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WARRANTY

Keithley Instruments, Inc. warrants this product to be frec from defects in material and workmanship for a period of | 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 exercisc 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 docs 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.
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The following safety precautions should be observed before using
this product and any associated instrumentation. Although some in-
struments and accessories would normally be used with non-haz-
ardous vollages, there are situations where hazardous conditions
may be present.

This product is intended for use by qualified personnel who recog-
nize shock hazards and are familiar with the safety precauations re-
quired to avoid possible injury. Read the operating information
carclully before using the product,

The types of product users are:

Respensible body is the individual or group responsible for the use
and maintenance of equipment, and for ensuring thal operators are
adequately trained.

Operators use the product for its intended function. They must be
trained in electrical safety procedures and proper use of the instru-
ment. They must be protected from electric shock and contact with
hazardous live circuils.

Maintenance personnel perform routine procedures on the product
to keep it operating, for example, setting the line voltage or replac-
ing consumable materials. Maintenance procedures are described in
the manual. The procedures explicitly state if the operator may per-
form them. Otherwise, they should be performed only by service
personnel.

Service personnel are trained to work on live circuits, and perform
safe installations and repairs of products. Only properly trained ser-
vice personnel may perform installation and service precedures.

LExercise extreme caution when a shock hazard is present. Lethal
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,

Safety Precautions

Users of this product must be protected from electric shock at all
times, The responsible body must ensure that users are prevented
access and/or insulaled from every connection point. In some cases,
connections must be exposed to potential human contact. Product
users in these circumstances must be trained to protect themselves
from the risk of electric shock. If the circuit is capable of operating
at or above 1000 volis, no conductive part of the circuit may be
exposed.

As deseribed in the International Lilectrotechrical Commission
(IEC) Standard IEC 664, digital multimeter measuring circuits
(e.g., Keithley Models 175A, 199, 2000, 2001, 2002, and 2010}
measuring circuits are Instaliation Category II. Al other instru-
ments’ signal terminals are Installation Category [ and must not be
connected to mains.

Do not connect switching cards directly to unlimited power circuits.
They arc intended to be used with impedance Limited sources.
NEVER connect switching cards directly to AC mains. When con-
necting sources to switching cards, install protective devices to lim-
it fault current and voltage 1o the card.

Before operating an instrument, make sure the fine cord is connect-
ed 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 system and discharge
any capacitors before: connecting or disconnecting cables or jump-
ers, installing or removing switching cards, or making internal
changes, such as installing or removing jumpers.

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



Do not exceed the maximum signal levels of the instruments and ac-
cessories, as defined in the specilications and operating informa-
tion, and as shown on the instrument or test fixture panels, or
swilching card.

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

Chassis connections must only be used as shicld connections for
measuring circuits, NOT as safety earth ground connections.

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

Ifa @ screw 1s present, connect it to safety earth ground using the
wirg recommended in the user documentation.

The / ! %\ symbol on an instrument indicates that the user should re-
fer to the operating instructions located in the manual.

The & symbol on an instrument shows that it can source or mea-
sure 1000 volts or more, including the combined effect of normal
and common mode voltages. Use standard safety precautions to
avoid personal contact with these voltages.

The WARNING heading in a manual cxplains dangers that might
result in personal injury or death. Always read the associated infor-
mation very carefully before performing the indicated procedure.

The CAUTION heading in a manual explains hazards that could
damage the instrument. Such damage may invalidate the warranty.

Instrumentation and accessories shall not be connected to humans.

Before performing any maintenance, disconnect the line cord and
all test cables.

To maintain protection from electric shock and fire, reptacement
components in mains circuits, including the power transformer, test
leads, and input jacks, must be purchased from Keithley Instru-
ments. Standard fuses, with applicable national safety approvals,
may be nsed if the rating and type are the same. Other components
that are not safety related may be purchased {from other suppliers as
long as they are equivalent to the original component, (Note that se-
lected parts should be purchased only through Keithley Instruments
10 mainiain accuracy and functionality of the product.) If you are
unsure about the applicability of a replacement component, call a
Keithley Instruments office for informaltion.

To clean the instrument, usc a damp cloth or mild, water based
cleaner. Clean the exterior ol the instrument only. Do not apply
cleaner directly to the instrument or allow liquids to enter or spill
on the instrument.



Specifications

OVERVIEW

CAPACITY: One plug-in card per mainframe

EXPANSION CAPACITY: Dezisy-chain expaasion of up to four Slave
units with one Master unit.

ANALOG BACKPLANES: Connections provided for user-supplied ca-
ble. Provides automatic row expansions between 7071, 7071-4, 7073,
Y74, 7075, 7076 and 7077 cards in separate 708 mainftames.

DISPLAY: Crosspoint and IEEE-488 bus status.

MEMORY: Storage for 100 matrix setups, battery backup.

PROGRAMMED SETTLING TIME: 0 to 65 seconds in ms increments.

FRONT PANEL CONTROL.: Crasspoint Control, Factory Default, Open,
and Digital 1/O.

TRIGGER SOURCES: External Trigger (FT'L compatible, programmable
edge, 600ns minimum pulse width); IEEE-488 bus (TALK, GET, “X™);
manual.

STATUS QUTPUT: Matrix Ready (TTL compatible programmable high
or low true); goes false when relays are switched, true at end of Pro-
grammed Settling Time.

MAKE BEFORE BREAK, BREAK BEFORE MAKE: Programmable
by row.

LIGHT PEN OPTION: Contrals crosspoints.

EXECUTION SPEED

MAXIMUM FRIGGER RATE.: 200 sctups per second (stepping through
previously stored setups with make-before-break and break-before make
disabled),

TRIGGER RESPONSE TIME: External trigger: <1ms. IEEE-488 GET:
<lms.

RESPONSE TO IEEE-488 COMMAND (to closc a single relay, exclud-
ing relay seitling time):

Standalone: <15ms.
Master and Four Slaves: <55ms
Download Time (one setup): 50ms typical

Specitications subject to change without natice.

IEEE-488 BUS IMPLEMENTATION

MULTILINE COMMANDS: DCL, 1.LO, $DC, GET, GTL, UNT, UNL,
SPL, SPD,

UNILINE COMMANDS: [IFC, REN. EOL, SRQ. ATN.

INTERFACE FUNCTIONS: SIti, AH1, T6, TEO, 14, LEG SR1, RLL,
PPO, DCT, DT1, CO, L.

GENERAL
CARD INSTALLATION: Configurable for front or rear installation.
DIGITAL I/O:

Outputs:

Configuration: 16 open collector drivers with factory-instalied 10k€2

pull-up resistors. Each driver has internal lyback diodes.

Pull-up Voltage: 5V @ 65mA internally supplied. External conaee-

tion provided for user supphed voltage 40V max.

Maximum Sink Current: 60{mA por channel. 2A max.

Output Protection: Fach output protected from shon circuits with

supply voltages up to 25VDC.

Loglc: Negative true.

Collector-Emitter Saturation Voltage: <200mV @ 100mA
<400mV @ J00mA
<600mV @ 600mA

Inputs:

Configuration: 10 inputs with internal 10k£2 pull-up resistor,

Maximum Voltage Level: 42V pk.

Logic: Posttive true logic.

REAR PANEL CONNECTORS:
Twao BNC: External Trigger, Matrix Ready.
Two DB-25: Digitul [O.
Two 8-pin DIN: Master/Slave In, Master/Slave Oul.
ENVIRONMENT:
Opetating: 0 to 30°C, <B0% relative humidity () 1o 35°C).
Storage: —25 to 65°C.
POWER: 90-250V AC, 50-60Hz, 50 VA maximum.
RELAY DRIVE: 1A,
DIMENSIONS: 90mm high »x 433 mm wide x 570 mm deep (3.5 . > 17
in. x 22.4 in.).
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1.1 Introduction

This section contains general information about the Model
708 Switching System. The Model 708 is designed as a pro-
grammable switch for connecting signal paths in a matrix to-
pology. It is for applications requiring a small-scalc matrix
(up to 96 crosspoints per mainframe and 480 crosspoints per
mastet/slave configuration). Plug-in cards are available [or
general and special purpose switching applications.

1.2  Features

Key features of the Model 708 Switching Sysiem are:

+ The switching system accepts onc 7X7X switching card
{(front or rear pancl installation).

» Digital I/O contained in the switching system (sixteen
inputs and outputs with internal pull-up resistors}).

+ 1EEE-488 bus or interactive programming.

« Storage of 100 sets of relay setups, which can be up-
loaded or downloaded through the IEEE-488 interface.

= An active front panel LED display shows the present re-
lay status, a stored setup, or an editing scratchpad.

« High-speed triggering of stored sctups.

= Make/break and break/make switching programmable
matrix by rows. Operation is transparent and indepen-
dent of the relay setup.

« Maximum matrix size of 8 rows by 60 columns (480
crosspoints on one IFEE-488 address with five units
connected in a master/slave configuration).

 Scaled construction, low heat producing design elimi-
nates vent holes, which is suitable for cleanrooms.

» An optional light pen is available for interactive control
of relays and editing stored relay setups.
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1.3 Warranty information

Warranty information is located on the inside front cover of
this manual. Should your Model 708 require warranty ser-
vice, contact your Keithley representative or an authorized
repair facility in your arca for further information.

1.4  Manual addenda

Any improvements or changes concerning the switching sys-
temn or manual will be explained in an addendum. Be sure 1o
note these changes and incorporate them into the manual be-
fore using or servicing the unit.

1.5  Safety symbols and terms

The following symbols and terms may be found on an instru-
ment or used in this manual.

The / !\ symbol on an instrument indicates that the uscr
should refer to the operating instructions located in the in-
struction manual.

The A symbol on an instrument shows that high voltage
may be present on the terminal(s). Use standard safety pre-
cautions to avoid personal contact with these voltages.

The WARNING heading used in this manual explains dan-
gers that might result in personal injury or death. Always
read the associated information very carefully bhefore per-
forming the indicated procedure.

The CAUTION heading used in this manual explains haz-
ards that could damage the instrument. Such damage may in-
validate the warranty.



General Information

1.6  Specifications

Model 708 specifications are located at the front of this man-
ual. These specifications are exclusive of matrix card speci-
fications, which are located in their appropriate instruction
manual.

1.7 Unpacking and inspection
1.7.1  Inspection for damage

Upon receiving the Model 708, carefully unpack the unit and
inspect it for any obvious signs of physical damage. Report
any damage to the shipping agent immediately. Save the
original packing carton for possible future shipment. If in-
stalling a matrix card at this time, be sure to follow the addi-
tional handling precautions explained in the appropriatc
matrix card instruction manual.

1.7.2  Shipment contents

The following items are included with every Model 708 or-
der:

» Model 708 Switching System.

* Model 708 Instruction Manual,

* Fixed rack mount kit (includes mounting hardware).

* Removable feet (for bench-top use — includes hard-
ware).

+ Additional accessories as ordered,

1.8 Repacking for shipment

Should it become necessary to return the Model 708 for re-
pair, carefully pack the unit in its original packing carton or
the equivalent, and perform the following:

= Call the Repair Department at 1-800-552-1115 for a
Repair Authorization (RMA) number.

* Advise as to the warranty status of the switching sys-
tem.

* Write ATTENTION REPAIR DEPARTMENT and the
RMA number on the shipping label,

* Fill out and include the service form located at the back
of this manual.
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1.9  Optional accessories
The following accessories are availabie for the Model 708.

Adapter and switching matrix cards

Model 7070 Universal Adapter Card — The Model 7070
card installs in the Model 708 and is jumper-selectable for
use cither as a backplane extender or a breadboard. It has
quick-disconnect screw terminals and 10ft. ribbon cables.

Model 7071 General Purpose Matrix Card — The Model
7071 card has 8 rows by 12 columns of three-pole Form A
switching for general purpose applications. It has mass ter-
minated connectors in addition to quick-disconnect screw
terminals.

Maodel 7071-4 Dual 4 x 12 General Purpose Matrix Card
--—The Model 7071-4 card has two banks of four signal paths
of three-pole switching. Row and column connections (o the
matrix are through 38-pin mass lerminated connectors.

Model 7072 Semiconductor Matrix Card — The Model
7072 card has 2 rows by 12 columns of two-pole Form A for
low currenl switching, 4 rows by 12 columns of two-pole
Form A for gencral purpose switching, and 2 rows by 12 col-
umns of one-pole Form A for C-V switching. It has three-lug
triaxial connectors.

Meodel 7072-HV High Voltage Matrix Card — The Model
7072-HV swilches low level, high voltage, and high imped-
ance signals for semiconduclor parametric tests. It has two
low current paths, four general purpose paths, and two C-V
paths., Connections to the matrix are through triax connec-
tors.

Model 7073 Coaxial Matrix Card — The Model 7073 card
has 8 rows by 12 columns of one-pole Form A switching (up
to 30MHz) for applications with single-ended instruments. I
has BNC connectors.

Model 7074-D Eight 1 x 12 General Purpose Multiplexer
Card — This card has eight banks of one signal path of
three-poie switching. Bank connections are through four 75-
pin mass terminated connectors; row connections are
through one 38-pin mass terminated connector.

Medel 7075 Eight 1 x 12 Two-Pole Multiplexer Card —
The Model 7075 is a general purpose multiptex switching
card that consists of cight banks of independent 1 x 12 mul-
tiplexer switching. Eight 25-pin D connecters are provided
for bank connections and one for row connections.



Model 7076 Dual 4 x 12 Two-Pole Matrix Card — The
Model 7076 is a general purpose matrix switching card that
consists of two independent 4 x 12 switching matrices. Each
maltrix has two switched circuits (HI and GUARD). The four
row signal paths are connected through jumpers to the gen-
eral purpose analog backplane in the Model 708, Connec-
tions to the matrix arc through standard 25-pin D conneclors
for mass termination,

Model 7077 8 x 12 Isolated Coaxial Matrix Card — The
Model 7077 has 8 rows by 12 columns of two-pole Form A
switching for general purpose applications. It has BNC con-
nectors,

Model 7172 Low Current Matrix Card — The Model 7172
is for semiconductor I-V and C-V measurements. Tt is con-
figured in an 8 x 12 matrix ol two-pole switching with triax
conncctors, An on-board electrometer measures offset cur-
rent.

Mode! 7173-50 4 x 12 High Frequency Matrix Card —
This card combines high (requency performance with
excellent DC switching characteristics. It provides 200MHz
bandwidth in a 4x12 matrix configuration. It has BNC
connectors.

Model 7174 8 x 12 Low Current Matrix Card — The Mod-
el 7174 is designed for high performance switching of I-V
and C-V signals. It has triax conncclors.

Digital 1/0 cables

Model 7075-MTC Standard Cable — Standard 3m (10f)
cable assembly terminated with 25-pin D-sub plugs on both
ends.

CS-400 Cable — 25-pin D-sub plug that will mate to the re-
ceplacles of the card. Solder-cup conncctions simplify the
building of custom cables.

CS-401 Cable — 25-contact D-sub receptacle that will mate
to the cables terminated with a 25-pin D-sub plug,

CS8-590 Cable — Plastic backshell housing for CS-400.

Naote: The following two cables are available from 3M Cor-
poration.

8225-7000 (3M) Cable — 25-pin D-sub plug for customized
ribbon cable assemblies.

3357-9225 (3M) — Junction shell for 3M 8225-7000 D-sub
plug.

General Information

Miscellaneous cables and accessories

Model 7007-1 Shielded IEEE-488 Cables — The Model
7007-1 connects the Model 708 1o (he IEEE-488 bus using
shiclded cables to reduce clectromagnetic inderference
(EMI). The Model 7007-1 is 1m (3.311) long and has an EMI
shielded IEBL-488 connector at each end. This cable is also
available in a 2m (6.6f1) lengih (Model 7007-2).

Model 7051-2 BNC to BNC Cables — The Model 7051-2
makes connections to external trigger and matrix ready on
the Model 708 recar pancl. The Model 7051-2 15 a 50 BNC
10 BNC cable (RG-58C), which is 0.6m (2[1) long. This cable
is also available in a 1.5m (5ft) length (Model 7051-5).

Model 7078-PEN Programming Light Pern — The Model
7078-PEN connects to the Model 708 front panch. It is used
to toggle the states of the LEDs that display crosspoints and
digital I/O. A pen hoider is included.

Model 8501-1 and 8501-2 Trigger Link Cabies — The
Modet 8501-1 and 85(1-2 contain an 8-pin male DIN con-
nector. The Model 8501-1 is 1m (3.3i1) in length, and the
Model 8501-2 is 2m (6.6{1) in length. Muhipie cables are
uscd for connecting Model 708 unils in a master/slave con-
figuration through the rear panel master/slave connectors.

Note: The following backplanc expansion componenls arce
available from 3M Corporation.

Backplane expansion (20 pin cabie components)
3365/20 (3M) — 28 AWG ribbon cable rated at >200VDC.

3461-001 (3M) — 0.1 inch card-edge connector with a cur-
rent rating of 1A > 200VDC (one connector required for
cach Model 708).

3448-54 (3M) - Strain relicf.

Backplane expansion (50 pin cable components}
3365/50 (3M) — 28 AWG ribbon cable rated at >200VDC.

3415-0001 (3M) — 0.1 inch card-edge connector with a cur-
rent raling of 1A > 200VDC (one connector required for
cach Model 708).

3448-54 (3M) — Strain relief.



2.1 Introduction

WARNING

The procedures in this section are in-
tended for use by qualified service per-
sonnel only, Do not perform these
procedures unless qualified to do so.
Failure to recognize and observe normal
safety precautions could result in per-
sonal injury or death.

Installation procedures are described in this section.

2.2 Changing card installation access

The configuration chosen for each Model 708 Switching
System (front or rear) can simplify connections and shorten
the wiring required for each installation. As shipped from the
factory, the unit is configured for rear panel card installation.
With the Model 708 Switching System configured for front
panel card installation, the card and connections can be ac-
cessed from the front of the rack. Use the following proce-
dure to change the Model 708 configuration for front or rear
panel card installation.

WARNING

Turn off power from all instrumentation
(including the Model 708 Switching Sys-

~ Card Installation

tem) and disconnect all power line
cords, Make sure all power is removed
and stored energy in external circuitry is
discharged prior to changing card in-
stallation configuration.

CAUTION

To prevent contamination, handle ma-
trix cards and backplane using lint-free
gloves. If contamination occurs, clean
according to the card’s instruction man-
ual.

. Remove the card, slot cover, and analog backplane from

the Model 708 Switching System by loosening the
spring-loaded mounting screws (see Figure 2-1).

. Install analog backplane on the Model 708 Switching

System panel. Make sure the analog backplanc connec-
tor (P1015) is inserted completely into its mating con-
nector. The mating connector will be J1015A for front
panel card installation and J1015B for recar pancl card
installation.
« Front pane] card installation — Install
the analog backplane on the rear pancl

of the unit.

» Recar panel card installation — Install
the analog backplanc on the front panel
of the unit,

. Secure and ground by tightening the spring-loaded

mounting screws,

2-1



Card Installation

Note: Front panel Matrix Card

Model 708 Switching System

110158

-

Panel Cover

P1015

Figure 2-1
Maodel 708 switching system — changing switch card installation

2.3 Card installation/removal

Before operating the Model 708 in a test environment, install
a card in the swilching system. Although cards arc not need-
ed to program setups for master/slave configurations, make
sure the loop connections are present.

Card installation

Using Figure 2-2 as a guide, install a card in the Model 708
Switching System as follows. Specific card instructions can
be found in the appropriate card’s manual.

WARNING

Before installing or removing cards or
making card connections, turn off main-
frame power and disconnect the line
cord. Also, make sure no power is ap-
plied from the user’s circuit.

instaliation shown.

Front Panel

»

e Analog Backplane

CAUTION

Do not touch the card surfaces, connec-
tors, or components to avoid contamina-
tion that could degrade card perfor-
mance.

NOTE

Some cards have connectors that are inac-
cessible once the card is fully inserted into
the switching system (e.g., the quick dis-
connect terminal blocks on Model 7071
cards). In these cases, connect wires to the
row and column terminal blocks before
scating the card fully in the backplane
connectors.

1. Remove the slot cover (if installed).

2. Using lint-free gloves, install the card.
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Matrix Card
(Rear panel card installation)

Figure 2-2
Matrix card installation

Card Installation

Matrix Card
{Front panet card installation)

]

]
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Card Installation

CAUTION

Properly support the card until it is fully
seated in the Model 708’ analog back-
plane. If the card is not supported until
it is fully seated, it may be damaged by
its own weight,

Pick up the card with both hands (onc hand grasping the
handle and the other hand supporting the weight of the
card).

Align the card in the Model 708. Make sure the edges of
the card slide into the card edge guides and the compo-
nent side of the card is lacing up.

. Shde the card into the Model 708, Make sure the card is

fully seated in the analog backplane.

. Tighten the spring-loaded mounting screws with a Phil-

ips screwdriver.

WARNING

The mounting screws must be secured to
ensure a proper chassis ground connec-
tion between the card and the Model 708
Switching System. Failure to properly
secure this ground connection may re-

WARNING

Before installing or removing cards or
making card connections, turn off main-
frame power and disconnect the line
cord. Also, make sure no power is ap-
plied from the user’s circuit.

CAUTION

Do not touch the card surfaces, connec-
tors, or components to avoid contamina-
tion that could degrade card perfor-
mance.

NOTE

Some cards have connectors that are inac-
cessible once the card is fully inserted into
the switching sysiem (e.g., the quick dis-
conneet terminal blocks on Model 7071
cards), In these cases, remove wires from
the row and column terminal blocks be-
fore fully removing the card from the
backplane connectors.

sult in personal injury or death due to

1. Using lint-free gloves, remove the card.

electric shock. * Loosen the spring-loaded mounting screws.

+ Pull out the card by its handle (one hand grasping the
handle and the other hand supporting weight of card).

Card removal

CAUTION

Properly support the card while remov-
ing it from the mainframe. An unsup-
ported card may be damaged by its own
weight. Store cards properly. Refer to
the appropriate card manual’s handling
and cleaning precautions for specific in-
structions.

Using Figure 2-2 as a guide, remove a card (rom the Model
708 Switching System as follows, Specific card instructions
can be found in the appropriate card’s manual.

2. Install the slot cover (or other card as applicable).

2-4



3.1 Introduction

This section contains information on operating the Model
708, It includes a brief description of operating controls and
connections. Once you are familiar with the malerial pre-
sented here, refer to Section 4 for more detailed information.

3.2  Front panel familiarization

An overview of the Model 708 front panel operation is given
in the following paragraphs. The {ront panel switches arc
shown in Figure 3-1. The front panel of the Model 708 ac-
cepls plug-in matrix cards when configured for front panel
matrix card installation (refer to paragraph 2.2). When con-
figured for rear panel matrix card installation, the front panel
contains the analog backplanc. Figure 3-2 illustrates setup
data transfers within the Model 708.

All front panel keys except POWER are momentary-contact
membrane switches. The COPY key has an LED indicating the

Getting Started

copy function. When the LED is lit, any changes made to the
crosspoint display will be immediately copied to the relays.

CAUTION

When changing setups, usc caution
when the COPY key is enabled (the cor-
responding LED will be lit). Accidental
connections may be copied to the relays
causing instrument damage.

@ @ ! PO\j‘ER -
RO
oG ¥e @ RELAYS @ L

DISPLAY RELAYS -

Figure 3-1
Model 708 front panel switches
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Getting Started

Stored
Setup #100

Model 708
Internal
Memory

Stored
Setup #1

Model 708
Front Panel

Crasspoint Display

HH HH B
HH HH HA

Crosspoint Relays

Figure 3-2
Setup data transfers

3.2.1 LED matrix

Use the LED matrix Lo monitor (or change using the optional
light pen) the CROSSPOINT (relay) status or DIGITAL /O
status (see Figure 3-3). The CROSSPOINT display mode is
the defaull mode for the Model 708.

CROSSPOINT — Shows crosspoint status for the present
relay setup, a stored relay setup, or an edited relay setup. The
LED matrix (& rows by 12 columns) shows on/off states of
the card setup. States can be changed by the TEEE bus or the
optional light pen. Crosspoint configurations can be stored in
memory or sent to relays. A closed relay is indicated by a lit
LED.

DIG I/O — When the Model 708 is placed in digilal I/O dis-
play mode, the LED matrix shows the present digital IN/
OUT status. The digital IN LEDs are located in rows A-H,
columns 1-2, The digital OUT LEDs are located in rows A-
H, columns 11-12, States can be changed by the IEEE bus or
the optional light pen.

3-2

Model 7X7X
Matrix Cards

T8 SWITCHING SYSTEM ——
1234867 89101112
SIS B RON 3R RORGRGRORORWIRLTL: ]
X X JeReoX YoRoRal ToRoRem T )
ACHBGOO0BOOBOOCD
T DSHOBVEVODOC0 @
S ESGS OO0 OCHOOCO
RS OOGOBOG OO wvg
e e COBLBOC0
A HSEDOOUOOROOOCO
= | S—1 | D—
2 N ouT -

= POWER !

Figure 3-3
Digital I/0 status display



Input— Displays the present status of the digital input on the
LED malrix. Logic high is indicated by a lit LED. The digital
input display status is continuously updated. Table 3-1 lisis
digital input display formats.

Table 3-1
Digital input display formats
Row/Column | Input# | Row/Column | Input#

Al 1 A2 9
Bl 2 B2 10
Cl 3 c2 11
D1 4 D2 12
El 5 E2 13
F1 6 F2 14
Gl 7 G2 15
HI1 8 H2 16

Getting Started

Output — Displays the present status of the digital output on
the LED matrix. The output can be changed by clicking the
light pen on the appropriatc LED. Output high is indicated
by a kit LED. Output low is indicated by an extinguished
LED, The digital output display status is updaled when the
output is changed. Table 3-2 lists digital output display for-
mats.

Table 3-2
Digital output display formats
Row/Column | Output # | Row/Column | Output #

All 1 Al2 9
Bl 2 B12 10
Cll 3 Ci1z 11
DIl 4 D12 12
Ell 5 El2 13
F11 6 Fi2 14
Gll 7 G12 15
HI11 8 HI12 16

3.2.2 Light pen connection

LIGHT PEN — An optional input device for toggling the
on/off state of the crosspoint display LEDs and digital /O
LEDs. One light pen is used to control the LLEDs of up to five
Model 708 mainframes. Refer to Figure 3-1 for the location
ol the light pen connection. Refer to paragraph 4.4.4 for light
pen operating information.

3.2.3 LED indicators

IEEE-488 STATUS INDICATORS

TALK, LSTN, REM — These three LED indicators apply
to instrument operation over the [EEE-488 bus. The TALK
and LSTN indicators show when the unit has been addressed
to talk or listen, REM turns on to show when the unit is in the
IEEE-488 remote state. Sce Section 4 for detailed informa-
tion about operation over the bus.

OTHER STATUS INDICATORS

ERR — This LED lights when an crror condition is flagged.
The error condition is flagged in the serial poll byte when any
bits in the Error Status Word are set. Refer to paragraph
5.9.20 for information on sending the Error Status Word
(command Ul).

COPY — When this LED is lit, any change to the crosspoint
display is immediately sent to the relays. Refer to paragraph
3.2.4 for information on toggling the COPY LED.

3.2.4 Switches/connections

POWER — The power switch turns the unit on or ofl. The
unit is on when the POWER pushbutton is in (depressed) and
off when the POWER pushbutton is out.

CAUTION

The position of the POWER pushbutton
indicates the power status of the Model
708 Switching System. The status of the
crosspoint display and the other LEDs
are not indications of power being ap-
plied to the Model 708.
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Figure 3-4
Front panel

LOCAL and DIG I/O — This key places the Model 708 in
local (while in remote) or in digital I/O mode (while in lo-
cal). While in digital 1/O mode, /O status will appear on the
LED matrix (sce Figure 3-3).

LOCAL — With the Model 708 in remote, pressing LOCAL
returns the switching system to local mode (REMOTE off).
While in local, operation of all front panel controls are active
unless the Model 708 is in LLO (local lockout). For more in-
tormation about local lockout, refer 1o paragraph 5.8.4.

DIG I/O -— With the Model 708 in local, press this key to
select digital I/O display mode (see Figurc 3-3). Press this
key a second time to return to local mode from digital I/0
display mode. Refer to paragraph 3.2.1 for information on
digital 17O display format.

RESET — Performs the same [unctions as cycling power
{all relays arc opened, triggers are disabled, RELAY STEP
to 000, MEMORY STEP to 001, etc.) with the exception of
power-up self-checking and master/slave loop initialization.

3-4

OPEN RELAYS — Turns off {opens} all present crosspoint
LEDs (if not in digital I/O display mode), COPY must be en-
abled 1o open relays automatically.

COPY DISPLAY-RELAYS — Enables/disables automalic
copying of the displayed crosspoint configuration to the re-
lays. This causes any change 1o the crosspoint display to be
applied immediately to the relays. This pushbution also tog-
gles the COPY LED (see paragraph 3.2.3) on and off.

3.3 Rear panel familiarization

The following paragraphs contain an overview of the Model
708 Switching System rear panel (sec Figure 3-5). In addi-
tion to the various connecctors, IEEE-488 address selection
switches arc located on the rear panel. Master/slave configu-
ration and IEEE-488 (GPIB) addresses are set using these ro-
tary selection switches. The rear panel of the Model 708
accepts plug-in cards when configured for rear panel card in-
stallation (sce paragraph 2.2). When not configured for rear
panel card installation, the rear panel contains the analog
backplanc.
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i

Figure 3-5
Mode!l 708 rear panel

EXT TRIGGER INPUT — A BNC jack for applying a
trigger pulse to change 1o the next relay setup, if triggers are
cnabled and TRIG ON EXT is selected as the source. Pulses
must be TTL-compatible, negative- or pmitivc going (pro-
grammable cdge), with a duration greater than 600ns, Refer
to the external tigger device-dependent command (DDC) in

paragraph 5.9.2,

MATRIX READY OQUTPUT — A BNC jack providing a
TTL-compatible, high- or low-true level. It goes false when
relays are switched and goes true after the sum of the relay
settling time and the programmed settling time. Refer 1o the
matrix ready device-dependent command (DDC) in para-
graph 5.9.3,

MASTER/SLAVE OUT — An 8-pin DIN connector {or
connecting a cable (o the next switching systemn in a master/
slave daisy-chain configuration.

MASTER/SLAVE IN — An 8-pin DIN conncctor for con-
necting a cable from the previous switching system in a mas-
ter/slave daisy-chain configuration.

DIGITAL 1I/O — Two DB-25 connectors,

Input — Sixteen inputs with internal pull-up resistors
provide level shifting for direct micro-switch monitor-
ing. Maximum voltage is 42V (peak).

Qutput — Sixteen open collector drivers with faclory-
installed 10k€2 pull-up resistors, Each driver has internal

flyback diodes. Pull-up voltage s 5V at 65mA maxi-
mum. External connections are provided for user sup-
plied voltage (40V maximum). Maximum sink current is
600mA pcr channel. Output short-circuit protection is

PR I S TP Ty ¥
provided up 10 25VDC,

Refer to paragraph 4.6.1 for more information on the dig-
ital IO ports.

IEEE-488 INTERFACE — This connector interfaces the
Model 708 to the IEEE-488 bus. Refer to paragraph 4.6.5 for
more information on the IEEE-488 interface port.

IEEE-488 ADDRESS SWITCHES — Two rotary swiich-
cs sct GPIB (IEEE-488) addresscs and also designate master/
slave units. From the factory, these switches are set to a
GPIB address of 18. Valid switch scttings are shown in Table
3-3. Refer to paragraph 4.6.5 for more information on the

IEEE-488 interf: -
1% a6 interace port.

