A AVTECH ELECTROSYSTEMS LTD.
AVTECH _’\I_ NANOSECOND WAVEFORM ELECTRONICS
— SINCE 1975

info@avtechpulse.com Tel: 888-670-8729 (USA & Canada) BOX 5120, LCD MERIVALE
http://www.avtechpulse.com/ or +1-613-686-6675 (Worldwide) OTTAWA, CANADA K2C3H5
INSTRUCTIONS

MODEL AVRK-4-B-DPF

750 VOLT DOUBLE-PULSE

HIGH PERFORMANCE PULSE GENERATOR

WITH IEEE 488.2 / RS-232 / ETHERNET CONTROL

SERIAL NUMBER: 14529




WARRANTY

Avtech Electrosystems Ltd. warrants products of its manufacture to be free from
defects in material and workmanship under conditions of normal use. If, within
one year after delivery to the original owner, and after prepaid return by the
original owner, this Avtech product is found to be defective, Avtech shall at its
option repair or replace said defective item. This warranty does not apply to
units which have been dissembled, modified or subjected to conditions
exceeding the applicable specifications or ratings. This warranty is the extent of
the obligation assumed by Avtech with respect to this product and no other
warranty or guarantee is either expressed or implied.

TECHNICAL SUPPORT

Phone: 888-670-8729 (USA & Canada)
or +1-613-686-6675 (Worldwide)

E-mail: info@avtechpulse.com
World Wide Web: http://www.avtechpulse.com




TABLE OF CONTENTS

“TR OPTION.....uuaaeeeetteteeeetnentneeteennneeneneeeeeeeeessesssessssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnssnns 9
-LVA INTERNAL ATTENUATOR OPTION.......cccettttrmmmmmmmnmnnnnnennnniissiiiiisisccsssennneeeeeececeesssssssees 9
=OS DC OFFSET OPTION.....ccitttiiiiiiiiiiiiiiiiiiienisissssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssnes 9
-SIL SAFETY INTERLOCK OPTION......uuuiretiiiintnnttteenscnnnteteeesssssnnnsesessssssssssssseesssssssssnes 9
FCC PART T8..uaeeieiiiiiintiniteeennnnnnteneensiiisnsneseesssssssssssssessssssssssssssssssssssssssssssssssssssssssssssssssss 12
EC DECLARATION OF CONFORMITY ....cccttiiiiiiinmnnnnnneeeennisssssssnnnneeeeeessssssssssssssssssssessssssses 12
DIRECTIVE 20T1/65/EU (ROHS)....cccciiiiimiiiiiiiinneriiiiinneeincinneeeicisseeeescsssseecssssssseeessssssascsssnss 13
DIRECTIVE 2002/96/EC (WEEE)........cccceeiiinuueriiiisnneeesissneeescsssnnesesssssneeesssssssesssssssssssssssssseses 13
FIRMWARE LICENSING........cccoottiiimmmntitiiiiiiiiiinnntiiieieessssssssssssssssssssssssssssssssssssssssssssssssssss 14
VISUAL CHEGCK. .....coitiiiiittiiitiiiiiinnniieteiiiinmmmteeeesssissmseesesssssssssssssssssssssssssssssssssssssssssssssssssss 15
POWER RATINGS......cuutiiiiiiiiiinnneneeiiiiiinnttteeeiiiissstteeeesssssssssssssssssssssssssssssssssssssssssssssssssssans 15
CONNECTION TO THE POWER SUPPLY ....cccciivinmtriiiiiiiiiiiisnnnnnnneeeeeeccsssssssssseeeesssssssssnss 15
PROTECTION FROM ELECTRIC SHOCK.........cccceeeeviinnmmmnnnnneieeeeieiccsssssssnssnneeeeeessssssssssssnns 16
ENVIRONMENTAL CONDITIONS........ccccoinmiitiiiiinnnnnneeeiccssssnneeeeissssssssseeesssssssssssassssssssssss 17
LABVIEW DRIVERS........ccoiiiiiiiiiinnnttetiiiicnnniitiieeeiicssmssseeeessssssssssssssesssssssssssssssssssses 17
AC FUSE REPLACEMENT .....ccciiintttiiiinintnttteiicisinnneettssisssssseeeesscssssssssesssssssssssssssssssssssses 18
DC FUSE REPLACEMENT .....ccciiiiiiittitiiiintttttiiiiiinneeeeeescsssssnseeessssssssssssssssssssssssssssssses 19
FUSE RATINGS......ccoittttttiiiiiniunntttiiiiiiinttetiisisssssstteesscssssssssessssssssssssssssssssssssssssassssssssssssns 19
BASIC PULSE CONTROL......uuuuuuieunnnnnnennennnnnneteeeieeeiieetteeeeieessesssssssssssssssssssssssssssssssssssssssssss 24
INTERNAL TRIGGER MODE........ccccetttttiiiiiemiemeemneeenneeneeenneeneeeeseeeseesseesssemmmmmmssss 24

SINGLE EXTERNAL TRIGGER MODE..........ccconiiiiiiiininnnineeensnsnnnnneeessssnnsseseeessssssssssees 24



DOUBLE EXTERNAL TRIGGER MODE..........iiiiiiiiinnnniiiiicissnnneeesccssssnseeecssssssssssssesses 25
POLARITY CONTROL.....cccoiiiruuriiiiiiissrnnnneeicisssssnneeessssssssssssesesssssssssssssssssssssssssssssssssssssssasses 26
TRIGGER MODES........otiiiiiiiiiiinnnnieeiiicininnnneeetiiicissssssteessssssssssssssssssssssssssssssassssssssssss 26
GATING MODES.........ciiiiiitntitiiiiiinttttieeiciiinstteeeicsissssseetssssssssssstesesssssssssssssssssssssssssssssssssss 27
TURN OFF INSTRUMENT WHEN NOT IN USE........cccccoivnnmnntriiiiiiiissssssnnneeeeesscccssssssnsssen 28
DO NOT EXCEED 1 KHz.......uuuuiiiiiiiiiiineiiinnecninneincnnnecsssssessssssssessssssessssssssssssssssssssssessns 28
USE A 500 LOAD......ccccittiiiiiiiiiiiiiiciiiiiiniississssssssssssssssssssssssssssssssssssssssssstssetestteseesssssssssssssssssss 28
1
KEY PROGRAMMING COMMANDS.......uuuuiiiiiiiieiiiinnnnnnntneeeesesssssssssnmmseessessssssssssssssssssessssas 33
ALL PROGRAMMING COMMANDS.........rrieiiiiiinnnneeeessisnnnieeeesssssssssnssesssssssssssassssssssssss 34
TOP COVER REMOVAL......ccoiiiitriiiinninnnnnitieenissnmnteeeesssssssssssssssssssssssssssssssssssssssssssssssssans 36
RACK MOUNTING.......ccottiiiinttiieeeiiiiinntteteesiisssnnneessssssssssssssesssssssssssssssssssssssssssssssssssssssssessss 36
ELECTROMAGNETIC INTERFERENCE........ccciirririiiiiiinnnnnnnieeeeeesssssssssnnnsnsssesesssssssnes 36
REGULAR MAINTENANCE.......ccciiiitiietiiiniiiiinnnttntteettsisississsssmmsessesssssssssssssssssssssssssssssss 37
CLEANING . ...cutiietteinininntttteeeesecsisnntttteesssssssssssssessssssssssssssssssssssssssssssssasssssssssssssssssssssssssssss 37
TRIGGER DAMARGE........cccooiiiiiitiiniininnttiiieeiicsiinnmmtieeesisssssssssssessssssssssssssssssssssssssssssssss 37
WIRING OF AC POWER......ccccciinmtniriiiiininnnneteeisssssssnneeeesssssssssnsssssssssssssssssssssssssssssssssssssssssnns 38
WIRING OF DC POWER.......ccccovnnumiiriiniiiisnnneeeescssssssnneeessssssssssssssssssssssssssssssssssssssssssssssssssssnns 39
PCB 158R7 - LOW VOLTAGE POWER SUPPLY ....uurrieeieieiiiccisssssnnnnnnneeeeeeesesssssssssssssns 40
PCB 282C - HIGH VOLTAGE DC POWER SUPPLY ....ccccctiiiinmmmnnnnnnnneeeeeeeiiiiciscssssssssnsseees 41
PCB 341A — INTERLOCK (=SIL UNITS)...cuuuutiiiiiruniiiiisuneeieiisneeiscsssneesccsssnnesscssssssesscsssnsesses 42
PCB 216F - PRF/PW TWEAKING PCBi......uucutitiiiiiiiiinnnnnnieeeiiiiciininmmeseeeeessscmsssssssseessssses 43
PCB 241F - SUPPLEMENTARY PULSE WIDTH CONTROL.......cccccceevnnummnnreecccissnnnneeenccssann 44
PCB 205B - SECOND TIMING CHANNEL.......ccccitiiiiinnttiiiiiiniinteeeiiccssssnnneeesccssssssseesscssnns 45
PCB 317A = AMPL/IPW BIAS......uuuiiiiiiiitttttiiiicinnetteecsccsnsstseesscsssssssseeesssssssssssssssssssssssssse 46
PG-N MODULE, MAIN PULSER CIRCUIT.....ccccettiiiiininnneeiiicisssssnneeeccccssssnsseessccssssssssessssssssns 47
AVX-R6 MODULE, POLARITY-INVERTING TRANSFORMER (-P AND -PN UNITS).......... 48
MON MODULE.......cuuuereennnnnnnntnttntteetitettettettetieetiesssssssssssssssssssssssssssssssssssssssssssssssssssssssssssssses 49
PCB 104H - KEYPAD / DISPLAY BOARD...........rriiisiiiiniicnniicciniininnnnnesnsseesseeneeeeeeee 50

