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WARRANTY

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

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

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

To exercise this warranty, write or call your local Keithley representative, or contact Keithley headquarters in Cleveland, Ohio.
You will be given prompt assistance and return instructions. Send the product, transportation prepaid, to the indicated service
facility, Repairs will be made and the product returned, transportation prepaid. Repaired or replaced products are warranted for
the batance 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-rechargeable batteries, damage from
battery leakage, or problems arising from normal wear or failure to follow instructions.

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

NEITHER KEITHLEY INSTRUMENTS, INC. NOR ANY OF ITS EMPLOYEES SHALL BE LIABLE FOR ANY 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 ARE NOT LIM-
ITED TO: CGSTS OF REMOVAL AND INSTALLATION, LOSSES SUSTAINED AS THE RESULT OF INJURY TO ANY
PERSON, OR DAMAGE TO PROPERTY.
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Safety Precautions

The following safety precautions shouid be observed before using
this product and any associated instrumentation. Aithough some in-
struments and accessories would normaily 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 aveid possible injury. Read the operating information
carefully before using the product.

The types of product users are:

Responsible body is the individual or group responsible for the use
and mainienance of equipment, for ensuring that the equipment is
operated within its specifications and operating Hmits, 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 persornel perform routine procedures on the product
to keep it operating, for example, setting the line voltage or replac-
ing consumable materials. Maintenance procedures are described in
the manual. The procedures explicitly state if the operator may per-
form them. Otherwise, they should be performed only by service
personnel.

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

Exercise extreme caution when a shock hazard is present. Lethal
voltage may be present on cable connector jacks or test fixtures. The
American National Standards Institute (ANSI) states that a shock
hazard exists when voltage levels greater than 30V RMS, 424V
peak, or S0VDC are present. A good safety practice is to expect
that hazardous voltage is present in any unknown circnit before
measuring.

Users of this product must be protected from electric shock at all
times. The responsible body must ensure that users are prevented
aceess 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.

As described in the International Electrotechnical Commission
(IEC} Swmandard IEC 664, digital muitimeter measuring circuits

“(e.z., Keithley Models 1754, 199, 2000, 2001, 2002, and 2010) are

Installation Category IL All other instruments’ signal terminals are
Installation Category I and must not be connected to mains,

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 sources to switching cards, install protective devices to lim-
it fauit current and voltage to the card.

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

For maximum safety, do not touch the product, test cables, or any
other instruments while power is applied to the circnit under test.
ALWAYS remove power from the entire test system and discharge
any capacitors before: connecting or disconnecting cables or jump-
ers, installing or removing switching cards, or making internai
changes, such as installing or removing jumpers.

Do not touch any object that couid 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,



The instrument and accessores must be used in accordance with its
specifications and operating instructions or the safety of the equip-
ment may be impatred.

Do not exceed the maximum signal levels of the mstruments and 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 foses are used in a product, replace with same fype 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 a test fixture, keep the ld closed while power is ap-
plied to the device under test. Safe operation requires the use of a
lid intetlock.

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

The A symbol on an instument indicates that the user should re-
fer to the operating instructions located in the manual.

The & symbol on an instrument shows that it can source or mea-
sure L0CO volts or more, including the combined effect of normal
and common mode voltages. Use standard safety precautions to
aveid personal comtact with these voltages.

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

The CAUTION hbeading 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. .

"fo maintain protection from electric shock and fire, replacement
components in mains circuits, including the power transformer, test
leads, and input jacks, must be purchased from Keithley Instru-
ments. Standard fuses, with applicable national safety approvais,
may be used if the rating and type are the same. Other components
that are not safety related may be purchased from other suppliers as
long as they are equivalent to the original component. (Note that se-
lected parts should be purchased only through Keithley Instruments
to maintain accuracy and functionality of the produet.) 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 ailow liquids to enter or spill
on the instrument. Products that consist of a circuit board with no
case or chassis (¢.g., data acquisition board for installation into a
computer) should never require cleaning if handled according to in-

structions. If the board becomes contaminated and operation is af-

fected, the board should be retumed to the factory for proper
cleaning/servicing.

Rev. 10/95



7012 SPECIFICATIONS

MODEL 7¢12-5 4<10 Matrix with Screw Terminals,
MODEL 7812-C 4x10 Matrix with Mass Terminated Connector.

MATRIX CONFIGURATION: 4 rows by 10 columns. Jumpers can be
removed to isolate any row from the backplane.

CONTACT CONFIGURATION: 2-poie Form A (Hi, Lo).
CONNECTOR TYPE: ]
7032-S: Screw terminal, #16AWG maximum wize size, with .092 inch
0.0, 28 Conductors maximum, #22ZAWG typical wire size
with .062 inch O.D. 88 Conductor maximum.

96-Pin mate Buro card connector. Mates to female twisted wire
cable, crimp or solder connector.

MAXIMUM SIGNAL LEVEL:

DC Signals: 110V DC between any two pins, 1A switched. 30VA
{resistive load).

AC Signals: 125V RMS or 175V AC peak, between any two pins,
1A switched, 60VA (resistive load).
COMMON MODE VOLTAGE: 175V peak, any pin to chassis.
CONTACT LIFE:
Cold Switching: 108 closures.
At Maximum Signal Levels: 10% closures.

7012-C:

7012 4x10
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CHANNEL RESISTANCE (per conductor): <10,
CONTACT POTENTIAL:
- 7812-8: - < 500 nV per contact pair (Hi, Lo}, -
< 1.5 UV per single contact.
7012-C; <1 pV per contact pair (Hi, Lo).
) < 3 WV per single contact.
OFFSET CURRENT: <100 pA.~
ACTUATION TIME: 3 ms.

ISOLATION:
Path: =109, < 50 pF.
" Differential: »109Q, < 200 pF.
Common Mode: >10%Q, < 400 pF.

CROSS TALK (IMHz, 502 Load): <40 dB.

INSERTION LOSS (50Q Source, 50 Load): < (.1dB below IMHz, <3 dB
below ZMHz.

RELAY DRIVE CURRENT (per relay): 16mA.
ENVIRONMENT;
Operation:  0°C to 50°C, up to 35°C < 80% RH.
Storage: «25°C to 65°C.
Specifications subject to change without notice,
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General Information

1.1  Introduction

This section contains general information about the
Model 7012 4 x 10 Matrix card.

There are two basic versions of this matrix card; the
Model 7012-5 and the Model 7012-C. The Model 7012-
S assembly consists of a screw terminal connector card
and the relay card. External test circuits are wired
directly to the screw terminals of the connector card.
Also available from Keithley is the Model 7012-8T. This
is an exira screw terminal connector card. With an extra
connector card, you can wire a second test system
without disturbing the wiring configuration of the first
test system.

The Model 7012-C assembly consists of a multi-pin
(mass termination) connector card and the relay card.
External test circuit connections to the matrix are made
via the 96-pin male DIN connector on the connector
card. Keithiey offers a variety of optional accessories
that can be used to make connections to the connector
card (see paragraph 1.9).

The rest of Section 1 is arranged in the following man-
ner:

1.2 Features

1.3 Warranty information

1.4 Manual addenda

1.5 Safety symbols and termr;
1.6 Specifications

1.7 Unpacking and inspection
1.8 Repacking for shipment

1.9 Optional accessories

1.2 Features

The Model 7012 is a two-pole, dual, 4 X 10 (four rows
by 10 columns) matrix card. Some of the key features
include:

* Low contact potential and offset current for mini-
matl effects on low-level signals.

= The connector board detaches from the relay board
allowing easy access to the screw terminals (Model
7012-5) and backplane row jumpers.

»  Backplane row jumpers. Cutting jumpers discon-
nects matrix rows from the Model 7001 analog
backplane.

1-1



General Information

1.3 Warranty information

Warranty information is located on the inside front
cover of this instruction manual. Should your Model
7012 require warranty service, contact the Keithiey rep-
resentative or authorized repair facility in your area for
further information. When returning the matrix card
for repaiz, 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 matrix
card or manual will be explained in an addendum in-
cluded with the card. Addenda are provided in a page
replacement format. Simply replace the obsolete pages
with the new pages.

