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WARRANTY

Keithley Instruments, Inc. warrants this product to be free from defects in material and workmanship for a period of 1 year from date of
shipment.

Keithley Instruments, Inc. warrants the following items for 90 days from the date of shipment: probes, cables, rechargeable batteries,
diskettes, and documentation.

During the warranty period, we will, at our option, either repair or replace any product that proves to be defective.

To exercise this warranty, write or call your local Keithley representative, or contact Keithley headquarters in Cleveland, Ohio. You will
be given prompt assistance and return instructions. Send the product, transportation prepaid, to the indicated service facility. Repairs
will be made and the product returned, transportation prepaid. Repaired or replaced products are warranted for the balance of the origi-
nal warranty period, or at least 90 days.

LIMITATION OF WARRANTY

This warranty does not apply to defects resulting from product modification without Keithley’s express written consent, or misuse of
any product or part. This warranty also does not apply to fuses, software, non-rechargeable batteries, damage from battery leakage, or
problems arising from normal wear or failure to follow instructions.

THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING ANY IMPLIED
WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE. THE REMEDIES PROVIDED HEREIN ARE
BUYER’S SOLE AND EXCLUSIVE REMEDIES.

NEITHER KEITHLEY INSTRUMENTS, INC. NOR ANY OF ITS EMPLOYEES SHALL BE LIABLE FOR ANY DIRECT, INDI-
RECT, SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OF ITS INSTRUMENTS AND
SOFTWARE EVEN IF KEITHLEY INSTRUMENTS, INC., HAS BEEN ADVISED IN ADVANCE OF THE POSSIBILITY OF
SUCH DAMAGES. SUCH EXCLUDED DAMAGES SHALL INCLUDE, BUT ARE NOT LIMITED TO: COSTS OF REMOVAL
AND INSTALLATION, LOSSES SUSTAINED AS THE RESULT OF INJURY TO ANY PERSON, OR DAMAGE TO PROPERTY.

KEITHLEY

Keithley Instruments, Inc. * 28775 Aurora Road * Cleveland, OH 44139 ¢ 216-248-0400 * Fax: 216-248-6168 « http://www.keithley.com

CHINA: Keithley Instruments China * Yuan Chen Xin Building, Room 705 * No. 12 Yumin Road, Dewai, Madian * Beijing, China 100029 * 8610-2022886 * Fax: 8610-2022892
FRANCE: Keithley Instruments SARL ¢ BP 60 ¢ 3 allée des Garays * 91122 Palaiseau Cédex * 31-6-0115155 » Fax: 31-6-0117726

GERMANY: Keithley Instruments GmbH ¢ Landsberger Strae 65 * 82110 Germering * 49-89-849307-0 » Fax: 49-89-84930759

GREAT BRITAIN: Keithley Instruments, Ltd. * The Minster ¢ 58 Portman Road * Reading, Berkshire RG30 1EA ¢ 44-01734-575666 * Fax: 44-01734-596469

ITALY: Keithley Instruments SRL ¢ Viale S. Gimignano 38 * 20146 Milano * 39-2-48303008 ¢ Fax: 39-2-48302274

JAPAN: Keithley KK ¢ Aibido Bldg. * 7-20-2 Nishishinjuku ¢ Shinjuku-ku, Tokyo 160 ¢ 81-3-5389-1964 * Fax: 81-3-5389-2068

NETHERLANDS: Keithley Instruments BV ¢ Avelingen West 49 » 4202 MS Gorinchem ¢ 31-(0)183-635333 « Fax: 31-(0)183-630821
SWITZERLAND: Keithley Instruments SA ¢ Kriesbachstrasse 4 ¢ 8600 Diibendorf * 41-1-8219444 « Fax: 41-1-8203081
TAIWAN: Keithley Instruments Taiwan ¢ 1, Ming-Yu First Street « Hsinchu, Taiwan, R.O.C. * 886-35-778462 » Fax: 886-35-778455



Model 2361 Trigger Controller
Instruction Manual

© 1990, Keithley Instruments, Inc.
Test Instrumentation Group
All rights reserved.
Cleveland, Ohio, U.S.A.
Document Number: 2361-901-01 Rev. A



Safety Precautions

The following safety precautions should be observed before
using this product and any associated instrumentation. Al-
though some instruments and accessories would normally be
used with non-hazardous voltages, there are situations where
hazardous conditions may be present.

This product is intended for use by qualified personnel who
recognize shock hazards and are familiar with the safety pre-
cautions required to avoid possible injury. Read the operating
information carefully before using the product.

Exercise extreme caution when a shock hazard is present. Le-
thal voltage may be present on cable connector jacks or test
fixtures. The American National Standards Institute (ANSI)
states that a shock hazard exists when voltage levels greater
than 30V RMS, 42.4V peak, or 60VDC are present. A good
safety practice is to expect that hazardous voltage is present
in any unknown circuit before measuring.

Before operating an instrument, make sure the line cord is
connected to a properly grounded power receptacle. Inspect
the connecting cables, test leads, and jumpers for possible
wear, cracks, or breaks before each use.

For maximum safety, do not touch the product, test cables, or
any other instruments while power is applied to the circuit
under test. ALWAYS remove power from the entire test sys-
tem and discharge any capacitors before: connecting or dis-
connecting cables or jumpers, installing or removing
switching cards, or making internal changes, such as install-
ing or removing jumpers.

Do not touch any object that could provide a current path to
the common side of the circuit under test or power line
(earth) ground. Always make measurements with dry hands
while standing on a dry, insulated surface capable of with-
standing the voltage being measured.

Do not exceed the maximum signal levels of the instruments
and accessories, as defined in the specifications and operating
information, and as shown on the instrument or test fixture
rear panel, or switching card.

Do not connect switching cards directly to unlimited power
circuits. They are intended to be used with impedance limit-
ed sources. NEVER connect switching cards directly to AC
main. When connecting sources to switching cards, install
protective devices to limit fault current and voltage to the
card.

When fuses are used in a product, replace with same type and
rating for continued protection against fire hazard.

Chassis connections must only be used as shield connections
for measuring circuits, NOT as safety earth ground connec-
tions.

If you are using a test fixture, keep the lid closed while power
is applied to the device under test. Safe operation requires the
use of a lid interlock.

Ifa @ screw is present on the test fixture, connect it to safety
earth ground using #18 AWG or larger wire.

The f symbol on an instrument or accessory indicates that
1000V or more may be present on the terminals. Refer to the
product manual for detailed operating information.

Instrumentation and accessories should not be connected to
humans.

Maintenance should be performed by qualified service per-
sonnel. Before performing any maintenance, disconnect the
line cord and all test cables.
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OVERVIEW

TRIGGER CONTROLLER: Provides control of trigger pulses among up to
six instruments. The manner in which the trigger signals are modified is
programmable over the IEEE-488 bus. Includes 8-bit digital I/O port.

FUNCTION: Canbe used to synchronize triggers from different instruments
in a measurement system. A simple trigger programming language
provides the flexibility to control instrument operation in a variety of
ways.

TRIGGER YO PROGRAM: Up to six input-output relations constitute the
program which resides in internal memory. Non-volatile storage of up
to three trigger I/O programs.

TRIGGER INPUT EXPRESSIONS: Specify what combinations of trigger
inputs will causea trigger output. Two operators are used in trigger input
expressions:

+ Same as the Boolean “OR” operator.
* “Cumulative AND” operator. The input expression evaluates true
when the triggers on both sides of all operators have been received.

TRIGGER OUTPUT EXPRESSIONS: Specify what combination of trigger
outputs will occur after its input expression has evaluated true.

SIGNALS
CONFIGURATION:
Six trigger inputs, TTL compatible.
Six trigger outputs, TTL compatible.
One 8-bit digital input port, TTL compatible.
One 8-bit digital output port, TTL compatible.
TRIGGER CHANNELS:
Input: May be programmed to detect rising or falling edges.
Output: Active low pulse, maximum pulse width 110ps.
DIGITAL V/O:
Input: May be programmed to detect level or edges (either rising or
falling).
Output: Specified level appears on digital output lines.

IEEE-488 BUS IMPLEMENTATION

MULTILINE COMMANDS: DCL, SDC, UNT, UNL, SPE, SPD.

UNILINE COMMANDS: IFC, REN, EOI, SRQ, ATN.

INTERFACE FUNCTIONS: SH1, AH1, Té, TEO, L4, LEO, SR1, RL2, PPO,
DC1, DTO, C0, E1.

SRQ OPTIONS: SRQ on any of the following events: Trigger input de-
tected, digital input detected, ready for IEEE-488 command, error.