PCB 295G - MAIN CONTROL BOARD, 1 OF 13, TOP-LEVEL.......cccccceerrrrriiiiiiirinnnnnnnnnnee 51



PCB 295G - MAIN CONTROL BOARD, 2 OF 13, MICROCONTROLLER TOP-LEVEL...... 52
PCB 295G - MAIN CONTROL BOARD, 3 OF 13, EMBEDDED CONTROLLER..........ccc..... 53
PCB 295G - MAIN CONTROL BOARD, 4 OF 13, GPIB INTERFACE..........cccccccecevvrririnicnnne 54
PCB 295G - MAIN CONTROL BOARD, 5 OF 13, DACS.......cccccceveiirumnnnnneeiicccssssnnnneeeessccesnns 55
PCB 295G - MAIN CONTROL BOARD, 6 OF 13, TIMING TOP-LEVEL.............uuueerrrieceunn. 56
PCB 295G - MAIN CONTROL BOARD, 7 OF 13, GATE CIRCUIT......cccccoevvummmmmnnneeeeeerccccen 57
PCB 295G - MAIN CONTROL BOARD, 8 OF 13, OSCILLATOR.........cccetetrrerrriiicicccisssssnnnn 58
PCB 295G - MAIN CONTROL BOARD, 9 OF 13, TTL OUTPUTS......ccccccviiiiiiiinicinscccccsscnnns 59
PCB 295G - MAIN CONTROL BOARD, 10 OF 13, DELAY CIRCUITS.........cccceeerrmmmunnniccnes 60
PCB 295G - MAIN CONTROL BOARD, 11 OF 13, PULSE WIDTH CIRCUIT.......ccc...ccceeeuee 61
PCB 295G - MAIN CONTROL BOARD, 12 OF 13, TRIGGER SELECT..........cccccceevrrrrnnnnnee 62
PCB 295G - MAIN CONTROL BOARD, 13 OF 13, SHIFT REGISTERS.............................. 63
MAIN WIRING......uuueiiiiiieniiitttteeteensinnntiieetessssisssssssseeeessssssssssasssssssssssssssssssssssssssssssssssssssssns 64
1

Manual Reference: /fileserver1/officefiles/instructword/avrk/AVRK-4-B-DPF,sn14529.0dt.
Last modified March 17, 2025.
Copyright © 2025 Avtech Electrosystems Ltd, All Rights Reserved.



INTRODUCTION

The AVRK-4-B-DPF is a high-speed, high-voltage, pulse doublet generator with GPIB,
RS232, and Ethernet ports for computer control.

The output is capable of generating pulse doublets, instead of single pulses. The first
and second pulses in the doublet have independently variable amplitude (adjustable
from <150V to 750V) and pulse width (adjustable from 6 ns to 20 ns). Both must have
the same polarity.

Instruments with the “-P” option can generate positive pulses, whereas instruments with
the “-N” option can generate negative pulses. Instruments with the “-PN” option have
switchable polarity.

In the internal trigger mode, the delay of the first pulse is adjustable over a range of 0 to
1.0 seconds, relative to the SYNC output. The second pulse is delayed relative to the
first by an adjustable setting of 150 ns to 1.0 seconds (not to exceed 50% of the period).
The separation resolution varies, but it is always better than 0.15% of (programmed
separation + 20 ns).

Two external trigger modes are provided. For the “Single External Trigger” mode,
external trigger pulses are applied to one connector. Each external pulse triggers a
pulse doublet, after a short fixed propagation delay (approximately 200 ns). The doublet
amplitudes, pulse widths, and delays are controlled in the same manner as the internal
trigger mode.

The “Double External Trigger” mode uses two external trigger connectors. A pulse on
the first trigger connector (TRIG1) generates the first output pulse after a short fixed
propagation delay and a variable delay (PROP1 + DLY1), with amplitude AMP1 and
pulse width PW1. A pulse on the second trigger connector (TRIG2) generates the
second output pulse after a short fixed propagation delay and a variable delay (PROP2
+ DLY2), with amplitude AMP2 and pulse width PW2. As with the other modes, both
output pulses appear on the same output connector. The user must ensure that the
delay between the first output pulse and the second pulse is between 150 ns to 1s (and
less than 50% of the period). The timing between the two pulses within the doublet is
controlled DLY1 and DLY2 settings and the timing between the trigger pulses.

The three trigger modes are illustrated below.
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A 50 Ohm load is for proper operation. The output stage may be damaged if
the output is not terminated into a 50Q load.

The AVRK-4-B-DPF is a highly flexible instrument. Aside from the internal trigger
source, it can also be triggered or gated by external TTL-level signals. A front-panel
pushbutton or a computer command can also be used to trigger the instrument.

The AVRK-4-B-DPF features front panel keyboard and adjust knob control of the output
pulse parameters along with a four line by 40-character backlit LCD display of the
output amplitude, pulse width, pulse repetition frequency, and delay. The instrument
includes memory to store up to four complete instrument setups. The operator may use
the front panel or the computer interface to store a complete “snapshot” of all key
instrument settings, and recall this setup at a later time.

This instrument is intended for use in research, development, test and calibration
laboratories by qualified personnel.



AVAILABLE OPTIONS

-TR OPTION

This option reduces the rise time specification from <4 ns to < 2 ns.

-LVA INTERNAL ATTENUATOR OPTION

An internally-switched attenuator reduces the minimum operating amplitude to 4% of
the maximum, from the standard 20%.

-OS DC OFFSET OPTION

This option adds a bias tee circuit on the output, with a rear-panel “OS” connector. This
connector allows an externally generated DC offset to be added to the output. The desired
DC offset is applied to this connector, which is connected to the output centre conductor
through a high-quality RF inductor. Do not exceed £50V, 250 mA. (Normally the current
limit is more restrictive than the voltage limit.)

-SIL SAFETY INTERLOCK OPTION

This option adds a safety lock circuit on a rear-panel BNC connector. The signal pin of this
safety lock BNC connector must be shorted to chassis ground by the user’s circuitry (the
short must be capable of carrying 5 mA of current from an internal +5V/1kQ DC source),
otherwise the output will be switched off automatically. The connector shield is connected
to chassis ground.
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SPECIFICATIONS

Model:

AVRK-4-B-DPF'

Maximum amplitude®:
(50Q load required)

750V

Usable amplitude range,
standard units:

Range 1: < 20% to 100% of the maximum specified amplitude

Usable amplitude range,
with -LVA option:

Range 1: < 20% to 100% of the maximum specified amplitude
Range 2: < 4% to 20% of the maximum specified amplitude
(The ranges are automatically selected based on the amplitude setting.
The threshold percentages are approximate.)

Pulse width (FWHM):

6 —20 ns

Rise time (20%-80%):

Standard: < 4 ns
With -TR option: <2 ns

Fall time (80%-20%):

<6ns

<4ns

<10 ns

<6ns

PRF:

1 Hzto 1 kHz

Regquired load impedance:

50 Ohms?®

Output impedance?:

Low (much less than 50 Ohms)

Polarity?: Positive or negative or both (specify)

Propagation delay: < 150 ns (Ext trig in to pulse out)

Jitter: + 100 ps + 0.03% of sync delay (Ext trig in to pulse out)

DC offset: -OS option*: Apply required DC offset (+ 50 Volts, 250 mA DC max)

to rear-panel solder terminals

Standard trigger modes:

Internal trigger, external trigger (TTL level pulse, > 10 ns, 1 kQ input impedance),
front-panel “Single Pulse” pushbutton, or single pulse trigger via computer command.

Double-trigger mode:

Included with -DPF option®. Adds the ability to generate pulse doublets, instead of single pulses.
The first and second pulses in the doublet have independently variable amplitude and pulse
width. Both must have the same polarity. The second pulse will be delayed relative to the first by
a minimum of 150 ns, and a maximum of 1 second (not to exceed 50% of the period). This delay
is adjustable in the “Single External Trigger” and “Single External Trigger” modes. The delay is
determined by the trigger signals in the “Double External Trigger mode”.

Variable delay:

0 to 1.0 seconds (sync out to main out), for all trigger modes (including external trigger).

Sync output:

> +3 Volts, > 50 ns, will drive 50 Ohm loads

Gate input:

Synchronous or asynchronous, active high or low, switchable.
Suppresses triggering when active.

Monitor output:

Included. Provides a 20 dB attenuated coincident replica
of the main output. Requires a 50 Ohm load, if used.

Safety interlock option®:

This option adds a safety lock circuit on a rear-panel BNC connector. The signal pin of this safety
lock BNC connector must be shorted to chassis ground by the user’s circuitry (the short must be
capable of carrying 5 mA of current from an internal +5V/1kQ DC source), otherwise the output

will be switched off automatically. The connector shield is connected to chassis ground.