1.5 Safety symbois 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 f symbol on an instrument shows that high volt-
age may be present on the terminal(s). Use standard
safety precautions to avoid personal contact with these
voltages.

The WARNING heading used in this manual explains
dangers that might result in personal injury or death.
Always read the associated information very carefully
before performing the indicated procedure.

The CAUTION heading used in this manual explains
hazards that could damage the matrix card. Such dam-
age may invalidate the warranty.

ik
L
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1.6 Specifications

Model 7012 specifications are found at the front of this
manual. These specifications are exclusive of the ma-
trix mainframe specifications.

1.7 Unpacking and inspection

1.7.1 Inspection for damage

The Model 7012 1s packaged in a re-sealable, anti-static
bag to protect it from damage due to static discharge
and from contamination that could degrade its perfor-

‘mance. Before removing the card from the bag, observe

the following precautions on handling.

Handling precautions:

1. Always grasp the card by the side edges and shields.
Do not touch the board surfaces or componenis.

2. When not installed in a Model 7001 mainframe,
keep the card in the anti-static bag and store itin the
original packing carton.

After removing the card from its anti-static bag, inspect
it for any obvious signs of physical damage. Report
any such damage to the shipping agent immediately.

1.7.2 Shipping contents

The following items are included with every Model
7012 order:

Model 7012 4 x 10 Matrix Card
*  Model 7012 Instruction Manual

»  Additional accessories as ordered



1.7.3 Instruction manual

The Model 7012 Instruction Manual is three-hole
drilled so that it can be added to the three-ring binder
of the Model 7001 Instruction Manual. After removing
the plastic wrapping, place the manual in the binder
following the mainframe instruction manual. Note that
a manual identification tab is included and should pre-
cede the matrix card instruction manual.

If an additional instruction manual is required, order
the manual package, Keithley part number 7012-901-
00. The manual package includes an instruction manu-
al and any pertinent addenda.

1.8 Repacking for shipment

Should it become necessary to return the Model 7012
for repair, carefully pack the unit in its original packing
carton or the equivalent, and include the following in-
formation:

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

¢  Write ATTENTION REPAIR DEPARTMENT on
the shipping label.

e Fill out and inchzde the service form located at the
back of this manual.

General Inforrration

1.9 Optional accessories

The following accessories are available for use with the
Model 7012:

Model 7012-8T — This screw terminal connector card
is identical to the one provided with the Model 7012-8
assembly. An extra screw terminal connector card al-
lows you to wire a second test system without disturb-
ing the wiring configuration of the first connector card.

Medel 7011-KIT-R — This connection kit includes a
96-pin female DIN connector that will mate directly to
the connector on the Model 7012-C or fo a standard 96-
pin male DIN bulkhead connector (see Model 7011~
MTR). This connector uses solder cups for connections
to external circuitry. It includes an adapter for a round
cable and the housing.

Model 7011-MTC-2 — This two-meter round cable as-
sembly is terminated with a 96-pin female DIN connec-
tor on each end. It will mate directly to the connector
on the Model 7012-C and to a standard 96-pin male
DIN bulkhead connector (see Model 7011-MTR).

Model 7011-MTR —— This 96-pin male DIN bulkhead
connector uses solder cups for connections to external
circuitry. It will mate to the Model 7011-KIT-R connec-
tor and Model 7011-MTC-2 cable assembly.
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Matrix Switching Basics

2.1 Introduction

This section covers the basics for matrix switching and
is arranged as follows:

2.2 Basic matrix configuration: Covers the basic 4 X
10 matrix configuration. The significance of the
backplane jumpers is also covered here.

2.3 Typical matrix swiitching schemes: Explains
some of the basic ways a matrix can be used to
source or measure. Covers single-ended switch-
ing, differential (floating) switching, and sensing.

2.4 Matrix expansion: Discusses the various matrix
configurations that are possible by using multi-
ple cards.

2.2 Basic matrix configuration (4 x 10)

A simplified schematic of the Model 7012 matrix card
is shown in Figure 2-1. The card is configured as a 4 X
10 matrix. Each of the 40 crosspoints is made up of a
two-pole switch. By closing the appropriate crosspoint
switch, any mnatrix row can be connected to any col-
umn in the matrix.

Column
12 3 4 56 7 8 % 10
N " v N
1 mw)
i [_\o—) To 7041

Rows ) Analog
3 L Backplane

W/ /

Crosspoint (1 of 40} Backpiane

] Jumpers
Hi :j o

{4 pairs)
10 |

Figure 2-1
Model 7012 simplified schematic

Backplane jumpers

Notice in Figure 2-1 there are four pairs of backplane
jumpers Jocated on the relay card. With the jumpers in-
stalled, the matrix card is connected to the analog back-
plane of the Model 7001 allowing matrix expansion
with a second 7001 card installed in the mainframe.
With the jumpers removed {cut), the matrix card is iso-
lated from another card installed in the mainframe.
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The three-pole analog backplane of the mainframe is
shown in Figure 2-2. It is through this analog back-
plane where the rows of a Model 7012 matrix card in-
stalled in one slot can be connected to the rows {or
banks) of a compatible card installed in the other slot of
the mainframe.

Figure 2-3 shows how each row of the Model 7012 is
connected to the backplane. Notice that, since the Mod-
el 7012 is a two-pole card, there is no connection made
to the Guard terminal of the backplane. The Model
7012 is shipped from the factory with the backplane
row jumpers installed.

Removing (cutting) the backplane jumpers isolates the
card from the backplane, and subsequently, any card
installed in the other slot. For information on removing
the jumpers, refer to paragraph 3.3.1.

NOTE

The Model 7001 does not provide an
analog backplane for the non-701X se-
ries cards. As a result, anyone of these
cards installed in one slot in the main-
frame is electrically isolated from any
card installed in the other slot. The
only way to connect a Model 7012 to
cne of these cards is to wire them to-

gether.
Model 7001
o Gadt Analog ___Gad2

:_ i Backplane E~ :
| i f I
| M }i Row 1 or Bank A l< " I
] ; 1, |
| L cL |
2 o) Ko |
i t a | |
E H‘}} ow 2 or Bank B §<H ;
! Lo ki !
| | | |
| * < |
l ! Row 3 orBank C ' l
i H K H [
! | | I
| L KL I
| | I ]
I G K G |
| | | |
| |  Rowd4orBankpD | ]
| oY KH |
| O K |
| e ko }
] 1 ! !
L e s e o e i st e e i 1 T

H = High Row = Matrix Card {7012)

L=low Bank = Mux Card (7011)

G = Guard .

Figure 2-2
Model 7007 analog backplane



7012 7001
Matrix Row Analog
(1 of 4) Backpiane
H T AN LB
L> £ L <
G
H = High Backplane > <
[é“: 'é‘i‘;d Jumpers
Figure 2-3

Matrix row connections to backplane

Matrix Switching Basics

2.3 Typical matrix switching schemes

The following paragraphs describe some basic switch-
ing schemes that are possible with a two-pole switch-
ing matrix. These switching schemes include some
various shielding configurations to help minimize
noise pick up in sensitive measurement applications. -
These shields are shown connected to chassis ground.
For some test configurations, shielding may prove to
be more effective connected to circuit common. Chassis
ground is accessible af the rear panel of the Model 7001.

2.3.1 Single-ended switching

In the single-ended switching configuration, the source
or measure instrument is connected to the DUT
through a single pathway as shown in Figure 2-4.

-~
S

Hl o

LO o+—

Source or
Measure

Figure 2-4
Single-ended switching example

i
Columns | |

PPRA) l b — Cptional

N t | Shield

E DUT l
<€ ; |
[ I
|
7012 | I |
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2.3.2 Differential switching

The differential or floating switching configuration is
shown in Figure 2-5. The advantage of using this con-
figuration is that the terminals of the source or measure
instrument are not confined to the same matrix cross-
point. Each terminal of the instrument can be connect-
ed to any matrix crosspoint.

2.3.3 Sensing

Figure 2-6 shows how the matrix card can be config-
ured to use instruments that have sensing capability.
The main advantage of using sensing is to cancel the ef-
fects of matrix card path resistance (<1€2) and the resis-
tance of external cabling. Whenever path resistanceisa
consideration, sensing should be used.

