated compoenents.
R166 and R167 set the voltage gain to about 2.6.

R165 is used to shape U10Q's transient response.

R168 isolates U10Q's output from the stray capaci-
tance of the track leading to the SUMBUS driver.

4.4.8 Output Amplitlep

See the Schematic Diagram Sheet 21 (1104-00-3612)
and Schematic Diagram Sheets 1,2 (1104-00-3605),
The multiplier's output signal, OADRYV, drives the
output amplifier board. The output amplifier is a dis-
crete inverting stage that provides both voltage and
current gain, The amplifier's output is the sum of the
AMPDRY, SUMIN, and ODAC signals. Thc amplifi-
er's gain for the AMPDRYV and SUMIN signals is
abour -6.2 set by the ratios of the feedback resistors,
R34, R35, and R38 1o the input resistors R5 and R9,
The gain for the ODAC signal is about -1.1 set by the
ratio of the feedback resistors, R34, R35, and R38 to
the input resistor R10. The output amplifier has two
signal paths. There is a high speed AC path and a low
speed DC correction path. The AC path is divided into
two complementary sections, one for cach polarity.
Only the positive path will be described. Cl1 AC cou-
ples the virtual earth of the amplifier into the common
base amplifier Q2. CRS biases Q2's base to +15 volts,
while R20 sets the stage's operating current to about
8mA. Emitter follower stage Q4 buffers Q2's collec-
tor to drive the gain stage Q6. Dual diode CRI1 tem-
perature compensates the Vbe's of Q2 and Q4. R22
bleeds a small current into CR5 to ensure start-up
when power is applied. Q6 operates as a constant cur-
rent source that is modulated by the AC signal. Q6's
voltage gain is very high as its collcctor load is the
high impedance scen looking into the current source
Q7. RC network C15 - R32 adjusts the overshoot of
the stage, Local feedback around the AC path via C17
and C19 adjusts the waveform quality. Complementa-
ry emitter followers Q8 and Q9 buffer the gain stage's

output. Diodes CR7 thru CR9 set the quiescent current
in Q8 and Q9. R42 thru R45 prevent thermal runaway
in Q8 and Q9. Protection diodes CR10 and CRI1 limit
the amplifier’s output to the power supply voltages.

The amplifier's DC path is comprised of U3 and its as-
sociated components, Q1, and CR14. U3 maintains the
amplifier’s virtual earth at zero volts by stealing cur-
rent from Q6 via Q1. CR14 reduces the power dissipa-
tion in Q1. The operating current of Q6 is larger than
that of Q7 so that Q! always has to pull current from
Q6. U3 is powered from voltage regulators Ul and
U2. Zener diodes CR12 and CR13 reduce the power
dissipation in the regulators.

The amplifier’s 5082 output impedance is set by the
parallel combination of R46 and R47, R11] allows for
measuring the amplifier's output directly during an au-
tocalibration. The amplifier's 50€2 output is applied to
three relay selected “pi” section attenuators. Relay K4
is used to disable the output of the amplifier,

4.4,8 BUMBUS Driver

See Schematic Diagram Sheet 22 (1104-00-3612), The
SUMBUS driver is a wideband current output amplifi-
er. A simplified schematic is shown in figure 4-16,

U105/B maintains the emitter of Q55 at about -3 volts,
forcing a current of about 100 mA thru R191. This
current is the sum of Q55's collector current and the
current flowing in R189 and R187-R188. U104, con-
figured as a unity gain differential amplifier, forces the
voltage across R189 to be equal to the input signal
SUMBDRV. Q54 buffers the output of U104, R189 is
selected so that a | Vpp input signal causes a 0 to

80 mA current in R189. Resistors R178 and R179 bias
Ul04's inputs to zero volts forcing a constant 10 mA
to flow in R187-R188. Q55's collector current will
then swing between 10 and 90 mA. The 50 mA con-
stant current source offsets 55's collector current,
producing an 80 mApp current into the VXI SUMBUS.

Referring to the schematics, CR65 provides a reference
voltage referred to the +12 volt rail, A portion of the
reference is impressed across R192 by U105/A and
Q56, producing a collector current in Q56 of 50 mA,
independent of power supply variations. R196 allows
for adjusting the nominal current to set the zero offset
of the driver. Relay K1 decouples the SUMBUS cir-
cuitry from the VXIBUS backplane. R500 and R501
provide an internal 25 ohm load to allow testing of the
SUMBUS circuitry. U106 configured as a non-invert-
ing gain of two receives the SUMBUS signal, R200
adjusts the transient response of Ul06. U107, with an
inverting gain of about 1.5, provides an overall gain of
-3 between the VXI SUMBUS and the output amplifi-
er. R204 adjusts the transient responsc of U107.

U106 and U107 arc powered from about +6.9 volts via
zener diodes CR67 and CRG8.
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4.4.10 Control Voltags 0 ta A Convertors

See Schematic Diagram Sheet 15 (1104-00-3612).
U48/B buffers the 4.5 volts rcference voltage applicd
to quad 12 bit D to A convertors U87 and U89. Serial
data, DACIDATA and DAC2DATA, is clocked into
the DAC’s by the serial data clock signal S_CLKJ\,
The data is latched with the DAC1_LD and DAC2_LD
signals. Quad DAC US87 provides control voltages to
the delay and width one-shot controls, the gatable os-
cillator, and the trigger amplifier. Voltage follower
U90/B buffers the trigger level control voltage. Quad
DAC US89 provides control voltages to the transition
control current sources, the amplitude control/PAM
circuitry, and the output amplifier. U90/A and its as-
sociated components offset the DAC output and pro-
vide voltage gain to produce a bipolar output control
voltage to set the output amplifier offset. R109 and
the series/parallel combination of R110, R107-R108
provide a gain of about 7.26 to the DAC output and a
gain of about -3.72 to the 4.5 volt reference. The net
result is an output voltage swing of about =15.9 volls.
Zener diodes CR30 and CR31 reduce the =24 volr rails
to about =17.2 volts to power U0,

4.4,11 Ampltude Control/PAM Clrcultry

See Schematic Diagram Sheet 16. The 0 to 4.5 volts
control signal ADAC is inverted by unity gain amplifi-
er U93/C before being applied to the summing amplifi-
er U93/D. The summing amp has a gain of about
-0.232, providing a zero to 1 volt output control volt-
age to the multipliecr AMPCNTL. The PAM_IN signal

is inverted by unity gain amplifier U93/B and applied
to the summing amplifier via analog switch U94/C.
R113 adjusts the PAM scale factor to account for com-
ponent toterances. The summing amplifier's output
can be monitored for testing via R213.

4.4.12 Transitlon Control Current Sources

Sce Schematic Diagram Sheet 17 (1104-00-3612). The
trailing edge of the waveform is controlled by the TE-
DAC signal from the control voltage D to A conver-
tors. U93/A buffers the DAC output to drive the two
voltage dividers R214-R215 and R116-R117. Analog
switches U94/A and B sclect which divider drives the
current source. When a trailing edge speed of 10 ns or
greater is programmed, the TE<IONS\ signal is high
enabling U94/A via Q40, which selects the R214-R215
divider. The divider provides about a 0.28 volt input
1o the current source for a full scale TEDAC output.
For trailing edges faster than 10 ns, the R116-R117 di-
vider provides about a 3.5 volt input to the trailing
edge current source.,

U96/A drives the bases of Q38 sections D, B, and C
via level shift zener CR39. Varying the base voliage
of Q38 varics the collector currents. Q38/D's collector
current produces a voltage drop across RN25/E. Com-
mon base stage Q38/A provides a constant collector
load for Q38 section D. Q38/A’s base is biased to
about +5 volts by voltage divider RN24/D-R217. Neg-
ative feedback around the loop drives the voltage
across RN25/E equal to the input control voliage at
TP30. Because Q38 scctions B and C are similar to

a1av @,Lsom
Ai78 A179 -40 10 +40 MA
1.21K 1.21K <—>» _ SUMBUS
—
JBIAS OUTPUT
U104 U1058 .
+ 10-60 mA ‘L v
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AtA1 R186
SIGNAL 210 249 A'ES
INPUT —AWWN VVVV 124
Ri87-A188 _\NV\/_
360 0-80A
~0veis S \AN\/ i
>
10mA ~100mMA
1
R1B2 R193 ,L ?.531
249 150 '
AV

Figure 4-16. Simplitied SUMBUS Driver.
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section D, and their emitter resistors are equal, the col-
lector currents will be equal to that of section D. Re-
sistors R120 and R122 stop parasitic oscillations in Q38.

The leading edge of the waveform is controlled by the
LEDAC signal from the control voltage D to A conver-
tors. U96/C, an inverting amplifier with selectable
gain, inverts and scales the LEDAC signal. When
leading edges of 10 ns or greater are programmed,
U96/C provides an input to the leading edge current
source of about -0.28 valts for a full scale LEDAC out-
put. When edges faster than 10 ns are programmed,
the LE<10ONS\ signal enables analog switch U94/D
placing R118 in parallel with R216. U96/C then pro-
vides an input of about -3.5 valts to the leading edge
current source,

The operation of the leading edge current source is the
same as that of the trailing cdge. The voltages across
RN25 sections E and A can be monitored by R219 and
R220 for testing.

4.4,18 Dslay - Width One-shot Control

Sec Schematic Diagram sheet 15 (1104-00-3612). U85S
section A, buffers the DAC output to drive inverting
amplifier U§5/D. The amplifier has an inverting gain
of about 0.83 producing a swing of about 0.37 volts for
a zero to full scale swing of the DAC. The amplifter
adds an offset 1o the signal that tracks the threshold of
the ECL comparator in the one-shot. The amplifier
has a non-inverting gain of about 0.8 to the offset volt-
age. The amplificr's overall outpur is a swing from
about -1 volts to about -1.37 volis to control the delay
analog one-shot.

The operation of the width analog one-shot eircuitry is
identical to that of the delay one-shot.

4.4.14 Relay Drivar

See Schematic Diagram Shect 21 ([104-00-3612),
U103 buffers the control lines to drive the relays in the
output amplifier and SUMBUS driver circuits. Q53
and associated components switch the power supply to
the relay coils. A flip-flop in thc microprocessor inter-
face scction is sct upon power up, which turns off Q53.
Once the microprocessor is alive and in a known state,
the flip-flop is reset, driving the RLYEN\ low, turning
on the power to the relays.

4.4.16 Power Osclilator

See Schematic Diagram Sheet 21 (1104-00-3612).
U118 a universal timer, running in the astable mode,
oscillates at about 100 kHz. Its output at pin 3is a0 to
12 volt square wave. Complementary MOSFET's Q51
and Q52 buffer U118's output to drive the charge
pump circuitry. C213 provides transient current 1o the
MOSFET's. 12 decouples the switching spikes from

the +12 volt supply. Fl, a self-resetting circuit protec-
tor, shuts down the oscillator if excessive current is
drawn,

4.4,18 Charge Pump

Sce Schematic Diagram Sheet 21 (1104-00-3612). The
dual charge pump generates about 36 volt rails (un-
loaded) for the output amplifier. When loaded the rails
drop to about £32 volts. The charge pump operates by
stacking the =24 volt supplics on top of the power os-
cillator's 12 Vpp output. Simplified charge pumps are
shown in figure 4-17.

24y
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Figure 4-17, Simplified Charge Pump Circuits

Positive pump: When the power oscillator’s output is
low, C221 is charged to +24 volts thru CR37. When
the oscillator’s output swings up to +12 volts, CR37 is
reverse biased and the top of C221 sits at +36 volts,
C221's charge is dumped into €217 and €225 thru
CR73. When the oscillator’s output swings low again,
CR73 is reversc biased preventing the discharge of
C217 and C225. This cycle is repeated al about a

100 kHz rate.
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For the negative pump: When the power oscillator's
output is high, C222 is charged ta 36 volis thru CR38.
When the oscillator’s output swings down to zero
volts, CR38 is reverse biased and the bottom of C222
sits at -36 volts. C222's charge is dumped into C218
and C226 thru CR74. When the oscillator output
swings high again, CR74 is reverse biased preventing
the discharge of C218 and C226. This cycle is repeat-
ed at about a 100 kHz rate.

Going back to the schematic diagrams, multiple capac-
itors are used in parallel to reduce the ESR to improve
the cutput voltage regulation. Self resetting circuit
protectors, F2 and F3, disconnect the £24 volt sup-
plies from the charge pumps if excessive current is
drawn from the output amplifier.

4-20 CircuiT DESCRIPTION

4.4.17 Autocal/ Bullt - In - Test Circultpy

See Schematic Diagram Sheets 23,24 91104-00-3612).
Unity gain followers U108 and U120 buffer the inputs
of the A to D convertor UI0Q9. The outputs of the buff-
ers are restrained to =5 volts by the dual diedes to pro-
tect the ADC from over-voltage. Resistor R209 is part
of a voltage divider used to calibrate the output ampli-
fier. U109 is a 12 bit successive approximation con-
vertor with a serial data output. Shift registers U110
and Ult] convert the serial data to parallel data to
simplify interfacing with the microprocessor. The A to
D is clocked by a 4 MHz signal generated by dividing
down the 16 MHz system clock.


https://www.manualsplus.com/

Galihration

Section 5

5.1 FACTORY REPAIR

Wavetek maintains a factory repair department for
those customers not possessing the necessary person-
nel or test equipment to maintain the instrument, If an
instrument is returned to the factory for calibration or
repair, a detailed description of the specific problem
should be attached to minimize the turn-around time.

9.2 CALIBRATION

Calibration is the process of Scheduled Mainienance
as described in this section of the Model 139] manual,
Through Calibration, the unit is certified to be opera-
tional and within the specifications listed in Section |
of this manual. The Calibration 1s valid over a speci-
fied Calibration Interval, Afier the interval (1ypically
I year), the operator returns the unit to the metrology
laboratory for Calibration. Units returncd at the sehed-
uled interval, without a failure description, may be cal-
ibrated and returned to the operator using the
procedures in this section of the manual,

Start the Calibration with the Performance Verification
Procedure following immediately in this section, Per-
formance Verification tests the unit vigarously to the
specifications in Section 1, using external test equip-
ment and signals at the unit's input and output connec-
tors. There are Performance Verification Data sheets
at the end of this section which are intended to be cop-
ied and used to record the data values from the verifi-
cation test., Completed Performance Verification Data
sheets with no out-of-tolerance readings ts sufficient
for certification of Calibration and return to the opera-
tar.

If there are out-of-tolerance readings, perform the
Alignment Procedure later in this section. After suc-
cessful completion of alignment, complete the Perfor-
mance Verification Procedure.

If the Alignment Procedure cannot be run successfully,
or if the Performance Verification Data stilt has out-
of-tolerance readings after alignment, then refer to
Section 6 of this manual for Faufr fselation.

The Performance Verification Procedure may also be
run before and after Unscheduled Maintenance (Trou-
bleshooting) to locate problems and to ensure that all
failures have been repaired.

9.3 REQUIRED TEST EQUIPMENT

The test equipment required to perform the Perfor-
mance Verification Procedure and the Alignment Pro-
cedure is listed in table 5-1.

Table 5-1. List of Test Equipment

Equipment I Quantity Speclfications

VXI Requirements 1 VXI chassis.

1 VXI slot-0 controller.
1 VXI"C” size extender
board.
1 (Opuonal-see text)

Multimerer 1 ' HP 3478 A or cquiva-
lent.

Oscilloscope 1 Tektronix 2465 or
equivalent,

Frequency Counter 1 l HP 5334A Universal
Counter.

Signal Generator 1 Wavetek model 1391 or
equivalent VXIbus gen-
erator, triggerable, <5%
accuracy from 25 Hz o

| 50 MHz.

Voltage Source 1 -10 Vdc to +10 Vdc,

Adaptors 1 ea BNC female to banana
jacks, BNC *“tee”.

Coaxial cable 3 BNC male connec-

] tors, RG58U cable.

Prabe ‘ 2 10 MQ.

50Q Termination 2 Feedthrough, 0.1%
accuracy, 2W.

9.4 PERFORMANGE VERIFICATION PROCEDURE

The Performance Verification Procedure is given in
the following paragraphs. These step-by-step proce-
dures outline the equipment setup and interconnect.
Once set up for a reading, the various parameter set-
tings and limits are given in the specified data table in
the Performance Verification Data sheets at the end of
this section.
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5.4.1 Pralimingry Tesis

a) After noting the serial number from the label be-
rween the PI and P2 connectors, install the Model
1361 Unit Under Test (UUT) in a VXIbus chassis
(no extender). Send the following command in or-
der to ensure proper addressing and communica-
tion with the Commander;

*IDN?

Verify the following query response message re-
turned from the UUT:

1381,

[}

"Wavetek Instruments,
b &

by Allow the UUT 30 minutes of warm-up time. Ob-
tain a copy of the Performance Verification Data
sheets and fill in the preliminary data including
the serial number and the UUT’'s software version
number "X.X".

¢) Perform the "automatic™ steps of the Alignment
Procedure by sending the command:

CALY

Verify the following query response message re-
turned from the UUT is the value “00", indicating
AutoCal passed. If a non-zero value is rcturned,
refer to the Troubleshooting data in section 6 of
this manual.

5.4.2 Quick Functlongl Check

Purpose: Functional test to verify that the UUT is
functioning correctly with power-on defaults. Also
verifies that the pulse output can be turncd off and on.

a) Perform the Self Test by sending the command:.
"TST?

Verify error code response string is 00", and
record this value for step 1 under paragraph 5.4.2
of the Data Sheets, If the value ts not “00", refer
to Appendix D.

b) Send the UUT the RES command to set all pa-
rameters to their default values (paragraph 3.4.3).
Connect PULSE OUT to the oscilloscope using 3
feet 5002 BNC cable and 50 termination at the
oscilloscope. Verify PULSE OQUT output is off.

¢) Sendthe OUTP ON;:MARK CN command to
turn on the PULSE OUT and SYNC OUT outputs.
Verify PULSE OUT is on with default values, as
follows (do not measure at this time, just verify
approximate values on oscilloscope):

» single pulse, 1 us pericd
« +2.5 V upper and lower levels

« 250 ns pulse width
* <5 ns transitions

3-2 CALIBRATION

d} Connect SYNC OUT to the frequency counter (the
use of a 3 foot RG-58 BNC cable and a 50€ termi-
natiocn will be assumed unless otherwise speci-
fied). Record the | MHz = 0.01% frequency in
step 2 of the Data Sheet

e) Ifthe UUT is functional, continue with the re-
maining test paragraphs.

6.4.3 8ync Wavetorm Cheractapistics Test

Purpose: Verify pulse characteristics of sync wave-
form.

Specifications: See the following table:

Step # | Parameter Specification
1.2 Syne rise/fall ume < 5ns
3 Hi level (into 50Q) >2.0V
4 Lo level (into 50€2) <04V
56 Sync Pulse Width N/A

a) Send the following commands to the UUT:
RES
YARK ON

b) Connect SYNC OUT to the oscilloscope. Measure
the rise time, fall time, upper level, and lower lev-
el of the SYNC OUT waveform. Record these
values in steps 1 through 4 under paragraph 5.4.3
of the Data Sheet.

¢) Send the following commands to the UUT:
INIT:CONT OFF
TRIG:COUN 3;TINM
PULSE:WIDT 1C0QE-9

Measure the pulse width of the SYNC OUT wave-
form and record the value in step 5 of the Data
Sheet,

¢y Send the follewing command to the UUT;

10E-6

MARK:TYPE GATE

Measure the pulse width of the SYNC OUT wave-
form and record the value in step 6 of the Data
Sheet,

6.4.4 Gated Mode Test.

Purpose; Verify the functionality of the gated mode.

a) Select an external pulse or square wave signal
generator to provide a gating signal for this test.
This external signal must cover the range of
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200 ns (2.5 MHz square wave) to 200 ms (25 Hz
square wave) with 5% or better accuracy. The
generator must be capable of being manually trig-
gered for a single cycle. Note the output voltage
range of the external generator and set it to a typi-
cal value, for example “TTL" or =1 volt bipolar”.

b) Send the following commands to set the UUT to
Gated Mode, external gating source:

RES
QUTP ON::FREQ
INIT:CONT OFF;:TRIG:GATE ON

SE7:PULS:!WIDT l1E-8

TRIG:SQUR EXT:LEV <value>

where <value> is a d¢ voltage thresheld appropri-
ate for pating on the external signal, for example
+1.5 volts for “TTL" or 0 volis for “bipolar”.

¢) Connect the PULSE OUT to a counter/timer set up
to trigger on the =2.5 volr pulse output of the
UUT. Set the counter/timer to count “events”.

d) Set the external generator for 200 ns and single
cycle it. The eounter/timer should indicate that
the UUT was gated on for approximately 10 cy-
cles. Record the value in step 1 of paragraph 5.4.4
of the Data Sheets. Reset the counter/timer to "0
events” between readings.

k) Change the UUT to | MHz, the external generator
to 200 ms, trigger it, and record the counter/timer
value in step 2. Remove the external generator,

9.4.5 Burst Mode Test,

Purpose: Verify the functionality of the triggered and
burst modes, and of the burst counter.

Comment: Burst count is programmable from 1 to
10,000,000. The observed count must be equal to the
programmed value.

a} Send the following commands to set the UUT 10
Trigger/Burst Mode, “manual” trigger:

RES
CUTP ON;:INIT:CONT OFF
TRIG:S0UR BUS

b) Connect the PULSE OUT to a counter/timer set up
1o trigger on the =2.5 volt pulse output of the
UUT. Set the counter/timer to count “events™.

¢) Send the UUT the * TRG command, The counter/
timer should indicate that the UUT gencrated a
single cycle. Record the value in step 1 of para-
graph 5.4.5 of the Data Sheets. Reset the counter/
timer to "0 events™ between readings,

d) Send the UUT the TRIG:COUN 2 command and
then the * TRG command. Record the counter/
timer value in step 2.

e) Sendthe UUT the TRIG:COUN 4 command and

then the * TRG command. Record the counter/
timer value in step 3.

f) Send the UUT the TRIG:COUN 1E23 command
and then the *TRG command. Record the
counter/timer value in step 4. Disconnect the
counter/timer.

6.4.8 Puise Amplitude Accuracy Tast

Purpose: Verify the accuracy of the pulse amplitude
levels.

Comment: Setting the UUT to the External Width
function (no trigger input) causes it to output a dc volt-
age at the lowcr level value, Then setting the pulse
logic to complement causes it to ocutput a dc voltage at
the upper level value.

Specifications: =((1% of Vpp + 35 mV) + (2% of off-
set + 50 mV)).

a) Program the UUT as follows to set up in External
Width, dc level output:

RES

INIT:CONT COFF;:TRIG:GATE ON;SOUR
TOFF:GATE:¥MODE EXTW::0UTP ON

VOLT:HIGH 8.LOW -8

b} Connect the PULSE OUT to the multimeter (DCV
function}, using an accurate 502 termination. Set
PULS:POL COMP and measure the upper level
value. Record the upper level value in step la of
paragraph 5.4.6 of the Data Sheets, Set
PULS:POL NORM and measure the lower level
value and record it in step 1b.

c) Program the UUT as follows:
VOLT:HIGH C0.5;L0W -0.5
PULS:PCL COMP

Measure the upper level value and record it in step
2a. Set PULS:POL NORM and measure the low-
cr level value and record it in step 2b.

d) Program the UUT as follows;
VOLT :HIGHE C.2;L0W -0.2
PULS:POL COMP

Measure the upper level value and record it in step
da, Set PULS:POL NORM and measure the low-
cr level value and record it in step 3b.

CaLIBRATION 5-3
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e) Program the UUT as follows:
VOLT:HIGE 8;LOW 7
PULS:PCL COMP

Mcasure the upper leve!l value and record it in step
4a. Set PULS:POL NORYM and measure the low-
er leve] value and record it in step 4b.

f)  Program the UUT as follows:
VOLT:HIGH -7,LOW -8
PULS:POL COMP

Measure the upper level value and record it in step
5a, Set PULS:POL NORWM and measure the low-
er Jevel value and record it in step 5b.

5.4.7 Pulse Width Accuracy Test
Purpose: Verify pulse width accuracy.

Comment: Pulse width is measured from the 50%
voltage level on the leading edge of the pulse to the
50% wvoltage leve] of the trailing edge of the pulse.

Specifications: = ( 1.0 % of setting + 2 ns).

a) Program the UUT as follows:
RES
OUTP ON::MARK ON
VOLT:HIGH 5:LOW -5

b) Conneet the PULSE OUT to CHI and the SYNC
OUT to CH2 of the oscilloscope. Trigger the os-
cilloscope from the SYNC OUT (CH2, Internal).
Set PULS:WIDT 10E- 9 and measure the pulse

width, Record the pulse width value in step 1 of
paragraph 5.4.7 of the Data Sheets.

¢) SetPULS:WIDT 13E-9 and measure the pulse
width, and record the value in step 2.

d) Set PULS:WIDT <wvalue? tothe values in the
data sheet for steps 3 through 10. Measure the
pulse width, and record the values in steps 3
through 10.

e) SetFREQ 1ES;PULS:WIDT 99%E-9 and
measure the pulse width, and record the value in
step 11.

fi Set PULS:WIDT 1.999E-6 and measure the
pulse width, and record the value in step 12.
5.4.9 Pulsa Delay Accuracy Tast

Purpose: Verify single pulse delay accuracy of the
PULSE OUT.

Comment: The definition for single pulse delay is the
time interval from 50% voltage point of rising edge of

5-4 CALIBRATION

the SYNC OUT to the 0% voltage point on leading
edge of the single pulse (see Figure 1.2).

Specifications: = ( 1.0 % of setting + 5 nsec),

a) Program the UUT as follows:
RES
QUTP ON::MARK ON
VOLT:HIGH 5:;LOW -5

b) Connect the PULSE QUT to CHI and the SYNC
OUT to CH2 of the oscilloscope. Trigger the os-
cilloscope from the SYNC OUT (CH2, Internal).
Measure the pulse delay. Record the pulse delay

value in step | of paragraph 5.4.8 of the Data
Sheets.

¢) Set PULS:DEL 8E-¢% and measure the pulse de-
lay, and record the value in step 2,

d) SetPULS:DEL <wvalue? tothe valuesin the
data sheet for steps 3 through [0. Measure the
pulsc delay, and record the values in steps 3
through 10,

¢) Set FREQ 1E4:;PULS:WIDT 1E-6:DEL
9 .999E -6 and measure the pulse delay, and
record the value in step 11.

f) Set FREQ 1E3;PULS:CEL 99.999E-6 and
measure the pulse delay, and record the value in
step 12.

5.4.8 Douhle Pulsa Daley Accuracy Tost

Purpose: Verify double pulsc delay accuracy of the
PULSE OUT.

Comment: The definition for double pulse delay is
the time interval from 50% voltage point of rising edge
of the SYNC OUT to the 0% voltage point on leading
cdge of the second pulse of a double pulse train.

Specifications: = ( 1.0 % of setting + 5 nsec).
a) Program the UUT as follows:
RES
QUTP ON: :MARK ON
PULS:DOUB ON
PULS:DOUB:DEL 2Q0E-9
VOLT:HIGH 5:LOW -5

b) Connect the PULSE OUT to CHI and the SYNC
OUT to CH2 of the oscilloscope. Trigger the os-
cilloscope from the SYNC QUT (CH2, Internal).
Measure the double pulse delay. Record the dou-
ble pulse delay value in step I of paragraph 5.4.9
of the Data Sheets,
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¢) SetFTREQ 10:PULS:WIDT LlE-3;
DOUB:DEL 1CE-3 and measure the double
pulse delay (use Counter/Timer in start/stop mode
to make this measurement), and record the value
in step 2.