Connectors:

BNC

GPIB & RS-232 control:

Standard on -B units.

Ethernet port, for remote
control using VXI-11.3, ssh,
telnet, & web:

Included. Recommended as a modern alternative to GPIB / RS-232.
See http://www.avtechpulse.com/options/vxi for details.

Settings resolution:

The resolution of the timing parameters (pulse width, delay, period) varies, but is always better
than 0.15% of (|set value| + 20 ns). The amplitude resolution is < 0.1% of the maximum
amplitude.

Settings accuracy:

Not specified. The pulse width setting experiences some thermal drift and interaction with the
amplitude setting. For this reason, the actual output characteristics should be verified by
measuring the main output or the monitor output. For high-accuracy applications requiring
traceable calibration, verify the output with a calibrated oscilloscope.

Included pulse transformers:

None

Power requirements:

100 - 240 Volts, 50 - 60 Hz

Dimensions (H x W x D):

100 mm x 430 mm x 375 mm (3.9"x 17" x 14.8”)

Rack-mount kit:

Optional. Add -R5 to the model number.

Temperature range:

+5°C to +40°C




)
2)

3)

4)
5)

6)
7)

8)
9)

11

-B suffix indicates IEEE-488.2 GPIB and RS-232 control of amplitude, pulse width, PRF and delay. (See http://www.avtechpulse.com/gpib).
Indicate desired polarity by suffixing model number with -P or -N (i.e. positive or negative) or -PN for the dual-polarity option (one output with
switchable polarity).

This is the input in series with the output, internally. Since the output impedance is not 50 Ohms, the load impedance must be 50 Ohms, or
transmission line reflections will occur.

For DC offset option suffix model number with -OS.

A 50 Ohm load is required. Other loads may damage the instrument. Consult Avtech (info@avtechpulse.com) if you need to drive other load
impedances.

The maximum amplitude may fall by up to 10% at minimum pulse width, as the rise and fall times become comparable to the pulse width.

The fall time varies with amplitude (higher amplitudes produce faster fall times) and pulse width (wider pulse widths produce slower fall times).
These values are the limits for operation at minimum and maximum specified amplitudes and pulse widths. Fall times for other settings will lie
between these values.

Add the -DPF model number suffix to specify the double pulse option.

Add the -SIL model number suffix to specify the safety interlock option.
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REGULATORY NOTES

FCC PART 18

This device complies with part 18 of the FCC rules for non-consumer industrial,
scientific and medical (ISM) equipment.

This instrument is enclosed in a rugged metal chassis and uses a filtered power entry
module (where applicable). The main output signal is provided on a shielded connector
that is intended to be used with shielded coaxial cabling and a shielded load. Under
these conditions, the interference potential of this instrument is low.

If interference is observed, check that appropriate well-shielded cabling is used on the
output connectors. Contact Avtech (info@avtechpulse.com) for advice if you are unsure
of the most appropriate cabling. Also, check that your load is adequately shielded. It
may be necessary to enclose the load in a metal enclosure.

If any of the connectors on the instrument are unused, they should be covered with
shielded metal “dust caps” to reduce the interference potential.

This instrument does not normally require regular maintenance to minimize interference

potential. However, if loose hardware or connectors are noted, they should be
tightened. Contact Avtech (info@avtechpulse.com) if you require assistance.

EC DECLARATION OF CONFORMITY

We Avtech Electrosystems Ltd.
P.O. Box 5120, LCD Merivale
Ottawa, Ontario
Canada K2C 3H5

declare that this pulse generator meets the intent of Directive 2014/30/EU for
Electromagnetic Compatibility. Compliance pertains to the following specifications as
listed in the official Journal of the European Communities:

EN 50081-1 Emission

EN 50082-1 Immunity
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and that this pulse generator meets the intent of the Low Voltage Directive 2014/35/EU.
Compliance pertains to the following specifications as listed in the official Journal of the
European Communities:

EN 61010-1:2010+A1:2019, Safety requirements for electrical equipment
for measurement, control, and laboratory use

DIRECTIVE 2011/65/EU (RoHS)

We Avtech Electrosystems Ltd.
P.O. Box 5120, LCD Merivale
Ottawa, Ontario
Canada K2C 3H5

declare that, to the best of our knowledge, all electrical and electronic equipment (EEE)
sold by the company are in compliance with Directive 2011/65/EU of the European
Parliament and of the Council of 8 June 2011 on the restriction of the use of certain
hazardous substances in electrical and electronic equipment (also known as “RoHS
Recast”). In addition, this declaration of conformity is issued under the sole
responsibility of Avtech Electrosystems Ltd. Specifically, products manufactured do not
contain the substances listed in the table below in concentrations greater than the listed
maximum value.

|
Lead (Pb) <1000 ppm (0.1% by mass)
Mercury (HQg) < 1000 ppm (0.1% by mass)
Hexavalent Chromium (Cr6+) <1000 ppm (0.1% by mass)
Polybrominated Biphenyls (PBB) <1000 ppm (0.1% by mass)
Polybrominated Diphenyl ethers (PBDE) <1000 ppm (0.1% by mass)
Cadmium (Cd) <100 ppm (0.01% by mass)
Bis(2-ethylhexyl) phthalate (DEHP) <1000 ppm (0.1% by mass)
Butyl benzyl phthalate (BBP) <1000 ppm (0.1% by mass)
Dibutyl phthalate (DBP) <1000 ppm (0.1% by mass)
Diisobutyl phthalate (DIBP) <1000 ppm (0.1% by mass)

DIRECTIVE 2002/96/EC (WEEE)

European customers who have purchased this equipment directly from Avtech will have
completed a “WEEE Responsibility Agreement” form, accepting responsibility for WEEE
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compliance (as mandated in Directive 2002/96/EC of the European Union and local
laws) on behalf of the customer, as provided for under Article 9 of Directive 2002/96/EC.

Customers who have purchased Avtech equipment through local representatives should
consult with the representative to determine who has responsibility for WEEE
compliance. Normally, such responsibilities with lie with the representative, unless other
arrangements (under Article 9) have been made.

Requirements for WEEE compliance may include registration of products with local
governments, reporting of recycling activities to local governments, and financing of
recycling activities.

FIRMWARE LICENSING

This instrument uses open-source software internally, and is built on a Fedora Linux
operating system.

Some of this software requires that the source code be made available to the user as a
condition of its licensing. The source code for programs used by Fedora is freely
available at https://src.fedoraproject.org/.

The source code for modifications implemented by Avtech, and for Avtech-specific
programs, is available at https://www.avtechpulse.com/cgit/Instrument.git/.
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INSTALLATION

VISUAL CHECK

After unpacking the instrument, examine to ensure that it has not been damaged in
shipment. Visually inspect all connectors, knobs, liquid crystal displays (LCDs), and the
handles. Confirm that a power cord, a GPIB cable, and two instrumentation manuals
(this manual and the “Programming Manual for -B Instruments”) are with the instrument.
If the instrument has been damaged, file a claim immediately with the company that
transported the instrument.

POWER RATINGS

This instrument is intended to operate from 100 - 240 V, 50 - 60 Hz.

The maximum power consumption is 90 Watts. Please see the “FUSES” section for
information about the appropriate AC and DC fuses.

This instrument is an “Installation Category II” instrument, intended for operation from a
normal single-phase supply.

CONNECTION TO THE POWER SUPPLY

An IEC-320 three-pronged recessed male socket is provided on the back panel for AC
power connection to the instrument. One end of the detachable power cord that is
supplied with the instrument plugs into this socket. The other end of the detachable
power cord plugs into the local mains supply. Use only the cable supplied with the
instrument. The mains supply must be earthed, and the cord used to connect the
instrument to the mains supply must provide an earth connection. (The supplied cord
does this.)

A Warning: Failure to use a grounded outlet may result in injury or death due to
electric shock. This product uses a power cord with a ground connection. It must be
connected to a properly grounded outlet. The instrument chassis is connected to the
ground wire in the power cord.

The table below describes the power cord that is normally supplied with this instrument,
depending on the destination region:
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Destination Region Description Option Manufacturer | Part Number
Australia, New Zealand om0y sori, | -Aco Qualtek | 374003-A01
Conperel e Koo | EuwenEE T | acrn | cuate | awoozon
North America, Taiwan ';IZE(l)\Q/Ag(ﬂHSz -ACO03 Qualtek 312007-01
Switzerland 2535\\; ol _ACO6 Qualtek 378001-E01
South Africa, India ooy oty | AC17 Volex 2131H 10 C3
Japan 1ooJ\|f O -AC18 Qualtek 397002-01
Israel 2zoS\|/,3526 " -AC19 Qualtek 398001-01
China GB 12(2)83/',15’02329'1’ -AC22 Qualtek 399012-01

PROTECTION FROM ELECTRIC SHOCK

A Operators of this instrument must be protected from electric shock at all times. The
owner must ensure that operators are prevented access and/or are insulated from every
connection point. In some cases, connections must be exposed to potential human
contact. Operators must be trained to protect themselves from the risk of electric shock.
This instrument is intended for use by qualified personnel who recognize shock hazards
and are familiar with safety precautions required to avoid possibly injury. In particular,
operators should:

1. Keep exposed high-voltage wiring to an absolute minimum.
2. Wherever possible, use shielded connectors and cabling.
3. Connect and disconnect loads and cables only when the instrument is turned off.