Fows Columns
-
HI O 3y HoTo <4
v ;\ L 0///0 /J~
’ N DUT
/
LO Ok b > HoTo e
' > L oo <<—U——
Vrrd
Source or 7012
Measure
Figure 2.5
Differential switching example
Hows Coiumns
s f\ AN H L L
Source H << R 7//[/G oS /A\
SenseHl o {& 3> L o} {€
s N H s
Sense LO O —<¢ 17 ://I/c DI )#
Source LD o (¢ i 3 L o { &
7012
Source or
Measure

Figure 2-6
Sensing example
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2.3.4 SMU connections.

Figure 2-7 shows how a Keithley Model 236, 237 or 238
Source Measure Unit could be connected to the matrix
card. By using triax cables that are unterminated at one
end, the driven guard and chassis ground are physical-
ly extended all the way to the card.

2.4 Matrix expansion

With the use of additional matrix cards and main-
frames, larger matrices can be configured. Each Model

Matrix Switching Basics

7001 Switch Systermn mainframe will accommodate up
to two cards, and up to six mainframes can be connect-
ed together. Thus, a switch system using as many as 12
cards in six mainframes can be configured.

2.4.1 Two-card switching systems

Each Model 7001 Switch System mainframe can ac-
commodate two cards to allow the following switching
configurations.

Columns
A

[N 2
DV
—
:\‘;\
A A
- N

Ava

236/237/238

s
— W

o
&
-

(N
T N
!r" T
o ‘o
ra P
AN
N

Hows
Output HI O :‘”’.iﬁ:
Guard o <
Sense HI © < 0 |
Guard o Gl U
Sense LO © < 0
Quiput LO it
—V
Output LO O \
/J7——--< Triax
Cables (3)

WARNING : Hazardous voltages may be present on
GUARD. Make sure all cable shields are
properly insulaied before applying power.

Figure 2-7
SMU connections
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Separate switching systems

Two single-card systems can be configured by remov-
ing the backplane jumpers from one of the cards. The
two cards will be controiled by the same mainframe,
but they will be electrically isolated from each other.
Figure 2-8 shows an example uging two ‘\/Iodel 7012
matrix cards. _

Marrow matrix expansion (4 x 20 matrix)

A narrow 4 row x 20 column matrix is configured by
simply installing two “as shipped” Model 70125 in the
Model 7001 mainframe. By leaving the backplane
jumpers instelled, the rows of the matrix card installed
in slot 1 (CARD 1} are automatically connected to the
rows of the matrix card installed in slot 2 (CARD 2)
through the analog backplane. The 4 X 20 matrix is
shown in Figure 2-9.

Card 1 Card 2
e I o ke R R
; 7012 ‘E :_ 7012 .;
| 4 Coiumns 10 | Analog | 1 Columns 10 |
| | Backplane| j
| 1 o —Ip——ile—d 1y
! ! I I
| 2 2 0—91 ® 2
; Rows ! ! Rows E
;8 o ’“>|>Mg<“n 3
I ! |
| 4 RN D AV 4 |
P U S Y L

S S VU W S Y _—d
4 % 10 Mairix

Jumpers
Removed

Figure 2-8
Two separate 4 x 10 matrices
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Card 1 Card 2
- rm i
| 7012 i | 7012 i
i 1. Columns 10 1 Anaiog | 11 Columns 26 i
i | Backplane| i
b 3> 63 I
] | | |
] i |
2 Pt |
| Rows ] i |
I 3 sk e [
i T i I
i K /i/ |
l 4 ra % \E [
B o e s s s it A S o S i i i — Lors e e e e e s e e o s e e et e —
4 x 20 Matrix

Notes | Backplane jumpers on both
cards must be instalied.

Figure 2-9
Narrow matrix example (4 x 20)

Wide matrix expansion (8 x 10 matrix)

A wide 8 row X 10 column matrix is shown in Figure 2-
10. For this configuration, the 10 columns of the two
matrix cards must be physically hard-wired together.
Also note that the backplane jumpers on one of the
cards must be removed in order to isolate the rows of
the two cards from each other.

Mixing card types

Different types of cards can be used together to create
some unique switching systems. For example, you

could have a Model 7012 matrix card installed in one
slot and a Model 7011 multiplexer card instailed in the
other slot.

Figure 2-11 shows a possible switching system using a
matrix card and a multiplexer card. The backplane
jumpers for both the matrix and multiplexer cards
must be installed. This allows matrix rows to be con-
nected to multiplexer banks. On the multiplexer card,
the bank-to-bank jumpers must be removed to main-
tain isolation between matrix rows. See the instruction
manual for the Model 7011 for complete information
on the multiplexer card.
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Carg 1

i 12 L e

| 1 Columns 10 |

i |

- D

I I

b2 s o>

f Fows E

| 3 B e—> >

! ]

: 4 » QE)

B s s s e s e o - s e e s e o e s s st st 1
Externai
Column - -~ 7001 Analog
Jumpers Backplane

T T rrT T T I

| i

i ] .f\-eg)u

| i

- M

! Rows ]

§ 3 m_9§>___

i I

B o

[ 7012 t

B e et it St e e e, it At e . e, . i S ot i e 1

Card 2
& x 10 Matrix

Figure 2-710
Wide matrix example (8 x 10)
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Card 1 Card 2

II_ 7012 m} ;m 7011 ...:
] 1 Columns 10 | 7001 b1 Inputs 10 |
% 1 );}Backplan;;(: L I l I | l ! I ! 1|O Bank A 5
{ 2 >E> (!( l | l ! l ! l I I i Bank B ;
| Rows { | 1 10 |
| b e L L] ek |
! i /!I T 10 I
: 4 >l\ /1/ l l f l ' ! l I l l Bank D l

| N i
R — L e e e o e st i S St e e . e e e —

4 x 10 Matrix Quad 1 x 10 Mux

Hotes : 1. Medels 7011 and 7012 backpiane jumpears must be installed,

2. Modet 7011 bank-to-bank jumpers must ba removed.

Figure 2-11
Mixed card type example

2.4.2 Mainframe matrix expansion

Matrices using up to 12 matrix cards are possible by us-
ing six Model 7001 mainframes together. Using 12
Model 7012 matrix cards provides 480 cross-points.

In general, conmecting the rows of a card in one main-
frame to the rows of a card in a second mainframe in-
creases the column numbers of the matyix, For
example, if the rows of a 4 x 20 matrix in one main-
frame are connected to the rows of a 4 x 20 matrixina
second mainframe, the resulting matrix would be 4 x
40. Paragraph 3.4.3 explains how to connect a test sys-
tem using two mainframes,

Partial matrix impiementation

A fully implemented matrix provides a relay at each
potential crosspoint. For example, a fully implemented
8 % 20 matrix utilizing four 4 x 10 matrix cards contains
160 crosspoints, A partially implemented 8 x 20 matrix
would contain fewer crosspoints,

An example of a partially implemented 8 x 20 matrix is
shown in Figure 2-12. The partial matrix is still consid-
ered 8 x 20, but contains only 120 crosspoints using
three Model 7012 matrix cards installed in two Model
7001 mainframes.

Matrix card #1 (7012 #1) installed in one of the slots of
the first mainframe (7001 #1) provides a 4 x 10 matrix.
The other slot of the first mainframe should be left
empty. If another switching card is left in that slot,
make sure it is isolated from the analog backpiane (i.e.
backplane jumpers removed). The two matrix cards
(7012 #2 and #3) installed in the second mainframe
(7001 #2) are configured as a an 8 x 10 mairix as ex-
plained in paragraph 2.4.2 (Wide Matrix Expansion).
Keep in mind that the rows of card #2 must be isolated
from the rows of card #3. This is accomplished by re-
moving the jumpers on one of the two cards. Finally,
the partially implemented 8 x 20 matrix is realized by
externally hard-wiring the rows of card #1 to the rows
of card #2.
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An obvious advantage of a partial matrix is that fewer
matrix cards are needed. Another reason to use a par-
tial matrix is to keep specific devices from being con-
nected directly to other devices. For example, a source
connected to rows 5, 6, 7 or 8 (Figure 2-12) cannot be

connected to a column of Model 7012 #1 with one “ac-
cidental” crosspoint closure. Three specific crosspoints
must be closed in order to route the source signal to a

column of card #1.