PROGRAMMABLE FUNCTIONS: Trigger I/O programming, trigger
I/0 program initialization, trigger I/O program storage and retrieval,
triggerinput edge polarity, trigger response enable/ disable, trigger latch
initialization, trigger output generation, digital output specification,
digital input edge polarity, SRQ masking, IEEE-488 holdoff, IEEE-488
output terminator, system status readback, factory default reset.

IEEE-488 address is set manually from the rear panel.

EXECUTION SPEED

INPUT PULSE WIDTH: 50ns minimum, unlimited maximum.

CHANNEL SYNCHRONIZATION (typical): Output pulses are synchro-
nized to within 5ns.

TRIGGER PROPAGATION DELAY (IEEE-488 inactive): 350us maxi-
mum, 100ps typical (TODO, only one trigger I/O relation evaluates true).

PULSE RECOGNITION RATE: 2kHz maximum at any trigger input.

RESPONSE TO IEEE-488 COMMAND:
Trigger Control Commands: 2.5ms maximum.
Trigger I/O Program: 25ms maximum.

GENERAL

CONNECTORS:
Trigger Input, Output: Six BNC connectors each on rear panel.

Digital I/O: 20 pin card edge.
ENVIRONMENT: Operating: 0°-50°C; 0-70% R.H.
Storage: -25°C to 65°C.

POWER: 90-125 or 180-250V AC (internal switch selectable); 50-60 Hz.
10VA max.

DIMENSIONS, WEIGHT: 425mm wide x45mm high x 309mm deep (16%
in. X 134 in. x 12 in.). Net weight 2.7 kg. (6.2 Ibs.).

ACCESSORIES SUPPLIED:
7051-2 BNC Interconnect Cable, 0.6m (2 ft.)

Specifications subject to change without notice.
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Model 2361

Trigger Controller

1.1  INTRODUCTION

The Model 2361 controls the routing of TTL-compatible
trigger signals among a maximum of six instruments. A
simple trigger programming language is included to
specify what combination of trigger inputs cause an out-
put.

1.1.1  Shipment Contents

The following items are included with every Model 2361:

Description Keithley Part No.
Line Cord CO-19

Feet (4) FE-24-1

Rack Ears (2) 2361-311

Screws (4), for rack ears 10-32x3 /8PFHBLKOX
Screws (8), nylon 10-32x1/4PBHBLKNY
20-pin Digital I/O Connector CS-444-2

20-pin Digital I/O Self-test ~ 2361-314
Connector
BNC Interconnect Cable (4) 7051-2

1.1.2  Optional Accessories

Model 7051 BNC Interconnect Cables — Model 7051 ca-
bles are used for making connections to trigger in and
trigger out connections on the Model 2361 rear panel. The
Model 7051-2 is a 50Q2 BNC to BNC cable (RG-58C),
which is 0.6m (2 ft.) long. The Models 7051-5 and 7051-10
are similar, but 5 feet and 10 feet in length respectively.

Model 7007 Shielded IEEE-488 Cables — A Model 7007
connects the Model 2361 to the IEEE-488 bus using
shielded cables to reduce electromagnetic interference
(EMI). The Model 7007-1 is one meter (3.3 ft.) long and
has an EMI shielded IEEE-488 connector at each end. The
Model 7007-2 cable is identical to the Model 7007-1, but is
2m (6.6 ft.) long.

1.2  FRONT PANEL INDICATORS

The Model 2361 front panel is shown in Figure 1.

Trigger Channel In/Out Indicators

Each of the six trigger channels has two LEDs on the front
panel, IN and OUT. An IN LED will blink when a trigger
is received on that channel; an OUT LED will blink when
a trigger is sent to that channel.

If a channel is used in a “Cumulative AND” expression
on the input side of a relation, the IN LED will remain lit
until the expression evaluates true.

If a trigger is received on a channel that is not used in an
input expression, the IN LED will turn on and remain lit
until that channel is cleared.

IEEE-488 Status Indicators

The TALK, LISTEN, and REMOTE indicators show the
present IEEE-488 status of the instrument. Each of these
indicators is briefly described below.
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TALK — This indicator is on when the instrument is in
the talker active state. The unit is placed in this state by
addressing it to talk. TALK is off when the unit is in the
talker idle state.

LISTEN — This indicator is on when the Model 2361 is in
the listener active state. LISTEN is off when the unitis in
the listener idle state.

REMOTE — This indicator shows when the instrument is
in the remote state. When REMOTE is turned off, the in-
strument is in the local state.

Error Indicator

The ERROR LED will light when one of the following er-
ror conditions occurs:

Trigger test failed

Digital I/O test failed

ROM test failed

RAM test failed

Illegal device-dependent command option (IDDCO)
Illegal device-dependent command (IDDC)

1.3 CONFIGURATION

The Model 2361 has one 8-position DIP switch (5102) ac-
cessible from the rear panel (see Figure 2 and Figure 3).
This switch determines the unit’s IEEE address, default
trigger I/O program, and test mode. The switch is read
only when the unit is powered on and should be set prior
to applying power.
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The factory default settings of the switch are shown in
Figure 3. To modify any of these defaults, turn the instru-
ment off and change the switch setting using a small
screwdriver.x

tfefelapm
AABBEHEH

Y PoREss T
ADDRESS LT DFLT PRGM

2361 Rear Panel Dip Switch (5102)

o =

Figure 3.

IEEE-488 Address Selection

The IEEE-488 bus address is set by 5102. The address can
be set from 0 through 30 and is read only at power on. The
address is selected by simple binary weighting with
switch 1 being the least significant bit and switch 5 the
most significant bit. The factory default address is 15.

Trigger I/O Program Selection

Up to three trigger I/O programs can be stored in
EEPROM. The following switch settings of 5102 deter-
mine the program that is loaded on power-up.

DFLT PRGM Switch

1| 2

0 0

1 0 Program #1 (EEPROM)
0 1 Program #2 (EEPROM)
1 1 Program #3 (EEPROM)

Test Selection

The TEST position of S102 selects a power-up self-test
that checks trigger and digital I/O signal paths (see
power-up procedure).

1.4 CONNECTIONS

Trigger Channels

The Model 2361 has six trigger channels; each channel
uses two BNC connectors; one for the input and one for
the output. Trigger signals are connected with Model
7051-2 BNC cables.

The normal connection scheme has an external instru-
ment’s trigger out signal going to a CHANNEL IN con-
nector on the Model 2361 rear panel. To complete the
loop, a BNC cable is connected from a Model 2361
CHANNEL OUT to the instrument’s trigger in. An exam-
ple connection schematic is shown in Figure 4.
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Notes : 1. Connect TRIGGER OUT of source
measure unit to CHANNEL IN
of trigger controller.
2. Connect CHANNEL OUT of trigger
controller to TRIGGER IN of
source measure unit.

To IEEE-488
7051 BNC Cables - L'}’?;';?n?:
7007 IEEE-488
Cables
”“” ﬂ ””” . =
(© QR
00, oy, = = e I
W =) —
2 O-O0-0h & 0 O~ sy
Source Measure Unit

>SS N~ .::,-_,__;I' =RET |
=000 & B 5+ S

Source Measure Unit

Figure 4. Multiple Unit Trigger Connections
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Digital I/O

The DIGITALI/O portlocated on the rear panel is shown
in Figure 5. It is a 20-pin card-edge connector. Sixteen
pins are used for the eight digital channels, with input
pins located on the top row of the connector and output
pins located on the bottom row. The eight digital chan-
nels are identified on the drawing. Also note that two
pins are used to access +5V and two pins are used to ac-
cess digital ground. The connector pinout is also pro-
vided by Table 1.

The Digital I/O connector will mate with the supplied
20-pin Digital I/O connector. This connector is equipped
with solder lugs to accommodate cable connections.

In order to minimize susceptibility to electromagnetic in-
terference (EMI) and radio frequency interference (RFI),
use shielded wires for digital input and output lines. The
shields should then be connected directly to the GND
(ground) screw on the rear panel.