4. Keep in mind that all cables, connectors, oscilloscope probes, and loads must
have an appropriate voltage rating.

5. Do not attempt any repairs on the instrument, beyond the fuse replacement
procedures described in this manual. Contact Avtech technical support (see page
2 for contact information) if the instrument requires servicing. Service is to be
performed solely by qualified service personnel.
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ENVIRONMENTAL CONDITIONS

This instrument is intended for use under the following conditions:

indoor use;

altitude up to 2 000 m;

temperature 5 °C to 40 °C;

maximum relative humidity 80 % for temperatures up to 31 °C decreasing linearly
to 50 % relative humidity at 40 °C;

Mains supply voltage fluctuations up to +10 % of the nominal voltage;

no pollution or only dry, non-conductive pollution.

PWN =

i

LABVIEW DRIVERS

A LabVIEW driver for this instrument is available for download on the Avtech web site,
at http://www.avtechpulse.com/labview. A copy is also available in National Instruments'
Instrument Driver Library at http://www.natinst.com/.
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FUSES

This instrument contains four fuses. All are accessible from the rear-panel. Two protect

the AC prime power input, and two protect the internal DC power supplies. The
locations of the fuses on the rear panel are shown in the figure below:

"HS  H#% g " H,
&( ) &+( ) &+( )

AC FUSE REPLACEMENT

To physically access the AC fuses, the power cord must be detached from the rear
panel of the instrument. The fuse drawer may then be extracted using a small flat-head
screwdriver, as shown below:




DC FUSE REPLACEMENT
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The DC fuses may be replaced by inserting the tip of a flat-head screwdriver into the
fuse holder slot, and rotating the slot counter-clockwise. The fuse and its carrier will

then pop out.

FUSE RATINGS

The following table lists the required fuses:

Nominal Recommended Replacement Part
Fuses Mains Rating Case Size | Littelfuse Part | Digi-Key Stock
Voltage Number Number
115y | X8A 20Vl o0 mm | 0218.800HXP | F2418-ND
Time-Delay
#1, #2 (AC) 0.5A, 250V
230V 7 * | 5%20 mm | 0218.500HXP F2416-ND
Time-Delay
#3(DC) | NA }ﬁ%_éﬁ%’ 5x20 mm | 021801.6HXP | F2424-ND
#400) | NA | FoA 20 | 5x20mm | 0218002HXP | F2420-ND

The recommended fuse manufacturer is Littelfuse (http://www.littelfuse.com).

Replacement fuses may be easily obtained from Digi-Key (http://www.digikey.com) and
other distributors.



20

FRONT PANEL CONTROLS

ADJUST

g ==
e
/1

] ]

-/ 51/

. POWER Switch. This is the main power switch. When turning the instrument on,
there is normally a delay of 10 seconds before anything is shown on the main
display, as the internal operating system boots up.

. OVERLOAD Indicator. When the instrument is powered, this indicator is normally
green, indicating normal operation. If this indicator is yellow, an internal automatic
overload protection circuit has been tripped. If the unit is overloaded (by operating at
an exceedingly high duty cycle or by operating into a very low impedance), the
protective circuit will disable the output of the instrument and turn the indicator light
yellow. The light will stay yellow (i.e. output disabled) for about 5 seconds after
which the instrument will attempt to re-enable the output (i.e. light green) for about 1
second. If the overload condition persists, the output will be disabled again (i.e. light
yellow) for another 5 seconds. If the overload condition has been removed, the
instrument will resume normal operation.

This overload indicator may flash yellow briefly at start-up. This is not a cause for
concern.

. OUT CONNECTOR. This BNC connector provides the main output signal, into load
impedances of 50Q.

A Caution: Pulsed voltages as high as 750V may be present on the center
conductor of this output connector. Avoid touching this conductor. Connect to this
connector using standard coaxial cable, to ensure that the center conductor is not
exposed.

. SYNC OUT. This connector supplies a SYNC output that can be used to trigger
other equipment, particularly oscilloscopes. This signal leads (or lags) the main
output by a duration set by the "DELAY" controls and has an approximate amplitude
of +3 Volts to R, > 50Q with a pulse width of approximately 100 ns.

. LIQUID CRYSTAL DISPLAY (LCD). This LCD is used in conjunction with the keypad
to change the instrument settings. Normally, the main menu is displayed, which lists
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the key adjustable parameters and their current values. The “Programming Manual
for -B Instruments” describes the menus and submenus in detail.

6. KEYPAD.

Control Name Function

MOVE This moves the arrow pointer on the display.

CHANGE This is used to enter the submenu, or to select the operating
mode, pointed to by the arrow pointer.

x10 If one of the adjustable numeric parameters is displayed, this
increases the setting by a factor of ten.

+10 If one of the adjustable numeric parameters is displayed, this
decreases the setting by a factor of ten.

+/- If one of the adjustable numeric parameters is displayed, and
this parameter can be both positive or negative, this changes the
sign of the parameter.

EXTRA FINE | This changes the step size of the ADJUST knob. In the extra-fine
mode, the step size is twenty times finer than in the normal
mode. This button switches between the two step sizes.

ADJUST This large knob adjusts the value of any displayed numeric
adjustable values, such as frequency, pulse width, etc. The
adjust step size is set by the "EXTRA FINE" button.

When the main menu is displayed, this knob can be used to
move the arrow pointer.
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REAR PANEL CONTROLS
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. AC POWER INPUT. An IEC-320 C14 three-pronged recessed male socket is
provided on the back panel for AC power connection to the instrument. One end of
the detachable power cord that is supplied with the instrument plugs into this socket.

. AC FUSE DRAWER. The two fuses that protect the AC input are located in this
drawer. Please see the “FUSES” section of this manual for more information.

. DC FUSES. These two fuses protect the internal DC power supplies. Please see the
“FUSES” sections of this manual for more information.

. GATE. This TTL-level (0 and +5V) logic input can be used to gate the triggering of
the instrument. This input can be either active high or active low, depending on the
front panel settings or programming commands. (The instrument triggers normally
when this input is unconnected). When set to active high mode, this input is pulled-
down to ground by a 1 kQ resistor. When set to active low mode, this input is pulled-
up to +5V by a 1 kQ resistor.

. TRIG1. This TTL-level (0 and +5V) logic input can be used to trigger the instrument,
if the instrument is set to triggering externally. The instrument triggers on the rising
edge of this input. The input impedance of this input is 1 kQ. (Depending on the
length of cable attached to this input, and the source driving it, it may be desirable to
add a coaxial 50 Ohm terminator to this input to provide a proper transmission line
termination. The Pasternack (www.pasternack.com) PE6008-50 BNC feed-thru 50
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Ohm terminator is suggested for this purpose.)

TRIG2. This TTL-level (0 and +5V) logic input can be used to trigger the instrument,
if the instrument is set to triggering externally. The instrument triggers on the rising
edge of this input. The input impedance of this input is 1 kQ. (Depending on the
length of cable attached to this input, and the source driving it, it may be desirable to
add a coaxial 50 Ohm terminator to this input to provide a proper transmission line
termination. The Pasternack (www.pasternack.com) PE6008-50 BNC feed-thru 50
Ohm terminator is suggested for this purpose.)

GPIB Connector. A standard GPIB cable can be attached to this connector to allow
the instrument to be computer-controlled. See the “Programming Manual for -B
Instruments” for more details on GPIB control.

RS-232 Connector. A standard serial cable with a 25-pin male connector can be
attached to this connector to allow the instrument to be computer-controlled. A user
name (“admin”) and a password (“default’, as shipped from the factory) are required
when logging into a serial terminal session. The internal controller attempts to auto-
sense the parity setting. It may be necessary to send a few return characters before
attempting a login in order to provide enough data to allow this auto-sensing to work.
(A standard Linux “agetty” process is used to implement serial control internally.) See
the “Programming Manual for -B Instruments” for more details on RS-232 control.

Network Connector. This Ethernet connector allows the instrument to be remotely
controlled using the VXI-11.3, ssh (secure shell), telnet, and http (web) protocols. See
the “Programming Manual for -B Instruments” for more details.

10. MON Connector. The monitor output provides an attenuated replica (+10) of the

11

voltage on the main output. The monitor output is designed to operate into a 50 Ohm
load.

.OS Connector. (Optional feature. Present on -OS units only). This connector allows an

externally generated DC offset to be added to the output. The desired DC offset is
applied to this connector, which is connected to the output centre conductor through a
high-quality RF inductor. Do not exceed 50V, 250 mA. (Normally the current limit is
more restrictive than the voltage limit.) An adjacent ground terminal is also provided.

12.LOCK Connector. (Optional feature. Present on -SIL units only.) The signal pin of this

safety lock BNC connector must be shorted to chassis ground by the user’s circuitry
(the short must be capable of carrying 5 mA of current from an internal +5V/1kQ DC
source), otherwise the output will be switched off automatically. The connector shield is
connected to chassis ground.
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GENERAL INFORMATION

BASIC PULSE CONTROL

The output is capable of generating pulse doublets, instead of single pulses. The first
and second pulses in the doublet have independently variable amplitude (adjustable
from < 150V to 750V) and pulse width (adjustable from 6 ns to 20 ns). Both must have
the same polarity.