25 I Frr - T T T ==
} 7001 #1 | } 7001 #2
| J I
! rr T e - I External ’ I 1
| 7012 #1 i1 Row || 7012 #2 ;
i | 1 Columns 10 | : Jumpers : Iy Columns 20 |
i | i !
by | ,L L I
Py food - |
P s 1| I |
| | Rows ] i i ] ]
by 8 T ] i
} | 4 : } § t i
| e e ——— — PSS T SRS N AUV A VU, S RS H
L o e i ;
f
TV T T
| |
5 - |
5 o !
Rows | i |
7 ! t J
g i ! I
[ |
| ! 7012 #3 ‘
P
e
Figire 2-12

Partial matrix expansion (8 x 20)
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Card Connections & Installation

3.1 Introduction

WARNING

The procedures in this section are in-
tended only for qualified service per-
sonmel. Do not perform these
procedures unless qualified to do se.
Failure to recognize and observe nor-
mal safety precautions could result
in personal injury or death.

The information in this section is arranged as follows:

3.2 Handling precaution: Explains precautions that
must be followed to prevent contamination to the
matrix card assembly. Contamination could de-
grade the performance of the matrix card.

3.3 Connection: Covers the basics for connecting ex-
ternal circuitry fo the two available connecior
cards for the matrix; the screw terminal connec-
tor card and the multi-pin connector card.

3.4 Typical connection scheme: Provides some typi-
cal connection schemes for single card, two-card
and two-mainframe system configurations.

3.5 Model 7012 installation: Provides a procedure to
install the matrix card assembly in the Model
7001 mainframe.

3.2 Handling precautions

To maintain high impedance isolation, care should be
taken when handling the relay card to avoid contami-
nation from such foreign materials as body oils. Such
contamination can substantially lower leakage resis-
tances, thus degrading performance.

To avoid possible contamination, always grasp the re-
lay and connector cards by the side edges or shields.
Do not touch the board surfaces or components. On
connectors, do not touch areas adjacent to the electrical
contacts. Dirt build-up over a period of time is another
possible source of contamination. To avoid this prob-
lem, operate the mainframe and matrix card in a clean
environment.

If a card becomes contaminated, it should be thorough-
ly cleaned as explained in paragraph 5.2.

3.3 Connections

This paragraph provides the basic information needed
to connect your external test circuitry to the matrix. It
includes the removal/installation of the backplane row
jumpers on the relay card, and detailed information on
the two available connector cards.
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WARNING

The following connection informa-
tion is intended to be used by quali-
fied service personnel, Failure to
recognize and observe standard safe-
ty precautions could result in person-
al injury or death.

3.3.1 Backplane row jumpers

The Model 7001 mainframe has an analog backplane
that allows the rows of a Model 7012 matrix to be inter-
nally connected to a compatible switching card in-
stalled in the other slot (see paragraph 2.4.1 for details).

The backplane row jumpers for the matrix card assem-
bly are located on the relay card as shown in Figure 3-
1. The card is shipped from the factory with the jump-
ers installed.

jumper removal

Perform the following steps to remove backplane row
jumpers:

1. If mated together, separate the relay card from the
connector card by removing the mounting screw
and then pulling the two cards away from each
other. Remember to only handle the cards by the
edges and shields to avoid contamination.

2. Use Figure 3-1 to locate the jumper(s) that are tobe
removed.

3. It is not necessary to physically remove the jump-
ers from the PC board. Using a pair of wire cutters,
cut one lead of each jumper.

Jumper installation

Referring to Figure 3-1 for jumper locations, perform
the following steps to install backplane row jumpers:

1. If mated together, separate the relay card from the
connector card by removing the mounting screw
and then pulling the two cards away from each
other. Remember to only handle the cards by the
edges and shields to avoid contamination.

3-2

2. Physically remove a cut jumper by unsoldering it
from the PC board.

3. Install a new #22 AWG jumper wire (Keithley P/IN
J-15) and solder it to the PC board.

4. Remove the solder flux from the PC board. The
cleaning procedure is explained in paragraph 5.2.

7012 Relay Card

i

Row1 =2
Row 2, ="

. Row3 [T=C

RRRRRRRRRNRNARN

. H0W4§-mm

1

Jumpers

Figure 3-1
Backplane row jumpers

3.3.2 Screw terminal connector card

The screw terminal connector card is shown in Figure
3-2. Connections are made directly to the screw termi-
nals of the four terminal blocks. Each screw terminal
will accommodate #16-22 AWG wire. '

Wiring procedure

Perform the following procedure fo wire circuitry to
the screw terminal connector card:

WARNING

Make sure all power is off and any
stored energy in external circuitry is
discharged.
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1. If mated together, separate the connector card from

HARMNING:
USER SUFPLIED LETHAL VOLYABES ARy BE
FRESENT QO COWNECTORS DR PC BDARG

1Ty O19n the relay card by removing the mounting screw

Ph2-ee- et and then pulling the two cards away from each
other. Remember to only handie the cards by the
4 edges and shields to avoid contamination.

2. Using an insulated screwdriver, connect the cir-
cuitry to the appropriate terminals. Figure 3-3
shows how Column 1 of the matrix would be con-
nected to a DUT.

3. Referring to Figure 3-4, remove the top half of the

cable clamp as follows:
A. Loosen the cable clamp screw enough to disen-
gage it from the bottom half of the cable clamp.

m
-
-
S
SSBTLADOCAARIDD
S9TXFVRLSAPBIRES
ROPRISTDILDIIDESRS

OI B. Using your thumb and forefinger, press the re-

H
coL 4

L] L

& i#
wi 68t S

@ 2L
MR

® | L

* |
coL 7

DOm |

taining clips inward and, with your other
- hand, remove the top half of the clamp.

NSRRI IABRE B EDIEN
FVBRARIZSADAR LA
EecsccanRNOeDOBRAS

ii PLEg?Z

ea o 4. Route wires under wire guide/connector shim.
5. Route the wires through the bottom half of the ca-
Raw s ble clamp.
Fou 3 6. Replace the top half of the clamp. It simply snaps
onto the bottom half of the clamp. Tighten the ca-
RON 4
t ble clamp screw. The clamp serves as a strain relief
for terminal block wires.
7. Mate the connector card to the relay card. The
Model 7012 is now ready to be installed in the
’l Model 7001 mainframe. See paragraph 3.5 for de-
tails.

coL 8
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CoL 1#
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Figure 3-2
Screw terminal connector card

COL3

O0OOO

Figure 3-3
Typical terminal block connections
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Clips

Figure 3-4
Cable clamp for screw terminal connector card

3.3.3 Multi-pin (mass termination) connec-
tor card

Since connections to external circuitry are made at the
96-pin male DIN bulkhead connector, there is no need
to separate the connector card from the relay card. If
the conmector card is separated from the relay card,
carefully mate them together. Make sure to handle the
cards by the edges and shields to avoid contamination.

3.4

Terminal identification for the DIN connector of the
multi-pin connector card is provided by Figure 3-5.
This connector will mate to a 96-pin female DIN con-
nector.

Keithley has a variety of cable and connector accesso-
ries available to accommodate connections from the
connector card to test instrumentation and DUT (de-
vices under test). In general, these accessories, which
are summarized in Table 3-1, utilize a round cable as-
sembly for connections.