Table 3-3
IEEE-488 address switches

System type

Switch settings :

Stand-alone unit 0o 30 |
Slave of a master/slave system 0to 30 i
31 to 60 !

| Master of a master/stave system
jMasterotar )

AC RECEPTACLE — Power is applied through the sup-
plied power cord to the three-terminal AC receptacle.

3-5
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3.4 Card connections

3.4.1  Overview — matrix design considerations

Card connections provide connection terminals between the
instruments and the DUTs. For cach matrix card designed [or
the Model 708, the rows can be lengthened by adding col-
umns from other cards of the same model number through
the analog backplane buses or with user-installed jumpers,
depending on the card model. To manufacture a cable lor an-
alog backplanc bus expansion, refer to paragraph 3.5.7.
Rows are expanded across mainframe boundarics, either in a
master/siave or stand-alone/stand-alone configuration. In a
master/slave configuration of up to five switching systems,
the rows are extended to 60 columns maximum. Paragraph
3.5 describes master/slave expansion,

Table 3-4
Matrix and multiplexer cards

The Model 708 Switching System is designed to be used
with the cards listed in Table 3-4.

3.4.2 Connections — instruments to rows

I your application requires few instruments and many
DUTs, connect the instruments to rows (up to eight) and the
DUTs to columns (12 columns per matrix card/switching
matrix, up to 60 columns with five matrix cards/switching
matrices as stand-alone units or in 2 master/slave configura-
tion). This connection scheme is optimum becausc the row-
column path has only one crosspoint as shown in Figure 3-6.
Expansion of rows leads to a long, narrow matrix containing
one crosspoint as shown in Figure 3-7,

Card family Model

Form

ﬁUniversa] 7070

96 Open Collector Drivers

General purpose | 7071
7071-4
7074-D
7074-M
7075
7076

8 x 12 Matrix

Dual 4 x 12 Matrix Card
Eight 1 x 12 Multiplexer Card
Eight 1 x 12 Multiplexer Card
Eight 1 x 12 Multiplexer Card
Dual 4 x 12 Matrix Card

Semiconductor | 7072
7072-HV
7172
7174

8 % 12 Matrix Card
8 x 12 Matrix Card
8 x 12 Matrix Card
8 x 12 Matrix Card

Coaxial 7073
7077
7173-50

8 x 12 Matrix Card
8 x 12 Matrix Card
4 x 12 Matrix Card

3-6
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DUT

Source 1 A
Source BB
Measure l C
Measure 1)

Note : One crosspoint closure
yields a row-column path.

Figure 3-6
Connecting instruments to rows — single switching system

DUT

[ MEASURE N e

MEASURE s R PIERSIRSREREIES B JEVS DU A S o

COLUMN i 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Legend
sassee. SOURCE
[ ees—— AEASURE
X RELAY

Figure 3-7
Connecting instruments to rows — multiple (two) switching systems
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3.4.3 Connections — instruments to columns

An alternale connection scheme of the long, narrow matrix
has all connections on the columns, both instruments and
IDUTs, This type of connection scheme is usually used in an
expanded switching matrix (refer to paragraph 3.5) when the
series ol tests requires a large number of instruments and
DUTs, with only a few signals for cach test. As shown in Fig-
ure 3-8, with two cards, two crosspoint relays must be closed
to complete a path from column-column (a salely benefit
when sourcing). Multiple crosspoint paths, when compared
with single crosspoint paths, have additional path resistance
and contact potential.

Crosspoint programming becomes more complex with
column-column paths because of the number of possible
paths for large matrices and the choice of rows to complete
the path (refer to Table 3-5).

Table 3-5
Row-column and column-column paths
Possible Possible
paths for 8 | paths for 8
Crosspoints | rowsx 12 | rows x 60
per path! columns columns
Row-column 1 96 480
Column-column? 2 66 1830
Notes:
1. The crosspoints per path do not account for any isolator relays present
on a card.

2. Each column-column path can be made through one of eight rows (e.g.,
column 1 can be connected 1o celumn 2 by any of the following: clos-
ing Al and A2, Bl and B2, C1 and C2, e1c.).

3-8

The row completion choice for column-column paths on
multiple application cards follows the recommendations giv-
en previously for row-column paths. With a Model 7072
card, close a crosspoint relay in row A or B for low current
applications, row C, D, E, or I for general purpose switch-
ing, and row F or G for C-V switching.

3.4.4 Connections — partial matrix expansion

External expansion of the cards can also be used 1o imple-
ment a partial matrix. As shown in Figure 3-9 (Model 7071
cards), a column connection is made between unit 3 and unit
4. With the example connections shown, three crosspoints
must be closed to source (increasing the safety lactor), but
only onc crosspoint closure is needed to measure (recom-
mended for sensitive instruments).

3.4.5 Multiple application cards

Selecting the correct row connections [or instruments is im-
portant with cards designed for multiple applications. Using
the Medel 7072 as an example, the recommended connec-
tions are:

* Rows A and B (low current) — Picoammeters, elec-
trometers.

* Rows C through F (general purpose) ~— DMMs, sourc-
es.

* Rows G and I (C-V characteristics) — C-V analyzers.
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DUT Test € cabl
i + : B -ables connec inals o .
Fixture l L O}Whma}?(‘a(;dsc. nect Lo row lenminals BNC Cable - Columns
|.Z IS Rilbon Cable - Rows
i
C
. i
i instrumentation

Simplified
Equivalent Circuit

[DUTs Instrumentation

(14 connections) ; {10 connections)
1 2 3 ) 9 10 11 12 i 2 B 4 5 0 7 B 410 112
: ; . ; | :
1 i
JE S H ] i -+ 4 - } : . B A
| - _ ; - + . fh
- — - R : . ¢
- - — - -t + H i * b
- \ e R '
e
‘ —_— - | - i H + H i f $
—— ) - B A R R mnd et (IS R B t 4 i + i i ¥
AN IS O o g . Cn
Master

Note: BNC malrix cards shown, Other card connections similar,

Figure 3-8
Connecting instruments to columns — multiple (two) switching systems
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External Columns
{UTs)

External Columns
{DLTs}

WLV s LU s

_Expansion Cable

7071 7071
Model 708 T Maodel 708
Linit 1 nit 2

Expansion Cable

7071

Caernal Rows
[ Measure]

Model 708

Unit 3

Figure 3-9
Partial matrix expansion example

35
3.541

Expanding matrix size
Overview — multiple matrix expansion

An 8 x 12 matrix card of the Model 708 Switching System is
a building block [or larger matrices. Matrix expansion is ac-
complished by the Tollowing two methods.

Backplane row expansion — The Model 708 backplane au-
tomatically extends rows from other like cards. Refer to Ta-
ble 3-6 for a list of matrix cards supported by this feature. To
enablc automatic backplane expansion, one of two special
cables must be constructed (refer to paragraph 3.5.7). Two
types of backplane expansion arc supported: analog expan-
sion and analog expansion with control (master/slave). Refer
to Figure 3-10. Analog backplane row expansion is dis-
cussed in paragraph 3.5.2. To expand using analog expansion
with control (master/slave), first expand using analog back-
plane row expansion (paragraph 3.5.2), and then complete
using control cxpansion (paragraph 3.5.4).

External (to backplane) expansion — External expansion
uses adapters, connectors, and cables to connect like cards in

3-10

txemal
Column
Connections

7071 Exte rnal Rows

Madel 708 {Source)

Unit 4

separate Model 708 Switching Systems. Two types of exter-
nal expansion are supported: external analog cxpansion and
external analog expansion with control (master/slave). Refer
to Figure 3-11. A master/slave connection of up to five
switching matrices is an extension of the rows (up to 8 rows
by 60 columns). Individual rows and columns can also be
connecied between cards or between switching matrices. Ex-
lernal analog expansion is discussed in paragraph 3.5.3, To
cxpand using analog expansion with control (master/slave),
first expand using external expansion (paragraph 3.5.3), and
then complete using control expansion (paragraph 3.5.4),

Use Table 3-6 to determine the type ol row expansion for
specific matrix cards.

NOTE

Column expansion (including partial ma-
trix expansion) for all matrix cards is ac-
complished cxternally to the backplane
(refer to paragraph 3.5.3).
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1UT Test
Fixture C Master/Slave:

IN/OUT Cables

Instrumentation

Simplified
Equivadent Circuit

T

{14 connections)

l ]. '[)"“' .7 . l‘! G 10 11 '\_2 1 . 2
- ._* .. i_ . - - T -

- - _I_. i - et
S : Sk Ceg

B | TroE o

-1 - - 1§ t T b

1 AN B R

R R N S S Ce oo

| !

Master Slave

Note; 8NC matrix cards shown. (ther card conneclions similar.
Master/Stave INJOUT cables usedd for control expansion,

Figure 3-10
Sample backplane expansion

Instrumentation
1) connechians:

4 % b
:

BNC Cable - Columns

Analop Backplane Cabile - Rowes

H

A

4

T
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DUT Test
Fixture

- Master/Slave
INFOUT Cables

OOee D —

BNC cables conneet 1o row terminals

Instrumenmation b
h of both matrix cards

Simaplified
Equivalent Circuil

DUTs
{14 connections)

1 2 3 4 5 6 7 86 9 10 11 12 2

BNC Cabie - Columns

BNC Cable - Rows

Master Slave

NOTE: BNC matrix cards shown. Other card connections similar,

Figure 3-11
Sample external (1o backplane) expansion
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Table 3-6
Matrix expansion
Card family Model Form Connectors jl
Universal 7070 96 Open Collector Drivers 20 quick disconnect with 3 screw terminals '
General purpose | 7071 2 8 x 12 Matrix Card Quick disconnect using_?i-S-_p_in connectors or
screw terminals '
7071-42 Dual 4 x 12 Matrix Card Quick disconnect using 38-pin connectors
(or screw ferminals on rows)
7074-D? Eight 1 x 12 Multiplexer Card | Bank—Four 75-pin connectors
Row—One 38-pin connector
T074-M? Eight 1 x 12 Multiplexer Card | Bank—Four 75-pin connectors
Row—0ne 38-pin connector
70752 Cight 1 x 12 Multiplexer Card | 25-pin subminiature D connector
7076 Dual 4 x 12 Matrix Card 25-pin subminiature D connector
Semiconductor | 707272 8 x 12 Matrix Card 3-lug triaxial -
7072-HV"? | 8 x 12 Matrix Card 3-lug triaxial
7172! 8 x 12 Matrix Card 3-lug triaxial
7174! 8 x 12 Matrix Card 3-lug triaxial
Coaxial 7073 § % 12 Matrix Card BNC
077 8 x 12 Matrix Card BNC
7173-50' |4 x 12 Matrix Card BNC
NOTES: T o S

1. Accomplish row control expansion for this card through external cabling/connections (refer to paragraph 3.5.3).

2. Accomplish row expansion automatically for this card through analog backplanes. Manufacture a 50-pin cable and connect hack-
planes of each Model 708 using the 50-pin connector located on the backplane (refer 1o paragraph 3.5.2 for connection information
and to paragraph 3.5.7 for information on the 50-pin cable).

1. Accomplish row expansion automatically for this card through analog backplanes, Manufacture a 20-pin cable and connect back-
planes of each Model 708 using the 20-pin connector located on the backplane (refer to paragraph 3.5.3 for connection information
and to paragraph 3.5.7 for information on the 20-pin cable}.
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3.5.2  Backplane row expansion

Usc the following procedure as a guideline to connect two or
more Model 708 Switching Systems containing like cards
through the analog backplane. Matrix card rows (refer to Ta-
ble 3-6, notes 2 and 3) may be connected together using this
method.

NOTE

Analog backplane expansion does not ex-
pand conirol of separate Model 708
Switching Sysiems in a master/slave sys-
tem. This is accomplished through conirol
expansion (paragraph 3.5.4).

1. Determine expansion design. Refer to paragraph 3.5.5
for system expansion issues and to paragraph 3.5.8 for
sample expanded malrices,

2. Remove power from all Model 708 Switching Systems
and all circuitry. Disconnect power cords.

3. Make sure the Model 708 Switching Systems to be con-
nected (up to five) have been properly configured. Refer
to paragraphs 2.2 and 4.6.1,

4. Using Table 3-6, determine the type of cable needed to
cennect Model 708 Switching Systems through the con-
nectors. The type of cable (20-pin or 50-pin) will be de-
termined by the type of connectors specific to the cards
to be used. Also determine approximate cable length by
using the distance between each backplane connection
as a minimym,

NOTE

The number of connectors used in the ca-
ble will depend on the number of Model
708 Switching Systems to be connected
through the backplane.

Specifications exclude errors resulling
from the cable.

5. Construct cable (paragraph 3.5,7),

6. Connect Model 708 Switching Systems through the ap-
propriate backplane connegctors.

7. If the system is being set up as a master/slave, conlinue
expansion. Refer to paragraph 3.5.4.

3-14

3.5.3 External expansion

Use the following procedure as a guideline to connect two or
more Model 708 Switching Systems containing like cards
cxiernally to the backplane. Matrix card rows or columns
may be connected using this method.

NOTE

Exiernal cxpansion does not expand con-
rol of separate Model 708 Switching Sys-
tems in a master/slave sysiem. This is
accomplished through control expansion
(paragraph 3.5.4).

|. Determine cxpansion design. Refer 10 paragraph 3.5.5
for system cxpansion issues and to paragraph 3.5.8 for
sample expanded matrices.

2. Remove power from all Model 708 Switching Systems
and all circuitry. Disconnect power cords.

3. Make sure the Model 708 Swilching Systems to be con-
nected (up to five) have been properly configured. Refer
to paragraphs 2.2 and 4.6.1.

4. Using Table 3-6 and Table 3-7, determine the type of ca-
ble, the approximate cable length needed, and the dis-
lance between each connection needed to connect the
Model 708 Switching Systems.

NOTE

The number of connectors used in the ca-
ble will depend on the number of Model
708 Switching Systems to be connected
through the backplane.

Specilications exclude errors resulting
from the cable,

5. Connect Model 708 Switching Systems through the ap-
propriate connectors.

6. Il setting up system as a master/slave configuration,
continue expansion. Refer (o paragraph 3.5.4.
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Table 3-7
Mode! 708 external expansion cables
Model no, Description Expansion
7078-KIT Mass Terminated Cable Kit 7071, 7071-4 rows/cotumns,

T078-MTC Mass Terminated Cable (20 f1.)

TOT8-TRX-3 3-lug Triax-Triax Cable (3 t.)
7078-TRX-10  |3-lug Triax-Triax Cable (10 ft.}

7074 rows

7072, 7072-HV, 7172, 7174
rows/columns

7051-2 BNC-BNC Cable (2 {1.) 7073, 7173-50 rows/columns ‘
7051-5 BNC-BNC Cable (5 ft.) 3
7074-KIT Mass Terminated Cable Kit 7074 banks ‘
7074-MTC Mass Terminated Cable (20 ft.) ‘
7075-MTC Mass Terminated Cable (13 f1.) 7075, 7076 rows/columns
3.5.4 Control expansion using master/slave 1. Connect the master unit’s MASTER/SLAVE OUT 10
configuration the first slave unit’s MASTER/SLAVE IN.

Connect cach Model 708 at the MASTER/SLAVE IN and

OUT connectors using a Model 8501-1 or 8501-2 cable. Re-

fer 1o paragraph 1.9 for cable description. If connecting two

Model 708 Switching Systems in a master/slave arrangement,

two cables will be needed. If connecting five Model 708 3
Switching Systems in a master/slave arrangement, five cables

will be needed. Refer to Figure 3-12, Column locations for a

fully expanded Model 708 arc shown in Figure 3-13.

If expanding to more than two Model 708 Switching
Systems, connect the frst slave unit's MASTER/
SLAVE OUT to the sccond slave unit’'s MASTER/
SLAVE IN. Continue connecting in this fashion to the

last slave unit.

. Connect the last slave unit’s MASTER/SLAVE OUT 1o
the master unit’'s MASTER/SLLAVE [N,
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Analog Backplane
Expansion Cable

Figure 3-12
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Sample of master/siave interconnect cables — five Model 708 switching systems
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Slave 3
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Figure 3-13
Master/slave column locations
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3.5.5 System expansion issues

Matrix expansion by Model 708 Switching Systems affects
system specifications and speed. The extent of affect de-
pends on the size and configuration of the switching system.

Backplanc row expansion decreases isolation among like
cards and increases offsct current. Isolation relays (on the
Modcl 7072) and backplanc jumpers (for general purpose
rows) help decreasc these cffects.

Expansion of units along rows or columns also degrades the
isolation and oflset current specifications because of the

number of parallel paths and relays on cach signal line.

Issues that alfect system speed include:

Relay settling time — Each matrix card has a predefined ve-
lay settling time. When card types are mixed in a system, the
longest settling time is in effect.

Bus communication — A master/slave setup responds
slower to bus commands because all communication is
through the master unit and the data transmission among the
units is verified with handshaking. Tablc 3-8 compares some
typical responsc times.

3-18

Table 3-8

Response time comparison

Master with

Action Stand-alone |four slaves

Respond o bus command | <I5ms <55ms

to close single relay.

Download one setup to 708. | 50ms typical | —

3.5.6 Documenting system configuration

With the connection flexibility of the matrix topology and
the expansion/isolation options of the Model 708, documen-
tation of the system configuration is important.

An example table for tracking card connections and expan-
sion is shown in Tablc 3-9. Use Lthe top portion of the table to
note system operation and size, the FROM/TO portion 1o list
card row and column connections, and the lower portion for
notes concerning expansion and operation.



Table 3-9

Model 708 switching system card configuration worksheet

Getting Started

Card model number:

Switching 'S“yaem:

Master/Slave

Master
Slavel
Slave2
Slave3
Slaved

System size:

Total crosspoints rows

columns

Stand-alone

IEEE address

FROM
(Instrument connection or DUT pin)

External Card Connection

TO
{Instrument connection or DUT pin)

Row A
B
C
D
E
F
G
H
Column 1 o
— > _ _ I
3 — - - |
J - I
_ o - —
— - - e
: 7 ) -
! ) - T )
9
10 o o
— 3 - S
12
Expansion: a o -
Backplane bus (rows through ribbon cable) _ Mass terminated cable (rows/columns}
Point to point writing (rows/columns) _ BNC coax cable (rows/columns}
Triax cable (rows/columns} _Partial matrix cxpansion
Notes: -
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3.5.7 Analog backplane cable construction

The analog backplane of the Mode!l 708 Switching System
has two expansion connections (see Figure 3-14). Each con-
nection is parl of a printed circuil board with wire {races
0.100 inches apart. Use these connections to expand Model
708 rows to the rows of other Model 708 Switching Systems.
The 20-pin connection is used for cxpansion of coaxial ma-
wrix cards (does not apply 10 the Model 7077(50 pin} or the
Model 7173-50 (no automatic expansion)). The 5(-pin con-
nection is used for expansion of general purpose cards. Table
3-6 contains the model numbers of all cards supported by the
Model 708 and also describes the appropriate method of ex-
pansion.

NOTE

Anatog backplane expansion does not ex-
pand control of separate Model 708
Switching Systems as a master/slave sys-
tem. This is accomplished through control
expansion (paragraph 3.5.4).

Recommended cable parts (or equivalent)
NOTE

The 20-pin cable does nol maintain the
508 characteristic impedance of the ana-
log backplane (the 20-pin cable is intend-
ed for DC expansicn).

Note: The following cables are available from 3M Corpora-
tion.

20-pin cable
3365/20 (3M) — 28 AWG ribbon cable rated at >200VDC,

3461-001 (3M) — 0.1 inch card-edge connector with a cur-
rent rating of 1A > 200VDC (one connector required for
each Model 708).

3448-54 (3M) — Strain relief (one strain relief required for
each Model 708).

50 Pin Conneclor

1III|I|||I||I¥III|IIIIIIiI

50-pin cable
3365/50 (3M) — 28 AWG ribbon cable rated at >200VDC.

3415-0001 (3M) — 0.1 inch card-edge connector with 2 cur-
rent rating of 1A > 200VDC (one connector required for
cach Model 708).

3448-54 (3M) — Surain relicf (one strain reliel required lor
each Model 708).

NOTE

The number of connectors/strain reliefs
used in the cable will depend on the num-
ber of Model 708 Swilching Systers 1o be
connected through the backplane.

Specifications exclude crrors resulting
from the cable.

When manufacturing the cable:

¢ Keep the cable length as short as possible. Make sure
adequate length is provided to span the distances be-
tween the Model 708 Switching Systems, If the Model
708 Switching Systems are not rack mounted, provide
extra clearance if physical layout of the mainframes is
subject to change.

* Make surc adequate cable is aliowed between each con-
nector placed on the cable.

« Make sure pin 1 of each connector is aligned for pin |
on each Model 708 connection. The connectors/con-
nections are not keyed.

3.5.8 Sample expanded matrices

Figures 3-15 through 3-18 contain sample expanded matrix
systems. Use these samples as a guide when designing a ma-
trix system. Refer to paragraph 3.4 for instruments and DUT
considerations while designing a matrix system.

20 Pin Conncclor

AN

- Analog Backplane

Figure 3-14
Analog backplane expansion connectors
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Expansion Cabie
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100 P [ e ] (== J

Slave 3
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Master/Slave
Interconnect Cables

Figure 3-15
Backplane expansion cable — five Model 708 switching sysiems
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BNC Cabie - Columns

Ribbon Cable - Rows

DUT Tesl
Fixture BNC cables connect ta row terminals
of both cards.
tnstrumentation

Simplified

Equivalent Circuit

DUTs
(14 connections)

I 2 3 4 5 6 7 8 9 10

12

1

Instrumentaticn
{10 connections)

4 5 A 7 8 u 10U 12

B

Master

Nole: BNC matrix cards shown. Olher card connections similar.

Figure 3-16
External row expansion — two stand-alone Model 708s
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DUT lest
Fixture T Master/Slave R .

E INOLT Cables BNC Cable - Colurmng
. . Analog Backplane Cable Kows
|
| R
|

o

Instrumentation & e

Simpiified
tquivalent Circuit

1IUTs Instrumentation

i (14 connections) {10 connections)
1 2 3 + 5 6 7 8 9 W N2 1 2 L] 4 3 b ? [ 1 I N
| C | .
SR S P S S o o R T A
- - e
. R - — : : f -4 R e 3
| : [
S N N | e - [ e d . N |
| .
— i - P [ I R i
: : ; [ : ! .

——- - - i - ‘L [ e o
_lL | +—- S G k —l—A‘ [ ' 1
: | :
| . |

Masler Slave

Note: BNC matrix cards shown. Other card connections similar.
Master/Slave INJOUT cables used for control expansion,

Figure 3-17
Sample backplane expansion
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Figure 3-18
Partial matrix expansion example

3.6  Basic switching overview

The lollowing paragraphs provide a step-by-step procedure
for editing & matrix setup, storing it in memory, and sending
the setup to the relays. The sieps described are performed
over the IEEE-488 bus. Reler to Section 4 for more opera-
tion information, including master/slave configurations.

3.6.1 Power-up

Connecet the instrument to a grounded AC outlet using the
supplied power cable and turn on the unit. The Model 708
will perform a power-up self-test to check ROM, RAM, card
conliguration, stored setups, mastet/slave loop, indicators,
and displays.

When the self-test 1s complete, the Model 708 is configured
with:

+ All relays opened.

» The crosspoint display showing present relay setup.

= RELAY STEP 1o 000 (a pseudo setup memory that is
cleared at power-up and sent to the relays).

* MEMORY STEP 10 001.

For a complete listing of power-up defaults, refer to para-
graph 4.3
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3.6.2 Selecting make/break and break/make rows

Select make-beflore-break, break-before-make, or the don’t
care operation {or the rows. Don’t care is selected by deselect-
ing a make/break or a break/make state. The selections will be
in effect for all relay switching, even if a stored setup is not
used. As a general rule, use make/break operation for current
sources and break/make operation lor voltage sources.

Program the sclup using the commands V and W as ex-
plained in paragraphs 5.9.21 and 5.9.22.

3.6.3 Modifying a relay setup

Use the Z - copy command (paragraph 5.9.25) to copy the
desired sctup to the relays and the display.

If you have the optional light pen, loggle the state of a cross-
point LED by holding the light pen perpendicular (o and
touching the front panel overlay, and pressing the light pen
button. Continue editing with the light pen until the cross-
point display shows the desired configuration,

You also may use the C — close and N — open commands
{paragraphs 5.9.4 and 5.9.13) to control the status of the re-
lays.

3.6.4 Storing relay setup and applying setup to
relays

To store the modified setup, use the Z — copy command
(paragraph 5.9.25) to copy the desired setup from the relays
to a setup number, which is specified when sending the Z
command.
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4.1 Introduction

This section contains a complete, detailed description of
each front and rcar panel aspect of the Model 708,

4.2  Setup data paths

The design of the Model 708 is optimized for high speed
switching of relay selups for matrices with a maximum of 8
rows by 12 columns (one unit) to 8 rows by 60 columns (live
units). If no rows are selected for make/break or break/make
operation, previously stored sctups can be switched to the re-
lays at a rate of up to 200 sctups per second.

Besides the triggering of slored setup data to the relays, setup
data can be routed Lo and from the sources and destinations
shown in Figure 4-1. The data paths arc selected by the
IEEE-488 bus operations listed in Table 4-1.

Crosspoint |
{Jisplay
Y Y
100 Stered | g . Present
Setups - ™1 RelaySetup
A i
__ _ ] model 700
Controller
g, |EEE-4B8 BuUS |y
Controller
Figure 4-1

Paths for relay setup data

In addition to other front and rear panel operations, (his sec-
tion describes sctup data transfers that are performed from
the Model 708 front panel. Section 5 describes the bus oper-

ations that transfer sctup data,

Table 4-1
Setup dara paths

_Setup data path

Action required

Display-Relays
Memory-Display
Metnory-Relays
Memory-Controller
Mcmory-Memory

Relays-Display
Relays-Memory
Relays-Controller

Controller-Memory
Controller-Relays

Bus command
Fronl pancl COPY key (Note 1}

Automatic operation (Note 2) _
Bus command or any valid trigger -
Bus command
Bus command

Automatic operation (Note 3)
Bus command
Bus command

Bus command
Bus command

Notes:

1. Generation of the automatic copy is selected by a front panel key.

COPY LED is lit.

2. The automatic operation is generated if the displayed setup has
been changed by a bus command and has not been modified from

the front panel.

3. The automatic operation is generated it the displayed setup has
been changed by & trigger or bus command and has not been
modified from the front pancl.

4. All controller madifications to setups are reflecied on the cross-
point display if e affected setup is presently being displayed.

4-)
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4.3  Power-up procedure
4.3.1 Line power connections

Line voltage supply

The Model 708 Switching System can be operated (rom line
voltages of 90-250VAC at line frequencies of 50-60Hz.

Line power connections

Using the supplied line power cord, connect the switching
matrix to an appropriate AC power source. The female end
of the cord connects to the AC receptacle on the rear panel of
the instrument. The other end of the cord conneets to a
grounded AC oullet,

WARNING

The Model 708 must be connected to a
grounded outlet to maintain continued
protection against possible shock haz-
ards. Failure to use a grounded outlet
could result in personal injury or death
due to electric shock.

CAUTION

Do not operate the instrument on a line
voltage outside the indicated range, or
instrument damage could occur.

4.3.2 Power switch

To turn on the power, push in the fronl panel POWER
switch. Power is on when the switch is at the inner (1) posi-
tion. To turn power off, press POWER a sccond time.

WARNING

The position of the POWER pushbutton
indicates the power status of the Model
708 Switching System. The status of the
crosspoint display and the other LEDs
are not indications of power being ap-
plied to the Model 708. Failure to cor-
rectly recognize the power status of the
Model 708 could result in serious injury
or death due to electrical shock.

42

4.3.3 Power-up self-test and error conditions

During the power-up cycle, the instrument performs the fol-
lowing tests. The first five operalions are transparent to the
user unless an crror oceurs,

1. Achecksum testis performed on ROM, and a read/wrile
test is performed on RAM. I{ an error is found, the seli-
test continues and the unit error LED (ERR} lights along
with crosspoint LED D6 (ROM error) or D7 (RAM er-
ror), Override cither type of error with a front panel key-
press. The Model 708 will attempt normal operaticn.

2. The Model 708 reads identily information from the in-
stalled card and performs a checksum test on the data. If
the checksum test fails on the card, the error LED (ERR)
lights along with crosspoint LED D8. Override with a
fronl panel keypress. An empty slot will not produce an
errof,

3. A checksum test is performed on all setups in memory.
If the instrument detects a checksum error in one or
more stored sctups, the error LED (ERR) lights along
with crosspoint LED D9, The instrument c¢lears the cros-
spoints bits of the setup(s) in error. The LEDs remain lit
until a key is pressed.

NOTE

The setup crror condition may be an indi-
cation of a low battery. Cycle power off
and on. If the condition reappears, refer to
paragraph 7.5 lor the battery replacement
procedure.

4. The present card configuration is compared with the
unit’s previous configuration. If there is a change, the
100 setups in memory are reformatted. The front panel
display is blanked out during this time. Crosspoint clo-
sures are not alfected. The storage setup for the different
cards is changed.

5. If the unit was previously programmed as a stand-alone
or slave unit, it powers up as a stand-alone. If the unit
was previously programmed as a master, it checks for
additional units in a serial looped conficuration and tries
to make them slave units. Reler to paragraph 4.6.4 for
information concerning turning on a master/slave con-
figuration. The error LED (ERR) and crosspoint LED
D3 light if there is not a closed loop (the Model 708 can
be looped back to itself). Any keypress or IEEE-488 bus
operation will allow the unit to continue as a stand-alone
unit.

6. The instrument performs the display test, where it ilkumi-
nates all crosspoint LEDs and all other LED indicators.



4.3.4 Power-up configuration

After the power-up tests and display messages are complet-
ed, the Model 708 assumes the lollowing specific operating
states:

+ All relays open.

+ Crosspoint display shows present relay setup.

« Relay Step to 000 {a pseudo sclup memory that is
cleared at powerup and sent o the relays).

« Memory Step to 001,

+ Triggers are disabled.

Table 4-2 summarizes the power-up configuralion for the
unit. The entire power-up process takes approximately five
scconds Lo complete.

4.3.5 Master/slave power-up

The power-up sequence for Model 708 mainirames can be
summarized as follows:

= Units previously programmed as stand-alones or slaves
power up as stand-alones.

* Aunil previously programmed as a master powers up as
a master and tries to initiate a loop conncction. If it is
successful, other units in the loop become slaves, If it is
not successful, the error LED (ERR) illuminates and the
unit reverts 1o stand-alone operation.

Table 4-2
Power-up, reset, and factory defaults

Operation

To connect and power up a master/slave configuration for the
first time, follow these steps:

1. Connect up to five mainframes in a daisy-chain (MAS-
TER/SLAVE OUT ol on¢ unit to MASTER/SLAVE IN
ol next unit). Refer to paragraph 3.5.4 for more informa-
tion.

2. Power down each unit.

3, From the rear panel of the desired master unit, set the
IEEE-488 address to 30 plus the present value. This ac-
tion identifics the master unit while keeping the address
at the previous number, which is the master’s IEEL-488
setting minus 30.

4. Power up all the Model 708 Switching Systems,

During this initial and all subsequent power-ups of master/
slave configurations, connected Model 708 Switching Matri-
ces wait until all units have power before initializing. It is not
necessary lo urn on the master unit last.

CAUTION

When it is necessary to cycle power on a
slave unit, turn off all units in the mas-
ter/slave configuration. This procedurc
prevents the open communication and
control loop from putting the slave unit
in an undesirable state.