Digital IO 1.5 HARDWARE INSTALLATION
2 Input 20
M Included with the Model 2361 are accessories for rack or
1 Output 19 bench use. If rack mount installation is desired, install the
two rack ears using the enclosed screws. These ears can
Figure 5. Digital I)O Connector be installed so either the front or rear of the unit faces the
front of the rack fixture (see Figure 6).
Table1l.  Digital I/O Port Pinout
Pin | Signal Pin | Signal NOTE
The front and rear rack mount holes may con-
1 | +5 volts 11 | Digital Output 5 tain 10-32 x 1/4” nylon screws. Remove the
2 | +5 volts 12 | Digital Input 5 four appropriate nylon screws and attach the
3 | Digital Ground 13 | Digital Output 4 rack ears using the four 10-32 x 3/8” screws.
4 | Digital Ground 14 | Digital Input 4
5 | Digital Output8 | 15 | Digital Output3
6 | Digital Input 8 16 | Digital Input 3
7 | Digital Output7 | 17 | Digital Output 2
8 | Digital Input 7 18 | Digital Input 2 ) WARNING
9 | Digital Output 6 19 | Digital Output 1 A potential shock hazard will exist if screws
10 | Digital Input 6 20 | Digital Input 1 longer than those supplied (10-32 x 3/8”) are
used to attach the rack ears.
o
(<] o
Rack Ear Enclosure
o
(2Sp>g$gar) ° Top or Bottom View
— ) R o - _l !—. T

Figure 6. Rack Hardware Installation
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o

Enclosure

Bottom View

o

o

Figure 7. Feet Placement

If bench installation is desired, the rubber feet can be in-
stalled on the underside of the unit near each corner (see
Figure 7).

1.6 POWER-UP PROCEDURE

1.6.1 Line Power

Use the following procedure to connect the Model 2361 to
line power and power up the instrument.

1. Check that the instrument is set to correspond to the
available line power. When the instrument leaves
the factory, the internally selected line voltage is
marked on the rear panel near the power jack.
Ranges are 90-125V or 180-250V, 50-60Hz ac. If the
line voltage setting of the instrument needs to be
changed, a procedure is located in paragraph B.8.

CAUTION
Be sure that the line voltage agrees with the
indicated range on the rear panel of the in-
strument. Failure to observe this precaution
may result in instrument damage.

2. Connect the female end of the power cord to the ac
receptacle on the rear panel of the instrument. Con-
nect the other end of the cord to a grounded ac outlet.

WARNING
The Model 2361 is equipped with a 3-wire
power cord that contains a separate ground
wire and is designed to be used with

grounded outlets. When proper connections
are made, instrument chassis is connected to
powerline ground. Failure to use a grounded
outlet may result in personal injury or death
because of electric shock.

3. The instrument can be turned on by pressing in the
front panel POWER switch. The switch will be at the
innermost position (1) when the instrument is
turned on.

1.6.2 Tests

The trigger controller has two power-up self tests. The
start-up (and default) test proceeds as follows:

1. All front panel LEDs flash once when power is
turned on.

2. The unit performs a ROM check. If this test fails, the
LEDs corresponding to trigger channels 1, 2, and 3
(both in and out) will flash.

3. A RAM testis conducted by the instrument. Failure
of this test causes LEDs corresponding to channels 4,
5, and 6 to flash.

4. The EEPROM is examined. The in and out LEDs of
all six channels will flash if this test fails.

The self-test is optional and is initiated by setting DIP
switch 5102 to the TEST position (see Figure 3) before
turning on the power. For normal operation, this switch
should be set to “0”. The Model 2361 will operate nor-
mally if the switch remains in the TEST position follow-
ing completion of the self-test; however, the self-test will
be executed if any power glitch occurs.
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Connections

The self-test requires that all inputs (trigger and digital)
be connected to their respective outputs as follows:

1. Using six BNC cables, connect IN to OUT for all six
trigger channels.

2. Mate the supplied Digital I/ O Self-test Connector to
the DIGITAL I/O connector on the rear panel.

Self-Test

With S102 set for TEST, the self-test proceeds as follows:

1. The start-up test is performed.

2. Trigger channel rising edge test — A rising edgz is
generated at CHANNEL 1 OUT. When the edge is
detected at CHANNEL 1 IN, both CHANNEL 1
LEDs are flashed. The remaining trigger channels
are tested in order.

3. Trigger channel falling edge test — This test is the
same as the previous step, but with a falling edge.

4. DigitalI/Orising edge and high level test— A rising
edgeis generated at Digital Output 1 and detected at
Digital Input 1. The Digital I/O channel 1 level line is
then tested for a high level. When both edge and
level are detected at Digital Input 1, the CHANNEL
1IN LED flashes. The remaining Digital INs/OUTs
are tested in order in a similar manner.

5. Digital1/Ofalling edge and low level test—This test
is the same as the previous, but with a falling edge
and a low level.

The order in which all signals are tested is given in
Table 2

1.7 1EEE-488 BUS PROGRAMMING

1.7.1  Trigger 1/O Programs

The trigger I/O program provides the means for the
Model 2361 Trigger Controller to determine when and
where to send output triggers. Trigger I/ O programs are
sent to the trigger controller just like device-dependent
commands.

A program consists of up to six trigger1/Orelations, each
of which relates specified inputs to specified outputs.

Table2.  Order of Channel Testing for
Self-test

Signal Channel | LED in Self-test
Trigger 1 CHANNEL 1IN and OUT
Trigger 2 CHANNEL 2 IN and OUT
Trigger 3 CHANNEL 3 IN and OUT
Trigger 4 CHANNEL 4 IN and OUT
Trigger 5 CHANNEL 5 IN and OUT
Trigger 6 CHANNEL 6 IN and OUT
Digital 1 CHANNEL 1IN

Digital 2 CHANNEL 1 OUT

Digital 3 CHANNEL 2 IN

Digital 4 CHANNEL 2 OUT

Digital 5 CHANNEL 3 IN

Digital 6 CHANNEL 3 OUT
Digital 7 CHANNEL 4 IN
Digital 8 CHANNEL 4 OUT

Each relation consists of an input expression and an out-
put expression separated by the greater than (>) charac-
ter.

Trigger input expressions specify what combination of
trigger inputs will cause a trigger output. Trigger output
expressions specify what combination of trigger outputs
will occur after the corresponding input expression has
evaluated true.

Valid relations contain channel numbers (1-6) and opera-
tors, which specify output trigger conditions dependent
upon the states of the input channels. The legal operators
are as follows:

* Logical “AND” for inputs and outputs, cuamulative for
inputs (See Note 5.)

+ Logical “OR”, for inputs only

> I/Oseparator, separates the input expression from the
output expression

; Relation separator, delimits relation in a multiple rela-
tion command string

Examples

OUTPUT 715;“1>2X” !If 1 triggered, trigger out
2.

OUTPUT 715;“1*2>1X !If 1 and 2 are triggered,
trigger out 1.

OUTPUT 715;“1*2*3> !When inputs 1,2 and 3

1*6X” are triggered, trigger out
1and 6.

OUTPUT 715;”1+2*3>4X" 'If 1 or (2 and 3) are
triggered, trigger out 4.
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OUTPUT 715;“1*2+3>4X"”  !'If (1 and 2) or 3 are
triggered, trigger out 4.

OUTPUT 715;71>1;2>2; ! All channels act as a

3>3;4>4,5>5,6>6X" throughport, i.e., when 1
is triggered, trigger out 1,
when 2 is triggered, trig-
ger out 2, etc.

OUTPUT 715;"6+1>3; !If 6 or 1 is triggered, trig-

4>1*3X” ger out 3. Also, if 4 is trig-
gered, trigger out1and 3.

OUTPUT 715;”1>1*6U2; !1f 1 is triggered, trigger

2>2X" outl and 6. Obtain the
present program. Then, if
2 is triggered, trigger out
channel 2.

OUTPUT 715;“1*2*3>1*2*3X" !If 1 and 2 and 3 are
triggered, trigger out 1
and 2 and 3.

Notes

1. The maximum number of characters in any relation
string is 46. More characters results in an error.

2. Inclusion of a trigger I/O program in a IEEE-488
command string will overwrite any previously de-
fined program upon receipt of the next X command.

3. Eachinput channel may be used in only one of the in-
put expressions in the program.

4. A program string must contain no more thansix rela-
tions. This is a direct result of Note 3, since each of the
six input channels may be used in only one relation.

5. Each output channel may be used in any number of
the output expressions in the program.

6. Any output channels ANDed together in an output
expression will produce output pulses simultane-
ously when the input expression evaluates true.
However, if any input channels are ANDed to-
gether, the input pulses received by the individual
channels are latched and held, one by one, until the
input expression evaluates true. Only then are the
latches cleared and the outputs produced.

7. All * operators are evaluated first, from left to right.
All + operators are evaluated second, from left to
right.

Examples of Illegal Relations

OUTPUT 715;“1>1;1>2X” ! Input channel 1 is used
twice.

OUTPUT 715;“1>2+3X” ! An OR operator appears
on the output side of the
relation.