Table 3-1
Mass termination accessories
Model Description
7011-KIT-R | 96-pin female DIN connector and
housing for round cable.
7011-MTC-2 | Two-meter round cable assembly
terminated with a 96-pin female
DIN connector on each end.
7011-MTR 96-pin male DIN bulkhead connec-
tor.
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Pins of the Medel 7012-C mass termination connector can be identified in one of three ways:

1. Matrix row (1-4) or column {1-10).
2. Connector designation, consisting of rows a-¢ and columns 1-32.
3. Schematic and component layout designation {1-96),

The following pinout diagrams show the correspondence between these arrangements:

3231302928 2726252423222120 1918171615 1413 1211108 8 7

654321
tt),DCOO&O‘QOO‘#.ﬂ&bﬁ‘.c""&‘.o.o.ﬁ Viewfrompinside
a'::::::::::::::::::::::::::::::::a of connector

Connector Schematic Connector Schematic
Matrix Desig. Desig. Matrix Desig. Desig.
Terminal 1a-32¢ 1-96 Terminal 1a-32¢c 1-96
How 1 HI 8c 72 Col 1 Hi 32¢c 96
Lo &b 40 LO 32b 64
Row 2 M 6c 70 Col 2 Hi 3Cc 94
LO 6b 38 LO 30b 62
Row 3 Hi 4c 68 Col 3 Hi 28¢ 92
LO 4b 36 LO 28b 60
Row 4 Hi 2¢ 66 Col 4 Hi 26c 80
LO 2b 34 O 26b 58
Col5 Hi 24c¢ 88
LO 24b 56
Col 6 21 22¢ 86
LO 22b 54
Col7 Hi 20c 84
LO 20b 52
Col 8 Hi 18c 8z
LO i8b 50
Col 9 Hi 16¢ 80
LO 16b 48
Col 10 Hi 14c 78

LO 14b 46

Notes:

1. Refer to the schematic for shield pins.

2. Shoripins 1a to 1b on the mating connector (pins 1 and 33 on schematic) to allow the output relays on the con-
nector card to close,

Figure 3-5

Multi-pin connector card terminal identification

Ut



Card Connections & Installation

Typical connection technigues

All external circuiiry, such as instrumentation and
DU, that you wish to connect to the matrix card must
be terminated with a single 96-pin female DIN connec-
tor. The following connection techniques provide some
guidelines and suggestions for wiring your circuitry.

WARNING

Before beginning any wiring proce-
dures, make sure all power is off and
any stored energy in external circuit-
‘ry is discharged.

NOTE

It is recommended that external cir-
cuitry be connected (plugged in) after
the Model 7012 assembly is installed
in the Model 7001 mainframe and
with the 7001 power off. Installation is
covered in paragraph 3.5.

Output relays— The multi-pin connector card uses a
relay for each of the four ouiput banks. These output
relays are normally open to prevent any hazardous
voltages (via the mainframe backplane) from appear-
ing on the pins of the male DIN connector. The output
relays will only close when the Model 7011-MTC-2 ca-
ble assembly is connected to card. If building you own
cable assembly, you must make sure that it shorts pins
1a to 1b of the card connector (Figure 3-8) when if is
mated to the card. Shorting pins 1a to 1b allows the
output relays to close. :

Round cable assemblies — Figure 3-6 shows typical
round cable connection techniques using accessories
available from Keithley.

In Figure 3-6A, connections are accomplished using a
Model 7011-MTC-2 cable and a Model 7011-MTR bulk-
head connector. The two-meter round cable is termi-
nated with a 96-pin female DIN connector at each end.
This cable mates directly to the multi-pin connector
card and to the bulkhead connector. The bulkhead con-
nector has solder cups to allow direct connection to in-
strumentation and DUT. Figure 3-7 provides pinout for
the bulkhead connector. The view shown is from the
solder cup end of the connector.

In Figure 3-6B, connections are accomplished using a
Model 7011-MTC-2 cable assembly that is cut in half.
The 96-pin female DIN connector on one end of the ca-
ble mates directly to the multi-pin connector card. The
unterminated end of the cable is wired directly to in-
strumentation and DUT. The other half of the cable as-
sembly could be used for a second switching card.

In Figure 3-6C, connections are accomplished using a
custom-built cable assembly that consists of a Model
7011-KIT-R connector and a suitable round cable. Hita-
chi cable p/n N2807-P/D-50TAB is a 50-conductor
round cable. Two of these cables can be used to provide
100 conductors. The connector has solder cups fo ac-
commodate the individual wires of the unterminated
cable. Figure 3-8 provides an exploded view of the con-
nector assembly and shows how the cable is connected.
The connector end of the resultant cable assembly
mates directly to the multi-pin connector card. The un-
terminated end of the cable assembly is wired directly
te instrumentation and DUT.
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Wire instrumentation
Multi-Pin and DUT fo bulkhead
A) Connector R cannector (See Figures
Card 3-5 and 3-7 for terminal
identification)
7011-MTC-2 +
cable assembly 7011-MTR
bulkhead connector
Multi-Pin Wire directly to
T instrumentation
B) chz;?;;’tor * == A
7011-MTG-2
(Cut in Half)
Multi-Pin Wire directly to
instrumentation
“ Gonnector e

Figure 3-6
Typical round cable connection technigques

‘T Cable

7011-Ki-R

Connector Kit

Notes: Figure 3-8 provides an expleded view showing
how the connecior (with cable) is assembled.

Cable Hitachi p/n N2B07-P/D-50TAB is a
50-conductor cable. Two of these cables
can be used to supply 100 conductors.
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Note : See Figure 3-5 for terminal identification.

Figure 3-7
Model 7011-MTR connector pinout

Figure 3-8
Model 7011-KIT-R (with cable} assembly

View from soider
cup side of
connector



3.4 Typical connection schemes

The following information provides some typical con-
nection schemes for single card, two-card, and two-
mainframe  system configurations. Connection
schemes for the multi-pin connector card use some of
the techniques presented in paragraph 3.3.2. Keep in
mind that these are only examples to demonstrate var-
ious ways to wire a test system. Connection details for
both connector cards (multi-pin and screw terminal
connector cards) are provided in paragraph 3.3.

3.4.1 Single card system

Figure 3-9 shows how external connections can be
made to a single card system that uses the multi-pin
connector card. Instrumentation and DUT are hard-
wired to the Model 7011-MTR male bulkhead connec-
tor. This connector has solder cups that will accept wire
size up to #24 AWG. The test system is connected to the
mairix using the Model 7011-MTC-2 round cable as-
sembly. This cable mates directly to both the external
bulkhead connector and the Model 7012-C matrix card
assembly. Notice that the bulkhead connector is shown
mounted to a fixture to help keep the cabling stable
during the test.

The single card system in Figure 3-10 is identfical to the
system in the previous illustration, except for the con-
nection scheme. The system in Figure 3-10 uses the ter-
minal block connector card. With this card, single
conductor connections are made directly from the ter-
minal blocks of the connector card to instrumentation
and DUT.

When using a single card system, make sure that the
card remains electrically isolated from any other

Card Connections & Installation

switching cards. There are several ways to ensure iso-
lation for a single card in the Model 7001 mainframe:

1. Vacate the other mainframe slot. If there is a Model
701X card installed in the other slot, remove it.

2. Remove the backplane jumpers on the matrix card.
This will disconnect the card from the analog back-
plane of the mainframe.

3. Remove the backplane jumpers from the switching
card installed in the other slot.

3.4.2 Two-card system

Both Figure 3-11 and Figure 3-12 show a system using
two matrix cards installed in one Model 7001 main-
frame to configure a 4 x 20 test matrix. In both these
connection schemes, row connections of the two matrix
cards are accomplished internally through the back-
plane of the Model 7001 mainframe. To connect rows
internaily, the backplane row jumpers of both matrix
cards must be installed.

Figure 3-11 shows how external connections can be
made for the multi-pin connector cards. In this exam-
ple, a single Model 7011-MTC-2 round cable assembly
is cut in half to provide two cables, each of which is un-
terminated at one end. The unterminated ends of the
two cables are hard-wired to instrumentation and DUT
as shown in the drawing. The other ends of these cables
mate directly to the Model 7012-C matrix card assem-
blies.

Figure 3-12 shows how external connections can be
made for the screw terminal connector card. Single
conductor connections are made directly from the
screw terminals of the connector card to instrumenta-
tion and DUT.