External Trigger
Matrix Ready
Master/Slave
IEEE-488 Address Unchanged
Programmed Settling Time | Oms

Active low

Make/Break Rows Unchanged
Break/Make Rows Unchanged
Trigger Enable Disabled
Trigger Source External

W101 selects internal/external power)
Falling edge

Unchanged (if successful)

Parameter Power-up/reset default Factory default
Relays All opened All opened

Stored Setups Unchanged All cleared

Reiay Step 000 000

Memory Step 001 001

Digital Output 000 000

Digital Power Unchanged (user selectable— Jumper | Internal

Falling edge
Active low
Unchanged
18

Oms

None sclected
None selected
Disabled
External

4.3
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44 Display
4.4.1 Error LED

Errors are signaled when the error LED (ERR) tlluminates.
Use the Ul — error status command (paragraph 5.9.20) to
relrieve the cause of the error. Table 4-3 lists Model 708 error
conditions. Where applicable, the necessary corrective ac-
tion is also given in the table,

4.4.2 |EEE488 status indicators

The TALK, LSTN, and REM LEDs shown in Figurc 4-2 in-
dicate modes when the Model 708 is being programmed over
the IEEE-488 bus. The TALK and LSTN indicators show
when the ynit has been addressed to tatk or listen. These talk
and listen commands are derived from the unit’s primary ad-
dress. REM turns on to show when the unit is placed in re-
mote by addressing it o histen. All front panel controls
cxcept LOCAL and POWER are inoperative when REM is
on. Local operation is restored by pressing LOCAL unless
the IEEE-488 LLO (local lockout) command is in eficct. See
Section 5 for details about TEEE-488 bus operation,

LERETSEY -]
& e
L]
@ gl
@
i vorv il
&
&

Figure 4-2
[EEE-488 status indicators

Table 4-3

Ervor conditions

Error Description Corrective action - 7
Card ID Error* Checksum test failed on a card. Remove card identified by all crosspoint LEDs Lit.
IDDC Invalid device-dependent command. Scnd only valid commands (see Section 5).

IDDCO Invalid device-dependent command option. | Send only valid command options (see Section 5).

Invalid Input

M/S BError*

M/S Loop Down
Nol in Remote
RAM Fail*
ROM Fail*

Setup Error*

Trig Overrun

Invalid crosspoint address, setup location,
make/break or break/make row, or parame-
ler out of range.

Brror in master/slave communication loop
{overrun, parity, framing, count imbalance,
or time-out).

One or more unils connected in master/slave
loop are not powered up.

“X" character received over IEEE-488 bus,
but Model 708 is not in remote.,

Self-test detected error in RAM.

Self-test detected checksum error in ROM.
Sclf-test detected checksum error in stored
setup. Battery may be low.

An additional trigger was received before
the Model 708 asserts the READY signal.

Enter valid data.

Check for a closed loop of MASTER/SLAVE OUT
to MASTER/SLAVE IN.

Turn on all units or reconfigure master/slave loop,
Put Model 708 in remote.

See troubleshooting in Section 7.

See troubleshooting in Section 7.

Alfected setup is cleared, and then Model 708 pro-
ceeds normally.

Check the READY bit in the serial poll byte.

* Error LEI} (ERR) remains lit until next operation.

4-4



4.4.3 Crosspoint display LEDs

As shown in Figure 4-3, the crosspeint display has one LED
for each crosspoint of a card. Each block has 8 rows (A-H)
by 12 columns (1-12) of LEDs. The display LEDs show the
present open or closed relay slales, or the on/ofl states of a
sewup presently being edited. The on/off states of crosspoint
LEDs can be changed by commands over the bus or by the
optional light pen. Modified displays can be stored in mem-
ory or sent to the relays.

OB SWITCHING SYSTEM
41 2345878 8101112
QEA.“.O.OQO..OO TaLk €
PG00 BDOBG6H6 ue
L HPOOPDEOODIERE @
PDECOEPEGCOOBLBE @
A X LR R EX YR 4R R
I FAOROGCE OO e
(P00 ERGOEDO
HEG OB OLREADO G
7 [ P— | P

iN ouT

Figure 4-3
Crosspoint display LEDs

Operation

4.44 Light pen

The light pen is an optional input device for toggling the on/
off states of crosspoint display LEDs or digital /O status
LEDs. One light pen is used to control the LEDs of all units
in a masler/stave system.

As shown in Figure 4-4, the light pen connector plugs into
the front pancl of stand-alone or master units. Remove the
light pen by pressing the bution on the connector plug while
pulling out the plug. Mount the light pen holder on the right
handle of the Model 708 by tightening the allen-head screw
shown in Figurc 4-4,

To toggle the state ol a crosspoint LED or change the dig-
ital 170 status LED with the light pen, perform the follow-
ing sieps:

CAUTION

When changing setups, use caution
when the COPY key is enabled (the cor-
responding COPY LED will be lit). In-
advertent connections may be copied to
the relays causing instrument damage.

1. Hold the light pen as you would an ordinary pen.

2. With the light pen perpendicular to the front panci over-
tay at the desired LLED, press the button on the pen's bar-
rel.

3. Proper usage will toggle the state of the LEI. If the but-
ton is pressed while not on an LED, no change will be
made to the Model 708 Switching System display {or re-
lays if COPY LED is lit).

4-5
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Figure 4-4
Light pen
- *
4.5  Crosspoint display

If the displayed setup is modified by trigger or IEEE-488
commands, the crosspoint display changes automatically, If
editing a setup, changes to its source do not appear.

CAUTION

When changing setups, use caution
when the COPY key is enabled (the cor-
responding COPY LED will be 1it). In-
advertent connections may be copied to
the relays causing instrument damage.

4.5.1 Modifying

After choosing the source of the setup, a crosspoint display
can be modified by turning on/off crosspoint LEDs with the
light pen. If the COPY indicator is lit, these actions apen or
close relays immediately.

The maximum valid column number with a single unit is 12.
If several mainframes are connected and programmed for
master/slave operation, the maximum column can be up to
60 (with five units).

4-6

The optional tight pen can also be used o turn on and off
crosspoint LEDs. Heold the light pen perpendicular to the
front panel overlay at the desired LED and press the button
on its barrel. This action toggles the state of the LED.

The maximum number of simultaneously closed crosspoints
depends on the specified drive current per crosspoint of each
card. The total relay drive current required per mainframec
cannot exceed 1A,

4.5.2 Copying

The setup data displayed on the crosspoint LEDs can be
stored in the non-volatile memory of the Model 708 or can
be sent directly to the relays by pressing the COPY key or by
sending a device-dependent command (DDC). See para-
graph 5.9.25 for more information.

With the DDC, the displayed crosspoint configuration is
stored at the setup location specified when issuing the com-
mand. It overwrites the present setup data at that location. An
invalid input error occurs il you try to copy 1o a setup loca-
tion below one or above 100.



In master/slave configurations, each unit stores its own por-
tion of each stored setup.

When the COPY key is pressed or the COPY LED is lit, the
displayed crosspoint configuration is scnt to the relays.
When the COPY LED)is lit, any change to the crosspoint dis-
play is also sent to the relays at the same time. This action is
apparcnt when scrolling through unmodified stored setups;
the memory step and relay step fields will sequence togethcer.
For more information on these fields, refer to paragraph 5.8,

4.6  Operation control

4.6.1 Digital 1/O ports

The TTL-compatible digital I/O port has sixteen data lines
for inputs and sixteen data lines for outputs. The pinouts for
the rear panel DB-25 connectors arc shown in Figure 4-3.
Status of the input lines is viewed and states of the output
lines are programmed through the LED display using the
LOCAL/DIGITAL /O key and the oplional light pen, or
changed through the IEEE-488 bus. Figurc 4-6 shows input
and output configurations.

INPUY OUTPUT
Ty T
// _//’/)
13O | Ny 130 | ouTiy
T | oas TANEE
122041 1Nz 120 | out
U:EL O 24 Vit O 24
11 INT1 YO | ourid
Q23 VixT | © 23
00 | INTD O ouTo
oz Vexy | O 22
9 Q0 1Ny b O QUTe
Q21 GND | O 21
3 O | INg 8 O Outy
a0 GND | © 20
GND 70| INT 70 outr
19 GND [eR L)
6 0| ins 5 0| Quis
[e R GND | O18
50 INS 30 | QuTs
Q17 NGT | o7
— ustn
40| INg 4 O | QUTa
NG | O 6 QUTIE | O
1O | N3 30 | oumy
INIS | O 13 OUTIS | 015
2 0| IN2 2 0| oun
IN14 | G 14 QUTHs | G 14
10| Nt YO ount
\/ \‘\
\“-\_/
Figure 4-5

Pinouts — digital I/0 ports

Operation

Digit inputs have an internal pull-up resistor. Open inputs
will be indicated by logic high.

Digital outputs are negative true. When a logic high is pro-
grammed, the output goes low (sinks).

With master/slave conligurations, only the digital I/O ports
of the master unit are available for viewing and program-
ming.

Digital I/O power supply jumper

Jumper W101 selects internal power supply {as shipped from
factory) or external (user) supplied power supply. Refer to
Section 7 for information on changing the power supply.

JLsPLR

T Vo
WOo— -y D ——
' T : o
. + i ' <4 SOLENEND
: : S : <X (K REAY
. 10842 el
) o
. O
- — - IR
!
!
)
!
h i
.
!
h
.
' L
<7
o
A Lsing nteenal Voltage Source 13W)
! MR ]
. P VoaroL .
| O— == - - -
- -y B
I ' =
! - ! <f SOLENQIE
! AN . | =4 UR RELAY
. . .
; | S 10k : Q o
i QUTPLT :
e — : >> i

DIRIVER l

1 Ry = Pullap resastor
R, L INpUT PIOECHON Oy stor
I

C. tnput Configuration

Figure 4-6
Input/output configurations
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4.6.2 External trigger

If triggers are enabled and external trigger is selected as a
source, a TTL-compatible pulse of at least 600ns duration at
the rear panel EXT TRIG INPUT jack triggers the Model
708, The input BNC jack is shown in Figure 4-7.

EXTERNAL
TRIGGER

INPUT

MATRIX
READY

OUTPUT

Figure 4-7
Rear panel BNC jacks

The unit can be programmed for which cdge (falling or ris-
ing) of the external trigger pulse causcs a transfer of stored
setup data to the relays. Sample trigger pulses are shown in
Figure 4-8. To select which pulse edge triggers, send a DDC.
For more information, refer to paragraph 5.9.2.

In master/slave configurations, only the EXT TRIG INPUT
port of the master unit is active, See¢ paragraph 4.8 for more
information on triggering the Model 708.

4,6.3 Matrix ready output

The Model 708 provides a TTL-compatible signal at its rear
panel MATRIX READY QUTPUT jack as shown in Figure
4-7. The MATRIX READY signal goes false when relays are
switched and goes true at the end of the programmed settling
lime. As described in paragraph 4.8, this is also after the re-
lay settling time.

The unit can be programmed for a high- or low-true
MATRIX READY signal (Figure 4-9). To select the active
state of the signal, send a DDC. For more information, refer
to paragraph 5.9.3.

In master/slave configurations, the MATRIX READY sig-
nals of all units function, but only the master’s MATRIX
READY is an accurate signal.

TTL High
(3.4V Typical }

TTL Low
{0.25V Typical}

TTL High
(3.4V Typical)

TTL Low
(0.25V Typical)

Figure 4-8

— -

Falling
Edge

600ns

_-.. -l ——

Minimum

A Falling edge of pulse

Rising
Edge

f

600ns
Minimum

B. Rising edge of pulse

Sample external trigger pilses

TTL High
{3.4V Typical )

TTL Low

(0.25V Typical )

— -]

Relay Settling Time +

Programmed Settling Time

A. Matrix ready high true

TTL High
(3.4V Typical )

TTL Low ——
(0.25V Typical )
YR L ]

Figure 4-9

Relay Settling Time +

Programmed Settling Time

B. Matrix ready low true

Sample matrix ready puises




4.6.4 Stand-alone and master/slave

One method for expanding system size is to conneet up to
five swilching systems in a master/slave conliguralion,
where all units are daisy-chained for serial communication
and control. System operations arc performed through the
master unit, cither over thc IEEE-488 bus or the master’s
front panel (including the light pen). A master/slave system
appears as a single unit and IEEE-488 address with a maxi-
mum size ol 8 rows by 60 columns. Select stand-alonc or
master/slave operation by setting the IEEE-488 addresses of
the Model 708 Switching Systems. Usc the rotary swiiches
located on the rear panel of the Model 708.

As described in paragraph 3.5.4, the MASTER/SLAVE OUT
and MASTER/SLAVE IN rear panel connectors are used to
connect DIN cables in a closed loop. The connector pinouts
are defined in Figure 4-10. The rear panc] [EEE-488 address
switches are shown in Figure 4-11.

Pin Master/S lave IN Master/S lave Qul
1 M/S TRIGGER (low true) M/S TRIGGER ow true)
2 ALLREADY ALLREADY
3 LPRESET (low true) LPRESET {low true)
4 LPSENSE (low true) LIPSENSE (low true)
5 RxDATA TxDATA
6-8 Chassis Ground Chassis Ground

Figure 4-10
Master/slave connectors

Designate one unit to be master by adding 30 (o the IEEE-
488 address (sclectable by rotary switches on the rear panel
of the Model 708). If the loop of DIN cables is not closed,
the master’s error LED (ERR) will light, and all units will re-
main as stand-alones.

CAUTION

When it is necessary to cycle power on a
slave unit, turn off all units in the mas-
ter/slave configuration. This procedure
prevents the open communication and
control loop from putting the slave unit
in an undesirable state.

Operation

|EEE-488
ADDRESS

Figure 4-11
Rear panel - [EEE-488 address switches

Cycle power of all units in the master/slave loop to establish
control of the slaves through the master. During master/slave
operation, most front and rear panel controls of the slave
units are inactive. Table 4-4 shows slave unit's control and
indicator status.

Table 4-4

Stave unit controls, indicators, and connections

Switch, indicator, or connector

Slave unit status

— - _——— e — e — -

‘Front Panel

POWER active

CROSSPOINT DISPLAY LEDs active (display only)
LOCAL key inactive I
OPEN RELAYS key inactive i
TALK, LSTN, REM LEDs inactive i
Light Pen/Light Pen Connector inactive

Rear Panel

MASTER/SLAVE IN active
MASTER/SLAVE OUT active

EXT TRIG INPUT inactive

MATRIX READY OUTPUT aclive

(timing accuracy
may be inaccurate)

DIGITAL INPUT and OUTPUT inactive
(outputs set to low)

IEEE-488 INTERFACE not used

|

The master unit communicates with the slaves only when
necessary; it does not continuously monitor the status of the
closed-loop configuration. Henee, a disconnected master/
slave loop cable will not be detected and the ERR LED will
not be lit until the master attempts to send or receive data
around the loop. To determinc if a master/slave crror has oc-
curred, send a DDC (refer to paragraph 5.9.20). The steps to
recover from an master/slave error are:

1. The master stops processing IEEE-488 bus commands,
returns to stand-alone operation, and terminates.

2. The slave units remain the same as before the error oc-
curred.

3. To re-initialize the loop, make sure master/slave cables
are secure, and cycle power of all units.
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4.6.5 IEEE-488 bhus address

The Model 708 communicates over lhe IEEE-488 bus
through the rear panel connection shown in Figure 4-12.
When connecled to a bus controller, instrument operating
modes can be programmed. Note that IEEE-488 commeon is
always grounded.

Figure 4-12
{EEE-488 bus connector and rotary selection switches

Two rotary switches on the rear panel of the Model 708 are
used to set the IEEE-488 address. One switch is used to set
each digit of the address. The primary address of the Model
708 is factory set to L8, but it may be set to any value be-
tween 0 and 30 (between 30 and 60 for a mastcr unit) as long
as address conflicts with other instruments or the bus con-
troller arc avoided. Actual master unit addresses for pro-
gramming will be 30 less than the address set on the Model
708.

To check the present primary address, look on the rear panel
of the Model 708. If the value is above 30, the actual IEEE-
488 address will be 30 less. To change the address, perform
the following procedure:

1. Power down the unit {stand-alonc) or units (master/
slave).

2. Change the position of the rotary switches (Figure 4-12)
to the new address.

NOTE

Each device on the bus must have a unique
primary address. Failure to observe this
precaution could result in erratic bus oper-
ation. In a master/slave configuration,
only the master Model 708 Switching Sys-
tem IEEE-488 address will be used. The
IEEE-488 address is updated only at pow-
cr-up.

Section 5 contains detailed information on operating the
Model 708 over the IEEE-488 bus.
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4.6.6 Hardware relay settling times

The card specification relay settling time is the time needed
for the relays to actuate or release (including contact bounce
time) and pass a clean signal. Since this specification is card
dependent, the Model 708 must identify on power-up which
cards are installed to determine the longest relay sctiling
time in the system (stand-alone or master/slave). This value
is not user-modified, but the total settling time for a switch-
ing operalion can be lenglhened by using the programmed
settling time, as explained in paragraph 4.7.1.

To view the relay (hardware) settling time of the system, use
the U6 — status command (paragraph 5.9.20).

See paragraph 4.8 [or a discussion of settling times and trig-
gers.,

4.6.7 Self-test

The self-iest program is used to check ROM, RAM, and al-
low inspection of the front panel LED indicators. This test is
also part of the power-up sequence. If you want to run the
test without cycling power, use the JO — self test command
(paragraph 5.9.9).

I'there is an error in ROM or RAM, the ERR LED is lit until
a keypress or bus operation. See Section 7 for troubleshoot-
ing procedures.

For master/slave configurations, all units are tested simulta-
neously, so you might have to run the test more than once to
inspect all LED indicators. Program 99 will turn on all
LEDs. This is done by setting the IEEE address switch to 99
and cycling power.

468 Factory defaults

A command can be used to return the Model 708 to the fac-
tory default conditions listed in Table 4-2. To initiate this ac-
tion, use the RO — restore defaults command (paragraph
5.9.17).

In master/slave configurations, all units return Lo factory de-
faults when this is sent to the master unit.

4.7  Selecting switching parameters

The Model 708 has three switching parameters that are user-
modified: the programmed scttling time, make-before-break
rows, and break-before-make rows. The values of these pa-
rameters are in effect for all relay switching until they are
changed. To modify the parameter, usc the appropriate com-
mand.



4.7.1 Programmed settling times

The programmed settling time is a variable switching delay
that can be used to fengthen the fixed delay of the relay
{hardware) scitling time, You can select, in I ms increments,
up 1o 63 seconds of additional switching delay.

If an additional trigger is received during this time, it 1s pro-
cessed and the ERR LED is fit. At the end of the programmed
settling time, the Model 708 sets the MATRIX READY out-
put true.

To view the programmed scttling time, use the UD — status
command (paragraph 5.9.20).

NOTE

The U6 command sends the longest hard-
ware seftling time for all matrix cards, and
the U0 command sends the machine status
word. The machine status word contains
programmed seltling times.

To change the programmed sctiling time, usc the § — pro-
grammed settling time (paragraph 5.9,18). Use a value be-
tween 0-65000.

The programmed settling tme is in effect for all crosspoint
relay open or close operations unti! it is reprogrammed. lts
effect on trigger responsce times is described in paragraph
4.8.

4.7.2 Make/break and break/make rows

Make-before-break switching of relays is defined as con-
necting 4 new circuit before disconnecting the present cir-
cuit. Tt is used to eliminate transients caused by switching
between current sources. Break-before-make switching
means o disconnect the present circuil before connecting a
new circuit. It is used to avoid momentary shorting of two
voltage sources. Both of these switching operations are sup-
ported by the Model 708,

Rows of crosspoint relays are user-selectable for make/
break, break/make, or don’t care operation. The selections
will be in effect for all switching until new choices are made.
When make/break or break/make operation is chosen, the
Model 708 automatically switches the crosspoint relays
through intermediate setups to perform the following steps:

Operation

Crosspoints in break/make rows arc opened.
Crosspoints in make/break rows are closed.
Crosspoints in make/break rows are opened.
Crosspoints in break/make rows are closed; crosspoints
in don’( care rows arc opened or closed accordingly.

ol

These steps are apparent Lo the user except lor the increased
scttling time. I either make/break or break/make rows are
not selected, the appropriate steps in the previous list are de-
leted and the total settling time decreases. Because make/
break and break/make operations affect settling times and
irigger response, these operations are further discussed in
paragraph 4.8.

To change the status to break/make, make/break, or don't
care, refer to paragraphs 5.9.21 and 5.9.22, Selecling a row
for make/break de-selects it for break/make and vice versa.
The row selection is in effect for all units connected in o mas-
ter/slave configuration. The operations are listed in Table 4-5.

Table 4-5
Make/break and break/make operation
Present state | Action Next state
| Don’t Care Select Make/Break | Make/Break
Select Break/Make Break/Make
Make/Break Seleet Break/Make | Break/Muke |
De-sclect Make/Break i Don’t Care :
Break/Make Seclect Make/Break Make/Break
De-select Break/Make | Don’t Care

When switching current sources, use make/break operation
to keep current flowing and climinate switching transienis,
When switching voltage sources, use break/make operation
10 avoid momentary shorting of two paths together,

4.8 Triggering

When a Madel 708 stand-alonc or master unit is triggered,
the stored relay setup from RELAY STEP+! is sent to the re-
lays. Triggers are enabled using the F1 command (paragraph
5.9.6).

The maximum trigger rate is specified with no make/break or
break/make rows sclected. As described in paragraph 4.8.2,
additional switching delays are necessary with make/break
or break/make operation.



Operation

4.8.1 Sources

The programmed trigger source provides the stimulus to in-
crement to the next stored setup. Possible trigger sources in-
clude:

» [xternal irigger pulse — An appropriate pulse, applied
to the EXTERNAL TRIGGER INPUT jack on the rear
panel, provides the trigger stimulus. The power-up de-
fault is st for external triggering.

« 1EEE command triggers — IEEE-488 GET, X, or talk
commands provide the stimulus when the appropriate
source is sclected.

Use the T — trigger command to sclect the trigger source
{paragraph 5.9.19).

4.8.2 Overrun conditions

Once the instrument is triggered, it begins transferring relay
setup data from mainframe memory to the cards. Il a second
trigger is received while Lhe unit is still transferring data, a
trigger overrun condition will occur. In this case, the second
trigger is not processed, and the unit’s ERR LED illuminates.

State : Setup N
1 2 3

Don't Care A #—H

Actions;

Use the Ul — error stas command (paragraph 5.9.20) to
retrieve the caose of the error.

After the lime required for transferring relay data has
clapsed, the Model 708 is able to process another trigger, If
a trigger is received before the programmed setting time has
elapsed, a not settled error will result, Use the Ul — error
status command (paragraph 5.9.20) to retricve the cause of
the error,

Figure 4-13 shows an example setup change and a timing di-
agram of the READY (for trigger) pulse and a high true MA-
TRIX READY pulse when the Model 708 is processing the
trigger. The status of these signals is available in the serial
poll byte (see Section 5). This timing is for selups with no
make/break or break/make rows.

When either make/break or break/make operation is select-
ed, the Model 708 switches through an intermediate setup to
ensure proper relay operation. If only make/break rows are
selected, the Model 708 performs the following steps:

1. Closes crosspoints in make/break rows yielding an in-
lermediate setup.

2. Opens crosspoints in make/break rows and opens/closes
crosspoinis in don’t care rows yielding the desired set-
up.

Commands

A NAZ
CA3

Setup N +1

Open Lon't Care

Clase Don't Care

Setup Data
Shifi =

Relay ———m

Settling Time
i

Praogrammed -]
Settling Time

Reacy
Matrix
Ready

TRIG We|s——— NOT SETTLED Message — %

OVERRUN
Additional Trigger

not Processed

Figure 4-13
Timing without make/break and break/make rows
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If only break/make rows are selecled, the Model 708 per-
forms the following steps:

1. Opens crosspoints in break/make rows yielding an inter-
mediate setup.

2. Closes crosspoints in break/make rows and opens/closes
crosspoints in don’t care rows yiclding the desired set-
up.

Operation

An cxample of these operations is shown in Figure 4-14
with the corresponding timing diagram. By comparing Fig-
ure 4-13 and Figure 4-14, you can sec that the intermediate
sctup needed for make/break or break/make causcs a delay
in the assertion of READY and MATRIX READY cqual to
the relay settling time.

State : Setup N Inle rmediate Setup N+
Setup .
. . . Commands
1 2 1 ! 2 1 i 2 3 -
NAZ 32
Make/Break A A A A2l
CA3, B3
Don't Care B B B
Aclions Close Make/Break Open Make/Break
Qpen Don't Care
Close Don't Care Make/Break Operation

Break/Break Operation

Setup N Intermediate Setup N4l
Setup ¢ Is
] 2 3 1 23 1 2y =ommends
Break/Make A A A NAZ B2
CA3,H3
Don't Care R B B
Actions: Open Break/Make Close Break/Make
Open Don't Care
Close Don't Care
Setup Data Setup Data
“*— Shift - - Shift -

Ready

-t Relay |t Kelay Programmed -
Settling Time Setthing Time Settling Time

Matrix
Keady

|‘__ Additional Trigger

Naot Processed

Figure 4-14
Timing with either make/break or break/make rows

}4——— TRIG OVERRUN —»\4— NOTSTITLED
Message

- Additional Trigger -
s Processed



Operation

When a combination of make/break and break/make rows is
selected, the Model 708 must switch through three inlerme-
diate setups lo cnsure proper relay operation. The steps per-
formed by the unit are:

1. Opens crosspoints in break/make rows yielding the first
intermediate setup.

2, Closes crosspoints in make/break rows yielding the sec-
ond intermediate setup.

3. Opens crosspoints in make/break rows yielding the third
intermediate setup.

4. Closes crosspoints in break/make rows and opens/closes
crosspoints in don’t care rows yielding the desired set-

up.

Figure 4-15 shows an example setup change with the neces-
sary inlermediate setups. As the liming diagram shows, three
additional relay settling time intervals are needed for the in-
termediate setups.

4.8.3 Extemal trigger input

To use external triggering, [irst select the source as described
in paragraph 4.8.1. With triggers enabled, the unit will then
be triggered when an input pulse (with the specifications pre-
viously shown in Figure 4-8) is applied to the EXT TRIG IN-
PUT jack. The unit is triggered on either the falling (leading)
or rising (trailing) edge of the pulse, as sclected by the A —
exlernal trigger command (paragraph 5.9.2).

4.8.4 Matrix ready output

The malrix ready output provides a TTL-compatible signal,
as shown in Figure 4-9. This signal can be used (o inform
other instruments when the (otal scttling time is complete, It
is programmable for high or low true by the B — matrix
ready command (paragraph 5.9.3). The leading cdge of the
true Ievel indicates the end of the total settling time (relay
settling lime plus programmed seltling time),

Slale: Setup N Intermediate Intermediate Intermediate Setup N+1
Sotup A Setup 8 Sctup C
P P P Commands
12 3 12 13 1T 2 3 1 2 3 1 2 3
NA2, B2, C2
Make/Break A A A A A CA3,B3,C3
Break/Make B B B B B
Don't Care C C e c
Actions: Open Break/Make  Close Make/Break  Open Make/8reak  Close Break/Make
Open Don't Care
Close Don't Care

Setup Data Setup Data Setup Data Setup Data

shin ™| —shif - shilt t-shif B

tt— RE(AY g Relay — g Relay _.~>|<_ Relay —>{<— Programmed

Settling Time Settling Time Settling Time Settling Time Settling Time
Ready
Matrix
Ready /\/
-t TRIG OVERRUN Lo i NOT SETTLED Message ——#
[~ Additional Trigger not Processed ——————®==&— Additional Trigger is Processed —W
Figure 4-15

Timing with both make/break and break/imake rows



4.85 IEEE-488 bus triggering

To trigger a sctup change with an IEEE-488 trigger source,
send the appropriatc IEEE-488 command over the bus: X,
talk, or GET depending on the selected source. Trigger on
GET allows the fastest ITEEE-488 triggering response. Sce
Section 5 for details on bus triggering.

Operation

4.9 Reset

The reset operation performs the same functions as cycling
power except power-up self-checking. I a master/slave error
is detected during reset, the unit will revert to standalone op-
cration. The front pancl RESET key is used to initiate a reset
operation.

Reset, power-up, and factory default conditions arc listed in
Table 4-2.



~ |EEE-488 Programming

5.1 Introduction

This section contains information on programming the Mod-
el 708 over the IEEE-488 bus. Detailed instructions for all
programmable functions are included. However, information
concerning operating modes presented elsewhere are not re-
peated.

5.2  IEEE-488 quick start

The following paragraphs provide a step-by-step procedure
for putting a Model 708 on the bus to program some basic
commands.

Step 1: Connect the Model 708 to the controller

With power off, connect the Model 708 to the IEEE-488 in-
terface of the controller using a standard interface cable.
Some controllers include an integral cable; others require a
separate cable, Paragraph 5.3 discusses bus connections in
detail.

Step 2: Select the primary address

The primary address is a way for the controller to refer to
each device on the bus individually. Consequently, the pri-
mary address of your Model 708 must be the same as the pri-
mary address specified in the controller's programming
language, or you cannot program the instrument. Each de-
vice on the bus must have a different primary address.

The primary address of your Model 708 is set to 18 at the fac-
tory, but you can sct the address (o values between 0 and 30
for a stand-alone unit, or 31 and 60 for a master in a master/
slave loop (refer Lo paragraph 5.5}

Step 3: Write your program

All operations require a simple program to send commands
to the instrument. Figure 5-1 shows a flowchart of a program
10 select make/break and break/make rows, modily cross-
points of & sctup stored in memory, send the sctup to the re-
lays, and then request data of the present relay setup.

The corresponding program (writien in MS QBASIC sup-
plicd with MS-DOS 5.0 and later) is contained in three parts
for this example. The program assumes a primary [EEE-488
address of 18 for the Mode! 708 and that power-up default
conditions exist in the unit.
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Sample Program
DIM A%[200],C8[20C]

PRINT #1, “REMOTE 18"

PRINT #1, "OUTPUT 18;V11000000w00000011X"
PRINT #1, "COUTPUT 18;ELZ1, 0X"

COMMAND :

LINE INPUT *CROSSPOINTS COMMAND", C5
IF LEN {C3%)=0 THEN STOP

PRINT #1, "OUTRUT 18;CS+"X"
GOTO COMMAND
END

Place Unit in Remaote

Select Make/Break
and Break/Make Raws

|

Open and Close
Crosspoints of Setup

|

Get Setup and Display

|

Trigger Setup to
Relays

End

Figure 5-1
Flowcharr of example program
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Comments

' Dimension crosspoint input and display.

" Tell Model 708 (at IEEE-48R8 location 18) 10

' listen over bus.

' Select rows A and B for make/break and rows
' G and H for break/make.

' Set edit pointer Lo setup #1, and send setup #1
' to relays and display.

" Allow user {o input crosspoint data.

" Check for null string.

' Send command string to Model 708.

* Allow user 1o input additional crosspoint data.

Step 4: Open and close crosspoints

You can open, close, and clear crosspoints by sending the ap-
propriate command, which is made up of an ASCII letter rep-
resenting the command, followed by onc or more characters
for the command options. Commands can be grouped to-
gether in one string. The command strings are not opening
and closing relays unless the edit pointer is set to zero.

To open and close crosspoints over the bus, run the previous
program and enter a command string when prompted. Some
example strings arc shown in Table 5-1.

Terminate each string by pressing RETURN on the control-
ler keyboard. Tf a null string is entered, the program ends.

Table 5-1
Sample strings

Sample string

Description

npn

Y"CAS,A6,B9,B10"

"N.AS,AG"
"CAl,A2NBY,BLO"

Clear (open) all crosspoints of
setup #1.

Set (close) crosspoints A3, A6,
B9, B10.

Clear (open) crosspoints AS, A6.
Set (close) Al, A2 and clear
(open) B9, B1{.

|




Step 5: Modify program for requesting data

To display or print setup data, you must specify one of the
data output formats that sends ASCII characters. Note that a
variety of data formats are available, as discussed in para-
graph 5.9. The data can be a setup stored in memory or the
present relay sctup. Modify the previous sample program
with the following stalements. Add the statements immedi-
ately before the GOTO line.