Note: Anillegal relation generates an IDDCO error and
turns on the front panel “ERROR” indicator.

1.7.2  Device-dependent Commands

The program instructions covered in this section use ex-
amples written with Hewlett Packard BASIC version 4.0.
This language was chosen because of its versatility in
controlling the IEEE-488 bus.

Order of Command Execution

Device-dependent commands are not necessarily exe-
cuted in the order they are received. Rather, the instru-
ment always executes them in a specific order, as summa-
rized in Table 3

If you wish to force a particular order of execution, sim-
ply include the execute (X) character after each command
in the string. For example, the following string would be
executed in the order received:

L1XS2X
Table3.  Order of Command Execution
Order | Command | Description

1 zZ Clear programs from EEPROM

2 C Clear present program

3 program | Trigger I/O program

4 W Delay

5 E Enable/disable trigger re-
sponse

6 F Detect trigger input on falling
edge

7 R Detect trigger input on rising
edge

8 S Store program in EEPROM

9 K Bus hold-off

10 L Load program from ROM or
EEPROM

11 M SRQ mask format

12 O Digital /O

13 D Digital input change mask

14 I Clear trigger inputs

15 T Trigger input change mask

16 U Status

17 Y Terminator

18 P Immediate mode pulse

19 H Detect digital input on rising
edge

20 B Detect digital input on falling
edge

21 J Restore factory default settings
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This forced sequence will load Program 1 from EEPROM Device-dependent Command Summary

and then store it as Program 2 in EEPROM. If the X after

the L1 command is omitted (L1S2X), the S2 command

will be executed first. In that case, the current active pro- All Model 2361 device-dependent commands are sum-
gram will be stored as Program 2 in EEPROM, and then marized in Table 4.

Program 1 will be loaded as the active program.

Table4.  Device-dependent Command Summary

Command Code | Description

Detect Digital Input on Falling Edge Bn [ Set digital input channels to detect an input on its falling edge

(0-8).

Clear Present Program CO | Clear present program from memory.

Digital Input Change Mask Dn | Determine which digital input channels will set DIGCHNG bit in
serial poll byte (0-255).

Trigger Response En | Enable (EO) or disable (E1) input trigger channels.

Detect Trigger Input on Falling Edge Fn | Detect an input trigger on its falling edge (0-6).
Detect Digital Input on Rising Edge Hn | Seta digital input to detect an input on its rising edge (0-8).

Clear Trigger Inputs In | Initialize a trigger input latch(es) to the non-triggered state (0-6).
Restore Factory Defaults Jo Restore factory default settings.

Bus Hold-off Kn | Enable (KO0) or disable (K1) bus hold-off on X.

Load Program from ROM or Ln | Recall a previously stored program (0-3).

EEPROM

SRQ Mask Format Mn | Program which conditions generate an SRQ (service request).

MO = SRQ disabled

M1 = Digital input change
M2 = Trigger input change
M16 = Ready for input

M32 = Error

Digital I/O On | Assert the digital output lines (0-255).

Immediate Mode Pulse Pm [ Send a pulse to specified trigger output(s) (0-6).

Detect Trigger Input on Rising Edge Rn | Set trigger input channel to detect on rising edge (0-6).

Store Program in EEPROM Sn | Store present program in EEPROM (1-3).

Trigger Input Change Mask Tn | Determine which trigger input channels will set the TRGCHNG
bit in serial poll byte (0-63).

Status Un | Obtain instrument status and configuration information.

U0 = Send machine status word

U1 = Send error status word (0-255)

U2 = Send present active program

U3 = Send latched trigger input state (0-63)

U4 = Send latched digital input state and clear latches

U5 = Send DIP switch setting (0-255)

U6 = Send trigger and digital input edge detection polarities
U7 = Send firmware revision level

Delay Wn | Delay in 500pusec increments between input expression evaluating
true and sending output pulse (0-255).

Execute X Execute command string.

Terminator Yn | Select ASCII terminator sequence for strings.

Y1=CRLF

Y2=LFCR

Y3=CR

Y4=LF

Clear All Programs Z0 | Clear all programs from EEPROM.

10
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B

Detect Digital Input On Falling Edge

Purpose
Format

Parameters

Default

Description

Programming
Note

Programming
Examples

To set specified digital input(s) to detect a trigger on its falling edge.
Bn

n = 0; Set all digital inputs to detect triggers on falling edges.
n =1 to §; The digital input(s) “n” that is to detect an input on its falling edge.

Upon power-up, or after a DCL or SDC command, all digital inputs are set to detect input
triggers on falling edges (BO).

The B command sets a digital input line(s) (via DIGITAL I/O port) to detect an incoming
trigger on its falling edge.

1. This command, along with the H command, also controls the polarity of the edge which
triggers an SRQ on a digital input change for those inputs that are set to generate an SRQ
in the DIGCHNG mask (see M command). .

2. Any time a B or H command is used, the corresponding digital input channel latch is

cleared.
OUTPUT 715;“B1X” ! Detect falling edge of trigger on input #1.
OUTPUT 715;“B2XB3X” ! Detect falling edge of triggers on inputs #2 and #3.

11
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C  Clear Present Program

Purpose

Format

Parameters

Description

Programming
Notes

Programming
Examples

12

To clear the present program from memory.

Co

CO Clear present program from memory

The C command clears the active program from the trigger controller's RAM. Programs
stored in EEPROM are not affected.

1. The C command does not clear either the digital or the or trigger input latches. For the
latches to be cleared, the I command must be used.
2. The zero in the command string may be omitted.

OUTPUT 715;“C0X” ! Clear present program
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D Digital Input Change Mask

Purpose

Format

Parameters

Default

Description

Programming
Examples

To determine which digital input channel(s) will set the DIGCHNG bit in the serial poll byte
when the appropriate trigger edge occurs.

Dn

n = 0 to 255; An integer value that is the decimal
weighted sum of the selected bits in the digital input change mask.

Upon power-up, or after receiving a DCL or SDC command, the digital input change mask
will default to DO.

The digital input change mask determines which digital input channels (via DIGITAL I/O
port) will cause the DIGCHNG bit, located in the serial poll byte, to be set when the
appropriate edge (rising or falling as determined by the H and B commands) is detected.

The bits of this 8-bit mask (see Figure 8) represent the eight digital input channels. The MSB
(B7) represents digital input #8, and the LSB (B0) represents digital input #1.

Bit Position | B7 B6 B5 B4 B3 B2 B1 BO

Decimal Weighting | 128 64 32 16 8 4 2 1
Digital Input Channel 8 7 6 5 4 3 2 1
Fiqure §. Digital Input Change Mask

The desired channels are selected by simply setting the corresponding bit in the mask. To
program the mask, the decimal weighted sum of the set bits are sent with the D command. For
example, to set the mask for digital input channels 8 and 1, send D129X over the bus.

Then, when an edge is latched at any of the specified channels, DIGCHNG in the serial poll
byte (see M command) is set. The DIGCHNG bit is cleared when all digital input latches are
cleared by a U4 status request.

10 REMOTE 715

20 OUTPUT 715;“D1X” ! Set DIGCHNG on digital
channel 1 state change

30 OUTPUT 715;"M1X” ! Set to SRQ on DIGCHNG

40 S=SPOLL(715) ! Serial poll the 2361

50 IF NOT BIT(S,6) THEN 40 ! Wait for SRQ

60 PRINT “Change in state
occurred at ch. 17
70 END

13
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E  Trigger Response

Purpose
Format

Parameters

Default

Description

Programming
Note

Programming
Examples

14

To enable/disable the input trigger channels.

En

EO
El

Enable input triggers.
Disable input triggers.

Upon power-up, or after receiving a DCL or SDC command, the instrument triggers are
enabled (EO).

The E command determines whether or not the input irigger channels will be examined. If the
inputs are enabled, the outputs will be determined by the current active program. If the
inputs are disabled, all input triggers will be ignored.

10
20
30
40
50

Trigger channel input latches can still be set by an incident trigger with the input triggers
disabled. The relations of set triggers will be executed when the EO command is sent over
the bus.

Any time a new trigger program is sent on the IEEE-488 bus, the trigger response defaults
to the enabled condition (EO).

A trigger program can be installed with trigger response disabled by loading it from
EEPROM using the L command if it was stored with trigger response disabled (E1).

