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WARRANTY

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

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

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

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

LIMITATION OF WARRANTY

This warranty does not apply to defects resulting from product modification without Keithley’s express written consent, or
misuse of any product or part. This warranty also does not apply to fuses, software, non-rechargeabl e 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 PRO-
VIDED HEREIN ARE BUYER'S SOLE AND EXCLUSIVE REMEDIES.

NEITHER KEITHLEY INSTRUMENTS, INC. NORANY OF ITSEMPLOYEES SHALL BE LIABLE FORANY DIRECT,
INDIRECT, 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 ARENOT LIM-
ITED TO: COSTS OF REMOVAL AND INSTALLATION, LOSSES SUSTAINED AS THE RESULT OF INJURY TOANY
PERSON, OR DAMAGE TO PROPERTY.
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Safety Precautions

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 voltages, 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 precautions re-
quired to avoid possible injury. Read the operating information
carefully before using the product.

The types of product users are:

Responsible body istheindividual or group responsible for the use
and maintenance of equipment, for ensuring that the equipment is
operated within its specifications and operating limits, and for en-
suring that 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 circuits.

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 aredescribed 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
safeinstallations and repairs of products. Only properly trained ser-
vice personnel may perform installation and service procedures.

Keithley products are designed for use with electrical signals that
arerated Installation Category | and Installation Category |1, as de-
scribed in the International Electrotechnical Commission (1EC)
Standard |EC 60664. M ost measurement, control, and datal/O sig-
nals are Installation Category | and must not be directly connected
to mains voltage or to voltage sources with high transient over-volt-
ages. Installation Category Il connections require protection for
high transient over-voltages often associated with local AC mains
connections. The user should assume all measurement, control, and
data I/0O connections are for connection to Category | sources un-
less otherwise marked or described in the Manual.

Exercise extreme caution when a shock hazard is present. Lethal
voltage may be present on cable connector jacksor test fixtures. The
American Nationa 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.

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 insulated 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 volts, no conductive part of the circuit may be
exposed.

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

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

When installing equipment where access to the main power cord is
restricted, such as rack mounting, a separate main input power dis-
connect device must be provided, in close proximity to the equip-
ment and within easy reach of the operator.

For maximum safety, do not touch the product, test cables, or any
other instruments while power is applied to the circuit under test.
ALWAY S 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 asinstalling or removing jumpers.

Do not touch any object that could provide a current path to the com-
mon side of the circuit under test or power line (earth) ground. Always
make measurements with dry handswhile standing on adry, insulated
surface capabl e of withstanding the voltage being measured.



Theinstrument and accessories must be used in accordance with its
specifications and operating instructions or the safety of the equip-
ment may be impaired.

Do not exceed the maximum signal level s of theinstrumentsand ac-
cessories, as defined in the specifications and operating informa-
tion, and as shown on the instrument or test fixture panels, or
switching card.

When fuses are used in aproduct, replace with sametype and rating
for continued protection against fire hazard.

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

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

If a @ screw is present, connect it to safety earth ground using the
wire recommended in the user documentation.

The A symbol on aninstrument indicatesthat the user should re-
fer to the operating instructions located in the manual.

The A 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 amanual explains 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, replacement
componentsin 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 used if the rating and type are the same. Other components
that are not safety related may be purchased from other suppliersas
long asthey are equivalent to the original component. (Note that se-
lected parts should be purchased only through Keithley Instruments
to maintain accuracy and functionality of the product.) If you are
unsure about the applicability of a replacement component, call a
Keithley Instruments office for information.

To clean an instrument, use a damp cloth or mild, water based
cleaner. Clean the exterior of the instrument only. Do not apply
cleaner directly to the instrument or allow liquids to enter or spill
on the instrument. Products that consist of a circuit board with no
case or chassis (e.g., data acquisition board for installation into a
computer) should never require cleaning if handled accordingtoin-
structions. If the board becomes contaminated and operation is af-
fected, the board should be returned to the factory for proper
cleaning/servicing.
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SAFETY PRECAUTIONS

The following safety precautions should be observed before using the Model 7070 and the associated
instruments.

This card is intended for use by qualified personnel who recognize shock hazards and are familiar
with the safety precautions required to avoid possible injury. Read over this manual carefully before
using the adapter card,

Exercise extreme caution when a shock hazard is present at the test circuit. User-supplied lethal voltages
may be present on the card or the card connector jacks. The American National Standards Institute
{ANSI) states that a shock hazard exists when voltage levels greater than 30V RMS or 42.4V peak are
present. A good safety practice is to expect that hazardous voltage is present in any unknown circuit
before measuring.

Do not exceed 200V between any two pins or any pin and earth ground.
Inspect the connecting cables and test leads for possible wear, cracks, or breaks before each use.

For maximum safety, do not touch the card, test cables or any instruments while power is applied
to the circuit under test. Turn off the power and discharge any capacitors before connecting or discon-
necting cables from the adapter card.

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

Do not exceed the maximum input signal levels of the adapter card, as defined in the specifications
and operation section of this manual.

Observe [EC-348 recommended voltage spacing with high-voltage circuits (>200V) mounted on the
unplated prototyping area (see paragraph 2.5.10).



SPECIFICATIONS

DESCRIPTION: Backplane extender card for
707 matrix cards or breadboard card, jumper
selectable. Access to analog and digital back-
planes, relay drivers, and power supplies.

MAXIMUM SIGNAL LEVEL (BACKPLANE):
200V, 1A.

COMMON MODE VOLTAGE (BACKPLANE):
200V maximum between any two pins or
chassis,

SUPPLY SPECIFICATIONS: 6V, 2.9A" max-
imum; 5V, 500mA maximum, digital supply.
*Assuming no other cards are installed. See
individual card specifications for their relay
drive requirements.

RELAY DRIVE LINES: 96 cpen collector sink
drivers, MOmA each. Coded in 8 row x 12
column format for front panel disptay. User
may provide external coil voltage supply up
to 35V or use mainframe &V supply.

BREADBOARD SPACE: Approximately
330mm x 228mm (13 in. x 9 in.).

RIBBON CABLE: Extends analog and digital
backplanes 10 feet for benchtop servicing
of cards,

CONNECTOR TYPE: 20 quick disconnect with
3 screw terminals, 2 strain relief clamps.

ACCESSORY SUPPLIED: Instruction manual.

Specifications subject to change without notice.



Contains information on Model 7070 features, specifica-
tions, and accessories.

SECTION 1

General Information

Details installation of the Model 7070 Universal Adapter
Card within the Model 707 Switching Matrix, covers
card signal paths, describes use as an extender card,
and presents information for mounting relays and other
components on the breadboard portion of the Model
7070.

SECTION 2

Operation

Gives typical applications for the Model 7070.

SECTION 3

Applications

Contains performance verification procedures, trouble-
shooting information and principles of operation for
the adapter card.

SECTION 4

Service Information

Lists replacement parts, and also includes component
layout and schematic drawings for the Model 7070.

SECTION 5
Replaceable Parts
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SECTION 1
General Information

1.1 INTRODUCTION

This section contains general information about the
Model 7070.

Section 1 is arranged in the following manner:

1.2 Features

1.3 Warranty Information

1.4 Manual Addenda

1.5 Safety Symbols and Terms
1.6 Specifications

1.7 Unpacking and Inspection
1.8 Repacking for Shipment

1.2 FEATURES

The Model 7070 Universal Adapter Card provides two func-
tions. As an extender card, the unit is designed for back-
plane extension using a 10-foot ribbon cable assembly. The
second function is as prototyping or breadboarding card,
allowing for user-installed relays or other circuits for cus-
tom matrix designs.

There are now two versions of the Model 7070. The standard
Model 7070 Universal Adapter Card includes ribbon cables
for extender card operation. All sections of this manual
apply to this version of the card. The Model 7070-PCA
Prototype Circuit Assembly is intended for use only as a
prototyping card and does not include extender cables.
Those with a Model 7070-PCA should disregard all
references in this manual to extender card operation. Major
sections that do not apply to the Model 7070-PCA include:
paragraph 2.4, Table 5-2, and the extender board component
layout and schematic located at the end of Section 5.

Other key features of the Model 7070 Universal Adapter
Card include:

e Detachable 10-foot ribbon cable assembly for extender
card operation.

» Prototyping area consisting of a grid of holes on 0.1 in.
centers for relay and component mounting.

e 96 relay drivers, each with 140mA current sink capability.

® On-card decoding circuity to allow mainframe front
panel and IEEE-488 control of user-installed relays and
circuits.

e Plated-through holes and pads for easy access to back-
plane pathways and relay drivers.

* Screw-terminal connections using quick-disconnect con-
nectors for row and column connections.

e 8 x 12 (eight row by 12 column) matrix implementation
with user-supplied relays or circuity.

* Guarding pathways are maintained on the card.

1.3 WARRANTY INFORMATION

Warranty information is located on the inside front cover of
this instruction manual. Should your Model 7070 require
warranty service, contact the Keithley representative or
authorized repair facility in your area for further
information. When returning the card for repair, be sure to
fill out and include the service form at the back of this
manual in order to provide the repair facility with the
necessary information.

1.4 MANUAL ADDENDA

Any improvements or changes concerning the adapter card
or manual will be explained in an addendum included with
the unit. Be sure to note these changes and incorporate them
into the manual before using or servicing the unit.

1.5 SAFETY SYMBOLS AND TERMS

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

The A symbol on an instrument indicates that the user
should refer to the operating instructions located in the
instruction 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 before per-
forming the indicated procedure.
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GENERAL INFORMATION

The CAUTION heading used in this manual explains haz-
ards that could damage the adapter card. Such damage may
invalidate the warranty.

1.6 SPECIFICATIONS

Model 7070 specifications may be found at the front of this
manual. These specifications are exclusive of the matrix
mainframe specifications, which are located in the
Model 707 Instruction Manual.

1.7 UNPACKING AND INSPECTION

1.7.1 Inspection for Damage

Upon receiving the Model 7070, carefully unpack it from its
shipping carton and inspect the card for any obvious signs
of physical damage. Report any such damage to the ship-
ping agent immediately. Save the original packing carton for
possible future reshipment.

1.7.2 Shipment Contents

The following items are included with every Model 7070
order:

* Model 7070 Universal Adapter Card.
* Ribbon cable/extender board assembly.

« Ribbon cable clips (5).
e Model 7070 Instruction Manual.
e Additional Accessories as ordered.

1.7.3 Instruction Manual

The Model 7070 Instruction Manual is three-hole drilled so
that it can be added to the three-ring binder of the
Model 707 Switching Matrix Instruction Manual. After
removing the plastic wrapping, place the manual in the
binder after the mainframe instruction manual. Note that a
manual identification tab is included and should precede
the adapter card instruction manual.

If an additional instruction manual is required, order the
manual package, Keithley part number 7070-901-00. The
manual package includes an instruction manual and any
pertinent addenda.