PRINT #1, "OUTPUT 18;
u2,162x"

DRINT #1, "ENTER 18"
LINE INPUT #2, AS
PRINT AS

' Set data format for setup #1.

' Get stored setup data
"and print.

When the program is run with these stalements, it lists the
closed crosspoints that you have entered.

Step 6: Modify program for triggering

Triggers provide a quick way lor copying relay data from a
pre-programmed sclup lo the relays. Each valid trigger caus-
es the next sequential selup Lo be copied to the relays and the
relay pointer to be updated.

Modify the previous sample program with the following
statements. Add the statements immediately belore the END
ling.

PRINT "PRESS ANY KEY TO ' Wait for keypress.
CONTINUE"
DO

LOOP WHILE INKEYS=" "
PRINT #1, "OUTPUT
18;FP1IT2X"

PRINT #1,"TRIGGER 18"

" Enable triggers, selcct
" trigger-on GET.

'Trigger setup #1 to
' relays.

When any key on the keyboard is pressed, this program mod-
ification triggers setup #1 to the relays. This is because the
relay step pointer, which is different {rom the edit pointer,
was sel to zero by power-up.

5.3 Bus cable connections

The following paragraphs provide information needed to
connect instrumentation (o the IEEE-488 bus. The Model 708
is connected to the IEEE-488 bus through a cable equipped
with standard IEEE-488 connectors. See Figure 5-2. Two
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screws are localed on ecach connector to ensure that connec-
tions remain secure. Present standards call for metric threads,
as identified by dark colored screws. (Earlier versions had sil-
ver colored screws. Do not use these connectors with the
Model 708.)

Y T

Figure 5-2
IEEE-488 connector

A typical connecting scheme is shown in Figure 5-3. Each
cable normally has a standard connector on cach end. These
conneclors are designed to be stacked to allow a number of
parallel connections on onc instrument. To avoid possibie
damage, do not stack more than three connectors on any one
instrument.

Instrument Instrument Madel 708

Caontroller

Figure 5-3
IEEE-488 connections
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NOTE

To minimize inter{erence caused by clec-
tromagnetic radiation, use only shiclded
IEEE-488 cables. The Model 7007-1 and
7007-2 shiclded IEEE-488 cables are
available from Keithley Instruments.

Connect the ¢able to the Model 708 as follows:

1.

Line up the connector on the cable with the connector on
the rear panel of the instrument. Figure 5-4 shows the
IEEE-488 conneclor location.

Figure 5-4
IEEE-488 connector location
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Tighten screws securely, bul do not overtighten them,
(Overtightening can break the conncctor.)

Add additional connectors [rom other instruments, as
required.

Make sure the other end of the cable is preperly connect-
ed to the controller. Some controllers have an IEEE-488
type connector, while others do not, Consult the instruc-
tion manual of your controller for the proper connecting
method.

NOTE

The TEEE-488 bus is Hmited to a maxi-
mum of 15 devices, including the control-
ler. Also, the maximum cable length is
limited to 20 meters, or 2 meters multi-
plied by the number of devices, whichever
is less. Failure to observe these limits may
result in erratic bus operation.

in master/slave configurations, only the
master unit is connected 1o the IEEE-488
bus. If slave units are also connected, er-
ratic bus operation results. Custom cables
may be constructed by using the contact
assignments listed in Table 5-2 and shown
in Figure 5-5.

Table 5-2

Contact assignments

r Contact

Number | designation IEEE-488 type

1 DIOI Data
2 DIO2 Data
3 DIO3 Data
4 DIO4 Data
5 EOQI (24)* Management
6 DAV Handshake
7 NRED Handshake
8 NDAC Handshake
9 IFC Management
10 SRQ Management
11 ATN Management
12 SHIELD Ground
13 DIOS Data
14 DIOG Data
15 DIO7 Data
16 DIOS Data
17 REN (24)* Management
18 Gnd, (6)* Ground
19 Gnd, (7)* Ground
20 Gnd, (8)* Ground
21 Gnd, (9)* Ground
22 Gnd, (1(y* Ground
23 Gnd, (F1)* Ground
24 Gnd, LLOGIC Ground

*Number in parentheses refers to the signal ground

CONTACT 24

return of reference contact number. EOL and REN sig-

nal lines return on contact 24,

CONTACT 12 —\

/_ CONTACT 1

Figure 5-5

Contact assignments

CONTACT 13



5.4 Interface function codes

The interface function codes, which are part of the IEEE-
488 standards, define an instrument's abilily to support vari-
ous interface functions. They should not be confused with
programming commands found elsewhere in this manual.
Interlace function codes for the Model 708 are listed in Ta-
ble 5-3. The codes definc Modcl 708 capabilities as follows:

SH1 (Source Handshake) — SH1 defines the ability of the
Model 708 to properly handshake data or command bytes
when the unit is a source.

AH1 (Acceptor Handshake) — AHI delines the ability of
the Model 708 to properly handshake the bus when it is an
acceptor of data or commands,

T6 (Talker) — The ability of the Model 708 to send data
over the bus to other devices is defined by the T6 function,
Model 708 (alker capabilities exist only after the instrument
has been addressed to talk. T6 means that the Model 708 is a
basic talker, has serial pol] capabilities, and is unaddressed to
talk when il receives its own listen address.

TEO (Extended Talker) — The Model 708 does not have
extended talker capabilities.

L4 (Listener) — The 1.4 function defines the ability of the
Model 708 to receive device-dependent data over the bus.
Listener capabilities exist only after the instrument has been
addressed to listen. L4 means that the Model 708 is a basic
listener and is unaddressed to listen when it receives its own
talk address.

LEO (Extended Listener) — The Model 708 does not have
cxlended listener capabilities.

SR1 (Service Request) — The SR1 function defines the
ability ol the Model 708 to request service [rom the control-
ler.

RL1 (Remote Local) — The RL1 function defines the capa-
bilities of the Model 708 to be placed in the remote or local
states.

PP{ (Parallel Poll) — PP0O means that the Model 708 docs
not have parallel polling capabilities.

DC1 (Device Clear) — The DC1 funclion delines the ability
of the Model 708 to be cleared (initialized).

DT1 (Device Trigger) — The ability for the Model 708 to
have setups triggered is defined by the DT1 function.

C0 (Controller) — The Model 708 has no controller capa-
bilities,

E1 (Bus Driver Type) — The Model 708 has open-collector
bus drivers.

IEEE -488 Programming

Table 5-3
Model 708 interface function codes

Code Interface function i

SHI Source Handshake capability.
AHI Acceptor Handshake capability.
T6 Talker {basic talker, scrial poll, unaddressed to

talk on MLA!).
TEO No Extended Talker capabilities. ;
L4 Listener (basic listener, unaddressed to listen on

MTA?), ‘
LEO No Extended Listener capabilitics.
SR1 Service Request capability.
RI.1 Remote Local capability,

PPO No Parallcl Poll capability.
DCI Device Clear capability.
DT Device Trigger capability.

Co No Controller capability.
Il Open-collector bus drivers.

MLA - My Li;lcn Address.
T MTA - My Talk Address

5.5  Primary address programming

The Model 708 must receive a listen command before il re-
sponds to addressed commands. Similarty, the unit must re-
ceive a talk command before it transmits its data. The Model
708 is shipped from the factory with a primary address set at
18. The programming cxamples included in this manual as-
sume the address is 18.

The primary address may be set to any value between O and
30 (between 30 and 60 for a master unit) as long as address
conflicts with other instruments and the bus controller are
avoided. Actual master unit addresses {for programming)
will be 30 less than the address set on the Model 708. Note
that controllers are also given a primary address, so be sure
not to use this address. Controller addresses are usually 0 or
21, but consult the controller's instruction manual for details.
Make sure the primary address you choose corresponds with
the value specified as part of the controller's programming
language.

Two rotary switches on the rear panel of the Model 708 arc
used to set the [EEE-488 address. One switch is used 10 set
each digit of the unit's address. A leading zero is required for
addresses 0 through 9.
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To check the present primary address, look on the rear panel
of the Model 708. If the value is above 30, the actual IEEE-
488 address will be 30 less. To change the address to a new
one, perform the following:

I. Power down the unit {stand-alone} or units (master/
slave).

2, Change the position of the rotary switches (Figure 5-6)
to the new address.

NOTE

Each device on the bus must have a unique
primary address. Failure to observe this
precaution could result in erratic bus oper-
ation. In a master/slave configuralion, only
the master Model 708 Switching Systems
IEEE-488 address will be used.

b AR RS BRI I
EEEE-48B INTERFACE

Figure 5-6
IEEE-488 bus connector and rotary selection switches

Table 5-4
BASIC IEEE-488 statements

56  QuickBASIC programming

Programming examples are written in  Microsoft
QuickBASIC 4.5 using the Keithley KPC-488.2 (or Capital
Equipment Corporation) IEEE interface and the HP-style
Untversal Language Driver (CECHP).

Before any programming example can be run, the Universal
Language Driver must be installed. To install the driver, enter
cechp at the DOS prompt.

If you include the CECHP command in your AUTQEX-
EC.BAT file, the driver will automatically be installed each
time you turn on your compuler,

Program fragments are used to demonstrate proper program-
ming syntax. As the name implies, only a fragment of the
whole program is used to avoid redundancy. At the beginning
of each program, driver files must be opened. The input ter-
minator should be set for CRLFE. For example:

OPEN “ieee” FOR OUTPUT AS #1
OPEN “iece” FOR INPUT AS #2
PRINT #1, “interm crlf”

A partial list of BASIC statements is shown in Table 5-4.
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Action

Transmit string to device 18.

Read string.

Display string.

Send GTL to device 18.
Send SDC to device 18.
Send DCL to all devices.
Send remote enable.
Cancel remote enable.
Serial poll device 18.
Send local lockout,
Send GET to device 18.
Send IFC.

Obtain string from device 18.

Basic statement

PRTINT #1, "OUTPUT 18",AS%
PRINT #1, "ENTER 18"
LINE INPUT #2, AS

PRINT A%

PRINT #1, "LOCAL 18"
PRINT #1, "CLEAR 18"
PRINT #1, "CLEAR"

PRINT #1, "REMOTE"

PRINT #1, "LOCAL"

PRINT #1, "SPOLL(18)"
PRINT #1, "LOCAI, LOCKOUT"
PRINT #1, "TRIGGER 18"
PRINT #1, "ABORT"




5.7  Indicator and control aspects of IEEE-
488 operation

The following paragraphs discuss aspects of front pancl in-
dicators and controls with respect to IEEE-488 operation, in-
cluding the error LED (ERR), IEEE-488 status indicators,
and the LOCAL key.

5.7.1 Error LED

The Model 708 monitors a number of operalions associated
with IEEE-488 programming. If an crror is found, the Model
708 lights an error LED (ERR). Program thec Model 708 1o
generate an SRQ (paragraph 5.9.12), and then the UT error
status word (paragraph 5.9.20) can be checked for specific
error conditions.

The following paragraphs describe conditions (associated
with IEEE-488 programming) causing the front pancl ERR
LED to illuminate.

Table 5-5
IEEE-488 errors causing ERR LED to illuminate

Type of error Description

Card ID error Power-up routline cannot iden-
1ify one or morc cards.
IDDC legal device-dependent com-

mand received.

IDIDCO Hlegal device-dependent com-
mand option received.
M/S error Master/slave communication or

timing crror,

X received while unit is in
LOCAL state.

Trigger before settling | Unit triggered before total set-

Not in remote

time error tling time expired.

RAM fail Power-up routine or sell-test
detected RAM error.

ROM f{ail Power-up routine or self-test
detected program ROM check-
SUM error.

Setup error Power-up routine detected

checksum errors in one or more
setups. (Affccted setups are
cleared.)

Unit triggered before Ready bit
is set.

Trig overrun

IEEE-488 Programming

Card identification error

A card I} error occurs when the instrument's power-up Tou-
tinc detects a checksum crror in the information from a card.
When in master/slave configuration, the cards in crror are in-
dicated by all LEDs in their crosspoint display blocks being
L.

IDDC (illegal device-dependent command) error

An IDDC crror occurs when the unit receives an illegal
device-dependent command over the bus. For example, the
command string 1x includes an illegal command because the
“1” is not parl of the instrument's programming language.

NOTE
When an IDDC error is detected in a com-
mand string, all commands in the string,
up to and including the next X, arc ig-
nored.

To correct the error condition, send only valid commands.
Refer to paragraph 5.9 for device-dependent command pro-
gramming details. An IDDC crror is flagged in the Ul word,
as discussed in paragraph 5.9.20.

IDDCO (illegal device-dependent command option)
error

Sending the instrument a legal command with an illegal op-
tion resulls in an IDDCO error.

For example, the command K9X has an illegal option (9) that
is not part of the instrument's programming language. Thus,
although the command K is valid, the option is not, and the
IDDCO error resulis.

NOTE
When an IDDCO error is detected in a
command string, all commands in the
string, up to and including the next X, are
ignored.

To correct this error condilion, usc only valid command op-
tions, as discussed in paragraph 5.9. An error is flagged in the
U! word, as discussed in paragraph 5.9.20.

Master/slave error

A masler/slave crror occurs when a communication or tim-
ing error is detected in the closed loop of units. If one or
more errors are delected, the error LED (ERR)Y s 1it.
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To simulate the error condition, disconnect a DIN cable from
either of the MASTER/SLLAVE connectors. The condition is
detected when the Model 708 performs the next operation
that requires communication among the units. A master/
slave error is flagged in the Ul word, as discussed in para-
graph 5.9.20.

Not in remote error

A not in remote error occurs il the instrument receives an
X while it is in the local state. This is caused by failing to
set the REN line true before addressing the Model 708 (o lis-
ten. A not in remote error is flagged in the Ul word, as dis-
cussed in paragraph 5.9.20.

Trigger before settling time error

A trigger before scttling time error occurs when the instru-
ment receives an additional trigger before the settling time
has expired. This time period is after assertion of the
READY signal and before assertion of the MATRIX
READY signal. See paragraph 4.8 for a complete discussion
of trigger timing. Both READY and MATRIX READY are
bits in the SPOLL byte; MATRIX READY is also a rear pan-
el signal. Note that a master/slave error is also flagged in the
Ul word, as discussed in paragraph 5.9.20.

A trigger during this time period is processed normally.

RAM or ROM failure

A RAM or ROM failure occurs when the power-up routine
delects an error, either 4 RAM error or a checksum error in
program ROM. If an error is detected, the error LED (ERR)
is lit {cleared by any keypress).

Setup error

A setup error occurs when the Model 708 power-up routine
detects a checksum error in one or more setups stored in non-
volatile memory. If an error is detected, the error LED (ERR)
is lit and the affected setups are cleared to all open. A key-
press will clear this error. Note that a selup error is also
flagged in the Ul word, as discussed in paragraph 5.9.20.

Trigger overrun (hardware) error

A trigger overrun occurs when the instrument is triggered
while it is still processing a setup change from a previous
trigger and before the READY (for trigger) signal is asserted.
READY is a bit in the SPOLL byte. See paragraph 4.8 for a
complete discussion of trigger timing. The exact trigger
stimulus depends on the selected trigger source, as discussed
in paragraphs 4.8.5 and 5.9.19.
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Overrun triggers do not affect the instrument except to gen-
erate the error. In other words, the present sctup change is not
aborted by the overrun trigger stimulus, and the trigger is ig-
nored. Note that a trigger overrun error is also flagged in the
Ul word, as discussed in paragraph 5.9.20.

5.7.2 Status indicators

The TALK, LSTN, and REM indicators show the present
IEEE-488 status of the instrument. Each of these indicators
is described below.,
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Figure 5-7
IEEE-488 indicators

TALK — This indicator is on when the instrument is in the
talker active state. The unit is placed in this siate by address-
ing it o talk with the correct MTA (My Talk Address) com-
mand. TALK is off when the unit is in the talker idle state.
The instrument is placed in the talker idle state by sending it
an UNT (Untalk} command, addressing it to listen, or with
the IFC (Interface Clear) command.

LSTN — This indicator is on when the Model 708 is in the
listener active state, which is activated by addressing the in-
strument to listen with the correct MLLA (My Listen Address)
command. Listen is off when the unit is in the listener idle
state. The unit can be placed in the listener idle state by send-
ing UNL (Unlisten), addressing it 1o talk, or by sending 1IFC
(Interface Clear) over the bus.

REM — This indicator shows when the instrument is in the
remote state. Note that REMOTE does not necessarily indi-
cate the state of the REN line, as the instrument must be ad-
dressed to listen with REN true before the REMOTE
indicator lurns on. When the instrument is in remote, all front
panel keys except for the LOCAL key are locked out. When
REMOTE is turned off, the instrument is in the local state,
and [ront panel operation is restored.
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Goes into effect when next addressed to listen.
Goes into talker and listener idle states.

Cancel remote, restore front panel operation.

Triggers setup with GET source.

Table 5-8
General bus commands/BASIC statements
Command | Basic statement Effect on Model 708
REN PRINT #1, "REMOTE"
IFC PRINT #1, "ABCRT"
LLO PRINT #1, "LOCAL LOCKOUT" LOCAL key locked oul.
GTL PRINT #1, "LOCAL 18"
DCL PRINT #1, "CLEAR" Return to default conditions.
sSDC PRINT #1, "CLEAR 18" Return to default conditions.
GET PRINT #1, “"TRIGGER 18"
NOTE

The instrument need not be in remote to be
a talker. All front panel controls (except
LOCAL and POWER) are inoperative
while the instrument is in remote. You can
restore normal front panel operation by
pressing the LOCAL key.

5.8.3 IFC (interface clear)

The IFC command is sent by the controller to place the Mod-
¢l 708 in the local, talker, and listener idlc states. The unit re-
sponds to the IFC command by canceling front pancl TALK
or LSTN lights, if the instrument was previously placed in
one of those states.

5.84 LLO (local lockout)

The LL.O command is used to prevent local operation of the
instrument. After the unit receives L1O, all of its front panel
controls except POWER are inoperative.

5.8.5 GTL (go to local)

The GTL command is used to take the instrument out of the
remote state. Operation of the front panel keys will also be
restored by GTL unless LLO is in effect. To cancel LLO, you
must set REN false.

5.8.6 DCL (device clear)

The DCL command may be used to clear the Model 708 and
return it to its power-up default conditions (see Table 4-2).
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Note that the DCL command is not an addressed command,
so all instruments equipped to implement DCL will do so si-
multaneously. When the Model 708 receives a DCL com-
mand, it returmns to the power-up default conditions. DCIL,
does not affect the programmed primary address.

5.8.7 SDC (selective device clear)

The SDC command is an addressed command that performs
essentially the same function as the DCL command. Howev-
er since each device must be individually addressed, the SDC
command provides a method to clear only selected instru-
ments instead of clearing all instruments simultaneously, as
is the case with DCL. Any devices on the bus that are ad-
dressed to listen are cleared. When the Model 708 receives
the SDC command, it returns to the power-up default condi-
tions.

5.8.8 GET (group execute trigger)

GET may be used to initiate a Model 708 sctup change if the
instrument is placed in the appropriate trigger source. Reler
to paragraph 5.9 for more information on triggering.

5.8.9 SPE, SPD (serial polling)

The serial polling sequence is used o obtain the Model 708
serial poll byte. The serial poll byte contains important infor-
mation about internal functions, as described in paragraph
5.9.12. Generally, the serial polling sequence is used by the
controller to determine which of several instruments has re-
quested service with the SRQ line. However, the serial poll-
ing sequence may be performed al any time to obtain the
serial poll byte from the Model 708.
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Table 5-9

Fuactory default, power-up, and DCL/SDC conditions

Parameter Factory default | Power-up, DCL/SDC | Description

Relays All opened All opened )
Stored Setups All cleared Not affected —

Relay Step 000 000 Point to relays

Memory Step 001 001 Point to sctup |

Master/Slave Stand-alone (Notes 2, 3) —

IEEE-488 Address 18 (Notc 1) Not affected —

External Trigger AD A0 Falling edge triggers

Matrix Ready BO BO Negative true

Digital Output Db, Db, O Output lines low

Edit Pointer EO E0 Point to relays

Trigger Enable o FO Triggers disabicd

Data Format GO GO Full output, all data sent in one lalk
EOI/Hold-olf KO K0 Both cnabled

SRQ MO MG Disabled

Digital Qutput Q000 Q000 Output lines low

Programmed Settling Time |50 S0 Oms

Trigger Source T7 T7 External trigger

Make/Break Rows V00000000 Not affected None selected

Break/Make Rows WO00000000 Not affected None selected

Terminator YO YO <CR><LF>

Notes: o o 7 o T

1. The IEEE-488 address is not affected by the Restore (R} command.
2. Units previcusly defined as stand-alone or slave will power up as stand-alone units, They become slave units when u master unit initial-
izes a master/slave loop upon power up.

3, DCL/SDC does not affect master/slave state. DCL/SDC does clear slaves.

5.9 Device-dependent command (DDC)
programming
59.1 Overview

IEEE-488 device-dependent commands control most instru-
ment operating modes. All front panel modes (such as trigger
source and settling time), as well as some modes nol avail-
able from the front panel (like SRQ and terminator) can be
programmed with these commands.

Command syntax

Each command is made up of a single ASCII capital letter
followed by one or more numbers or lelters representing an
option{s) of that command. For example, the trigger source
can be set over the bus by sending the letier “T" followed by
anumber representing the trigger option, T1X would be sent
to trigger on talk. The TEEE-488 bus treats these commands
as data; they are sent with the ATN linc false.

Some commands permit more than one option; these must be
separated with commas. For example, the close crosspoints
commands have the general format:

Cre(,re)...(,rc)

Here the “rc” options are row and column addresses, while the
commas indicate the necessary delimiters. The parentheses in-
dicate that the option and associated delimiter are optional.

NOTE

Do not include parentheses in actual com-
mand strings.

Multiple commands

A number of commands can be grouped together in onc com-
mand string, which is generally terminated by the "X char-
acter. This character tells the instrument to cxecute the
command or command string as described in paragraph
5.9.23. Commands scnt without the X character are not exe-
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cuted at that particular time, but they are stored within an in-
ternal command buffer for later execution when the X
character is finally recetved,

If a particular command occurs “n” times in a command
string, then the “nth” occurrence is the only one used (i.e.,
TOT2T4X appears to the Model 708 as T4X).

Invalid commands

If an invalid command is sent as part of the command string,
no commands in the string are executed. Under these condi-
tions, the instrument displays a front pancl crror message
(IDDC or IDDCO), as described in paragraph 5.7, and it can
be programmed to generate an SR(Q (Service Request), as
discussed in paragraph 5.9.12, Checking is done as syntacti-
cal groups ol characters are received.

Valid command strings (typical samples)

BOX Single command string.

AQTEX Multiple command string.

P 0X Space is ignored

z15, 0% Multiple-option command string (options sepa-

rated by commas).

Invalid command strings (typical samples)

1X Invalid command as 1 is not a valid command.
K7% Invalid command option as 7 is not a valid op-
tion of the K command.

CA400XK Invalid option (maximum column address is
60).
Z0100X Multiple-option command without the neces-

sary separating commas.

Order of command execution

Device-dependent commands are not necessarily executed in
the order received. Rather, each instrument always executes
them in a specific order. The order of execution for the Model
708 is summarized in Table 5-10. Note that the X command
is listed first since it is the character that forces the execution
of the rest of the commands.

If you wish to force a particular order of execution, include
the execute (X) character alter cach command option group-
ing in the command string. For example, the following string
would be executed in the received order: T6XA I XR0OX
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Table 5-10
Ovrder of command execution
'_Order Command | Description
1 X Execute DDCs.
2 R Restore factory default conditions.
3 L Download setups from controller (o
Maode] 708.
4 E Set the edit peinter.
5 I Insert a blank setup in memory.
6 Q Delete a setup from memory.
7 P Clear all crosspoints at specified
setup.
8 Z Copy a setup from memeory or
relays to memory or relays.
9 v Select rows from make/break.
10 W Select rows for break/make.
11 N Open crosspoints of setup indicated
by cdit pointer.
12 C Close crosspoints ol setup indicated
by edit pointer.
13 A Select trigger edge of External Trig-
ger pulse.
14 B Select logic sense of Matrix Ready
signal.
15 H Enable/disable triggers.
16 G Select data output formal.
17 I Execute ROM/RAM/display self-
Lest.
18 K Selecet EOI and hold-off on X,
19 M Set the SRQ mask.
20 O Set the digital output.
21 ) Program the settling time.
22 T Select the trigger source.
23 8] Request status.
24 Y Select terminator characters.

Device-dependent command summary

All Model 708 device-dependent commands are summarized
in Table 5-11, which also lists respective paragraphs where
more detailed information on each command may be found.



Table 5-11
DDC summary
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Close Crosspoint

Digital Output
Edit Pointer

Data Format

Inserl Blank Setup
Self-test
EOI and Hold-off

Download Setups
SRQ

Open Crosspoint

Digital Output
Clear Crosspoints

Delete Sctup
Restore Defaults

Trigger

Enable/Disable Triggers

Programmed Settling Time

Cre(,re)...(,rc)

Db, s
EO

En

FO

Fl

GO

Gl

G2 or G3
G4

G5

G6

G7

In

JO

KO

K1

K2

K3

K4

K5
Lbbb.. X
MO

Ml

M2

M8
MI16
M32
M128
Nre(,re)...(,rc}

Ovvvvy
PO

Pn

On

R0

Sn
TOor Tl
T2 or T3
T4 or TS
T6 or T7

Falling edge triggers Model 708
Rising edge triggers Model 708

Negative true Matrix Ready output

Positive true Matrix Ready output

Close crosspoinis of setup indicaled by edit pointer
(rows A-H, columns 1-60)

Set states of digital output lines (b=1 10 16, s=0 10 1)
Poinlt to present relay selup

Point to stored relay setup (1-100)

Disable triggers

Enable triggers

Full output, all data in one talk

Full output, one swilching system row per talk
Inspect output, all data in one talk

Condensed output, all data in one (alk

Condcensed oulput, one swilching system per talk
Binary output, all data in one talk

Binary output, onc swilching system per talk
Insert blank sctup in memoery (1-100)

Perform self-test

Send EOI, hold-off on X until Ready

No EOIL hold-off on X until Ready

Send EOI, do not hold-off on X

No EOI, do not hold-off on X

Send EOI, hold-off on X until Matnx Rcady

No EOI, hold-off on X until Matrix Ready
Download setups from controller to Model 708
SRQ disabled

Not used

Not used

Matrix Ready

Ready for trigger

Error

Not used

Open crosspoints of setup indicated by edit pointer
(rows A-H, columns [-60)

Set states of digital output lines {v = 000-65533)
Open all crosspoint relays

Clear all crosspoints of stored sctup (1-100)
Delete setup [fom memory (1-100)

Restore factory delaults

Program seitling time in milliscconds (0-65000)
Trigger on talk

Trigger on GET

Trigger on X

Trigger on External Trigger pulsc

Mode Command Description
External Trigger AD

Al
Matrix Ready BO

Bl

Para.
592
59.3

594

15.9.5
15.9.0

|
!
1597

598

1599
59010
59.11

159,12
5913

59.14

59.15
5.9.16

5517
5.9.18
59.19
59.20
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Table 53-11 (cont.)
DDC summary

Mode Command Description Para.
Status uo Send machine status word 5.9.21
Ul Send error status word
U2,3 Output setup “s” (0-100) with present G format
U3 Send RELAY STEP pointer
U4 Send number of slaves
Us,u Send model number of cach card in unit “u” (0-4)
U6 Send relay settling time
u7 Send digital input of unit (0-63535)
Make/Break Vabcdefgh Select rows for make/break operation (abedefgh = 00000000 |5.9.22
to [1111111)
Break/Make Wabcdefgh Select rows for break/makc operation {abcdefgh = 00000000 |5.9.23
o I11T17111)
Exccute X Execute commands 5.9.24
Terminator YO <CR><LF> 5.9.25
Y1 <LF><CR>
Y2 <CR>
Y3 <LF>
Copy Setup Z0,n Copy present relay setup to memory location “n” (1-100) 59.26
Zn0 Copy setup from memory location “n” (1-100) to relays
Zm,n Copy setup from location “m™ (0-100) to location “n” (0-100)
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5.9.2 A— Extemal trigger

Purpose
Format

Parameters

Default

Description

Programming note

Example

To select which edge of an external trigger pulsc initiates a trigger.
An

n=0  Falling cdge triggers Model 708
n=1 Rising edge triggers Model 708

Upon power-up or after receiving a DCL, SDC, or ROX command, the instrument defaults to A0
(falling edge).

The An command lets you program the Model 708 for triggering on a TTl.-compatible fulling
or rising edge signal at the External Trigger input jack. A trigger signal increments the RELAY

STIEP pointer and copies the setup indicated by the new value from memory (o the relays.

Figure 5-9 shows example trigger pulses. Trigger on external must be the selected source
(T command), and triggers must be enabied (F command).

For information on the hardware this command is used with, refer to paragraph 4.6.2.

PRINT #1, "OUTPUT 18;AlX"
PRINT #1, "OQUTPUT 18;A0X"

" Sclect rising edge pulse to trigger
' Select falling edge 1o trigger

falling
tdgo
Y
TTL Hligh
(3.4V Typical )
TTL Low
[0.25V Typical
600nseC
‘ Minimum
ALFALLING EDGE OF PULSE
Kising
tdge
TTL thigh +
13.4V Typical )
TTLLow ———
10.25V Typical ) | 600nsec
| Minimum

B. RISING EDGE OF PULSE

Figure 5-9
External trigger pulse
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593 B — Matrix ready

Purpose
Format

Parameters
Default

Description

Programming notes

Example

5-16

To select the logic sense of the rear panel Matrix Ready signal.
Bn

n=0  Negativc true Matrix Ready output
n=1  Positive true Matrix Ready output

Upon power-up or after receiving a DCL, SDC, or ROX command, the instrument defaults to BO
(negative trug).

The B command lets you program the TTL-compatible Matrix Ready output as a high- or low-
true signal, This signal goes false when the relays are switched; it goes true after completion of
the (hardware) relay scttling time and {user) programmed settling time. Figure 5-10 shows ¢x-
ample Matrix Ready signals.

|. The Matrix Ready signal is negated by anything that causes a change to a relay state even if
no relays actualiy change s(ate (e.g., closing an already closed relay).

2, Changing the logic sense of the Matrix Ready signal does not change the logic sense of the
Matrix Ready bit in the serial poll byte.

PRTINT #1, "OUTPUT 18;B1iX" ' Select positive true Mairix Ready
PRINT #1, "OQUTPUT 18:B0OX" ' Select negative true Matrix Ready

TTL tligh —
( 3.4V Typical }
TTL Low

(0.25V Typical ) Relay Setlling Time +
Programmed Seltling Time

A MATRIX RCADY HIGH TRUC

TTL High
(3.4V Typical }

TTL Low
(D.25V Typical ) Relay Settling Time +
Programmed Settling Time

B, MATRIX READY LOW TRUE

Figure 5-10
Matrix ready pulse
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594 C— Close crosspoint

Purpose
Format

Parameters

Description

Programming notes

Example

To close crosspoints in a setup.
Cre(,re)...(,rc)

r=AtocH Row designation of crosspoint
c= 11060 Column designation of crosspoint (60 with maximum of live Model 708 units)

The C command closes crosspoints in the setup indicated by the edit pointer. If the edit pomnter
indicates the present relay sctup (zero), the specified crosspoint relays are closed immediately.
If the edit pointer indicates a setup stored in memory {1-100}, the specitied crosspoints are sct.

1. Do not include parentheses in command strings. They indicate that the option and associated
comma delimiter arc optional.