REMOTE 715

OUTPUT 715;“10X” ! Clear input latches

OUTPUT 715;“1*2>3X" ! Trigger out 3 if inputs 1 and 2 are triggered
OUTPUT 715;”E1X” ! Disable input triggers

END
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F

Detect Trigger Input On Falling Edge

Purpose
Format

Parameters

Default

Description

Programming
Note

Programming
Examples

To detect an input trigger on its falling edge.
Fn

n = 0; Set all trigger channels to detect an input on its falling edge
n =1 to 6; Trigger channel number to be triggered on a falling edge input.

All trigger inputs default to a falling edge trigger status (FO) on power-up, or a DCL or SDC
command.

With the F command, you can specify which, if any, input trigger channel(s) will latch an
input on its falling edge.

1. This command, along with the R command, also controls the polarity of the edge that trig-
gers an SRQ on trigger input for those channels that are set to generate an SRQ in the
TRGCHNG mask. )

2. Any time an F or R command is used, the corresponding trigger input channel latch is
cleared.

10 REMOTE 715

20 OUTPUT 715;“F1XF2X” ! Falling edge detection on 1 and 2
30 OUTPUT 715;“1+2>3X”" ! If 1 or 2 is triggered, trigger out 3
40 END

15
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H Detect Digital Input On Rising Edge

Purpose To set a digital input to detect an input on its rising edge.
Format Hn
Parameters n = 0; Set all channels to detect a trigger on its rising edge.

n =1 to 8; Digital channel which is to detect an input trigger on its rising edge.

Default On power-up, or after receiving a DCL or SDC command, all digital input lines default to a
falling edge detection state (BO).

Description The H command sets a digital input line(s) to detect an incoming trigger on its rising edge.
Programming 1. Thiscommand, along with the Bcommand, also controls the polarity of the edge that trig-
Note gers an SRQ on a digital input change for channels that are set for an SRQ in the

DIGCHNG mask (see M command).
2. Any time a B or H command is used, the corresponding digital input channel latch is
cleared.

Programming OUTPUT 715;“H1XH2X" ! Rising edge detection on 1 and 2
Examples

16
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I Clear Trigger Inputs

Purpose
Format

Parameters

Default

Description

Programming
Notes

Programming
Examples

To initialize a trigger input latch(es) to the non-triggered state.

In

n = 0; Clear all trigger latches
n =1 to 6; Trigger channel latch to be cleared

All latches are cleared (I0) on power-up, or after receiving a DCL or SDC command.

The I command initializes the specified trigger input latch to a non-triggered state, i.e., sets
the desired latch output to a logical “0” state.

For the command string I0X (clear all the trigger latches), the “0” parameter may be omitted.
Thus, instead of sending I0X over the bus, simply send IX.

10 REMOTE 715

20 OUTPUT 715;“R1IXR2X” ! Detect triggers 1 and 2 on rising edge
30 OUTPUT 715;“1*2>310X" ! Trigger out 3 if inputs 1 and
40 END 2 are triggered, and clear all latches

17
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J  Restore Factory Defaults

Purpose
Format
Parameter

Description

Programming
Notes

Programming
Examples

18

To return the instrument to factory default settings.

Jo

JO Return to factory default conditions.

The JO command sets all device-dependent commands to factory default status (see U0 status
word), clears the present active program, clears all latches, and loads EEPROM with the
following default programs:

Program Program Relations
1 1>1; 2>2; 3>3; 4>4; 5>5; 6>6
2 1*2>1*2; 3*4>3*4; 5*6>5%*6
3 1*¥2*3>1*2*3; 4*5*6>4*5%6

With the three default programs stored in EEPROM, any one can be used as the active
program by loading it using the L. command. L1 loads program 1, L2 loads program 2 and L3
loads program 3. See L command for more details.

1. The “0” in the command string may be omitted. Send JX to return the instrument to the
factory defaults.
2. The]J0 command takes approximately 30 seconds to complete.

OUTPUT 715;“J0X” ! Restore factory defaults
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K  Bus Hold-Off

Purpose
Format

Parameters

Default

Description

Programming
Examples

To enable or disable bus hold-off on X.

Kn

KO Enables bus hold-off on X.
K1 Disables bus hold-off on X.

The default on power-up, or after a DCL or SDC command is KO.

Bus hold-off allows the instrument to temporarily hold up bus operation via the NRFD line
when it receives the X character until all commands are processed. The advantage of using
bus hold-off is that commands are not missed while the instrument is processing previously
received commands.

OUTPUT 715;”K0X” ! Enable bus holdoff

19
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L

Load Program From EEPROM

Purpose

Format

Parameters

Description

Programming

Notes

Programming

20

Examples

To load a previously stored program from EEPROM.

Ln

LO Clear current program (no active program).
L1 Load Program 1 from EEPROM.
L2 Load Program 2 from EEPROM.
L3 Load Program 3 from EEPROM.

The L1 through L3 commands allow the user to load a program from EEPROM and make it
the active program. The three programs stored in EEPROM may be programs defined and
saved by the user (see S command), or may be factory default programs (see ] command).

The LO command clears the program that was currently active. With no active program, the
trigger controller ignores external trigger inputs.

When the unit is powered up, one of the three programs canbe automatically loaded from
EEPROM. This is accomplished by setting the rear panel DFLT PRGM switches (see Figure
C-3) to the proper configuration. The switch settings correspond to the following programs:

DFLT PRGM Switch
1 2
0 0 No active program
1 0 Program 1
0 1 Program 2
1 1 Program 3

The trigger input edge polarity status and the trigger response status are loaded along with
the trigger I/O program.

OUTPUT 715;“L1X” ! Load program 1
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M  SRQ Mask and Serial Poll Byte Format

Purpose

Format

Parameters

Default

Description

To program which conditions generate an SRQ (service request).

Mn

n = Sum of bits in the SRQ mask

MO Disable SRQ

M1 Digital Input Change
M2 Trigger Input Change
M16 Ready

M32 Error

The instrument defaults to an MO state on power-up, or after receiving a DCL or SDC
command.

SRQ Mask — The Model 2361 uses an internal mask to determine which conditions will
cause an SRQ (service request) to be generated. Figure 9 shows the general format of this
mask, which is made up of eight bits.

Bit Position B7 B6 B5 B4 B3 B2 B1 BO
Value 0 on 0/1 01 0 0 on 0/
Decimal Weighting | 128 64 32 16 8 4 2 1
_ T L
Not Used 1 =DIGCHNG
1 =RQS; SRQ by 2361 — —— 1 = TRGCHNG
(Status Byte Only)
1= Error Not Used
1 = Ready
Figure 9. SRQ Mask and Serial Poll Byte Format

SRQ can be programmed by sending the ASCII letter “M” followed by a decimal number to
set the appropriate bit in the SRQ mask. Decimal values for the various bits are included in
Figure 9 and also listed in the “Parameters” section. Note that the instrument may be
programmed for more than one set of conditions simultaneously. To do so, simply add up the
decimal bit values for the required SRQ conditions. For example, to enable SRQ under trigger
input change and error conditions, send M34. To disable SRQ, send MOX. This command
clears all bits in the SRQ mask.

21
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Programming
Note

Available SRQ conditions include:

Digital Input Change (M1) — Program for an SRQ on a digital input change.
Trigger Input Change (M2) — Program for an SRQ on a trigger input change.
Ready (M16) — Program for SRQ when ready to accept additional commands.
Error (M32) — Program for SRQ when an error condition has occurred.

Serial Poll Byte Format — The serial poll byte contains information relating to data and error
conditions within the instrument. The general format of this status byte is shown in Figure
C-9. Note that the various bits correspond to the bits in the SRQ mask as described above.

The bits in the serial poll byte have the following meaning:

Bit 0 DIGCHNG (Digital Input Change) — Set when the appropriate edge has been detected
at a digital input channel, and that the bit in the digital input change mask corresponding to
that channel has been set (see D command - Digital Input Change Mask).

Bit 1 TRGCHNG (Trigger Input Change) — Set when the appropriate edge has been detected
at a trigger input channel, and that the bit in the trigger input change mask corresponding to
that channel has been set (see T command - Trigger Input Change Mask).

Bit4 Ready — Set when the instrument has processed all previously received commands and
is ready to accept additional commands. Cleared while the instrument is processing
commands.

Bit 5 Error — Set when one of the following error conditions has occurred:

Power-up test (RAM/ROM) failure

Operational self test (Digital I/O, Trigger 1/O) failure
Illegal device-dependent command (IDDC)

Illegal device-dependent command option (IDDCO)

LN

This bit is cleared when the Ul status word is read to determine the type of error (see U
command — Status).

Bit 6 RQS (Request for service) — Set if the instrument asserted SRQ. Cleared when the
instrument is serial polled.