5.4.10 Function Delay Test

Purpose: Verify delay accuracy of the various func-
tions at the PULSE OUT,

Comment: The definition for funetion delay is the
time interval from 50% voltage point of rising edge of
the SYNC OUT to the 0% voliage point on the first
leading edge of the seleeted function (single, double or
square).

Specifications: = ( 1.0 % of setting + 5 nsec).

a) Program the UUT as follows:

RES
OQUTP ON; :MARK ON
VOLT:HIGH 5:LOW -5

b) Connect the PULSE OUT 10 CHI and the SYNC
OUT to CH2 of the oseilloscope. Trigger the os-
cilloscope from the SYNC OUT (CH2, Internal).
Measure the single pulse delay and record the val-
ue in step | of paragraph 5.4.10 of the Dara
Sheets.

¢) SetPULS:DCUB OCN and measure the delay to
the first pulse, and record the value in step 2.

¢} Set FUNC:SQU and measure the delay 10 the
square function, and record the value in step 3.

5.4.11 Puise Dutput Transition Times Accuracy Test

Purpose: Verify pulse transition times accuraey for
the four different ranges.

Comment: The leading edge transition time (rise
time) is measured from the 10% voltage level to the
90% vollage level of the leading edpe of the normal
pulse. The trailing edge transition time (fall time) is
measured from the 909 voliage level to the 10% voli-
age level of the trailing edge of the normal pulse.

Specifications: = ( 5.0 % of setting + 2 ns).
a) Program the UUT as follows:
RES
OUTP ON;
VOLT:HIGH 5,;LOW -5

b) Connect the PULSE OUT to CHI and the SYNC
OUT to CH2 of the oscilloscope. Trigger the os-
cilloscope from the SYNC OUT (CH2, Internal).
Measure the pulse rise and fall times (5 ns).
Reeord the pulse transition time values in step la

: MARX ON

(rise time) and 1b (fall time) of paragraph 5.4.11
of the Data Sheels.

e) Set PULS:TRAN 45E-9;TRAN:STAT ON
and mecasure the pulse transitions, and record the
values in step 2a and 2b.

d) SetFREG 1E5;PULS WIDT 2.5E-6.

e) SetPULS:TRAN <vazlue? tothe valuesin the
data shect for steps 3 through 5. Measure the
pulsc transitions, and record the values in steps 3
through 5.

f) Sct FREQ l1E4;PULS

g) Set PULS:TRAN <value?> tothe values in the
data sheet for steps 6 through 7. Measure the
pulse transitions, and reeord the values in steps 6
through 7.

h) Set FREC lE3;PULS:WIDT 250E-6;
TRAN 50E-6. Measure the pulse transitions,
and record the values in step 8.

WIDT 25E-6,

i) Set FREQ 1E6;PULS:WIDT 250E-9.

j) SetPULS:TRAN <value>;TRAN:TRA
<wvalue? to the values in the data sheet {note
different LEADing and TRAiling vaiues) for steps
9 through 10. Measure the pulse transitions, and
record the values in steps 9 through 10,

k) Sct FREQ 1E5;PULS WIDT 2.5E-6.

1) Set PULS:TRAN <{value>;TRAN:TRA
{wvalue? tothe values in the data sheet for steps
11 through 12. Measure the pulse transitions, and
record the values in steps 11 through 12.

m) Set FREQ 1E3;PULS:WIDT 250E-6.

n) Set PULS:TRAN <value>;TRAN:TRA
{value?> to the values in the data sheet for steps
13 through 14. Measure the pulse transitions, and
record the values in steps 13 through 14,

5.4.12 Puilse Cutput Aberratlons Tast

Purpose: Verify pulse output waveform quality.

Specifications: Peak-to-peak aberrations <(5% of
Vpp amplitude + 20 mV).

a) Program the UUT as follows:
RES
OUTP ON;:MARK ON;FUNC SQU
VOLT:HIGH 6;LCW -6

b) Connect the PULSE OUT to CH! and the SYNC
OUT te CH2 of the oscilloscope. Trigger the oscillo-
scope from the SYNC OUT (CH2, Internal). Mea-
sure the peak-to-peak aberrations. Record the
aberration values in step la (leading edge) and 1b
(trailing edge) of paragraph 5.4.12 of the Data Sheets,
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b.4.13 Trigger Level Tast

Purpose: Perform functional test of the trigger slope
contro!l and verify triggerlevel accuracy.

Comment: Trigger level is defined as the midpoint of
the trigger circuit hysteresis. Therefore, the accuracy
of the trigger ievel] setting will be determined by ap-
plving a DC level to the TRIG IN connector. The DC
level will be incremented, starting from below the
“Trig off level, with respcct to the slope setting,
while monitoring the generator’s PULSE OUT to de-
termine when the unit triggers “on”. The DC level is
then decremented (with respect to the slope setting) to
determine the UUT's “Trig off" level.

The Pulse Generator will be set to the External Width
function so that the oscilloscope can be used to moni-
tor the PULSE OQUT and determine the trigger ‘on’ and
‘off* points by noting a level change.

Specifications: = 500 mV,

a) Program the UUT as follows:
RES
QUTP ON;:INIT:CONT OFF
TRIG:SCUR EXT:LEV -9
TRIG:GATE:STAT ON;MCDE EXTW

b) Connecct the PULSE OUT to CH!I of the oscillo-
scope. Trigger the oscilloscope from CHI, Inter-
nal. Conncet the Signal Generator output to both
the TRIG IN connector and the DVM input. Set
the Signal Generator to output approximately
1 volt below the programmed level senting.  Veri-
fy that the UUT PULSE QUT is at the lower level
{—=2.5 Vdc) on the oscilloscope.

¢) Increment the Signal Generater de output in the
positive direction until the PULSE OUT switches
to the upper level (+2.5 Vdc), indicating passing
through the trigger threshold. Note the value of
the dc level at the DVM, Then decrement the Sig-
nal Generator dc output in the negative direction
until the PULSE OUT switches back to the lower
level. Note this value on the DVM. Calculate the
Trigger Level as follows:

Triggerlevel = ( "Trig on" level + "Trig off' level )/ 2

Record the Trigger Level under paragraph 5.4.13,
step | in the Data Sheets.

d) Sendthe UUT TRIG:LEV <value?, where
<value> is the Trigger Level setting for steps 2
through 3. Repeat the procedure of steps b) and ¢)
above to calculate and record the Trigger Level
values under steps 2 through 3.

e) Sendthe UUT TRIG:SLOP NEG:LEV -5.
Set the Signal Generator (o output approximately
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1 volt above the programmed level setting, Veri-
fy that the UUT PULSE OUT is at the lower level
(-2.5 Vdc) on the oscilloscope. Decrement the
Signal Generator dc output in the ncgative direc-
tion until the PULSE OUT switches to the upper
level (+2.5 Vdc), indicating passing through the
trigger threshold. Note the value of the dc level at
the DVM. Then increment the Signal Generator
dc output in the positive direction until the PULSE
OUT switches back to the lower level. Note this
value on the DVM. Calculate the Trigger Level
and record the value for step 4.

6.4.14 Synthaslzar Frequency Test ( > 1Hz)

Purpose: To verify functionality and accuracy of syn-
thesizer up to 100 MHz {1 MHz synthesizer accuracy
has been tested in paragraph 5.4.1).
Specifications: = 100 ppm.
a) Program the UUT as follows:
RES
MARK ON;:FUNC SQU;FREQ 12.5E6
b) Connect the SYNC OUT to the counter/timer {set
up to measure frequency). Record the 12.5 MHz
value in step | of paragraph 5.4.14 of the Data
Sheets.

¢) SetFREQ <wvalue? tothe values in the data
sheet for steps 2 through 5. Measure the frequen-
cy, and record the values in steps 2 through 5.
5.4,15 Burst Gateahle Osclliator Frequancy Test

Purpose: To verify accuracy and functionality of
burst gateable oscillator up to 50 MHz.

Specifications: = 2%,
a) Program the UUT as follows:
RES
INIT:CONT QFF
TRIG:SOUR EXT:GATE ON
MARK ON;:FUNC SQU:FREQ 1CO0Q

b) Cennect the SYNC OUT to the counter/timer (set
up to measure frequency). Set the Signal Genera-
tor Lo output approximately +5 Vde and apply it to
the TRIG IN connector of the UUT. Record the
100 Hz value in step | of paragraph 5.4.15 of the
Data Sheets.

c) Set FREQ <wvalue? tothe values in the data
sheet for steps 2 through 9. Measure the frequen-
cy, and record the values in steps 2 through 9.
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5.4.18 External Trigper Frequencles Test

Purpose: To verify functionality of external trigger
input up to 560 MHz at minimum specified amplitude.

Setup: Single Pulse function. Pulse width 10ns. Mode
triggered.

Specifications: Frequency accuracy equal to that of
the external Signal Generator; = 100 ppm if a second
model 1391 is used.

a} Program the UUT as follows:
RES
MARK
PULS:WIDT 10E-9
TRIG:S0UR EXT:LEV 0

b) Connect the SYNC QUT to the counter/timer (set
up to measure frequency). Verify that the UUT is
not generating a frequency. Set up the Signal
Generator for a 100 Hz, =1 volt square (when
properly terminated) and connect its output to the
TRIG IN connector. Record the 100 Hz value in
step 1 of paragraph 5.4.16 of the Data Sheets.

CN;:INIT:CONT OFF

c) Set the Signal Generator to 50 MHz. Measure the
UUT frequency and record the value in step 2.

5.4.17 Trigger Source Tast

Purpose: Perform functional test to verify that all
thirteen trigger sources arc selectable and operational.

Comment: The thirteen trigger sources are; External,
Internal, BUS, VXIbus eight TTLTRG lines, and the
two VXIbus ECLTRG lines. "External” and “BUS"
trigger have been verified in a previous test. “Inter-
nal” selects the internal trigger generator. A second
model 1391 or equivalent VXIbus module will be re-
quired to output triggering signals to the VXIbus ECL
and TTL trigger lines. The commands given in this
test for the cxternal Signal Generator will assume that
a model 1391 is used.

Specifications: Internal: £100 ppm. For ECLTRG
and TTLTRG, frequency accuracy equal to that of the
external Signal Generator; = 100 ppm if a second mod-
el 1391 is used.

a) Program the UUT as follows:
RES
MARK ON;:INIT:CONT OFF
PULS:WIDT 10E-S
TRIG:SOUR INT;TIM 20E-9

b) Connect the SYNC OUT to the counter/timer (set
up to measure frequency). Record the 50 MHz
value in step 1 of paragraph 5.4.17 of the Darta
Sheets.

¢) Set TRIG:TIM 1E-6 andrecord the 1 MHz in-
ternal trigger frequency in step 2.

d) Program the UUT as follows:

TTLTO

TRIG:SOUR
Program the external Signal Generator as follows:
RES
FREQ ZE3
QUTPUT:TTLTO ON
Record the 2 kHz frequency in step 3.
e) Program the UUT as follows;
TRIG:SOUR <source>
Program the external Signal Generator as follows:
FREQ {frequency”
QUTP:<{source?> ON

Where the parameters <source> and <frequency>
are taken from the Data Sheet step as the test step
advances from step 4 through step 12. Record the
UUT frequency value for each step in the Data
Sheet,

6.4.18 Trigger Output Made Test

Purpose: Perform functional test to verify that the
Pulse Generator can serve as a (rigger source for one
of eight of the VXIbus TTLTRG lines, and one of two
of the VXIbus ECLTRG lines. There are two possible
sources for this signal, TRIP and PULSE.

Specifications: Trigger frequency generated by the
1391 UUT accuracy is =100 ppm.

a) Program the UUT as follows:

RES

FUNC SQU:FREQ I2E3

OQUTP:TTLTO ON

Program the cxternal Signal Generator as follows:

RES

MARK ON::INIT:CONT OFF
FULS:WIDT 10E-9§
TRIG:S0UR TTLTO

b) Connect the external Signal Generator's SYNC

OUT to the counter/timer (set up to measure fre-
guency). Record the 12 kHz value in step 1 of
paragraph 5.4.18 of the Data Sheets.

¢) Setthe UUT QUTP:TTLTO:SOUR PULS;:

FREQ 11E3 and record the 11 kHz trigger fre-
quency in step 2.
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d) Setthe UUT OUTP:TTLTO:SOUR TRIP.
e) Program the external Signal Generator as follows:
TRIG:SOUR <source>
Program the UUT as follows:
FREQ <frequency?”
OUTP:<{trig line> ON

Where the parameters <source>, <frequency>, and
<trig line> are taken from the Data Sheet step as
the test step advances from step 3 through step 10.
Record the Signal Generator's triggered frequency
value for the listed steps in the Data Sheet.

fy Setthe UUT QUTP:ECLTO:SCUR PULS; :
FREQ 11E3 andrecord the 11 kHz trigger fre-
quency in step 11,

g) Setthe UUT OUTP:ECLT1:STAT ON.;SOUR
TRIP; :FREQ 10E6, set the Signal Generator
TRIG:S0UR ECLT!, and record the 10 MHz
trigger frequency in step 12.

f} Setthe UUT QOUTP:ECLT1:SOUR PULS;:
FREQ 21E3 and record the 21 kHz trigger fre-
quency in step 13.

6.4.19 Masten/8lave Test

Purpose: Perform functional test of the MASTer/
SLAVe control, and verify intcrmodule time skew ac-
curacy.

Comment: This test can only be run if the external
Signal Generator is a Wavetek model 1391, The UUT
is designated the MASTer. The model 1391 used as
the external generator is designated as the SLAVe.
The MASTer and SLAVe units must be in adjacent
slots in the VXIbus chassis to test close coupling of
signal delays.

a) Program the UUT as follows:
RES
CUTP ON:ECLTO ON;:MARK ON
TRIG:MODE MAST
Program the external Signal Generator as follows:
RES
MARK ON:;:QUTP ON::INIT:CONT OFF
TRIG:S50UR ECLTO

b) Connect the UUT'S SYNC OUT 1o the oscillo-
scope CHI and the external Signal Generator’s
SYNC OUT to CH2. Trigger the oscilloscope in-
ternally from CH1. Record the time skew value
between the two rising edge 50% points in step |
of paragraph 5.4.19 of the Data Sheets.
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¢) Connect the UUT'S PULSE OUT to the oscillo-
scope CHI and the external Signal Generator's
PULSE OUT to CH2. Record the time skew value
between the two rising edge 50% points in step 2.

6.4.20 SUMBUS Tesg!

Purpose: Pcrform functional test of the SUMBUS
driver and receiver scction, and verify voltage scaling
accuracies.

Comment: This test can only be run if the external
signal generator is a VXIbus module supporting the
SUMBUS per the VXIbus System Specifications. This
procedure will use SCPI commands which assume that
the external generator is another Wavetek model 1391,

Specification: The 1391's SUMBUS driver outputs

5 mA per volt (at the Pulse Output) to the 25Q = 2%
SUMBUS with an accuracy of =(6% + 2.5mA). The
1391's SUMBUS receiver generates 8 volts at the
Pulse Output per volt SUMBUS signal with an acuracy
of =(6% + 200 mV + 2.5 mA). End-to-end specifica-
tion (one 1391 driving the SUMBUS, one 1391 receiv-
ing) is the sum of the percentage and offset voltage
terms, and the current offset terms multiplied by 25Q
and the receiver gain of eight. This results in 2(14%
+ 1.2 V) end-to-end.

a) Program the UUT as follows:
RES
CUTP ON;:INIT:CONT OFF
TRIG:SOUR TOFF;:VOLT 4

Connect the UUT's PULSE OUT 10 the DVM,
Record the lower level value in step | of para-
graph 5.4.20 of the Data Sheets.

b) Program the UUT as follows:
SOUR: SUMB ON
Program the external Signal Generator as follows:
RES
INIT:CONT OFF,:0UTP:SUMB ON
TRIG:S50UR TOFF::VOLT 4
PULS:POL COM

c) Record the lower level in step 2.

d) Set the external Signal Generator VOLT 16.
Record the lower level in step 3,

e) Perform steps a) through d) above, except reverse
the roles of the "UUT™ and the “external Signal
Generator”. Record the data values in steps 4
through 6.
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6.4.21 PAM Input Test

Purpose: Perform functional test of the PAM IN cir-
cuitry, and verify voltage scaling accuracies.

a) Program the UUT as follows:
RES;:0Q0UTF ON;:INIT:CCONT OFF
TRIG:SOUR TOrF;
FUOLS:POL COMNP

Connect the UUT's PULSE OUT to the DVM.
Record the upper level valuc in step 1 of para-
graph 5.4.21 of the Data Sheets.

b) Setthe UUT PULS:POL NORM and record the
lower level in step 2.

¢) Apply +1.00 Vdc to the UUT's PAM IN connec-
tor. Verify accuracy with the DVM.

d) Setthe UUTto FULM ON;PULS:POL COMP and
record the upper level in step 3. Set the UUT PULS :
POL NORM and record the lower level in step 4.

e) Setthe UUT to PULM: AMPL NEG,;:PULS:
POL COMP and record the upper level in step 5.
Setthe UUT PULS:POL NORM and record the
lower level in step 6.

f) Setthe UUTto PULM:AMPL POS;:PULS:
POL COM?P and record the upper level in step 7.
Setthe UUT PULS:FOL NORM and record the
lower leve] in step 8,

:YOLT 10

This completes the Performance Verification-
Procedure.

5.0 ALIGNMENT PROCEDURE

The procedure given in paragraph 5.5.5 requires that
the model 1391 be part of a VXI system as described
in table 5-1. The model 1391 will be installed on a C-
size VXI extender card and controlled by the Resource
Manager. The computer/display device can be the Re-
source Manager (internal host in a Stand-Alone sys-
tem) or an external host connected to the Resource
Manager via the IEEE-488 (GPIB) programming bus.

WARNING

With the covers removed, low voltage dc
power supplies are exposed. Do not be
misled by the term “low voltage”. Under
adverse conditions, potentials as low as 50
volts can cause serious injury or death,

WARNING

With the module on an extender card and
the covers removed, no chassis cooling air is

moving across the components. The Pulse
Generator has many high-speed digital
logic devices and discrete analog circuits
which require some cooling air for continu-
ous operation. Do not operate the module
in this configuration for more than a few
minutes without directing some cooling air
across the face of the Main Pulse Board and
the Amplifier Board using an external
utility fan. Avoid burns - do not touch
components in the module,

6.6.1 8ell Calibration

The model 139] performs a Self Calibration in re-
sponse to the SCPI CAL[: ALL] ? command or to the
IEEE-488.2 *CAL? command. The Self Calibration
performs only those steps in the "full” Calibration pro-
cedure of paragraph 5.5.5 which are marked “automat-
ic”. Self Calibration steps are performed by the
instrument firmware at any time the operator/program-
mer sends the appropriate commands following the 30
minute warm-up. Self Calibration sets up various in-
ternal interconnections and uses internal time and volt-
age standards to store “fresh” Alignment Data which is
used to optimize the unit’s performance accuracy.
During the Self Calibration, the unit disconnects all in-
puts and outputs, and at the end of Self Calibration it
restores its current setup.

A Self Calibration is performed just prior to running
the Performance Verification Procedure. Therefore, if
there is an out-of-tolerance reading, the Self Calibra-
tion is not likely to correct it, and the "full” Alignment
Procedure in paragraph 5.5.5 should be run,

5.5.2 S8aml-Automated Procedure

When the alignment procedure is initiated, the Maode]
1391 firmware returns an abbreviated description of
the current alignment step to the system console, and
instructs the Pulse Generator to modify its settings in
preparation for making that adjustment. The abbrevi-
ated description identifies the parameter, alignment
tolerance, and adjustment component. The proccdure
is initiated by sending 'DIAG:CAL?’, followed by the
alignment step number, and a program message termi-
nator,

NOTE

The completion of the alignment procedure
returns rhe instrument to correct alignment,

Alignment limits and tolerances are not
instrument specifications.

Instrument specifications are given in Section
1 of this Manual,
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6.6.8 Preparation 2)

Obtain access to adjustable components by removing
the side panel without the address switch cutout.
Mount the module on an cxtender card, or plug it into
a VXI chassis connector that will allow access during
calibration. Provide cooling air across the face of the
module using the VXIbus chassis or an external utility
fan. Allow at least a 30 minute warm-up.

6.6.4 Connactor Termination 3)

When used as tcst points, the SYNC OUT and PULSE
OUT conncctors must be terminated with 50Q.

6.6.6 Allpnment Procedurs

To prepare the instrument for each step, send
‘DIAG:CAL?Y', followed by the calibration step num-
ber and the END program message terminator (see
paragraph 3.3.2.5). For steps that are identified as in-
teracting with another step, all interacting steps must
be within calibration tolerance hefore advancing to the
next step. Figure 5-1 shows test point and adjustment
locations,

4)

NOTE

An automated version of this procedure is
available to reduce the set-up time and
operator programming. The program (s
wrilten using WaveTest™ and there are
operator panels which prompts the calibraior
wilh instructions on which componenis/
parameters (0 adjust. For customers with the
WaveTest™ programming environment, this
program can be obtained from the Waverek
Customer Service department (see paragraph
6.1).

3)

If the calibration program Is not available,
then perform the proecedure below to calibrate
the unit. The pulse width, pulse delay and the
rise/fall time caltbration section requires
measured data to be entered into the Model
1391 database.

1) Instrument set-up and database initialization 6)

a) Send the command to force instrument power-
up state,

*RST

b)Y If the unit being calibrated has been repaired or
is known to be operating outside of specified lim-
its, then send the command to initialize intrument
databasc;

tdiag:cal:dinic
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Automatic linearity adjustment of burst gateable
oscillator frequency.

a) Send the command:
:diag:cal? 1

b} Successful completion of this step is indicated
by the response message;

{response message”. Passed

Automatic measure of width gateable oscitlator
frequency.

a) Send the command:
tdiag:cal? 2

b) Successful completion of this step is indicated
by the response mecssage;

{response message?. Passed

Automatic measure of delay gateable oscillator
frequency.

a) Scnd the command:
:diag:cal? 3

b) Successful compietion of this step is indicated
by the response message;

{respcnse message”. Passed
Manual calibration of amplitude limiter offset.
a) Send the command:

rdiag:ical? 4

b) Connect DMM HI to Quiput Amplifier P1 pin
5, and DMM LO to Output Amplifier TP1.

¢) Apply a 500 mVpp, OV offset, 0.05 Hz square
wave from the function generator to PAM input
BNC of the pulsc generator. Use the 50 @
feed-thru terminator.

d) Adjust R158 for a DC voltage shift of <lmV.
The absolute value of the offset voltage is unim-
portant.

e) Disconnect the cable to the pulse generator
PAM input BNC.

Manual calibration of pre-amplifier offset.
a) Send the command:
idiag:cal? 5

b) Connect DMM HI to Output Amplifier P]
pin 5, and DMM LO to Qutput Amplifier TP1.

¢) Adjust R520 for a DC offset of < 2 mV,
d) Disconnect DMM leads.
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7) Automatic amplitude and offset calibration,

8)

9)

a) Send the command:
tdiag:ical? 6

b) Successful completion of this step is indicated
by the response message;

{response message?. Passed

Manual pulse amplitude modulation gain calibra-
tion.

a) Send the command:
tdiap:icali? 7
b) Apply a 0.500 VDC signal from the function

generator to PAM input BNC of the pulse genera-
tor. Use the 50 2 feedthru terminator.

¢) Adjust R113 for a change of 0.5 Vde + 10 mV
measured by the DMM at PULSE OUT of the
pulse generator. Use the 50 €2 feedthru terminator
at PULSE OUT BNC.

d) Disconnect the cable to the pulse generator
PAM input BNC.

Gateable Oscillator First Period Adjusiment.

a) Caonnect PULSE OUT of the pulse generator to
the scope CH 1, 2V/div, 50 Q internal load. Con-
nect the pulse generator's SYNC OUT 1o CH2,
500 mV/div, 50 £ internal load of the scope. Sync
the scope on CH2. Set a sweep rate of 5 ns/div,
X10 magnifier on, At cursors on.

b) Send the command:
rdiag:cal? 8

c¢) Using the cursor and the horizontal position
controls, measure the period of the third cycle of
the burst. The period should be approximately
40 ns. Measure the period of the first cycle of the
burst and adjust R42 1o the same peried as the
third cycle.

d) Send the command:
rdiag:cal? 9

e) The period should be approximately 20 ns at
this step. Repeat the measurements of the periods
of cycles 1 and 3 as in step 9.c.

Ajust R42 10 split the error difference between the
adjustment in step 9.c and this step.

f} Repeat steps 9.b through 9.e as necessary (o
minimize the errors.

10) Waveform Quality adjustment.

a) Connect PULSE OUT of the pulse generator to
the scope CH1, 2 V/div, 50 € internal load. Con-
rect the pulse generator's SYNC OUT to CH2,

11)

12}

500 mV/div, 50 € internal load of the scope. Sync
the scope on CH2. Set a sweep rate of 10 ns/div.
b) Send the command:

idiag:cal? 10

¢) Adjust R76, R32, R33 and C1% on the Qutput
Amp and R165 on mainboard for minimum aber-
rations { < 4% of peak-to-peak amplitude). Verify
that rise and fall times are < 5 ns,

NOTE

If satisfactory results are not obtained (i.e.,
cannor ger both rise/fall times and aberrations
into specification at the same time), reset the
Sfour adjustments of step ¢) as indicated in
Figure 3-1 and repear the step.

SUMBUS offset adjustment.

a) Connect the DMM HI 10 P7-A18 on the VXI
Interface beard, Connect the DMM LO to TP38 on
the 1391 pulse gencrator board. Measure and
record the SUMBUS DC offsct and make sure it
is < ImV before continuing,.

b) Send the command:

rdiag:cal? 11

c} Adjust R196 for the same SUMBUS dc offset
as measured in 11a above =+ 1 mV,

Width one-shot analog calibration,

a) Connect PULSE OUT of the pulse generator to
the scope CH1, 2 V/div, 50 Q internal load. Con-
nect the pulse generator's SYNC OUT to CH2,
500 mV/div, 50 @ internal load of the scope. Sync
the seope on CH2. Set up the scope for pulse
width measurement.

b) Send the command:

tdiag:cal? 12

c) Measure the pulse width from the 50% point of
the rising edge to the50% point of the falling edge
of the signal at PULSE OUT. This value

should be around 17.0 ns.

d) Send the command:
idiag:cal:meas 12,<pulse widzth>

where pulse width is the measurement made in
step 12.c above. This stores the measurement
made into the Model 1391 database.

e) Send the command:

:diag:cal? 13

f) Measure the pulse width from the 50% point of
the rising edge to the 50% point of the falling edge
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13)

14)

of the signal at PULSE OUT. This value is ap-
proximately 29.0 ns.

g) Send the command:

idiag:calimeas 13,<pulse widtho
where pulse width is the measurement made in
step 12.f above.