2. Up 1o 25 crosspoints per mainitame can be specilied in one close command (with & master
and four slaves, the limit is 125 crosspeints). In the same command string, up to 25 cross-
points per mainframe can be opened. If cither limit is exceeded, an {DDCO results.

3. The maximum valuc of the column parameter depends on the configuration (12 for stand-
alone, 60 [or master with four slave units). An IDDCO results if the maximum value is ex-
ceeded.

4, This command is equivalent to multiple light pen operation(s).

PRINT #1, "OUTPUT 18;CASSX" ' Close one crosspoint
PRINT #1, "OUTPUT 18;CAS5,A56,B49,B50X" ' Close multiple crosspoints

59.5 D — Digital output

Purpose
Format

Parameters

Default

Description

Programming notes

Example

To set the states of the digital output lines.
Db,s

b=11016 Output bit position
s=0to1 O=off, ] =on

Upon power-up or after receiving a DCL, SDC, or ROX command, the instrument defaults 1o
D0,0 (all digital outputs sct to logic low).

This command sets individual output lines of the digital 1/O port, where *1” is logic high and
“0" is logic low.

|. In a master/slave configuration, only the output of the master unil is updated.
2. Qulput is negative true logic. Setting a bit high will make an output go low (sink).

3. The O command can also be used to set the states of digital output lines.

PRINT #1, “"OUTPUT 18;D3,1X" “Turn on digital output 3
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5.9.6 E— Edit pointer

Purpose
Format

Parameters

Defauit

Description

Programming notes

Example

To set the edit pointer
En

n=0 Present relay setup
n=Ito 100  Stored relay setup

Upon power-up or after receiving a DCL, SDC, or ROX command, the instrument defaults to EO
(present relay setup).

With the edit pointer, you can select which setup is affected by subscquent close (C) and open
(N) commands. This can be the present relay setup (Zero) or one of the stored setups (1-100).

1. The edit pointer value is independent of the Relay Step and Memory Step values.

2. When using the edit pointer, it is not necessary to use the COPY key, because you are closing/
opening crosspoinl relays or setting/clearing stored crosspoints directly and not just turning
on/off crosspoint LEDs.

PRINT #1, "OUTPUT 18;E0QX"
PRINT #1, "OUTPUT 18;E50X"

'Point to relays
' Point to stored relay setup 50

5.9.7 F— Enable/disable triggers

Purpose
Format

Parameters

Default

Description

Programming notes

Example

5-18

To enable/disable triggers.

=0 Disable triggers
1 Enable triggers

Upon power-up or after receiving a DCL, SDC, or ROX command, the instrument defaults to FO
(triggers disabled).

With the F command, you control whether the Model 708 responds to a irigger (from the exter-
nal trigger connection or over the IEEE-488 bus). A trigger increments the Relay Step pointer
and copies the setup indicated by the new value from memory to the relays.

It is good programming practice to disable triggers before changing the trigger source.

PRINT #1, "OUTPUT 18;F0X"

'Enable triggers

PRINT #1, "OUTPUT 18;F1x%" "Disable triggers



5.9.8 G — Data format

Purpose

Format

Parameters

Default

Description

IEFE-488 Prqgfamming

To sclect the output format of the data senl from the present relay setup or a setup stored in mem-
ory.

Gn

n={} Full output format, all data scnt in onc talk

n=1 FFull output format, one row of one switching system per talk
n=2 or 3 Inspect output format, all data sent in one talk

n=4 Condensed outpul format, all data sent in one talk

n=>5 Condensed output format, one switching system per talk
n=6 Binary output format, all data sent in one talk

n=7 Binary output format, one switching system per talk

Upon power-up or after receiving a DCL, SDC, or ROX command, the instrument defaults to GO
(full output format, all data sent in one talk).

Overview

The G command specifies the format of crosspeint data sent by the Model 708 over the IEEE-
488 bus in response to the U2 command. Data concerning the setup is sent by a *U2.n" com-
mand (either the present refay setup or a stored setup). You can control the data format and quan-
tity sent. The full, condensed, and binary formats list the open or closed states of every
crosspoint in the setup; the inspect format shows only closed crosspoints,

G0, G1 = Full output format

With the GO/G1 full output [ormats, the open or closed states of all crosspoints in a setup are
sent in printable ASCIL. An ASCII “-” represents an open crosspoint, and an ASCI X repre-
sents a closed crosspoint. For GO, all data is sent in one talk; for G1, the data from one row of
onc swilching system is sent per talk. An example of these formats is shown in Figure 5-11 for
the example setup of Table 5-12.

G2, G3 = Inspect output format

With the G2/G3 inspect output formats, the row/column address of cach closed crosspoint in a
setup is sent in printable ASCIL. An ASCII letter (A-H) represents a row, and an ASCII string of
up to two numbers (0-60) represents a column. Successive crosspoints are separated with a com-
ma. All data is sent in onc talk. Figure 5-12 shows the formais of the example setup in Table 5-12.

G4, G5 = Condensed output format

The G4/G5 condensed output formats specify the states of all crosspoints with cight bits repre-
senting the cight crosspoints of a column. A set bit indicates a closed crosspoint. The hexadeci-
mal representation of the hinary value formed by these eight bits is sent as two printable ASCII
characters. For G4, all data is sent in one talk; for G3, the data from one switching system is sent
per talk. An example of these formats is shown in Figure 5-13 for the example setup of Table 5-
12.

G6, G7 = Binary output format

The (G6/G7 binary output formats specify the states of all crosspoints with an 8-bit groug of bits
representing the cight crosspoints of a column. A set bit indicates a closed crosspoint. For G6,
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all data is sent in one talk; for G7, the data from one switching system is sent per talk, These
[ormats are shown in Figure 5-14 for the example setup of Table 5-12.

Table 5-12
Master/slave setup example

Unit Closed crosspoints

Master | Al, A2, B3, B5, (7, C8, D9, DI, F11, 12
Slave 1 | Al13,Al4,CI15,Cl6,E17,E18

Slave 2 | A25, A26, H27, H30, A36

Stave 3 | A37, H38, H43, G48

Slave 4 | G49, A50, A51, H55, H56, E57, EGO

Obtaining data

Generally, data is placed into a string or numeric variable. For cxample, a typical input sequence
in BASIC is:

PRINT #1, "ENTER 18"
LINE TNPUT #2, CROSSPOINTS

In this example, the complete crosspoint string is placed in the CROSSPOINTS variable.
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Programming notes 1. Table 5-13 lists the number of byles that arc transmitied for the various data formats.

2. Since the data is fransmitted in continuous strings (withoul carriage returns or line feeds), you
must format the data for display or printing legibility.

Table 5-13

Byte counts for data format

" sandalone |Masterwithfourslaves
Byt;:s per | Talks per Totﬁl Bytes ;;cr Talks per | Total

Format talk setup bvtes talk setup bytes

Go 121 2 605 1 s

Gl i4 (Note 1) {9 121 14 (Note 1) | 45 605 g

G2 {Note 2) 1 {Note 2y |{Nole 2) 1 (Note 2) !

G3 (Notc 2) | (Note 2) (Nolc 2) 1 (Note 2)

G4 32 1 32 160 ! 160

G5 32 l 32 iz 5 {Note 3) L 160

G6 16 l 16 80 1 80

G7 16 Ll 16 16 5 (Note 3) 8(

Notes: - T B ) - S T

1. In addition, each unit is identificd with a 9-byte ASCII string.
2, This value depends on the number of closed crosspoints.
3. Maximum of five talks, depending on number of sjaves in the sysiem.

SETUP D03 SLAVE 001 SLAVE QG2 SLAVE 003 SLAVE 004

AXK - A XX - o - s oo A XX A XX - A XX

B - X-X- - --- B - e B - 13

C o - o XX - C CXX e e = C - o C

D o — o XX - - T b e - - 1

| £ - - XX [ - - E : t

S ¢ S cew=- = F - - I - : - 7

G e m- - — - G - e e G S [T . O XX

H —-. === - - = s H - X X - --- H - X X - H XXX
MNotes:

1. Carriage returns and line feeds are not sent. They are shown here to improve readability.
2. Spacing between columns is one ASCII space.

Figure 5-11
GO and Gl full output formats
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AQ01,A002,B003,8005,C007,C008,D009,0010,F011,FOT12,A013,A014,C015,C016,E017,E018,A025,
AQ26,H027 HO30,A036,A037,HO38,HG43,06048,G049,A050,A051,H0O55,111056,F057,E060

Note: Carriage returns and line feeds are not sent. They are shown here to improve readability.

Figure 5-12
G2 and G3 inspect output formats

MASTER 0003 00 SETUP NUMBER (2 BYTES), UNIT NUMBER (1 BYTE)

010102000200040408082020 CARD COLUMN 1-172
XX CHECK UM

SLAVE 1 0003 01
0101040410710000000000000
XX

SLAVE 2 0003 g2
Q00101 80000080G0000000000
XX

SLAVE 3 0003 03
010080000000008000003000
XX

SLAVE 4 0003 04
404001010000808080000000
XX

MNotes:

1. Data is shown as the hexadecimal representation of 8-bit binary numbers (Figure 5-15).

2. Carriage returns, line feeds, spaces, and blank lines are not sent. They are shown here to improve readabil-
ity.

. “XX" represents a 1-byte checksum value (hexadecimal) in printable ASCIL

4, The rows that correspond to the G4/G5 data are:

(98]

G4/G5 Data Corresponding row
00 None
01 A
02 B
04 C
08 b}
10 E
20 F
40 c
80 H
Figure 5-13

G4 and G5 condensed output formats




UNIT
NUMBER
SETUP NUMBER 2 BYTES 1 BYTE
_ ) i
MASTER 00000000 00000011 00000000
000000DT  00DO0ODT  HOO0VDT0
00000100 00DDOTOC 00001000
XXXXXXXX
SLAVE 1 00000000 00000011 00080001
0CO0OGDT 00000001 00OG00
00010000 00000000 000GO00G
XXXXXXXX
SLAVE 2 0000000G  GOD000TT 00000002
00000000  GODOOODT  00BO0DAT
10000000 ©0000G00 00000060
XXXXXXXX
[SLAVE 3 00000000 00000011 DODO00S
00000ODT  00000DOT 10000600
00000000 10000000 00000000
XXXKXXXX
SLAVE 4 0000000C 00000011 0DODDOD4
0100000C¢  01GD0000  GODOCOOT
10000004 10000000 10000000
XXXXXXXX
Naotes:

00000000
DOO0TH00

00006100
00000000

10040000
00000000

00000000
00000000

00000001
(0000000

00000010
001000030

000000
an000ano

00000000
0000GH00

00060000
00060000

00600000
00000000

ROW H ROW A

00060000
Q0140000

00310000
00000000

0GO000GH
06000000

00000000
00000000

00000000
00000000

1, Row A corresponds to the least significant bit of each 8-hit groups; Row H corresponds to the most sig-

nificant bit.

2. Data is shown as the hinary representation of 8-bit binary numbers. The binary value sent may not cor-

respond to a printable ASCH character.

3. Carriage returns, line feeds, spaces, and blank lines are not sent. They are shown here to improve read-

ability.

4. Represents an 8-bit checksum value in binary.

Figure 5-14

G6 and G7 binary outpu! formats

IEEFE-488 Programming

COLUMNS 1-6
COLUANMNS 7-12
CHECKSUAM (1 BYTE)
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59.9 | — Insert blank setup

Purpose
Format
Parameters

Description

Example

5.9.10 ) — Self-test

Purpose
Format
Parameters

Description

Programming notes

Example

To insert a blank selup in memory.
In
n=I1to 100 Stored relay setup.

During execution of this command, setups “n” through 99 are shifted up to thc next highest lo-
cation in memory (99 to 100, 98 to 99... n ton+1}. Then, all crosspoints of setup “n” arc cleared.
The front panel display is blanked during an insert operation.

PRINT fil, "OUTPUT 18;I50" 'Insert blank setup at location 50

To test ROM and RAM.
Jn
n=0  Perform sel{-test

The self-test command starts execution of the ROM and RAM. If an error is detected, the error
LED (ERR) lights. Also, the sel{-test failed bit is set in the Ul crror status word (paragraph
5.9.20). Any fromt pancl keypress or bus command extinguishes the error LED,

1. The value “n™, if sent, must be zero.

2. Allow approximaiely four seconds for the instrument to complete the sell-(¢st.

3. The instrument holds off bus operation with the NRFD line during self-test operation. Thus,
no commands can be sent during the self-test if hold-off on X is enabled.

PRINT #1, "OUTPUT 18;J0X" " Perform sell-test

5.9.11 K— EOI and hold-off

Purpose
Format

Parameters

Default

5-24

To enable/disable BOI and bus hold-off on X.

n=0 Send EOI with last byte, hold-off on X until Ready
n=1 No EOI, hold-off on X until Ready
n=2 Send EOI with last byte, do not hold-off on X
=3 No EOI, do not hold-off on X
n=4 Send EOI with last byte, hold-off on X until Matrix Ready
n=5 NoEOI, hold-off on X until Matrix Ready

Upon power-up or after receiving a DCL, SDC, or ROX command, the instrument defaults to KO
{send EOI with last byte, hold-off on X until Ready).



Description

Programming notes

Example

IEEE-488 Programming

The EOI line provides one method to positively identify the last byte in the data string sent by
the instrument. When enabled, EOI is asserted with the last byte the instrument sends over the
bus.

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 no commands are missed while the instrument is processing previously received com-
mands. Typical hold-ofl times are discussed in paragraph 5.11.

1. Some controllers rely on EQOI to terminate their inpul sequences. Suppressing EOI may cause
the controller input scquence Lo hang.

2. When reading a bufifer, EQI is asscried only at the end of the entire buffer transmission.

3. When enabled, EOI is asserted with the fast byte in the terminator.

4. When bus hold-off is enabled, all bus activity is held up for the duration of the hold-olf period,
not just for the duration of the communication with the Model 708.

PRINT #1, "OUTPUT 18;K1x" " No EQI, hold-off on X until Ready
PRINT #1, "OUTPUT 18;K2X" " Send EOT with last byte, do not hold-off on X

5.9.12 L— Download setups

Purpose
Format
Parameters

Description

Programming notes

Example

To download setups from the controller to the Model 708,
Lbbbb..X
bbbb... represents the G4/G5 or G6/G7 output string.

This command downloads sctup information in a G4/G5 or G6/G7 data formal. It is used in con-
junction with the U2 command (outpul sctup data) to back up or expand the sctups stored in the
Model 708.

G formats are discussed in paragraph 5.9.7; see paragraph 5.9.20 for U commands.

1. The data format for downloading is specified by the G format presently in effect.

2. The setup data string begins with a setup number and unit number and ends with a checksum
value.

3. The setup number is specified in a U2,n command (output setup “n”"), as shown in the follow-
ing programming cxample.

DIM SETUPS[32] " Dimension for stand-alone
PRINT #1, "REMOTE 18" "Setup #1 1n G4 format
PRINT #1, "OUTPUT 18;G4U2,1X" ' Get setup data

PRINT #1, "ENTER 18"
LINE INPUT #2, SETUPS

PRINT SETUPS[1,6] " Print setup and unit numbers
PRINT SETUPS{7,30] ' Print sclup data card by card
PRINT SETUPS[31,32] ' Print checksum

PRINT *PRESS ANY KEY TO CONTINUE" " Inspect setup data

DO

LOOP WHILE INKEYS$= ™ * ' Wait for keypress

PRINT #1,"QUTPUT 18;"L"+SETURS+"X"" ' Download setup back Lo 708
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5.9.13 M —SRQ and serial poll byte

Purpose
Format

Parameters

Default

Description

5-26

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

Mn

n=0  SRQ disabled
n=1  Not used

n=2  Not used

n=4  Not used

n=8  Matrix Ready
n=16 Ready for trigger
n=32 Error

n=128 Not used

Upon power-up or after receiving a DCL, SDC, or ROX command, the instrument defaults to
MO (SRQ) disabled).

The SRQ command selects which conditions cause the Model 708 to generate an SRQ (service
request). Once an SRQ is generated, the serial poll byte can be checked to determine if the Mod-
el 708 was the instrument that generated the SRQ), and, il so, what conditions caused it.

The general formal of the SRQ mask used to generate SRQs is shown in Figure 5-15. By sending
the appropriate M command, you can set the appropriale bit(s) to enable SRQ generation if those
parlicular conditions occur. Possible conditions are:

* The Matrix Ready signal has been asserted (M8).

* The Ready (for trigger) signal has been asserted (M16).

* An crror has occurred (M32). The nature of the error can be determined by reading the Ul
error word as described in paragraph 5.9.20.

Decimal .
Weighting 1286 | 64 | 32 | 16 8 4 2 1

Bit Position § B7 | B6 | B5 | B4 | B3 | B2 | B1 BO
Not Used —J L Not Used
SRQ by 708 Not Used

(Serial Poll Byte Only)
Error ——————— b—— Not Used
Ready for Trigger Matrix Ready

Figure 5-15
SRQ mask and serial poll byte format



Programming notes

Example

IFEE-488 Prfogmmming

Serial poll byte

The general format of the serial poli byte is shown in Figure 5-15. Note that all bits except for
bit 6 correspond to the bits in the SRQ mask. Thesc bits flag the following conditions:

Matrix ready (bit 3) — Sct whenever the Matrix Ready signal is asseried. Cleared by the start of
relay switching.

Ready for trigger (bit 4) — Set when the Ready signal is asseried. This bit is cleared by:

1. Receipt of X, Start of relay switching.

2. Front panel keypress on master unit.

3. Changing Make/Break or Break/Make row.
4. Performing self-lest.

Error (bit 5) — Set if an error condition occurs. Cleared by reading the Ut error status word
(paragraph 5.9.20).

SRQ (bit 6) — Set if the Model 708 requests service via the SRQ line; cleared by a serial poll.

1. The serial poll byte shouid be read once the instrument has generated an SRQ to clear the SRQ
line,

2. All bits in the serial poil byte latch when the instrument generates an SRQ.

3. If an error occurs, bit 3 (error) in the serial poll byte latches and remains so until the U1 word
is read (paragraph 5.9.20).

4. Multiple error conditions can be programmed by adding up the individual command values.
For example, send M12X for SRQ under matrix ready and digital O interrupt conditions.

PRINT #1, "CLEAR 18"

PRINT #1, "REMOTE 18" ' Program for SRQ on error
PRINT #1, "QUTPUT 18;M32X" " Attempt to program invalid option
PRINT #1, "QUTPUT 18;A2X" ' Check interface status
WAITSRQ:

IF NOT(srqg%()) THEN GOTO WAIT SR ' Wait [or SRQ to occur
PRINT #1, "SPOLL 18" " Serial poll the instrument
INPUT #2, S ' Read serial poll byte
PRINT "B7 B6 BS B4 B3 B2 Bl BO" ' Label the bit positions
FOR I=7 TO (0 STEP-1 ' Loop cight times

PRINT BIT (S,I); ' Display the bit positions
NEXT I

PRINT

PRINT #1, "OUTPUT 18;UlX" ' Program lor error stalus
PRINT #1, "ENTER 18" 'Get Ul status to clear crror
LINE INPUT #2, ERRORS

PRINT ERRORS " Display crror status
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5.9.14 N — Open crosspoint

Purpose To open crosspoints in a setup.
Format Nre(,re)...(re)
Parameters r=Ato H Row designation of crosspoint

c=I1 to 60 Column designation of crosspoint (60 with maximum of five Model 708 units)

Description The N command apens crosgpaints in the setup indicated by the edit pointer. If the edit pointer in-
dicates the present relay setup (zero), the specified crosspoint relays are opened immediately. If the
edit pointer indicates a setup stored in memory (1-100), the specified crosspoints are clearcd,

Programming notes 1. Do not include parentheses in command strings. They indicate that the option and associated
comina delimiter are optional.

2. Up to 25 crosspoints per mainframe can be specified in one open command (with a master
and four slaves, the limit is 125 crosspoints). In the same command string, up o 25 cross-
points per mainframe can be closed. If either limit is exceeded, an IDDCO results,

3. The maximum value of the column parameter depends on the configuration (12 for stand-
alone, 60 for master with four slave units). An IDDCO results if the maximum value is ex-
ceeded.

4. This command is equivalent to multiple light pen operation(s).

Example PRINT #1, "OUTPUT 18;NA55X" " Open one crosspoint
PRINT #1, "CUTPUT 18;NAB5,A56,B49,B50x" ' Open mulliple crosspoints

5.9.15 O — Digital output

Purpose To set the states of the digital output lincs.
Format Ovvvvvy
Parameters vvvvv=00000 to 65535 Decimal value of digital output
Default Upon power-up or after receiving a DCL, SDC, or ROX command, the instrument defaults (o

000000 (all digital outputs set to logic low).

Description This command is a decimal representation of the states of individual output lines of the digital
I/0 port, where *1” is logic high and *“("” 18 logic low. Bit assignments and corresponding con-
nector pins are shown below:

Bit [rosition 15 14 13 12 1" 10 9 8 7 & 5 4 3 2 1 QO

Bit Weight 32768 16384 8192 4096 2048 1024 512 256 128 64 32 16 8 4 2 1

Digitai 16 15 14 13 12 11 10 9 8 7 6 5 4 13 2 1
Programming notes 1. In a master/slave configuration, only the output of the master unit is updated.

2. Leading zeros are not necessary in the parameter value.
3. This command is equivalent to a multiple light pen operation(s).
4. Output is negative true logic. Setting bit high will make output go low (sink).

Example PRINT #1, "OUTPUT 18;015X" ' Set bits <3-0> high
PRINT #1, "OUTPUT 18;00%" ' Restore default condition
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5.9.16 P — Clear crosspoints

Purpose
Format

Parameters

Description

Programming note

Example

5.9.17 Q — Delete setup

Purpose
Format
Parameters

Description

Programiming note

Example

To clear all crosspoints at the specified sctup.
Pn

n=0 Present relay setup
n=1to 100 Stored relay setup

The P command clears all crosspoints in the sctup indicaled by its parameler. It the present relay
setup (zcro) is specified, all crosspoint relays are opened immediately. If setup stored in memory
(1-100} is specified, all crosspoints of that setup are cleared.

This command is equivalent to muitiple front panel key presses.

PRINT #1, "OUTPUT 18;p0X"
PRINT #1, "OUTPUT 18;P20X"

"Open all relays
' Clear relay setup 20

To delete a setup [rom memory.
Qn
n=1to 100  Stored relay setup

During exccution of this command, setups “n+1" through 100 are shilied down o the next lower

[T T]

location in memory (“n+17 10 “n”... 100 to 99). Then, all crosspoints of sctup #100 are cleared.
The front panel display is blanked during a delcte operation.

The command Q100 clears all crosspoints of relay setup 100,

PRINT #1, "OUTPUT 18;Q50X" ' Delete relay setup #50 from memory
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5.9.18 R — Restore defaults

Purpose
Format
Parameters

Description

Programming note

Example

5.9.19 S — Programmed settling time

Purpose
Format
Parameters

Default

Description

5-30

To restore the Model 708 to factory default conditions.

Rn

n=0  Restore factory defaults

An RO command performs the following actions:

» All setups stored in memory are cleared.
+ Make/Break and Break/Make rows arc cleared.

+ A Device Clear operation (all crosspoint relays are opened, Relay Step pointer is set to 000,
Memory Step is set o 001).

DDC parameters are set to the valucs shown below:

Al Initiate trigger on falling edge of Exlernal Trigger pulse.

BO Set Matrix Ready output signal to negative (ruc,

EG0O Set edit pointer to present relay setup.

FO Disable triggers.

GO Set full output format, all data sent in one talk.

K0 Send EOI with last byte, hold-off on X until ready.

MOOO Disable all SRQ sources.

Q00000 Set all digital outputs to logic low.

S00000 Set user settling time Lo zero,

T7 Trigger Model 708 on external trigger pulsc.

V00000000  De-select ail rows for make/break.

WO00000000  De-select all rows Tor break/make.

YO Set terminator characters of <CR> <LF>,

The primary IEEE-488 address and master/slave operation are not affected by the Restore com-
mand,

PRINT #1, "OUTPUT 18;ROX" ' Restore default conditions, clear setups

To program the setiling time.

Sn

n=0 to 65000

Time in ms

Upon power-up or after receiving a DCL, SDC, or ROX command, the instrument defaults to S0
(programmed seftling time of zero).

With the S command, you can program the settling {ime (up to 65 scconds). The programmed
settling lime starts after the longest relay settling time has clapsed.
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Programming notes The total settling time equals the longest relay settling time of any card in the system plus any
user-programmed settting time. Figure 5-16 shows a timing diagram of the settling times. Addi-
tional {iming diagrams are given in paragraph 4.8.2,

Setup Data
Shift
Relay Programmed
Settling Time Suettling Time -’i

Ready
Matrix
Ready : A
TRIG Not SETTLED
Overrun Message »

Additional TRIGGER

iti per s Hrotessed ———=
not Processed Additional Trigger & Processed

Figure 5-16
READY and MATRIX READY signal timing

Example PRINT #1, "OUTPUT 18;S5000X" "Program 3 second (3000 ms) settling time
PRINT #1, "OUTPUT 18;S0X" ' Restore default condition (0 ms)

5.9.20 T — Trigger

Purpose To select the trigger source.
Format Tn
Parameters n=0or | Trigger on talk

n=2or 3 Trigger on GET
n=4 or 5 Trigger on X
n=6or 7 Trigger on External Trigger pulse

Default Upon power-up or after receiving a DCL, SDC, or ROX command, the instrument defaults 1o T7
(Trigger on External Trigger pulse).

Description With the trigger command, you can determine the trigger source over the bus or from an external
trigger pulse. A valid trigger increments the Relay Step pointer by one, stopping at 100, and cop-
ies the setup data indicated by the new value to the relays.

Programming notes 1. Duplication of trigger sources allows compatibility with other Keithley IEEE-488 instruction
sels.

2. Disabling triggers before changing the trigger source is 4 good programming practice.
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3. If the unit is re-triggered while it is still processing a previous trigger, a Trigger Overrun or
Trigger Before Settling Time Expired error occurs, depending on when the additional {rigger
cccurs. The timing diagrams are shown in paragraph 4.8.2.

4, To trigger the instrument when using the trigger on talk, you must send the talk command de-
rived from the correct primary address. The factory default primary address is 18. Trigger on
talk does not occur when the Model 708 becomes a talker, but rather as the controller requests
the first byte of data from the unil.

. Trigger on GET allows the fastest IEEE-488 triggering response.

6. The X characler that is sent when programming a trigger on X source triggers the instrument,

th

Example PRINT #1, "OUTPUT 18;FOTOX" 'Disable triggers, program trigger on talk.
PRINT {1, "QUTPUT 18;F1X" " Enable triggers
PRINT #1, "ENTER 18" " Trigger next setup
LINE INPUT #2, A$
PRINT #1, "QUTPUT 18;F0T2X" " Disable triggers, program trigger on GET
PRINT #1, "OUTPUT 18;FlX" ‘Enable triggers
PRINT #1, "TRIGGER 18" "Trigger next sctup

5.9.21 U — Status

Purpose To obtain instrument stains and system configuration.
Format Un
Un,s
Un,u
Parameters n= 0 Send machine status word.
n=1 Send error status word.
n=2% Output setup “‘s” (0-100) with present G format.
n=3 Send value of RELAY STEP poinler.
n=4 Send number of slaves.
n=35u Send ID of cach card in unit “u” (0-4).
n==4 Send longest relay settling time.
n=7 Send digital input of unit.

Description Overview

By sending the appropriate U command and then addressing the instrument to talk as with nor-
mal data, you can obtain information on machine status, error conditions, and other data.

U0 Machine status word

The format of U0 is shown in Figure 5-17. The letters correspond to modes programmed by the
respective device-dependent commands. Relurned values cortespond to the programmed nu-
meric values. The values shown in Figure 5-17 are the default valucs.
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External Trigger Edge

Matrix Ready

Edit Painter
Enable/Disable Triggers
[Data Formal

Madel Not Used

Number
[

708 AD BO EODQD FO GO XXX [() E)O(] 00000 5600040 T7 VON0O000D WOGHONODE YO <TERM+ O

Terminataer

Break/Make Rows
Maki/Break Rows

Frigper Source

Programmued Setthing Time

Digital Output
SR(Z Mask
EO and Hold-Off

Figure 5-17

U0 machine status word

U1 Error status word

The Ul command allows access to Mode! 708 error conditions. The error status word (Figure 5-
18} is a string ol ASCII characters representing binary bit positions. Reading the U1 status clears
the error bits. An error condition is flagged in the seriat poll byte while any bits in the error status
word are set. The instrument can be programmed to generate an SRQ when an crror condition
occurs (see paragraph 5.9.12).

Model
Number

708 bbbbbbbbifTERM%() b>

innce Setup Checksum Error
1DDCO Power-up Inilialization Failed
Nat in Remote Master/Slave Loop Error
Self-test Failed Trigger Before Settling Time Expired

Trigger Overrun (Hardware)

Figure 5-18
Ul error status word
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534

The various bits in the U error status word are sel when the following conditions are present:
IDDC — An invalid device-dependent command (IDDC) is received.

IDDCO — An invalid device-dependent command option (IDDCO) is received.

Not in Remote — An X command is received over the bus, but the Model 708 is not in remote.
Self-test Failed — The sclf-test detects a program ROM checksum error or a RAM ertor.

Trigger Overrun (Hardware) — A trigger is received before the Ready signal is asseried. The
trigger is ignored.

Trigger Before Settling Time Expired — A trigger is received before the Matrix Ready signal
is asserted. The trigger 15 processed.

Master/Slave Loop Error — There is a communication or timing error in the master/slave loop.

Power-up Initialization Failed — The power-up rouline has detected a checksum error in the
information {rom one or more cards.

Setup Checksum Error — The power-up routine detects a checksum error in one or more set-
ups stored in memory. (The affected setups are cleared.)

U2,n Formatied setup

With the U2 command, you can request the Model 708 to output data of cither the present relay
setup (n = 0) or a stored setup (1 < =n < = 100) according 1o the G format presently in cffect.
(See paragraph 5.9.7.)

U3 Relay step pointer

The U3 command (Figure 5-19) requests the value of the Relay Step pointer, which indicates the
last setup sent to the relays (000 < = nnn < =100).

ldentifier

i

RSP nnn <TERM+EQ >

000-100

Figure 5-19
U3 relay step pointer

U4 Number of slaves

With the U4 command (Figure 5-20), you can request the number of slaves present in a master/
slave loop conliguration (between 1 and 4).



TEEE-488 Programming

ldentifier

’_J_\

NOS N <TERM+EC >

0-4

Figure 5-20
U4 number of slaves

US,u Card IDs

By specifying a unit number in the US command (@ for master, 1-4 [or slaves), you can request
the model numbers of the cards present in cach mainlrame. The output format is shown in Figure
5-21. The character string for an cmpty siot is “NONE".

identifier

CtR0, T,mmmmmm <TERM+EQOI>

l—_i Model Number

Card Slot
Unit Number {0-4)

Figure 5-21
U5 card identification

U6 Relay settling time

The U6 command (Figure 5-22) requests the Model 708 to output the longest relay settling time
of all cards in the system (expressed in milliseconds).

Identifier
RSTrnnnnn <TERM+EOI>

milliseconds

Figure 5-22
U6 relay settling time
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Programming notes

5.9.22 V — Make/Break

Purpose
Format

Parameters

Description

5-36

U7 Digital input

The U7 command (Figure 5-23) requests a decimal value of the inputs at the digital I/0 port. In
masler/slave configurations, the digital input of the master unit is sent,

Identifier

DIN jiiii, <TERM+EQOI>

Input (000-65535)

Figure 5-23
U7 digital input

1, The instrument transmits the appropriate status word only once each lime the corresponding
U command 1s received.