3-9
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Row 1

! Instrurment |
Row 2

instrument |
Row 3

l Instrument |
Row 4

i Instrzmant |

Figure 3-9

28 individual Conductors

7012-C

Fixture for
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Connector
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2 3 4 5 87 8 8% 10

DUT Test Fixiure

7011-MTC-2
Cabie Assembly

\

\

7OT1-MTR
Bulkhead
Connector

ButT

Instrum

Rows

ents

Columns

Equivalent Circuit

Single card system example {multi-pin connector card)
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Row 1
instrument
Row 2
instrument
. Row 3
Instrument
Row 4
instrument
1 2 3 4 5 6 7 8 9 10
DUT Test Fixture
DUT
1 12] 1at 4] {s5]ts}|7!|8] |g} 0
1
z Rows
Instrurnents
3
4
Cotumns

Equivalent Circuit

Figure 3-10
Single card system example (screw terminal connector card)
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Figure 3-11

 Row 3
instrument

Row 4

Instrument

Fow 1
instrument
Row 2
Instrument
’ 7011-MTC-2
Cable Assembly
(Cutin haif to

provide two cables)

1 2 3 4 5 & 7 8 819

DUT Test Fixture

Instrurments

Mote: Backplane row jumpers for
both matrix cards must be
instaiied,

7001

i

2 34 5 6 7 8 9 W

PUT Test Fixdure

7001
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DUT

Column

CARD 1

Two-card system example (mufti-pin connector card)
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both cards must
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Two-card system example {screw terminal connector card)
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3.4.3 Twe-mainframe system

Figure 3-13 and Figure 3-14 show a system using three
matrix cards in two Model 7001 mainframes to config-
ure a 4 x 30 test matrix. This systemn is similar to the
Two-card System {see previous paragraph}, except that
a third matrix card (installed in a second mainframe} is
added.

Figure 3-13 shows the connection scheme for the multi-
pin connector cards. External circuit connections to the
Meodel 7601 #1 mainframe are identical to the ones
used for the Two-card System. The third matrix card
(installed in Model 7001 #2 mainframe) shows how a
custom-built cable can be used to make connections to
external circuitry. A suitable round cable can be termi-
nated with a 96-pin female DIN connector (Model
7011-KIT-R) that will mate to the Model 7012-C matrix
card assembly. The unterminated end of the cable is
connected directly to instrumentation and DUT. Notice
that the row connections for the third matrix card are
made at the instruments.

Figure 3-14 shows connections for the screw terminal
connector card. Single conductor connections are made
directly from the screw terminals of the connector card
to instrumentation and DUT

3.5 Model 7012 installation and re-
moval

This paragraph explains how to install and remove the
Model 7012 matrix card assembly from the Model 7001
mainframe.

WARNING

Instailation or removal of the Model
7012 is to be performed by qualified
service personnel. Failure to recog-
nize and ocbserve standard safety pre-
cautions could result in personal
injury or death.

NOTE

If using the screw terminal connector
card, make sure your external circuif-
ry is wired to the card (as explained in
paragraph 3.3.1) before instailing the
card assembly in the Model 7001
mainframe.

CAUTION

To prevent contaminaiion to the ma-
trix card that could degrade perfor-
mance, only handle the card
assembly by the edges and shields.
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Two-mainframe system example (multi-pin connector card)
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Matrix card instailation 3. Referring to Figure 3-15 for Model 7012-5 installa-

tion, or Figure 3-16 for Model 7012-C installation,

Perform the following steps to install the matrix card feed the matrix card assembly into the desired slot

assembly in the Model 7001 mainframe: such that the edges of the relay card ride in the
' rails.

4. With the ejector arms in the unlocked position,

WARNING push the card assembly all the way into the main-

frame until the arms engage into the ejector cups.

T jid fr 11 instru ta-
B i e, Then push both arms inward to lock the card into

Hon {including the Model 7001 main-

frame) and disconnect their line the mainframe.
cords. Make sure all POWEI 18 1o~ 5. FOI' &\E 7012"C, a}.SO install ﬂ‘le screw shown in Fig"
moved and stored energy in external ure 3-16.

circuitry is discharged.

Matrix card removal
1. Mate the connector card to the relay card if they are
separated. Install the supplied 4-40 screw at the To remove the matrix card assembly, first unlock it by

end of the card to secure the assembly. Make sure pulling the latches outward, then pull the card assem-
to handle the cards by the edges and shields to pre- bly out of the mainframe. Remember to handle the card

vent contamination. assembly by the edges and shields to avoid contamina-
2. Facing the rear panel of the Model 7001, select the tion that could degrade performance.

slot (CARD 1 or CARD 2) that you wish to install
the card in.
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figure 3-15
Model 7012-5 card instalfation in Model 7001
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Unlock card
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Figure 3-16
Model 7012-C card installation in Model 7001
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Unlock card

Ejector Arms {2)
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Operation

4.1 Introduction

The information in this section is arranged as follows:

4.2  Power limits: Summarizes the maximum power
limits of the Model 7012 matrix card assembly.

43 Mainframe control of matrix card: Summarizes
programming steps to control the matrix card
from the Model 7001 Switch System mainframe.

4.4  Multiplexer switching examples: Provides some
typical applications for using the Model 7012.

4.5 Measurement considerations: Reviews a num-
ber of considerations when using the Model 7012
to make measurements.

4.2 Power limits

CAUTION

To prevent damage to the card, do not
exceed the maximum signal level
specifications of the card.

Maximum signal levels

To prevent overheating or damage to the relays, never
exceed the following maximum signal levels:

DC signals: 110V between any two pins (termi-
nals}, 1A switched, 30VA (resistive
load}

AC signals: 125V rms or 175V AC peak be-
tween any two pins (terminals), 1A
switched, 60VA (resistive load)

4.3 Mainframe contro! of matrix card

The following information pertains to the Model 7012
matrix card. It assumes that you are familiar with the
operation of the Model 7001 mainframe.

If you are not familiar with the operation of the main-
frame, it is recommended that you proceed to Getting
Started {Section 3) in the Model 7001 Instruction Man-
ual after reading the following information.

4.1
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4.3.1 Channel assignments

The Model 7001 has a channel status display (Figure 4-
1) that provides the real-time state of each available
channel. The left portion of the display is for slot 1
(Card 1), and the right portion is for siot 2 (Card 2).

Notice that the matrix organization of the channel sta-
tus display corresponds directly to the 4 x 10 organiza-
tion of the matrix card. With a matrix card installed, the
top row of the display corresponds to Row 1 of the ma-
trix card. The 10 columns of the matrix are labeled 1
through 10 on the display. The next rows down corre-
spond to Rows 2, 3, and 4 respectively.

Matrix organization of the channel status display cor-
responds to the 4 x 10 organization of the matrix card

as shown in Figure 4-2. Each channel is designated as a
row / column crosspoint.

To control the matrix card from the mainframe, each
matrix crosspoint must have a unique CHANNEL as-
signment. The CHANNEL assignments for the matrix
card are provided in Figure 4-3. Each CHANNEL as-
signment is made up of the slot designator {1 or 2) and
the mairix crosspoint. To be consistent with Model
7001 operation, the slot designator, row and column
are separated by exclamation points (!). Some exam-
ples of CHANNEL assignments:

CHANNEL 11111 = Sjot 1, Row 1, Column 1
CHANNEL 114!10 = Slot 1, Row 4, Column 10
CHANNEL 212!9 = Slot 2, Row 2, Column 9
CHANNEL 21314 = Slot 2, Row 3, Columrm 4

7001 Display

CARD 1

s = Open Channel
smama = Closed Channel

Figure 4-1
Channel status display
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A = Row
C = Column

Figure 4-2
Display organization for muitiplexer channels

1 2 3 4 5 6 7

(1] [z [1ms] Tima] [ous] [1me] [z [itis] [1iig | [11110]

[121] [112i2] [n2w] [12a] [125] [Mi2is] [127] (28] (1219 ] [1i2110]

[1311] [1@iz] [nas] [1sa] [11as] [1ae] [1e7] [1es] [1sie ] (118110]

A. Slot1 (Card 1)

[1a7] [na2] [1as] [1ad] (145 ] [1as ]| [11417] [1ais] [11419 | [114i10]

1 2 3 4 5 6 7

Faiii] [2ri2] [2mia] [2na] [2is] [ere] [ani7) [2m8) [2iig] [2111g]

(221 ] [22i2] [2i2m] [2i24 | [oreis] (226 ] [21217] 21218 [2219 ] [202110]

21311 ] (23] [2w@m] [2@4] [2mi5] [2me] f2157] [238] [2m9] [218110]

B. Slot2 {Card 2)

(2] [oiiz] [omz] [24ia]| [2a5] [246| [2u17] |2148] [21a9] [214110]

Examples : 11214 = Sict 1, Row 2, Column 4
21316 = Slot 2, Bow 3, Column 6

Figure 4-3
Model 7012 programming channel assignments
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4.3.2 Front panel control

Closing and opening channels

A matrix crosspoint is closed form the front panel by
simply keying in the channel assignment and pressing
CLOSE. For example, to close Row 3, Column 4 cros-
spoint of a matrix card installed in slot 2, key in the fol-
lowing channel list and press CLOSE:

SELECT CHANNELS 21314

The above closed channel can be opened by pressing
OPEN or OPEN ALL. The OPEN key opens only the

channels specified in the channel list, and OPEN ALL
opens all channels.