Delay one-shot analog calibration.

a) Connect PULSE OUT of the pulse generator to
the scope CH1, 2 V/div, 50 € internal load. Con-
nect the pulse generator's SYNC OUT 1o CH2,
500 mV/div, 50  internal load of the scope. Sync
the scope on CH2. Set up the scope for pulse de-
lay measurement.

b) Send the command:
tdiag:cal? 14

¢} Measure the delay from the 50% point of the
SYNC OUT signal to the 0% point of the PULSE
OUT signal. This value is approximately 10.0 ns.

NOTE

The delay ar the 0% point of the PULSE QUT
signal can be easily found by following the
steps below.

1) Measure the delay from the 50% point
of the SYNC OUT signal to the 50%
point of the PULSE OUT signal.
2) Measure the rise time of the PULSE
OUT signal at the 10% to 90% points.
Multiply this number by 5/8.
3 The 0% delay is found by subtracting
the number found in step 2) from the
number found in step 1).
d) Send the command:
tdiag:cal:meas 14.<{pulse delay?

where pulse delay is the measurcment made in
step 13.c above.

¢) Send the command:
tdiag:cal? 15

f) Measure the delay from the 50% point of the
SYNC OUT signal to the 0% point of the PULSE
OUT signal. This value is approximately 22.0 ns.
£) Send the command:
idiag:cal:meas 15,<pulse delay>

where pulsc delay is the measurement made in
step 13.f above,

Leading edge transition times measurement.

5-12 CALIBRATION

15)

16)

a) Connect PULSE OUT of the pulse generator to
the scope CH1, 2 V/div, 50 @ internal load. Con-
nect the pulse generator’s SYNC OUT to CH2,
500 mV/div, 50 Q internal load of the scope. Sync
the scope on CH2.

b) Send the command:

:diag:cal? <(step number>

where <slep number> goes from 16 through 45.

¢) Measure the rise time at the 10% to 90% poinls
of the pulse on the PULSE OUT BNC.

d) Send rthe command:

:diag:cal:meas <{step_numbery,
{measured value>

where <measured value> (s the measurement made
in step 14.c above,

e) Repeat steps 14.b through 14.d for the remain-
ing step numbers.

Trailing edge transition times measurement,

a) Send the command:

:diag:cal? {step number?

where <step number> goes from 46 through 75.

b) Mecasure the fall time at the 90% to 10% points
of the pulse on the PULSE OUT BNC.

¢) Send the command:

rdiag:calimeas
{step_number>,{measured value>

where <measured value> is the measurement made
in step 15.b above,

d) Repeat steps 15.a through 15.c for the remain-
ing step numbers.

Databasc storage
a) Send the command:
rdiag:cal:save

to store the measured constants into non-volatile
memory.,

NOTE

To verify the accuracy of Alignment Data in
storage, send the command DIAG: MEAS?
{n? 1o query the values for a given step <n>.
These values may have been entered either
automatrically or manuaily.

An out-of -tolerance Performance Verification
step may have a faulty data entry relating 1o
that parameter.

This completes the Alignment Procedure.
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Figure 5-1. Test Points and Adjustments.
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PERFORMANCE VERIFIGATION DATA SHEETS

Wavetek Model 1391 UXibus Puise Generator

Seprial Numbepr __ Test Conductor
Firmware Version Date
History:

(J 8cheduled Malntalnance (Calibratton)
[ Post-Aligniment Veritication
) Post-Repalr Variiication

Comments:

5.4.2 Quick Functional Check

Step # Parameter Lo lIimit Reading
1 *TST Error Response 00
2 1 MHz Frequency 999,900

5.4.8 Sync Waveform Charactenristics Test

Step # Parameter Lo limlt Reading
1 Sync Rise time N/A
2 Sync Fall time N/A
3 Hi level(into 50%) 2.0
4 Lo level(into 50Q) N/A
5 CLOCk Type Sync Width 400
6 GATE Type Sync Width 2

5-14 CALIBRATION

HI limit
00
1,000,100

Hi llmit
5.0
5.0
N/A
0.4
600

3

Unit
N/A
Hz

Unlt
ns
ns
v
v
ns

us
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5.4.4 Gated Mods Test.

Step # Gate Slignal Width Lo limit
1 200ns 9
2 200ms 180,000

5.4.5 Burst Mode Test.

Step # Burst Count Lo limlit
1 1 1
2 2 2
3 4 4
4 1,000 1,000

5.4.B Puigse Amplitude Accuracy Test

Step # Parameter Lo limit
1a 8V upper level 7.755
1b -8V lower level -8.245
2a 0.5V upper level 0.405
2b -0.5V lower level -0.595
da 0.2V upper level 0.111
3b -0.2V lower leval -0.289
4a 8V upper level 7.765
4b 7V lower level 6.755
5a -7V upper level -7.245
5h -8V lower level -8.245

5.4.7 Pulse Width Accuracy Test

Step # Parameter Lo limit
1 10 ns Pulse width 7.90
2 13 ns Pulse width 10.87
3 14 ns Pulse width 11.86
4 15 ns Pulse width 12.85
5 16 ns Pulse width 13.84
8 28 ns Pulse width 25,72

Reading

Reading

Reading

Reading

Hi llmIt Unit

11

Events

220,000 Events

HI Himit Unit

1

2

4
1,000

Events
Events
Events

Events

HF lirnit Unlit

8.245

-7.755

0.595

-0.405

0.289
-0.111
8.245
7.245

-6.755
-7.755

\'

< < < G S o

Hi limit Units

1210
15.13
16.14
17.15
18.16
30.28

ns
ns
ns
ns
ns

ns

CALIRATION 3-13
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Step #

10
11
12

5.4.8 Puise Delay Accuracy Test

Step #
1

O o N D ;R W N

—_ -
o = O

Parameter

38 ns Pulse width
48 ns Pulse width
58 ns Pulse width
68 ns Pulse width
999 ns Pulse widlh

1.999 us Pulse width

Parameter

0 ns Pulse Delay
8 ns Pulse Deslay
9 ns Pulse Delay
10 ns Pulse Delay
11 ns Pulse Delay
23 ns Pulse Delay
33 ns Pulse Delay
43 ns Pulse Deslay
53 ns Pulse Delay
63 ns Pulse Delay

9.999 us Pulse Delay
99.999 us Pulse Delay

Lo limit
35.62
45.52
55.42
65.32

987
1.977

Lo limit
-5.00
292
3.91
4.90
5.89
17.77
27.67
37.57
47.47
57.37
9.894
98.994

5.4.8 Double Pulse Delay Accuracy Test

Step #
1
2

Parameter

20 ns Double Delay
10 ms Double Delay

5.4.10 Function Delay Test

Step #
1
2
3

Parameter
Single Pulse
Double Pulse

Square

3-16 CALIBRATION

Lo limit
14.8
9.90

Lo limit
-5.00
-5.00
-5.00

Reading Hi limit
40.38

50.48

60.58

70.68

1011

2.021

Reading Hi limit
5.00

13.08

14.09

15.10

16.11

28.23

38.33

48.43

58.53

68.63

10.104

101.004

Reading Hi limit
25,2

10.10

Reading Hi limit
5.00

5.00

5.00

Units
ns
ns
ns
ns

ns

us

Units
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
us
us

Units
ns

ms

Units
ns
ns

ns
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P

5.4.11 Puise Output Transition Times Accuracy Test

Step #
1a
1b
2a
2b
3a
3b
4a
4b
5a
5b
6a
6b
7a
7b
Ba
8b
9a
gb
10a
10b
11a
11b
12a
12b
13a
13b
1da
14b

5.4.12 Pulse Output Aberprations Test

Step #
1a
1b

Parameter/Transition time Lo limlit

Rise time/5 ns
Fall time/5 ns
Rise time/45 ns
Fall time/45 ns
Rise time/55 ns
Fall time/55 ns
Rise time/450 ns
Fall time/450 ns
Rise time/550 ns
Fall time/550 ns
Rise time/d4.5 us
Fall time/4.5 us
Rise time/5.5 us
Fall time/5.5 us
Rise time/50 us
Fall time/50 us
Rise time/25 ns
Fall time/250 ns
Rise time/250 ns
Fall time/25 ns
Rise time/250 ns
Fall time/2.5 us
Rise time/2.5 us
Fall time/250 ns
Rise time/2.5 us
Fall time/25 us
Rise time/25 us
Fall time/2.5 us

Parameter
+ Aberrations

- Aberrations

2.75
2.75
40.75
40.75
50.25
50.25
4255
425.5
520.5
520.5
4273
4.273
5.223
5.223
47.50
47.50
21.75
235.5
235.5
21.75
235.5
2.373
2.373
235.5
2.373
2375
23.75
2.373

Lo limit
N/A
N/A

Reading

Reading

7.25
7.25
49.25
49.25
59.75
59.75
474.5
474.5
579.5
579.5
4.727
4.727
5777
5777
52.50
52.50
28.25
264.5
264.5
28.25
264.5
2.627
2.827
264.5
2.627
26.25
26.25
2.627

Hi limit Units

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
us
WS
us
us
us
us
ns
ns
ns
ns
ns
us
us
ns
us
us
us
us

Hi limit Unit

0.620
0.620

Vpp
Vpp
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5.4.13 Trigger Level Test

Slope/Trigger level
Positive/trig level @ -9.0
Positive/trig level @ 0.0
Positive/trig level @ +9.0
Negative/trig level @ -5.0

9.4.14 Syntheslzer Freguency Test

Step #
1

2
3
4
5

Frequency Set
12.50 MHz
25.0 MHz
50.00 MHz
50.01 MHz
100 MHz

Lo limit
-9.50
-0.50
8.50
-5.50

Lo limit
12,498,750
24,997,500
49,995,000
49,994,999
99,990,000

5.4.15 Burst Gateable Osclllator Frequency Test

Step #
1

0 @O ~ ® ; bh W W

Frequency Set
100 Hz

1 MHz

9.375 MHz
18.75 MHz
25,1 MHz

31.0 MHz

37.5 MHz

43.0 MHz
50.00 MHz

Lo limit
98
980,000
9,187,500
18,375,000
24,598,000
30,380,000
36,750,000
42,140,000
49,000,000

b.4.18 External Trigger Freguencles Test

Step #
]
2

External trigger freq
100
50

Lo limlt*
99.99
49,995

HI limit
-8.50

Reading

0.50

9.50

-4.50

Hi limit
12,501,250

Reading

25,002,500

50,005,000

50,015,001

100,010,000

Hi limit
102

Reading

1,020,000

9,562,500

19,125,000

25,602,000

31,620,000

38,250,000

43,860,000

51,000,000

HI limlit*
100.01

Reading

50.005

Units

< < <

Units
Hz
Hz
Hz
Hz
Hz

Unlts
Hz
Hz
Hz
Hz
Hz
Hz
Hz
Hz
Hz

Units
Hz
MHz

*+100 ppm limits apply when the external generator is another model 1391, otherwise apply the specified fre-
quency accuracy limits of the external generator.
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5.4.17 Trigger Source Test

Step #
1

w0 MmN O ;O b~ W N

— A &
N - O

Source/Frequency
Internal/50 MHz
Internal/1 MHz
TTLTRGO0/2 kHz
TTLTRG1/3 kHz
TTLTRG2/4 kHz
TTLTRG3/5 kHz
TTLTRG4/2 kHz
TTLTRGS5/3 kHz
TTLTRGE/4 kHz
TTLTRG7/5 kHz
ECLTRGO0/30 MHz
ECLTRG1/50 MHz

6.4.18 Trigger Output Mode Test

Step #
1

0 mw N O 0 A~ W P

W N =+ O

Trig line/source/Frequency
TTLTRGO/TRIP/12 kHz
TTLTRGQ/PULS/11 kHz
TTLTRG1/TRIP/22 kHz
TTLTRG2/TRIP/32 kHz
TTLTRGA/TRIP/42 kHz
TTLTRG4/TRIP/52 kHz
TTLTRGS/TRIP/62 kHz
TTLTRG6E/TRIP/72 kHz
TTLTRG7/TRIP/82 kHz
ECLTRGO/TRIP/25 MHz
ECLTRGO/PULSE/11 kHz
ECLTRG1/TRtP/10 MHz
ECLTRG1/PULSE/21 kHz

9.4.18 Master/Slave Test

Step #
1
2

Parameter
UUT Sync to SLAVe Sync
UUT Pulse to SLAVe Pulse

Lo Hmit
49.995
0.9999
1.9998
2.9997
3.9996
4.,9995
1.9998
2.9997
3.9996
4,9995
29,997
49,995

Lo limlit
11.9988
10.9989
21.9978
31.9968
41.9958
51.9948
61.9938
71,9928
81.9918
24.9975
10.9989
9.9980
20.9979

Lo limit
-2.0
-2.0

Reading

Reading

Reading

Hi limit
50.005
1.0001
2.0002
3.0003
4.0004
5.0005
2.0002
3.0003
4.0004
5.0005
30.003
50.005

Hi limit
12,0012
11.0011
22.0022
32.0032
42.0042
52.0052
62.0062
72.0072
82.0082
25.0025
11.0011
10.0010
21.0021

Hi 1imit
2.0
2.0
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Unlt
MHz
MHz
kHz
kHz
kHz
kHz
kHz
kHz
kHz
kHz
MHz
MHz

Unit
kHz
kHz
kHz
kHz
kHz
kHz
kHz
kHz
kHz
MHz
kHz
MHz
kHz

Unit
ns

ns
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9.4.20 SUMBUS Test

Gtep # Parameter Lo limit Reading HI limit Unit
1 UUT lower level @ -2V -2.10 -1.80 v
2 SUMBUS 4V; UUT tower level  -1.58 1.58 v
3 SUMBUS 16 V; UUT lower level 3.58 8.42 v
4 Sig Gen lower level @ -2V -2.10 -1.80 v
5 SUMBUS 4V; SG lower level -1.58 1.58 vV
6 SUMBUS 168 V; SG lowerlevel  3.58 8,42 v

5.4.21 PAM Input Test

Step # Parameter Lo limit Reading Hi limit Unit
1 UUT upper level @ 5V 4,815 5.185 vV
2 UUT lower level & -5V -5.185 -4.815 v
3 Bipolar 1V; UUT upper lavel 5.765 6.235 v
4 Bipolar 1V; UUT lower leve! -6.235 -5.765 v
5 Negative 1V; UUT upper level  -0.085 0.085 Vv
B Negative 1V; UUT lower level  -6.235 -5,765 vV
7 Negative 1V; UUT upper level 5.765 6.235 v
8 Negative 1V; UUT lower level  -0.085 0.085 v

5-20 CALIBRATION
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Troubleshooting

Section b

8.1 FACTORY REPAIR

Wavelek maintains a factory repair department for
those customers not possessing the necessary person-
nel or test equipment to maintain the instrument. If an
instrument is returned for calibration or repair, a de-
tailed description of the specific problem and any re-
lated symptoms should be attached to the instrument.
Before returning a unit to the factory, authorization
from Customer Service must be obtained by calling or
writing to:

Customer Service
Wavetek San Diego, Inc.
9045 Balboa Ave,

San Diego, CA 92123
Telephone: (6193 279-2200
FAX: (619) 565-9558

6.2 BEFORE YOU START

A list of recommended spare parts is included in the
drawings scction of this manual (scction 7). These
parts should be ordered prior to an instrument failure
10 minimize rcpair turn-around time.

Since no troubleshooting guide can possibly cover all
the potential problems, the aim of this guide is to give
a methodology which, if applied consistently, will lead
to the problem area. Therefore, it is necessary to fa-
miliarize yoursclf with the instrument by reviewing the
circuit description (scction 4) in conjunction with the
schematics (section 7). Successful troubleshooting de-
pends upen understanding the circuit operation within
each functional block as well as the block relation-
ships.

The intent of this section is to provide the information
required to return the instrument to proper operation.
Before beginning the troubleshooting process, verify
the instrument’s subsystems are set correctly. For
more information about instrument operation, refer to
section 3 of this manual. Also, try to rule out calibra-
tion as a possible problem. Finally, inspect the instru-
ment’s wiring, and circuit boards for heat damage,

6.3 REQUIRED TEST EQUIPMENT

Table 6-1 lists required tools and test equipment for
troubleshooting.

Table 6-1. Lisl of Test Equipment and Tools

Equipment I Quantity I Specifications
VXI Requirements H VXI chassis
1 VXTI slot-0 controller
i VXI "C" size extender
! board
. (Opuonal-see text)
Multimeter ' 1 HP 3478A or equiva-
lent
Oscilloscope 1 Tektronix 2465 or
equivalent
Frequency Counter 1 HP 5334A Universal
Counter
Adaptor ] BNC female to
double banana jacks
Coaxial cable 1 BNC male connec-
tors, RG58U cable
Probe 2 10 MQ
50€2 Termination 1 Feedthrough, 0.1%

accuracy, 2W

6.4 ISOLATING A PROBLEM

Begin the troubleshooting procedure by sending
*TST? now. In many cascs, running this test will
help to isolate the faulty block. Refer to Appendix D
of this manual to identify the failed test, If a number
other than zero is rcturned after running *TST?, refer
to Table 6-2 to identify the paragraph containing the
information needed to isolate the faulty circuit block
and related components.

If the * TST? query response returns no fault even
though a problem does exist, refer to Table 6-3. This
table lists problems that the Self Test cannot identify.

TROUBLESHOOTING 6-1
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Table 6-2, Prablems Identified By *TST?

Ermror Bit ‘I Test Name Paragraph
0 Amplitude/Offset DAC 6.5.1
1 Trailing Edge DAC 6.5.2
2 Leading Edge DAC 6.5.3
3 Limit Amplifier 6.5.4
4 SUMBUS 6.5.5
5 Delay Gatable Oscillator 6.5.6
6 Width Gatable Oscillator 6.5.7
7 25-50 MHz Gatable Oscillator 6.5.8
8 - —

14 | Bus Error 6.5.9

Table 6-3. Problems Not Identified By *TST?

Problem Paragraph
Abnormal LED State 6.5.10
Fulse Board Digital Interface 6.5.11
AutoCal/Built-In-Test 6.5.12
Fraguency Reference 6.5.13
Frequency Synthesizer 6.5.14
TRIG IN 6.5.15
Trigger Source Selector 6.5.16
TTUECL Triggers to Backplane 6.5.17
TTL/ECL Triggers from Backplane 6.5.18
Mode Control Logic/Burst Counter 6.5.19
SYNC QUT Selecter and Driver 6.5.20
Amplitude Contro! and Muitiplier 6.5.21
PAM IN 6.5.22
Transition Time Generator 6.5.23
Trapezoid Shaper J 6.5.24
Cutput Power Supplies 6.5.25
Output Amplitier/PULSE OUT 6.5.26

8.5 TROUBLESHOOTING

The following procedures require that the Modei 1391
be part of a VXI system as described in table 6-1. The
Model 1391 will be installed on a C-size VXI extender
card and controlled by the Resource Manager. The
computer/display device can be the Resource Manager
or an external host connccted to the Resource Manager
via the [EEE-488 (GPIB) programming bus.

#-2 TROUBLESHOOTING

WARNING

With the covers removed, low voltage dc
power supplies are exposed. Do not be
misled by the term “low voltage”. Under
adverse conditions, potentials as low as 50
volts can cause serious injury or death,

WARNING

With the module on an extender card and
the covers removed, no chassis cooling air is
moving across the components. The Pulse
Generator has many high-speed digital
logic devices and discrete analog circuits
which require some cooling air for
continuous operation. Do not operate the
module in this configuration for more than
a few minutes without directing some
cooling air across the face of the Main Pulse
Board and the Amplifier Board using an
external utility fan. Avoid burns - do not
come into direct contact with components
in the module.

CAUTION

Do not discannect or remove any board
assemblies unless the module is removed
Sfram chassis power, Some board assemblies
contain devices that can be damaged if the
board is removed or replaced with the power
on, Several components, including MOS
devices, can be damaged by electrostatic
discharge. Use canductive foam and
grounding straps when servicing is required
around sensitive components. Use care when
unplugging ICs front high-grip sockets,

NOTE

If possible, take all measurements with only
the controller and Model 1391 Pulse
Generator in the chassis. Unless otherwise
stared, terminate PULSE OUT {and SYNC
OUT connector if that circuit is being tested)
into 50Q.

When taking waveform readings within the
instrument, always use a X10 probe with short
ground lead to prevent loading and reduce the
amount of waveform ringing.

B.5.1 Amplliude DAC Error Bit D
Instrument Setup: RESET

This test verifies the amplitude control voltage to the
multiplier eircuitry. The test sets the amplitude DAC
1o minimum and measures control voltage, A failure
will occur when the measured voltage is outside of
=0.1 volts. The test then sets the amplitude control
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DAC to maximum and again measures the control volt-
age. A failure will occur if the control volage is less
than 0.798 volts or greater than 1.298 volts. A failure
may be caused by U93, U94, or U89, and their associ-
ated circuitry.

8.6.2 Traling Edge DAC Errer Bit 1
Instrument Setup: RESET

This test verifies the trailing edge current source cir-
cuitry. The test sets the trailing edge DAC 1o mini-
mum and measures the current source feedback
voltage. A failure will occur when the measured volt-
age is greater than 0.25 volts. The test then sets the
trailing edge DAC to maximum, and the TE<10ns line
to 0 and measures the feedback veltage. A failure will
occur if the voltage is less than 3.371 volts or greater
than 4.071 volts. The test then sets the TE<10Ons line
to 1, and remeasures the feedback voltage. A failure
will occur if the voltage is less than 2.761 volts or
greater than 3,361 volts. A failure may be caused by
U89, U96, U994, 38, and their associated circuitry,

3.6.3 Leading Edge DAC Error Bit 2
Instrument Setup:
RESET

This test verifies the leading edge current source cir-
cuitry. The test sets the leading edge DAC to mini-
mum and measures the current source feedback
voltage. A failure will occur when the measured volt-
age is greater than £0.25 volts, The test then sets the
leading edge DAC to maximum, and the LE<10ns line
to ( and measures the feedback voltage. A failure will
occur if the voltage is less than -4.089 volis or greater
than -3.389 volts. The test then sets the LE<I0ns line
to I, and remeasures the feedback voltage. A failure
will occur if the voltage is less than -3.3006 volts or
greater than -2.706 volts. A failure may be caused by
U89, U96, U9%4, 39, and their associated circuitry.

8.5.4 Limit Amplifier Error Bit 8
Instrument Setup:

RESET

This test monitors the limiter clamp voltages. The mid-
point of the two voltages is nominally zero volts. A
failure will occur if the voltage is outside of =(.150
volts. A failure may be caused by U97 and its associ-
ated circuitry.

6.5.6 SUMBUS Error Bit 4
Instrument Setup:

RESET

This test measures the SUMBUS driver output. This
voltage is nominally zero volts. A fatlure will occur if
the voltage is greater than =0.05 volts. A failure may
be caused by R196 or R232 being misadjusted. Verify
that the voltage on pin 5 of output amplifier connector
P1is 0 = 0.002 volts, if not follow the calibration pro-
cedure adjusting the amplitude limiter offset and the
preamplifier offset.

These adjustments are described in the alignment pro-
cedure steps 5 and 6. The procedure for adjusting
R196 is described in the alignment procedure step 11,
This adjustment should be made only after the adjust-
ment of steps 5 and 6 have been made. If the adjust-
ment of R196 cannot be made, the problem can be
isolated by measuring the voltage of the ODAC signal.
This signal should be approximately O volts £ 0.1
volts, If not, the output amplifier, or offset control cir-
cuitry should be suspected. The next step is to mea-
sure the voltage across R191. It should be about 9.1
volts, If not CR66, Q55, and U105 and assoctated
components should be suspected. The voltage across
R192 should then be checked. It should be about 6
volts, If not, Q56, CR65, and U105 and associated
components should be suspected.

8.5.8 Delay Gatable Oscllleter Erpor Bit &
Instrument Setup:

FREQ 1e3:VOLT S5 ,PULS:WIDT
250e-6;:DEL 125e-6; :FUNC
PULSE::TRIG:S0UR BUS:COUN
50;:INIT:CONT OFF;:DIAG:REG
{value>

This test routes the delay one-shot output flip-flop to
the Autocal measurement system. The DIAGnostic
SCPI Subsystem routes signals and data to the Autocal
system, and is used in factory level diagnostics. A
failure will occur if the measured delay is less than
100 ps, or greater than 150 ps. A fault may be isolated
by referring to Figure 6-1 Delay One-Shot Trouble-
shooting Flowchart.

8.5.7 Width Gatahle Dsclilator Error BIt 8
Instrument Setup:

FREQ 1e3;VOLT 5;PULS:WIDT
250e-6;DEL 125e-6;:FUNC
PULSE;:TRIG:SOUR BUS:COUN
SO:INIT:CONT OFF

This test routes the width one-shot output flip-flop to
the autocal measurement system. A failure will occur
if the measured width is less than 200 ps, or greater
than 350 ps. A fault may be isolated by referring to
Figure 6-2 Width One-Shot Troubleshooting Flow-
chart,

TROUBLESHOOTING 6-3
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B.6.8 25-50 MHz Gatable Oscillator Error Bit 7
Instrument Setup:

FREQ 666.7:VOLT 5;FUNC

SQUARE: : TRIG:SOUR BUS;COUN

50 :INIT:CONT OFF
This test routes the output of the gatable oscillator to
the autocal measuremen? system. The gatable oscilla-
tor produces a pulse with a width of 749.9625 us
{(0.5* 1/666.7Hz ). The average width of 50 cycles
is measured, A fatlure will occur if the average width
is less than 700 ps or greater than 800 ps. A fault may
be isolated by referring to Figure 6-3 Gatable Oscilla-
tor Troubleshooting Flowchart.

6.5.8 Bue Error Error Bl 14

The Bus Error bit will be set if the main board fails o
assert the DTACKA\ signal after writing to the main
beard, If this failure occurs, U2 or U112 should be sus-
pected.

6.5.10 Abnormal LED State

The VXI interface board controls each front panel
LED. The LED states may bc used to isolate faults in
the VXI interface and the main board.

RUN LED

The RUN LED should be illuminated continuously, in-
dicating that the Interface board CPU is operational.

FAIL LED

The FAIL LED should be extinguished, except during
the first 5 seconds after power up, If the LED is on af-
ter system power on, the interface board was either not
able to initialize it"s configuration registers ar it failed
it"s own self test. This should not be confused with
the Self Test of the main board. If the FAIL LED is il-
luminated, the interface board is not operational.

MDDID LED

The MODID LED flashes on momentarily during pow-
er up., This may be too short in duration to be seen.

A16 LED

The A16 LED flashes on while the VXI Interface
Board is being addressed by the VXIbus.

A24 LED

The A24 LED is illuminated during a VMEbus access
to the A24 shared memory.

Troubleshoot the LEDs as follows.

1. Verify that the 1391 module is in fact non-opera-
tional in the chassis. If the [391 module is opera-
tional, but the RUN LED is extinguished,
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troubleshoot the LED and the RUN_LED! signal
(refer to sheet 1 of the main board schematic).