INTERNAL TRIGGER MODE

In the internal trigger mode, the delay of the first pulse is adjustable over a range of 0 to
1.0 seconds, relative to the SYNC output. The second pulse is delayed relative to the
first by an adjustable setting of 150 ns to 1.0 seconds (not to exceed 50% of the period).
The separation resolution varies, but it is always better than 0.15% of (programmed
separation + 20 ns).

-— 100 ns, FIXED

—
SYNC OUT
(generated by the _l I 3V, FIXED
internal oscillator)
PW1
DLY1 R
: S PW2
AMPLITUDE 1, h— AMPLITUDE 2
VARIABLE ,
MAIN OUTPUT i VARIABLE

DLY2

PW1, PW2, DLY1, DLY2, AMPLITUDE 1 and AMPLITUDE 2 are adjustable settings.

SINGLE EXTERNAL TRIGGER MODE

Two external trigger modes are provided. For the “Single External Trigger” mode,
external trigger pulses are applied to one connector. Each external pulse triggers a
pulse doublet, after a short fixed propagation delay (approximately 200 ns). The doublet
amplitudes, pulse widths, and delays are controlled in the same manner as the internal
trigger mode.
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>50ns
-
TRIGT TTL LEVELS
(external input) (0OV and 3V-5V)
<+— PROPAGATION DELAY (FIXED)
— <— 100 ns, FIXED
SYNC OUT I 3V, FIXED
PW1
DLY1
: PW2
AMPLITUDE 1, — AMPLITUDE 2
VARIABLE ,
MAIN OUTPUT i VARIABLE
DLY2

DOUBLE EXTERNAL TRIGGER MODE

The “Double External Trigger” mode uses two external trigger connectors. A pulse on
the first trigger connector (TRIG1) generates the first output pulse after a short fixed
propagation delay and a variable delay (PROP1 + DLY1), with amplitude AMP1 and
pulse width PW1. A pulse on the second trigger connector (TRIG2) generates the
second output pulse after a short fixed propagation delay and a variable delay (PROP2
+ DLY2), with amplitude AMP2 and pulse width PW2. As with the other modes, both
output pulses appear on the same output connector. The user must ensure that the
delay between the first output pulse and the second pulse is between 150 ns to 1s (and
less than 50% of the period). The timing between the two pulses within the doublet is
controlled DLY1 and DLY2 settings and the timing between the trigger pulses.



TRIG1
(external input)

TRIG2
(external input)

SYNC OUT

MAIN OUTPUT

POLARITY CONTROL

>50ns
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TTL LEVELS
(OV and 3V-5V)

> 50

ns

TTL LEVELS
(OV and 3V-5V)

». PROPAGATION
DELAY1 (FIXED)

«— 100 ns,

—| FIXED

- PROPAGATION
' DELAY2 (FIXED)

«~— DLY2

I 3V, FIXED

DLY1

PW1

AMPLITUDE 1,
VARIABLE

|

pw2

AMPLITUDE 2,
I VARIABLE

The polarity of both output pulses in the doublet is controlled by the polarity of
AMPLITUDE 1 setting, which may be positive or negative on units with the -PN option.
(The polarity of the AMPLITUDE 2 setting is ignored by the internal circuitry.)

TRIGGER MODES

This instrument has five trigger modes:

Internal Trigger: the instrument controls the trigger frequency, and generates the

clock internally.

Single External Trigger: the instrument is triggered by an external TTL-level clock on
the back-panel TRIG1 connector, as described above.

Double External Trigger: the instrument is triggered by external TTL-level clocks on
the back-panel TRIG1 and TRIG2 connectors, as described above.

Manual Trigger: the instrument is triggered by the front-panel “SINGLE PULSE”

pushbutton.

Hold Trigger: the instrument is set to not trigger at all.
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These modes can be selected using the front panel trigger menu, or by using the
appropriate programming commands. (See the “Programming Manual for -B
Instruments” for more details.)

WARNING: The output stage may be damaged if triggered by an external signal at a
pulse repetition frequency greater than 1 kHz.

GATING MODES

Triggering can be suppressed by a TTL-level signal on the rear-panel GATE connector.
The instrument can be set to stop triggering when this input high or low, using the front-
panel gate menu or the appropriate programming commands.



28

PROTECTING YOUR INSTRUMENT

TURN OFF INSTRUMENT WHEN NOT IN USE

The lifetime of the switching elements in the pulse generator module is proportional to
the running time of the instrument. For this reason the prime power to the instrument
should be turned off when the instrument is not in use. In the case of failure, the
switching elements are easily replaced following the procedure described in a following
section.

DO NOT EXCEED 1 kHz

The output stage may be damaged if triggered by an external signal at a pulse repetition
frequency greater than 1 kHz.

USE A 50Q LOAD

A 50 Ohm load is for proper operation. The output stage may be damaged if
the output is not terminated into a 50Q load.
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OPERATIONAL CHECK

This section describes a sequence to confirm the basic operation of the instrument. It
should be performed after receiving the instrument. It is a useful learning exercise as
well.

Before proceeding with this procedure, finish reading this instruction manual thoroughly.
Then read the “Local Control” section of the “Programming Manual for -B Instruments”
thoroughly. The “Local Control” section describes the front panel controls used in this
operational check - in particular, the MOVE, CHANGE, and ADJUST controls.

A 50 Ohm load is for proper operation. The output stage may be damaged if
the output is not terminated into a 50Q load.

The AVRK-4-B-DPF output may be observed using either a high-speed sampling
oscilloscope, or a slower real-time oscilloscope. To accurately observe these rising and
falling edges, a sampling oscilloscope with a bandwidth of 1 GHz is required. However,
if the rising and falling edges do not need to be accurately observed, it may be more
convenient to use a real-time oscilloscope. The two basic test arrangements are
outlined in the figures below:

AVTECH SAMPLING
PULSER OSCILLOSCOPE
BW > 1 GHz
MAIN OUTPUT
CONNECTOR 50 OHM INPUT
60 dB
AC ATTENUATOR
POWER
)
= SYNC TRIG
CONNECTOR CONNECTOR

ALL CABLES: 50 OHM COAXIAL

0'1( 2 '33/422/ 15'' 61/47 (1667 (7 2
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AVTECH REAL-TIME
PULSER OSCILLOSCOPE
SCOPE
PROBE
MAIN OUTPUT
CONNECTOR C——F——— CHANNELA
TEST
AC LOAD,
POWER 50Q
M)
OUTPUT INPUT

ALL CABLES: 50 OHM COAXIAL

0'1( 2 '33/422/ 15'32'68127 (1667 (7 2

Connect the pulse generator to an oscilloscope using one of the two methods
shown above. Note that:

a)

b)

o)

d)

e)

The use of 60 dB attenuator at the sampling scope vertical input channel will
ensure a peak input signal to the sampling scope of less than 1 Volt.
WARNING: This model may provide a peak output power in excess of 12 kW.
The peak power rating of the attenuator must exceed this limit. Factory tests are
conducted using a Pasternack PE7385-20 attenuator to provide the high-power
attenuation.

If using a realtime oscilloscope, a 50 Ohm load must be used to terminate the
output.

The SYNC output channel provides TTL level signals (approximately 0 and
+3V). To avoid overdriving the TRIG input channel of some sampling
oscilloscopes, a 20 dB attenuator should be placed at the input to the scope
trigger channel.

The bandwidth capability of components and instruments used to display the
pulse generator output signal (attenuators, cables, connectors, etc.) should
exceed 1 GHz.

Set the oscilloscope to trigger externally with the vertical setting at 100 mV/div
for sampling oscilloscopes, or 100 V/div for real-time scopes, and the horizontal
setting at 20 ns/div.

Turn on the AVRK-4-B-DPF. The main menu will appear on the LCD.
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To set the AVRK-4-B-DPF to trigger from the internal clock at a PRF of 1 kHz:

a) The arrow pointer should be pointing at the frequency menu item. If it is not,
press the MOVE button until it is.

b) Press the CHANGE button. The frequency submenu will appear. Rotate the
ADJUST knob until the frequency is set at 1 kHz.

c) The arrow pointer should be pointing at the “Internal” choice. If it is not, press
MOVE until it is.

d) Press CHANGE to return to the main menu.
To set the delay to 100 ns:

a) Press the MOVE button until the arrow pointer is pointing at the DLY1 menu
item.

b) Press the CHANGE button. The delay submenu will appear. Rotate the
ADJUST knob until the delay is set at 100 ns.

c) The arrow pointer should be pointing at the “Normal” choice. If it is not, press
MOVE until it is.

d) Press CHANGE to return to the main menu.
To set the pulse width to 20 ns:

a) Press the MOVE button until the arrow pointer is pointing at the PW1 menu
item.

b) Press the CHANGE button. The pulse width submenu will appear. Rotate the
ADJUST knob until the pulse width is set at 20 ns.

c) The arrow pointer should be pointing at the “Normal” choice. If it is not, press
MOVE until it is.

d) Press CHANGE to return to the main menu.
At this point, nothing should appear on the oscilloscope.
To enable the output:

a) Press the MOVE button until the arrow pointer is pointing at the output menu
item.

b) Press the CHANGE button. The output submenu will appear.
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c) Press MOVE until the arrow pointer is pointing at the “ON” choice.
d) Press CHANGE to return to the main menu.
8. To change the output amplitude:

a) Press the MOVE button until the arrow pointer is pointing at the AMP1 menu
item.

b) Press the CHANGE button. The amplitude submenu will appear. Rotate the
ADJUST knob until the amplitude is set at +500V.

c) Observe the oscilloscope. You should see 20 ns wide, 500V pulses. If you do
not, you may need to adjust the delay setting to a value more compatible with
your sampling oscilloscope. Repeat step 4 if required. You may also need to
adjust the sampling scope controls.

d) Rotate the ADJUST knob. The amplitude as seen on the oscilloscope should
vary. Return it to 500V.

e) Press CHANGE to return to the main menu.
9. Try varying the pulse width, by repeating step (5). As you rotate the ADJUST knob,

the pulse width on the oscilloscope will change. It should agree with the displayed
value.