1.8 REPACKING FOR SHIPMENT

Should it become necessary to return the Model 7070 for
repair, carefully pack the unit in its original packing carton
or the equivalent, and include the following information:

* Advise as to the warranty status of the adapter card.

e Write ATTENTION REPAIR DEPARTMENT on the ship-
ping label.

e TFill out and include the service form located at the back of
this manual.
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SECTION 2
Operation

2.1 INTRODUCTION

This section contains information on card and matrix con-
figuration, extender and prototyping functions, as well as
measurement considerations, and is arranged as follows:

2.2 Handling Precautions: Discusses precautions that
should be taken into account when handling the card
to avoid contamination that could degrade
performance.

2.3 Card Configuration: Covers the various connectors
and pads on the card.

24 Extender Card Operation: Details using the Model
7070 as an extender card for such applications as
froubleshooting other matrix cards.

2.5 Prototype Card Operation: Discusses breadboarding
relays and other circuits to construct a custom matrix
card.

2.6 Measurement Considerations: Covers some important
aspects to keep in mind when using the Model 7070.

2.2 HANDLING PRECAUTIONS

To maintain isolation, care should be taken when handl-
ing the adapter card to avoid contamination from such

foreign materials as body oils. Such contamination can
substantially lower leakage resistances, degrading perfor-
mance. To avoid any possible contamination, always grasp
the card by the handle or the card edges. Do not touch
board surfaces, edge connectors, or components after
prototyping and cleaning,.

Dirt build-up over a period of time is another possible
source of contamination. To avoid this problem, operate
the mainframe and adapter card only in a clean environ-
ment.

Contamination from solder flux can also degrade perfor-
mance. After soldering wires to the card, carefully clean
it using the procedure discussed in paragraph 2.6.3.

2.3 CARD CONFIGURATION

The overall configuration of the Model 7070 is shown in
Figure 2-1. The following paragraphs discuss the main
aspects of the card.

WARNING
User-supplied lethal voltages may be present on
the PC hoard or connectors.

2-1/2-2
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OPERATION

2.3.1 Row/Column Connectors

A 3-terminal removable connector block is available for
each row and column connection of the switching matrix.
These blocks are labelled rows A through H, and columns
1 through 12. The three terminals available are H (HI), L
(LO), and G (guard). The connectors are equipped with
screw terminals, and they accept wires as large as #16AWG.
Plated through holes with pads adjacent to the connec-
tors allow input/output connections to circuits and relays
mounted on the protoptyping areas.

2.3.2 SMB Connectors

The four SMB connectors are intended for expanding the
matrix of rows A, B, G, and H to a Model 7072 Semicon-
ductor Matrix Card. These jumpers are supplied with the
Model 7072, and they can be installed as discussed in the
Model 7072 Instruction Manual.

2.3.3 Prototyping Areas

There are two prototyping areas located on the card. The
larger of the two is approximately 9in. x 9in. and has
plated-through hole pairs (0.04in. in diameter) on 0.1in.
centers. The unplated area is about 4.5in x 8in. and is in-
tended for such applications as switching higher voltages
than 200V using suitable relays and wiring. Again, the
holes are 0.04in. in diameter and are located on (.lin,
centers.

WARNING

The maximum voltage between any two
backplane connections or between any
backplane connector and chassis ground is
200V. The maximum voltage between any two
pads in the plated area is 200V. IEC-348 recom-
mended spacing must be maintained for high-
voltage circuits mounted on the unplated pro-
totyping area. See paragraph 2.6.10 for high-
voltage considerations.

2.3.4 Analog Pathway Connections

Three groups of pads are intended for matrix expansion
to other cards available for the matrix system: the Model
7071 General Purpose Matrix Card, the Model 7072
Semiconductor Matrix Card, and the Model 7073 Coaxial
Matrix Card. As summarized in Table 1, ANALOG #1 ac-
cesses rows C through F of the Model 7072 expansion
pathways, ANALOG #2 accesses rows A through H of the
Model 7071 expansion pathways, and ANALOG #3 access

rows A through H of the Model 7073 expansion pathways.
Note that Model 7072 expansion of rows A, B, G, and H
is available through the SMB connectors.

Table 2-1. Analog Pathway Summary

Pathway Card Signal Lines
ANALOG #1 7072, rows C-F HI, Guard
ANALOG #2 7071, rows A-H HI, LO, Guard
ANALOG #3 7073, rows A-H HI, Guard

2.3.5 Ribbon Cable Connections

The three ribbon cable connectors mate with the ribbon
cable headers when the Model 7070 is being used as an
extender card. In addition to the three analog pathways,
the digital circuits are extended through the ribbon cable
so that any card connected to the extender can function
normally.

2.3.6 CARD FUNCTION Jumper

The CARD FUNCTION jumper selects the operating mode
of the adapter card. In the EXTEND position, the Model
7070 is set up for extender card operation. In the LOCAL
position, relays or circuits on the card can be controlled
by the relay drivers.

2.3.7 Relay Drivers

There are 96 relay drivers located in 12 ICs on the circuit
boards. The connecting pads for the drivers are labelled
in row-column format. The output of each driver is active
LO, with a [40mA sink capability, Note, however, that the
maximum number of relays that can be energized is limited
by the power available; see paragraph 2.54 for more infor-
mation,

2.3.8 +V Relay and Digital Common Buses

The +V RELAY BUS is intended for connection of the
supply voltage to the on-card relays. If using the +6V
mainframe supply, a jumper must be connected between
the +V RELAY BUS and the +6V supply pad on the card.
If an external supply is used, it should be connected to
the +V RELAY BUS, and the +6V supply must be discon-
nected from +V RELAY BUS.
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The DIGITAL COMMON BUS provides a common connec-
tion for on-card active circuits using the mainframe’s +5V

supply.
2.3.9

The +5V supply can be used to power user-installed digital
circuits mounted on the Model 7070 breadboard. Note that
the maximum +5V supply current for the card is 500mA.
The +6V supply can be used to power user-installed relays.
The maximum current available from the +6V supply 2.9A;
this value assumes that no other cards are installed in the
mainframe. See paragraph 2.5.4 for a detailed discussion of
power supply limitations.

+5V and +6V Supplies

2.3.10 Chassis and GND Connections

The two screw terminals adjacent to the input/output con-
nectors are at chassis ground potential and can be used to
connect cable shields to chassis ground. An additional chas-
sis ground pad is located on the lower rear corner of the
card. The GND pad located at the lower rear terminal is con-
nected to digital common.

2.4 EXTENDER CARD OPERATION

NOTE
This section does not apply to the Model 7070-PCA.

One of the two functions of the Model 7070 is used as an
extender card for troubleshooting or bench-top testing of
other matrix cards. The following paragraphs discuss set-
ting up the unit as an extender card, connecting the ribbon
cables, and connecting other cards to the extender board.

241

In order to use the Model 7070 as an extender card, the
CARD FUNCTION switch must be in the EXTEND posi-
tion, as shown in Figure 2-2.

Selecting the Extend Function

NOTE
If relays are mounted on the card, disconnect the
+V relay bus from the relay supply voltage before
using the Model 7070 as an extender card. Other-
wise, any on-card relays will be energized when
accessing the card slot.

L L

Card Function
Extend
Local o

Figure 2-2. Extend Function Jumper Selection

24.2

Three 10-foot ribbon cables attached to an extender board
are supplied with the Model 7070. In order to use the
Model 7070 as an extender card, these cables must be con-
nected to the on-card connectors, as shown in Figure 2-3.
The widest cable should be routed through the upper cable
clamp, while the two narrower cables should be routed
through the lower cable clamp (remove upper half of clamp
first). After making connections, secure the ribbon cables
with the clamps. Also dress the cables with the supplied
cable clips where convenient.

Ribbon Cable Connections

2-6
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Route Wide
Cable Through
Upper Clamp

Top

H R —

%

Lo _
I

Connect Ribbon
Cables to Cable

Ky

Connactors

}.;{

atie

Extender
Board

Route Two
Narrow Cabies
Through lLower

Clamp

Model 7070

Figure 2-3. Ribbon Cable Connections

2.4.3 Connecting Cards to the Extender Card

To connect other cards to the Model 7070, simply plug in
the card in question to the extender board, as shown in
Figure 2-4. Make certain the card is propetrly seated in the
edge connectors.

WARNING

User-supplied lethal voltages may be present on
the extender board. Place the matrix card that
has been set outside the mainframe on a non-
conductive surface. Do not place the matrix
card on a conductive surface such as a rack.
Voltages present on the card could short, caus-
ing a shock hazard or possible damage to the
matrix card or mainframe.

CAUTION
Do not touch any card edge connectors to avoid
contaminating them; such contamination may
degrade card performance.

2.4.4 Card Installation and Removal

After prototyping or extender card selection, the Model
7070 should be installed within the Model 707 Switching
Matrix, as summarized below. Figure 2-5 shows the in-
stallation procedure.

WARNING
Turn off the mainframe power and disconnect
the line cord before installing or removing
matrix cards.

1. Before installing the card, make sure the access door on
top of the Model 707 is fully closed and secured. The
access door contains tracks for the card slots and must
be in place to properly install the card.

2. With one hand grasping the handle, and the other
holding the back of the card, line up the card with the
tracks in the desired slot. Make certain that the compo-
nent side of the card is facing the fan on the mainframe.
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Extender
— Board

[ L]
B To 7070
Main Board

E==

=

707X Card

|
—

Seal Card
Properly in connecters

Figure 2-4. Extender Board Connections

CAUTION
Do not touch the card surfaces or any com-
ponents to avoid contamination that could
degrade card performance.

. Slide the card into the mainframe until it is properly

seated in the edge connectors at the back of the slot.
Once the card is properly seated, secure it to the main-
frame by finger tightening the spring-loaded screws.

WARNING
The mounting screws must be secured to en-
sure a proper chassis ground connection be-

tween the card and the mainframe. Failure to
properly secure this ground connection may
result in personal injury or death due to elec-
tric shock.

4. To remove a card, first turn off the power and discon-
nect the line cord from the mainframe. Disconnect all
external and internal cables (internal cables can be reach-
ed through the access door}. Loosen the mounting
screws, then pull the card out of the mainframe by the
handle. When the back of the card clears the mainframe,
support it by grasping the bottom edge near the rear
of the card.
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> MOUNTING SCREWS

o‘%) ~

CARD HANDLE

Figure 2-5. Model 7070 installation
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2.4.5 Extender Card Considerations

The following points should be kept in mind when using
the extender card.

1. Using the extender card may degrade the specifications
of other cards. Card specifications are not applicable
when they are used with the extender card.

2. When a matrix card is being operated outside the main-
frame, it is no longer shielded from RFI/EMI interference
or static discharge by the mainframe. If the card is to
be operated in such an enviroment, shield the card as
necessary.

3. Because of the long ribbon cables, the digital circuits on
the card or in the mainframe may radiate signals that
interfere with other equipment. In order to minimize
these effects, keep the ribbon cables and external card
as far away as possible from sensitive instrumentation.