2. To ensure that correct status is indicated, the status word should be requested immediately al-
ter the command is transmitted. The status sent by the Model 708 is that which is present at
the time it is instructed to lalk, not al the time the U command is received.

3. The bits in the Ul error status word latch and remain in that condition until the Ul word is
read.

4. The programmed terminator (default CR LF) is transmitted at the end of each status word.
Also, EOQI is transmitted at the end (unless disabled with the K command).

5. If no U command has been received, the PRINT #1, “ENTER 18" and LINE INPUT #2, A%
commands request the letter (x) and number {nn) of the software revision for a stand-alonc
unit or the master unit of a masterfslave configuration (708xnn). It is sent with two trailing
spaces plus the lerminator and EOL

To select rows for make/break operation.
Vabcdelgh

abedefgh= (0000000 All rows de-selected for make/break
to
11111111 All rows selected for make/break

The V command selects individual rows for make/break (make-before-break) operation. A “17
in the respective row field selects make/break; a “0” de-selects make/break operation,
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Example

5.9.23 W — Break/Make

Purpose
Format

Parameters

Description

Programming notes

IERFE-488 Programming

. Specifying fewer than cight numbers in the parameter field {e.g., V1111) is invalid. The Mod-

el 708 takes no action on the rows and flags an IDDCO error.

. The rows can be programmed for one of threc switching options: make/break, break/make, or

don't carc. A row cannot be selected for both make/break and break/make at the same time,
Selecting it for onc de-selects it for the other.

. When switching current sources, use make/break operation to keep current flowing and clim-

inate switching transients. When switching voltage sources, use break/make operation 1o
avoid momentary shorting of two paths together.

4. Given the present states and actions performed, the next states of the rows are listed below:
Present state Action Next state
Don't Carc Select Make/Break Make/Break
De-select Make/Break Don't Care
Make/Break Select Make/Break Make/Break
De-select Make/Break Don't Care
Break/Makce Select Make/Break Make/Break
De-select Make/Break Break/Make

PRINT #1, *OUTPUT 18;V11110000X"
PRINT #1,

' Select rows ABCD for make/break

"OUTPUT 18;V00000000X" ' Restore defaull condition

To sclect rows for make/break operation.

Wabcdefgh

abcdefgh= 00000000 All rows de-selected for break/make

Lo

11111811 All rows selected for break/make

The W command selects individual rows for break/make (break-before-make) operation. A 17
in the respective row ficld sclects break/make; a “0” de-selects break/make operation,

1.

Specifying fewer than eight numbers in the parameter field (e.g., W1111) is invalid. The Mod-
¢l 708 takes no action on the rows and flags an IDDCO crror.,

. The rows can be programmed for one of three switching options: make/break, break/make, or

don't care. A row cannot be selected for both make/break and break/make at the same time,
Selecting it for one de-selects it {or the other.

. When switching current sources, use make/break operation to keep current flowing and ehim-

inale switching transients. When switching voltage sources, usc break/make operation to
avoid momentary shorting of two paths together.

4, Given the present states and actions performed, the next states of the rows are listed below:
Present State Action Next State
Don't Care Sclect Break/Make Break/Makc
De-select Break/Make Don't Carc
Make/Break Sclect Break/Make Break/Make
De-select Break/Make Makec/Break
Break/Make Select Break/Make Break/Make
De-select Break/Make Don't Care
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Example

5.9.24 X — Execute

Purpose
Format

Description

Programming notes

Example

5.9.25 Y — Terminator

Purpose

Format

Parameters

Default

Description
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PRINT #1, "oUTPUT 18;Wl1110000x" ' Select rows ABCD for break/make
PRINT #1, "OUTPUT 18;W00000000x" 'Restore default condition

To direct the Model 708 to execute device-dependent commands received since the last X.
<command> X

The exccule command is implemented by sending an ASCI X over the bus. Its purpose is 10
direct the Model 708 (o execule other device-dependent commands. Generally, the execute char-
acter is the last byte sent in the command string; however, there may be some cases when it is
desirable to send a string of characters at one time and then send the execute character later on.

1. Commands or command strings sent without the X character are not executed at that time, but
they are stored in an internal command buffer for later exccution once the X character is fi-
nally received,

2. The X character can also be used Lo trigger, as described in paragraph 5.9.19.

3. Commands are not necessarily cxecuted in the order sent (see Table 5-10). To force a partic-
ular command sequence, include the X character after each command in the command string.

PRINT #1, "OUTPUT 18;81x" ' Execute single command

PRINT #1, "OUTPUT 18;E1CA47X" ' Execute multiple commands

PRINT #1, "OUTPUT 18;T6XALXR1X" 'Force command scquence

PRINT #1, "OUTPUT 18;G2Y1" ' Send string without execute

PRINT #1, "OUTPUT 18;X" 'Now execute command string al later time

To select the ASCI! terminator sequence that marks the end of the instroment's data string or sta-
tus word.

Yn

n =0 <CR>»<LF>
n =1 <LF><CR>
n=2<CR>»
n=3<LF>

Upon power-up or after receiving a DCL, SDC, or ROX command, the instroment defaults to YO
(<CR><LF=>}.

By using the Y command, you can program the number and type of terminator characlers the
instrument sends at the end of its daia string. Available terminator characters are the commonly
used CR (carriage return, ASCII 13) and LF (line feed, ASCII 10} characters. These terminator
characters are recognized by most controllers.
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Example

5.9.26 Z — Copy setup

Purpose
Format

Parameters

Description

Programming note

Example

IEEE-488 Programming

|, EOI is another method that can be used to terminate the controller input sequence, as dis-
cussed in paragraph 5.9.10. EOI is asserted with the last terminator byte when enabled.

2. The programmed terminator is sent at the end of the transmission cach time the Model 708 13
addressed to talk, regardless of the selected data [ormat,

3. Status word programming is covered in paragraph 5.9.20.

PRINT 1, "QUTPUT 18;Y2X" " Terminator on CR
PRINT #1, "QUTPUT 18;Y0X" 'Restore default

To copy a setup from relays or memory to relays or memory.
Zm,n

m=0-100 Copy present relay setup from. ..
n=0-100  Copy present relay setup to...

0.n = Copy present relay setup to stored setup “n” (1-100)
n,0 = Copy stored setup “n” (1-100} to present relay setup
m,n = Copy sctup “m” (0-100) to sctup "n’* (0- 1)

By specifying a source and destination in the Z command, you can copy data between stored
setups and between the refays and setups stored in memory. Copying a setup to the relays sets
the Relay Step pointer to that setup.

The Z0,0X command sends the present relay setup to the relays. There is no elfect on the relays,
but the Relay Step pointer will be resct to 00€).

PRINT #1, "QUTPUT 18;Z0,10X" ' Copy present relay setup to setup 10
PRINT #1, "OUTPUT 18;Z20,0X" ' Copy setup 20 from memory 1o relays
PRINT #1, "OUTPUT 18;210,20x" *Copy sctup 10 to setup 20
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5.10 Relay command combinations
There are four device-dependent commands that have an immediate effect on relay states:

» EON... — Poinl to relays, open specified crosspoints.
» HOC... — Point to relays, close specified crosspoints.
o PO — Open all relays.

[N L]

* Zn,0 — Copy setup “n” to relays.

Combinations of these commands in the same command string cause only one relay switching operation when the X character
is received. The command hierarchy (E, P, Z, N, C) determines the final data that is sent to the relays. This is shown in the {ol-
lowing examples.

Example 1

The command string “EOPOCA1X” sets the edit pointer (o the present relay setup, opens all relays, and closes crosspoint Al.
Al will be the only closed crosspoint,

Example 2

The string “B0Z5,0CA1X” scts the edit pointer to the relays, copies stored setup #5 (o the relays, and closes crosspoint Al, Al
will be closed regardless of the state of Al in setup #5. The status of the relays will be a combination of setup #5 and a ¢losed
Al crosspoint.

Example 3

The command string “E0ZS5,0NA1X” points to the relays, copies setup #5 to the relays, and opens crosspoint Al. If setup #5
had specified At to be closed, the command NA | overrides that. (A1 will not clese, then open, as there will be only one relay
switching operation.} The relays will reflect setup #5 and an open Al crosspoint.
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5.11  Timing considerations
Timing considerations for IEEE-488 programming include:

« Dala transfer rates between the controller and Model 708 (stand-alone or master) over the IEEE-488 bus.
» Command string parse time within the stand-alone or master unit.
« Data transfer rates among the units in a mastet/slave loop.

« Execution times of the tasks defined by device-dependent commands.

The times needed for these actions are determined by the length of the command string, the number of units in a master/slave
configuration, the types of commands, and the speed of the controller,

Typically, a command string sent to the Model 708 will transmit at a rate of four characters per millisccond, (Assuming the
transfer speed of the controller does not affect the listening rate of the Model 708.) For example, the CALCASX command
string will take 2ms to transmit {rom the controller to the Model 708.

When the Mode! 708 is sending data to the controller (e.g., uploading setup data), the transmission rate will typically be 2.5
characters per millisecond.

The bus hold-off time for each command is the time from receipt of the *X” to “instrument configured.” It includes the parsing
time, data transfers within a master/slave loop, and command execution time.

Table 5-14 summarizes the total times (transmission plus hold-off) for device-dependent commands acling on a stand-alone
unit. Tablc 5-15 summarizes these times for a master and one slave system. Bus hold-off times for individual command strings
can be calculated by subtracting the transmission time (four characters per millisccond).
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Table 5-14
Typical transmission and hold-off times — stand-alone
Description Command Time Notes
External Trigger A0X 4.8ms
Matrix Ready BOX 4.8ms
Close Crosspoini(s) CAIX 18.6ms To relays
CAl1X 19.9ms To setup 55
Edit Pointer EOX 4.4ms
E100X 5.8ms
Enable/Disable Triggers FOX 4.8ms
Data Format G7X 4.4ms
Insert Blank Setup nx 835ms
130X 1. 1ms
Self-test )¢ 3.3ms
EOI and Hold-ofl K0x 4.4ms
Download Setup Lbbb..X 56.0ms Binary format (G6,G7)
SRQ M32X 4.9ms
Open Crosspoint(s) Similar to Close Crosspoints (“C”) times
Digital Output 065535X 5.8ms
Clear Crosspoints POX 18.9ms
P55X 20.5ms
Delete Setup 0] D:4 828ms
Q100X 21.0ms
Restore Defaults ROX 628ms
Programmed Settling Time | S0X 5.0ms
565000X 7.3ms
Trigger Source T7X 4.8ms
Status uox 4.5ms
U2,100X 6.8ms
Make/Break Rows V00000000X 124ms With no B/M rows set
VITIILIIX 134ms With no B/M rows set
VOOO01111X 153ms With A,B,C.D as B/M
Break/Make Rows Similar to Make/Break Rows (“V”} times
Execute X 3.2ms
Terminator YOX 4.7ms
Copy Setup Z0,0X 21.1ms
Z0,100X 23.3ms
Z100,99X 21.6ms




Similar to Close Crosspoints ("C) times

Similar to Make/Break Rows (V™) times

Table 5-15
Typical ransmission and hold-off times — master and one slave
Description Command Time Notes
External Trigger AOX 12.3ms
Matrix Ready BOX 12.3ms
Close Crosspoint(s) CAIX 31.5ms
Edit Poinler EOX 17.4ms
E55X 18.8ms
Enable/Disable Triggers FOX 18.5ms
Data Format GOX 11.7ms
Insert Blank Sciup X 1.7s
100X 49.9ms
Self-lest JOX 3.4ms
EOI and Hold-off KX FL.oms
Download Sctup Lbbb...X 68.5ms Binary format (G6,G7)
SRQ M32X 12.0ms
Open Crosspoint(s)
Digital Output 065535X 12.9ms
Clear Crosspoinis POX 47.8ms
P55X 48.8ms
Dclete Setup QI1X 1.7s
Q100X 49.8ms
Restore Defaults ROX 1.4s
Programmed Settling Time | S0X 11.9ms
S65000X 14.6ms
Trigger Source T7X 12.3ms
Status uox 1 1.8Bms
U2,100X 14.2ms
Make/Break Rows V00000000X | 265ms With no B/M rows set
VILITHIX 284ms With no B/M rows set
V00001111X | 324ms With A,B,C,D as B/M
Break/Make Rows 10.5ms
Execute X 11.5ms
Terminator YOX 51.1ms
Copy Setup Z0,0X 47.2ms
Z0,100X 55.4ms
Z100,99X 49.9ms
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6.1 Introduction

This section contains a functional description of the Model
708 in block diagram form as well as details of the various
sections of the instrument. Information is arranged to pro-
vide a description of each of the functional blocks within the
instrument. Many of these descriptions include simplified
schematics and block diagrams. Component layout drawings
are located al the end of Section 8.

6.2 Overview

The Model 708 mainframe contains three circuit boards and
one power supply. Relay cards that plug into the mainframe
have analog circuits for signal paths and digital circuits for
control. The block diagram in Figure 6-1 shows the intercon-
nection of the mother board, front pancl control board, dis-
play board, and backplanc.

The following paragraphs describe Model 708 circuitry by
function. Some functions are controlled by more than one
hoard (c.g., relay control circuits and display circuits).

Master/ .
Slave [t li;mml 1 Display Board
- ane
Digital /O -~ Mother Board Control Fro:tnlt’jmci
 EEE-488 | ™ Board Switches
1
External Trigger In J s ]
Matrix Ready Out = l}',i':
Y
Backplane
"
| |
| |
| |
1 |
| |
i |
| |
| |
l._ 1

Plug-in Matrix Card

Figure 6-1
Model 708 block diagram
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6.3 Microcomputer The mictocomputer centers around the 8-bit 68B0% micro-

processor. The MPU has direct control over relay switching,
The Model 708 is controlled by an internal microcomputer. front panel displays and switches, and rear panel interfaces
As shown in Figure 6-2, the digital board contains the CPU, (master/slave, digital 1O, IEEE-488 bus, and triggers).

memaory, and the following associated components:

Although the 68B0Y microprocessor will operate at frequen-
cies up to 8MHz, a clock frequency of 7.15909MHz is used
= Oscillator (Y101} to reduce interfercnce with instruments that use measurc-
« Power-up reset (Ul11) ment signals with harmonics of IMHz. Crystal Y101 pro-
vides timing for the microprocessor, [nternally, the clock
frequency is divided down by four to obtain an operating fre-

+ 68B09Y microprocessor (U104)

* Address decoding PALs (U116, ULIT)

* 32K x 8-bit EPROM (U105) quency on the microprocessor bus of 1.78977MHz.
¢ 32K x 8-bit RAM (U106) with battery back-up (BT101,
Ul14)
cru 32};; 32K “&allery 7“—% DISPDATA
— EPROM RAM Backup Display N
RQQ _— Board -3 BEANK
ITFE-(S —— Imerface |y ver
——— KEYDATA
T O
[
System
Tick
Timer =

Light Pen [ LPSWITCH
Inferface  [&——— SFNSEPULSE

LPRESET L.PSENSE

7 ? Data out

Mastor/ € — Dara in
J— Slave
nterface [P Ready

K———> /s TRIGGER
T “——% LPSENSE
—————> |PRESET

CARD SELECT (—/'L"* .
KILAYDATA a‘:z"‘
Clk Interface
STROBE €
CLRADDR &l
NEXTADDR €—|
IDDATA —===

SLAVE M/ TRIGGER

Triggoer e o
-
U EXTERNAL TRIGGER

16
=42 Ouiputs

:> Digital ﬁ OUTPULSE

— Wo [ Iaputs
= INLATCH

Matrix
IEEC-480 Ready 7 MATKIX READY
Interface

Figure 6-2
Digital board block diagram
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6.3.1 Reset circuit

The reset circuit, which is based on an 8211 (or 6728) voli-
age detector (UL11), senses the output of the 5 volt power
supply. When the output drops below approximately 4.6V,
the 8211 asserts the RESET (low truc) line. Two 1% resistors
(R115 and R116) form a voltage divider, which is calibrated
10 match the comparator threshold voltage of the 8211 by ci-
ther removing or leaving in R117, which is in parallel with
R116.

During power-off or brownout conditions, the RESET line
must be asserted before the 5 voli supply drops into the com-
parator threshold range (4.25 to 4.5 volis) of the 1DS-1210
non-volatile RAM controller (U114). During power-up, ca-
pacitor C115 is charged up 1o delay the RESET line going
high for 110 to 260ms.

6.3.2 Address decoding

Ul1l7, a 16P8A programmable array logic (PAL) chip, de-
codes microprocessor address lines A15-A12 for the 32K
EPROM ($8000-$FFFF) and the 32K bytes of bank-sclected
RAM ($0000-$2FFF). Bank selection is used so that the
RAM appears as [ 2K bytcs of address space to the micropro-
CeSSOI.

U117 also decodes the three bank-select lines (BS3-BS0)
from the PB6-PB4 outputs of U103, a 6522A versatile inter-
face adapter (VIA). The RAM is decoded as 8K byles
($0000-$1FFF) and six 4K byte banks, which appear to the
microprocessor at addresses $2000-$2FFE, This lets the mi-
croprocessor sclect one of the six 4K byte banks.

Principles of Operation

Address decoding for peripheral devices on the microproces-
sor bus is performed by another 16P8A PAL (U116). Periph-
eral devices are decoded at 16-byte intervals in the address
range of $3800-838FF. These include, for example, a 6522A
VIA, a 65C21 peripheral interface adapter (PIA), and o
68B50  asynchronous communication interfuce  adapier
(ACIA).

6.3.3 Memory

The 32K bytes of instrument operation software arce stored in
U105 ($8000-8FFFF), which is a 27256 EPROM.

U106 {$0000-832FFF) is a 32K byle static CMOS RAM chip
usced for storing refay setups and as a scratchpad during nor-
mal operation. Its power source and chip cnable lines are
routed through U114, 2 138-1210 NVRAM controller. Figure
6-3 shows u simplified schematic of the RAM and battery
backup circuitry.

The NVRAM controller performs the functions of switching
the RAM power source between Vee and the lithium battery
(BTI10H). It also disables chip enable (CE) o the RAM when
Ve is outside the specified limits (paragraph 6.3.1).

In addition, if the battery power goes below a specified limit
while Vec is not present, a DS-1210 chip normally inhibits
the second chip enable signal 1o the RAM after Vee is re-
stored. Since this feature is not uscd in the Model 708, the
software always does a dummy read of memory locations
$0000-$0001 on power-up to get past the second chip enable
cycle. This permits the Model 708 to operate properly with
no battery, or if the battery has been replaced.

6-3
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U103
6522A uita N
VIA DS-1210
o CE VCC |
9 CEo VOO
P4 [B50
pps [EE1 VBAT2  GND
PB& 35 U117 I_h__;L
16PBA BT107
17 07
U104 " U106
68B0Y 14 8832C20
AlS 13 "—EIT Vee [
Al4 14 Lo
A3 15
A2 16
04 Al4
05 A3
06 Al2
AT1 Al
A0 A0
A9 A9
AB A8
A7 A7
Ab Ab
A5 A5
Ad Ad
A3 A3
A2 A2
Al Al
AD AD
Figure 6-3
RAM and battery backup
6.4  Relay control circuitry 6.4.1 Switching card interface

The relay control circuits reside on the backplane board,
mother board, and each switching card.

The backplane board acts as a passive conduit for:
« Control signals from the mother board to the switching
cards and response from the cards to the mother board.
* Power lines to the switching cards.

* Expansion of analog signals among the switching
cards.

Operations of relay control circuitry on the mother board and

a typical switching card are described in the following para-
graphs.

6-4

A simplified schematic and timing diagram of the mother
board's card interface are shown in Figure 6-4 and Figure 6-5.

The micreprocessor reads card identification data from the
EPROM on each installed card during power-up and sends
relay control data to the cards during the course of operation.
This data is sent and received in serial form,

On the mother board, U131, U129, U128, U127, and U130
form an 8-bit paratlel-in, serial out data converter. When the
microprocessor execules a write to the address decoded for
U131 {(a 74HCT165 shift register), the data bus contents are
loaded into U131, and all ones are loaded into U129
(7AHCT165) causing its output OH (o go high.



Atthe cnd of the write cycle, the SELECT RELAYDATA de-
code line goes high, causing the output of the U128
(74HCT08) AND gate to go high. This signal (ACTIVE)
gates the microprocessor E clock through a U127

Principles of Operation

The UI30 (741HCT74) Mip-flop and ancther U127 NAND
gate arc used to create an inverted version of CLK, which
does not start until after one cycle of CLK. This signal is
uscd to shift data out of the U3 1 RELAYDATA shift regis-

(74HCT00) NAND, which is buflered by U137 and sent to Ler.,
the cards as the CLK signal. Clock cyeles are counted by the
U129 shift register. After 8 cycles, OH of U129 returns low,
disabling further CLK pulses.
L
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Matrix card interfuce simplified schematic
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el LI O O B O R O (I

SELECT AELAYDATA

ACTIVE

U130 QUTPUTQ

g

CLK

RELAYDATA
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wesowe [ P LI LT LT LT L

Figure 6-5
Matrix card interfuce timing diagram

6.4.2 Switching card logic

See Figure 6-6 for a block diagram of the logic on a typical
switching card.

On the cards, the CLK and RELAYDATA signals are buli-
ered and sent 1o a string of UCN-5841 serial input latched
driver chips. The CLK signal is sent in parallel to all of the
driver ICs. The serial data out of one driver is connected fo
the serial data in of the next driver.

ID data circuits

Each card has a 2764 EPROM thal contains the following
identification data:

+ Card model number

+ Relay thardware) settling time

» Relay configuration table

The configuration table defines the location of each relay
driver within the serial RELAYDATA bit stream. The table
is necessary because the physical layout of cards varies. In
addition, the table accommodates row and/or column isola-
tion relays, such as those on the Model 7072 card.

To read this ID data, the following sequence is performed at

power-up. Figure 6-7 shows the general timing of this se-
quence.

6-6

G O N O A I A

D4

a1k Rising Edge

1. The CARDSEL line is brought low, enabling the
EPROM outputs. This line remains low throughout the
1D data transmission sequence.

2. The CLRADDR line (generated by port signal PR3 of
the digital boards VIA) is pulsed high to clear the 12-bit
address counter (74HCT4040) to zcro. At this point, an
EPROM address of zero is selecied. This pulse occurs
only once.

3. The NEXTDDDR line (PB2 of VIA) is set low. This in-
crements the counter and enables parallel loading of the
parallel-to-serial converter (74HCT165). NEXTADDR
is kept low long enough for the counter to increment and
the EPROM outputs to stabilize. This sequence [unc-
tions because the LOAD input of the parallel-to-serial
converter is level-sensitive rather than edge-sensitive.
The first EPROM address used by the Model 708 is lo-
cation one, not Zero.

4. The same CLK signal that shifts RELAYDATA inio the
relay driver also clocks the parallel-to-serial converter
to shift all eight data bits from the converter to the digi-
tal board via the IDDATA line. This means that a byte ol
RELAYDATA must be sent to a card to get the next byte
of IDDATA.

Steps 3 and 4 are repeated until all the necessary EPROM lo-
cations are read.

As shown in Figure 6-7 of the mother board, IDDATA is
converted back to parallel by U102 (74HCT164) and is read
by the microprocessor through the port A lines of U103
(6522A VIAYVIA $3860-$386F).
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EPROM PARALLEL TC
[ SERIAL
DATA N
NEXT ADRS BUFFER
—NEXTADRS CLOCK  OUT
CLK ADRS
IDDATA 12
RELAYDATA
e € 1 2-RIT
COUNTER
ENABLE
CLOCK
CLEAR
SELECT
CLEAR ADRS L CLOCK J
IDDATA
_STROBE
CLOCK
RELAYDATA SERIAL TO PARALLEL
IN RELAY DRIVERS
ENABLE  STROBE  OUT
POWER ON .
RESET n card-specific
CLK

RELAYS

Typical marrix card logic block diagram

Figure 6-7

CARDSE |

CLRADDR

NEXTALIOR

L

IDDATA timing diagram

ooara (X Koo Ko Ko Ko oz Ko X

6-7
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Relay control

The CLK, RELAYDATA, and IDIDATA lines are bused to
the card slot on the backplane board. A separate card select
signal is sent to the card Lo enable it for receiving RELAY-
DATA and sending IDDATA. The microprocessor controls
the card select signals through U119 (74HCT374) on the
mother board, which is decoded as an output port on the mi-
croprocessor bus.

The relays are controlled by the serial data transmitted via
the RELAYDATA lines. Bytes for each card are shifted seri-
ally into latches locaied in the relay drivers. The serial data
is fed in through the DATA lines under control of the CLLK
signal. As data overllows one register, it is fed out the Q'S
line of that register (0 the next 1C down the chain.

Once all the bytes have been shifted into the card in the
switching system, the STROBE line is set high to laich the
relay information into the Q outputs of the relay drivers, and
the appropriate relays are energized (assuming the driver
outputs are enabled). Logic convention is such that the cor-
responding relay driver output must be low to energize the
associated relay, while the output is high when (he relay is
de-cnergized. The STROBE signal is received by all cards
regardless of the state of their respective card select lines.

Power-on safeguard

Each card has a power-on safeguard circuit (0 ensure that re-
lays do not randomly energize upon power-up, Two NAND
gates of a 74HCTO0 are configured as an R-$ flip-flop. On
power-up, the Q output of the flip-flop is set high, holding the
low true OEN (output enable) pins of the relay drivers high,
Hence, the driver outputs are disabled, and all relays remain
de-energized regardless of the relay data information present
al that time.

The falling cdge of the first STROBE pulse that comes along
(to load relay data) clears the R-S flip-flop, setting the OEN
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pins low and enabling the driver outputs. At (his time, valid
relay control data has been sent to the cards and is present in
the latches of the driver chips. This action allows the relays
to be controlled by the transmitted relay data information.

NOTE

The STROBE signal can be high orlow on
power-up sinee the outputs of U119
(74HCT374) on the mother board arc un-
defined at power-on. Since the falling cdge
on STROBE, after the output enable cir-
cuit times out, cnables the relay driver out-
puts, the power-up software must set
STROBE low before the timeout. Tt then
pulses STROBE high after the relay driver
shift registers have been cleared.

A hold-off period (typically 470ms) is included in the safe-
guard circuit {0 guard against premature enabling of the re-
lays. The time constant of the hold-off period is determined
by an R-C network.,

6.5 Display circuitry

Mode] 708 display circuitry includes components needed to
control the [ront panel annunciator LEDs, crosspoint LEDs,
and to read {ront panel switches.

'The display circuitry is on the front panel control board and
mother board. See Figure 6-8 for a block diagram of the
display board and Figure 6-9 for a simplified schematic of
the display board interface on the mother board. The front
panel display is multiplexed as 12 columns for the card
columns and one column containing the discrete annunciator
LEDs TALK, LSTN, REM, COPY, and ERR. Display
segment assignments for the multiplexed columns are shown
in Table 6-1.
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Table 6-1
Display segment assignments
COLUMN
1 2 3 4 5 6 7 8 9 10 11 12 13
A DS400 | DS401 | DS402 |DS403 | DS404 |DS405 |DS406 |DS407 |DS408 1 DS409 | DS410 | DS411 | —
B DS412 1DS413 |DS414 [DS415 |DS416 | DS417 |DS418 |DS419 |DS420 |DS421 |DS422 |DS423 | —
C DS424 |DS425 | DS426 |DS427 |DS428 | DS429 [DS430 |DS431 {DS432 | DS433 | DS434 | DS435 | —
D DS436 |DS437 [DS438 [DS439 |DS440 (DS441 | DS442 |DS443 |DS444 | DS445 |DS446 |DS447 | —
E DS448 | D3449 | DS450 |DS451 | DS8432 |DS453 |DS454 |DS455 |DS456 | DS457 ? DS458 {DS439 [ —
F DS460 |DS461 [DS462 |DS463 |DS464 [DS465 |DS466 DS467 1DS468 |DS469 |DS470 |DS471 | —
% G DS472 |DS473 |DS474 |DS475 [DS476 |DS477 |DS478 |DS479 |DS480 | DS481 |DS482 |DS483 |—
a H 5484 18485 |DS486 |DS487 |DS488 |DS489 |DS490 |DS491 |DS492 | DS493 |DS494 | DS495 | —
TALK D8496
LISTEN D§4g7
REMOTE D53498
ERROR DS§499
COPY DS500

wuonniado) fo sapdioutig




6.5.1 Display data

The mother board scnds display data (DISPDATA) to the
[ront panel control board serially. Two byles are required to
select the column and row.

The cathodes are driven by U205 and U206. The anodes are
driven by source drivers U203-U204 (UCN3895A) connecl-
ed in a serial data chain. While new data is being sent to the
display drivers, the BLANKOUT line is set high to disable
the outputs. Display data is first shifted into the serial-to-
parallel converter U208 (74I1CT164) and then to the source
drivers.

Four parallel outputs of U208 are decoded by the 4-to-16 de-
coder U207 (74HCTI154). The outputs of this decoder drive
the display cathodes through sink drivers U205-U206
(2597A).

6.5.2 Front panel keys

The front panel keys are SPST normally-open pushbutton
switches. Each key is connected to one of the column drive
outputs of decoder U207 (74HCT 154} through a diode. The
diodes isolate the columns from each other in case more than
onc key is pressed. As the display is multiplexed, each key
column 1s pulled low in its turn, and the other columns float.

Each key is connected to Vee through a pull-up resistor and
to one of the inputs of parallel-to-serial converter U209
(74HCT165). The load input of U209 is connected to the
BLANKOUT signal, so each time new data is sent to the dis-
play, another key gets laiched into U209.

6.5.3 Display interface

The display interface circuitry of the mother board generates
clock signals and communicates serial data for the front pan-
el display and keyboard. The shift register of U103 (6522A
VIA) controls the display and reads the key array. Pin CB!
is the clock signal (FPCLK), and pin CB2 is the data signal
(FPDATA).

Principles of Operation

Signal FPCLK is generated for both serial output {display)
and scrial input (keyboard) operations. This single bi-
directional port is converted o two uni-directional ports by
two OR gates of U125 (7T4HCT32), two tri-state drivers of
U126 (74HCTI125), and a NAND gate of U127 (74HCTOU)
used as an inverter.

When the low true KEY signal (generated on VIA pin PB1)
is asserted, DISPCLK is held high, KEYCLK follows
FPCLK, thc KEYDATA driver (U126) is enabled, and the
DISPDATA driver (U126) is disabied.

When the low true KEY signal is negaled, the KEYCLK sig-
nal is held high, and the DISPCLK signal follows FPCLK.
The KEYDATA driver is also disabled, and the DISPDATA
driver is enabled. The remaining signal that goes o the dis-
play board, BLANK, is generated by VIA output pin PBO.

6.5.4 Refresh display/read keyboard

The relresh display/read keyboard sequence is as [ollows:

NOTE
During power-on hardware initialization,
the U103 shift register (6522A VIA) is
configured for output, and the low true
KEY signal is negated.

I. Set the BLANK line high.

Send two bytes of DISPDATA out the VIA shift register

to drive the next column in the multiplex sequence.

Set the BLANK line low.

Configure the VIA shift register lor input.

Asserl the low true KEY linc.

Read the VIA shift register 10 cause the KEYDATA 10

be shifted into the VIA.

7. Read the VIA shift register again to get the byle of
KEYDATA.

8. Ncgate the low true KEY line.

9. Configure the VIA shift register for outpul.

w
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6.6  Light pen interface

The light pen interface circuitry is on the front panel control
hoard. A simplified schematic is shown in Figure 6-10,

The light pen is a self-contained unit requiring a 5 volt sup-
ply. It returns the following two TTL-compatible signals:

* SENSEPULSE — A low-going pulse of about 15ps
width that occurs as the light intensity at the end of the
pen rises above a preset threshold.