The following display is an example of a channel list
that consists of several channels:

SELECT CHANNELS 21111, 21113, 21211-21215

Notice that channel entries are separated by commas
{,)- A comma is inserted by pressing ENTER or the right
cursor key (&> ). The channel range is specified by us-
ing the hyphen (-) key to separate the range limits.
Pressing CLOSE will close all the channels specified in
the channel list. Pressing OPEN (or OPEN ALL) will
open the channels.

Scanning channels

Matrix crosspoints are scanned by creating a scan list
and configuring the Model 7001 to perform a scan. The
scan list is created in the same manner as a channel list
(see Closing and Opening Channels). However, the
scan list is specified from the “SCAN CHANNEL” dis-
play mode. (The SCAN LIST key toggles between the
channel list and scan list.) The following shows an ex-
ample of a scan list:

SCAN CHANNELS 21111, 21113, 21211-21215

When a scan is performed, the channels specified in the
scan list will be scanned in the order that they are pre-
sented in the scan list.

4.4

A manual scan can be performed by using the RESET
default conditions of the Model 7001. RESET is selected
from the SAVESETUP menu of the main MENLU, When
RESET is performed, the mainframe is configured for
an infinite number of manual scans. The first press of
STEP takes the mainframe out of the idle state. The
next press of STEP will close the first channel specified
in the scan list. Each subsequent press of STEP will se-
lect the next channel in the scan list.

4.3.3 IEEE-488 bus operation

Bus operation is demonstrated using HP BASIC 4.0.
The programming statements assume that the primary
address of the mainframe is 07.

Closing and opening channels

The following SCPI commands are used to close and
open channels:

C1L.OSe <list>
:OPEN <list>| ALL

The following statement closes channels 111!1, and
11113 through 111l6:
OQUTPUT 707; “:clos (@ 11111, 11113:11116)"

Notice that the colon (:) is used to separate the range

Either of the following statements will open channels
11111, and 111!3 through 1!116:

QUTTPUT 707; “.open (@ 11111, 11113:11116)"”
OUTFPUT 707; “:open all”

Scanning channels

There are many commands associated with scanning.
However, it is possible to configure a scan using as lit-
tle as four commands. These commands are listed as
follows:



*RST
TRIGger:SEQuencerCOUNEATUTO ON”
SCAN <ist>

ANIT

The first command resets the mainframe to a default
scan configuration. The second command automatical-
Iy sets the channel count to the number of channels in
the scan list, the third command defines the scan list,
and the fourth command takes the Model 7001 out of
the idle state.

The following prbgram will perform a single scan
through all 40 channels of a multiplexer card installed
in slot 1:

10 OUTPUT 707; “*RST”

20 OUTPUT 707; “trigiseqicotniauto on”
30 OUTPUT 707; “:scan (@ 11111:114110)”
40 OUTPUT 707; “:init”

50 END

Line 10 Selects a default configuration for the scan.
Line20 Sets channel count to the scan-list-length.
Line 30 Defines the scan list.

Line 40 Take the Model 7001 out of the idle state. The

scan is configured to start as soon as this
cormnmand is executed.

When the above program is run, the scan will be com-
pleted in approximately 240msec (3msec delay for each
relay close and a 3msec delay for each open), which is
too fast to view from the front panel. An additional re-
lay delay can be added to the program to slow down
the scan for viewing. The program is modified by add-
ing line 25 to slow down the scan. Also, Line 5 is added
to the beginning of the program to ensure that all chan-
nels are open before the scan is started.

Operation

5 OUTPUT 707; “:open all”

10 OUTPUT 707; “*R&T”

20 OQUTPUT 707; "rigiseq:counauto on”
25 OUTPUT 707; “:trig:del 0.25”

30 QUTPUT 707; “:scan (@ 11111:114110)”
40 OUTPUT 707; “:INIT”

5¢ END

Line5  Opens all channels,

Line25 Sets a 1/4 second delay after each channel
closes.

4.4 Matrix switching examples

Some applications to test thick film resistor networks
and transistors are provided in the following para-
graphs. These applications are intended to demon-
strate the versatility of using the matrix card in test
systems.

4.4.1 Thick film resistor network testing

A dedicated matrix system for testing thick film resis-
tor networks is shown in Figure 4-4. This particular
system provides two different methods to check thick
fitms; four-wire resistance measurements, and voitage
measurements using an applied voltage.

The system shown in Figure 4-4 tests two 4-element
thick films, but can be expanded to test more by simply
using additional Model 7012 matrix cards. The Model
7001 will accommodate two matrix cards. Daisy-chain-
in six Model 7001s expands the system to 12 matrix
cards allowing 24 four-element thick films fo be tested.

4.5
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TF TF-2
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Model 230

Figure 4-4
Thick film resistor network testing

Four-terminal ohims measurements

For general purpose testing, the Keithley Model 196
can be used to make four-terminal resistance measure-
ments of each thick film. As shown in Figure 4-5,
OFMS HI and OFHMS SENSE HI are connected to one
matrix row, and OHMS LO and OHMS SENSE LO are
connected to another matrix row. With this configura-
tion, the resistance of each resistor element and/or
combined elements can be measured by cleosing the ap-
propriate crosspoints. In Figure 4-5, crosspoints 11
(Row 1, Column 1) and 213 Row 2, Column 3) are
closed to measure the combined resistance of R1 and

R2.

4.6

The effects of thermal EMFs generated by relay con-
tacts and connections can be cancelled by using the off-
set compensated ohms feature of the Model 196. (The
Model 7012 has been designed to keep relay EMF at a
minimal level.) To compensate for thermal EMTs, close
two crosspoints (such as 1[1!1 and 11211}, this will short
the input of the Model 196, enable zero to cancel inter-
nal offset, and then enable offset compensated ohms.
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Thick Film
r
I
I
L
H
Volts/Chms H]  , H Cols
Ohms Sense HI | 1 X
L
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Modet 196 Chms Sense LO

2 X

L

i

|

i

|
Volts/Chms LO | H

i

]

i
X = Closed Crosspoinis f

Equivalent Circuit

Figure 4-5
Four-terminal chms measurements
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Voltage divider checks

For thick film resistor networks that are to be used as
voltage dividers, it may be desirable to test them using
voltages that simulate actual operating conditions.
This is a particularly useful test for resistor networks
that have a volitage coefficient specification. The test
system in Figure 4-4 uses a Keithley Model 230 to
source voltage and the Model 196 to measure voltage.

A consideration in these checks is the effect of the Mod-
el 196 input impedance on voltage measurements. The
input impedance is shunted across the resistor being
measured. The resultant divider resistance is the paral-
lel combination of the resistor under test and the input
impedance. As long as the input impedance is much
larger than the resistor being tested, the error intro-
duced inte the measurement will be minimal. Mini-
mum input impedance requirements are, of course,
determined by the accuracy needed in the measure-
ment. The input impedances of the Model 196 are as
follows: 300mV and 3V ranges, 1GQ; 30V range, 1IMGQ;
300V range, 10.IMQ. For better input impedance re-
quirements, the Keithley Model 617 Electrometer can
be incorporated into the test system to measure volt-
age.

4.8

Another facior to be considered when checking low
voltage dividers is thermal EMFs generated by the ma-
trix card. (The Model 7012 has been designed to keep
relay EMF at a minimal level.) A matrix card crosspoint
can generate up to 54V of thermal EMF. Thus, when
making low voltage measurements be sure to account
for this additional error.