2. If the 1391 module is non-operational, the fault
may be in the interface board or the main board.
To isolate the problem power down the system, re-
move the 1391 module, remove the left side panel
and then the VXI interface board. Plug the Inter-
face board directly on 10 the PI and P2 connectors
of the VXI chassis and reboot the system. Check
the module status using the host computer. If the
interface board is operational, it will identify itself
normally in it's slot as a Wavetek Model 1391, A
SYSTcem:ERRor? query will return an error mes-
sage, but this is because the interface board does
not receive a DTAC\ responsc with the main board
removed. If the interface board is still non-opera-
tional, call Wavetek customer service at (619)
279-2200 to arrange repair,

(%)

If the interface board is operational, reinstall 1t in
the module and troubleshoot the interconncct sig-
nals on the P4 through P7 connectors on the main
board (refer to main board schematic diagram
sheet 1),

4. If the RUN and FAIL LEDs are operating normal-
ly, troubleshoot the remaining LEDs (refer 1o main
board schematic sheet 1),

6.6.11 Pulse Boapd Dipltel Interiace

Problems in the digital interface may be isolated by
checking the functionality of the various circuit blocks
of the unit. As itis very difficult to document the
states of all of the control lines for all functions fre-
quencies and modes, the best way to troubleshoot the
digital interface is to look at the logic levels of the sig-
nals.

Do they wiggie between logic low and high?

Are they stuck low or high?

Are they someplace between low and high?

8.5.12 AumoCal/Bulit-in-Test

Problems in the voltage measuring portion of the Au-
tocal/built in test circuitry may be isolated by measur-
ing the voltages at the inputs of the ADC buffers and
comparing these voltages to those on the outputs of the
buffers. The voltages should be within about 10 mV
of each other. The 4 MHz clock signal sMHZCLK
should be measured. If everything is correct, U109
should be suspected.

Problems in the period measuring portion of the Auto-
cal/built in test circuitry may be isolated by measuring
the 2 MHz refercnce signal, 2MHZREEF. If this signal
1s bad or missing, the CLK 10 signals from the VXIbus
backplane should be traced out to U112, If everything
is correct, Ul12 should be suspected.
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8.6.13 Frequency Relerence

The frequency reference for the Model 1391 is provid-
ed by the VXI controller. The controller provides a
precise 10 MHz differential ECL signal to the back-
plane. The backplane distributes the signal to each
slot, via individual buffers. If the frequency reference
is suspected, the module should first be tried in anoth-
er slot to determine if the problem is due to the back-
plane. If the fault follows the module position, the
CLK10+ and CLK10- signals from the P2 connector
should be traced through the interface board to the
main board and up to U21.

8.6.14 Fpegquency Synthesizer

Problems in the basic operation of the frequency syn-
thesizer can be determined by observing the UNLOCK
LED ( DS5 ) on the main board. The LED is visible
through the hole in the top of the synthesizer shield.

The UNLOCK LED is normally extinguished, indicat-
ing the loop is locked. The LED will momentarily
flash when a large step change in frequency is pro-
grammed. Refer 10 Figure 6-4 Frequency Synthesizer
Troubleshooting Flowchart to isolate a synthesizer
fault.

8.6.16 TRIG IN

Problems in the trigger input circuitry can easily be
isolated by applying a triggering signal to the TRIG IN
BNC connector and monitering TP11 on the main
board. The duty cycle of the waveform at TP11 should
change with the programmed trigger level. The trigger
level control voltage TDAC should swing from about
zero to about 4.5 volts as the trigger level, is pro-
grammed from +10 volts to -10 volts. If the TDAC
signal is not present or incorrect, U87 and U%0 should
be suspected. {f no waveform is present at TP11, U34
and U36 should be suspected.

8.6.18 Trigger Source Selactor

Problems in the trigger sourcc selector circuitry can be
isolated by applying an external triggering signal to
the TRIG IN BNC connector, sclecting external trigger
and monitoring TP12. Changing the trigger slope will
invert the signal at TP12. The trigger source is select-
ed by the TRG_SRCA, TRG_SRCB, and TRG_SRCC
signals. The srates of thesc signals for cach trigger
sourcce is shown in table 6-4. If the control data is cor-
rupted, U18 should be suspected.

Table 6-4. Trigger Source Selector Control

Lines.
Trigger Source ' TRG_SARCC i TRG_SRACE TRG_SACA
VX! ECL TRGO 0 i 1 0
VXI ECL TRG1 0 I 1 1
VXI TTL TRGn 1 0 1
Software Trigger 1 0 0
Internal Trigger 0 0 0
External Trigger 0 1 0 1

8.6.17 TTL/ECL Triggers to Bsckplane

A second Model 1391 is useful to troubleshoot the
TTL/ECL triggering signals to the backplane. The unir
under test should be programmed to drive each trigger
line in turn while the second Model 1391 is pro-
grammed to receive the trigger from the backplane, If
only one or two TTL trigger lines are inoperable, Ul5,
U39, and U40 should be suspected. If all of the TTL
trigger lines are inoperable, U18, U42, and U92 should
be suspected in addition to U15, U39, and U40. If
ECL-TRGO is inoperable, Ul7, U62, U9E, and U113
along with U44 on the interface board should be sus-
pected. If ECLTRG] is inoperable, Ul7, U9I, U98,
and U113 along with U44 on the interface board
should be suspected.

8.6.18 TTL/ECL Triggars (rom Backplana

A second Model 1391 is useful to troubleshoot the
TTL/ECL triggering signals from the backplane. The
second 1391 should be programmed to drive each trig-
ger line in turn while the unit under test is programmed
to receive the trigger from the backplane. If only one
or two TTL trigger lines are inoperable, Ul5 and U38
should be suspected. If all TTL trigger lines are inop-
erable, U35 and U37 should also be suspected. If ei-
ther of the ECL trigger lines are inoperable, U29 and
U37 along with U43 on the interface board should be
suspected.

8.5.16 Mode Control Logic/Burst Counter

Problems in the mode control logic for burst mode
may be isolated by programming the unit under test as
follows, and then following Figure 6-5 Burst Mode
Troubleshooting Flowchart:

FREQ 2e4:FUNC SQU,;:INIT:CONT
OFF: :TRIG:GATE QFF:TIM le-3;
COUN 40

TROUBLESHOOTING 6-3
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8.6.20 SYNC OUT Salector end Drilvep

Problems in the Sync selector and driver can be isolat-
ed by programming the unit under test as follows, and
then following Figure 6-6 Sync Selector Troubleshoot-
ing Flowchart:

FREQ le3;FUNC SQU;MARK ON:
VOLT 10

The states of the syne selector control lines are shown
in table 6-6.

The signal path for the Gate Type of sync can be trou-
bleshot by programming the unit under test as follows.
and then following Figure 6-6 Sync Selector Trouble-

shooting Flow Chart:

FREQ Ze4 ;MARK ON;MARK:TYPE
GATE .. :TRIG:COQUN 10:TIM le-3:
SOUR INT,;:INIT:CONT CFF

Table 6-5. Sync Selector Control Lines.

Sync Function SYNC_SEL3 | SYNC_SEL2 | SYNC_SEL1
of 0 0 0
Single Pulse | 0 1 0
Double Pulse 0 1 1
Square 0 0 1

> 50 MKz 1 | 0 C
Sync Type SYNCTYPE

Clock 0

Gate 1

8.5.21 Amplitude Control and Multipiien

Probiems in the amplitude control and multiplier cir-
cuitry can be isolated by programming the unit under
test as follows:

FREQ 1e3:VOLT 16:FUNC SQU

TP26 should measure about + 1 volt, If not, U89 and
U93 should be suspected. The input of the multiplier,
pin 8 of U101, should be a 1 Vpp square wave. If not
the trapezoid shaper circuitry should be suspected.

Pin 6 of U102 should be monitored for about a 2Vpp
square wave, If not UlQl and U102 should be sus-
pected. Pin 6 of UL00 should be monitored for about a
5.2 Vpp square wave. If not, U100 should be suspect-
cd.
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8.5.22 PAM IN

Problems in the PAM IN circuitry can be isolated by
removing the output amplifier and programming the
unit under test as follows:

VOLT 10:FREQ lel3.FUNC SQU:
PULM ON

A 1 Vpp squarc wave should be applicd to the PAM IN
BNC connector. Pin 7 of U93 should be monitored for
a 1¥Vpp square wave. If not, U93 should be suspected.
Pin 10 of U94 should then be monitored for a 1 Vpp
squarc wave. If not U1l and U94 should be suspected.
TP26 should be monitored for a I Vpp square wave
with a positive DC offser. If not, U93 should be sus-
pected.

8.6.283 Transition Time Genarator

Problems in the transition time generator may be iso-
lated by programming the unit under test for:

VOLT 10:FREQ le3;FUNC SQU:
PULS:TRAN:STAT ON:TRA:AUTO ON

U98 pins 9 and 10 should be moritored for a lkHz
ECL level square wave. If no square wave is present,
the width one-shot circuitry should be suspected. U98
pirs 6 and 7 should then be monitored for ECL level
square waves, If no square wave is present U98
should be suspected. The bases of Q41 and Q42
should be monitored for square waves that swing be-
tween about -2.3 and -3.2 volis.

If the square waves are not present, CR45 and CR46
should be suspected. The collector of Q42 should be
monitored for about a 3Vpp square wave symmetrical
about ground. If no square wave js present, Q41-0Q43
should be suspected. The top of C106 should then be
monitored for a 1.5 Vpp square wave, symmaetrical
about ground. If no square wave is present Q44 - Q47
and associated components should be suspected. The
selection of timing capacitor for each range of transi-
tion times is shown in table 6-6.

Table 6-6 Transition Timing Range Capacltor

Selection
Transition Range ] Timing Capacitors
45ns- 17ns | C106
[0ns-1.27 ps | Cl06 +C107
88ns- 12 ws 1 Cl06 +C108
800 ns - 120 uws i Cl06+Cl109
900 ns - 130 ws Cl06+Cl107+C108+ CI(9

Note: Range changes are approximare and
depend on calibration.
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8.6.24 Trapezoid 8haper

Problems in the trapezoid shaper may be isolated by
programming the unit under test as follows:

FREQ 1e3,;VOLT 10;FUNC SQU

Pin 3 of U99 should be monitored for a 1.5 Vpp square
wave, If not, the transition generator should be sus-
pected. TP37 should be monitored fora 3.2 Vpp
square wave, If not U39 should be suspected. Pin § of
U101 should be monitored for a [ Vpp square wave.
If not, the unit should be powered down and the output
ampiifier removed. Power should then be reapplied
and the unit reprogrammed to the above statc. The
voltages on Q34 pins 6 and 4 should be monitored for
+18 volts and -18 volts respectively. It not Q34 and
Ul should be suspected.

8.6.26 Output Power Suppllas

Problems in the output amplifier power supplies may
be isolated by removing the output amplifier board and
powering up the upit. The voltages at J12 pins 2 and
14 should be about +36 volts. These voltages will
drop to about #30 volts with the output amplifier in-
stalled. If the voltages are correct without the outpul
amplifier installed, the problem is probably in the out-
put amplifier, If the unloaded voltages are incorrect,
the voltage on L2 should be measured.

If the voltage is not about 12 volts, Q51 or Q52 may
be shorted. The drains of Q51 and Q52 should swing
between zero and about 12 volts at about 50 KHz with
a symmetry of about 60/40, if not U118, Q51, and Q52
should be suspected. If the voltage at J12 pin 2 is
about +24 volts CR37 should be suspected. Similarly

if the voltage at J12 pinl4 is about -24 volts CR38
should be suspected.

8.6.28 Output Amplitier/PULSE OUT

Problems in the output amplifier can be isolated by
first programming the unit under test as follows:

FREQ 1e3:VOLT 10;EUNC
SQU:VOLT:CFFS 0:;:00TP OX

The voltages on output amplifier connector J1 should
be as shown in Table 6-7, If the voltages are not cor-
rect, the associated main board circuitry should first be
troubleshat and the problems corrected before proceed-
ing. The voltages on ocutput amplifier TP2 and TP3
should be about +12 and -12 volts respectively, If not
U1, U2, and U3 should be suspected. If the amplifier’s
output is stuck high, TP4 should be about +10 volts, if
not U3 should be suspected. The voltages on the col-
lectors of Q8 and Q9 should be measured. They
should be about =28 volts. If not, circuit protector
CB1 or CB2 may have tripped. Transistors Q8 and Q9
should then be checked for shorts.

Table 6-7 Qutput Amplifier Voltages

J1 Pin Noe. Voltage
1,4.6,8,9,10,12,15 0 volts

23 | ~+30 volts

5 - 3.24 Vpp Square wave
11 0 £0.050 volts

13,14 ~-30 volts
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Figure 6-1. Delay One-Shot Troubleshooting Flow Chart

6-8 TROUBLESHOOTING


https://www.manualsplus.com/

N 8YS PULSE A
auri-1a
A 4
W ¥ b 25 Wz Y

51 ounonow SQUAREWAVE

| | | PUIG-
N1 100 mHz SQUARE

U19 BAD UT1 BAD !
WAVE 3 UB9 - 9
y
N o N | 2swHzsouare | Y
e r‘ UT0 15 LOW L“ WAVE B 075 - 4
N
68 - 5 HIGH U70 BAD UTZ 10 LOW azo. oza‘:i'f-"' A6

‘ Y
&- ues- 7T HIGH | U72 BAD 169 MHz SQUARE
i WAVE § UT2 - 14 |

N 100 MHz SQUARE

¥
B - F1 HIGH U72, CL3 BAD
l’ WAVE @ UT2 .3 1

J 1C0 MHz SQUARE | n

j Y
i’&— Uss - 1AKIGH | Ur2 BAD r WAVE % UT1 19

N Y 100 Mz SQuaRe |

UT0 - 14 HIGH U198 BAD
' l WAVE 3 UM - 9 F’i

N

U70 8AD UGS - § LOW T o UT! BAD

«—— Y1 ues.aLow “'1

< M uss.rzLow Yw
« N ouss.ratow B
\ 4 l

us8 BAD Uty 8AD
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Figure 6-4. Frequency Synthesizer Troubleshooting Flow Chart
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Parts and Schematics Section 7

7.1 DRAWINGS inserted inside the shipping carton with this manual. If

. . . no such pages exist, the manual is correct as printed.
The following schematics and assembly drawings are pag ’ p

in the arrangement shown below. 7.3 ORDERING PARTS

7.2 ERRATA When ordering spare parts, please specify part number,
circuit reference, board, serial number of unit and, if

Under Wavetek’s product improvement program, the applicable, the function performed.

latest electronic designs and circuits are incorporated
into each Wavetek instrument as quickly as develop-

. . . NOTE
ment and testing permit. Because of the time needed
to compose and print instruction manuals, it is not
always possible to include the most recent changes in
the initial printing. Whenever this occurs, errata pages

An assembly drawing number is not necessarily
the assembly part number. However, the
assembly parts list number is the assembly part

are prepared to summarize the changes made and are number.
DRAWING DRAWING NUMBER
QOutline Drawing 0002-00-0694
Instrument Schematic 1004-00-0694
Instrument Assembly Drawing 1001-00-0694
Instrument Parts List (Standard) 1000-00-0694-01
Instrument Parts List (MATE) 1000-00-0694-11
Main Board Schematic 1104-00-3612
Main Board Assembly 1101-00-3612
Main Board Parts List 1100-00-3612-01
Amplifier Board Schematic 1104-00-3605
Amplifier Board Assembly Drawing 1101-00-3605
Amplifier Board Parts List 1100-00-3605-01
Spares Kit Parts List 1200-00-3613
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REFERENCE DESIGNATORS | PART DESCRIPTION |ORIG-MFGR-PART-NO | MFGR| WAVETEK NO. |QTY/PT
REF A/D MODEL 1391 50 MHz | 1001-00-0694 WK 11001-00-2694 |1
VXI PG
REF ATS MODEL 1391 1002-00-0634 WK |1002-00-0604 |1
REF INSTR SCHEMATIC MODEL | 1004-0@-0634 WK |1004-00-2694 |1
1391
REF MANUAL MODEL 1391 1006- 00-0604 WK |1006-00-0694 |1
REF CALIB PROCEDURE MODEL | 1008-00-0634 WK |1008-00-8694 |1
1391
16 INSTRUMENT LABEL 1009-00-0604 WK |1009-00-0694 |1
MODEL 1391
25 LABEL/INFO 1009-00-2634 -01 WK |1009-00-0694-01 | 1
DRWG , MODULE
PARAMETERS
23 AMPLIFIER BD 1100-00-3625-01 WVTK [1100-00-3605-01 | 1
17 PCA 50Miz VXI MAIN BO |1100-20-3612-01 WK |1100-20-3612-01 | 1
NONE PCA, VXI INTERFACE | 1100-00-3677-21 WTK |1100-00-3677-21 |1
BOARD MODEL 1391
14 CHASSIS RALL, TOP 1400-02-5080 WK |1400-02-5080 |1
19 CHASSIS RALL,BOTTOM | 1490-02-5081 WK |1400-02-5081 |1
9 COVER, SIDE PANEL,LEFT | 1490-02-8@52 WTK |1400-02-5082 |1
15 REAR PANEL VXI 1400-02-5083 WK |1400-02-5083 |1
18 COVER, SIDE 1420-02-5096 WK |1400-02-5096 |1
PANEL . RIGHT
6 WYTK LOGO NAMEPLATE | 1400-02-5100 WK [1400-02-5100 |1
2 VXI LOGO NAMEPLATE | 1400-02-5114 WTK |1400-02-5114 |1
4 FRONT PANEL 1391 1400-02-5230 WTK [1400-02-5230 |1
5 HANOLE , EXTRACTOR, TOP, | 2817-330 SCHRF [2800-07-0040 |1
BLACK
1 HANDLE , EXTRACTOR, BOTT | 20817-329 SCHRF |2800-07-2041 |1
OM, BLACK
11 SCREW,4-48X1/4 PHP ,NY |4-4¢ X 1/4 CMRCL | 280@-23-4134 14
LOCK PATCH,2 4-4exi/4
21 WASHER REF:21100-721, |21100-721 SCHRF |2800-28-0030 |2
BAG OF 100 PCS
10 SCREW,PLPS, FH, 100 2C18FXHSH ORCL |2800-54-0200 |8
DEG, /5, 2- 56NCx3/16"
NYLK PATCH
24 SCREW, FH,82DEG, "TYPE | 4N1SOFXSZ/B CMRCL |2800-54-0210 |6
B ,4x1/2% ZNC PLT
3 SCREW, COLLAR, M2.5x11, |2800-54-0212 SCHRF |2800-54-0212 |2
NICKEL PLATE
REF:21100-379, BAG OF
100 PCS
22 SCREW, CHEESE 2800-54-0213 SCHRF |2800-54-0213 |2
HEAD M2, 5x10, ZINC
REF:21100-138, BAG OF
100 PCS
TITLE ASSEMBLY NO. REV
WWAVETERK |Mo0EL 1301 56 Miz VXI PULSE 1000-00-0694-01 c
PARTS LIST |GEMERATOR

PAGE 1
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REFERENCE DESIGNATORS

PART DESCRIPTION

GRIG-MFGR-PART-NO

MFGR WAVETEK NO.

QTY/PT

20

RONE

SCREW, RAISED
€/5K, M2, 5x8
REF:2110@-429, BAG OF
160 PCS

SLEEVE,BLK
PLASTIC,5.9x3.3
REF:2110@-591, BAG OF
129 P(S

CARTN, 18x12x3
1/2,225# ,DBLSLDE
PACK, SNGL WALL

28029-54-8214

21100-591

3300-01-0032

SCHRF (2800-54-0214

SCHRF |3000-00-2203

WYTK |3300-01-003@

"]

WAVETEK
PARTS LIST

TITLE
MODEL 1391 S@ MHz VXI PULSE
GENERATOR

ASSEMBLY NO,
1008-92-0694-21

PAGE 2
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REFERENCE DESIGNATORS | PART DESCRIPTION |ORIG-MFGR-PART-NO | MFGR| WAVETEK NO, | QTY/PT
REF A/D MODEL 1391 50 MHz | 1001-22-0694 WYTK (1201-0¢-2694 1
¥XI PG
REF ATS MODEL 1391 1002-00-0694 WK |1002-00-0634 |1
REF INSTR SCHEMATIC MODEL | 1004-00-0694 WTK [1004-00-0634 |1
1391
REF MANUAL MODEL 1391 100620 -2094 WVTK |1026-20-0694 1
REF CALIB PROCEDURE MODEL | 1008-00-0694 wTK |1ees-00-0694 |1
1391
25 LABEL/INFO 1009-00-0694-01 WK |1009-00-0694-01 | 1
DRWG, MODULE
PARAMETERS
16 INSTRUMENT LABEL 1009-00-0694-11 WK |1009-00-0694-11 | 1
MODEL 1391 MATE
23 AMPLIFIER BD 1100-00-3625-01 WTK {1100-00-3605-01 |1
17 PCA 5eMiz VXI MAIN 80 | 1100-00-3612-01 WTK |1100-00-3612-01 | 1
13 PCA, VXI INTERFACE BD | 110@-00-3677-32 WTK |1100-00-3677-32 | 1
MODEL 1391 MATE
14 CHASSIS RAIL, TOP 1400-02-5080 wTK |1400-02-5080 |1
19 CHASSIS RAIL,BOTTOM | 1400-02-5081 Wik |1400-02-5081 |1
9 COVER,SIDE PANEL,LEFT | 1400-02-8052 Wik [1400-02-5082 |1
15 REAR PANEL VXI 1400-02-5063 WK |1406-02-5083 |1
18 COVER, SIDE 1400-02-5096 WK |1400-02-5096 |1
PANEL RIGHT
6 WVTK LOGO NAMEPLATE | 1400-02-5100 WIK |1400-02-5100 |1
2 VXI LOGO NAMEPLATE | 1400-02-5114 WK |1400-02-5114 |1
4 FRONT PANEL 1391 1400-02-523¢ Wik |1400-e2-5230 |1
5 HANDLE , EXTRACTOR, TOP, | 20817-330 SCHRF |2800-07-0042 |1
BLACK
1 HANOLE , EXTRACTOR, BOTT | 20817-329 SCHRF [2800-07-0041 |1
OM, BLACK
11 SCREW,4-40X1/4,PHP,NY | 4-40 X 174 CMRCL |2800-23-4104 |14
LOCK PATCH,2 4-40X1/4
21 WASHER REF:21100-721, |21100-721 SCHRF [2800-28-0030 |2
BAG OF 100 PCS
10 SCREW, PLPS , FH, 100 2C18FXHSH ORCL |2800-54-0200 |3
DEG, 5/5, 2-$6NCx3/16"
NYLK PATCH
24 SCREW, FH,B2DEG, "TYPE | 4N150FX52/8 ORCL|2800-54-0210 |6
B’ 4x1/2" ZNC PLT
8 SCREN, COLLAR,M2.5x11, | 2800-54-0212 SCHRF [2800-54-0212 |2
NICKEL PLATE
REF:21100-379, BAG OF
100 PCS
22 SCREW, CHEESE 2800-54-0213 SCHRF [2800-54-0213 |2
HEAD, V2. 5x10, 2INC
REF:21100-138, BAG OF
100 PCS
TITLE ASSEMBLY NO. REV
WAVETEK |WopEL 1391 MATE 50 Miz PULSE 1000-00-2634-11 8
PARTS LIST |GENERaTOR

PAGE 1
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REFERENCE DESIGNATORS

PART DESCRIPTION

ORIG-MFGR-PART-NO

MFGR

WAVETEK NO.

QTY/PT

20

NONE

SCREW,RAISED
C/5K,M2,5x8
REF:2112@-429, BAG CF
1%@ PCS

SLEEVE,BLK
PLASTIC,5.9%3.3
REF:2118@-591, BAG OF
19@ PCS

CARTN, 18x12x3
1/2,225¢ ,DBLSLDE
PACK, SNGL WALL

2800-54-0214

21168-591

3300-01-9030

SCHRF

SCHRF

WYTK

2820-54-0214

3200-20-0203

3300-01-0030

z

WAVETEK e

PARTS LIST

MODEL 1391 MATE 5@ MHr PULSE
GEMERATCR

ASSEMBLY NO.
1800-29-0694-11

PAGE 2

REV
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REFERENCE OESIGNATORS | PART DESCRIPTION | ORLG-MFGR-PART-NO | MFGR| WAVETEK NO. |QTY/PT

NONE A/D 5@ Miz VXI MAIN | 1101-@0-3612 WK |1101-00-3612 |1
8D

NONE SCHEMATIC 50 MHz VXI | 1104-00-3612 WK |1104-00-3612 |1
MAIN BD

R34 RES,MFLM 4.530K .1% | HASS 100PPM HYMEG|111.4539 1
1/8K To

NONE SUB ASSEMBLY FOR 1200-00-3612-01 WTK |1z00-00-3612-01 | 1
SURFACE MOUNT
COMPONENTS

2 CAN,M/B SYNTHESIZER | 140@-@2-5139 WK |1400-02-5130 |1

(32 (46 C55 C65 CAP, CER, DISC, 10TCCQ1e SPRAG |1500-01-0031 | 4
10PF,1KY. COG,5%, RAD
Lo .25

c23 CAP,CER, 100PF, 100V, AX | CACB2C0G1Q1I100A(CBS) |CORNG |1500-01-0106 |1
TAL

€29 C30 C37 C42 C47 C51 | CAP,CER, 001 SR15SC102KAA AVX  |1500-01-0207 |6
MF,+-10%. 58Y, X7R, .17
LS

C128 €24 C25 C26 (76 CAP,CER, .QIMF ,+-10%, 5 | SR155C103KAA VX |1500-e1-0307 |5
QV.X7R, 1°LS

€12 €13 C15 €153 C154 C155 | CAP,CER, .1 SRZOSC1B4KAA AX  |1500-01-0415 |77

(156 C157 C158 C159 C16  |MF,5eV,X7R,+-10%,.1"

160 C161 C162 163 Cl64  |LS

C165 C166 €167 C168 C169

17 c17e €171 C172 €173

174 C175 C176 €177 C178

€179 C18@ C181 (182 C183

184 €185 €186 C187 C188

C189 €190 €191 €192 €193

(198 C190 €200 C201 C202

(203 C204 €205 C233 (234

(27 €31 €33 C34 C30 C42 C4l

(43 C44 C43 C5@ C506 C507

€508 (52 (53 C550 (552 CS7

¢58 C59

€35 C36 CAP CER MON 22PF 50V | 5@2BEQS@RD220. KYCRA [1500-02-2016 | 2
COG 5% RADIAL LD 5P
2

€195 €196 CAP,ELECT,100MF,35V | NRE1OIM35V1eX12.5(08S)|N1c [1500-31-0102 |2
RADIAL LEAD,SP .20

¢1¢2 C3 Ca CS CAP,ELECT, 100MF, 25V,R | NRE101M25V6. 3X11 NIC [15@0-3t-e122 |5
ADIAL LEAD-SP SIZE

C18 Cz0 CAP,MET MKS02-0. IMF-10%-63Y  |WIMA (1500-41-0418 |2
POLYS, . IMF, 1%, 63V, .1
"LS

22 CAP, MET MKS02-0.01MF,20%-63V |WIMA |1500-41-0422 |1
POLYS, @. Q1MF , +-20%, 63
v,.1°L5

19 CAP, MET. POLYS, MKS02-0.Q15MF-20%-63V |WIMA [1500-41-8425 |1
0.015MF, 20X, 63V,
2.1L5

C11 €197 €237 C238 C45 C54 |CAP, TANT, IMF, 35V | 196D15@03SHA1COBS) | SPRAG |1500-71-8512 |10

C551 C6 €8 €9

¢1e C152 C28 €56 C7 CAP, TANT, 22MF , 15V 1960226X9015KA1(0BS) | SPRAG |1500-72-2601 |5

L1 INDUCTOR, 39 NH,5%,Q66 | 132-07 CoILC |1800-00-0050 |1

TITLE ASSEMBLY NO. REV
WWAVETEI |pca 50 Miz VXI MAIN BOARD 1100-00-3612-21 L

PARTS LIST

PAGE 1
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REFERENCE DESIGNATORS | PART DESCRIPTION |ORIG-MFGR-PART-NO | MFGR| WAVETEK NO. |QTY/PT

OL2 DL3 DL4 DELAY LINE,PASSIVE, | EP123108 PCA | 1800-80-0058 3
3.5 NS, 100 OHM,SIP

L2 INDUCTOR, 10@ UH, IHD1-100MH-15% DALE |1800-00-2859 1
15%, 1.1A,0CR @.208

DL1 OL? DELAY LINE, 20 NS, EP123141 PCA  |1800-00-0060 2
100 OHM,PASSIVE,SIP

nL6 DLY LINE,PASSIVE, 18 |EP123121 pca  |1800-00-2063 1
NS, 100 OHM,SIP

LS DL8 DELAY LINE,PASSIVE, |EP123116 PCA  |1800-00-0064 2
7.5 NS, 10@ OHM,SIP

J16 111 J14 )9 CONN, BNCCPC) 227161-1 AP [2100-01-0019 |4

J12 13 CONN,SIP, 15 PIN,LOW |CES-115-21-5-5 4aM  7100-22-0312
PROFILE

14 35 SOCKET, 4@ PIN,ST,LON  |SSW-120-02-G-D SAM  |2100-03-0000 |2
INSERT

6 SOCKET, 20 PIN,ST,LON |SS-110-82-G-D SAM  |2100-03-0001 1
INSERT

37 SOCKET,36 PIN,S5T,LOW |SSK-118-82-G-D SAM  [2100-03-0006 |1
INSERT

XUz U3 SOCKET, 28 PIN DILB20P-108T BURND |2100-03-0051 2

TP1 TPZ TP22 TP24 TP29 TP3 |TEST POINT,BLK,PC TP-104-01-00 COMPO |2100-04-0054 |9

TP34 TP3S TP9

TP10 TP11 TP12 TP13 TP14  |TEST POINT,RED,PC TP-104-21-02 COMPO |2180-84-0055 27

TP1S TP17 TP18 TP19 TP2@

TP21 TP23 TP25 TP26 TP3Q

TP31 TP32 TP33 TP35 TP36

TPa TP41 TP42 TP5 TP6 TP?