If SRQ is disabled (MO), then the serial poll byte reflects the real-time state of the instrument:

e The TRGCHNG and DIGCHNG bits are reset by resetting the appropriate latches,
either with the I command or under control of the active trigger program.

e The READY bit is reset whenever the unit is ready for another IEEE-488 byte.

e The Error bit is reset by a Ul status request.
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Programming
Examples

10
20
30
40
50
60
70

80
90

DIM Error$ [50]

REMOTE 715

OUTPUT 715;“M32X”
OUTPUT 715;“E2X”
S=SPOLL(715)

IF NOT BIT(S,6) THEN 50
PRINT”B7 B6 B5 B4 B3

B2 B1 B0”
FORI=7ZTOOSTEP -1
PRINT BIT(S,I)

100 NEXT I

110 PRINT

120 OUTPUT 715;“U1X”
130 ENTER 715;Error$
140 PRINT Error$

150 END

! Program for SRQ on error
! Program illegal option

! Serial poll the 2361

! Wait for SRQ

! Label bit positions

! Loop 8 times
! Display the bit positions
! Get status byte

! Display status byte
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O Digital 1/O
Purpose
Format
Parameters

Default

Description

Programming
Notes

Programming
Examples

24

To assert the digital output lines high.

On

n = 0 to 255; Sum of bits in digital output byte.

Upon power-up, or after receiving a DCL or SDC command, all eight digital output lines are
at OV (O0).

The O command specifies which of the eight digital output lines will be asserted high by using
a binary output byte representation (see Figure 10). Each of the eight digital output channels
are assigned a bit. The least significant bit represents output channel 1, while the most
significant bit represents output channel 8. An output channel is asserted high by sending the
decimal equivalent of the appropriate bit position with the O command. For example, to
assert digital output channel 3 high, send O4X. To assert multiple channels high, add up the
decimal equivalents of the appropriate bit positions. For example, to assert output channels 5
and 7, send O80X.

Bit Position [ B7 B6 BS B4 B3 B2 B1 BO

Decimal Weighting | 128 64 32 16 8 4 2 1

Digital Output Channel 8 7 6 5 4 3 2 1

Figure10.  Digital Output Byte

The digital output pattern is a level output only. Any bit pattern specified with the O
command will output a steady state until the next O command.

10 REMOTE 715

20 OUTPUT 715;“T63X” ! Set TRGCHNG on any trigger state change

30 OUTPUT 715;“M2X” ! SRQ on TRGCHNG

40 OUTPUT 715;“1>1" ! If 1 triggered, trigger out 1

50 S=SPOLL(715) ! Serial poll the 2361

60 IF NOT BIT(S,6) THEN 50 ! Wait for SRQ

70 OUTPUT 715;“01X” ! Set digital output 1 high on a trigger state change
80 END
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P Immediate Mode Pulse

Purpose
Format
Parameters

Description

Programming
Notes

Programming
Examples

To send an immediate pulse to a specified output(s).

Pn

n = Any valid expression specifying the desired trigger output channel(s).

The P command sends an immediate trigger pulse to the specified output channel or
channels. The channels are specified in the output expression following the P command. The
output expression can simply be a single decimal digit 1 to 8 that corresponds to the specified
channel. For example, to send a trigger pulse to output channel 6, send P6X.

To send a trigger pulse to multiple channels use the “*” operator as shown in the following
example to send a trigger pulse to output channels 3 and 4:

P3*4X

The specifications of the output trigger pulse are shown in Figure 11.

LS TTL High

(4.9V Typical)
LS TTL Low
(0.25V Typical) |4 Ous —
Minimum

Figure11.  Output Trigger Pulse Specifications

The P command does not affect the active trigger I/O program. It is an immediate mode
output only.

OUTPUT 715; “P1X” ! Immediate trigger 1
OUTPUT 715; “P2*3” ! Immediate trigger 2 and 3
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R  Detect Trigger Input on Rising Edge

Purpose

Format

Parameters

Default

Description

Programming
Note

Programming
Examples

26

To set a trigger input channel to detect on its rising edge.

Rn

n = 0; Set all trigger input channels to detect an input trigger on its rising edge.
n =1 to 6; Set the specified trigger input channel to detect an input trigger on its rising
edge.

All trigger input channels default to a falling edge trigger state (FO) upon power-up, or after
receiving a DCL or SDC command.

The R command allows the user to program an input trigger channel to latch an input on its
rising edge.

1. This command, along with the F command, also controls the polarity of the edge which
triggers an SRQ for those channels which are set to generate an SRQ using the TRGCHNG
mask (see T and M commands).

2. Any time an F or R command is used, the corresponding trigger input channel latch is

cleared.
10 OUTPUT 715;“R1X” ! Detect 1 on rising edge
20 OUTPUT 715;“R2X” ! Detect 2 on rising edge
30 OUTPUT 715;“1+2>3" ! If 1 or 2 is triggered, trigger out 3
40 END
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S  Store Program in EEPROM

Purpose
Format

Parameters

Description

Programming
Note

Programming
Examples

To store the current (active) program in EEPROM.

Sn

S1 Store program in memory as Program 1.
52 Store program in memory as Program 2.
S3 Store program in memory as Program 3.

The S command stores the currently active user program (which may be user defined) into
EEPROM. Up to three programs can be stored and later recalled using the L command.

1. One of the three stored programs may be loaded from EEPROM when the instrument is
powered up. The particular program (Program 1, 2 or 3) is specified by setting DIP
switches on rear panel (see L command).

2. The trigger input edge polarity status and the trigger response status are stored along
with the program.

3. Ifitis desired to store a user defined program with the trigger response disabled (E1),
then the E1 command must be sent after the program is created. When a user defined pro-
gram is created, trigger response is enabled (EO).

10 REMOTE 715

20 OUTPUT 715;"R1X” ! Detect inputs 1 and 2 on

30 OUTPUT 715;“R2X” rising edge input

40 OUTPUT 715;“1*2>3X”" ! If 1 and 2 are triggered, trigger out on 3
50 OUTPUT 715;“51X” ! Store as program 1

60 END

27
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T

Trigger Input Change Mask

Purpose

Format

Parameters

Default

Description

Programming

28

Examples

To determine which trigger input channels will set the TRGCHNG bit in the serial poll byte
when they receive a trigger.

Tn

n =0 to 63; An integer value that is the decimal weighted sum of the selected bits in the
trigger input change mask.

Upon power-up, or after receiving a DCL or SDC command, the digital input change mask
will default to TO.

The digital input change mask determines which trigger input channels will cause the
TRGCHNG bit, located in the serial poll byte, to be set when an input trigger is received.

Bits 0 through 5 of this mask (see Figure 12) represent the six trigger input channels. The MSB
(B5) represents trigger input #6, and the LSB (B0) represents trigger input #1.

Bit Position | B7 B6 B5 B4 B3 B2 B1 BO

Decimal Weighting | 128 64 32 16 8 4 2 1

Trigger Input Channel - - 6 5 4 3 2 1

Figure12.  Trigger Input Change Mask

The desired channels are selected by simply selecting the corresponding bit in the mask. To
program the mask, the decimal weighted sum of the selected bits are sent with the T
command. For example, to set the mask for trigger input channels 6 and 1, send T33X over the
bus.

Then, when a trigger is received at the specified channels, TRGCHNG in the serial poll byte
(see M command) is set.

10 REMOTE 715

20 OUTPUT 715;“T1X” ! Set TRGCHNG bit on channel 1 state change
30 OUTPUT 715;“1>2X” ! If 1 triggered, trigger out 2

40 OUTPUT 715;“M2X” ! Set to SRQ on TRGCHNG

50 S=SPOLL(715) ! Serial poll the 2361

60 IF NOT BIT(S,6) THEN 50 ! Wait for SRQ

70 PRINT “Change in state
occurred at ch. 1”
80 END
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U

Status

Purpose

Format

Parameters

Description

To obtain instrument status and configuration information.

Un

U0 Send machine status word.

U1 Send error status word (0-255).

U2 Send present active program.

U3 Send latched trigger input state (0-63).

U4 Send latched digital input state and clear latches.

US Send DIP switch setting (0-255).

U6 Send trigger and digital input edge detection polarities.
U7 Send firmware revision level.

By sending the proper U command and then addressing the instrument to talk as with normal
data, you can obtain information on machine status, error conditions and other data. The
information is transmitted only once for each U command.