This completes the operational check.



PROGRAMMING YOUR PULSE GENERATOR

KEY PROGRAMMING COMMANDS

The “Programming Manual for -B Instruments” describes in detail how to connect the

pulse generator to your computer, and the programming commands themselves. A
large number of commands are available; however, normally you will only need a few of
these. Here is a basic sample sequence of commands that might be sent to the

instrument after power-up:

*rst

trigger:source internal
frequency 1000 Hz
pulse:width1 5 ns
pulse:width2 10 ns
pulse:delay1 50 ns
pulse:delay2 500 ns
volt:ampl1 -50
volt:ampl2 -100
output on

(resets the instrument)

(selects internal triggering)

(sets the frequency to 1000 Hz)

(sets the pulse width of the leading pulse to 5 ns)
(sets the pulse width of the trailing pulse to 10 ns)
(sets the delay of the leading pulse to 50 ns)
(sets the delay of the trailing pulse to 500 ns)
(sets the amplitude of the leading pulse to -50 V)
(sets the amplitude of the leading pulse to -100 V)
(turns on the output)

For triggering a single event, this sequence would be more appropriate:

*rst

trigger:source hold
pulse:width1 5 ns
pulse:width2 10 ns
pulse:delay1 50 ns
pulse:delay2 500 ns
output on

volt:ampl1 50
volt:ampl2 100
trigger:source immediate
trigger:source hold
output off

(resets the instrument)

(turns off all triggering)

(sets the pulse width of the leading pulse to 5 ns)
(sets the pulse width of the trailing pulse to 10 ns)
(sets the delay of the leading pulse to 50 ns)
(sets the delay of the trailing pulse to 500 ns)
(turns on the output)

(sets the amplitude of the leading pulse to +50 V)
(sets the amplitude of the leading pulse to +100 V)
(generates a single non-repetitive trigger event)
(turns off all triggering)

(turns off the output)

To set the instrument to trigger from an external TTL signal applied to the rear-panel

TRIG1 connector, use:

*rst

trigger:source external
pulse:width1 5 ns
pulse:width2 10 ns
pulse:delay1 50 ns
pulse:delay2 500 ns

(resets the instrument)

(selects single external mode triggering)

(sets the pulse width of the leading pulse to 5 ns)
(sets the pulse width of the trailing pulse to 10 ns)
(sets the delay of the leading pulse to 50 ns)
(sets the delay of the trailing pulse to 500 ns)
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volt:ampl1 50
volt:ampl2 100
output on

(sets the amplitude of the leading pulse to +50 V)
(sets the amplitude of the leading pulse to +100 V)
(turns on the output)

To select the double external trigger mode (TRIG1 and TRIG2) instead, use:

trigger:source extdbl

(selects double external mode triggering)

These commands will satisfy 90% of your programming needs.

ALL PROGRAMMING COMMANDS

For more advanced programmers, a complete list of the available commands is given
below. These commands are described in detail in the “Programming Manual for -B

Instruments”. (Note: this manual also includes some commands that are not
implemented in this instrument. They can be ignored.)

Keyword

OUTPut:
[STATe]
:PROTection
:TRIPped?
[SOURCce]:
:FREQuency
[:CW | FIXed]
[SOURCcel:
:PULSe
:PERiod
:WIDTh
:DCYCle
:HOLD
:DELay
:GATE
:TYPE
:LEVel
[SOURce]:
:VOLTage
[:LEVel]

[:IMMediate]
[:AMPLitude]

:PROTection
:TRIPped?
STATUS:

:OPERation
[EVENt]?
:CONDition?
:ENABIe

:QUEStionable
[EVENL]?

Parameter

<boolean value>

<numeric value>

<numeric value>
<numeric value>
<numeric value>
WIDTh | DCYCle
<numeric value>

ASYNC | SYNC
High | LOw

Notes

[query only]

<numeric value> | EXTernal

<numeric value>

[query only]

[query only, always returns "0"]
[query only, always returns "0"]
[implemented but not useful]

[query only, always returns "0"]



:CONDition?
:ENABIle
SYSTem:
:COMMunicate
:GPIB
:ADDRess
:SERial
:CONTrol
‘RTS
:[RECeive]
:BAUD
:ERRor
INEXT]?
:COUNT?
:VERSion?
TRIGger:
:SOURCce
*CLS
*ESE
*ESR?
*IDN?
*OPC
*SAV
*RCL
*RST
*SRE
*STB?
*TST?
*WAI
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[query only, always returns "0"]
<numeric value> [implemented but not useful]

<numeric value>

ON | IBFull | RFR

1200 | 2400 | 4800 | 9600 | 19200 | 38400 | 57600 | 115200

[query only]
[query only]
[query only]

INTernal | EXTernal | EXTDBL | MANual | HOLD | IMMediate
[no query form]
<numeric value>
[query only]
[query only]
0111213 [no query form]
0111213 [no query form]
[no query form]
<numeric value>
[query only]

[query only]
[no query form]
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MECHANICAL INFORMATION

TOP COVER REMOVAL

If necessary, the interior of the instrument may be accessed by removing the four
Phillips screws on the top panel. With the four screws removed, the top cover may be
slid back (and off).

A Always disconnect the power cord and allow the instrument to sit unpowered for 10
minutes before opening the instrument. This will allow any internal stored charge to
discharge.

There are no user-adjustable internal circuits. For repairs other than fuse replacement,
please contact Avtech (info@avtechpulse.com) to arrange for the instrument to be
returned to the factory for repair. Service is to be performed solely by qualified service
personnel.

A Caution: High voltages are present inside the instrument during normal operation.
Do not operate the instrument with the cover removed.

RACK MOUNTING

A rack mounting kit is available. The -R5 rack mount kit may be installed after first
removing the one Phillips screw on the side panel adjacent to the front handle.

ELECTROMAGNETIC INTERFERENCE

To prevent electromagnetic interference with other equipment, all used outputs should
be connected to shielded loads using shielded coaxial cables. Unused outputs should
be terminated with shielded coaxial terminators or with shielded coaxial dust caps, to
prevent unintentional electromagnetic radiation. All cords and cables should be less
than 3m in length.
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MAINTENANCE

REGULAR MAINTENANCE

This instrument does not require any regular maintenance.

On occasion, one or more of the four rear-panel fuses may require replacement. All
fuses can be accessed from the rear panel. See the “FUSES” section for details.

CLEANING

If desired, the interior of the instrument may be cleaned using compressed air to
dislodge any accumulated dust. (See the “TOP COVER REMOVAL” section for
instructions on accessing the interior.) No other cleaning is recommended.

TRIGGER DAMAGE

The rear-panel TRIG input, used in the external trigger mode, is protected by a diode
clamping circuit. However, the protection circuit is not foolproof, and it is possible for a
grossly excessive signal to damage the trigger circuitry on the main timing control board
(the 4x10 inch board on the right side of the instrument).

The IC that is most likely to fail under these conditions is installed in a socket. Itis a
standard TTL IC in a 16-pin plastic DIP package, model 74F151 or equivalent.