2.5 PROTOTYPING CARD OPERATION

A primary function of the Model 7070 is as a prototyping
card. Two large prototyping areas on the card allow the
installation of user-supplied relays or active circuits for
custom matrix applications. The following paragraphs
describe the major aspects of using the Model 7070 as a
prototyping card.

2.5.1 Local Function Selection

In order to use the Model 7070 as a prototyping card, the
CARD FUNCTION jumper must be placed in the LOCAL
position. Figure 2-6 shows the LOCAL jumper position.
Also, the ribbon cables used for the extension function
should be disconnected and removed from the card.

Card Function
Extend ¢

Local

Figure 2-6. LOCAL Function Jumper Position

2.5.2 Breadboarding Considerations

The adapter card has two prototyping areas available for
user-installed components. The larger 9in. x 9in, area has
plated-through hole pairs on 0.lin. centers with a hole
diameter of 0.04in. The secondary {4¢%2in. x 8in.) prototyp-
ing area has unplated holes for such uses as switching
higher voltages than 200V. These holes are also on 0.1in.
centers and have a diameter of 0.04in.

The holes will accept conventional IC packages, transistors,
relays, resistors, and other similar components. In addi-

2-10
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tion, the holes will accept vector pins and micro klip pins
to simplify circuit connections. The plated hole pairs can
be cut with a sharp knife or razor blade, if necessary. Note
that components must be mounted on the same side of
the card as the digital components that are already
mounted on the card; soldering should be done on the
opposite side. After installing components or connecting
pins, make sure that pins or leads do not extend more than
0.25in. above the surface of the solder side. After solder-
ing, the board should be cleaned, as discussed in
paragraph 2.5.3.

WARNING
The maximum voltage between any two plated
pad pairs, or between any plated pad and
chassis ground is 200V. The maximum voltage
between any two backplane connectors bet-
ween any backplane connector and chassis
ground is 200V. The maximum card signal level
is 200V, 1A. IEC-348 recommended spacing
must be maintained for high-voltage circuits
mounted on the unplated prototyping area. See
paragraph 2.5.10 for details.

CAUTION
Make certain the +5V or +6V supplies are not
shorted to chassis or common before installing
the card. Failure to observe this precaution may
result in card or mainframe damage.

2.5.3 Board Cleaning

Flux left on the circuit board after soldering can degrade
measurements, especially those of the high-impedance
variety. After soldering to the circuit board, the board
should be carefully cleaned as follows:

1. Carefully clean the soldered areas using Freon® TMS or
TE, or the equivalent. Clean cotton swabs or a clean,
soft brush can be used to help remove the flux. Be
careful not to spread the flux around to other areas of
the board.

2. After cleaning with Freon® , swab the treated area with
clean methanol, then blow dry the board with dry
nitrogen gas.

3. After cleaning the board, allow it to dry for several hours
in a 50°C, low-humidity environment before use.

2.5.4 Power Supply Considerations

The prototyping section has access to the mainframe’s +5V
and +6V supplies via the supply pads located on the card.
The +5V supply can be used to power digital circuits on
the card, and it has a maximum current available of
500mA.

The +6V supply is intended for powering on-card relays,
and it has a maximum available current of 2,9A, Note,
however, that this value excludes any other cards install-
ed in the mainframe. The available current with a given
configuration depends on how many other cards are in-
stalled in the mainframe, as well as how many crosspoints
on each card are closed at any given time.

As summarized in Table 2-2, the amount of drive current
required per crosspoint depends on the card type. To deter-
mine how much current is available for use by the Model
7070, simply multiply the maximum number of like cross-
points to be closed at any given time by the current per
crosspoint. Sum the card totals and subtract that value
from 2.9A. The result is the amount of current available
to drive prototyping relays. The total number of prototype
relays that can be closed at once can then be found by
dividing the available current by the drive current per pro-
totyping relay. See the specifications for your relays for the
required drive current per relay.

Table 2-2. Drive Current per Crosspoint

Relay Drive
Current

Card Rows (per crosspoint)
7071 A-H 15mA
7072 A-B 40mA

C-F 60mA

G-H 80mA
7073 A-H 20mA

2.5.5 Internal/External Relay Powering

Card relays can be powered either from the +6V main-
frame supply, or from an external supply of up to 35V, as
described below.

2-11
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Internal Relay Supply

To power all relays from the +6V supply, you must install
a jumper between the +6V pad and the +V RELAY BUS,
as shown in Figure 27. Be sure to remove this jumper if
using an external supply.

-+ +V Relay Bus

Connect jumpar as shown

FREEEREGD D E 0 B

=

Figure 2-7. Jumper Installation for Internail Relay
Supply

External Relay Supply

In cases where more current or a higher voltage than is

available from the +6V supply is required, an external
supply of up to +35V can be connected to the card, as
shown in Figure 2-8. Connect the positive terminal to the
+V RELAY BUS, and connect the negative terminal to the
DIGITAL COMMON BUS.

CAUTION
Do not exceed 35V for the external supply. Also,
make sure to disconnect the internal +6V sup-
ply when using an external supply, or damage
to the card or mainframe may occur.

Splitting the Relay Supply

In some cases, you may wish to split up the power supply
allotment among the relays because of different relay
voltages or other factors such as current constraints. To do
s0, simply cut the +V RELAY BUS at a convenient loca-
tion, and connect the two sections to the internal and ex-
ternal supplies, as required. Be careful to avoid a short bet-
ween the two sections, or instrument damage may occur.

Power Supply Decoupling

Active circuits wired on the prototyping board should be
properly decoupled to ensure proper operation and
minimum EMI radiation. For example, digital circuits
typically use a 0.1uF capacitor between +5V and digital
common, with one capacitor per IC for MSI and LSI
packages, and one capacitor for every three or four
packages for small scale integration ICs. Each capacitor
should be mounted as close to the IC as possible, and on-
ly low equivalent series resistance capacitors such as
ceramic film types should be used.
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44— 4V Relay Bus

et

[l

)]

E

)]

E

Bl +6V @

[l ]
BoGEERBGB R E 0

—
O+

O -
.

External Supply

Digital

Common
Bus

Caution : Maximum supply voltage
is 35V. Observe polarity
and remove jumper 1o +6V
supply if installed.

Figure 2-8. External Supply Connections

2.5.6 Digital Common Connections

The DIGITAL COMMON BUS, which is located along the
bottom edge of the prototyping area, provides a common
bus for any active circuits located on the card, including
those using the +5V supply. Digital common also provides
a return path for the relay drivers located on the card.

2.5.7 Relay Coil Connections

Each relay driver has an open-collector output capable of
sinking a maximum of 140mA. A typical driver output is
shown in Figure 2-9.

To wire your relay coils, simply connect one side of each

coil to the +V RELAY BUS, and connect the other side of
the coil to the relay driver connection pad. An example
of such connections for all 12 columns of row A is shown
in Figure 2-10. Note that it is not necessary to use clamp-
ing diodes across the relay coils because they are integral
within the driver ICs. Also, the +V RELAY BUS must be
connected to +6V or an external power source as previous-
ly described.

The specified operating voltage of each relay should, of
course, agree with the relay supply voltage, Since each
relay driver output has a specified saturation voltage of
1.1V (at 100mA), the specified relay coil voltage should be
approximately 1V less that the supply voltage being used.
With the +6V supply voltage, for example, 5V relays
should be used. In any case, the specified relay current
must not exceed 140mA, as stated above.
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F———————— — =
I
|
| +——> +V Relay Bus {(+6V or
| r————"7 +35V Maximum External Supply)
O-+ 00000
' -
|  ___ User-installed Relay
|
I
| 7.2k
i
Digital
e p— Common
Driver IC
Figure 2-9. Typical Relay Driver Output
0 +V Relay Bus
(+6V or +35V Maximum External Supply)
User-Installed
Relays
Relay Driver () ) * ) - () ) 9, & (2 - L
Outputs { A1 A2 A3 A4 A5 A8 A7 AB A3 AI0 AI1  A12

Notes : 1.) Maximum current per relay is 140mA,
2.) Nominal driver saturation voltage is = 1V.

Figure 2-10. Typical Relay Coil Connections (Row A Shown)
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2.5.8 Relay Matrix Wiring

The exact way you wire your relay contacts will, of course,
depend on your particular requirements. Typically, such
relays will be wired in a row-column matrix configuration,
as shown in Figure 2-11 (for the sake of clarity, we have
shown only a few relays on the diagram). Note that 3-pole
switching is shown, with HI, LO, and guard all switched.
If the relays are equipped with shields, guard would be
connected to the relay shields.

In order to complete the matrix, the like contacts of the
relays must be connected together to complete the row-
column format. One end of each row and column group
would typically be connected to the inputioutput connec-
tors, while the other end of each row and column group
would be connected to the pathway extension pads, if
matrix expansion to other cards in the mainframe is
required.

1 2 P 12
Guard | @ . oy 1—-0/0- ’—O/O—
HI| @ io/c I—o’/c I—{J/c
B Llo|e@ ool Lo Lot B
Guard | @ : o4 [-Ko-u ’—c:/o—u
L ] [ ] [ ] [ ]
[ ] [ ] [ ] [ ] »
[ ] [ ] [ ] [ ] L ]
[ ]
HI| @ lo’/c Lcr"’c: l—o/’c;
H lol|le Lot | S H
Guard | @ =0—n ro/:/mv ’—o:/o—o
[ aa i [ g L gl )
=
[ |ﬁ|— l——l_
08 8 808
W 6 I 0] 5 X ) 6 I
£ 5 §
(= a o
1 2 * s 12

Figure 2-11. Relay Matrix Wiring
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2.5.9 Relay Settling Time

Any mechanical relay takes a finite length of time to make
contact and settle completely. The other cards in the Model
707 system have a hardware settling time that is dependent
on the type of relays programmed into their ROMs.
However, since there is no way to anticipate the type of
relays you will use, the Model 7070 has a hardware settl-
ing time of Imsec programmed into its ROM. For that
reason, it will be necessary for you to program a suitable
settling time into the Model 707, The required settling time
will, of course, depend on your particular relays; see the
relay specifications for information. Settling time can be
programmed using the front panel SETTLING TIME key
(or over the bus with the 5 command). The allowable range
for the settling time is Imsec to 65.533sec in Imsec
increments.

2.5.10 High-Voltage Switching Considerations

The unplated prototyping area can be populated with
suitable relays to switch voltages higher than the 200V
available with the plated prototyping area or other cards
in the Model 707 system. The following precautions must
be observed when prototyping high-voltage circuits on the
card.

. Minimum terminal spacing, as recommended by the

IEC-348 standard, must be observed. A partial list of
minimum distances for various recommended voltages
is shown in Table 2-3. The clearance values are distances
in free air, while the creepage values are distances across
the board surfaces. For more detailed information, con-
sult IEC {International Electrotechnical Commission)
Publication 348.

. All wiring, relays, and connectors must have adequate

voltage rating for the expected voltage levels. Do not use
the input/output connectors supplied with the adapter
card,

. Use shielded wire for input/output connections to

minimize EMI radiation. Connect the shields to the card
chassis ground screws.