P8

P37 TEST POINT, SCOPE 131-2766-81 W/131-0352 |TEKTX |2102-04-0057 1
PROBE, COAXIAL

3 STANDOFF, 3/8 LG, 9395€ SMITH |2800-02-0048 |4
3/16 DIA, 4-4@
THRD, ALUM

4 TRANSIPAD 503-875 BIVAR |230@-11-0003 3

5 HEATSINK,TO-5 PKG 7-12084 IERC |280@-11-0042 2

6 SCREW, 4-4@X1/4,PHP NY |4-40 X 1/4 CMACL |2800-23-4104 |4
LOCK PATCH,Z 4-4@X1/4

7 HOLE PLUG,BINDER 207-120241-03-0101 FASTX |2800-35-0000 |4
HEAD, NTRAL NYLON

8 RIVET PLASTIC 231-082551-05-2101 FASTX |2800-60-0008 |3

FB1 FB2 BALUN CORE 2873000902 FARIT |3100-00-0002 |2

K1 K2 K3 RELAY, 2 FORM C, SV, |TQZE-SV AROMT |4500-00-0038 3
LOW PROFILE

R196 POT,TOP TRIM,20T,1K  |68WR1K BECK |4609-90-0005 1

R113 POT,TOP TRIM,20T,5€  |68WRSK BECK |4629-90-0013 |1

R1S8 R42 POT, 20T, TOP TRIM, |68WRSQQ BECK |4600-90-2023 |2
500 OHM

R526 RS527 RES,C,1/2W,5%,4.7 RC-1/2-4R7) STKPL [470@-25-0479 |2

W TITLE ASSEMBLY NO. REV

AVYETEW |pca 50 Miz VXI MAIN BOARD 1100-00-3612-01 L
PARTS LIST PAGE 2
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REFERENCE DESIGNATORS | PART DESCRIPTION |ORIG-MFGR-PART-HO | MFGR| NAVETEK NO. |QTY/PT
R209 RES,MFLM, 1/8W, .1%,| RNSsDz4028 BUYOR 4701-02-2492 | 1
100 PPM/C, 24.9K OHM
R33 RES, MF,1/8M,.18 T2 | GHF-1/108(T-9)499 DALE |4701-02-4999 |1
R3Z RES, MF,1/8W,.1% T2 |RNSSE49918 DALE |4701-02-4991 {1
4.99K
R243 R246 RZ49 R2SS R29 RSE|RES,WF,1/8,1%,100 | RNSSD-1000F TRW (4701-03-1000 |7
R14 R16 R211 R25 R72 R73 | RES,MF,1/8¥,1%,1K RNSSD- 1001F TRW [4701-03-1001 |8
R84 R85
R19 R20 R37 RS R6 R69 R71|RES,HF,1/8K, 1%, 10K RNSSD-1002F TRW la7e1-e3-1002 |8
R26 R70 RS2 R92 RES,MF, 1/8W, 1%, 10 SG43ED1OR100F MEPCO [4701-03-1009 | 4
R4Q RES,MF,1/8W,1%,1.5€ |RNSSD-1501F TRN [4701-03-1501 |1
R30 RES,MF,1/8W,1%,1.62K |RNSSD-1621F TRW  |4701-03-1621 |1
R24 R47 R49 RS2 RS4 RE6 RGA|RES,MF,1/8W,1%,165  |RNSSD-16S0F TRW [|4701-03-1650 |9
R73 R81
R210 RES,MF,1/8W,1%,221 | RNSSD-2210F TRW |4701-03-2218 |1
R11 RO RES,MF,1/8W,1%,2.37 | RNS5D-2371F TRA  |4701-03-2371 |2
R1S R31 R43 RS6 RES,MF,1/8W,1%,249 | RNSSD-2490F TRW |47e1-03-2400 |4
R3S R532 RES,MF,1/8W,1%,2.74K | RNSSD-2741F TRW |4701-03-2741 |2
R38 RES,MF,1/8,1%,3.01K |RNSSD-3Q11F TRW |4701-@3-3011 |1
R27 RES,MF,1/8W,1%,3.16K |RNSSD-3161F TRW [|4701-03-3161 |1
R28 RES,MF,1/8W,1%,3.83K | RNSSD-3831F TRW |4701-03-3831 |1
R23 R46 R48 RS1 RS3 RS R67|RES,MF,1/8W,1%,39.2 | RNSSD-39RZF TRN  |4701-03-3929 |9
R78 RS2
R22 RS0 RSS RE4 R77 RES,MF,1/8W,1%,4,02K | RNSSD-4@21F TRW |4701-03-4021 |5
R10 RES,MF,1/8W,1%,432 | RNSSD-4320F TRW |4701-03-4320 |1
R8 RES,MF,1/8W,1%,464 | RNSSD-4640F TRN  |4701-03-4640 |1
R41 RES,MF,1/8, 1%, 499 RNSSD-4990F TRW [4701-03-4900 |1
R17 R7 RES,MF,1/8W,1%,4,99K | RNSSD-4991F TRW [4701-03-4991 |2
R252 R253 R61 R74 RES,MF,1/8W,1%,49.9 | RNSSD-49R9F CORNG |4701-03-4999. | 4
RS33 RES,MF,1/8W,1%,511 | RNS5D-5110F TRW |4701-03-5118 |1
RE3 R76 R91 RES,MF,1/8W,1%,523 | RN55D-5230F TRN [4701-03-5230 |3
R21 RES,MF,1/8W,1%,7.5k | RNSSD-75@1F TRW |a7e1-03-7501 |1
R239 R24@ Ré4 R45 R508 RES,MFLM,1/8W,1%,75 | 5@33RD7SROF MEPCO[4701-03-7509 |5
R153 R9Q RES, 2W, 1%, 100 RNSSD2400F BUYOP |4701-06-2400 | 2
PPM/C, 240 OMM
R88 R89 RES,MF, 1W, 1%, 1@ RN7@D- 1000F TRW |4701-33-1000 |2
RN29 RES NETWORK 470 2% | 4310R102-471 BOURN |4770-00-0027 |1
18PIN SIP ISOL
RN19 RES,NTWK, 2K OHM x S, | 4610X-102-202 BOURN [4770-00-0074 |1
2X, SIP, ISOLATED
WAVETEK I'c-ﬁe Mz VXI MAIN BOARD ﬁsog-sehgi%z”-%i il
PARTS LIST e 1



https://www.manualsplus.com/

REFERENCE DESIGNATORS | PART DESCRIPTION JORIG-MFGR-PART-NO | MFGRl WAVETEK NO. |QTY/PT

RN1 RN10 RN11 RN1Z RNI3 | RES,NTWK, 82 OFM x 9, | 4610X-101-820 BOURY 4770-00-0875 | 21

RN14 RN1S RN16 RN17 RN18  |2%, SIP,BUSS

RNZ RNZ2Z RN3 RN3@ RN31 RN

RNS RNG RN7 RNE RNO

CR1B DIODE, ZENER, 3.9V,  |1N748A FAIR |4801-01-0748 |1
IN748

CR10 CR11 CR13 CR19 CR2  |DIODE, HIGH 1N5282 FAIR |4801-01-S282 |17

CR24 CR25 CR26 (R27 CR28  |CONDUCTANCE, ULTRA

CR29 CR3 CR3Z CRG CR7 CRE |FAST

CRO

CR28 CR21 DIGDE, ULTRA FAST 1N4244 T/CSF lager-z-0777 |2

CR22 CRZ3 CR60Q DIODE 5082-2811 5082-2811 Wp  l48e9-02-2811 |3
SCHOTTKY, 15V, 20MA

CR14 CR15 CR1G CR17 DIODE,BBS098 8BO09B PHLIP |4899-00-0040 |4

0SS LED,AMBER, RECT BAR  |LTL-3251A LITE [4899-00-0056 |1

D52 DS3 LED,GREEN,PC MT.,INT |550-0206 DIALT [4890-00-0066 |2
HOLDER

0S4 DS6 LED, YELLOW, PC $50-2306 DIALT |4899-00-0067 |2
MOUNT , INT. HOLDER

DS1 LED,RED, PC MT., INT. [552-9406 DIALT |4393-0Q2-2068 1
HOLDER

CB1 CIRCUIT PROT.,SELF  |RXEQES RAYCM |4899-00-0060 |1
RESETING, 0.65 AMP

Q53 TRANS ZN29@5A PNP 2n2905A NSC  l4001-02-9051 |1
GENERAL PURPOSE TO-5

Q@ Q24 30 Q2 TRANS, NPN, T0-92 PN3563 NS¢ |4901-03-S630 |4

Q32 Q33 TRANS 2N3866 MOT  |4001-03-8660 |2

Qs Q31 TRANS 2N3904 NPN 2N3904 FAIR |4001-03-9040 |2
GENERAL PURPOSE T0-92

Q QU1 Qsee Q7 TRANS 2N3906 PNP IN3906(08S) FAIR |4001-03-0060 |4
GENERAL PURPOSE T0-92

Qs TRANS, P-CHANNEL 2N5462 MOT  [4901-05-4620 |1
JFETS

Qs TRANS,N-CHANNEL JFETS |2N5485 MOT |4001-05-4850 {1

QZ QI3 Q14 Q15 Q16 Q17 Q18|TRANS 2NS771 PNP 5771 NSC  |4001-05-7710 |19

Q19 Q2 QZe Q21 Q22 QZ3 Q26 |SWITCH T0-92

Q27 028 Q29 Q3 Q6

Q51 TRANSISTOR RFPGP10 RCA  |4902-00-0610 |1

Q52 TRANSISTOR RFPBN1SL HARIS |14902-20-0818 1

UZ2 UZ3 U49 USP OP AMP,JFET,SINGLE  |TLOSICP 71 |7000-00-5100 |4

48 OP AMP, ENHANCEO TLOS4CN 71 |7eee-00-5400 |1
JFET, PRECISION QUAD

u73 0P AMP,DUAL FET INPUT |CAQB2E(0BS) RCA |7000-00-8200 |1

use MIC POWER VOLT REF  |LM385BZ-2.5 LINTE |7000-03-8500 |1

Us7 VOLTAGE REFERENCE,  |LT1021CCN8-10 LINTE |7000-10-2101 |1
18V, 8 PIN DIP

U109 ADC, 12 BIT,W/ 8 CHAN {LTC12900CN LINTE |7000-12-9000 |1
MUX

TITLE ASSEMBLY NO. REV
WWAVETEK |pca 58 Miz VXI MAIN BOARD 1100-00-3612-21 {
PARTS LIST e
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REFERENCE DESIGNATORS | PART DESCRIPTION |ORIG-MFGR-PART-NO | MFGR| WAYETEK NO, [QTY/PT

u28 REG,POSITIVE,, 18 MC78L18ACP MOT  |700¢-78-1801 1
VOLT, 100MA, T0-92

u27 VOLT REGULATOR, MC7905CP MOT |700Q-79-0500 1
NEGATIVE

u26 REG, NEG, 18 VOLTS, |MC79L18ACP MOT  |700@-79-1801 1
100MA, T0-92

u34 COMPARATOR , HIGH AD96685B0 AD  |7000-96-6850 1
SPEED, ECL

Us U6 XLATOR, PROG, HEX LTC1@45CH LINTE | 800@-10-4500 2

U1l UL1@ U111 U13 Ul4 ULS | SHFT SN74HC595N TI  |8000-74-5950 12

Ul6 U17 U18 U19 UzZ@ U7 REG,8-BIT,CMOS, OUTPUT
CLR

U117 U53 US7 U2 UG8 U71  |MECL 1@KH HIGH-SPEED |MC1@H102P MOT  |8001-@1-0201 12

U72 U76 U79 U8 U9l U9z ECL

us4 GATE, AND QUAD, ECL | MC10H184P MOT  |3001-21-2401 1

U116 U43 U44 U45 US1 UG4 | GATE, OR/NOR, TRIPLE |MC1GH1Q5P MOT  (8001-91-0501 7

ues 2-3-2 IN

U4l XOR/XNOR MECL ,2-INPUT | MC10H127P MOT [80Q1-01-0701 1
,TRIPLE

U113 U29 U3Q U36 U74 US2  |RECEIVER-TRIP LN ECL |MC1QH116P MOT  |8001-01-16@1 7

u9s

U33 US5 UGl UG3 UG7 GATE,OR AND/OR AMD MC18H121P MOT  |8001-01-2100 5
INVER DUAL WIDE, ECL

u3s TRANSLATOR , QUAD MC10H124P MOT  {8001-01-2401 1
TTL-TO-MECL

u42 TRANSLATOR , QUAD MC18H125P MOT  |8001-21-2501 1
TTL-TO-MECL

U115 U32 U46 U52 US8 US9 | FLIP-FLOP, DUAL D, MC10H131P MOT |8001-91-3101 11

Ue6 UG9 U7@ U77 U78 MAS/SL, ECL

U37 U84 MUXMECL, 1QXH MC10H164-P MOT |8001-01-6400 2

uig DECODER/DEMUX,3 TO SN74F138N TI  |80@7-41-3820 1
8,TTL

Ul U8 U9 1 0F 8 MC74HC13BAN MOT  |8007-41-3840 3
DECODER/DEMULTIPLEXER

u3s MUX 8-INPUT 74F151PC FAIR |8007-41-5120 1

U114 COUNTER, DUAL 48 BCD, | 74LS390PC FAIR |8007-43-9012 1
TTL

2z BUFFER,OCTAL, INVERTIN | SN74HCS4@N TI  |8007-45-4042 1
G, TS,HOMOS

v1e BUFFER,OCTAL,TS,HCMOS | SN74HCS41N TI  |8007-45-4140 1

U4 EEPROM,SERIAL, 4096 | XL93C66P EXEL |8@29-36-6000 1
BIT

uzs PRESCALER, DUAL MC12017P MOT  [8012-01-1700 1
MODULUS , DIVIDE-BY-64/
65,ECL

u21 PLL SERIES INPUT FREQ |MC145158PCOBS) MOT |8014-51-5809 1
SYNTHEST2ER

40 BUFFER,OCTAL ,OPEN N74F 760N SIG |B@74-76-0001 1
COLTR, 64MA

TITLE ASSEMBLY NO. REV
MVE'I'EK PCA 50 MHz VXI MAIN BOARD 1109-02-3612-01 L
PARTS LIST PAGE S
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REFERENCE DESIGNATORS | PART DESCRIPTION |ORIG-MFGR-PART-NO | MFGR| WAVETEK NO, QTY/PT

uz24 0SC EMT CUPLD, ECL MC1648P MOT 2122-16-4810 1

u3 GAL,PROG,USES 860a-00-0745 WYTK 18600-00-0745 1
£000-16-8002 FOR MOD
1391, REF U3

uz CAL ,ADDRESS 2600-00-0746 WYTK [860Q-09-8746 1
DECODER,USES
5000-16-8002 FOR MOD
1391,REF U2

U31 Use U6d U75 U83 GATE CLAS3Q47/BW/DP PLESS [870Q-00-0005 5
ARRAY , COUNTER , SYNCH, M
ULTI-MODE,32-BIT

Enter Alt-F1 to name your file

REF A/D 5@ MHz VXI MAIN 1181-00-3612 wWYTK (1181-00-3612 1
BD

€217 C218 €219 C229 (221 TANT, 4.7MF, PCT4.7/500M NEMCO [1580-74-7512 12

€222 (223 (224 (225 (226 Sev,SMD EIA 7343 CASE

C118 C121 C124 C125 C133 CAP,TANT, 6.8MF, 20V, |PCTG.8/20(M NEMCO |1502-76-8512 11

C135 C144 C147 (€213 (235 20%, SMD EIA 6032

C236 CASE

€215 C219 CAP,TANT, 6.8MF, 20%, [TAl-D-685-M-035 AVYX 150@-76-8513 2
a5V, SMD

€141 CAP, SMD CER NPO (1206C101)2GAC KEMET (15¢¢-82-0201 1
19@PF/50V

C10¢ Clo1 CAP,SMD,CER , X7R,+/- {12061@2KSRAC KEMET |150@-81-020¢ 2
15%  10@QFF , 50V

€103 Cled Cles (110 Ci11 CAP,CER, O.1MF, C1206C104Z50AC KEMET [150¢-81-0421 80

C112 C113 Cl14 €115 C116 SQvV,25U, +80-20%,SHD

C117 (€119 C120 (122 €123 1206

Cl26 €127 C129 Ci3e (131

€132 (134 C136 €138 C139

C140 C142 C145 Cl46 (148

€149 C15@ C151 C194 (207

(208 (299 C210 C211 (214

€227 (228 (€229 (239 (231

(500 C5Q1 (592 (5@4 (525

(560 Cp@ C61 C62 (63 (b4

C68 C69 C70 C71 C72 €73 (74

C79 C82 C81 C82 (83 (84 (a9

€92 (91 €92 €93 (94 (95 (9

(97 (98 (99

clee C137 CAP,SMD 5% 100V 1SPF 11C1206C0G158)19eN8 SPRAG [1500-81-5201 2

€77 (78 CAP,CERAMIC, 1508PF, €152)1206CFLB OR T PHLIP |150@-81-5201 Z
5%, S0V, NPO.SMD 1206
CASE

7% CAP ,CER, 150@QPF, C15331206XFLB OR T PHLIP |1508-81-5320 1
5%/10%, 5@V,X7R,SMD
1206 CASE

€127 C5e3 CAP,CER, 182 PF, 12061A181JAT@52R OR B JAVX [150@-81-81@1 2
5%,NPO, SMD 1206 CASE

C128 CAP,CER, 200QPF, 5%, C20231206XFLB OR T PHLIP |150¢-82-2221 1
SQV, X7R, SMD, 1206

C1e9 CAP,CER, @.920MF, 5%, |C203]J1206XFLB OR T PHLIP {150@-82-0321 1
SOV, X7R,SMD, 1206

C212 (67 C87 CB8 CAP,CER, 229QPF, C222J1206XFLB OR T PHLIP |1500-82-220@ 4
S%/1%, SOV, X7R, SHD 1
1286 CASE

TITLE ASSEMBLY NO. REV
WWAVETEK [pca 50 Miz VXI MAIN SOARD 1100-09-3612-01 L
PARTS LIST PACE 6
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REFERENCE DESIGNATORS | PART DESCRIPTION |ORIG-MFGR-PART-NO | MFGR! WAVETEK NO. |QTY/PT

CB5 C86 CAP,CER, 47@PF, C471J1206CFLB OR T PHLIP|150@-84-7101 2
5%/10%, 58Y,NPO, SMD

€143 CAP,CER, B.2PF, 5%, CBR2)1206CFLB OR T PHLIP |150@-88-2901 1
SOV, NPO,SMD 1206 CASE

1 PCB 50 MHz VXI MAIN |170@-20-3612 WTK |1700-00-3612 1
B0 REF: SPEC
@038 -00-0455 REY E

RS20 POT, SMD, TRIM,MULTI-TU | 84WR1EK BECK |4600-023-0000 1
RN, 1/4" 5Q.

R165 POT, SMD, 500 3314)-1-501 BOURN | 4600-04 - 2001 1
OHM, SINGL TURN, 4 MM

R125 R126 R139 R172 R194 [RES, 100 DHM, 1%, 9C12063A1000FLR PHLIP |4703-13-1000 11

R228 R231 R232 R256 R2S57 {1/8W, 20Q PPM/C,SMD

RSQ4 1206 CASE

R1@3 R135 R136 RZ15 R9G RES, 200PPM, 1%, 9C12063A10Q1FLR MEPCO [4703-13-1081 5
1/8M, 1K, 1206,SMD
1206 CASE

R193 R198 R213 R219 R220 | 1/8W, 1%, 200 PPM, 9C12063A1003FLR PHCOM |4703-13-1083 8

R223 R224 R502 100 KOHM,SMD 1206
CASE

R11S R120 R121 R122 R123 | RES, 200PPM,1/BW, 9C12063A12RAFLR MEPCO |4703-13- 1009 14

R159 R164 R170 R171 R173  |1¥,10 OHM,SMD, 1206

R174 R175 R528 RS29 1206 CASE

R132 RES, 115 OHM, 1%, 9(12063A1150LR PHLIP|4703-13-1150 1
1/BW, 200 PPM,SMD
1206

R216 RES,MF, 1/8W, 1%, 200 | CRCW12061242FT DALE |47@3-13-1242 1
PPM/C, 12.4 KOHM,SMD
1206 CASE

R189 RES, 12.4 OHM, 1%, 9C12063A12R4FLR PHLIP |4703-13-1249 1
1/8W, 20@ PPM/C,SMD
1206 CASE

R162 R167 R187 R188 R197 |RES, 150 OHM, 1%, 9C12063A1502FLR PHLIP|4703-13-1500 6

RS0S 1/8W, 200 PPM/C,SMD
1206 CASE

R124 R52S RES,200PPM,1/8W,1%,1. | 9C12063A1501FLR MEPCO |4703-13-1501 2
5K OHM, SMD, 1206

R148 R158 R152 RES, 15K OHM, 1%, 9C12863A1502FLR PHLIP[47@3-13-1502 3
1/8W, 208 PPM/C,SMD
1286 CASE

R203 RES, 165 OHM, 1%, 9C12063A1650FLR PHLIP |47@3-13-165@ 1
1/BN, 200 PPM/C,SMD
1206 CASE

R134 RES, 169 OHM, 1%, 9C12063A169QF LR PHLIP |47@3-13-1690 1
1/8W, 200 PPM/C,SMD
1206 CASE

R157 RES,MF, 1/8W, 1%, CRCW12061691FT DALE {4703-13-1691 1
1.69 KOHM,SMD 1206
CASE

R217 R218 RES, 1,87K OHM, 1%, |9C12863A1871LR PHLIP |4703-13-1871 2
1/8W, 200 PPM,SMD
1206

R168 RES,MF, 1/8W, 1%, 208 | CRCW1206196QFT DALE [4703-13-1960 1
PPM/C, 196 OHM,SMD
1206 CASE

TITLE ASSEMBLY NO. AEV
WAVETEK PCA 50 MHz VXI MAIN BOARD 1100-00-3612-01 L
PARTS LIST

PAGE 7
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REFERENCE DESIGNATORS | PART DESCRIPTION |ORIG-MFGR-PART-KO | MFGR WAVETEK NO. IQTY/PT

R169 R181 R123 RES, 210 OMM, 1%, 9C12063A2100FLR PHLIP [4703-13-2100 |3
1/8W, 208 PPW/C,SMD
1206 CASE

R112 RES, 2.32K OWM, 1%,  |9C12063A2321LR PHLIP [4703-13-2321 |1
1/8W, 200 PPM, SMD
1206

R1O1 R114 R94 RES, 243 OWM, 1%, 9C120634243RLR PHLIP |4703-13-2438 |3
1/8W, 200 PPM/C SMD,
1206 CASE

R166 R186 R199 RZ01 R20Z  |RES, Z0OPPM, 1X, 9C12063A2490FLR MEPCO [4703-13-2490 (8

RZo4 R205 R227 1/8W, 249 OHM,
1206, SMD

RZ35 RES, 2.49K OHM, 1%,  |9C12063A2491FLR PHLIP [4703-13-2491 |1
178N, 20@ PPM/C,SMD
1206 CASE

RS22 RES, 1/8K, 1%, 200  |CROW12062492FT DALE [4703-13-2492 |1
PPM/C, 24,9 KOHM, SMD
1206 CASE

R184 R206 RES, 200 PPM, 1%, 9C12063A28R7FLR MEPCO 14703-13-2879 |2
1/8W, 28.7,5WD, 1206

R221 R222 RES, 20QPPM, 1%, 9C12063A3011FLR MEPCO [4703-13-3011 |2
1/8W, 3.01K. 1286,SKD

R182 RES, 324 OMM, 1X, 9C12063A3240FLR pHLIP [4703-13-3240 |1
1/3%, 208 PPM/C, SMD
1206 CASE

R133 RES, 332 OWM, 1%, 9C12063A3320FLR PHLIP [4703-13-3320 |1
1/8W, 20@ PPM/C, SMD
1206 CASE

R117 RSQ7 RES, 3.74K OWM, 1%,  |0C12063A3741FLR PHLIP [4703-13-3741 |2
178K, 200 PPM/C, SHD
1206 CASE

R177 R195 RES, 200 PPM, 1%, 9C12063A38R3FLR MEPCO [4703-13-3839 |2
1/8, 38.3 OFM,SHD
1206’ CASE

R131 R16Q RES, 482 ORM, 1%, 9C12063A4020FLR PHLIP |4703-13-4020 |2
1/8W, 20@ PPM/C,SMD
1206 CASE

R14 RO7 RES, 4.32K OHM, 1%,  |9C12063A43Z1LR PHLIP [4703-13-4321 |2
1/88, 200 PPM,SMD
1206

R100 R93 RES,200 PPM, 1/8W,1%, [3C12063A4S30FLR MEPCO [4703-13-4530 |2
453" OHM, SMD. 1206

R214 R229 RZ34 R237 RES, 200PPM, 1%, 9C12063A4990F LR MEPCO [4703-13-4990 |4
1/8W, 499 ORM,
1206, SMD

R129 R13@ R146 R236 RS3Z  |RES, 4.99K OHM, 1%,  [9C1Z063A4991FLR PHLIP [4703-13-4991 |6

RS39 1780, 200 PPM/C,SMD
1206 CASE

R225 RES, 49.9K OHM, 1,  |9C12063A4992FLR PHLIP [4703-13-4992 |1
1/8H, 200 PPM/C, SMD
1206 CASE

R156 R163 R176 R226 RSG@  |RES,SMD,200PPM,1%,1/8 |CRCW1Z06-49.9FT DALE |4703-13-4959 |6

RSQ1 #,49. 9chm

TITLE ASSEMBLY NO. AEV
WAVETEK |pca 52 Miz VXI MAIN BOARD 1100-20-3612-01 L
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REFERENCE DESIGNATORS

PART DESCRIPTION

ORIG-MFGR-PART-NO

MFGR| WAVETEK NO.