If you suspect that this IC has been damaged, turn off the power and replace this IC. It
may be replaced by a 74F151, 74LS151, 74ALS151, or 74HCT151.
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WIRING OF DC POWER
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PCB 158R7 - LOW VOLTAGE POWER SUPPLY
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PCB 282C - HIGH VOLTAGE DC POWER SUPPLY

1 T Z T 3 T [ T 5
~ Ch N
X e ¢ Li. e
ei‘,?.'iﬁ.k eii?.'i?u'..' 3 "g 0.1uF,1kV,1812 g" 3
F 8 1812 g I
© - - ©
? s T3
NEE ME LB
A GND 6D St ot
= I=
M Lal
X5 X7 2 2
MOUNT MQUNT X1
6-32-MOUNT 6-32-MOUNT
>
© O3
? HV—WARN &84
W-siLk 1
GND GND <3 X2 R10 R11
[ A BLEED BLEED
HV—WARN  HV—WARN Reov g ¥
HY-SILK Wv-siLk
BLEED
<‘( R-0Y
=
g 82 =>q
| N8 ps}
=&Y &
o~
(]
8 e cs
I
UL 0.10F.1kV.1812
AD-N30
—2—n -oun—Z
3 leTRL
2 LN
;l lg L ReF +ouT—2
Uil =
H 850 ouf TOP VIEW
T
o~ o~
1206
RS RES-STD
RES-STD | o R6
1206 3 e
C :
T souy : o Jerg
Fag 2 & = s ¥
3¢ lﬂ 2 W o 3| =
3 8 © g o ] w 2 of ©
© CT58 ° 4 33 ES S
Tz = L °T& ¢ g‘z
CM2545X171B o
CH24EK1T1
L T3
£9¢ —Xi AMP IN
2 &
o
Pl 282c:
— R3,R5,R6 TO 1206 Sheet: /
- ABB g% ggr& OHM 1206) File: PCB282C.kicad_sch
- A
) Title: M30 HV PS CONTROL
TODO: ROTATE POT FOOTPRINT FOR CASES WHEN PCB IS VERTICAL Size: USLetter [ Date: Mon 22 Jun 2015 [ Rev:
KiCad E.D.A. eeschema 6.99.0-1.20220920gitf851526.fc36 { Id: 1/1
T T 2 T 3 T % I 5




PCB 341A — INTERLOCK (-SIL UNITS)

2 | 3 | [ | 5
X1 X2
MOUNT-621 MOUNT-621
NOUNT-621S MOUNT-621S
GND GND
i
N -
vee CONN3-0.1
o
=
0
vee vee Ve o vee s
0.1uf
avtech2:1206
o
R3 R 3
1K 1K
CONN1 R2 avtech2:1206 avtech2:1206 Q2
LOCK 51 1 MMBT2222A
NMCK-VERT-RA ateen2:4206 o123 CONNS
51 2 s out
o :l:'lST2222A o MMBT2907A NMCX-VERT-RA
M
== 220pF SN74AHCT1GOBDBVR o
b l aviech24206  GND 5 S0123-5 oD
GND
CONN2
IN
MMCX-VERT-RA
R1
51
GND ‘avtech2:1206
GND
Sheet: /
File: pcb341A.kicad_sch
Title: SIMPLE INTERLOCK
Size: AL [ Date: 2021-10-20 [ Rev:
KiCad E.D.A. eeschema 6.99.0-1.20220920gitf851526.fc36 [ Id: 1/1
2 | 3 | [ | 5




PCB 216F - PRE/PW TWEAKING PCB
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PCB 241F - SUPPLEMENTARY PULSE WIDTH CONTROL
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PCB 205B - SECOND TIMING CHANNEL
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PCB 317A - AMPL/PW BIAS
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PCB 295G - MAIN CONTROL BOARD, 1 OF 13, TOP-LEVEL
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PCB 295G - MAIN CONTROL BOARD, 2 OF 13, MICROCONTROLLER TOP-LEVEL
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PCB 295G - MAIN CONTROL BOARD, 3 OF 13, EMBEDDED CONTROLLER
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PCB 295G - MAIN CONTROL BOARD, 4 OF 13, GPIB INTERFACE
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PCB 295G - MAIN CONTROL BOARD, 5 OF 13, DACs
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PCB 295G - MAIN CONTROL BOARD, 6 OF 13, TIMING TOP-LEVEL
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1 { > AMPLITUDE OMUX1 <} O.MUXI1 0.PWC4 [ > 0PWCO
{ > OFFSET OMUX2 _} O.MUX2 O.PWCS5 [ > OPWCI
O.MUX3 <} 0.MUX3 0.PWC6 [ > 0PWC2 GND |:—|||
15V OP/SB OEA [} > 0PWC3 15V _H-15v
SVOP/SB  OUT_RELAY < ——<OUTRELAY | > 0PWC4 +15V [_H+I5V
{ > 0.PWCs SV -5V
AMP-SOFT ASYNC_GATE <} O.EA > 0.PWC6 vee [_Hvee
0S-SOFT
NOT_B_MODE |
SYNC_OUT B_MODE _}
MAIN_OUT |
- ECL_PW <} 1
+I5VH_] +15V ECL_SYNC ¢_|——
A |||—:| GND TESTDLY <_—
-sv':j SV
veer _Jvee @IDT | TIMING TOP-LEVEL SCHEMATIC
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PCB 295G - MAIN CONTROL BOARD, 7 OF 13, GATE CIRCUIT
1 | . | : | ] 5
D
+15V. +15V
vee
C64 C55
_GND 0.1uF 0.1uF
From Z2: LO = regular, HI = suppressed
[ O.GATE
When PanelGate = O.SLOPE, NOR gate combines the gate signals
regular triggering occurs. from the front panel connector and TPS
Otherwise triggering is from the microcontroller. TEST
suppressed. The resistor ensures that triggering R58 EXTENDED_OFF
occurs when the gate connector is = . - LO= -
floating, regardless of the state of 1K > A ASg?Q Si‘féi‘o"egu'a" Hi=suppressed
O.SLOPE. o < = = S
& 1 SIG-GATE2 8
F3 z To the Output 74F151
» SIG-GATEQ CD74HCT86M
Lz _ MM74HC02M
- CD74HCT86M MM74HCO02M
RIS XOR inverts or noninverts, U21D
+15V] —N—“ |t depending on O.SLOPE CD74HCTS6M
D4
CBATS54S TR PBFREE
D3
SMA-VERT SMBI3V3-E3/52
SMA4
= From Z2: LO = sync triggering, HI = async triggering u24D
Sync Gate: LO=regular, HI=suppressed
— [O.GATETYPE G GATES
TE
To the oscillator's gate, and Trigger 74F151
MM74HC02M
TPI8
TEST
U21B
4
) :
CD74HCT86M
A
GATE CIRCUIT
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PCB 295G - MAIN CONTROL BOARD, 8 OF 13, OSCILLATOR

vee
vce vee
c63
> R I i
+15V = 0.IuF
Y
RS R79
=/ 47 1K
17
D21 TEST
MMBD30] U26A g 2
| .
1 SIG-0SC2 R0 1 2 2
120
«l
= SN74LS14D
Q25 VIMBT2907A/CMPT2907A
2 N4014
77
Il vee Q4
] INd014 C68
100pE/NPO/COG/S0V-+ _| .
4 RS6 — 68pF/NPOA
G our N 16
SN7ARACTTGT4DBVT DNI c6s
SZ08 IF USING NPN I
vee 0.1uF
SIG-0SC
D24 23
vee MMBD301_3) MBT29(7A/CMPT2907A . B ) ;
ol
|4
N
D25 6
MMBD301 TX2-12V
OPRFC2 OPRFC3_|

D23
MMBDGI ||

85
0pF/NPO/COG/S0V+

86 88
300pF/NPO/COG/S0V+ 0.047uF,100V

C82
+| 4.7uF.16V+

O.PRFC4

C78
+| 47uF,16V+

u3IB
- Q0
;R @ SSI38BK 215
T0K @
TSB514IDT
220F,16V+
u3ID usic
13 1 9
14 8
12 T
TSB514IDT TSB514IDT
R101
2.2K
-15V

INTERNAL OSCILLATOR
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PCB 295G - MAIN CONTROL BOARD, 9 OF 13, TTL OUTPUTS

: | . | 3 | . | ; ‘
2 SEC ERROR FLAG
AMP 6404564
[ sy This mux selects, normal, complemented, DC and AB modes. UlA UsB
vee v | 2, 5
7 = B
[_vcc G 4 CIR
T3
B T e e e OMUXT > A jih i VI e Roncest
0.uF | 0.1uF 1uF 1uF 1uF 1uF | O.1uF ' ext/Cex
e 0.IuF_| 0.IuF | 01uF ]| o.lu M0 TEST : i anm
) TP6 9 ¢ 3 SNTALV22TAD
D c3 C138 = TEST - AMP 6404564 o197 D
— O [olE B RODE 4 o v SIG-OUT3 13 i vee
5—1 D1 w o——x 100K
D2
136 SIGOUT2 |
it veck D4 UIB
3 3pF/NPO/COG/S0VH] SIG-OUTI 5 4
9 6 UsA
RI24 RI26 b7 5 1
VG s CD7AICTISTM i QL1
VCCh— CIR |4
vee 13— Cext p——
) . Rext/Cext
s HITO ENABLE SNTALV22TAD
\”—’\;\/h R3 RI1
180 z VCC—AA—— vee
8 C“137 DNI 10K
1
3 3pF/NPO/COG/S0V . €9 = 15nF FOR 150us (> 5 kHz FOR AVL-2-B)
. C9 = 6800pF FOR 68us (> 10 kHz)
AD8561ARUZ RI27 RI28 \H—/\/\/— 1 C9 = 33004
} OIS = 3300pF FOR 33us (> 20 kHz)
¢ VG Y €9 = 1500pF FOR 15us (> 50 ktz) c
OFFSET > 4
ci3s 9
“ RI30
3.3pF/NPO/COG/S0V 4 Il W :
NO
RI21 R123 C 3
SV Ne |7
AMP 640456-3
AD8561ARUZ vee =
TX2-12V
K2
Qs “‘1 12 N 1 RI17
'MPT2222A TR PBPREE | " 10K
TEST T
[AMPLITUDE = _8\'-\0 4 AMPSOFT >
I 4 ol 0\,\0 9 SIG-OUTS
SIG-OUT: Ko SIG-OUTS ’ MAIN_OUT>
TRF230-080U r7
= 47 SMA-VERT MMCX-VERT B
™ SMA2 M4
TEST-LOOP
Y RI0 o L
SIG-OUTO vee MMBT2907A/CMPT2907A =
1K
SMAS = = —
120 SMA-VERT
0 SN7ALV221AD
U4A vee +15V T
R119 A
B__ Q o]+ ||+ SV OP/SB
DXI TR - ci2 Cl6
5] Em/c Q O.1uF ==K [T
. ext/Cext lQvaios K6
ci3 = AQV210S
vee Yo PFTNPO/COG/S0V-+ TRF250-080U -
MMBZ5232BLT1
D2 R14
K
SNTALV221AD
= B
A
0 A s = @
oo & Q X © MMBT2907A/CMPT2907A
r o 3 b2 MAIN AND SYNC OUTPUTS & STARTUP PROTECTION
Rext/Cext _
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PCB 295G - MAIN CONTROL BOARD, 10 OF 13, DELAY CIRCUITS