. Do not connect any high-voltage circuit to pads or com-

ponents on any area of the card other than the
designated high-voltage (unplated) prototyping area.

. If the card is to be operated outside the mainframe (for

example, with a second Model 7070 used as an extender
card}, it must be properly shielded for safety and to
minimize EMI radiation. The shield must be connected
to the mainframe chassis using a heavy ground wire.

Table 2-3. Partial List of Recommended Spacing for
High-Voltage Circuits

VoItage Between Minimum Spacing
Conductors Between Conductors
Creepage
DC or AC Clearance | Distance
RMS Sinusoidal AC Peak mm (in.) mm {in.)
>130V, =250V >184V, =365V 3 (0.118) 3 (0.118)
>250V, =450V >354V, =630V 3.5 (0.138) | 4.5 (0.177)
>450V, <660V >630V, <933V 4 (0.157) 6 (0.236)
>660V, <1000V >033V, =400V | 55 (0.217) | 9 (0.354)
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2.5.11 Prototype Card Installation

After prototyping your circuits, install the card in the
desired slot of the mainframe. The detailed installation pro-
cedure is covered in paragraph 2.44.

WARNING
The card mounting screws must be secured to
ensure a good connection to chassis ground.

2.5.12 Switching Matrix

As shown in Figure 2-12, the each Model 707 matrix card
is organized as an 8 x 12 (eight row by 12 column) matrix.
The rows are labelled A through H, while the columns on
the card are numbered 1 through 12. The actual column
number to use when programming depends on the slot
and unit number, as summarized in Table 2-4. For exam-
ple, card column number 2 on a card in slot 5 of unit 1
is accessed as matrix column 62,

Each intersecting point in the matrix is called a crosspoint
that can be individually closed or opened by programming
the Model 707 mainframe. The switching form depends on
the type of user-installed relays: one, two, or three pole
switching can be used. With single-pole switching, only
HI would be switched; with two-pole switching, both HI
and LO would be switched; and, with three-pole switch-
ing, HI, LO, and guard are switched. These three basic
switching configurations are shown on Figure 2-12.

Table 2-4. Column Numbering by Slot and Unit

Unit Slot Columns (1-12)

1 112

13-24
25-36
37-48
49-60
0172

SN W R =

73-84

85-96
97108
169-120
121132
133-144

SN U N

145-156
157168
169-180
181192
193-204
205-216

[oxR6 ) - NN SL I N By

217228
229-240
241-252
253-264
265-276
277-288

O U1 G N =

289-300
301-312
313-324
325-336
337-348
349-360

SN W N -
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Hi LO GUARD

Typical 3-Pole Switching
{HI, LO, GUARD)

Columns

12 3 4 5 6 718 9 10 1112

Typical 2-Pole

Rows Switching (HI and LO)

Note : Switching topology
depends on user-installed
relays and wiring.

Typical 1-Pole
Switching

Figure 2-12. Matrix Organization
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2.5.13 internal Matrix Expansion

Two to six matrix cards can be connected together within
the mainframe to yield an 8 x N matrix, where N depends
on the number of cards. Figure 2-13 shows an internally
expanded matrix with three cards, resulting in an 8 x 36
(eight row by 36 column) matrix. As summarized in Table
2-2, the actual column number used when programming
the unit is determined by the slot.

For ANALOG #2 and ANALOG #3 pathways, all rows (A
through H) are automatically connected together through
the backplane of the mainframe (you must of course make
the necessary on-card connections from your relay buses
to the appropriate pathway pads). For ANALOG #1, path-
ways C through F are connected through the backplane,
while rows A, B, G, and H use the SMB connectors. As
discussed previously, ANALOG #1 connects to Model 7072
cards, ANALOG #2 connects to Model 7071 cards, and
ANALOG #3 connects to Model 7073 cards.

The mainframe can be configured for two sets of three
cards each by removing jumpers from the backplane of the
mainframe; see Section 3 of the Model 707 Instruction
Manual for details on removing the jumpers. With the row

jumpers removed, cards in slots 1 through 3 are connected,
and cards in slots 4 through 6 are connected together.

Because of more critical signal paths, rows A, B, G, and
H of ANALOG #1 are not jumpered through the
backplane. Instead, you must install the coaxial jumpers
(supplied with the Model 7072) between appropriate con-
nectors on Model 7070 and 7072 cards. Each card has one
or two SMB coaxial connectors for each row, allowing daisy
chaining of card rows. These connectors can be reached
by lifting the access door on the top of the mainframe; it
is not necessary to remove cards to install the jumpers.

2.5.14 External Matrix Expansion

External jumper wires must be used to expand the number
of rows in the matrix, or to connect between columns of
cards installed in different mainframes. An example of
such an expanded matrix is shown in Figure 2-14. Here,
six cards are configured as a 16 x 36 matrix. Since the rows
are internally jumpered, only columns must be jumpered
externally in this configuration. Note that the backplane
jumpers must be removed to separate the cards into two
groups.

Slot 1 Backplane Slot 2 Backplane Slot 3
Pathways Pathways
1 2 3 4 5 6 7 8 8 10 11 12 - ~ 13 14 15 16 17 18 19 20 21 22 23 24 -~ N 25 26 27 28 29 30 31 22 32 34 35 36

A

8

¥

o) TN

Rows

E P P

F LS PN

G

H T TN

Note : Rows A-H of ANALOG #2 and ANALOG #3, and rows C-F of ANALOG #1 jumpered through backplane.
Rows A, B, G, and H of ANALOG #1 raquire installation of coaxial jumpers.

Figure 2-13. Connecting Three Cards for 8 x 36 Matrix
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Slot 1 Slot 2 Slot 3
Backplane Backplane
12 03 4 5 6 7 8 010 1112 #7713 14 15 16 17 18 19 20 21 22 23 24 TN 25 26 27 28 29 30 31 32 33 34 35 38
A ~ PN
B N N
[l T, N
D P N
E e e
£ i Pana N
G T PN
H N Peaan
. A
External Exiernal
Jumpers Jumpers
N\ J
A N e
B ~ N
(o) Ve P N
o e
B N
E Y o
a N PNl
H PN N

123456789101112w131415161?18192021222324\. ~ 25 26 27 28 20 30 31 22 33 34 35 36

Backpiane Backplane
Slot 4 Slot 5 Slot &

Notes : 1. Backplane jumpers between slot 3 and 4 must be removed.
2. internal rows A, B, G, and H of ANALOG #1 require coaxial jumpers.

Figure 2-14. 16 x 36 Matrix Constructed by External Jump<ring
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2.6 MEASUREMENT CONSIDERATIONS

Many measurements made using the Model 7070 concern
low-level signals. Such measurements are subject to
various types of noise that can seriously affect low-level
measurement accuracy. The following paragraphs discuss
possible noise sources that might affect these measure-
ments,

2.6.1 Magnetic Fields

When a conductor cuts through magnetic lines of force,
a very small current is generated. This phenomenon will
frequently cause unwanted signals to occur in the test leads
of a switching matrix system. If the conductor has suffi-
cient strength, even weak magnetic fields like those of the
earth can create sufficient signals to affect low-level
measurements.

Two ways to reduce these effects are: (1) reduce the lengths
of the test leads, and (2) minimize the exposed circuit area.
In extreme cases, magnetic shielding may be required.
Special metal with high permeability at low flux densities
(such as mu metal) are effective at reducing these effects,

Even when the conductor is stationary, magnetically-
induced signals may still be a problem. Fields can be pro-
duced by various signals such as the AC power line
voltage. Large inductors such as power transformers can
generate substantial magnetic fields, so care must be taken
to keep the switching and measuring circuits a good
distance away from these potential noise sources.

At high current levels, even a single conductor can generate
significant fields. These effects can be minimized by us-
ing twisted pairs, which will cancel out most of the
resulting fields.

2.6.2 Radio Frequency Interference

RFI (Radio Frequency Interference) is a general term used
to describe electromagnetic interference over a wide range
of frequencies across the spectrum. Such RFI can be par-
ticularly troublesome at low signal levels, but is can also
affect measurements at high levels if the problem is of suf-
ficient severity.

RFI can be caused by steady-state sources such as radio
or TV signals, or some types of electronic equipment
{microprocessors, high speed digital circuits, etc.), or it can

result from impulse sources, as in the case of arcing in
high-voltage environments. In either case, the effect on the
measurement can be considerable if enough of the un-
wanted signal is present.

RFI can be minimized in several ways. The most obvious
method is to keep the equipment and signal leads as far
away from the RFI source as possible. Shielding the matrix
switching card, signal leads, sources, and measuring in-
struments will often reduce RFI to an acceptable level. In
extreme cases, a specially-constructed screen room may be
required to sufficiently attenuate the troublesome signal.

Many instruments incorporate internal filtering that may
help to reduce RFI effects in some situations. In some
cases, additional external filtering may also be required.
Keep in mind, however, that filtering may have detrimen-
tal effects on the desired signal.

2.6.3 Ground Loops

When two or more instruments are connected together,
care must be taken to avoid unwanted signals caused by
ground loops. Ground loops usually occur when sensitive
instrumention is connected to other instrumentation with
more than one signal return path such as power line
ground. As shown in Figure 2-15, the resulting ground loop
causes current to flow through the instrument LO signal
leads and then back through power line ground. This cir-
culating current develops a small but undesirable voltage
between the LO terminals of the two instruments. This
voltage will be added to the source voltage, affecting the
accuracy of the measurement.

Signal Leads

Instrument 1 Instrument 2 Instrument 3

. f . . .

—-— > —

/ Ground -1\
1 Loop

k__ GCurrent

J —
_I_Power Line Ground

Figure 2-15. Power Line Ground Loops
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Figure 2-16 shows how to connect several instruments
together to eliminate this type of ground loop problem.
Here, only one instrument is connected to power line
ground.

Instrument 1 Instrument 2 Instrument 3

|

_LPowe.r Line Ground

Figure 2-16. Eliminating Ground Loops

Ground loops are not normally a problem with in-
struments having isolated 1O terminals. However, all in-
struments in the test setup may not be designed in this
manner. When in doubt, consult the manual for all in-
strumentation in the test setup.

2.6.4 Keeping Connectors Clean

As is the case with any high-resistance device, the integrity

of connectors can be compromised if they are not handl-
ed properly. If the connector insulation becomes con-
taminated, the insulation resistance will be substantially
reduced, affecting high-impedance measurement paths.

If the connector insulators should become contaminated,
either by inadvertent touching, or from air-borne deposits,
they can be cleaned with a cotton swab dipped in clean
methanol. After thorough cleaning, they should be allow-
ed to dry for several hours in a low-humidity environment
before use, or they can be dried more quickly using dry
nitrogen.

2.6.5 Shielding

Proper shielding of all signal paths and devices under test
is important to minimize noise pickup in virtually any swit-
ching matrix system, Otherwise, interference from such
noise sources as line frequency and RF fields can serious-
Iy corrupt a measurement.