QTY/PT

R137 R138 R14Q R141

R200

R1&7 R161

R123

R23@ R233

Rige

R5@6

R145

R127 R128 RS3@

R186 RO

R1le

R119

R108

R178 R179

RS7@

R147 R149 R151

R1l@

R192

R19¢

RES, 51.1 OHM, 1%,
1/8W, 200 PPM/C,SMD
12@6 CASE

RES, 549 OHM, 1%,
1/84, 200 PPM/C,SMD
1206 CASE

RES, 604 OHM, 1%,
1/8W, 200 PPM,SMD
1206

RES, 61.9% OHM, 1%,
1/8W, 200 PPM,SMD
1206

RES, 681 OHM, 1%,
1/8H, 202 PPM,SMD
1206

RES,MF, 1/8W, 1X, 200
PPM/C, 7.32 KOHM,SMD
1206 CASE

RES, 750 OHM, 1%,
1/8N, 200 PPM,SMD
1206

RES, 7.5K OnM, 1%,
1/8%, 208 PPM/C,SMD
1286 CASE

RES, ZOQPPM,75 OHM,
1%, 1/8W, 1226

RES, 7.87K OHM, 1%,
1/8%, 200 PPM,SMD
1206

BOG OWM, 1%, 1/8BW,
200 PPM/C,SMD 1206
CASE

RES, 8.25K OWM, 1%,
1/8K, 208 PPW/C SMD,
1206

RES, 887 OHM, 1%,
1/8W, 208 PPM,SMD
1206

RES, 20@ PPM/C, 1%,
1/8W, 9@3 OHM,SMD
1206 CASE

RES, 92.9K OHM, 1%,
1/8K, 200 PPM,SMD
1206

RES, 99.9 OWM, 1%,
1/8W, 20@ PPM/C,SMD
1206 CASE

RES, 9.53K OHM, 1%,
1/8%, 2@@ PPM, SMD
1206

RES, 121 OHM, 1%, 20¢
PPM/C, 1/2W, SWMD 1812
CASE

RES, 150 OHM, 1%, 200
PPM/C, 1N, SMD, 2512
CASE

9C12063A51R1FLR

9C12263A5490FLR

9C12263A604QLR

9C12063A192LR

9(12063AG810LR

CROW12@E73Z1IFT

9C12063A750QLR

9C12063A75Q1FLR

9C12263A75ROFLR

9C12063A7871LR

9C12063A806QFLR

9C12063A8251FLR

9C12063A8370LR

9C12063A9¢90FLR

9C12063A9@92LR

9C12063A9@RIFLR

9C12063A9531LR

MC1812 121 OHM 1% T

MC2512 150 DHM 1% T

PHLIP|47@3-13-5119

PHLIP [47@3-13-549¢

PHLIP |4703-13-6040

PHLIP |47@3-13-6192

PHLIP (47@3-13-681@

DALE [4793-13-7321

PHLIP |47@3-13-7500

PHLIP |47@3-13-75@1

MEPCO |47@3-13-75029

PHLIP |470©3-13-7871

PHLIP |4703-13-8060

PHLIP |4703-13-8251

PHLIP |47€3-13-8870

PHLIP|4793-13-909%0

PHLIP |4783-13-9092

PHLIP |4703-13-9039

PHLIP [4703-13-9531

RCD |4703-16-1210

RCD |4703-18-1502

4

TITLE

WAVETEK |pch 50 Miz VXI MAIN BOARD

PARTS LIST

ASSEMBLY NO,
112e-98-3612-01
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REFERENCE DESIGNATORS { PART DESCRIPTION |ORIG-MFGR-PART-NO | MFGR| WAVETEK NO. [QTY/PT

R142 R143 R144 RES, 10M OHM, 5%, CRCW12061063T DALE |470@3-20-1065 3
1/8W, 20@ PPM/C,SMD
1206 CASE

R111 RES, SMD 1/8 LONG 9C12063A1432FKR MEPCO |4703-21-4321 1
100PPM 1% 14.3K OHM

R1&2 RIS RES, SMD 1/8 LONG MCR1BFXTA4Q21F ROMM [4703-24-2211 2
100PPM 1% 4.02K OHM

R118 RES, SMD 1/8 LONG 9C1226345112FKR MEPCO |4703-25-1121 1
18QPPM 1% 51,1K OHM

R185 R191 RES, 88.70 OHM, 1%,  [MC4Q20 83.7 OHM 1¥ T {RCD |4703-30-8879 z
200 PPM/C, 2W,SMD
4020 CASE

RN28 RES,NTWK,47@,2%,16PIN |628-AL-471G BECK [477@-00-0062 1
,SMD, ISOL

RNZS RES,NTWK, 180 OHM, 4816P-0@1-181 BOURN [4770-20-0071 1
2%, 8 SEC,ISOL,SMD

RN21 RNZ4 RES,NTWK, 2.7, 2%, 8 |4816P-0@1-272 BOURY 14770-00-0@72 2
SEC,ISOL, SMD

RN2@ RN26 RES,NTWK, 10K, 2%, 8 |4816P-@@1-103 BOURN [4770-00-0073 2
SEC, ISOL , SMD

CR32 CR31 CR3I3 CR34 CRE3  |DIODE,ZENER, MLL52358 MOT  {4801-01-5235 5
6.8Y,MLL34 PKG,SMD

CR5@ CR64 DIODE,ZENER, 3.3V, MLL52268 MOT  |4801-02-5226 2
5%,
50mW , SMD, LEADLESS

CR39 CR4@ CR61 CR62 CR67  |DIODE,ZENER, 5.1V, MLL52318 MOT  |48@1-02-5231 6

CRE8 5%, SO0mN,
SMD, LEADLESS

CR35 CR36 CRS@2 CR6S CRG6 |DIODE,2ENER, 9.1V, MLL52398 MOT  [4801-02-5239 5
5K, SO0MH,
SMD, LEADLESS

CR45 CR46 CR51 CRSE CRS?  [DIODE,SILICON,DUAL,SM [BASOLT1 MOT  [4803-22-8991 6

CR58 D,S0T-23

CR37 CR38 (R73 CR74 RECTIFIER,SCOTTY MBRS120T3 MOT  14806-02-1120 4
BARRIER,1 AMP,2QV

CR43 CR44 CR54 CRS55 CR59  |DIODE,DUAL,SCHOTTKY  |HSMS2822T31 HP  |4806-02-2822 13

CR6@ CR69 CR7@ CR75 CR76  |BARRIER,SM,SO0T-23

CR77 CR78 CR79

CR41 CR42 CR49 CRS@@ CRSO1 |DIODE,LEADLESS RLS4148 ROHM 48@7-01-4148 5
EQUIVALENT
IN4148, SSOMN, SMD

CR47 CR48 CR52 CRS3 DICDE, SCHOTTKY HSMS2820T30 HP  |4899-00-0061 4
BARRIER, SMT

Q41 Q42 Q43 Qa4 Q47 TRANS ,NPN,HI-FREQ, SMD {MMBTH1OLT1 MOT  |4901-00-1010 5
,50T-23 PKG

Q45 Q46 TRANS ,PNP,HI-FREQ, SMD [MMBTHB1LT1 MOT  |4901-00-8110 2
,50T-23 PKG

Q39 TRANS ,NPN,QUAD, SMOD,S0 IMMPQ2222 MOT  |4901-02-2222 1
-16

Q38 (48 TRANS ,PNP, QUAD, SMD, SO [MMPQ2907 MOT  14991-82-9872 2
-16

TITLE ASSEMBLY NO. REV
V\JAVETEK PCA 5@ MHz VXI MAIN BOARD 1100-08-3612-21 L
PARTS LIST PAGE 10
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REFERENCE DESIGNATORS | PART DESCRIPTION |ORIG-MFGR-PART-NO | MFGRI WAVETEK NO. |QTY/PT

Q56 TRANS,PNP, HI MRF5583 MOT  |49@1-85-5831 1
FREQ, SMD, SO8 PKG

Q54 Q55 TRANS ,NPN, HI MRF5943 MOT  [4901-05-9431 z
FREQ, SMD, 508 PKG

Q34 Q40 TRANS ,NPN/PNP,QUAD, SM | MMP(Q6700 MOT  {4901-06-70@2 2
D,S0-16

U185 OP-AMP,DUAL , JFET, SMD, | TL@-52CD TI  |70ee-0@-5281 1
S0-8

U102 U128 uas ual ug? OP-AMP,QUAD, JFET,SMD, | TL@-54CD TI  |7000-0@-5492 5
50-14

usa SWITCH,ANLG, QUAD, FORM | DG211DY SLCON | 7000-02-1101 1
B, SMD,50- 16

U18¢ U106 Ule7 U9d OP-AMP HI SLEW RATE, |CLC4G4AJE COMLR | 7000-24-2401 4
CURNT FDBK,SMD, S0-8

U124 OP-AMP HI SLEW RATE, |CLC4@9AJE COMLR | 7000-84-0901 1
CURNT FEBK,SMD,S50-8

v118 TIMER, UNIVERSAL,SMD, |MC14550 MOT | 7000-25-5502 1
50-8

u1e1 MULTIPLIER,WIDEBAND,S | AD834JR AD  |700Q-28-3412 1
MD, SO-8

ugse OP-AMP ,ORECISION, LOW | LT1214DS LINTE | 7000-10-1402 1
OFFSET, QUAD, SMD
SOL-16 CASE

u1@2 OP-AMP HIGH SLEW HFA11@8018 HARIS [7000-11-0002 1
RATE, 800 MHZ, CURR
FDBK SMD, 50-8

uies DARLINGTON TRANSISTOR | ULNZ@@4D SIG |7000-20-2001 1
ARRAY, SMD

uoe 0P-AMP, DUAL ,HIGH MC33076D MOT  |7000-33-0762 1
CURRENT,BIP, SMD,50-8

us7 ug9 DAC, 12 BIT, 4 MBBR3S1PF FUJI |700Q-88-3511 2
CHAN, SOIC PKG

U112 PERIPHERAL ,MULTI-FUNC |MCG689R1FN MOT  |8006-89-0102 1
, 52 PIN PLCC

NONE CRS SHT, 26GA (.018) |3200-01-0004 WVTK [3200-01-0004 15
TINNED

NONE GAL,16v8,15NS GAL1GVBA-15P LATT |(800@-16-8002 1

NOME GAL,16V3,15NS GAL16V8A-15P LATT |3200-16-8002 1

TITLE ASSEMBLY NO. AEV
WAVETEK |pca 50 Miz VXI MAIN BOARD 1100-00-3612-91 L
PARTS LIST PAGE 11
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" .EFERENCE DESIGNATORS | PART DESCRIPTION

ORIG-MFGR-PART-NO

MFGR

WAVETEK NO.

QTY/PT

WAVETEK
PARTS LIST

TITLE
PCA 5@ MHz YXI MAIN BOARD

ASSEMBLY NO.
1109-22-3612-21

PAGE 12

REV
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REFERENCE DESIGNATORS | PART DESCRIPTION |ORIG-MFGR-PART-NO | MFGR| WAVETEK NO. |QTY/PT

REF A/D AMPLIFIER BD 1101-00-3625 WK |1101-0-3605 1

REF SCHEMATIC,AMPLIFIER | 1104-80-36@5 WK [1184-20-3605 |1
BD

2 HEATSINK, OUTPUT 1400-02-5313 WK |1400-02-5313 |1
AMPLIFIER PCA

22 €23 C24 €25 TANT, 4.7MF, PCT4.7/500M NEMCO |1500-74-7512 | 4
SOV, SMD,EIA 7343 CASE

a AP, SMD CER 5% 5V | C1286C1082J2GAC KEMET [1500-81-0201 1
1800PF

€10 C11 C12 C13 Cl4 €IS C16|CAP,CER, @.1MF, C1206C184250AC KEMET |150@-81-8401 | 29

C17 C18 €20 (21 €26 (27 (28|50V,25U, +BO-20%,SMD

€29 (30 (31 (32 (33 (34 C35|1206

€37 €38 (39 €4 C5 C6 €7 €3

c8 CAP, SMD CER 5% S8¥ | C1206C330J2GAC KEMET | 1500-83-3001 t
33pF

c2 CAP,SMD,CER, 3.9 PF, |C3ROJ1286CFLB OR T  |PHLIP{1500-83-930t |1
SX, NPO, 1206 CASE

19 CAP,VARI, .8-4.0 2320-2 JOHAN |1500-84-0000 | 1
PF, $MD

C36 CAP,CER, 82 PF, 12061A82RJATASER OR B |AVX [1500-88-2001 |1
5%,NPO,SMD 1206 CASE

1 PCB,AMPLIFIER BD REF: | 1700-00-3605 WK |1700-00-3605 |1
SPEC GOOB-0-8455 REV
E

P1 P3 HEADER, SIP, 15 PIN |MTSW-115-88-5-S-240 |SAM [2100-03-0119 |2

P1 TEST POINT,8LK,PC TP-104-01-00 COMPO{2100-04-D054 |1

P2 TP TP4 TEST POINT,RED,PC TP-104-01-02 COMPO [2100-04-0055 | 3

3 SPACER, @.187 0D, 908-050 BIVAR |2800-04-0025 |4
2.120 ID, @.050 THK
NYLON

4 NUT  HEX,8-32,3/32 2800-16-8106 CMCRL |2800-16-8106 | 4
THK, .25 FLT,MINI,SS

5 WASH§R, FLAT, 4(.209 |NAS620-4 CMRCL |2800-26-4001 | 4
0.D.

6 LOCKWASHER, #8 SPLIT | #8SRLW CMRCL |2800-42-3000 | 4
RING, S5

7 WASHER, LOCK REG, S/S |MS 35338-135 CMRCL |2800-45-4000 | 4
#4

8 NUT, MACHINE SCREW, |NAS 671C4 CMRCL |2800-50-4100 |4
18-8 SS, #4-40

K2 K4 RELAY,2 FORMC,5V,DIP |DF2E-DCSV AROMT [4500-00-0033 |2
14

R3Z R33 R76 POT, 100 OHM, 4 mm | 3314]-1-101 BOURN |4600-04-0000 |3
$Q, SINGLR TURN, SMD

R11 RES,MFILM, .1%,1/8%,75 | CMF-55-7502BT1 DALE |4701-@2-7502 |1
K OFM

R79 RESMF,1/8W,1%,13.7K | RNS5D-1372F TRW |4701-23-1372 |1

RS5 RES,MF,1/8W,1%,1.5K | RNSSD-1581F TRW  [4701-23-1501 1

TITLE ASSEMBLY NO. REV
WAVETEK | apLIFIER BOARD 1100-2@-3625-21 C
PARTS LIST PAGE 1
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REFERENCE DESIGNATORS | PART DESCRIPTION |ORIG-MFGR-PART-KO | MFGR| WAVETEK NO. |QTY/PT

R77 R78 RES,MF, 1/8#, 1%, 15 RNS50-15RQF TRW (4701-23-1509 |2

R57 RS9 RES,MFLM, 165 OWM,  |RNGOD16508 BUYOP |4701-24-1650 |2
0.1X, 1/4K, 180 PPM/C

RSE RS8 RES,MFLM, 169 OHM,  {RNGOD169¢B BUYOP l4701-04-16%0 12
0.1%, 1/4W, 100 PPM/C

R4E R47 RS4 REE REI RES, MF,IN,.25%, T2  |S@S3RCLOQRC MEPCO [4701-38-1000 |5
100

R1 R3 RES, Z0@PPM, 1%, 9C12063A1001FLR MEPCO |47@3-13-1001 2
1/8W, 1K, 1206, SMD
1206 CASE

R13 R16 R17 R26 R27 R28 R29|RES, 200PPM,1/8H, 9C12063A10RQFLR MEPCO [4703-13-1009 |17

R4Q Ra1 R42 R43 R44 R4S R70|1%,10 OHM,SMD, 1206

R71 R72 R73 1206 CASE

RG RES,200PPM, 1/8W,1%,1. |3C12063A1501FLR MEPCO |4703-13-1501 |1
5K ORM, SMD, 1206

RS R9 RES, 162 OWM, 1X, 9C12063A1620FLR PHLIP [4703-13-1620 {2
1/8W, 200 PPM,SMD
1206

R20 R21 RES, 1/8W, 1%, 200 |9C12063A1781FLR PHLIP |4703-13-1781 |2
PPM/C, 1.78K OHM, SMD
1206 CASE

R1S R19 RES, 200PPM, 1%, 9C12063A2490FLR MEPCO [4703-13-2490 |2
1/8H, 249 ORM,
1206 SHD

RZ RES, 1/8K, 1, 200 |CACW1ZO62492FT DALE l4703-13-2402 |1
PPM/C, 24.9 KOHM, SMD
1206 CASE

R74 R75 RES, 200 PPM, 1%, 9C12063AZ8R7FLR MEPCO |4703-13-2879 |2
18, 28.7,5M0, 1206

R22 RZ3 R34 R35 R3S RES, 200PPM, 1%, 9C12063A3011FLR MEPCO |4703-13-3011 |5
178, 3.01K, 1206,SMD

R3@ R36 RES, L/BW, 1%, 200  |9C12063A41R2FLR PHLIP [4703-13-4120 |2
PPM/C, 41.2 OHM, SMD
1206 CASE

R12 R1S R39 RES, Z00PPM, 1X, 9C12063A4990FLR MEPCO |4703-13-4990 |3
1/8%, 499 OHM,
1206, SMD

R4 RES, 4.99K OWM, 1%,  [9C12063A4991FLR PHLIP |4783-13-4991 |1
1/8%, 200 PPM/C,SMD
1206 CASE

R14 R24 R25 RES, SMD, 200PPM, 1X, 1/8 |CRCW1206-49 .9FT DALE |4703-13-4999 |3
W, 43 . 9chm

R3IL R37 RES, 1/8W, 1%, 200  |9C12063AS7RGFLR PHLIP [4703-13-5769 |2
PPM/C, 57.6 OHM,SMD
1206 CASE

R10 RES, 200 PPM/C, 1%,  |9C12063A9090FLR PHLIP [4703-13-9090 |1
1/3%, 909 OHM, SMD
1206 CASE

R8O RES, 1/8W, 5%, 200  |CRCWIZ@4R7IRT1 DALE |4703-20-4709 |1
PPM/C, 4.7 OHM,SMD
1206 CASE

MP1 JMe2 RES, @ OHM JUMPER 1PO2TE8G ROMM |4709-00-0087 |2

TITLE ASSEMBLY NO. REV
WAVETEK |aMPLIFIER BOARD 1100-00-3525-01 ¢
PARTS LIST

PAGE 2
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REFERENCE DESIGNATORS | PART DESCRIPTION |ORIG-MFGR-PARY-NO | MFGRI WAVETEK NO. [QTY/PT

(R12 CR13 CR14 DIODE,ZENER, 9.1V,  |MLL52398 MOT  |4801-02-5239 |3
5K, SO0MM,
SMD, LEADLESS

(RS CR6 DIODE,ZENER, 15V, 5%, |MLLS2458 MOT  |4801-02-5245 |2
SOOMNY, SMD LEADLESS

CR1 CR2 DIODE,SILICON,DUAL,SM | BASOLT1 MOT |4803-02-0991 |2
D,S0T-23

CR3 CR4 G.P. RECTIFIER 49V, |MLL40®4 MOT  |4806-03-4004 |2
1A LEADLESS IN4GG4,
SHD

CR10 CR11 CR7 CR8 (R9 DIODE, LEADLESS RLS4148 ROMM |4807-01-4148 |5
EQUIVALENT
INA148, SO0MN, SMD

c81 (82 CIRCUIT PROT,SELF RXEG20 RAYCM (4899-00-0070 | 2
RESETING, 0.2 AMP

u TRANS,NPN,RF, SMD, SO8 | MRF3866 MOT  |4901-03-8661 1

Q7 Q8 TRANS ,NPN,HI FREQ,HI |MRF548 MOT |4901-05-4801 |2
VOL,MRF548 STUD MOUNT

% © TRANS,PNP,HI FREQ,HI |MRF549 MOT |4901-95-4901 |2
VOLTAGE STUD MOUNT,
MRF 549

3 @ TRANS, PNP, HI MRF5583 MOT  |4901-5-5831 |z
FREQ, SMD, 508 PKG

@ Qs TRANS ,NPN, HI MRF5043 MOT |4901-05-9431 |2
FREQ, $MD, SO8 PKG

u3 OP AMP,SMD,508 PKG | LM318S8 LINTE |7000-03-1803 |1

un REG, +12V, SMD MC78L1ZACD MOT  {700@-78-1202 |1

u2 REG, -12V, SMD MCTIL12ACD MOT |700@-79-1202 |1

TITLE ASSEMBLY NO. REV
WAVETE | AMPLIFIER BOARD 1100-00-3695-01 c
PARTS LIST PAGE 3
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REFERENCE DESIGNATORS | PART DESCRIPTION |ORIG-MFGR-PART-NO | MFGR| WAVETEK NO. |QTY/PT
TITLE ASSEMBLY NO. REV
WAVETEK | aMpLIFIER BOARD 1100-00-3605-01 C

PARTS LIST

PAGE 4
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REFERENCE DESIGNATORS | PART DESCRIPTION |ORIG-MFGR-PART-NO | MFGR| WAVETEK NO. |QVY/PT

NONE RES 1104472 AE  |0589-00472 1
NETWORK, 4, 7K, 10PIN, SI
P COMM

NONE CAP, CER, DISC, 10TCCqL8 SPRAG [1500-01-0@31 2
1QPF, 1KV, COG,5%, RAD
LD .25

NONE CAP,CER, .001 SR155C18ZKAA AVX  |1500-91-8207 1
MF,+-18%, 50V, X7R, . 1"
LS

NONE CAP,CER, ,@IMF,+-10%,5 | SRL55C103KAA AVX  |150@-81-9307 1
ov,X7R, .1"LS

HONE CAP,CER, .1 SRZO5C 184KAA AVX  [150@-21-9415 1
MF, 5@V, X7R,+-10%, . 1"
LS

NONE CAP,ELECTR.10MF,16V,2 | TAJD1@6MOLER STANT |1508-31-2011 2
ox

NONE CAP ELECT,100MF,35V | NRE1QIM3SV1@X12,5(08S)|NIC [150@-31-0102 1
RADIAL LEAD,SP .20

NONE CAP, TANT, 1MF, 35v | 196D1@50@3SHAL(DBS) | SPRAG|150@-71-@512 1

NONE CAP, TANT , 22MF , 15V 196D2Z6X3@15KALC0BS) | SPRAG [150@-72-2601 1

NONE TANT, 4.7MF, PCT4, 7/500M NEMCO |1509-74-7512 2
S@V,SMD,EYA 7343 CASE

NONE CAP,TANT, 6.8MF, 20v, |PcT6.8/20M NEMCD {1500-76-8512 1
20%, SMD EIA 6032
CASE

NONE CAP,TANT, 6.8MF, 20%, | TAJ-D-685-M-035 AVX  [1500-76-8513 1
35v, SMD

NONE CAP,CER, ©.1MF, C1206C18425UAC KEMET | 1500-81-2421 5
5QV,25U, +88-20%,SMD
1206

NONE RELAY,Z FORMC,5V,DIP | DF2E-DC5Y AROMT |450Q-0@-2033 1
14

NONE RELAY, 2 FORM C, SV, |TQZE-SV AROMT | 4500-00-0038 1
LOW PROFILE

NONE RES,NTWK, 82 OHM x 9, |4618x-1081-820 BOURN [4770-00-0075 2
2, SIP,BUSS

NONE DIODE, DUAL MMBDG1O8L(OBS) MOT  [4807-82-6100 1
SWITCHING, COMMON
CATHODE , 50T-23

NGNE DIODE 5082-2811 5082-2811 HP  |4800-62-2811 1
SCHOTTKY, 15V, 20MA

NONE DIODE ,BB9B9B 889998 PHLIP |4899-280-0040 1

NONE LED,GREEN,PC MT.,INT |550-0206 DIALT |4899-00-0266 1
HOLDER

NONE LED, YELLOW, PC 558-0386 DIALT|4839-20-0067 1
MOUNT, INT. HOLDER

NONE CIRCUIT PROT.,SELF RXE@ES RAYCM [4899-00-2069 1
RESETING, @.65 AMP

NONE CIRCUIT PROT,SELF RXEQZO RAYCM [4899-02-0070 2
RESETING, ©.2 AMP

TITLE ASSEMBLY NO. REV
WWAVETEK |m00fL 1391 SPARES KIT 120@-0@-3613 A
PARTS LIST

PAGE 1
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REFERENCE DESIGNATORS | PART DESCRIPTION |ORIG-MFGR-PART-NO | MFGR WAVETEK NO. |QTY/PT

NONE TRANS 2N2905A PHP ZN2905A NSC | 4901-02-90S1 | 1
GENERAL PURPOSE TO-5

NONE TRANS, NPN, TO-92 PN3563 NSC  |4901-03-5630 |1

NONE TRANS ZN3906 PNP IN3906(0BS) FAIR |4901-03-9060 |1
GENERAL PURPOSE T0-92

NONE TRANS, P-CHANNEL 2N5462 MOT  |4001-05-4620 |1
JIFETS

KONE TRANS ,NPN,HI FREQ,HI |MRF548 MOT  l4001-05-4801 |2
VOL,MRF548 STUD MOUNT

KONE TRANS,N-CHANNEL JFETS |2N5485 MOT  |4901-05-4850 |1

NONE TRANS,PNP,HI FREQ,HI |MRF549 MOT  [4901-05-4901 |2
VOLTAGE STUD MOUNT,
MRF549

NONE TRANS ZNS771 PNP 2NS771 NSC  |4901-05-7710 |2
SWITCH T0-92

NONE 0P AMP,JFET,SINGLE  |TLOS1CP 11 |7000-00-5100 |1

NONE SRAM, 32KX8,120NS, CMOS |HM62256LFP-12T HTACH |3000-43-8256 |1

NONE MICROPROCESSOR, 68000, |MC63HCOOOFNS MOT |300@-63-0008 |1
CPU, CMOS, PLCC

NONE MULTIVIBRATOR,RETRIG, |SN74LS123D TI  |seee-74-0123 |1
MONOSTABLE , SOIC

NONE DECODER/DEMULTIPLEXER [SN74ALS138D 11 |so0e-74-0138 |1
"3-70-8 LINE SOIC

NONE GATE,NOR, DUAL ,5 N74152600 SIG  |seee-74-0260 |1
INPUT, SOIC

NONE COUNTER, DUAL , 4 SN74L5393D 71 |seee-74-0303 (1
BIT,S0IC

NONE NON- INVERT SN74ALS1035D 71 |seee-74-1035 |1
BUFFER, HEX, TTL , SOIC

NONE XCVR, OCTAL IDT74FCTS4350 107 |seee-74-s430 |1
REGISTERED, 3-STATE
QUTPUTS, CMOS

NONE FLIP FLOP,OCTAL D,¥/3 |IDT7AFCT57450 10T [seee-74-5740 (1
STATE OUTPUTS,CMOS

NONE SHET SN74HCSISN 11 |se00-74-5950 |2
REG, 8-BIT,CMOS , GUTPUT
CLR

NONE XCVR, OCTAL IDT74FCTE4550 I0T  |8000-74-6450 |1
BUS, 3-STATE
QUTPUTS, CMOS

NONE MECL 10KH HIGH-SPEED  |MC10H102P MOT  [80Q1-01-0201 |2
ECL

NONE GATE, OR/NOR, TRIPLE |MC1OH1Q5P MOT  |8e01-01-2501 |1
2-3-2 I

NONE RECEIVER-TRIP LN ECL |MCoW11ep MOT  [8001-01-1601 |1

NONE GATE,OR AND/OR AND  |MC1OH121P woT  [see1-e1-2100 |1
INVER DUAL WIDE, ECL

NONE 10F 8 MC74HC138AN MOT  |8007-41-3840 |1
DECODER/DEMULTIPLEXER

TITLE ASSEMELY NO. REV
WWAVETEK {MDEL 1391 SPARES KIT 1200-00-3613 A
PARTS LIST e 8
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REFERENCE DESIGNATORS | PART DESCRIPTIDN |ORIG-MFGR-PART-NO | MFGR| WAVYETEK NO. [QTY/PT

NONE REAL TIME CLOCK HD146818FP HTACH |8014-68-1800 1
W/RAM, CMOS

NONE GAL,20 GAL16VE-15L) LATT [8016-28-1500 1
PIN,15NS,16V8-15,PLCC

NONE GAL,22V10,EECMOS , 15NS | GAL22V19-15L] LATT |8022-19-1500 1
,28PIN PLCC

MONE ENCODER, 8-T0-3 SN74LS148D TI  |8074-14-3200 1
PRIORITY

NONE LINE DRIVER,OCTAL IDT74FCT54150 I0T  |8074-54-1200 1
BUFFER, CMOS

NONE GATE CLAS3@47/BW/0P PLESS |8700-00-2005 1
ARRAY , COUNTER , SYNCH , M
ULTI-MODE,32-BIT

TITLE ASSEMBLY NO. REV
WAVETEK |Mo0tL 1391 SPARES KIT 12¢0-20-3613 A
PARTS LIST

PAGE 3
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REFERENCE DESIGNATORS | PART DESCRIPTION |ORIG-MFGR-PART-NO | MFGR| WAVETEK NO. |QTY/PT
TITLE ASSEMBLY NO. REV
WAVETEK |MoDEL 1391 SPARES KIT 1200-00-3613 A

PARTS LIST
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MATE/CIIL Programming

Appendix A

A.1 INTRODUCTION

This appendix covers the remote operation of the Mod-
el 1391 VXIbus Pulse Generator using the CIIL lan-
guage in a MATE system. Section 3 of this manual
covers the “Native” SCPI operation of the unit. This
appendix discusses the MATE system (hardware and
language) and the commands and syntax the Model
1391 MATE Pulse Generator will recognize.