U0 Send Machine Status Word

The U0 command lists the current modes programmed by the device-dependent commands.
All returned values correspond to the last receivedvalues. On power-up, or after a DCL or
SDC command is sent over the bus, the instrument will return to the following default
conditions:

BODOOOE1FOHOIOK0LOMO0OOO00R0SOTO0W000YO0

U1 Send Error Status Byte

The Ul command permits access to the trigger controller’s error byte. The error byte is a
decimal number representing binary positions (see Figure 13) that provides information
about the machine’s error status. For example, if the RAM and ROM tests failed, reading the
Ul status byte will send the decimal value 12 (B2 and B3 set) to the computer.

An error condition will set the error bit in the SRQ serial poll status byte. If desired, the
instrument can be programmed to generate an SRQ if an error condition occurs. Reading the
U1 error status byte clears the error bit in the serial poll status byte (see M command).

29



Model 2361 Trigger Controller

Bit Position | B7 B6 B5 B4 B3 B2 B1 BO

Decimal Weighting | 128 64 32 16 8 4 2 1
Value | 0/1 01 0 0 on on on on
1=1IDDC -—J I ——1 = Trigger Test
Not Used Failed (TRGTEST)
1=IDDCO
1 = Digital I/0 Test
Failed (DIGTEST)

1 = RAM Test Failed

(RAMTEST) 1 = ROM Test Failed
(ROMTEST)

Note : Reported status is the decimal sum of
the set (1) bits.

Figure 13. U1 Error Status Byte

U2 Send Present Active Program

The U2 command allows the user to obtain the active program relation(s) from the trigger
controller.

U3 Send Latched Trigger Input State

The U3 command is used to determine the current state of the input trigger channel latches.
The argument is the decimal sum of the set bits in the binary byte which represents the six
trigger inputs (see Figure 14).

Bit Position | B7 B6 BS B4 B3 B2 B1 BO

Decimal Weighting | 128 64 32 16 8 4 2 1
Value 0 0 on (V4] on o on on
Not Used j—l 1 = Trigger Channel 1
Latched
= Tri 16
1 L;lg%zn;j(:hanne 1 =Trigger Channel 2
Latched
1 = Trigger Channel 5
Latched 1 = Trigger Channel 3
Latched

1 = Trigger Channel 4
Latched

Note : Reported status is the decimal sum of
the set (1) bits.

Figure 14. U3 Latched Trigger Input Status Byte
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U4 Send Latched Digital Input State and Clear

The U4 command is used to determine the current state of the digital input channel latches.
The argument is the decimal sum of the set bits in the binary byte which represents the eight
digital inputs (see Figure 15). Any set bit represents a channel that has detected an edge
(trigger) of the polarity specified with the B or H command. When the U4 status is read, the

latches are cleared.

Bit Position | B7 B6 BS B4 B3 B2 B1 BO
Decimal Weighting | 128 64 32 16 8 4 2 1
Value 0/1 0/ 0/1 01 01 0/1 01 01

1 = Digital Channel 8 ——J
Latched

1 = Digital Channel 7
Latched

1 = Digital Channel 6
Latched

1 = Digital Channel 5

Latched

the set (1) bits.

Figure15.

Note : Reported status is the decimal sum of

I——1 = Digital Channel 1

Latched

1 = Digital Channel 2
Latched

1 = Digital Channel 3
Latched

U4 Latched Digital Input Status Byte

1 = Digital Channel 4
Latched

U5 Send DIP Switch Setting

The U5 command is used to read the rear panel DIP switch setting. The decimal value (0-255)
represents the switch positions as shown in Figure 16.

the set (1) bits.

U5 DIP Switch Setting

Fiqure 16.

BitPositon| B7 | B6 | Bs | B4 | B3 | B2 | Bt | BO
Decimal Weighting | 128 64 32 16 8 4 2 1
Value | o1 | o | on | on | o | o | o | on
1 ] L ]
0 = Start-up Teﬂj
1 =Self Test IEEE-488 Address

— 00 = No Program

01 = Program #1 (EEPROM)
10 = Program #2 (EEPROM)
11 = Program #3 (EEPROM)

Note : Reported status is the decimal sum of
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U6 Send Trigger and Digital Input Rising Edge Detection Status

The U6 command is used to determine which trigger and digital channels are programmed to
detect rising-edge input. The U6 status word is sent in the following form:

TmmDnnn

where; mm = 00 to 63; Decimal value of set bits in a binary byte that represents trigger
input channels that were programmed for detection on rising edges using
the R command (see Figure 17).
nnn = 000 to 255; Decimal value of set bits in a binary byte that represents digital
input channels that were programmed for detection on rising edges using
the H command (see Figure 18).

Value

1 = Trigger Channel 6

1 = Trigger Channel 5

Bit Position | B7

Decimal Weighting | 128

B6 B5 B4 B3 B2 B1 BO
64 32 16 8 4 2 1
0 0 0/1 0/1 0/1 071 0/1 on

Not Used -'——I_'

——1 = Trigger Channel 1

1 = Trigger Channel 2

1 = Trigger Channel 3

Note : Reported T status (of Tmm Dnn word)
is the decimal sum of the set (1) bits.

Figure17. U6 Status; Trigger Input Channels Programmed for Detection on Rising-Edge Input

1 = Trigger Channel 4

Bit Position

Decimal Weighting

Value

B7 B6 B5 B4 B3 B2 B1 BO
128 64 32 16 8 4 2 1
0/1 (4 0/1 0/1 0/1 0/1 0/1 0/1

1 = Digital Channel 7

1 = Digital Channel 6

1 = Digital Channel 8 —I

I—— 1 = Digital Channel 1

1 = Digital Channel 5

Note : Reported 'D' status (of Tmm Dnn word)
is the decimal sum of the set (1) bits.

Figure 18. U6 Status; Digital Input Channels Programmed for Detection on Rising-Edge Input

1 = Digital Channel 2

1 = Digital Channel 3

1 = Digital Channel 4
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Programming
Notes

Programming
Examples

For example, the U6 status word T03D000 indicates that trigger channels 1 and 2 are
programmed to detect rising-edge input.

U7 Send Firmware Revision Level
The U7 command is used to obtain the revision level of the instruments firmware.

To send a status word (or byte) to the controller, the Model 2361 must be addressed to talk
immediately after sending the desired U command. If a U command is not first sent, the
current digital levels on the eight digital input lines (0-255) will instead be sent to the
controller when addressed to talk.

10 DIM Command$ [50] ! Dimension command string
20 DIM Status$ [50] ! Dimension status string

30 REMOTE 715

40 PRINT “Enter U Command” ! Get desired U command

50 INPUT Command$
60 IF LEN(Command$)=0 THEN 120 ! Check for null

70 OUTPUT 715; Command$&” X" ! Program with U command
80 ENTER 715; Status$ ! Get status

90 PRINT Status$ ! Print status

100 PRINT CHR$(128) ! Print blank line

110 GOTO 40 ! Return for next U

120 END
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W  Delay

Purpose
Format
Parameters

Default

Description

Programming
Examples

34

To delay the output pulse after an input expression evaluates true.

Wn

/N4

n = 0 to 255; where “n” is the delay in 500usec increments.

Upon power-up, or after a DCL or SDC command, the programmable delay defaults to
Omsec.

The W command programs a delay between the input expression evaluating true and
sending the output pulse(s) specified in the corresponding output expression. The delay
period equals the value of “n” times 500usec. For example, sending W100X programs a delay
of 50msec (100 x 500usec = 50msec).

OUTPUT 715;W20X" ! Delay 10msec
OUTPUT 715;“W0X” ! Clear delay
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X Execute

Purpose

Format

Parameters

Description

Programming
Examples

Execute DDC'’s or create an active program.

X

none

The execute command isimplemented by sending an ASCII “X” over the bus. Its purposeis to
direct the unit to execute all device-dependent commands received since the last X. Also, a
user defined I/O program is created by using the X command.

OUTPUT 715; “M32X”" ! Execute M command
OUTPUT 715; “10” ! Send I0 command

OUTPUT 715; “X” ! Execute I0 command
OUTPUT 715; “1>2X” ! Create program; if channel 1

triggered, trigger out on channel 2.
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Y Terminator
Purpose
Format

Parameters

Default

Description

Programming
Examples

36

To select the ASCII terminator sequence that marks the end of the instrument’s data string.

Yn

Y0 <CR><LF>
Y1 <LF><CR>
Y2 <CR>
Y3 <LF>

The default terminator on power-up, or a SDC or DCL command is Y0.

By using the Y command, you can program the number and type of terminator character(s)
the instrument sends at the end of its data string. Available terminator characters are the
commonly used CR (carriage return, ASCII 13) and LF (line feed, ASCII 10) characters.