' ‘ 2 ‘ , ‘ \ ] )
o
xis
2
TEPIN DIP SOCKET FOR UIG T
|
DATA DELAY DEVICES DDU-1IH-25,IN SOCKET MPT22ATR
Ul 20 [
P0GV 370 FAST TRANSISTORS
AT oo o e ! LA FOR LOW JITTER!
3 18 e
o A ] i [—
: -
N R3s i v
o g NG
| g 5 N
g R
£ FAST DISCHARGE on 0
2 NEAR DIFF AMP, FOR STABILITY i veeky R
= R v 3 one Yo
81600471
w75 R77
K cis 27
& SFNICOGISOV+
R s >
v Too Q14
Rss P
0 2
o o
oy v
sv TERMINATE BOTH ol
c ENDS OF THIS TRACE. v
CAN CAUSE DOUBLE v OPAGIDBVT
I i PULSING OTHERWISE! MCIORL3IDG OR SYI0RLS 176
o s 5
SopFINPOCOGISOV+ . Csss1A
N U H v o2
Yoo v e CMPT224A TR PBFREE
= Ros
T s s 0w
3 ,
Q 3 JR61 R62 15V
100 20
s G
RN —
8160002471 B )
MCIOEL3IDG OR SYIOEL1ZC T
e
E |
<VARDLY } 1 <
— e
) E——
VEE
L
3V MCIOELOIBG OR SYI0ELOIZG
(CTTH
w2 Rt
B
o1t
Wi ).
L o jwe
v
o1 -
BSSI38BK215 v D>——+isv
o
TSBSI4IDT - v
o> I
s = . 5
ohiva ] orave| orave| Siob [ O1oF ] OdeE | ouF
R
Ly o6 ==cn Lcsy Len Lcs,
700 0047aE 100V 04 T 4nur16v+ T uriovs #7063V
TsBstaT TSBsLDT
Ri0s
750
v X6
BN
x1
A BN
xi3
BN
DELAY CIRCUIT (BOTH FIXED AND VARIABLE)
Pinted Rewsion
16-Dec-2024
Ziengineering|pcb29610p1b-2016-pch295.Ddb - 295GIDELAY.SCH

6




PCB 295G - MAIN CONTROL BOARD, 11 OF 13, PULSE WIDTH CIRCUIT

' \ : \ ; \ . : | .
xi0
BT
x
T SIS
DT
vee o x
[ m—es 1 ]
= y
> Do sl
o> i
o Lo Tees 1
S
— Towr [
T
»\ SMRISONTLF
Q04 =
NPT2222A TR PBEREE
SCHMITT TRIGGER
.
R0
cis 00
vee R
NEAR DIFF AVP, FOR STABILITY B
v i & o o
R34 R
22K c5s 27
g0V
R
c 00" ®
Qum
o
SV—AA- s[4
0.1uF =
uil
[ —
. a0
e ascIA
Q36
v PULSE CHOPPER T {ATR PRFE
si
R o 0w
310 ! CMPT222A TR PFREE
. 15v
s k3 5
BT} 1o & TS0 2
\ " o
il @ oo [
! - . i [
e 10ELS8s switch the delayed and fxe puise paths, thus selecing acvance or delay moce. SV NCTORIOTOG OR SYIOELOIG T P St L
g REMOVE FOR -BR {R45 2 | D5 —X 14
NE vee ]| QUi 1 v N 0uf
v ) . |
T 2w oL sGrw dhr P
FIXED DI N QX s o
[Eap 4 sEL vEE |—S—{sv MMCX-VERT v 01uF
w
k17 o
e
5
sicrw -
(EESEUTES T6PIN DIP SOCKET FOR U9
i
ST
Ros w1
i
K
ISBsLaDT
3 = TSBSISIDT o o
.l vs7 N N
Aasv 0.1uF |+ 10 TS,
c» L ey - [e-i2v
220F,16V+ + +
uizn n n
i
» 14 oW ] Grwer ] ] GPwes GFwee ]
TSBsLaDT TSBSIIDT
Ri0s o o st 2
\ e T,M,\mmw T Tﬂm-,mw 6V
e
v
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PCB 295G - MAIN CONTROL BOARD, 12 OF 13, TRIGGER SELECT

1 | : | ; | . ; ‘
D
v D +isv
vee
vcC
—L 76 C61 C69
0.1uF | 0.1uF ] 0.IuF
|11
==Cs8 Y
= O.F T
Xi4 § § §
[ S
g g g
.S < <@
16 PIN DIP SOCKET FOR U25 ; & ; g z g
c 2% 2¥ 2R
. SNT4FISIBN. SOCKETED —BmoDE >
SMA-VERT G X
IGTRIGY 6T B MODE
SMA3 u |, P16
- 10 TEST
— B
c I = =
RI1I3
L FROM_6002—3— DO Y 3 SIG-TRIGD : SIGTRIG2 TO_DLY
B SINGLE_PULSE »—5— DI v p—— 180 P13
2 A TEST
[EXT_IRIG D3 o :
DIE 5
TRF250-080U VeCHg— D4 TEST
R19 £ R114
K L A ECL_DBL >
+15V I il P14
TEST
CBATS4S TR PBFREE
DY
SMBI3V3-E3/52 = ) RLLS ECL AD >
B - 560 —
= RLI6
NOT_PW_EN>
360 |
NIA
u3sC 816P-002471
8
[ EXTENDED_OFF
74HCTO0 <
4HCT00 B
74HCT00 N
- 3V
A TURN OFF PW AND DOUBLE PULSE
WHEN OUTPUT IS OFF, D FOR A TRIGGER CONTROL AND TTL-TO-ECL
SHORT TIME AFTERWARDS
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PCB 295G - MAIN CONTROL BOARD, 13 OF 13, SHIFT REGISTERS

: | : | : | . ; ‘
D
vee
b =
U30D (E) &
12 Y U6
13 11 @ § SERIALDATROUT VBB
— vee z I S— OUT20  SERIAL DATA N
OUT 19 OUT 1 —5
74ACT08SC o 2 OUT 18 OUT2 —5
~ = I -— OUT 17 OUT3 —5
% A < OUT 16 OUT4 —=2
w O.DLYC 5] OUT 15 OUT5 —5
a O.DLYCS |—— OUT 14 OUT 6 —
] O.DLYC: ] ouT13 OUT7 —
< O.DLYC3 |->— OUT 12 OUT8 —
o O.DLYC2 |5— OUT11 OUT9 —=— ODLYCO
= 4 15 BLANKING £ OUT 10 — - ODLYCI
. U30B § CLK G STROBE
vee—4+—4 . MAXGO2TAQH]
1 = =
T4ACT08SC
N
u2s
= 15
QA O.GATETYPE>
e RCK QB —— OsLOP Yee
QC —% O.TR
= SRCLR QD — O.TRIG %
SRCK  QE O.TRIG
| U30A & 2 DB U2 +15V
5 " QG — 0.AD SERIAL DATROUT VBB ——-,7
) SER QH —5 O.LIM OUT20 SERIAL DATA IN H
QHI OUT 19 OUT | —5¢ OPWCI
OUT 18 OUT2 —5-  OPWC
TAACTOSSC  yeep—1 — vee  anp —2 6 . OUT 17 ouT3 2o PWC
~ J4HCS9SD VCCp—=— vCC  GND OUT 16 OUT4 (—55+ O.PWC3
27 J4HCS9SD OUT 15 OUT5 —57+ OPWC
3 OUT 14 OUT6 —5- OPWC
B OUT 13 OUT7 —g OPWG
OUT 12 OUT8 —— O.AMP
OUT 11 OUT9 —=— 0.AMPCI
BLANKING £ OUT10 — - O.AMPC2
>—> CLK G STROBE
3 MAXG921AQH]
u3oc -
vec—2—4 s
u =
— T4ACT08SC
N
[_vce {vce
A —LCQI —Lc75 —Lcn —Lc7
0.1uF 0.1uF | 0.1uF | 0.1uF
YD) 1 SERIAL OUTPUT CHAIN, TO PULSE GENERATOR CIRCUIT|
C4 =
0.1uF = ;
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