A.2 THE MATE SYSTEM

The MATE (Modular Automatic Test Equipment), an
Air Force specification for automated test systems,
standardizes general purpose test equipment intercon-
nection, installation, and control syntaxes. To recog-
nize MATE commands, the unit must be specified as a
“Model 1391 MATE" rather than a standard Model
1391 at the time of purchase.

A.2.1 MATE Hardware

Because of constraints of the VXIbus environment,
VXIbus modules do not implement a complete MATE
hardware configuration. There will be no panel
mounted MATE interface enable switch or Discrete
Fault Indication connector usually associated with
MATE equipment. Nor is there a front panel display
device to indicate MATE status at power-on.

MATE compatibility is limited to CIIL language pro-
cessing in VXIbus modules. In the Model 1391
MATE, this is accomplished with an instrument ROM
change, where both the SCPI and CIIL language pars-
ers are contained in the instrument’s firmware. MATE
units default into the CIIL parser at power-on,

A.2.2 MATE Languege

The operator programs the MATE system controller
using the ATLAS language. The controller communi-
cates with the Model 1391 MATE via the IEEE-488
bus (external host) or via the VXIbus {embedded con-
troller) using the CIIL command strings. The Model
1391 MATE uses its language parser to translate the

CIIL command strings into the Model 1391’s native
SCPI language. This appendix deals with only the
CIIL commands,

ATLAS (Abbreviated Test Language for All Systems )
is an easy-to-read English-like language. The ATLAS
language does not allow partial instrument setups.
This means all items, except defaults, must be entered
in each string. For further information on the ATLAS
programming language, refer to ANSI/IEEE Std 416-
1981, IEEE Std 716-1982, and IEEE Std 717-1982,

The system uses the CIIL (Control Interface Interme-
diate Language) language to communicate between the
controller and the Puise Generator. The CIIL com-
mands are sent as an ASCII string. The CIIL language
uses standard sets of commands which allow the Mod-
el 1391 MATE to be used in test systems without the
necessity of rewriting the test software. However, this
limits the language to standard commands that will
function for all manufactures of a specific type of test
equipment. To utilize any unique features of the Mod-
el 1391 MATE, it is necessary to use the GAL com-
mand to exit from the CIIL language and use the
native language of the Model 1391 MATE. Use
SYST:LANG:CIIL command while in native lan-
guage to return to CIIL. For more information on the
CIIL language, refer to Air Force standard 2806763
Revision C, 21 June 1988. The following list defines
the Model 1391 MATE's MATE/CIIL capabilities:

¢ Set up of Pulse Generator functions and
pulse characteristics.

* Burst, triggered, gated or continuous output
mode setup.

¢ Output amplitude and dc offset coatrol.

* Output frequency/period/pulse repetition
rate control.

+ External trigger/gate slope and level control,

* Pulse amplitude modulation.

MATE/CIIL PROGRAMMING A-1
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A.8 THE MODEL 1881 MATE IN THE MATE 8YSTEM

A.8.1 System Connaection

The Model 1391 MATE is part of a VXIbus system,
and it resides in a VXIbus chassis. As such, it is sub-
ject to all benefits and restrictions of the VXl1bus envi-
ronment, When the MATE controller 1s external to the
VXlbus chassis, it communicates over the GPIB bus to
the GPIB/VXlbus rransiator located in the Command-
er (slot Q) slot of the VXIbus chassis, In this case, the
VXlbus chassis has a Primary GPIB Address and the
1391 MATE module within the chassis is reached with
a GPIB Secondary Address. When the VXlbus Com-
mander is an embedded controller, the GPIB bus is not
involved and communication between the Commander
and the 1391 MATE module is restricted to the VXI-
bus Protocols.

The system interconnections for a 1391 MATE unit are
the same as for the standard unit described in Section 3
of this manual.

A.3.2 ldentifying & Mode! 1381 MATE

There are two methods of verifying a 1391 is a MATE
unit. First, check the “rear panel” of the module; the
serial tag between the Pl and P2 connectors will indi-
cate 1391 MATE” for a MATE unit and *'1391" for a
standard unit under the model number. Also, if the
module(s) are plupgged into the VXIbus chassis, a stan-
dard unit will respond with full Manufacturer and
Model number information to the mandated IEEE-
488.2 * IDN command, whereas the 1391 MATE unit
responds with a “space” character, indicating a non-
MATE command.

A.4 THE ClIL LANGUAGE

The notations listed in Table A-1 represent the ele-
ments of CIIL command strings used in this manual.
These notations aid in describing the correct syntax for
command strings, In practice the controller transmits
the ASCII code for the indicated syntax.

A.4,1 CIL cemmand Btrings
Shown below is the standard form of the CIIL com-
mand string:

<op code?<{b><noun?><b?<channel
number> [{b><{set code><b><mod-
ifier{b><{valuer..]€cr,1f>

Table A-2 defines the command string items used by
the Model 1391 MATE. Figure A-1 contains the de-
tziled Pulse/Timing Generator syntax diagrams,
AA4.2 Byntax Paths

The path, as shown in Figure A-1, through the syntax
diagram follows the standard form of the CIIL com-
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mand string. All commands appearing on the syntax
path must be included in that command string, When
the Model 1391 MATE receives a <cr, 1f>(carriage
return and line feed), the unit assumes the command
string is complete. On the diagram, a solid line by-
passing some commands indicate defaults; adjacent to
each default line is a default value. To get a default,
omit the default command from the string,

Table A-1. CIIL Notatlons
Meaning

Notation

I Separator between elements in a set
of values. Only one element of the
values presented may be selected.

<> These brackets surround elements in a
string that are necessary for a com-
plete command string.

[ These brackets surround oplional ele-
ments in a command string and are
not necessary for a complete com-
mand string,

Indicates that other elements may be
required or desired as part of the com-
mand string.

b Indicates the necessity for an ASCII
space in the part of the command
string where it appears.

Indicates that a channel number must
be specified as part of the command
string where it appears.

chan num

Indicates that a CIIL set code must
appear as part of the command string
where it appears. There are only three
set codes. They are: SETISRNISRX.

Indicates that a CIIL noun must ap-
pear as part of the command string
where it appears.

set code

noun

Indicates that a CIIL. modifier must
appear as part of the command string
where it appears.

modifier

Indicates that a numeric value must
appear as part of the command string
where it appears. This number can be
expressed in floating point, engineer-
ing or integer notation. Can also indi-
cate a non numeric value; the possible
non-numeric choices in that instance
are given in the syntax diagrams,

value

<cr, If> Indicates the necessity for an ASCII
carriage return followed by a line
feed in the command string where it

appears.
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Toble A-2. Model 1391 MATE ClL Commends

Type CIIL Description Limits
Command
Op Code CLS Closes - activates Pulse Generator None
output
CNF Initiates confidence test None
FNC Selects function PDC, PDT, SQW,or PAM.
IST Initiates self-test None
0PN Opens - deactivates Pulse Generator | None
output.
RST Reset-deactivates Pulse Generator None
output and returns Pulse Generator
to power-up conditions.
STA Requests status None
Noun PAM Pulse Amplitude Modulation None
PDC Selects single pulse output.
PDT Selects double pulse output.
saw Selects square wave output,
Chan Num :CHO Selects module 0 only
Set Codes SET Set value None, each code has the same effect
SRN Set minimum on the Model 1391 MATE.
SRX Set maximum
Modifiers BURS Sets up burst count. PDC, PDT, SQW, or PAM;
1 to 10e6 counts.
CAMP Sets pulse carrier amplitude PAM only;
(FAM). 0.15to 16.0 Vpp, (509).
CFRQ Sets pulse carrier frequency FPAM only;
(PAM). 0.001 Hz to 50e6 Hz,
DCOF Sets up dc offset of selected PDC, PDT, or S5QW;
waveform. -8.0 to +8.0 Vdc (5092).
DELA Sets pulse delay relative to PDC or PAM;
sync output. 0.0 ns to 2000 s,
FREQ Sets frequency of square wave SQW only; 0.001 Hz to 10e6 Hz.
GALV Sets external gate leve], PDC, PDT, SQW,or PAM: -10.0 Vdc

to +10.0 Vdc,
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Table A-2. Model 1391 MATE CIIL Commands (Continued)

Type CIIL 1 Description Limits
Command
Modifiers GASC Selects either internal or PDC, PDT, SQW, or PAM;
{continued) external gate source. INT or EXT.
GSTA Selects the external gate start slope. | PDC, PDT, SQW, or PAM.POS or
NEG; must be opposite of GSTO.
GSTO Selects the external gate stop slope. PDC, PDT, SQW,or PAM,POS or
NEG; must be opposite of GSTA.
MDSC Selects the PAM modulation PAM only;
source: internal or external. EXT only.
PERI Sets period of single pulse or PDC or SQW:
square.wave, 10e-9 to 1000 s,
PLWD Sets pulse width for single and PDC, PDT, or PAM;
double pulse and PAM. 10e-9 to 2000 s.
PRFR Sets pulse repetition rate for PDC, PDT, or PAM;
single and double pulses 0.001 to 50e6 Hz (25e6 Hz for double).
and PAM.
RISE Set the rise time (10% to 90%) PDC, PDT, SQW, or PAM;
of the leading transitions. Se-9to 50e-6 s,
FALL Set the fall time (10% to 90%) PDC, PDT, SQW, or PAM;
of the trailing transitions, 5e-9 1o 50e-6 s.
SPCG Set delay between two pulses PDT only:
in the double pulse mode. 20e-9 to 2000 s,
TIMP Sets Pulse Generator output PDC, PDT, SQW, or PAM; 50Q
impedance. only.
TRFR Sets internal triggering frequency. PDC, PDT, SQW, or PAM;
20e-9 to 2000 s.
TRLYV Sets external trigger level. PDC, PDT, SQW, or PAM;
+10.0 to -10,0 Vde.
TRSC Selects internal or external PDC, PDT, SQW, or PAM;
Iriggering source. INT orEXT.
TRSL Selacts external trigger slope. PDC,PDT, SQW, or PAM;
POS or NEG,
VLPK Sets amplitude peak value, PDC,PDT, or SQW;
75e-3 10 8.0 Vpk
VLFPP Sets square wave amplitude peak to SQW only:
peak value. 150e-3 to 16.0 Vpp.
VRMS Sets square wave RMS SQW only;
amplitude., 75¢-3 10 8.0 Vrms.

A4 MATE/CIIL PROGRAMMING
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NOTE

See Figure A-I at the rear of this section for MATE
syntax diagrams.

A.b. USING THE PULSE GENERATOR IN THE MATE
SYSTEM

A.6.1 Power Up 8ettings

At power up the Pulse Generator defaults to the fol-
lowing conditions:

Cutput Frequency: 1 MHz.

Waveform: single pulse; 250 ns width.
Amplitude: upper +0.5V,
lower -0.5V,
Mode: Continuous.
Output: Off.

To close the output relay, send the CIIL command
string:

CL5<b>:CHCKcr,1£>

A.56.2 Using CNF (Coniidence ) Op Coda

Use CNF (confidence) to test overall Model 1391
MATE operation by programming predetermined mod-
ule set-ups and verifying the instrument provides the
expected output. At the completion of the confidence
test, the unit resets to the power-on condition. Use
STA (status) to verify the Model 1391 MATE has
passed the confidence test. To initiate the confidence
test, send the command: CNF<cr, 1£>. See Appen-
dix D for detailed information on the * TST self test
which is run following this command,

A.5.3 Using IS8T (Instrument 2eIf Test) Op Coda

Use IST (instrument self test) to activate the built in
test (BIT) to functionally check the module. During
the test the instrument uses its own DVM, counter,
trigger generator, and VXIbus system clock to evaluate
the module. The diagnostics will isolate failures, if
they occur, to the module. If a failure is reported, fur-
ther diagnostics, not necessarily supported in CIIL can
be run on a module level to assist in troubleshooting.
Use STA (status) to verify the unit has passed the self
test. To initiate the instrument self test, send the com-
mand: IST<cr,1lf>. See Appendix D for detailed
information on the * T ST self test which is run follow-
ing this command.

A.6.4 Using 8TA (8tatus) Op Code

Send STA (status) after a confidence test (CNF), in-
ternal self-test (I ST), or setup command (ENC trans-

mission), The STA command causes the Model 1391
MATE to return one of two valid responses.

“FQ7PLG00;:<ASCII message>{cr,lf>"
indicates a failure was detected during the confidence
test, or an error was detected in the information re-
ceived in the instrument setup command.

“<b><ecr,1lf>" indicates no failures or errors.

To check the status, send the command:
STAScr,1£>.

A.5.6 Using the CL8 (Close Output) Op Code

The Pulse Generator initializes with the output relay
open. Send the CLS command string to close the out-
put relay to obtain an output. Send the command
string:

CLS<b>:CHOLcr,1f>

A.5.8 Using the FNC Op Code

Use the FNC command to set up the Pulse Generator,
The syntax diagrams, figure A-I, illustrate the FNC
paths required to set up the generator.

A.5.6.1 Pulse Out Output Amplitude and Timing

Figure 3-4 shows the pulse waveforms and their asso-
ciated amplitude and timing modifiers.

Values for the voltage peak (VLPK) modifier set the
peak amplitude for the pulsed dc (PDC) and the pulsed
de train (PDT) waveforms; the waveform baseline for
all waveforms is specified by the dc offset (DCOF)
value.

Square wave (SQW) amplitude can be specified with
the modifiers shown; volts-peak-to-peak (VLPP) can
only be used to specify a value for the square wave
peak-to-peak, specifying values for VLFK or VRMS
sets the peak value of the square wave.

Specifying a value for the period (PERI) sets the peri-
od for all waveforms; the spacing (SPCG) value sets
the time between the leading edge of the first and sec-
ond pulses for pulsed d¢ trains (PDT) only.

Specifying a value for the pulse width (FPLWD) sets the
pulse width for pulsed dc and pulsed dc trains only.
The transition times for all pulses and the square wave
can be set with the rising (RISE) and falling (FALL)
transition times commands,

The pulse repetition frequency (PRFR) modifier can
be used to specify a value for pulse repetition frequen-
cy as an alternative for setting the waveform period.

A.5.6.2 Pulsed DC (PDC) Waveform Programming

Table A-3 shows the modes and controls supported by
CIIL for single pulse generation, Refer to the syntax
diagram, figure A-1, to find the required command
strings for the desired setup.
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A.5.6.3 Pulsed DG Train (PDT} Wavefarm Programming

Table A-4 shows the modes and controls supported by
CIIL for double pulse generation. Refer to the syntax
diagram, figure A-1, to find the required command
strings for the desired setup.,

A.5.6.4 Sguare wave (SQW) Wavaform Programming

Table A-5 shows the modes and controls supported by
CIIL for square wave generation. Refer to the syntax
diagram, figure A-1, to find the required command
strings for the desired setup,

A.5.6.5 Triggering

In the triggered mode, the Pulse Generator starts a
waveform when it receives a valid trigger, The fol-
lowing describes the trigger commands. The triggered
mode cannot be used for square waves.

Specify the non-numeric values (EXT or INT) to se-
lect the trigger source (TRSC). EXT (external) se-
lects the module’s TRIG IN input BNC connector as
the trigger source. INT (internal) selects Model
1391"s internal trigger (TRFR) bus as the trigger
source.

Specify the non-numeric values to select the trigger
slope (TRSL): positive (POS) or negative (NEG).

Specify the numeric value to sels the trigger level
(TRLV).

A.5.6.6 Gating

In the gated mode, the Model 1391 MATE produces a
waveform as long as the trigger (gate) is active. Fig-
ure 3-7 shows the relationship between the gating sig-
nal and the Pulse Out.

Specifying either PCS (positive) or NEG (negative)
sets the gate start slope (GSTA) or the gate stop slope
(GSTO). These values set the trigger slope on which
the waveform starts and stops.

The gate start slope (GSTA) and gate stop slope
(GSTO) values can never be both positive or both neg-
ative. Specifying one value without the other causes
the Model 1391 MATE to automatically switch, if nec-
essary, the remaining unspecified modifier value 1o the
opposite slope. Specifying equal values results in an
error message and termination of the command string.
See Table A-6 at the rear of this appendix for error
messages.

A.5.6,7 Burst

In the Burst mode, the Model 1391 MATE produces a

user programmed number of waveforms each time the

trigger is valid. The burst (BURS) value sets the num-
ber of waveform periods generated for each trigger.
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A.5.6.8 Output Impedance

The test equipment impedance value (TIMP) selects
the module’s output impedance. The only allowable
value for the Model 1391 is 50%2.

A.6 SYNTAX EXAMPLES

Follow the syntax diagram, figure A-1, to help under-
stand the CIIL command strings given in the examples,

A.8.1 Pulsed DG (PDC) Continuous

This CIIL command string sets the Pulse Generator
output for continuous 10 ns, 4V pulses with a delay of
20 ns. The pulse repetition frequency is 1MHz, and the
dc offset is 1V, Output impedance is set to 50Q2. The
transition times will be at their default value of 5 ns,

FNC<b>FDCLb>; CHOKb>SET<b>VLPK<Lb>4<b>
SET<b>PLWD{b>10e-9<b>SET<b>PRFRKb>
1e6<b>SETKb>DELA<b?>20e-9<b>SETKb>
DCOF<b>1<b>SETKb>TIMPLb>»50<cr. 1>

A.8.2 Triggered Pulsed DC (PDC)

This CIIL command string sets up the Pulse Generator
for triggered 10 ns, 2V pulses. An external source trig-
gers the pulses on the negative slope at +3V. The
waveform is offset +2V, The output impedance is
50Q2. The leading edge is 10 ns, and the trailing edge
is minimum (5 ns).

FNC<b>PDC<b>:CHOKb>SETKb>VLPK<b>2<b>
SET<b>PLWD<Cb>10e-5<b>SET<b>TRSC<b>
EXT<b>SET<b>TRSL{b>NEG<b>SET<EL>TRLV<b>3<b>
SET<b>DCOF<b>2<b>SETKb>TIMP<b>50<b>
SET<b>RISE<Xb>10e-9<b>SRNSb>FALL<{b>
5e-9<cr,1f>

A.8.8 Pulsad DC Train (PDT) Burst

This CIIL command string sets up the Pulse Generator
for a triggered burst of 50, 10 ns, 5V double pulses at

1 MHz and 20 ns spacing between the double pulses.
The external source triggers the module on the positive
slope (default slope) at +2V. The pulses are offset
+1V. The output impedance is 50 Q (default imped-
ance).

FNC<b>PDT<b>:CHO<B>SET<b>VLPK<b>5<b>
SET{b>PRFR<b>1e6<b>SET<b>BURS<b>50<b>
SET<{b>TRSC{b>EXT<b>SET<{b>TRLV<b>2<b>
SET<b>PLWDCb>10e-9<b>SET<b>5PCG<b>
20e9<¢b>P1P0OS<b>P2POS<b>SET<b>DCOF<b>
1<cr,1£>
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Tabla A-8. Available Puisad DC Wavelorm Modes and Controls

Supported Modes

Trigger Controls

Gate Controls

Burst Controls

Continuous
Triggered
Burst
Gated

Trigger Freq (TRFR)
Trigger Slope (TRSL)
Trigger Level (TRLV)
Trigger Source (TRS5C)

Gate Start Slope (GSTA)
Gate Stop Slope (GSTO)
Gate Level (GALV)
Trigger Freq (TRFR)

Burst Count (BURS)
Trigger Freq (TRFR)
Trigger Slope (TRSL)
Trigger Level (TRLV)
Trigger Source (TRSC)

Tabls A-4. Avalishle Puized OC Traln Wavelorm Modas and Controls

Supported Modes

Trigger Controls

Gate Controls

Burst Controls

Continuous
Triggered
Burst
Galed

Trigger Freq (TRFR)
Trigger Slope (TRSL)
Trigger Level (TRLV)
Trigger Source (TRSC)

Gate Start Slope (GSTA)
Gate Stop Slope (GSTO)
Gate Level (GALV)
Trigger Freq (TRFR)

Burst Count (BURS)
Trigger Freq (TRFR)
Trigger Slope (TRSL)
Trigger Level (TRLV)
Trigger Source (TRSC)

Spacing between double pulses must be specified with the SPCG modifier, its attendant value and the modifiers

“PIPOS<b>P2POS". These modifiers cannot be used in command strings that control Puised DC (PDC) or
Square wave (SQW) outputs.

Table A-6. Avallabla Bquzre wava Modes and Controls

Supported Modes

Trigger Controls

Gate Controls

Burst Controls

Continuous
Triggered
Burst
Gated

Trigger Freq (TRER)
Trigger Slope (TRSL)
Trigger Level (TRLV)
Trigger Source (TRSC)

Gate Start Slope (GSTA)
Gate Stop Slope (GSTQ)
Gate Level (GALV)
Trigger Freq (TRFR)

Burst Count (BURS)
Trigger Freq (TRFR)
Trigger Slope (TRSL)
Trigger Level (TRLV)
Trigger Source (TRSC)

The trigger controls are used for the burst mode only.
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A.8.4 Continuous Squara Wave (SQW)

This example sets up the Pulse Generator for continu-
ous 2 Volt peak-to-peak, 2 MHz square waves. The de-
faults for de offset and outputl impedance are used.

FNC<b>SQW<L > :CHOCL>VLPPLb>2<b>S8SET<b>
FREQ<b>2e6<cr,1£>

A.8.6 Gated Pulgs DC Train

In this example the Pulse Generator produces gated

10 ns, 5V double pulses at a | MHz rate. The space
between the double pulses is 20 ns. An external source
gates the Pulse Generator on the negative slope and
stops on the positive slope. Threshold level 1V,

DC offset and output impedance are the default values.

FNC<bLb>PDT<b>:CHOKb>SET<L>VLPK<b>5<b>
SET<b>PERIKb>1e-6<b>SET<b>GASC<b>
EXT<b>SET<b>GSTACLONEGLb>SET<h>GSTC<b>
POS<L>SET<h>GALV<b>1<b>SET<b>PLWDLL>
10e-9<b>SET<b>SPCGLb>20e-9<b>P1POS
{b>P2P0S<cr.1£>

A.7 SELECTING PULSE AMPLITUDE MODULATION
(PAM)

The Pulse Generator can be pulse amplitude modulated
from an external source. To externally modulate the
Pulse Generator, apply a modulating signal not greater
than 20 kHz to the PAM IN input. The CAMP com-
mand sets the pulse amplitude, and the CFRQ sets the
pulse carrier frequency.
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A.7.1 PAN Example

In this example, the Pulse Generator (at address 3) pro-
duces a 2MHz, 3Vp-p, 300ns pulse. The external sig-
nal (MATE compatible Function Generator at address
2) modulates the Pulse Generator with a 3Vp-p, 6 kHz
triangle wave.