These terminators are recognized by most controllers. Selecting the wrong terminator for the
controller could cause the bus to hang.

OUTPUT 715; “Y1X” ! Terminate on LF CR
OUTPUT 715; “YOX” ! Terminate on CRLF
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y4

Clear All Programs

Purpose

Format

Parameters

Description

Programming
Examples

To clear all programs from EEPROM.

70

none

The Z command clears all programs from EEPROM. The memory can contain up to three user
programs. The Z command has no effect on the currently active program (stored in RAM).

OUTPUT 715;“Z0X”

! Clear all programs from EEPROM memory
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1.8 SERVICE INFORMATION

1.8.1  Ordering Information

To obtain information concerning replacement parts,
contact your Keithley representative or the factory. See
the inside front cover for addresses. When ordering re-
placement parts, include the following information:

Instrument model number
Instrument serial number

Parts description

Circuit designation (if applicable)

1.8.2  Factory Service

If the instrument is to be returned to the factory for serv-
ice, please complete the service form, which follows this
appendix, and return it with the instrument.

WARNING
The servicing procedures included in this
appendix are for use by qualified service
personnel only. Do not perform these proce-
dures unless qualified to do so. Never open
the Model 2361 case while it is connected to
the ACline. Internal voltage potentials exist
which could cause personal injury or death.

1.8.3  Line Voltage Selection

The Model 2361 may be operated from 90-125V or
180-250V, 50-60Hz AC. The operational voltage is set by
an internal switch (5101). The trigger controller was
shipped from the factory set for the operating voltage
marked on the rear panel. To change the operating volt-
age, it is necessary to open the enclosure and change the
setting of 5101 according to the following instructions:

WARNING
Disconnect the power cord from the AC line
and from the Model 2361. Disconnect any ca-
bles prior to disassembly. Never open the
case while it is connected to the AC line. In-
ternal voltage potentials exist which could
cause injury or death.
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1. Place the trigger controller on a flat surface. Remove
the eight screws on top of the case and remove the
top cover. Located next to the main power supply
transformer is the line voltage selection switch S101.

2. Insert the tip of a small screwdriver into the slot of
the switch and move the switch to the left or right so
that the desired line voltage selection appears on the
switch.

3. Install a power line fuse appropriate for the line volt-
age. See the following paragraph for the fuse re-
placement procedure.

4. Make a note of the new voltage setting on the rear
panel of the trigger controller and carefully re-
assemble the unit.

1.8.4  Fuse Replacement

The Model 2361 contains an internal AC line fuse. The
fuse is located next to the internal line voltage switch

(5101). This fuse may be replaced by using the following
procedure:

Table5.  Line Fuse Values
Line Keithley
Voltage | Fuse Type Part No.
105-125V | 1/8A, 250V, 3AG, Slo Blo FU-20
180-250V_ | 1/16A, 250V, 3AG, Slo Blo FU-21

WARNING
Disconnect the power cord from the AC line
and from the Model 2361. Disconnect any ca-
bles prior to disassembly.

1. Turn off the power and disconnect the line cord and
all other cables from the unit.

2. Place the unit on a flat surface. Remove the eight
screws on top of the case and remove the top cover.

3. The fuse is located next to the line voltage selection
switch (S101). Gently pull upward on the plastic fuse
housing until it separates from the fuse holder on the
pc board.

4. Open the fuse housing by pushing up on the tab on
the bottom of the housing.

5. Remove the fuse, and replace it with the proper type
using Table 5 as a guide.
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CAUTION
Do not use a fuse with a higher rating than
specified or instrument damage may occur.
If the instrument repeatedly blows fuses, lo-
cate and correct the cause of the trouble be-
fore replacing the fuse.

6. Close the housing and insert it into the fuse holder.

7. Make note of the fuse rating for later reference and
carefully re-assemble the unit.

1.8.5  Schematic, Component Layout and
Replaceable Parts

The schematic and component layout drawing are
shown following the parts list.
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Model 2361 Digital Board, Parts List

Circuit Description Keithley
Desig. Part No.
FUSE HOLDER FH-29
CONN,MALE,5 PIN CS-288-5
FUSE CLIPS FH-12
C100,101 CAP,22PF,20%,500V,CERAMIC C-22-22P
C102,103 CAP,1UF,20%,50V, CERAMIC C-237-1
C104 CAP,4700UF, -10%+100%,16V, ELECTROLYTIC C-290-4700
C105 CAP, 10UF,-20+100%,25V,ALUM ELEC C-314-10
C106..138 CAP,.1UF,20%,50V,CERAMIC C-365-.1
CR100..155 DIODE,SILICON,IN4148 (DO-35) RF-28
CR156 DIODE, BRIDGE PEQ5 RF-48
DS100..116 PILOT LIGHT RED, HI-INTENSITY LED PL-88-1
F100 (FU-21 1/16A FOR EUROPE) FUSE, .1254, 250V,3AG SLO-BLO FU-20
J1002 CONN,RIGHT ANGLE,24 PIN CS-501
J1004..1015 CONN, BNC CS-547
J1016 MODIFIEL CONNECTOR 236-329
R100..127 RES,100,5%,1/4W,COMPOSITION OR FILM R-76-100
R128..149 RES,10K,5%,1/4W,COMPOSITION OR FILM R-76-10K
R150 RES,10M,5%,1/4W,COMPOSITION OR FILM R-76-10M
R151..167 RES,3.3K,5%,1/4W, COMPOSITION OR FILM R-76-3.3K
R168 RES, 33, 5%,1/4W, COMPOSITION OR FILM R-76-33
R169..185 RES,390,5%,1/4W,COMPOSITION OR FILM R-76-390
S100 SWITCH,PUSHBUTTON (6 POLE) SW-466
PUSHBUTTON, RED 29465-3
S101 SWITCH, SLIDE (DPDT) SW-484
5102 SWITCH, HORIZONTAL MOUNT, DIP, SPST SW-449-8
T100 TRANSFORMER TR-275
U100 IC,8-BIT MICROCONTROLLER MC68HC11F1 LSI-98
U101 IC,GPIB ADAPTER,9914A LSI-49
U102 EPROM PROGRAM 2361-800-**
U103 IC, SUPPLY VOLTAGE SUPERVISOR, TL7709AC IC-715
U104..107 IC, QUAD 2 INPUT MULTI, 74HCT257 IC-709
U108..114 IC, QUAD 2 INPUT EXCLUSIVE-OR, 74HCT86 IC-707
U115..122 IC, OCTAL D-TYPE FLIP-FLOP, HCT574 IC-629
U123..129 IC,DUAL D FLIP FLOP W/SET & RESE,74HCT74 IC-515
U130 IC,DECODER/DEMUX,741.5138 IC-182
U131 IC,OCTAL INTERFACE BUS TRANSCEIVER,75161 1C-299
U132 IC,OCTAL INTERFACE BUS,75160 1C-298

*ORDER CURRENTLY INSTALLED FIRMWARE REVISION LEVEL.



VR100

Y100

4-40X5/16 PHILLIPS PAN HD
6-32 PEM NUT

6-32X3/8 PHILLIPS PAN HD
SOCKET,L.C. 28 PIN
SOCKET, 68-PIN QUAD

IC, POS VOLTAGE REG +5V,500MA,309
HEAT SINK

MOUNTING KIT

MOUNTING KIT

CRYSTAL,8.0000MHZ

4-40X5/16PPH
FA-135
6-32X3/8PPH
SO-69
SO-128-68

IC-34

HS-32
MK-20
MK-16

CR-24-1
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Description Keithley
Part No.
BNC TO BNC CABLY ASSEMBLY CA-19-1
CONNECTOR CARD EDGE CS-444-2
COVER, TOP AND BOTTOM 2361-307A
DIGITAL BOARD TO FRONT PANEL BRACKET 2361-313A
FEET FE-24-1
FRONT PANEL 2361-304A
GND LUG LU-88
HOUSING, CONNECTOR CS-287-5
IEEE MTG HARDWARE CS-378
KEY CS-474
LINE FILTER LF-6-1
OVERLAY, FRONT PANEL 2361-303B
POWER CORD CO-19
P1016 CONNECTOR CS-276
P1016 POLARIZING KEY CS-345
RACK EAR 2361-311A
REAR PANEL 2361-306C
SELF-TEST CONNECTOR 2361-314B
SIDE PANEL 2361-308A
SPACER PLATE 2361-309A
TINNERMAN CLIP FA-231-1
1/2-28 UNEF SMALL NUT FA-234-1
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