In order for shielding to be effective, the shield should be
connected to signal LO (or chassis ground for instruments
without isolated LO terminals). If the device under test
is to be shielded, the shield should also be connected to
the LO terminal. Figure 2-17 shows typical shielding con-
figuration for a matrix card using 2-pole switching.




OPERATION

r- - - == B
| DUT |
| ]I }-— I
| | Shieid (Optional)
L - — - . _ -
HI ] [ Lo
Column
r— - - - 7
Row
— ) | |
I I
HI O Q 3>——oT 0 |
LO O ¢ ))ﬁ—o:/ l
- ~ Crosspoint l
Measuring | Relay [
Instrument L _ ]
Relay Shield
(if available)

Figure 2-17. Shielding Example

2.6.6 Guarding

Guarding is important in high-impedance circuits where
leakage resistance and capacitance could have degrading
effects on the measurement. Guarding consists of using
a shield surrounding a conductor that is carrying the high-
impedance signal. This shield is driven by a low-
impedance amplifier to maintain the shield at signal
potential.

Guarding minimizes leakage resistance effects by driving
the cable shield with a unity gain amplifier, as shown in
Figure 2-18. Since the amplifier has a high input im-
pedance, it minimizes loading on the high-impedance
signal lead. Also, the low output impedance ensures that
the shield remains at signal potential, so that virtually no
leakage current flows through the leakage resistance, RL.
Leakage between inner and outer shields may be con-
siderable, but that leakage is of little consequence because

that current is supplied by the buffer amplifier rather than
the signal itself.

In a similar manner, guarding also reduces the effective
cable capacitance, resulting in much faster measurements
on high-impedance circuits. Because any distributed
capacitance is charged through the low impedance of the
buffer amplifier rather than by the source, settling times
are shortened considerably by guarding.

In order to use guarding effectively with the Model 7070,
the GUARD path of the matrix card should be connected
to the guard output of the sourcing or measuring instru-
ment. Each guard path should be switched by the cross-
point relay; thus 3-pole switching should be used with
guarding (assuming that both HI and LO are also switch-
ed). Figure 2-19 shows a typical matrix card guarded
configuration.
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r-=—r—-————-——-——-——=7371 /7771
| |1 tnner Shield [l |
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i | | ] . Buffer |
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Switch
Figure 2-18. Guarded Circuit
R A
! DUT |
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Shield
: | I+— Guard
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Connect Safety —#
Shield to Card Hil o Guard
Chassis N
N N N\ Column
AL T T T T T
\ Row | r .0 |
| HO D> Icr/oT :
Lo O )}—:—l—o//o«l—-—- :
[
GUARD O—; > o7 |
|
|

i - Crosspoint Relay
Measuring or Sourcing |
Instrument Connect Guard L |

to Re!ay Shield Matrix Card
if available,

Warning : Lethal voltage may be present on guard. Surround guard

with safety shield. Connect safety shield to card chassis ground.

Figure 2-19. Typical Guarded Connections

2-24




SECTION 3
Applications

3.1 INTRODUCTION

Applications for the Model 7070 Universal Adapter Card
will depend, of course, on your particular needs. This sec-
tion presents some typical applications for the Model 7070
used as a prototyping card, and it is arranged as follows.

3.2 Scanner Switching: Outlines methods to use the card
as a scanner instead of as a switching matrix.

3.3 On-Card Buffering: Details using on-card buffers to
minimize the effects of leakage resistance.

34 Solid-state Relays: Covers solid-state relay switching
for such purposes as power control.

3.5 High-Speed Analog Switching: Describes the use of
solid-state switching ICs to provide high-speed swit-
ching not possible with relays.

3.6 Using the Adapter Card with Other Matrix Cards:
Gives two typical applications for using the Model
7070 with other matrix cards.

3.2 SCANNER SWITCHING

Although the primary configuration of a Model 707 is as
a switching matrix, there are situations where a scanner
switching system can do the job better. The following
paragraphs discuss various aspects of building a scanner
switching system on the Model 7070,

3.2.1 Scanner Configuration

Functionally, a scanner can be thought of as a rotary

switch, as shown in Figure 3-1. Each switch position is ac-
tually a set of relay contacts, giving the switch 1, 2, 3, or
even 4-pole switching capability.

A scanner operates by stepping through its inputs or chan-
nels in sequence. Thus, with the example in Figure 31,
the switch would begin at channel 1, advance to channel
2, and so on until all channels have been sequenced. After
the last channel in the sequence, the unit will start over
again with channel 1. Note that only one channel is con-
nected to the output at any given time.

3.2.2 Relay Wiring

Figure 3-2 shows how to connect eight 2-pole relays
together to construct an B-input, 2-pole scanner. Note that
one side of each set of relay contacts serves as a channel
input, while the other side of each set of relay contacts are
paralleled together as the scanner output. Other relay
types could be used for 1, 3, or even 4-pole switching, as
required. Additional relays could be added to increase the
number of scanner inputs, as required, up to a maximum
of 96 relays per card.

For control, the relay coils must be wired to the relay driver
cutputs and the +V RELAY BUS (which must itself be con-
nected to the desired relay voltage). Figure 3-3 shows the
relays wired to columns 1 through 8 of row A. Of course,
you can connect the relays to any unused driver outputs;
simply keep in mind which “crosspoints” to close when
programming the unit, as discussed in the paragraph
below.
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Figure 3-1. A Scanner as a Rotary Switch
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Figure 3-2. 8-Input, 2-Pole Relay Scanner

+V Relay Bus

K14 K24 K3< Ka4 K54 K64 K7

Al A2 A3 A4 A5 AB A7

K8

<4 Relay Driver

AB Outputs

Figure 3-3. Scanner Relay Coil Wiring

3.2.3 Programming the Scanner

Since the Model 707 is designed as a switching matrix, the
intelligence necessary to control a scanner must be design-
ed into a controlling program {(or appropriate front panel
setups can be used to sequence through the relays). Pro-
gram 1 below, which is written in Hewlett-Packard BASIC,
demonstrates the basic principles of controlling the scan-
ner with programming. Figure 3-4 is a flowchart of the pro-
gram. One feature included in the program is a program-
mable channel settling time., As written, the program
assumes that the Model 7070 is located in slot 1 of the
Model 707. Note that user-defined code must be added
to line 80 to control any measurement instrument.

Program 1 Simple Scanner Program Control

Program Comments
18 FREMOTE 713 Put 707 in
remote,
26 OUTPUT 718 s s vRESE"! Return 707 to
default.
IE IHPUT S s SETTLEIMG TIME Input Settling
CMSECH 'Yy Settle time.
48 Settle=Settle.- 15GH Settle time in
msec.
SAFOR I=1T7a% Loop for all
eight channels.
@ QUTPUT 718 9sCa* I Close A, L

Settling time.
. Add code for
measurement
instrument,
SO QUTPUT 718 9 fdp ' T Open channel.
186 HEST I Loop back for
next channel.

11a EHD
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Input Settling
Time

Py
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Close
Channel

Wait Settle
Time

User's
Measurement

Y

Open
Channel
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Increment
Channel

All
8
Channels 7

Figure 3-4. Program 1 Flowchart

3.2.4 A Practical Scanner Application

A scanner performs well at switching a number of devices
to one instrument. One possible application for a scanner
is shown in Figure 3-5. Here, we are using the scanner to
select among the eight resistances located in a thick-film
resistor package. A Model 196 DMM is used to make the
resistance measurement, For lower-value resistors, the
4-wire measurement method shown should be used for
maximum accuracy. Note that only 2-pole switching is re-
quired because of the common device terminal. For other
4-wire measurements, 4-pole switching may be required.

Program 1 above can be modified to make the resistance
measurements. Program 2 below provides the basic test
capability for the system, including the basic scanner se-
quencing, and obtaining and displaying a reading from the
DMM. Figure 3-6 is a flowchart of the program. Keep in
mind that this program may require modification for your
particular requirements.

Program 2 Resistor Test Program

Program Comments

18 REMOTE 713 Put 707 in
remote.

28 REMOTE 7avy Put 196 in
remote,

ZA QUTPUT 718 5 F fRAK " Return 707 to
default.

43 QUTPUT V&Y ¥ s F2REaH * 196 ohms func-
tion,
autorange,

S8 IMPUT $ *SETTLIMG TIME Input settling

{MSECH>* * . Settle time.

£8 SETTLE=Settle- 1 2B Settle time in
msec.

FTAFORI=1TOS Loop for all
eight channels.

8 OUTPUT V18 9 ¢CA* 19 9% " Close A, L

28 WAIT Settle Settling time,

188 ENTER 7AT7 i g% Get 196
reading,.

118 PRINT &% Display 196
reading.

128 OUTPUT 718 55 sHA* "5 199" Open channel.

128 HEXT I Loop back for
next channel.

148 EWD
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Figure 3-5. Testing Thick Film Resistor with a Scanner
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Figure 3-6. Program 2 Flowchart

3.3 ON-CARD BUFFERING

Buffers can be incorporated into a switching matrix con-
structed on a Model 7070 card in order to minimize the
effects of loading on the circuit under test. Such buffering
can extend the measurement range of the card to higher-
impedances than would otherwise be possible by minimiz-
ing the effects of leakage resistance and capacitance, as well
as providing drivers for guarding. The following
paragraphs discuss buffer configuration, powering the buf-
fers, as well as a typical application for on-card buffers.

3.3.1 Buffer Configuration

The chief advantage of buffers is that they provide isola-
tion between a device under test and the switching and
measurement pathways. Typically, buffers would be placed
between the row or column inputs and any switching
relays, as shown in the simple matrix of Figure 3-7. In this
instance, a simple 2 x 2 matrix is shown, but the same
general configuration would be used for larger matrices.

Since a buffer is a unity-gain operational amplifier, its out-
put voltage is the same as the input. Because the buffer
typically has much lower output impedance than the
device being buffered, loading effects of pathways and test
instrumentation are minimized.

A buffer output can also be used to provide a driven guard
signal, which is also shown in Figure 37. The guard should
be connected to the shield surrounding the signal pathway
of the high-impedance input circuitry. Either coaxial or
triaxial cables can be used (triaxial cable should be used
for safety considerations for guard voltages above 30V, with
the outer shield connected to chassis ground). If the
associated switching relays are shielded, guard can be con-
nected to the relay shields.
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\
/

Signal » Al
Row A Y Row A Buffer
Guard > +
Signal > A "
Row B Y Row B Buffer
Guard > .

Figure 3-7. Buffer Configuration

3.3.2 Buffer Considerations

For best performance, only high-quality op amps should
be used for buffers. Specified offset current and offset
voltage should be <I1pA and <1mV respectively. Typical
of available high-quality ICs is the OPA104 (Keithley Part
Number IC-519), which is one op amp recommended for
this application,

Care in component selection should not stop at the buffer
ICs. All components on the buffer input side should be
carefully selected to ensure that high isolation resistance
is maintained. BNC and triax connectors used on the in-
put should be Teflon® insulated. Also, do not connect any
high-impedance nodes to the circuit board itself; instead,
mount Teflon® insulators on the board, and make all con-
nections at the insulator terminals.