Write @ secondary address 2:

"FNC<B>TRICb>:CHOCDh>SET<b>VLEP<b> 3<b>
SET<b>FREQ<b>6E3<cr><1E>"

Write @ secondary address 3:

“FNC<D?PAM<E> : CHOCD > SET<b> CAMP<b>3<b>SET
<b>CFRA<L>2E6<bISETL{L>¥DSCLL>INT<L>SET
<b>PLWDKL>300E-9<cr><1£>"

A.8 PULSE GENERATOR ERROR MESSAGES

Table A-6 lists all the possible Pulse/Timing Generator
error messages that could occur during normal opera-
tion. Each message contains in quotes a brief explana-
tion of the messages meaning. One of two ASCII
strings ("FO7PLGOC (MOD) :"or

“FOQ7PLGOQ (DEV) : ") precedes each error message,

When the term <ASCII> appears in the error messages
listed below, it represents any continuous string of
ASCII characters except space, tab, LF, CR.. This
string can represent valid nouns, modifiers, or data, as
well as misspelled or garbage strings. If the string
syntax is valid, then the string could be out of order or
there could be some other reason the string was not ac-
cepted.
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Tabie A-8. Error Meagages

Error Message

Comments

“CASCII» rnot allowed”
“(ASCII> missing"

“CASCII> limit error”

“GSTA/GSTO slope errcr”

“channel number error”

“setting missing from FNC ccmmangd”
“INT/EXT not allowed with <ASCII>"

“POS/NEG not ailowed with <ASCII>V

“numeric value not allowed
with <ASCII>"

“value needed with <ASCII>"

"command terminated before complete”

“<ASCII>"

"TRSL/TRLV not allowed with GASC”

“TRSL/TRLY need TRSC EXT"
“"GSTA/GSTC/GALY noct allowed with
TRSC"

“GSTA/GSTO/GALYV need GASC EXT"

YBURS not allowed needs

TRSC"

with GASC,

“50.0 ohm impedance only"”
“"TRFR is not allowed for EXT source”

“TRFR is mandatory for INT scurce”

with MDSC"

with PAM"

"EXT source only

"MDSC only zllowed

This ASCII string cannot be used as entered.

A mandatory modifier is missing in the command string.
For example, the PDC command requires a VLPX
muodifer.

The value sent exceeds the modifier's limit.

Both the gate start and stop slopes were set to the same
value.

Only channel O can be used with the Pulse Generator,
because it has only one programmable output.

The command string was correct up to the mandatory
SET modifier which is missing.

The modifier is correct, but INT or EXT are not valid
modifier values.

The modifier is correct, but POS or NEG are not valid

modifier values.

The modifier sent does not accept numeric values,
TRSC and GASC are examples of modifiers that do
not take numeric values.

The medifier noted in the ASCIH string requires a value,

“"FNC PDC<ecr><1f>" causes this error message.
The command string is correct up to the terminating

characters. But, the entire command string is incom-
plete.

This message represents any Pulse Generator dependent
error message.

Trigger slope and trigger level values are not valid when
set up for a gate source.

Trigger slope and trigger level values are only valid
when set up for an external trigger source.

Gate slope and level not valid when using a trigger
source,

Gate slope and level only valid when using an external
gate source,

Burst mode uses TRSC (internal or external trigger
source).

The only valid arguement for TIMP is 502,
TRFR is the internal trigger frequency.

Must specifiy an internal triggering frequency when
triggering from the internal source.

There is no internal source for PAM modulation source.

Set up the modulation source only with PAM.
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Format of Common Commsnds

CRN< > L™ 3780
CLSe 7 “<CR/LE

p
RST«» \ [ LT
SO

M
1sTecr/Lrt A
CrF<CR/LF>
STACRALFS

Modiflers Supprorted In each Functlon (noun)

MODIFIER NOUN

PaM PLC PCT SQW
BURS . : . .
CAMP :
CFRQ ’ )
DCCF . .
DELA ’ .
FALL ‘ . . .
FREQ ' N
GALV P . . .
GASC \ * .
GSTA . 4 . .
GSTO * . :
MDSC .
PERI - .
PLWD . . .
PREFR ’ . .
RISE . . . .
SPCG -
TIMP : * . .
TRER . . . .
TRLV . . . .
TRSC . . . .
TRSL * : . .
VLPK . . .
VLPP : .
VRMS .

Flgure A-1. Pulse Ganerator CHL Syntax Diagrams.
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Format for singte pulse

SET SET
_ FNC<b>PDC<b>:CHO<D> SRN <oy VLPK<b» ¢valuer <D><SRN><D>P|_WD<D) walue —@
SR SRX

triggered mode

SET burst mode _@
— <>
R

SRN bYBURS <b> cvalue> =
X

PRF
SRX — T _@

continuous mode

SET e seT\, 92ted mode EXT—®
< SSN <b>< ! <t value>—T——b>{_ SRN b>GASC<h>
X
&
5

SET
_ @ b SRN by TRFR<b» ¢vatue> 0

SRX

INT ( 4 )
SET
O H T SET SET
RX EXTDX  SRN D TRSLC PO2 Dt SN x> TRLY <o cvalue
\ RX NEG RX
gefzult POS gefaylt 10

note: GSTA and GSTO cannot be set to same slope

<D ggL><b>GSTA(D)<pOS by gL POS
\SRX NEG SRX H»GSTOh NEG

SET\
(023 SRN by GALV<b> <value
RX default 1.0

SET SET SET
% SRN b>DELA<b><valu7r\b> SRN _Xxb>DCOF <b> «valueywor{  SRN b TIMP >S50
RX SR
gefault 0.0 A defaylt 00 A SRX
SET SET
@\m SRN b>RISE<b><VaIUN SRN  xb>FALL D> <valueyy—<CR/LF>
RX RX /

gdefault S5e-9 gefaylt Se-9

Figure A-1. Pulse Genarator GIIL 8yntax Blagrams (Continued).
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Format for double pulse

SET SET
FNC<b>PDT<b>:CHO<b> SRN <> VLPK<b>» <values <b><SRN <> PLWD<by <value>—®
SR

SRX

SET burst mode (:)

= <b> SRN b>BURS<b»¢value) —
RX

triggered mode

N SET\ =7\, J2ted mode EXT _@
<b>» SRN/(D)DRFR<b) valuer —<D> SRN b*GASC<b>
" =D
continuous mode @
.

INT
SET
@D SRN b>TRSC<b> SET SET
SRX EXTY) SRN b TRsL<> FO2 b SRN>D)TRLV<D><val@
R

RY¥ NEG ¥
default POS dofalt 10

SET
@ b SRN b>TRFR<b> <vaiue> ( 4 )
RX
note: GSTA and GSTO cannot be set to same sigpe
SET
/ SET\
B>, SRN JxbyGALV<D> <vau7®
RX

SET
<b SEN  2<b>GST A< 0>  SRN POS
\SRX NEG 2y <b>GSTO<b NEG
cefadlt POS gr oonasite GSTO 0 ar gefault 1.0

SET
(: )“D><§>RN b SPCG b3 <valuer < P 1POSE» P2POS 7—( : )
RX
default 400e-9
SET SET
@\b) SAN t>DCOF <by ¢<valueytb> SRN b>TIMP<b>S0 7—@
SRX SRX
defaylt 0.0 /\
SET SET
b» SRN/D>R|5E<D><vaiue> <p> SRN b>FALL <b><value CR/LF>
RX SRX / /

defaylt Se-9 defaylt Se-9

Flgurs A-1, Pulse Generstor CliL 8yntax Diaprams (Continued).
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Format for square

VLPK
FNC <b>SQw<b»CHO<D SRN VLpp b> <value>—®
SET burst mode
\tﬁ SRN b>BURS ¢b> <valuer

trtqqered mode

SET - gated mode EXT _®
®—<b> 5E§><b EE?('} <b><va|ue>——<b><§RN>D>GASC<D><
e
cantinuyous mode @

5
QRN>D>TRSC<D>~[
EXT'\ SRN <b)TRSL<D)<pOS7\b> 5RN>D>TRLV<D><va|u7G>

gefault POS defaylt 1.0

S
@ <!2RN>-b>TRFR<b> walue> @

note: GSTA and GSTQ cannot be set to same slope

SRN PO3 SET
q ><D’GSTA<D NEG <5RN><D>GSTO<D> NEG b><5RN B>GAL V<D cvalue
defaJ]t POS or gooosite GSTO RX defaylt 1.0
®\ <SRN>b>DCOF<b><vaIu n>< >D>TIMP<D>SO7—®

gefaylt 00 /\ SRX

SET SET

®\ SRN b>R|SE<b><valuy-\b> 5RN/b>FALL<b><vaIu y—<«CR/LF>

default Se-9

gefalt Se-9

Figure A-1. Pulse Genarator CHL 8yntax Diagrams (Continuad).
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Format for pulse amplitude modulation

SET SET
FNC<b>DAM<b>:CHO<b<SRN <b>CN‘?P<b><vaIue><DQRN <b>DLWD<D><vaIue>—( )
SR R

triggered mode

SRN b>BURS<h> ¢valuey —
X

e seT\ 92ted mode EXT —@
—<b> SRN CFRQ i
g{s] PR b>evalued <€ SRN b>GASC<b>
SRX F SRY _@
&
)

SET burst mode _@
— ¢h>
R

INT
continuous mode

SET
@ 0 SAN XDy TRFR<b> cvalue>
SRY

@

INT
SET
o 3 Do Trscaos SET SET
RX EXT +xb SBN - rbyTRSL<h> p95 b><SRN b>TRL V<br<value
\ RX NEG SRX

defaylt POS default 10

note: GSTA and GSTO cannot be set to same slope
/T SET

5
DA SAN by GSTA
AN /
f i

SET
b SRN b>GALV<D><viIL7®
! C SRXZeraut 1.0
SET SET
b» SRkN b>DEL A<hy <value b> SRN b TIMP<E>S0
AX /_\ SRX
gefzult Q.0

SET\ SET SET
<0, SRN <bXMDSCbEXTITD>Y, SRN brRISE<Ersvaluer by, SRN DYFALL <b> evaluey=CR/LF>
SRX/ RX /\ RX /

cefault EXT gefault Se-9 defaylt Se-S

Figurs A-1. Pulse Gansrator ClIL 8yntax Diagrams (Continued).
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Self Galibration

Appendix G

G.1 Introduction

This appendix provides the Operator/Programmer with
additional information needed to interpret a non-zero
response value 10 either the * CAL? IEEE-488.2 Com-
men Commana or to the SCPI CALibrate [:ALL]?
guery, This information supplements paragraphs
3331 (CALibrate)and3.3.4(*CAL?).

C.1.1 CALibrate Query Reésponse
*CAL?

According to IEEE Sid. 488.2-1987 section 10.38, the
Calibration query causes an internal Self Calibration to
be performed and a response 1o be placed in the Output
Queue. The response to the * CAL? query is an ASCII
string representing an integer value. The value of 0 is
returned if the Self Calibration passed and a non-zero
value in the range of 32767 to -32768 is returned if the
Self Calibration failed. The interpretation of the value
returned in the event of a failed self calibration is de-
fined by the module manufacturer.

The *CAL? query invokes the same internal self cali-
bration functions and returns the same reponse as the
CALibratei:ALL] ? query documented below,

CALlbrate[:ALL]?

The CALibratel:ALL] ? query returns a detailed
error code indicating the nature of a failure, The value
of a 16-bit Self Calibration Status Word is returned in
response to the Calibration query. The format of the
Self Calibration Status Word is shown below:

Errer Code

BI95 12 13 12 11710 9§ 8 7 8 5 4 3 3 1 0

Self Calibration Status Ward

The Self Calibration consists of performing all steps of
the Alignment Procedure (Paragraph 5.5) which are in-
dicated as “automatic”. If the Self Calibration is suc-
cessful, the module performs all of these steps and
rccords “fresh™ alignment data without extcrnal test
equipment or operator adjustments, and then returns
the value zero as a query response. There are four of

these "automatic” Alignment steps, equivalent to send-
ing the SCPl command :DIAG:CAL? <n> four
times, where “n"” equals 1,2,3, and 6.

If the Self Calibration is not successful, the Alignment
data is not stored in the instrument and the query re-
sponse is non-zero. The Error Code field contains a
bit-weighted code that is unique to which parameter
failed and has the following meaning:

Error Code Bit Meaning

Amplitude

Offset

Delay gatable oscillator frequency
Width gatable oscillator frequency
Gatable trigger oscillator mini-
mum frequency greater than 25MHz.
5 Gatable trigger oscillator maxi-
mum frequency less than 50 MHz.

6 -

14 Hardware failure.

bR — O

The auto calibration sets the UUT back to iis previous
state after the calibration is complete. While perform-
ing the auto calibration the output relays remain open
so as not to disturb any cxternal devices. For each
step, all parameters not listed under the bit number are
at reset state during the Self Calibration.

C.1.2 8eil Calikration Error Codes
Bit ¢ & 1; Amplitude and Offset Error

The Model 1391 is set up according to a
:DIAG:CAL? 6 command, as follows:

RESET

VOLT 5

FREQ 1e3

FUNC SQUARE
INIT:CONT OFF
TRIG:S0UR TOFF

PULS:PCLARITY COMPLEMENT

SELF CaLsraTiON C-i
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The amplitude and offset DAC’s are set to 0. The out-
put voltage is read and if it is outside of = 1.0 volt,

bit 1 is set. The offset DAC is then set to 910 (approx.
+5.5 V offset). If the output voltage is not between
4.5 Vdc and 6.5 Vdc, bit 1 is set. The offset DAC is
then set to 3185 (approx. -5.5 V offset). If the outpul
voltage is not between -6.5 Vdc and -4.5 Vdc, bit | is
set. The offset DAC is set back to 0 and the amplitude
DAC is set to 3185 (approx. +6.5 V level). If the out-
put voltage is not between 5.5 Vdc and 7.5 Vdc, bit 0
is set. The amplitude DAC is set to 910 (approx.

+2.0 V level). If the output voltage is not between

1.0 Vdc and 3.0 Vdec, bit 0 is set. These measured val-
ues are used to establish zero offset and the value
*mV/bit" in amplitude and offset setup routines.

These values are saved in the cal data base unless an
error occurs, at which time the default values are
saved.

Bit 2: Delay Gatable Osclllatar Frequency Error

The Model 1391 is set up according to a
:DIAG:CAL? 3 command, as follows:

RESET

VOLT 5

INIT:CONT OFF

TRIG:SOUR BUS

TRIG:COUN 50

PULS:DELAY 500e-6

The pulse delay is measured and then the gatable oscil-
lator frequency is determined. If the oscillator fre-
quency is not between 95e6 and 115e6, then bit 2 is
sel.

C-2 SELF CALIBRATION

Bit3: Width Gatable Osclllator Frequency Error

The Model 1391 is set up according 10 a
DIAG:CAL? 2 command, as follows:

RESET

VOLT 5

INIT:CONT OFF
TRIG:S50UR BUS
TRIG:COUN 50
PULS:WIDTH 500e-6

The pulse width is measurcd and then the gatable o0s-
cillator frequency is determined. If not between 95e6
and 115¢e6, then bit 3 is set.

Bit4 & 5: Trigger Gateah!s Dsclliator Fraquency Error

The Model 1391 is set up according to a
:DIAG:CAL? 1 command, as follows:

RESET

VYOLT 5

FREQ 25e6

FUNC SQUARE
INIT:CONT OFF
TRIG:SOUR BUS
TRIG:CQUN 50

The trigger gatable oscillator DAC is set to 0 and fre-
quency is measured, then the DAC is incremented by
585 and measured until the maximum DAC value is
rcached. The span should be from less than 25 MHz to
greater than SOMHz. If minimum value ts > 25¢6 then
bit 4 is set. If maximum value is < 50e6 then bit 5 is
sel.

Bit 14: Hardwara Error

The processor had a bus failure in trying to access
hardware,


https://www.manualsplus.com/

self Test

Appendix D

D.1 INTRODUCTION

This appendix provides the Operator/Programmer with
additional information needed to interprel a non-zero
response value to either the *TST? IEEE-488.2 Com-
mon Command or the SCPI TEST [ : ALL] ? query.
This information supplements paragraphs 3.3.3.2
(TEST)and 3.34 (*TST?).

D.1.1 TEST Query Response
*TST?

According to IEEE Sid. 488.2-1987 section 10.38, the
self test query causes an internal Self Test to be per-
formed and a response to be placed in the Qutput
Queue, The response to the * TST? guery is an ASCII
string representing an integer value, The value of 0 is
returned if the Self Test passed, and a non-zero value
in the range of 32767 to -32768 is returned if the Self
Test failed. The interpretation of the value returned in
the event of a failed Self Test is defined by the module
manufacturer.

The * TST? query invokes the same internal Self Test
functions and returns the same response as the
TEST[:ALL) ? query documented below,

TEST[:ALL]?

The TEST[:ALL] ? query returns a detailed error
code indicating the nature of any failure. The value of
a 16-bit Self Test Status Word is returned in response
tothe TEST [: ALL] ? query. The format of the Self
Test Status Word is shown below:

Emor Code —I
4]

Bl 124 13 12 11 10 & 8 7 8 5 4 3 2 1

Self Test Status Word

The Error Code field contains a bit weighted code that
is defined in the following table.

Error Code Bit Meaning

0 Amplitude DAC Control

1 Trailing Edge DAC control & <10ns
control

Leading Edge DAC control & <10ns
control

Limit amplifier

SUMBUS

Delay gateable oscillator

Width gateable oscillator

25-50 MHz gateable oscillator

]

_—00 ~J N LA B

4 Hardware bus error

If no failures were detected by the self test then the Er-
ror Code field will be set to zero.

The Self Test saves the state of the instrument prior to
starting and restores it after the test is complete.
While performing the Self Test, the output relays re-
main open so as not to disturb any external devices.

D.1.2 8elf Tast Error Codes

Bit 0: Amplitude DAC

The model 1391 is set according to the following:
RESET

Program amplitude DAC to 0,

Set bit zero (Fail the test) if voltage at ADCCHI is
outside = 0 .1 Vde. Program amplitude DAC to 4095
and Set bit zero if voltage at ADCCHI is outside of
1.048 Vdc =+ 0.25 Vdc,

SeLr TesT D-1
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Bit 1: Tralling Edga DAC
The model 1391 is set according to the following:
RESET

Program trailing edge DAC to0 0 and set bit 1 if voltage
at ADCCH?2? is » 0.25 Vdc. Program trailing edge
DAC to 4095 and set bit 1 if voltage at ADCCH? is

< 3,361 Vdc or > 4.071 Vde, Program Ul1-6 & 7 high
and set bit 1 if the voltage at ADCCH2 is < 2.761 Vdc
or > 3.361 Vdc.

Bt 2: Leading Edge DAC
The model 1391 is set according to the following:
RESET

Program leading edge DAC 10 0 and set bit 2 if the
voltage at ADCCH3 is < -0.25 Vdc. Program leading
edge DAC to 4095 and set bit 2 if the voltage at AD-
CCH3 is < -4.089 Vdc or > -3.389 Vdc. Program Ul l-
6 & 7 high and set bit 2 if voltage at ADCCH3 is

< -3.3006 Vdc or » -2,706 Vdc.

Bl 3; Limit Amplitier
The modcl 1391 is set up according to the following:
RESET

Set bit 3 if the voltage at ADCCH4 is outside
+ 0.15 Vde,

Bit 4; SUMEUS
the model 139] is set up according to the following;
RESET

Program U7-5 high and set bit 4 if the voltage at AD-
CCHS5 is outside = 0.05 Vdc.

Blt 5; Delay Gateahle oscillator

The mode] 1391 is set up according to the following:
FREQ le3
VCOLT 5

PULS:WIDT 250e-6

-2 SevLr TestT

PULS:
FUNC

DEL 125e-56
PULSE
SOUR
CONT

BUS

OFF

TRIG:
INIT:
TRIG:CZCUN 50

Program U]3-6 low and U13-3,4,& 5 high to select the
delay pulse signal for the internal measurement circuit.
Measure delay and set bit 5 if the delay value is not
between 100e-6 and 150e-6.

Bit 6: Width Gateahle osclilator

The model 1391 is set up according to the following:
FREQ
VOLT 5

WIDT 250e-6
DEL 125e-6

le3

PULS:
PULS:
PULS

SQUR BUS
COKRT OFF
COUN 50

FUNC

TRIG:
INIT:
TRIG:

Measure the width and set bit 6 if the width value is
not between 200e-6 and 3(0e-6.

Bit 7: 25-50 MHz Gateahle oscillator

the model 1391 is set up according to the following:
FREQ €66.7

VCOLT 5

FUNC SQUARE

TRIG:SOUR BUS

INIT:CONT OFF

TRIG:COUN 50

This setup generates a 749.9625 e-6 width signal to
measurement circuit. Measure width and set bit 7 if
the width value is not between 700e-6 and 800e-6.

Bit 14: Hardware Bus failure.

The processor had a bus failure in trying 10 access
hardware.
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SGPI Conformance Information

Appendix E

E.1 INTRODUCTION

This Appendix contains compliance data as required
by the SCPI 1992 Specification, Volume 1: Syntax and
Style. Specifically, paragraph 4.2.3, Documentation
Requirements, specifies the Conformance Information
requirements for SCPI preducts,

E.2 MODEL 1391 SCPI VERSION

The Madel 1391 VXIbus Pulse Generator has been de-
signed to comply with SCPI Versien 1992.0, dated
February 1992.

E.3 MODEL 1381 SCPI COMMAND 8YNTAX

The SCPI specification, Version 1992.0, defines three
type of SCPI commands which may be used in a SCPI
product; Confirmed Commands, Approved Commands,
and commands which are not part of the SCPI defini-
tion,

£.3.1 SCPI Contlrmad Commands

Confirmed Commands are those commands which are
published in the SCPI 1952 Specification, Volume 2:
Command Reference. Refer to Table E.1 for the com-
plete syntax of Model 139] SCPI commands. Mode!
1391 Confirmed Commands will be identified with
with the notation “Confirmed" in the third column.

£.3.2 SCPI Approved Commands

Approved Commands are those commands which have
been approved by the SCPI Consortium, but are not
published in the SCPI 1992 Specification. Refer to
Table E.1 for the complete syntax of Model 1391 SCPI
commands. Model 1391 Approved Commands will be

identified with with the notation “"Approved” in the
third column,

E.3.3 Commands not part of the S§CPI Spacliication

The SCPI Specification does allow products using the
SCPI language to have specialized commands included
which are outside of the SCPI definition. Referto Ta-
ble E.1 for the complete syntax of Model 1391 SCPI
commands. Any Model 1391 commands which are not
in the SCPI definition will be identified with the nota-
tion “Not SCPI Approved” in the third column.

E.3.4 Incomplete Command Inplementation

The SCPI definition specifies each command com-
pletely, and if the command keyword is at the leaf
node, it specifies the parameter data and query re-
sponses. In some cases, a SCPI product may not im-
plement all of the choices given in the specification.

For example, when parameter character data is in the
form of a list of choices, the product’s hardware may
not support all of those choices:

[SOURce] : FREQuency:MODE
{CW{FIXed |SWEep|LIST|SENSe>

In this example, a complete list of possible Frequency
Modes is given. However, the product’s feature set
may want to have a settable Frequency Mode in order
to sel a CWIFIXED frequency, and to enter a Frequen-
cy Sweep Mode. The other Modes, LIST and SENSe,
may not have any hardware to support them. In this
case, the SCPI Syntax Table (see Table E.1) would use
footnotes to indicate partial conformance to the SCPI
Specification.

SCPI ConrorMance InForMaTION E-1
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Table E-1. Model 1391 SCPI Command Syntax

I

KEYWORD PARAMETER FORM l NOTES
CALibration - Confirmed
[:ALL)? ' Confirmed
INITiate * Confirmed
[:IMMediate] Confirmed
:CONTinuous {Boolean_data> (QN) Confirmed
QUTPut Contirmed
rECLTrgln> Confirmed
[:STATe) {Beolean_data> (QFF) Confirmed
:SOURce <TRIP | PULSe> Confirmed'
[:STATe] {Boolean_data> (QFF) Confirmed
: SUMBus i Not SCPI Approved
[:STATe] {Boolean_data> <QFF) Not SCP| Approved
:TTLTrg<n> Contirmed
[:STATe] {Boolean_data> (QFF) Confirmed
: SOURce {TRIP | PULSe> Contirmed !
RESet Contfirmed
t
[SOURce] Confirmed
:FREQuency Contirmed
[:CW | FIXed] {numeric_wvalue> Confirmed
:FUNCtion Confirmed
[:SHAPe] (<PULSe | SQUare>) Confirmed !
:MARKer Confirmed
:TYPE {CLOCk | GATE> Not SCP1i Approved '
[:STATe] {Boolean_data> (QFE) Confirmed
:PULSe t Confirmed
‘WIDTh {numerie_valued Confirmed
:DELay {numeric_value> Contirmed
:DOUBle Confirmed
:DELay {numeric_value> Confirmed
[:STATe] {Boolean_data> (QOFF) ) Confirmed
:POLarity <{NQRMal | COMPlement | INVerted> Confirmed
:PERiod {numeric_value> Confirmed
: TRANsition Confirmed
:STATe {Boolean_data> (QFF) Confirmed
{:LEADing] <{numeric_value> ‘ Confirmed
:TRAiling {numeric_value> Confirmed
:AUTO {Boolean_dats> (QN) Confirmed 2
: SUMBus Not SCPI Approved
[:STATe] {Boolean_data> (QFF) Not SCPI Approved
:VQOLTage | Confirmed
[:LEVel] Confirmed
{:IMMediate] Confirmed
:HIGH {numeric_value> Confirmed
:LOW | <numeric_value> Contirmed
[:AMPLitude] <numeriec_value? Confirmed
:0FFSet {numeric_value> Confirmed

E-2 SCPI CONFORMANCE INFORMATION
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Table E-1, Mode! 1391 SCPI Command Syntax (Continued)

]

KEYWORD i PARAMETER FORM NOTES

[SOURce] (Continued)

:PULM | Confirmed
[:STATe] {Boolean_data> (QFF) i Confirmed
:AMPLitude ' {BIPolar | POSitive | NEGative> Not SCPI Approved'

|

STATus | Confirmed ®
:0PERation Confirmed ®

:CONDition? Confirmed ?
1ENABle {numeric_value> Confirmed ?
[:EVENt]? Confirmed ?

:QUEStionable I Conlirmed ?

1 CONDition? Confirmed ?
:ENABle {numeric_value> Confirmed ?
[;EVENt]? Confirmed ?

:PRESet Confirmed ®

SYSTem Confirmed
:ERRor? ! Confirmed
:DATE {year>, <month>», <{day> Confirmed
:TIME <hour>, <{minute>., <second> ' Confirmed
:VERSion? Confirmed
:LANGuage Contirmed ¢

:CIIL ‘ Confirmed ¢
!

TRIGger } Confirmed
:COUNt {numeric_value> Confirmed
:LEVel {numeric_velue> i Confirmed
i GATE Not SCPI Approved

[:8TATe] {Boolean_data> (QFF) Not SCPI Approved
:MODE {SYNChreonous | EXTWidth> Not SCP! Approved'

: MODE {MASTer | SLAVe> | Not SCPI Approved !

:SLOPe <{PQSitive | NEGative> Confirmed 2

:SOURce {INTernal | BUS | EXTernal | TTLTrg<n> | Confirmed 12

ECLTrg<n> | TOFF>

:TIMer {numeric_value> Confirmed

DIAGnostic Confirmed
:CALibrate? {step? Confirmed !
:CALibrate | Confirmed '

:MEASure <step”,{numeric_value> Confirmed
1SAVE Confirmed !
:INIT Confirmed *

TEST Confirmed

(:ALL]? Confirmed

—_

Device dependent parameter character data,
Incomplete implementation; at least one paramecter not supported per SCPI specification,
STATus Subsystem commands operate per the specification, but the physical Status Registers are not imple-

mented in the hardware.

“System Language” specifies deviee dependent parameter character data; implemented CIIL as keyword.
SCPI Coxroraance INFORMaTION E-3
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