+ LPSWITCH — A debounced swilch signal that is Tow
while the light pen pushbution is depressed.

The rising cdge of SENSEPULSE clocks a high into flip-flop
U130 (74HCT74). This converts the signal into a level that
can be rcad by the microprocessor through the PB7 input of
U103 (6522A VIA) as signal LPSENSE (low true).

If the low true SLAVE signal from U108 (63821
PTA)$3850-385F) is high (i.e., the unit is either a stand-
alone or master), the microprocessor reads its own U130 flip-
flop. The output of U130 also gets driven onto the LPSENSE
line of the master/slave connectors. If SLAVE is asserted, the
microprocessor reads the LPSENSE signal from the mastet/
slave connectors.

The microprocessor can clear flip-flop U130 by setting the
LPRESET output of UL03 high. This signal alse gets driven
onto the master/slave conneclors by open-collector driver
U134. This method permits the master and all slaves in a
master/slave system 1o read and clear the U130 flip-flop in
the master unit. Thus, one light pen can serve for all units,
while each unil controls its own display for the scan routine.

The switch signal (low true LPSWITCH) goes to the CAl in-
terrupt input of the VIA, which is programmed 10 generate an
IRQ interrupt on the falling edge of LPSWITCH. The inter-
rupt service routinc stops the normal display refresh multi-
plexing and takes over control of the display.

The routine then scans the display one column at a time,
clearing flip-flop U130 before scanning each column. Afler
the display is scanned, the processor examines the
LPSENSE signal to determine il the light pen “‘sees” one of
the LEDs that is presently being scanned.

If a master scans its display and receives no response from
the light pen, it instructs the slaves to scan their displays.
Each slave menilors the U130 flip-Aop of the master to check
whether or not the light pen “sees” any of the LEDs that are
lit on its own display.

utos U136
<]
63821 <]
PIA HCT244
U134 —
g [SAVE T
, . LPSEMSE
+av Ga MASTER/SLAVE
uU13n ' LIRESE) CONNECTORS
uo3 HCT244
nE22A
VIA 45V
87 LPSENSE
U134
e |LrmEsty [
48
—— U126 —
cAl LPSWITCHL LPSWIICH
EJ . LIGHT
o HCTI235 el
*RQ SENSEPLILST CONNECTOR
TO
68B0Y ¢!
IRC}

Figure 6-10
Light pen interface simplified schematic
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6.7  Master/slave circuitry

The mastet/slave interface is a closed loop of serial commu-
nication and bused control signals. Its contro! circuitry re-
sides on the mother board. See Figure 6-11 for a simplified
schematic.

Fach swilching system has a Master/Slave In connector and
a Master/Slave Out connector. Scrial data is sent from the

TXDATA pin of the output connector to the RXDATA pin of

the inpul connector on the next switching matrix in the loop.
All other interface signals (M/S TRIGGER, ALLREADY
LPRESET, and LPSENSE) arc common to input and outpul
connectors, The light pen signals LPRESET and LPSENSE
are described in paragraph 6.6.

Principles of Operation

6.7.1 Serial communication

Serial data communication is managed by UIQ7 (68B50
ACIA} and automatic retransmit logic: a UI27 NANID gate
used as an inverter, UI28 ANID gates, and U125 OR gate.

The RTS (low truc) output of UL07 controls the automatic
relransmission of serial data. Stand-atone and master units
assert RTS 1o gate the TXDATA output of U107 through an
AND gate and via U125 onto the TXDATA pin of the master/
slave interface. Relay KIiOL is energized when power is ap-
plied to the Model 708.

Slave units negate RTS except when responding (o a request
by the master for setup or status information, A negated RTS
signal blocks the TXDATA signal at its corresponding U128
AND gate. Incoming scrial data to the RXDATA input of
U107 is also routed through a U128 gate, the UI25 OR gare,
and onto the master/slave TXDATA pin to effect the auto-
matic retransmission.

Uil RXDATA
C
- ALLREADY
L7 heT7a P — o
n Q | WS TRIGIGIK MASTIR/SLAVY
68130 —_— IN
ACIA N Tl MASTLR/SLAVE [ LPRISET
- INTERFACE LPSENSE
TXCLK —1
RXCLK £94.89 kil U1y
HCTIa4
RXDATA
HCTOH
ulzz
RTS
. K} (hnergiced)
HCT00 Y ikt
TADATA .
71 HCT244
e VICTOB hiers2
IRQ
TO
68809
FIRQ
+5V
Uics
63821 U134 [X[3IA1A
PiA IMREAITY Dc ALLRFADY
EL:} M/ TRIGGIR MASTER/SLANVE
PAT u1is —_—— ouT
PAD ALLREADY Q LIPRESE|
5V peraa | PSENSE
A2 SLAVI. >
U134
O,
S TRIGGE '
Az PRASTRIGEER @ U136
TRIGGER 15 . .
CAl U135 HET244
RO “T13 LI 36
RO HOTH57
TO 1 LXTERNAL
CBBOT Lht ”‘ T TRIGGER
! T BN
RO 5 o HCT244

Figure 6-11
Master/slave interface simplified schematic



Principles of Operation

6.7.2 Control signals

Bused control signals are managed by UT08 (63B21 PLA),
Bused outputs are driven by Ul34 (7438 open-collector
NAND) and arc buffered for input with U136 receivers.

The SLAVE (low true) signal selects the external trigger
source.

In slave units, the SLAVE signal is asserled. This causes
multiplexer U135 to select the M/S TRIGGER (low true)
signal for the trigger interrupt. Slaves are disabled from driv-
ing the M/S TRIGGER signal by the U134 NAND,

In master or stand-alone units, SLAVE is negated, and mul-
tiplexer U135 selects the External Trigger Input BNC for the
trigger interrupt. This also enables the unit 1o drive the M/S
TRIGGER signal via the U134 NAND.

The ALLREADY signal is wired -ORed so that it is negated
whenever any unit in the master/slave loop has negated its
IMREADY {low wrue) signal when receiving and processing
data. When a slave unit is powered down, relay K101 pro-
vides a path to digital ground, simulating a negated
IMREADY signal. This provides positive indication 1o other
units on the master/slave loop that one of the units is not
running. Power-up software waits until all units have
asserted their IMREADY signal.

Assertion of M/S TRIGGER when the ALLREADY signal is
false causes the slave uniis to reset to a known state. Assert-
ing M/S TRIGGER with ALLREADY true triggers the
slaves.

6.8 Digital I/O

The digital input and digital output ports are two separate in-
terfaces contained on separate DB25 connectors. A simpli-
fied schematic of the circuitry is shown in Figure 6-12.

Digital inputs are managed by U132 and U133 (74HCT373
transparent latch), which is decoded as a port on the micro-

processor bus by PAL U116. U133 latches in the states of

lines IN(0:7), and U132 latches in the states of IN(8:15)
when the microprocessor reads the digital input port.

Digital outputs are managed by U118 and U119,

6.9 |EEE-488 bus interface

The Model 708 has an IEEE-488 standard interface that al-
lows the instrument to be programmed from a system con-
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troller. Commands can be sent over the bus to the instrument,
and data can be requested from the instrument,

The IEEE-488 interface is made vp of U109, U110, and
Ul12, U109 is a 9914A GPIA (general purpose interface
adapter), while U110 and U112 are interface bus drivers.

The GPIA simplifies microprocessor interfacing lo the
IEEE-488 bus because many control sequences take place
automatically. For example, when the microprocessor writes
to the GPIA data output register, the handshake sequence is
performed automatically, Without the GPIA chip, complex
microprocessor routines would be required.

On the microprocessor side of the GPIA, data transmission
is handled much like any other data bus transaction. Micro-
processor data access is performed through the DO-D7 lines,
while AG-A2 (the three least significant address lines) select
among the 14 internal registers (seven read, seven write) of
the GPLA, Chip selection is performed by the SELECT 9914
line.

The output of the GPIA is in standard IEEE-488 lormat. All
of these lines ar¢ active low with approximately zero volts
representing a logic one:

+ Eight data lines (ID1-D8).
e Threc handshake lines (DAV, NRFD, NDAC).
= Five management lines (ATN, REN, IFC, SRQ, EOI).

The two IEEE-488 bus drivers, Ul10 and U112, bring the
drive capabilily of the interface up to the requirements of the
IEEE-488 standard, which includes provisions for up to 15
devices on the bus at once. The outputs of the bus drivers are
connected to J1011, a standard IEEE-488 connector.

6.10 Power supplies

The major component of the power supply is a universal AC-
input switching power supply. This supply coniains an inter-
nal in-line fuse and an autoranging input, which automatical-
ly adjusts (o the vollage of the input mains. The power switch
is located on the display board and is actuated through a me-
chanical extension of the POWER button. The AC input is
also wired to the display board.

The switching provides regulated +6VD(C for the relay pow-
er circuitry. These voltages are routed to the switch card via
the digital board and backplane. On the digital board, the
+6V is regulated 1o +5V using one LM?2940 regulator. The
L.M2940 supplies +5V to the display, digital circuitry, back-
plane, switch cards, and micro-DIN connections.
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7.1  Introduction

This section contains information necessary Lo maintain and
troubleshoot the Model 708 Switching System. Handling
and cleaning procedures are also included.

WARNING

The servicing procedures in this section
arc intended for qualified electronics
service personnel only. Do not attempt
to perform these procedures unless you
are qualified to do so. Some of the proce-
dures may expose you to potentially le-
thal voltages (>30V RMS) that could
result in personal injury or death if nor-
mal safety precautions are not observed.

7.2  Fixed rack installation

Refer to Section 8 for a complete list of the necessary hard-
ware [or a fixed mounting (rack mounting parts} of a Model
708 in a 19 inch wide rack (24 to 30 inches deep). The parts
are included with cach Model 708 Switching System order.
Verify that all parts are available before beginning the instal-
lation procedure.

~Maintenance

. Scleet a position in the rack (Figure 7-1). The Model

708 will take up about 3% inches of vertical space. Us-
ing onc of the dress panels (Item A), place it in the rack
at the desired location. Line up the two slotted holes in
the dress panel with the corresponding front rack {lange
holes. Mark the position of each rack hole.

NOTE

The mainframe must be mounted at a
height that is an increment of 13 inches
from the top or bottom of the rack. At-
tempting to mount the switching system at
a non-incremental height will lead to dilh-
culties with hole alignment.

. Referring to Figure 7-1 and the marked rack holes (step

1), slide two mats (Item C) on cach front rack flange.
Align holes for nuts with holes of rack llange.

. Attach the handles (ftem B3) 1o the dress panels with four

flathcad screws (Item E).

. Attach the dress pancls (Item A) to the Model 708

Switching Matrix with screws (Item F).

. Remove feet from bottom of Model 708 Switching Sys-

tem. Retain for future use the nut bar to cach rear rack
flange with two binder head screws. Grasping the Modcl
708 by its handles, insert it into the prepared space in the
rack.

. Sccure the Model 708 Switching System to the tront

rack flanges with screws (Item D).
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Front Rack Flange

Screw .
{Item D)
N
Screw - ? ~
{Item D) W/
Front
Rack
Flange

Figure 7-1
Rack installation
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Maintenance
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Figure 7-1 (cont.)
Rack installation
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7.3

Cover removal
WARNING

Disconnect the instrument from the
power line and other equipment before
replacing the fuse.

. Turn off the Model 708 Switching Sysiem, Disconnect
the instrument from the power line and other equipment.
Remove the Model 708 from the rack (if rack mounted).
Place it in a suitable location for disassembly.

Figure 7-2
Screw and dress panel removal

7-4

. Remove screws (1) and dress panel (2) from the switch-

ing system (Figure 7-2).

. Remove screws (3) and top cover (4) from the switching

system.

. Gently pry off the top cover of the switching system.

Refer to paragraph 7.10 before handling or removing in-
ternal components of the Model 708 Switching System.

. Bulk quantities of lithium batteries should be disposed

of as hazardous waste. Single batteries should be thrown
in the garbage.
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w

Remove fuse FA250 (Figure 7-3).

7.4  Fuse replacement
4. Using an ohmmeter, check the fuse for continuity. A

The line fuse protects the instrument’s power line inpul. Use good fuse will show low resistance, while a blown fuse
the following procedure Lo replace the fusc. will read high (infinite) resistance.
5. If the fuse is blown, replace it with the recommended
WARNING type (refer to Section 8 for replacement parts).

Disconnect the instrument from the
power line and other equipment before
replacing the fuse.

CAUTION

Do not usc a fuse with a higher rating
than specified, or instrument damage
may occur. If the instrument repeatedly
blows fuses, locate and correct the cause

Procedure
of the problem before resuming opera-
L. Turn off the Model 708 Swiltching System. Disconnect tion of the unit.
the instrument from the power line and other equipment.
2. Remove the cover (paragraph 7.3). 6. Install the cover (paragraph 7.3).
_ . fuse
FA250
Model 708 Switching Matrix
{Top Cover remaved)
Power Plug
| IS
Figure 7-3
Fuse FA250 location
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7.5

When line power to the Model 708 is turned off, the lithium
battery on the mother board provides backup power to the
memery in which setups and parameters are stored. The bat-

Battery replacement

tery has enough capacity to maintain data for one year of

continuous power ofl, or two years if the Model 708 is pow-
ered on for 12 hours each day. The battery by itself has a
shelf life of eight years.

The battery may be replaced with any CR2450 lithium coin
cell. It can also be ordered from Keithley Instruments (part
number BA-44), as discussed in Section 8 of this manual.

Replacement of the lithium battery is normally a safe proce-
dure as long as the following safety precautions are followed.

WARNING

The precautions below must be followed
to avoid possible personal injury.

1. Wear safety glasses or goggles when
working with lithium batteries,

2. Do not short the battery terminals
together,

3. Do not incinerate or otherwise ex-
pose the batteries to excessive heat
(>60°C).

4. Keep lithium batteries away from
all liguids.

5. Do not recharge lithium batteries,

6. Observe proper polarity when in-
serting battery into holder.

7. Bulk quantities of lithium batteries
should be disposed of as hazardous
waste. Single batteries should be
thrown in the trash.

Replace the battery as follows:

1.

d

1o1g

Battery —po

w101

J1015A

1104

| I R i—

Turn off the Model 708 Switching System. Disconnect
the instrument from the power line and other equipment.
Remove the cover (paragraph 7.3).

Remove the shield (Figure 7-4).

The lithium battery is on the mother board. Pry the bat-
tery out of its holder using a non-metallic tool.

WARNING

Do not use a metal tool to pry out the bat-
tery, because you could short its terminals.

. Install the new battery. Be sure to observe proper polar-

ity as stamped on the batlery holder.

Install the shield.

Install the cover (paragraph 7.3).

Reinstall the power line cord and turn on the Model 708.
It will power up in random conditions.

Use the RO command (paragraph 5.9.17) to restore fac-
tory default conditions.

TR3 TB2
0 o

Power Plug

Figure 7-4
Shield removal
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7.6  Digital 1/O power selection (jumper
wW101)

Jumper W101 is used to select between the internal and ex-
ternal power supply. The factory setting is [or the internal
(5V) power supply. When supplying external power, make
sure the supply conforms to the specifications listed at the
front of this manual.

Muaintenance

t. Turn off the Model 708 Switching System. Disconnect
the instrument from the power line and other equipment.
Remove the cover (paragraph 7.3).

Remove the shicid (Figure 7-4).

Set the position of jumper WH0! (o internal or external
(refer Lo Figure 7-5).

5. Replace the shield.

6. Install the cover (paragraph 7.3).

7. Reinstall the power line cord and turn on the Model 708.

2w

Digital O power supply

Jumper W101 (refer to Appendix

B for typical I/O connection
schemes and alsa the specifications
listed at the front of this manual)

* @ internal 5V (Factory setting)

ol @ | External Suppy

—

11015A

/3 /3

J1018 J1019

m
AN

Bwior

Power Plug

Figure 7-5
Wi01 jumper location

——
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7.7

If it

Disassembly

is necessary to troubleshoot the instrument or replace a

component, use the following disassembly procedure.

7.8

WARNING

Before disassembly, disconnect the line
cord, ensure no voltage is applied from
user circuits, and remove all plug-in
cards from the instroment.

. Turn off the Model 708 Swilching System. Disconnecl

the instrument [rom the power line and other equipment.
Remove the analog backplane or swilching card that
may be installed (refer o paragraph 2.2 for an analog
backplane or paragraph 2.3 for a card).

Remove the cover (paragraph 7.3).

Remove the shield (Figure 7-4).

Remove the desired component board from the Model
708 by disconnecting all plugs and cables from the
board and removing necessary hardware. Use Figure 7-
0 as a guide.

Reverse the above procedure to assemble the instru-
ment.

Static sensitive devices

CMOS devices are designed to operate at high impedance
levels for lower power consumption. As a result, any static
charge that builds up on your person or clothing may be suf-
ficient to destroy these devices if they are not handled prop-

erly.

Use the following precautions when handling static

sensitive devices.

7-8

NOTE

Since the CMOS devices instalied in the
Model 708 arc not denoted in this manual,
all 1ICs and transistors should be handled
as static sensilive devices.

1. Transport static-sensitive devices in
containers designed to prevent slatic
build-up. Typically, these parts will
be received in anti-static containers of
plastic or foam. Always leave the de-
vices in their original containers until
ready for installation.

2. Remove the devices [rom their pro-
tective containers only at a properly
grounded work station. Also ground
yourself with a suitable wrist strap.

3. Handle the devices only by the body;
do not touch the pins or terminals.

4. Any printed circuit board into which
the device is to be inserted must also
be properly grounded to the bench or
table.

5. Use only anti-static type de-soldering
tools.

6. Use only soldering irons with proper-
ly grounded tips.

7. Once the device is installed on the PC
board, it is usvally adeguately pro-
tected, and normal handling can re-
sume,
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Muintenance

Program #1

10 REMCTE 718
20 CLEAR 718

30 OQUTPUT 718; “CAlX” ! Cloge creosspoint Al
40 OUTPUT 718; “NALX* ! Open crosspoint Al
50 GOTC 30

60 END

Program #2

10 REMOTE 718
20 CLEAR 718
30 OUTPUT 718; “0Q0X”

Set digital output

! to zero
40 WAIT .1 ! Delay 0.1ls
50 GOTO 30
60 END
Figure 7-7

Troubleshooting programs

7.9  Switching system troubleshooting

This troubleshooling information is intended for qualified
personnel having a basic understanding of digital and analog
circuitry. The individual should also be experienced at using
common test equipment, as well as ordinary troubleshooting
procedures. The information has been written to assis{ in iso-
lating a delective circuit or circuil section. [solation of the
specific component is left to the technician.

Note that component layout drawings are located at the end
of Section 8. Refer to Scction 6 for an overview of operating
principles.

7.9.1 Recommended test equipment

Table 7-1 lists the minimum recommended equipment {or
troubleshooting. Other equipment, such as logic analyzers,
could also be helpful.

Table 7-1
Recommended rroubleshooting equipment

Description

DMM (Keithley Model 2000)
Dual-trace, triggered sweep
oscilloscope, DC to S0MHz

Application

Measure dc voltage
Check clock and logic
pulses.

Program #3

10 REMCTE 718
20 CLEAR 718

30 OUTPUT 718; “T2XF1¥” ! Enable triggers on
! GET

40 TRIGEGER 718

50 GOTO 40 ! Triggering stops at
100

60 END

7.9.2 Power-up self-test

As described in Scction 4, the Model 708 performs a series
of tests on power-up. Individual tests in this series that can
be used for troubleshooting a Model 708 include:

ROM test — A checksum test of the ROM. Test failure is in-
dicated by a ROM Fail error condition.

RAM test — A read/write test of battery backed-up CMOS
RAM. Test failure is indicaled by a RAM Fail error condi-
tion.

Display test — A visual test of the front panel displays (vi-
sual check for all LEDs and indicators being lit).

Perform the tests over the IEEE-488 bus with the JO com-
mand {paragraph 5.9.9).



7.9.3 Power supply checks

The Model 708 Switching System power supply will resist
problems alfecting conventional power supplies. The power
supply automatically adjusts to a broad range of mains volt-
age (90-260VAC) and frequencies (50-60Hz), so the fuse
should not fail because of an incorrect mams voltage.

If the power supply fails, the instrument will be inoperative.
Power supply input and output voltages may be checked at
the connectors at cach end of the board.

Table 7-2 lists the output voltages that should be checked.

NOTE

Programming the 99-1EEE switch sct for
99 will turn all LEDs on.

Table 7-2
Power supply checks

Maintenance

7.94 Mother board checks

The procedures to checek circuitry on the mother board, in-
cluding the microcomputer, relay control circuitry, display
interface, and digital /O port, are located in Table 7-4
through Table 7-6.

Procedures for testing the light pen and masier/slave inter-
{acc options are listed in Table 7-7 and Table 7-8.

The waveforms described in the wroubleshooting tables are
present with power-up default conditions (idle slate), unless
otherwise indicaled. To view some of the waveforms, run a
program loop. Refer to the troubleshooting programs in Fig-
urc 7-7.

NOTE

If the ROM (U105) must be replaced for
any reason, restore the Mode! 708 to fac-
tory default conditions with the device-
dependent  command RO (paragraph
5.9.17).

Test point

QOutput voltage

Rated load

Tolerance

J102-1

(Referenced to J102-2)

J102-4

(Referenced to J102-3, as adjustable}

+6.0VDC

+14,6VDC

5% 1.67A 100mV

2.50A $50my

Table 7-3
Microcomputer checks

Item/

Step | component Signal

Comments

1 |Ul0l pin3 5VDC 5% (0.5V)

The following mother board signals are referenced o

digital common.

2 | U104 pin 37 MPU Reset
U104 pin 34 E clock
U103 pin 23 SELECT VIA

UJ104 pins 8-23 | Address bus (A0-A13)

>N B W

U104 pins 24-31 | Data bus (D0-D7)

Stays low (110-260ms on power-up), then gocs high.
1.79MHz square wave for peripheral chips,

Low going pulses (1kHz),

Check for stuck bit.

Check for stuck bil.
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Table 7-4
Relay control checks
Step |Item/component | Signal Comments
1 U103 pin 23 SELECT VIA Low pgoing pulses (1kHz).
2 Ul37pin 5 CLRADDR High logic pulse at start of cach matrix card IID byte transfer
sequence ON power-up.
3 U137 pin 3 NEXTADDR Low logic pulse before each byte transfer from matrix card on
power-up.
4 U137 pin 6 IDDATA Matrix card ID} logic pulse train on power-up.
5 U130 pin 1 SELECT RELAYDATA | Low going pulse when program #1 is running.
6 UlL37 pin7 CLK Eight low-going pulses (1.79MHz square wave} after each
SELECT RELAYDATA pulse.
L 7 U137 pin 18 RELAYDATA Logic pulses to load relay drivers on matrix card.

Note; See Figure 7-8 for wavelorms of steps 8 through 10.

Tabie 7-5
Display interface checks
Step |Item/component | Signal Comments
I |U103pin23  |SELECT VIA |Low going pulses (1kHz).
2 Ut03 pin 18 FPCLK Base frequency of 895kHz with ten sets of pulses every lms.
3 Ul25 pin 6 DISPCLK Base frequency of 835kHz with nine sets of pulses every lms.
4 Ul25pin 3 KEYCLK Base frequency of 895kHz with one sct of pulses every fms.
3 U126 pin 6 DISPDATA See Figure 7-9,
6 U126 pin 2 KEYDATA Sec Figure 7-9.
Table 7-6
Digital I/0 checks
Step | [tem/component Signal Comments
The foilowing mother board signals are referenced to digital common. o

1
2
3

U108 pin 23
U108 pins 10-17
U133 pin 1

U133 pins 3, 4,7, 8, 13, 14,17, 18

U1119 pin 11

U119 pins 2,5,6,9, 12, 15, 16,19

SW(0-7)

SELECT PIA
SELECT_LO_INPUT

LO IN(-7)
SELECT_LO_OUT

LO_OUT(0-7)

Low going pulses (1kHz).

Logic low when programmed low.

Low going pulses (SkHz} when digilal input is dis-
played.

Logic high when port disconnected.

Pair of low going pulse trains when digital output is
displayed.

Low logic pulse sclects card for data transfer
scquence.

7-12
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Comments |

Multiple high going pulses when light pen button is pressed.

Low poing pulse (15usec) when light pen is pointed at it LED.
Low logic level when light pen button is pressed.
High going pulse when light pen button is pressed and pen is pointed at an

Table 7-7
Light pen checks
Step | Item/component Signal
The follz)wing mother board 7s‘ignals arc referenced to digital common,
I U103 pin 23 SELECT VIA | Low going pulses (1kHz).
2 |Ul26pinl2 SENSEPULSE
3 |Ul26pin9 LPSWITCH
4 |U1L03 pin 17 LPSENSE
LED.
5 U103 pin 39 LPRESET
Table 7-8
Master/slave checks
Step | ltermy/component Signal Comments
The fo

Howing mother board signals are referenced 10 digital common. When tr_orlibl'cisil(;)ii;grai s'inglc“ unit, l(;:)_p a cable
from Master/Slave Out to Master/Slave In of the same unit, and then program unit as master.

C'\'\J:-I-’kwl\.)-—[

U107 pins 3.4
Uo7 pin 9
U107 pins 2,6
U107 pin 7
U108 pin 23
U108 pin 39

RXCLK, TXCLK
SELECT ACIA
RXDATA, TXDATA
FIRQ

SELECT PIA

M/S TRIGGER

895kHz square wave.
Low going pulses with manual triggers.

Low going pulse pair with manual tngger.

Low going pulse with manual trigger.

Low going pulses (1kHz).

High going pulses when program #3 is running. {Triggering stops
when Relay Step equals 100.)
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SELECT RELAYDATA -—_I____|
o I I O O

wwavorta X or Xow Xos X o X(on Yo Yo X oo
Figure 7-8

Relay control waveforms

Repeated every Tmsoc

o [T T N

895 kiz

Repeated every 1msec

s TRV~

[I—
895 ki,

’_I: Repeated every Tmsec

KEYCLK

L
855 kHz
DISPDATA
[ —
Tmsec
KEYDIATA
L}
Timsec

Figure 7-9
Display interface waveforms
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7.9.5 Display checks

To troubleshoot the display board, disassemble it from the
front panel, and then reconnect the power cable and ribbon
cabic with the display board on a bench.

A troubleshooting procedure is outlined in Table 7-9.

7.9.6 Using an extender card

To access circuitry on the plug-in relay cards of the Model
708, use a Model 7070 Universal Adapier Card. The Model
7070 must he configured as an cxlender card by placing the
configuration jumper in the EXTEND position. See the
Model 7070 Instruction Manual for complete details on us-
ing the card.

Table 7-9
Display board checks

Maintenance

7.10 Handling and cleaning

Since matrix card rows are extended on the anaiog backplane
of the Model 708, a contaminated backplane will degrade
card isolation specifications. If an isolation problem exists,
the backplane should be cleaned.

The feliowing procedure describes how 1o clean high imped-
ance PC boards, such as the Model 708 backplane, but it can
be used to clean all PC boards. To remove the backplane, re-
fer to paragraph 2.2,

|. Handle the board by the edges only. Do not touch any
board surfaces. When servicing, wear clean, white cot-
ton gloves.

2. If making solder repairs on the board, use a flux that is
rosin RMA bascd. Remove the Mux [rom these arcas
when the repair 1s complete. Use methanol and clean
cotton swabs to remove the flux. Take care not to spread
the flux to other areas of the board.

3, Once the flux has been removed, swab only the repaired
area with methanol, and then blow-dry the board with
dry nitrogen gas.

4, After cleaning, the board should be placed in a 50°C low
humidity environment {or several hours.

Step | ltem/component

—I Signal Cm;lments

these signals when the LED is it (e.g., crosspoint Al).

The following display board signals are referenced to digital common. When lroublcshﬁbling the LED arrz;y. check for |

Source driver
Sink driver

"1 [u204pin 12
2 |U205pin 17

Front panel buitons:
U207 pins [, 5,6
4 U137 pins 3-5, 11-14

Button columns
Button rows

Tad

Card row A - Logic high for 9ms.
Card column 1 - Logic low.

Logic high with a low going lms pulsc.
Logic high with a low going Ims pulse when button is pressed. |

7-15



- Replaceable Parts

8.1 Introduction

This section contains replacement parts information and
component layout drawings [or the Model 708.

8.2 Partslists

The parts lists for the Model 708 arc shown in Tables 8-1
through 8-5.

8.3  Ordering information

To place an order or to obtain information concerning re-
placement parts, contact your Keithley representative or the
factory (sce inside front cover for addresses). When ordering
parts, be sure to include the following information:

+ Instrument model number (Model 708)

+ Instrument serial number

+ Part description

« Component designation (if applicable)

+ Keithley part number

To facilitate repairs, completle circuit boards are available.
Contact the Repair Department for pricing and availability.