3.3.3 Powering the Buffer ICs

Typical ICs used as buffers require both positive and
negative power supplies in the neighborhood of +15V dc,
This situation presents a small problem with the Model
7070 because only +5V and +6V supplies are available,
Fortunately, there is a fairly simply solution: a dc converter,
which can convert the available supply voltage to positive
and negative voltages usable by the on-card buffers, can
be mounted on one of the prototyping areas.

Figure 3-8 shows a typical power supply arrangement us-
ing a dc converter module {Keithley part #M0O-15). The con-
verter is powered by the +5V supply available on the card,
and it supplies 118V at a maximum current of +170mA.
In order to reduce and regulate the supply voltages, +15V
and -15V regulator ICs are used along with the usual filter
capacitors,
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+15V Regulator

QIN  QUTO

+
= 10uF _
—[ Signal

COM
Q +15Y

+5V + si [
igna
. 7070 Digital Input © < IN ouT

onnections - + +
Common Buffer
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OIN  QOUTC

-15V Regulator

Figure 3-8. DC Converter Used to Power Buffer ICs

3.3.4 A Typical Buffer Application

On-card buffering can be used whenever high-impedance
circuits are involved. One possible application for such on-
card buffering is for high-resistivity measurements on
semiconductors. Such measurements can help in yielding
important information about semiconductors such as dop-
ing concentration.

Figure 3-9 shows a typical test system that can be used to
perform such tests. Basically, resistivity is determined by
forcing a current through the sample under test, and then
measuring the voltage across the sample. In this example,

the current is sourced by a Model 220 current source, and
the voltage is measured by a Model 196 DMM. The swit-
ching matrix provides the flexibility necessary to make the
various connections for the measurements, and the on-
card buffers isolate the sample under test from the DMM
to minimize the effects of loading, which would otherwise
degrade accuracy for measurements above 1IMQ.

In order to compensate for such factors as thermal EMFs,
a total of eight voltage measurements are generally made
on a typical sample, as shown in Figure 3-10. The resulting
voltages are then used to-compute the resistivity of the
sample.
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Figure 3-9. Typical High-Resistivity Test System
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3.4 SOLID-STATE RELAYS

The Model 7070 can be populated with solid-state relays
to provide switching capabilities not available with other
Model 707 cards. The following paragraphs discuss the ad-
vantages of using solid-state relays, give a typical example
of how to wire them, and also summarize several con-
siderations to observe when using solid-state relays.

3.4.1 Solid-state Relay Advantages

There are several advantages to using solid-state relays, in-
cluding long life, zero-crossing turn off, and high isola-
tion, as discussed below.

High Reliability

Because the switching component of a solid-state relay is,
by definition, solid state, such relays generally last in-
definitely, in contrast to their mechanical counterparts,
which have a limited contact life. The actual switching com-
ponent used depends on the application. Relays design-
ed to switch dc use a simple power transistor, while relays
designed for ac use a triac.

Zero-crossing Switching

Virtually all relays designed for ac switching have zero-
crossing turn off, and many incorporate zero-crossing turn
on. Zero-crossing action simply means that the switching
action of the relay occurs at the point when the ac signal
crosses the zero axis, as indicated in Figure 3-11. Zero-
crossing switching minimizes EMI radiation when control-
ling inductive loads such as motors, solenoids, or
transformers. Such switching can be beneficial when sen-
sitive digital and analog circuits must be operated in the
same electrical environment as power circuits.

+V

/— Relay Switches at Zero-Crossing Point

oV !

Figure 3-11. Zero-crossing Switching

High Isolation

Many solid-state relay modules have a high degree of elec-
trical isolation (typically 2.5-4kV) between the control in-
put and the switching output. This type of relay should
always be used with the Model 7070 to ensure proper isola-
tion between the card and high-voltage circuits.

WARNING
Do not use non-isolated solid-state relays with
the Model 7070.

Isolated relays use optical coupling between control cir-
cuits and the output stages. Figure 3-12 shows a simplified
schematic diagram of an ac solid-state relay, and Figure
3-13 shows a simplified diagram of a typical dc solid-state
relay. The main difference between the two relays is the
type of device used in the switching circuit: the dc relay
uses a transistor, while the ac relay uses a triac.
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Figure 3-13. Typical AC Solid-state Relay
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3.4.2 Typical Application

Figure 3-14 shows a typical configuration using solid-state
relays. Note that the + terminal of the relay control circuit
is connected to the +V RELAY BUS, while the — terminal
of the control circuit is connected to the desired driver
output.

The relay output is connected in series with the ac supply
and the load, which could be any appropriate ac device
such as a motor or solenoid. In this application we have
added an MOV (Metal Oxide Varistor) across the output

terminals to protect the device from transients. A series
fuse is included to protect the relay from over-current situa-
tions. Fusing is recommended for all solid-state relays as
they are much less tolerant of abuse than mechanical
relays.

This particular application uses a Teledyne 675-6 relay
(Keithley part number RL78). The control voltage for this
device is in the range of 3VDC to 32VDC, and the unit can
switch a maximum of 140V, 3A RMS. The minimum turn-
on current for this relay is 100mA.

N —

r—-——_ -~~~ -=-=-7 B
IR |
Relay +6V
| Bus |
| | 140V AC Max
1 3
| : O
MOV SA ] l.oad
- Fast
| RL-78 ! (VR-1) ast Blow {Motor,
| 2| . I\ | Solenoid,
Etc
| l | [
At
l Relay Driver |
| ! 140V AC Max
| | mov Load
| RL-78 | VR1) Fast Blow (Motor,
2] . Solenoid,
| ] ! l Etc)
| A2 |
Relay Driver
L - L _]
7070 Card
Note: 1.) Relayis Teledyne 675-6 (Keithley RL-78)

.} Fuse and MOV should be used where shown to protect

relay from ovet current and transients.

Figure 3-14. Typical Solid-state Relay Application

3-13



APPLICATIONS

3.4.3 Solid-state Relay Considerations

While solid-state relays do have their advantages, there are
a number of considerations to keep in mind when using
them, including:

1. Solid-state relays are usually specified for either dc or ac
voltages only. You cannot use a dc¢ switching relay for
control ac or vice versa.

2.In addition to a maximum current, such relays often
have a specified minimum turn-on current below which
the relay will not operate. You can determine the approx-
imate relay current from Ohm's law by dividing the
supply voltage by the load resistance.

3. The control voltages for both dc and ac relays are dc,
so you must carefully observe polarity. Connect the +
control terminal to the +6V (or external) supply, and
connect the — terminal to the relay driver output. Pro-
per polarity must also be observed on the output ter-
minals of a dc relay.

4. When switching voltages above 200V, mount the relays
on and make connections to only the unplated proto-
typing area of the card. Be sure to observe proper voltage
spacing, as discussed in paragraph 2.5.10.

5. Use only isolated solid-state relays, and make sure the
outputs are fused according to the current rating of the
device. Fast blow fuses should be used to ensure pro-
per protection. Also, a transient-suppression device,
such as an MOV, should be connected across the out-
put terminals.

3.4.4 Programming Solid-state Relays

To control solid-state relays, simple close or open the ap-
propriate crosspoint as you would with any mechanical
relay. The relay will turn on when the crosspoint is closed,
and it will turn off when the crosspoint is open (assum-
ing proper wiring). For example, for a relay connected to
relay driver terminal Al, close crosspoint Al from the front
panel, or send the “CAIX” command over the bus.

3.5 HIGH-SPEED ANALOG SWITCHING

The following paragraphs discuss solid-state analog swit-
ching with higher speed than is usually possible with
electro-mechanical relays. Typical circuits and a control pro-
gram are also presented.

3.5.1 Analog Multiplexer ICs

Functionally, a multiplexer IC can be thought of as a series
of solid-state switches, as shown in Figure 3-15. In this in-
stance, an 8-input multiplexer is shown, although 4-input
and 16-input multiplexer ICs are also available. Note that
only one switch can be closed at any given time, as deter-
mined by IC control circuitry.

r— - - - = 1

| S |

1 ——I——o/'o—-— |
g2

2—'——0/70——-0 l

[ S3 [

3——|—-o/'o——-4r |

| S4 |
|

4 —|—o/'0-—-—<r
Inputs S5 ¢————> Multiplexer
5 _|_°/'o___“ I Output

| S6 |

|

| I
7-—-———0’I O—3 |
|

Figure 3-15. Typical Multiplexer IC

Solid-state multiplexer ICs have several advantages over
mechanical relay-based units, including:

* Solid-state switching gives higher reliability.

* Much faster switching than is possible with relays
(typically in the gsec range).

* Smaller size than relays, allowing much higher circuit
density.

» [ower power requirements

¢ Lower cost per switch.
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Although such ICs are better suited to many applications,
they do have some disadvantages, such as:

¢ Limited voltage capability (typically +10V).
* Relatively high on resistance (typically hundreds of
ohms).

* Susceptability to damage from electrical discharge.
* Require positive and negative supply voltages.

3.5.2 Typical Analog Switching Circuit

Figure 3-16 shows a typical circuit using an analog
multiplexing IC. Additional control circuitry includes a pro-
grammable timer to allow specific intervals between chan-
nels to be programmed. The same type of operation could
be performed by programming the Model 707, but at the
expense of speed. This circuit will allow you to scan chan-
nels at rates as high as 100kHz. Note that the timer is con-
figured for astable operation., For monostable operation,
disconnect timer RESET from main RESET, and connect
timer RESET to COUNT instead.

The various sections of the circuit are discussed below.

Relay Driver Interfacing

The circuit is interfaced to the Model 7070 relay drivers Al
through A10. A1-A8 provide timer programming informa-
tion, while A9 is the RESET signal for the timer and the
counter. Al0 is the TRIGGER signal which starts the pro-
grammable timer.

Since the relay driver outputs are open collector, they must
be pulled up to +5V through the 1kQ resistors, R1-R10.
Note that closing a specific “crosspoint” will result in a low
logic level, while opening the “crosspoint” sets the logic
level high.

Quad Switches

Two quad switches, IC1 and IC2, provide the interface bet-
ween the timer programming information and the timer
itself. The logic levels on AT-A8 control whether or not a
specific timer output is connected to the COUNT output
of the timer, and thus the timer interval.

Programmable Timer
IC3, a 7240 programmable timer, provides the fundamen-

tal time base for the scanning sequence. The unit is capable
of intervals in the range of 1-255 timer units, where the

basic unit interval is determined by the values of R, and
Cr as follows:

t = R C,

For example, typical values for a Imsec minimum interval
are 100k and 0.014F. Two or more timer ICs can be cascad-
ed to increase the programmable interval range. For ex-
ample, one additional timer IC will increase the range to
65,535 interval counts. Note that the maximum timer fre-
quency is 100kHz, for a minimum interval between chan-
nels of MWusec,

Counter

The output pulses of the programmable timer are used to
sequence a 4-bit binary counter, IC5. As pulses occur, the
counter counts from 0000 to 1111 in sequential order,
modulo 16. The counter outputs are used to select
multiplexer inputs, as described below.