Even though four-terminal connections are made at the
Model 196 and the resistor networks, the sense leads
are internally disconnected from the input of the DMM
when the volts function is selected. The simplified test
system is shown in Figure 4-6.

The thick film is tested by applying a voltage across the
resistor network and measuring the voltage across
each resistor element and/or across combined ele-
ments. In Figure 4-6, crosspoints 1!3!1 and 114!4 are
closed to apply voltage across the network, and cros-
spoints 11113 and 1!2!4 are closed to measure the volt-
age drop across R3.



Operation
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Figure 4-6
Voltage divider checks
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4.4.2 Transistor testing

A matrix system for testing DC parameters of transis-
tors is shown in Figure 4-7. This system uses two
Source Measure Units (SMU). There are three 8MUs
available from Keithley; the Model 236 Source Measure
Unit, Model 237 High Voltage Source Measure Unit
and Model 238 High Current Source Measure Unit.
Keep in mind that if using the Models 237 (high voltage
capability) or 238 (high current capability), do not ex-
ceed the maximum signal levels of the matrix card.
Maximum allowable DC signals are 110V and 1A, 30W
with resistive load.

SMU #1

Qutput Hi #-

This system tests three transistors, but can be expand-
ed to test more by simply using additional Model 7012
mairix cards. The Model 7001 will accommodate two
matrix cards. Daisy-chaining six Model 7001s expands
the system to 12 matrix cards allowing 36 or more tran-
sistors to be tested.

NOTE

The Model 7012 is a general purpose
matrix card and cannot be used to
check FETs or transistors that have
high gain or low power. To test these
devices, a matrix card with low offset
current and high isolation characteris-
Hes must be used.

Sense Hi#-

Sense LO @

Output LO 8

SMu #2

Quiput Hi

Sense Hi#—

Sense LD &

Cutput LO #—

ISR

Figure 4-7
Transistor testing
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DC parameter checks

With a transistor configured as a common-emitter am-
plifier, the test system shown in Figure 4-8 can be used
to determine the following DC parameters: Collector
current (I-), base current (I}, current gain, emitter cur-
rent (Ig) and base-to-emitter voltage (Vgg).

Figure 4-8 shows which crosspoints to close to config-

ure the amplifier circuit. SMU #1 is configured to

source voltage and measure current. It is used to power
the collector circuit (Veog) and measure the collector
current {Ii-). SMU #2 is configured to source current
and measure voltage. It is used to provide the base cur-
rent (Ig) for the transistor, and will also measure the
base-to-emitter voltage (Vgg). With collector current
(o) and base current (Ig) known, the current gain can
be calculated as follows:

The emitter current (Ig) can be determined by using
Kirchoff’s Current Law as follows:

Ip=1p+1y

Operation

Common-amiiter characteristic curves

A profile of the transistor operating characteristics can
be obtained by measuring the collector current over a
specified voltage range (Vg) for different base bias
currents (Ig}. For example, Figure 49 shows the charac-
teristics of a typical NPN silicon transistor at base bias
currents (Ig) of 20pA, 40uA, 60pA, and S0pLA.

Extensive trigger capabilities facilitate synchronization
of the Keithley Source Measure Unit operations. By
performing a subordinate sweep, SMU #1 will perform
a staircase sweep at every base bias current level set by
SMU #2. On every step of each staircase sweep, SMU
#1 will source a voltage level (Vcg) and measure the
subsequent collector current (Ic). For the characteris-
tics shown in Figure 49, four staircase sweeps were
performed; one staircase sweep at each base bias level.

Refer to a Keithley Source Measure Unit instruction
manual for details on performing sweeps.
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Figure 4-8
DC parameter checks
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Common-emitter characteristics of an NPN sificon
Transistor

4,5 Measurement considerations

Many measurements made with the Model 7012 are
subject to various effects that can seriously affect low-
level measurement accuracy. The following para-
graphs discuss these effects and ways to minimize
themn.

4.5.1 Path isolation

The path isolation is simply the equivalent impedance
between any two test paths in a measurement system.
Ideally, the path isolation should be infinite, but the ac-
tual resistance and distributed capacitance of cables
and cormectors results in less than infinite path isola-
tion values for these devices.

Path isolation resistance forms a signal path that is in
paraliel with the equivalent resistance of the DUT, as
shown in Figure 4-10. For low-to-medium device resis-
tance values, path isolation resistance is seldom a con-

Operation

sideration; however, it can seriously degrade
measurement accuracy when testing high-impedance
devices. The voltage measured across such a device, for
example, can be substantially attenuated by the volt-
age divider action of the device source resistance and
path isolation resistance, as shown in Figure 4-11. Also,
leakage currents can be generated through these resis-
tances by voltage sources in the system.

r— =T e s T
i P b i
I ol Pt 1
1 P (I 1
1 § Rour | |
| ' b Rpats 1 1 R CV 1
1 P 1 |
R T L I i
1 il (I |
| Pl 11 |
Lo 3 L e s D e
Matrix Measure
buT Card Instrument

Rour = Source Resistance of DUT
Eour = Source EMF of DUT
Reatn = Path Isolation Resistance
Rin = Input Resistance of Measuring I.nstrument

Figure 4-10
Path isolation resistance

Rour
A% ® 0
= Eour Ream
& <
Eour Fearn

Eoyr = e
Rour + Rpars

Figure 4-11
Voltage attenuation by path isolation resistance
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Any differential isolation capacitance affects DC mea-
surement settling time as well as AC measurement ac-
curacy. Thus, it is often important that such capacitance
be kept as low as possible. Although the distributed ca-
pacitance of the matrix card is generally fixed by de-
sign, there is one area where you do have control over
the capacitance in your system; the connecting cables.
To minimize capacitance, keep all cables as short as
possible.

4.5.2 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 oceur in the
test leads of a switching matrix system. If the conduc-
tor has sufficient length, 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) is effective at re-
ducing these effects,

Even when the conductor is stationary, magnetically-
induced signals may still be a problem. Fields can be
produced 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.

Athigh currentlevels, even a single conductor can gen-
erate significant fields. These effects can be minimized
by using twisted pairs, which will cancel out most of
the resulting fields.

4.5.3 Radio frequency interference

RFT (Radie Frequency Interference) is a general term
used to describe electromagnetic interference over a
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wide range of frequencies across the spectrum. Such
RFI can be particularly troublesome at low signal lev-
els, but is can also affect measurements at high levels if
the problem is of sufficient 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, sic.), 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 unwanted signal is present.

RET can be minimized in several ways. The most obvi-
ous 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 instruments will often reduce RFI to an ac-
ceptable level. In extreme cases, a specially-construct-
ed 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 re-
quired. Keep in mind, however, that filtering may have
detrimental effects on the desired signal.

4.5.4 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 instrumentation is connected to other instru-
mentation with more than one signal return path such
as power line ground. As shown in Figure 4-12, the re-
sulting ground loop causes current to flow through the
instrument LO signal leads and then back through
power line ground. This circulating current develops a
small but undesirable voltage between the LO termi-
nals of the two instruments. This voltage will be added
to the source voltage, affecting the accuracy of the mea-
surernent,
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Figure 4-12
Power line ground loops

Figure 4-13 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

o, O

L1

< O

W_Power Ling Ground

Figure 4-13
Eliminating ground loops

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

4.5.5 Keeping connectors clean

As is the case with any high-resistance device, the in-
tegrity of connectors can be damaged if they are not
handled properly. If connector insulation becomes con-
taminated, the insulation resistance will be substantial-
ly reduced, affecting high-impedance measurement
paths.

Oils and salts from the skin can contaminate connector
insulators, reducing their resistance. Also, contami-
nants present in the air can be deposited on the insula-
tor surface. To avoid these problems, never touch the
connector insulating material. In addition, the multi-
plexer card should be used only in clean, dry environ-
ments to avoid contamination.

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

4.5.6 AC frequency response

The AC frequency response of the Model 7012 is im-
portant in test systems that switch AC signals. Refer to
the specifications at the front of this manual.
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