8.4 Factory service

If the instrument is to be returned to Keithley Instruments for
repair, perform the following:

1. Call the Repair Department at [-800-552-1115 for a Re-
turn Material Authorization (RMA) number.

2. Complete the service form at the back of this manual,
and include it with the instrument,

3. Carcfully pack the instrument in the original packing
carton.

4. Writc ATTENTION REPAIR DEPARTMENT and the
RMA number on the shipping label.

8.5 Component layouts and schematics

The component layouts are provided in the following pages:

Mother board: 708-100

Display board: 708-110

Backplane board: 708-120

Front panel control board: 708-130

A schematic of the Backplane board (708-126) is also in-
cluded.
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Replaceable Parts

Table 8-1
Model 708 mother board, parts list
Circuit designation Description Keithley part no.
- 22GA WIRE TEFLON BLACK FOR CS-287-4 SC-113-0
22GA WIRE TEFLON RED FOR CS-287-4 SC-113-2
2-56X3/8 PHILLIPS PAN HEAD FOR J1015A 2-56X3/8PPH
40-PIN SOCKET FOR U103,104,108 50-84-40
4-40 PEM NUT DIGITAL BD TO MOUNTING SHIELD  [FA-131
4-40%5/16 PHILLIPS PAN HD FOR J1011 4-A0KS/16PPH
BATTERY HOLDER FOR BT101 BH-34
CONNECTOR CS-276
CONNECTOR, FEMALE, 4 PIN, SHAPELESS CS-716-4
CONNECTOR, JUMPER FOR W101 CS5-476
HOLE STZE 708-102B
SOCKET, 1.C. 28 PIN FOR U105 50-69
SOCKET FOR U116,117 S50-84-20
STANDOFF #2-56X .2651L.G DINN CONN OF DIGITAL ST-154-6
BTI01 BATTERY, LITHIUM-MANGANESE CELL 3V BA-44
C101,103,123,128-130 CAP,.1UF,20%,50V,CERAMIC C-365-.1
C102,104 CAP,220UF,-20+100%,25V,ALUM ELEC C-314-220
C105-109,112-114,116-122,124 CAP,.01UE20%,50V,CERAMIC C-363-01
C110,111 CAP,15PF,10%,1 00V,CERAMIC C-64-15P
Cl15 CAP, 3.3UF, 10%, 16V, ALUM ELEC C-321-33
CR101-126,129,130,132-137 DIODE,SILICON,IN4148 (DO-35) RF-28
CR127,128,131,138 DIODE,BRIDGE, VM 18§ RF-52
J1005,1006 CONN, BNC C8-547
J1007,1008 CONN, MICRODIN W/GND FINGERS CS-792
11009,1010 CONN, FEMALE 25 PIN C5-628
oil CONN,RIGHT ANGLE,24PIN CS-507
J1015A CONN, MALE RT ANGLE, 32-PIN CABLE CS5-885-1
J1018,1019 CABLE ASSEMBLY, 16-PIN RIBBON CABLE CA-27-14C
K101 RELAY, MINIATURE (DPDT) RL-98
1,101,102 CHOKE, 10UH CH-20-3
R101-108,119-136,138-162,164 RES,10K,5%,1/4W, COMPOSITION OR FILM R-76-10K
R109-114,118,177-179 RES,3.3K,5%,1/4W, COMPOSITION CR FILM R-76-3.3K
R115 RES,20K,1%,1/8W, METAL FILM R-88-20K
R116 RES, 63.4K, 1%, 1/8W, METAL FILM R-88-63.4K
RI117 RES,IM,5%, 1/4W, COMPOSITION OR FILM R-76-1M
R137 RES NET, 47, 5%, |W TF-64
R163,165,168-170,175 RES,4.7K,5%,1/AW, COMPOSITION OR FILM R-76-4.7K
RI171 RES NET, 100, 2%, .25W TF-102-3
R173 RES,10K,5%.1/4W,COMPOSITION OR FILM R-76-10K
RI174,176 RES,100,5%,1/4W,COMPOSITION OR FILM R-76-100
RT101 POLYSWITCH, PTC RESISTOR RT-17
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Table 8-1 (cont.)
Model 708 mother board, parts list

Repluceable Parts

Circuit designation Description

$101,102 SWITCH

U101 IC,+5V VOLTAGE REGULATOR,[.M2940CT
U2 IC,8 BIT PAR OUT SHIFT REG,74HCT 1 64

U103 IC, VERSATILE INTERFACE ADAPTER, 6522A
Ulo4 1C,8 BIT MICROPROCESSING UNITMC68BO9
U105 PROGRAM

U106 IC,32KX8 STATIC CMOS RAM,D43256C-15L
U7 LLARGE SCALE IC

U108 IC, PERIPHERAL INTERFACE ADAPTER, 631321
U109 IC,GPIB ADAFPTER,9914A

J110 1C,OCTAL INTERFACE BUS, 75160

Ulll 1C, MICROPOWER BIPOLAR MONOQLITHIC, 6728
Ull2 1C,OCTAL INTERFACE BUS TRANSCEIVER. 75161
U113,130 IC,.DUAL D FLIP FLOP W/SET & RESE,74HCT74
Uli4 IC,NONVOLATILE CONTROLLER DS1210
Ul115,120,121,124 IC, 4-CHANNEL PWR DRIVER, 2549B

Ulle INTEGRATED CIRCUIT

U117 INTEGRATED CIRCUIT

UlL18,119 IC OCTAL.EDGE TRIG FLIP FLOP 75HCT374
U122,125 IC, QUAD 2 INPUT OR, 74HCT32

U123 IC, HEX INVERTER, 74HCT04

ul26 IC, BUF/LINE DRIVER 74HCT125

U127 IC, QUAD 2 INPUT NAND, 74HCT00

U128 IC,QUAD 2 INPUT AND GATE,74HCTOR
129,131 1C.8-BIT PARALLEL TO SERIAL,74HCT165
U132,133 INTEGRATED CIRCUIT

U134 IC, QUAD 2 INPUT POSITIVE NAND, 7438
U135 IC, QUAD 2-INPUT MULTIPLEXER 74HCT157
U136,137 IC, OTC BFR/LINE DRIVER/REC,74HCT244
VRI101,102 DIODE, ZENER 5.1V,IN751(DO-7)

w101 CONN,3 PIN

Y101 CRYSTAL, 7.15909MHZ

IC-576

1C-456

LSI-45
[.S8I-65
TO8-800-*
L.51-76
LSI-72

(LSI-61

TLSI-49
S1C-298

*Qrder present firmware level.

1IC-177
IC-299
IC-515
1C-541
[C-1044

(IC-374

1C-573
1C-397
1C-443
1C-444

1C-552
1C-399

IC-550
1C-548
1C-549
IC-i54
IC-553

H1C-483

13Z2-59

CS8-334-3

Keithley part no. |
SW-497A
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Replaceable Parts

Table 8-2
Model 708 front panel control board, parts list
Circuit designation Description Keithley part no.
4-40 PEM NUT FA-131
CONN, FEMALE, 3 PIN, SHAPELESS CS-287-3
CONNECTOR CS8-276
POWER BUTTON FOR 5205 TO02-323-1A
201,203 CAP.1UF,20%,50V,CERAMIC C-365-.1
C202,204-211 CAP.01UF,20%,50V,CERAMIC C-365-.01
CR201-203 DIODE,SILICON,IN4148 (D(0-35) RF-28
CR204 DIODE,BRIDGE,VM18 RF-52
J1002 CONN, MOLEX, 3-PIN CS§-772-3
J1015B CONN, MALE RT ANGLE, 32-PIN CS-885-1
J1017 CONNECTOR, RIGHT ANGLE CS8-362-8
J1020 CONN, RT. ANGLE, MALE MOLEX .56 CS-715-4
P1016 CABLE ASSEMBLY, 26 CONDUCTOR CA-27-6
P1018,1019 CONN, DUAL B-PIN-BERG C5-672-8
R201 RES NET, 10K,5%, .11W TF-102-2
R202,204 RES4.7K,5%,1/4W,COMPOSITION OR FILM R-76-4.7K
R203,205 RES,100,5%,1/4W,COMPOSITION OR FILM R-76-100
§205 SWITCH,PUSHBUTTON (6 POLE) SW-466
U201 RES NET.,82,5%,.25W TE-141
U202 RES NET, 150, 2%, .25W TEF-165-1
U203,204 1C,8-BIT SERIAL-INPUT,UNC5895A 1C-537
U205,206 IC, 8-CHANNEL DRIVER, 2597A IC-538
U207 1C, 4-16 LINE DECODER/MULTI 74HCT154 1C-551
J208 IC,8 BIT PAR OUT SHIFT REG,74HCT164 IC-456
U209 IC,8-BIT PARALLEL TO SERIAL,74HCT165 1C-548
U210 IC, OTC BFR/LINE DRIVER/REC,74HCT244 IC-483
U211 1C, HEX INVERTER, 74HCT04 1C-444

Table 8-3
Model 708 backplane board, parts list

Circuit

designation Description Keithley part no.
P101 CONNECTOR C5-882-86

P07 CONNECTOR, CARD EDGE CS-591-2

P113 CONNECTOR CS-883-30
P1015 CONN, FEMALE TYPE B HALF SERIES | CS-794-3
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Replaceable Parts

Tuble 8-4
Model 708 display board, parts list

Circuit
designation

J1016
DS400-DS500

Description

CONNECTOR, 26 PIN
PILOT LIG, HSMH-T400, LED

CS8-889-1
PL-92-1

Table 8-5
Model 708 miscellancous, parts list

Description

BOTTOM COVER

CABLE CLAMP

CARD GUIDE

CONN, AC RECEPTACLE (LINE FILTER)
CONN, MOLEX HEADER

CONNECTOR

CONNECTOR, 4-PIN MALE

CONNECTOR, FEMALLE, 4 PIN, SHAPELESS
CONNECTOR, HARDWARE KIT FOR IEEE CS
FOOT

FOOT, BLACK MOLDED POLY FOR POWER SUPPLY
FOOT, RUBBER

FRONT PANEL

GUIDE RAIL

HANDLE

LENS

LINE CORD

LUG

MEMBRANE SWITCH, FRONT PANEL
PANEL BLANK

PANEL, DRESS

POWER SUPPLY

REAR PANEL

REAR PANEL ASSY, BACKPLANE

SAFETY COVER

SCREWLOCK, FEMALE FOR DIG INPUT/OUTPUT R.P.
SHIELD, DIGITAL

TOP COVER

6-32X3/16 PHILLIPS PAH HD SEMS FOR BLANK PANEIL

Keithley part no,
6-32X1/4PFH
6-32X3/16PPIISEM

708-305A
CC-50-1
CG-5-1
LE-6-1
CS-716-3
CS8-276
CS-458
CS-716-4
CS-713
428-319A
I'E-10
FE-6
708-301B
708-310A
HH-31-}
7002-305-3A
C0-7
LLU-88
T08-302A
707-316
708-318A
PS-30-18
708-303B
T08-307A
704-3118B
CS-725
708-306A
708-304A
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Card Configuration Worksheet

Card model number:

Stand-alone
Master Slave 1 Slave 2 Slave 3 Slave 4
System size:
Total crosspoints rows columns IEEE address
FROM External Card TO
(Instrument connection or DUT pin) Connection (Instrument connection or DUT pin)
Row A
e
D
E
B .
G
H
Column |
2
3
4
5
o 6
7
8
9
10
11
e _ TR .
Expansion:
— Backplane bus (rows through ribbon cable) Mass terminated cable (rows/cols.)
__Point to point writing (rows/cols.) BNC coax cable (rows/cols.)
— . Triax cable (rows/cols.) Partial matrix expansion
Notes:
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I/O Connections

B.1  Typical output connection schemes

The following examples show outpul connections from the
1/O circuitry to external circuitry and summarize the required
internal connections on the card.

Solenoid control — Figure B-1 shows a digital connection
scheme to control sofenoids. This example assumes that an
external 24V source is being used. The pull-up resistors [or
output channels 1, 2, and 3 are removed for this application.

A solenoid is energized when the corresponding output
channel is turned on {closed).

Madel 708

SOLENOIDS

INTERNAL CONNECTIONS:
EXTERNAL VOLTAGE SOURCE (Vgyry) SELECTED.
PULL-UP RESISTORS REMOVED.

Figure B-1
Digital output, solenoid control

Relay control — Figure B-2 shows a digital output connec-
tion scheme to control relays. This example assumes that the
internal 5.3V source is being used, and the pull-up resistors
tor output channels 9, 10, and 11 arc removed,

A relay coil is energized when the corresponding output
channel is turned on (closed).

Maodel 708 ) .
Formmomem st RELAY CCHLS

OuUTy —>

OUT 10 —
OUT 11—

______________

INTERNAL CONNECTIONS:
INTERNAL VOLTAGE SQURCE {5.3V) SELECTED.
PULL-UP RESISTORS REMOVED.

Figure B-2
Digital output, relay control

B-1



/0 Connections

Motor control — Figure B-3 shows a digital output connec-
tion scheme to control small 12VDC motors. An external
12V source is used to provide the necessary voltage level.
This example assumes that the pull-up resistors for channels
14 and 15 are removed.

A motor is turned on when the corresponding output channel
is turned on (closed).

Model 708

INTERNAL CONNECTIONS:
EXTERNAL VOLTAGE SOURCE (Vexr) SELECTED.
PULL-UP RESISTORS REMOVED.

Figure B-3
Digital output, motor control

Logic device control — Figure B-4 shows a digital output
connection scheme to control a logic device. This example
assumes that the internal 5V source is being used, and the
pull-up resistors for channels 14, 15, and 16 are installed.

The logic device is a demultiplexer (DMUX). The binary
pattern (value) seen at the input of the DMUX (lines A, B,
and C) determines which DMUX output line (Y0 through
Y7} is selected (pulled low). For example, with channels 14,
15, and 16 off (open), lines A, B, and C are high. The binary
7 at the DMUX inpul (A=], B=1, and C=1) selects (pulls
low) output Y7. If channel 15 is turned on (closed), line B

B-2

goes low. The binary 3 seen at the DMUX input (1, 0, 1) se-
lects (pulls low) YS5.

Model 708 LOGIC DEVICE

A

;o OuTTr e 7415138 | YO

' . : B OMUX 2= Y1

5 ouT 15 o—ﬁ>—ﬁ .
' c

L OUT 16— b— v3

1

! | b— v4

3

| 53V ey b— g
1

: ' P— Y6

| GND e— y - GND

1 ! GIA Y7

| !

i

: !

INTERNAL CONNECTIONS:
INTERNAL VOLTAGE SOURCE {(5.3V) SELECTD.
PULL-UP RESISTORS INSTALLED (Factary default).

Figure B-4
Digital ouwtpus, logic device control

B.2 Typical input connection scheme

Figure B-5 shows a digital input connection scheme to mon-
itor the state of micro-switches. With a switch open, the cor-
responding input channel is pulled high by the internal pull-
up resistor. As a result, the input channel is on (closed).

When a switch is closed, the corresponding input channel is
pulled low to ground. As a result, the input channel is off

{open),

MICRO-

Model 708 SWITCHES

Figure B-5
Digital input, monitoring micro-switches



- IEEE-488 Bus Overview

C.1  Introduction

The IEEE-488 bus is a communication system between two
or more electronic devices. A device can be either an instru-
ment or a compuler. When a computer is used on the bus, it
serves as a supervisor of the communication exchange be-
tween all the devices and is known as the controller. Super-
vision by the controller consists of determining which device
will talk and which device will lisicn. As a taiker, a device
will output information. As a listener, a device will receive
information. To simplify the task of keeping track of the de-
vices, a unique address number is assighed 1o each.

On the bus, only one device can talk at a time and is ad-
dressed to talk by the controller. The device that is talking is
known as the active talker. The devices that need to listen o
the talker are addressed to listen by the controller. Each lis-
tener is then referred (o as an active listener. Devices that do
not need to listen are instructed to unlisten. The reason for
the unlisten instruction is to optimize the speed of bus infor-
mation transfer since the task of listening takes up bus time.

Through the use of control lines, a handshake sequence takes
place in the transfer process of information from a talker (o
a listener, This handshake sequence helps ensure the credi-
bility of the information transfer. The basic handshake sc-
quence between an active controller (1alker) and a listener is:

1. The listener indicates that it is ready to listen.

2. The talker places the byte of data on the bus and indi-
cates that the data is available to the listener.

3. The listener, aware that the data is available, accepts the
data and then indicates that the data has been accepted.

4. The talker, awarc that the data has becn accepted, stops
sending data and indicates that data is not being scnt.

5. The listener, aware that there is no data on the bus, indi-
cates that it is rcady for the next byte of data.

C.2  Bus description

The IEEE-488 bus, which is also referred 10 as the GPIB
(General Purpose Interface Bus), was designed as a parallel
transfer medium 1o optimize data transfer without using an
excessive number of bus lines. In keeping with this goal, the
bus has only eight data lines that arc used for data and with
most commands. Five bus management lines and three hand-
shake lines round out the complement of bus signal lines

A typical setup for controlled operation i1s shown in Figure
C-1. Generally, a system will contain onc controller and a
number of other instruments to which the commands are giv-
en. Device operation is categorized into three operators: con-
troller, talker, and listener. The controller controls the
instruments on the bus. The talker sends data while a listener
receives data. Depending on the type of instrument, any par-
ticular device can be a talker only, a listener only, or both a
talker and listener.

There are two catcgorics of controllers: system controller
and basic controller. Both are able to control other instru-
ments, but only the system controiler has the absolute au-
thority in the system. In a system with more than onc
controller, only onc controller may be active at any given
time. Certain protocol is uscd to pass control from one con-
troller to another.

The IEEE-488 bus is limited to 15 devices, including the
controller. Thus, any number of talkers and listeners up 1o
that limit may be present on the bus at one time. Although
several devices may be commanded to listen simultaneously,
the bus can have only one active talker, or communications
would be scrambled.

C-1



IEEE-488 Bus Overview

A device is placed in the talk or listen state by sending an ap-
propriate talk or listen command. These tatk and listen com-
mands are derived from an instrument’s primary address.
The primary address may have any valuc between 0 and 31,
and is generally set by rear panel DIP swilches or pro-
grammed in from the {ront panel of the instrument. The ac-
tual listen address value sent out over the bus is obtained by
ORing the primary address with $20. For example, if the pri-
mary address is $16, the actual listen address is $36 ($36 =
$16 + $20). In a similar manner, the talk address is obtained
by ORing the primary address with $40. With the present ex-

ample, the talk address derived from a primary address of

$16 would be $56 ($56 = 316 + $40).

The IEEE-488 standards also include another addressing
mode called secondary addressing. Secondary addresses lie
in the range of $60-$7F. Note, however, that many devices,
including the Model 708, do not use secondary addressing,

Once a device is addressed to talk or listen, the appropriate
bus transactions take place. For example, if the instrument is
addressed 1o talk, it places its dala string on the bus onc byte
at a time. The controller reads the information, and the ap-
propriate software can be used to direct the information to
the desired location.

C-2

TCO OTHER DEVICES

DEVICE 1 C-—ﬁ
ABLETO  —9
TALK, LISTEN
AND CONTROL
(COMPUTER)
.. DATABUS
DEVIGE 2 _<_‘
ABLE TO
TALK AND
LISTEN
7001 DATA BYTE
TRANSFER
L1 CONTROL
DEVICE 3 <
ONLY ABLE
TO LISTEN
(PRINTER)
GENERAL
INTERFAGE
L MANAGEMENT
DEVICE4 [
ONLY ABLE
TO TALK
L D101 ... 8 DATA
e (8 LINES)
— DAV
——NAFD > HANDSHAKE
NDAC
L
L ATN
SAQ BUS
REN MANAGEMENT
—  EOI
Figure C-1

IEEE-488 bus configuration



C.3 Buslines

The signal lines on the IEEE-488 bus are grouped into three
different categories: data lines, management lines, and hand-
shake lines. The data lines handle bus data and commands,
while the management and handshake lines ensure that prop-
er data transler and operation take place. Each bus line is ac-
tive low, with approximately zero volts representing a logic
1 {truc). The lollowing paragraphs describe the operation of
these lines.

C.3.1 Datalines

The IEEE-488 bus uses eight data lines that transfer data onc
byte at a time. DIOIL (Data Input/Output) through DIOS
(Data Input/Output) arc the eight bi-directional data lines
used (o transmil both data and multiline commands. The data
lines operate with low Lrue logic.

C.3.2 Bus management lines

The five bus management lines help 1o ensure proper inter-
face control and management. These lines are used to send
the uniline commands.

* ATN (Attention) — The state of the ATN line deter-
mines how information on the data bus is to be inter-
preted.

* IFC (Interface Clear) - The IFC line controls clearing
of instruments from the bus.

+ REN (Remote Enable) —The REN line is used to place
the instrument on the bus in the remote mode,

» EOI (End or Identify) — The EOI line is used 1o mark
the end of a multi-byte data transfer sequence,

* SRQ (Service Requesty — The SRQ line is used by de-
vices when they require service from the controller.

C.3.3 Handshake lines

The bus handshake lines operate in an interlocked sequence.
This method ensures reliable data transmission regardless of
the transfer rate. Generally, data transfer will occur al a rate
determincd by the slowest active device on the bus.

Onc of the three handshake lines is controlled by the source
(the talker sending information), while the remaining two
lines are controlled by accepting devices (the listener(s) re-
celving the information). The three handshake lines are:

IEEE-488 Bus Overview

« DAV (DATA VALID) — The source controls the state
of the DAV line to indicale to any listening devices
whether or not data bus information is valid.

+ NRFD (Not Ready For Data) — The acceptor controls
the state of NRFD. It is used to signal to the transmitting
device to hold off the byte transfer sequence until the
accepting device is ready.

« NDAC (Nol Data Accepted) — NDAC is also con-
trolled by the accepting device. The state of NDAC tells
the source whether or not the device has accepted the
data byte.

The complete handshake sequence for one data byte is
shown in Figure C-2. Once data is placed on the data lines,
the source checks Lo see that NRFDD is high, indicating that
alt active devices are ready. At the same time, NIDAC should
be low from the previous byle transier. If these conditions
are not met, the source must wait until NDAC and NRFD
have the correct status. If the source is a controller, NRFD
and NDAC must be stuble for at least 100ns after ATN i sel
true. Because of the possibility of @ bus hang up, many con-
troliers have time-out routines that display messages in case
the transfer sequence stops for any reason.

/
DATA >< >\EJURCE

DAV SOURCE

VALID

«— ALL READY  accEPTOR
NRFD
__ ALL ACCEPTED

Figure C-2
IEEE-488 handshake sequence

Once all NDAC and NRFI2 are properly set, the source sets
DAY low, indicating to accepling devices that the byte on the
data lincs i1s now valid. NRFD will then go low, and NDAC
will go high once all devices have accepted the data. Each
device will relcase NDAC at its own rate, but NDAC will not
be released to go high until all devices have accepted the data
byte.

The previous sequence is used to transfer both data, talk, and
listen addresses, as well as multiline commands. The state of
the ATN line determines whether the data bus contains data,
addresses, or commands as described in the following para-
graphs.
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C.4 Bus commands

The instrument may be given a number of special bus com-
mands through the IEEE-488 interface. The [ollowing para-
graphs briefly describe the purpose of the bus commands that
are grouped into the following categories.

+ Uniline commands — Sent by setling the associated bus
lines true. For example, to assert REN (Remote En-
ahle), the REN line would be set low (true).

+ Multiline commands — General bus commands thal are
sent over the data lines with the ATN line true (low).

* Common commands — Commands that are common to
all devices on the bus and are sent with ATN high
(false),

* SCPI commands — Commands that are particular to
cach device on the bus and are sent with ATN (false).

These bus commands and their general purpose are summa-
rized in Table C-1.

C.4.1  Uniline commands

ATN, IFC, and REN are asserted only by the controller. SRQ
is asserted by an external device. EOL may be asserted either

by the controller or other devices depending on the direction
ol data transfer. The following is a description of each com-
mand. Each command is sent by setting the corresponding

bus line truc.

REN (Remote Enable} — REN is sent (o sel up instru-
menis on the bus for remote operation. When REN is
true, devices will be removed [rom the local mode. De-
pending on device configuration, all front panel con-
trols except the LOCAL button (if the device is so
equipped) may be locked out when REN is true. Gener-
ally, REN should be sent before attempting to program
instruments over the bus.

EOI (End or Identify) — EOI is used to positively iden-
tify the last byte in & multi-byte transfer sequence, thus
allowing data words of various lengths to be transmitted
easily.

IFC (Interface Clear) — IFC is used Lo clear the inter-
face and return all devices (o the talker and listener idle
states.

ATN (Auention) — The controller sends ATN while
transmitting addresses or multiline commands,

SRQ (Service Request) — SRQ is asserted by a device
when it requires service from a controller,

Table C-1
{EEE-488 bus command summary
State of
Command Command ATN Comments
type line
Uniline REN {Remote Enable) X Set up devices for remote operation.
EOL X Marks end of transmission.
IFC {Interface Clear) X Clears interface.
ATN ({Attention) Low Defines data bus contents.
SRQ X Controlled by external device.
Multiline L1.O (Local Lockout) Low Locks out local operation.
Universal DCL (Device Clear) Low Returns device to default conditions.
SPE (Serial Enable) Low Enables serial polling.
SPD (Serial Poll Disable) Low Disables serial polling.
Addressed SDC (Scelective Device Clear) | Low Returns unit to default conditions.
GTL (Go To Local) Low Returns device to local.
Unaddressed | UNL (Unlisten) Low Removes all listeners {rom the bus,
UNT (Untalk) Low Removes any talkers from the bus.

C-4



C.4.2 Universal multiline commands

Universal commands are those multiline commands that re-
quire no addressing. All devices equipped to implement such
commands will do so simultancously when the commands
are transmitted. As with all multiline commands, these com-
mands are transmitted with ATN true.

« LLO (Local Lockout) — LLG is sent (o the instrument
to lock out the LOCAL key and all their front panel con-
trols.

* DCL (Device Clear) — DCL is used to return instru-
ments to some defaull state. Instruments usually return
to their power-up conditions.

* SPE (Serial Poll Enable) — SPE is the first step in the
serial polling sequence that is used to determine which
device has requested service.

« SPD (Serial Poll Disable) — SPD is used by the con-
troller to remove all devices on the bus from the serial
poll mode and is gencerally the last command in the se-
rial polling sequence.

C.4.3 Addressed multiline commands

Addressed commands are multiline commands that must be
preceded by the device listen address before that instrument
will respond to the command in question, Note that only the
addressed device will respond to these commands. Both the
commands and the address preceding it are sent with ATN
true.

¢ SDC (Selective Device Clear) — The SDC command
performs cssentially the same function as the DCL
command except that only the addressed device re-
sponds, Generally, instruments return to their power-up
default conditions when responding to the SDC com-
mand.

+ GTL (Go To Local) — The GTL command is used to
remove instruments from the remote mode. With some
instruments, GTL also unlocks [ront panel controls if
they were previously locked out with the LLO com-
mand.

* GET (Group Execute Trigger) — The GET command is
used to trigger devices to perform a specific action that
depends on device configuration (for example, take a
reading). Although GET is an addressed command,
many devices respond to GET without addressing.

C.4.4 Address commands

Addressed commands include two primary command groups
and a secondary address group. ATN is true when thesc com-
mands are asserted. The commands include:

IEEE-488 Bus (_)_y?’rivie‘f

* LAG (Listen Address Group) -— These listen com-
mands arc derived from an instrument’s primary ad-
dress and are used o address devices to lisien. The
actual command byte is obtained by ORing the primary
address with $20.

* TAG (Talk Address Group) — The talk commands are
derived from the primary address by ORing the address
with $40. Talk commuands are used o address devices to
talk.

« SCG (Secondary Command Group) — Commands in
this group provide additional addressing capabilities.
Many devices (including the Model 708) do not use
these commands.

C.4.5 Unaddress commands

The two unaddress commands arc used by the controller to
remove any talkers or listeners {rom the bus. ATN is true
when these commands are asserted.

* UNL (Unlisten} -~ Listeners are placed in the lisiener
idle state by the UNIL. command.

» UNT (Untalk) — Any previously commanded tatkers
will be placed in the talker idle state by the UNT com-
mand.

C.4.6 Command codes

Command codes for the various commands thal use the data
lines are summarized in Figure C-3. Hexadecimal and deci-
mal values for the various commands are listed in Table C-2.

Table C-2
Hexadecimal and decimed command codes

Decimal value

Command | Hex value

GTL (1 |
sSDC 04 4
GET 08 8
LLO LE 17
bCL 14 20
SPE 18 24
SPD 19 25
LAG 20-3F 3263
TAG 40-5F 64-95
SCG 60-7F 96-127
UNL iF 63
UNT SF 95
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C4.7 Typical command sequences

For the various mulliline commands, a specific bus sequence

el 4ales il + lvs o o ¥ e
must take place to properly send the command. In particular,

the correct listen address must be sent 1o the instrument be-
fore it will respond to addressed commands. Table C-3 lists
a typical bus sequence for sending the addressed multiline
commands. In this instance, the SDC command is being sent
to the instrument. UNL is generally sent as part of the se-
quence to ensurc that no other active listencrs are present.
Note that ATN is true for both the listen command and the
SDC command byte itself.

Table C-3
Typical addressed command sequence
Data bus
Step | Command | ATN state
ASCII |Hex |Decimal
1 |UNL Set low ? iF 163
2 |LAG* Stays low 0 30 |48
3 |8SDC Stays low EOT 04 4
4 Returns high

*Assumes primary address = 16,

Tabie C-4 gives a typical common command sequence. In
this instance, ATN is truc while the instrument is being ad-
dressed, but it is set high while sending the common com-
mand string.

Table C-4
Tvpical addressed command sequence
Data bus
Step | Command | ATN state —
ASCII | Hex | Decimal

1 |UNL Set low 1 iF |63
2 |LAG* Stayslow |0 30 |48
3 |Data Set high * 2A |42
4 |Data Stays high |[R 52 |82
5 |Data Stays high 15 53 |83
6 |Data Stays high |T 34 184

* Assumes primary address = 16.

C.4.8 IEEE command groups

Command groups supported by the Model 708 are listed in
Tahle (.8

[xi8] L2 W )

Table C-5
IEEE command groups

HANDSHAKE COMMAND GROUP I

NDAC = NOT DATA ACCEPTED
NRFD = NOT READY FOR DATA
DAV = DATA VALID

UNIVERSAL COMMAND GROUP

ATN = ATTENTION

DCL = DEVICE CLEAR

IFC = INTERFACLE CLEAR
REN = REMOTE ENABLI

SPD = SERIAL POLL DISABLE :
SPE = SERIAL POLL ENABLE

ADDRESS COMMAND GROUP

LISTEN | LAG =LISTEN ADDRESS GROUP
MLA = MY LISTEN ADDRESS
UNL = UNLISTEN

TALK TAG = TALK ADDRESS GRQUP

MTA = MY TALK ADDRESS
UNT = UNTALK
OTA = OTHER TALK ADDRESS

ADDRESSED COMMAND GROUP

ACG = ADDRESSED COMMAND GROUP
GTI.= GO TO LOCAL
SDC = SELECTIVE DEVICE CLEAR

STATUS COMMAND GROUP ;

SRQ = SERIAL POLL REQUEST
STB = STATUS BYTE

RQS = REQUEST SERVICE

|
EOI = END |
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C.5 Interface function codes

The interface function codes, which are part of the IEEE-488
standards, define an instrument’s ability to support various
interface functions and should not be confused with pro-
gramming commands found clsewhere in this manual. The
interface function codes for the Model 708 are listed in Table
C-6.

Table C-6
Model 708 interface function codes

Co;le Interface function

SHI Source Handshake capability
AHI Acceptor Handshake capability

T5 Talker (basic talker, lalk-only, serial poll, unad-
dressed to talk on LAG)

L4 Listener (basic listener, unaddressed to listen on
TAG)

SRt Service Request capability

RLI1 Remote/Local capability
PPO No Paralle! Poll capability

DC1 Device Clear capability
DT1 Device Trigger capability
C0 No Controller capability
Ei Open collector bus drivers

TEQ No Extended Talker capability
LEO No Extended Listener capability

The codes define Model 708 capabilities as follows:

« SH (Source Handshake Function) — SH]1 defines the
ability of the instrument to initiate the transfer of mes-
sage/data over the data bus.

C-§

AH (Acceptor Handshake Function) — AHI defines
the ability of the instrument to guarantee proper recep-
tion of message/data transmitted over the data bus.

T (Talker Function) — The ability of the instrument to
send data over the bus to other devices is provided by
the T function. Instrument Lalker capabilities (T5) exist
only after the instrument has been addressed (o talk.

L. (Lisiener Function) — The ability of the instrument
to receive device-dependent data over the bus {rom oth-
er devices is provided by the L function. Listener capa-
bilities (L4} of the instrument exist only afier it has been
addressed to listen.

SR (Service Request Function) — SR1 defines the abil-

ity of the instrument to request service from the control-
ler.

RL (Remote/Local Function) — RL.1 defines the ability
of the instrument to be placed in the remote or local
modes.

PP (Parallel Poll Function) — The instrument does not
have parallel polling capabilitics (PP0).

DC (Device Clear Function) — DC1 defines the ability
of the instrument Lo be cleared (initialized).

DT (Device Trigger Function) — DTTI defines the abil-
ity of the Model 708 to have readings triggered.

C (Controller Function) — The instrument does not
have controller capabilities (CO).

E (Bus Driver Type) — The instrument has open-col-
lector bus drivers (E1).

TE (Extended Talker Function) — The instrument does
not have extended tatker capabilities (TEO).

LE (Extended Listener Function) — The instrument
does not have extended listener capabilities (LEO).
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KEITHLEY
Service Form

Model No. - Serial No. Date
Name and Telephone No.

Company

List all control settings, describe problem and check boxes that apply to problem.

i Intermittent d Analog output follows display [ Particular range or function bad; specify

' IEEE failure [ Obvious problem on power-up L Batteries and fuses are OK -
W Front panct operational [J All ranges or functions are bad 1 Checked all cables

Display or output (check one)

1 Drifts [J Unable to zero

(J Unstable (3 Will not read applied input

1 Overload

i Calibration only  Certificate of calibration required

[ Data required
(attach any additional sheets as necessary)

Show a block diagram of your measurement system including all instruments connected (whether power is turned on or not).
Also, describe signal source,

Where is the measurement being performed? {factory, controlled laboratory, out-of-doors, etc.)

What power line voltage is used? Ambient temperature? o _°F

Relative humidity? _ Other?

Any additionai information. (If special modifications have been made by the user, please describe.)

Be sure to include your name and phone number on this service form.
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