Multiplexer IC

IC5 is the analog multiplexer IC {6116), which has 16 analog
inputs. The input that is routed to the output is determined
by the logic level on the AD-A3 inputs, as outlined in the
truth table shown in Table 3-1. Note that the multiplexer
requires +15V supply voltages, and the maximum input
is limited to +11V. The DC converter discussed in
paragraph 3.3 could be used to supply the mux IC.

Table 3-1. Multiplexer IC Truth Table

A, A A, Ao Selected Input
0 0 )] 0 1
0 0 0 1 2
0 0 1 0 3
0 0 1 1 4
0 1 0 0 5
0 1 0 1 6
0 1 1 0 7
0 1 1 1 8
1 0 0 0 9
1 0 0 1 10
1 0 1 0 1
1 0 1 1 12
1 1 0 0 13
1 1 0 0 14
1 1 1 0 15
1 1 1 1 16
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Figure 3-16. High-Speed Analog Multiplexer with Control Circuit

Circuit Operation
Basically, the circuit operates in the manner below.

1. The circuit is first reset by pulsing the RESET line high.
This pulse resets the programmable timer, and it also
clears the counter IC so that channel 1 is selected.

2, Lines A1-A8 are then set to.the desired timer interval.
Note that a simple binary value is used to program the
timer, with Al the LSB, and A8 the MSB of the program-

ming byte. The actual interval will depend on the funda-
mental time unit determined by Rr and C;, as des-
cribed above.

3. The timer is triggered by pulsing TRIGGER high. The
timer then sequences the counter at programmed inter-
vals, and the analog multiplexer then sequences through
the channels, Note that the same pulse used to sequence
the counter can be used as an external trigger pulse for
measuring instruments. An externally-generated delay
will probably be required to ensure circuit settling time
before each measurement.
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3.5.3 Control Program

Program 3 below is simple program that demonstrates
basic techniques for controlling the circuit shown in Figure
3-16. The program, which is written in HP BASIC 4.0, will
prompt you to input the timer interval and then program
the interval accordingly. As discussed previously, the timer
interval depends on the values of R; and C;. Figure 3-17
is a flowchart of the program.

Program 3 Multiplexer Control Program

Program Comments
19 REMOTE 712 Put 707 in remote.
2B 0IMCMOFLSE] Dimension command
string.
ZE CMDE =S4t Define open command
letter.

dE QUTPUT 718 s sREX' " Reset 707.

S50 0UTFUT 718 i%CRals  Set control lines low.
A2 s AEyAS  AS  AGEY AT 2
AS AT alox

68 IMPUT ¢ ¢ TIMER Input timer control
IMTERUAL €1-2553" 'y value,
Timer
FAFORI =R TOV Convert time to
crosspoints.

S8 IF BIT Timers I'» THEHN
CHDE = CHIF & fip*? 2
VALFCT+H1 D B s a
9 HEXT 1
186 CHOF=CMO$L1sLEN Complete timer control
COMOF -1 T & f 8t string.

11@ OUTPUT 7138 5 CMD#$ Program timer.

128 QUTFUT 712 ¢ Reset time and counter.
AR TRt

1Z8 HAITH. 1 Wait 100msec.

146 QUTPUT 718 ; Set RESET pulse low.
FECRQEN Y

138 TMFUT ¢ f PRESS EMTER Prompt to start scan.
TO SCAM® * 2 fF

led QUTRUT 718 ; Trigger timer, start scan.
FERALENY T

1vE WRIT &1 Wait 100msec.

10@ OUTFUT 7L Reset trigger pulse.
EACALEMY Y

193 EHD

Put 707
in Remots

Reset
707

Set Control
Lines Low

i)

Input
Interval

Convaert to
Crosspoints

Program
Crosspoints

Reset
Timer

Trigger
Timer

Figure 3-17. Program 3 Flowchart
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3.6 USING THE ADAPTER CARD WITH OTHER
MATRIX CARDS

Special circuits mounted on the Model 7070 can be used
with other matrix cards to enhance system capabilities.
Two possible applications are using a scanner-matrix com-
bination, and on-card signal conditioning, as discussed in
the following paragraphs.

3.6.1 Scanner-Matrix Combination

A scanner similar to the one discussed in paragraph 3.2
could be used with a matrix card to add additional swit-
ching capabilities to that matrix. As shown in Figure 3-18,
the scanner could be used as preselector to add additional
input/output capabilities to a particular row. In this in-
stance, the scanner is being used in conjunction with a
Model 7071 General Purpose Matrix Card, which utilizes
3-pole switching (HI, LO, and guard). To take full advan-
tage of the switching capabilities of the Model 7071, 3-pole
switching should be used with the scanner constructed
on the breadboard. External wiring between the two cards
is not necessary; simply connect the scanner output to the
row terminals of the ANALOG #2 pathway on the Model
7070.

3.6.2 Signal Conditioning

All matrix cards in the Model 707 system have a 200V signal

limit. To switch higher voltages, signal conditioning cir-
cuits, in the form of voltage dividers, can be mounted on
the adapter card. Figure 3-19 shows voltage dividers with
10:1 ratios, which would, for example, attenuate a 1000V
signal to 100V-- well within the range of the Model 7071.

WARNING
Mount high-voltage circuits only on the
unplated prototyping area of the Model 7070,
and maintain proper voltage spacing, as
discussed in paragraph 2.5.10.

In order for the division ratio to be accurate, the input
resistance of any measuring instrument used with the
divider should be much higher than the values of the
divider resistor. An instrument with an input resistance
of 10M$ will result in a loading error of about 1% with the
resistance values shown in Figure 3-19.

As with the scanner example above, external connections
between the two cards are not necessary because connec-
tions are automatically made through the backplane. To
take advantage of the backplane pathways, simply connect
the divider outputs to the row pads of the ANALOG #2
pathways located on the Model 7070. The attenuated
signals will be routed through the mainframe backplane
to the corresponding rows of the Model 7071 card.

Scanner
Inputs

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

\

7070 Adapter Card

Connactions
Through Analog #2
Backplane

I & m m g 0O m »

7071 General Purpose
Malrix Card

Figure 3-18. Adding a Scanner to a Switching Matrix
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Figure 3-19. Signal Conditioning Example
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SECTION 4
Service Information

4.1 INTRODUCTION

This section contains information necessary to service the
Model 7070 Universal Adapter Card and is arranged as
follows:

4.2 Handling and Cleaning Precautions: Discusses han-
dling precautions and methods to clean the card
should it become contaminated.

4.3 Special Handling of Static-Sensitive Devices:
Reviews precautions necessary when handling static-
sensitive devices.

4.4 Troubleshooting: Presents some troubleshooting tips
of the Model 7070.

4.5 Principles of Operation:
operation.

Briefly discusses circuit

4.2 HANDLING AND CLEANING PRECAUTIONS

Care should be taken when handling or servicing the card to
prevent possible contamination. The following precautions
should be taken when servicing the card.

1. Handle the card only by the edges and handle. Do not
touch any board surfaces or components not associated
with the repair.

2. Do not store or operate the card in an environment
where dust could settle on the circuit board. Use dry
nitrogen gas to clean dust off the board if necessary.

3. After soldering on the circuit board, remove the flux
from the work areas when the repair has been com-
pleted. Use Freon TMS or TE or the equivalent along
with clean cotton swabs or a clean, soft brush to remove
the flux. Take care not to spread the flux to other areas
of the circuit board. Once the flux has been removed,
swab only the repaired area with methanol, then blow
dry the board with dry nitrogen gas.

4. After cleaning, the card should be placed in a 50°C low-
humidity environment for several hours before use.

4.3 SPECIAL HANDLING OF STATIC-SENSITIVE
DEVICES

CMOS and other high-impedance devices are subject to
possible static discharge damage because of the high-

impedance levels involved. When handling such devices,
use the precautions listed below.

NOTE
In order to prevent damage, assume that all parts
are static-sensitive.

1. Such devices should be transported and handled only
in containers specially designed to prevent or dissipate
static build-up. Typically, these devices will be received
in anti-static containers made of plastic or foam. Keep
these parts in their original containers until ready for
installation or use.

2. Remove the devices from their protective containers
only at a properly-grounded work station. Also ground
yourself with an appropriate wrist strap while working
with these devices.

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 first be grounded to the bench or table.

5. Use only static-sensitive type de-soldering tools and
grounded-tip soldering irons.

4.3.1 Rear Shield

Copper cladding has been added to the rear shield of the
matrix card in order to provide increased protection from
static discharge. The copper shield is electrically connected
to chassis ground of the matrix card by a jumper wire.

In order to service the matrix card, it may be necessary to
remove the rear shield. Referring to Figure 4-1, perform the
following procedure to remove and reinstall the rear shield:

1. Disconnect the jumper wire from the matrix card chas-
sis. The wire is secured to the matrix card chassis with a
screw.

2. The rear shield is secured to the matrix card by eight
standoffs. Carefully slide the rear shield upward until
the eight standoffs align with the large clearance holes
in the shield and remove the shield.

3. To reinstall the shield, reverse the above procedure.
Make sure the metal side of the shield is facing
outward.
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Figure 4-1. Removing the Rear Shield

4.4 TROUBLESHOOTING

4.4.1 Recommended Equipment

Table 4-1 summarizes the recommended equipment for gen-
eral troubleshooting. Note that a second Model 7070, used
as an extender card, will be necessary to gain access to the
board components for troubleshooting.

WARNING
Disconnecalé xternagéquipmentr
bef ore tr oub leshooting.

onthear d

Tab lél-1Recommended Troub leshootingequipment

Manufacturer
Description and Model Application
5%-Digit DMM | Keithley 199 Measure DC voltages
Oscilloscope | TEK 2243 View logic waveforms
Extender Card |Keithley 7070* | Allow circuit access

*A second Model 7070 will be necessary to access the card.

4.4.2 Troubleshooting Procedure

Table 4-2 summarizes the troubleshooting procedure for the
Universal Card. Some of the troubleshooting steps refer to
the ID data timing diagram shown in Figure 4-2. Also, refer
to paragraph 4.5 for an overview of operating principles.

NOTE
The Model 7070 should be in the LOCAL mode
when troubleshooting.

Table 4-2. Troubleshooting Procedure

Step |Item/Component Required Condition Comments
1 P2 All voltages referenced to TP2 (digital
common)

2 |TP1 +6VDC Relay voltage

3 |TP3 +5VDC Logic voltage

4 |TP4 NEXT ADDR pulses Power up only (Fig. 4-2)

5 |TP5 CLR ADDR pulse Power up only (Fig. 4-2)

6 |TP6 ID data pulses Power up only (Fig. 4-2)

7 |TP7 STROBE pulse End of relay data sequence

8 |TP8 Relay data (128 bits) Present when updating relays

9 TP9 CLK pulses Present during relay data or ID data

10 |TP10 High on power up until first STROBE sets Power on safe ground
low.

11 | U30-U4l, pins 10-18 | Low with relay energized, high with relay Relay driver outputs must be pulled up
de-energized. through relay coil to operate.
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SERVICE INFORMATION

CARDSEL |

CLRADDR (TP5) [ ]

NEXTADDR (TP4) L]

CLK (TP9)

1 v I O A

oomaTee) S5 X XKoo XPsXpeX e ) oo X po )

Note: ID data sequence occurs on power-up only.
CLRADDR pulse occurs only once.

Figure 4-2. ID DataTiming

45 PRINCIPLES OF OPERATION 4.5.1 Block Diagram

The following paragraphs discuss the basic operating prin-  Figure 4-3 shows a simplified block diagram of the

ciples for the Model 7070. A schematic diagram of the = Model 7070. Key elements include the buffer (U44), ID data

adapter card may be found in drawing number 7070-106, circuits (U45, U46, and U47), relay drivers (U35-U41), and

located at the end of Section 5. power-on safeguard (U42). The major elements are dis-
cussed below.
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Address ROM Parallel

Counter AO-A11 DO-D7 to Serial

> ——— > Converter

u45 u47 u46
CLRADDR NEXTADDR NEXTADDR
CARDSEL
IDDATA r ]
Buffer Relay | |
R E— CLK Drivers I user 'r ________ ~. Rows
Mainframe RELAYDATA :‘,>| I??Stla”ed e A-H
| Relays |
u44 STROBE U30-U41 [ |
|
Columns
1-12
Power-On
Safeguard
Output
Enable
u42

Figure 4-3. Model 7070 Block Diagram

4.5.2

Upon power-up, the card identification data information
from each card is read by the mainframe. This ID data
includes such information as card ID, hardware settling
time for the card, and a relay configuration table, which tells
the mainframe which relays to close for a specific crosspoint.
This configuration table is necessary because some cards
require the closing of more than one relay to close a specific
crosspoint.

ID Data Circuits

ID data is contained within an on-card ROM, U47. In order
to read this information, the sequence below is performed
upon power-up. Figure 4-2 shows the general timing of this
sequence.

1. The CARDSEL line is brought low, enabling the ROM
outputs. This line remains low throughout the ID data
transmission sequence.

2. The CLRADDR line is pulsed high to clear the address
counter and set it to zero. At this point, a ROM address
of zero is selected. This pulse occurs only once.

3. The NEXTADDR line is set low. NEXTADDRS going
low increments the counter and enables parallel loading
of the parallel-to-serial converter. NEXTADDR is kept
low long enough for the counter to increment and for
the ROM outputs to stabilize. This sequence functions
because the load input of the parallel-to-serial converter
is level sensitive rather than edge sensitive. The first
ROM address is location 1, not 0.

4. The CLK line clocks the parallel-to-serial converter to
shift all eight data bits from the converter to the main-
frame via the IDDATA line.
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SERVICE INFORMATION

The process in steps 3 and 4 repeats until all the necessary
ROM locations have been read. A total of 498 bytes of in-
formation are read by the mainframe during the card ID
sequence.

4.5.3 Relay Control

User-installed relays are controlled by serial data transmit-
ted via the RELAYDATA line. A total of 16 bytes for each
card are shifted in in serial fashion (only 12 are used in
the Model 7070, however) into latches located in the 12 relay
drivers, U30-U4l. The serial data is fed in through the
DATA lines under control of the CLK signal. As data
overflows one register, it is fed out the 'S line of that
register to the next IC down the chain.

Once all the bytes have been shifted into the card, the
STROBE line is set high to latch the relay information into
the Q outputs of the relay drivers, and the appropriate user
relays are energized (assuming the driver outputs are
enabled, as discussed below). Logic convention is such that
the corresponding relay driver output must be low to
energize the associated relay, while the output is high
when the relay is de-energized.

4.5.4 Power-on Safeguard

A power-on safeguard circuit, made up of U42 and
associate components, ensures that relays do not randomly
energize upon power-up. The two NAND gates, U42,
make up an R-5 flip-flop. Initially, the Q output of the flip-
flop (pin 3 of U42) is set high after the RC combination
at pin 1 times out. Since the QEN terminals of the relay
drivers U30-U4l are held high, their outputs are disabl-
ed, and all relays remain de-energized regardiess of the
relay data information present at that time.

The first STROBE pulse that comes along (in order to load
relay data) clears the R-5 flip-flop, setting the OEN lines
of U30-U4l1 low to enable their outputs. This action allows
the relays to be controlled by the transmitted relay data
information.

A hold-off period of approximately 2.209sec is included
in the safeguard circuit to guard against premature enabl-
ing of the relays. The time constant of the hold-off period
is determined by the relative values of R1 and C20.
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SECTION 5
Replaceable Parts

5.1 INTRODUCTION

This section contains a list of replaceable electrical and
mechanical parts for the Model 7070, as well as a component
layout drawing and schematic diagram of the adapter card.

5.2 PARTSLISTS

Electrical parts for the main board are listed in order of cir-
cuit designation in Table 5-1. Table 5-2 lists parts for the
extender board. Table 5-3 summarizes mechanical parts.

5.3 ORDERING INFORMATION

To place an order or to obtain information about
replacement parts, contact your Keithley representative or
the factory (see the inside front cover of this manual for
addresses). When ordering parts, be sure to include the
following information:

Card model number (7070)

Card serial number

Part description

Circuit designation, if applicable
Keithley part number

G L=

5.4 FACTORY SERVICE

If the matrix card is to be returned to Keithley Instruments
for repair, perform the following:

1. Complete the service form located at the back of this
manual, and include it with the unit.

2. Carefully pack the card in the original packing carton or
the equivalent.

3. Write ATTENTION REPAIR DEPARTMENT on the
shipping label.

Note that it is not necessary to return the matrix mainframe
with the card.

5.5 COMPONENT LAYOUT AND SCHEMATIC
DIAGRAM

Figure 5-1 is the component layout for the main circuit
board. Figure 5-2 shows a schematic diagram of the main
board. Figures 5-3 and 5-4 show the component layout and
schematic for the extender board.

NOTE
Figure 5-3 and Figure 5-4 do not apply to the Model
7070-PCA.
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TABLE 5-1. MAIN CIRCUIT BOARD, PARTS LIST

CIRCUIT KEITHLEY
DESIG. DESCRIPTION PART No.
C18,C19 CAP,10uF,-20+100%.,25V ALUM ELEC C-314-10
C20 CAP47UF,10%,16V,ALUM ELEC C-321-47
21,022 CAP,.01uF,20%,50V,CERAMIC C-237-.01
C35,C36 CAP,270pF,20%,100V, CERAMIC/FERRITE C-386-270P
C38 CAP,.01uF,10%,1000V,CERAMIC C-64-.01
Co6..C8,C16,C17, CAP,.1uF,20%,50V,CERAMIC C-365-.1
CR1 DIODE,SILICON,IN4148 (D0-35) RF-28

CR2 DIODE,SCHOTTKY,IN5711 RFE-69
J22,124,126,728 CONN,SMB,MALE CS-580
J50 CONN,MALE HEADER 50-PIN CS5-368-50
J51 CONN,MALE HEADER 34-PIN C5-368-34
I52 CONN,MALE HEADER 26-PIN CS5-368-26
I/P30..1/P49 CONN,3 PIN C$§-570-3
R1 RES,47K,5%,1/4W,COMPOSITION OR FILM R-76-47K
R13..R18 RES,100K,5%,1/4W,COMPOSITION OR FILM R-76-100K
R19 RES,200,5%,1/4W,COMPOSITION OR FILM R-76-200
R2 RES,10K,5%,1/4W, COMPOSITION OR FILM R-76-10K
R3 RES,120K,5%,1/4W,COMPOSITION OR FILM R-76-120K
R4 RES 11K,5%,1/4W,COMPOSITION OR FILM R-76-11K
R5 RES,910,5%,1/4W,COMPOSITION OR FILM R-76-910
R7..R12 RES,1K,5%,1/4W, COMPOSITION OR FILM R-76-1K
TP1..TP10 CONN,TEST POINT CS-553
U30..U041 IC,8 STAGE SHIFT/STORE REGISTER 4094 C-536
U42 IC,QUAD 2 INPUT NAND,74HCT00 IC-399
U44 1IC,OCTAL BUFFER/LINE DRIVER,74L5244 I1C-483
u4s 1C,12 STAGE BINARY COUNTER,74HCT4040 IC-545
U446 IC,8-BIT PARALLEL TO SERIAL,74HCT165 IC-548
u47 IC, PROGRAMMED ROM 7070-800
Wi CONN,3 PIN (JUMPER) CS5-336-3
W2 STIFFENER,BOARD J-16
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TABLE 5-2. EXTENDER BOARD, PARTS LIST

NOTE

This table does not apply to the Model 7070-PCA.

CIRCUIT KEITHLEY
DESIG. DESCRIPTION PART No.
C1 CAP, 150pF, 10%, 1000V, CERAMIC C-64-150P
J101 CONN, 86 PIN CARD EDGE CS-579-1
1107 CONN, 34 PIN CARD EDGE CS-591-2
J113 CONN, 30 PIN CARD EDGE CS-591-1
P50 CABLE ASSY, 50 PIN CA-62-3
P51 CABLE ASSY, 34 PIN CA-62-2
P52 CABLE ASSY, 26 PIN CA-62-1
R1 RES, 2K, 1%, 1/8W R-88-2K
R2 RES, 130, 1%, 1/8W R-88-130
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TABLE 5-3. MISCELLLANEOUS MECHANICAL PARTS LIST

KEITHLEY

QTY. DESCRIPTION PART No.
5 CLAMP, RIBRON CABLE CC-59

1 CLAMP,LOWER 7071-306

1 CLAMP, UPPER 7071-305
1 SHIELD 7070-305
! SHIELD,REAR 7071-311
8 STANDOFFS FOR REAR SHIELD 7071-310
2 SOCKET,16 PIN DIP 50-65

12 SOCKET,18 PIN DIP 50-82

1 SOCKET,20 PIN DIP S50-84-20
1 SOCKET,28 PIN DIP 50-69

1 REAR PANEL 7070-303
1 SOCKET,14 PIN DIP SO-70



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.

[Cintermittent [TJAnalog output follows display [JParticular range or function bad, specify

[IEEE failure [Obvious problem on power-up [[JBatteries and fuses are OK
[JFtont panel operational [“JAl! ranges or functions are bad [[JChecked all cables

Display or-eutput (circle one)

[Drifts [CJUnable to zero
[OUnstable [OWill not read applied input
[COverload

[CJCalibration only [33C of C required

[JDbata required

(attach any additional sheets as necessary.}

Show a biock 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, ete.)

‘What power line voltage is nsed? Ambient Temperature? °F

Relative humidity? Other?

Any additional 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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