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WARRANTY

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

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

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

To exercise this warranty, write or call your local Keithley representative, or comact Keithley headquarters in Cleveland, Ohio.
You will be given prompt assistance and returmn instructions. Send the produet, transportation prepaid, to the indicated service
facility. Repairs will be made and the product returned, transportation prepaid. Repaired or replaced products are warranted for
the balance of the 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 alse does not apply to fuses, soliware, non-rechargeable batteries, damage from
battery leakage, or problems arising from normal wear or failure to follow instructions,

THIS WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED OR IMPLIED, INCLUDING ANY
IMPLIED WARRANTY OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR USE, THE REMEDIES 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: COSTS OF REMOVAL AND INSTALLATION, LOSSES SUSTAINED AS THE RESULT OF INJURY TOQ ANY
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 accessorics would normally be used with non-haz-
ardous voltages, there are sitvations where hazardous conditions
may be present.

This product is imended for usc by qualified personnel who recog-
nize shock hazards and arc familiar with the safety precautions re-
quired 1o avoid possible injury. Read the operaling information
carcfully before using the product.

The types of product users are:

Responsible body is the individual or group responsible for the use
and maintenance of equipment, for ensuring that the equipment is
operated within its specificalions and operating limits, and for en-
suring that operators are adequately Lrained.

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 protecied from electric shock and contact with
hazardous live circuits,

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

Service personnel are trained 10 work on live cireuits, and perform
safe installations and repairs of products. Only properly trained ser-
vice personnel may petform installation and service procedures.

[xercise exireme 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) stales that a shock
hazard exists when voliage levels greater than 30V RMS, 42,4V
peak, or 60VDC are present. A good safety practice is to ex-

pect thai hazardous voltage is present in any un-

known circuit before measuring,

Users of this product must be protected from electric shock al all
times. The responsible hody must ensure that users are prevented
access and/or insulated from every connection point. In some cases,
conneetions must be exposed 1o potential hurman contact. Product
users in these circumstances must be trained 10 protect themselyes
from the risk ol electric shock. If the circuit is capable of operating
at or above 1000 volis, no conductive part of the circuit may be
exposed.

As described in the International Flectrotechnical Commission
{IEC) Standard 11C 664, digital multimeter measuring circuits
(c.g.. Keithley Models 175A, 199, 2000, 2001, 2002, and 2010} are
Installation Category 11 All other instruments” signal werminals are
Installation Category 1 and must net be connected 1o mains,

Do not connect switching cards directly w unlimied power circuils,
They are intended to be used with impedance limited sources.
NEVIER connect swilching cards direetly to AC mains. When cun-
nccting sources to switching cards, mstall protective devices to Him-
it fault current and vollage 1o the card.

Before operaling an instrument, make sure the line cord is connect-
cd to a property grounded power receptacle. Inspect the connecting
cables, 1est leads, and jumpers [or possible wear, cracks, or breaks
before cach use.

For maximum safety, do not touch the product, test cables, or any
other instruments while power 15 applied to the cireuit under test.
ALWAYS remove power from the entire test system and discharge
any capacitors before: connecting or disconnecting cables or jump-
crs, installing or removing switching cards, or making internal
changes, such as installing or removing jumpers.

Do not touch any object that could provide a current path to the
commuon side of the circuit under west or power line (carth) ground.
Always make measurements with dry hands while standing on a
dry, insulated surface capable of withstanding the volage heing
measured.



The instrument and accessories must be used in accordance with its
specifications and operating instructions or the safely ol the equip-
ment may be impaired.

Do not exceed the maximum signal levels of the instruments 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 fuses are used in a product, replace with same type and rating
for continued protection against fire hazard.

Chassis connections must only be used as shield connections for
measuring circuits, NOT as salely carth ground connections.

1l you are using a test fixture, keep the lid closed while power is ap-
plied 1o the device under test. Safe operation reguires the use of a
lid intcrlock.

Ifa @ screw is present, connect it 10 safely carth ground using the
wire recommended in the user documentation.

The A symbol on an instrument indicates that the uscr should re-
fer 1o the operating instructions located in the manual.

The A symbol on an instrument shows thal il can source or mea-
surc 1000 volts or more, including the combined elfect of normal
and common mode vollages. Use standard safety precautions 10
avoid personal contact with these voltages.

The WARNING heading in 2 manuat explains dangers that might
result in personal injury or death. Always rcad the associated infor-
mation very carcfully before performing the indicated procedure.

The CAUTION heading in 2 manual cxplains hazards that could
damage the instrument. Such damage may invalidale the warranty,

Instrumentation and accessories shall not be connected to humans,

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

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

To clean an instrument, usc a damp cloth or mild, water based
cleancr. Clean the exterior of the instrument only, Do not apply
cleaner directly 1o 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 according Lo in-
structions. If the board hecomes contaminated and operation is af-
fected, the board should be returned to the factory for proper
cleaning/servicing.

Rev, 2/949



MODEL 7018-C, 7018-S
28-CHANNEL 3-POLE MULTIPLEXER

MULTIPLEX CONFIGURATION: Two independent 1x14 3-pole
multiplex banks or one 1x14 6-pole multiplexer. Jumpers can be
removed to isolate any bank from the backplane.

CONTACT CONFIGURATION: 3-pole Form A.
CONNECTOR TYPE:
7018-C: 96-pin male DIN connector.

7018-S; Screw terminal, #16 AWG maximum wire size, with .092
inch O.D. 28 conductors per card maximum. #22AWG typical

wire size with .062 inch O.D. 90 conductors per card maximum.

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, 60V A (resistive load).
COMMON MODE VOLTAGE: 175V peak, any pin to chassis.
CONTACT LIFE:
Cold Switching: 10° closures.
At Maximum Signal Levels: 10° closures.
CHANNEL RESISTANCE (per conductor): < 1.5¢.
CONTACT POTENTIAL: <54V per single contact.
OFFSET CURRENT: < 100pA.

ACTUATION TIME; 3ms.
ISOLATION:
Bank: >10°0, < 25pF.
Channel to Channel: >1070, < 50 p¥.
Differential: Configured as Ix14 >1{"61, < 100pF
Configured as 1x28 >1070, < 200 pF
Common Mode: Configured as 1x14 >10°62, < 400 pF
Configured as 1x28 >10"82, < 650pF.
CROSS TALK {IMHz, 5042 Load):
Bank: < -40dB.
Channel: < 40 dB.
INSERTION LOSS (50(} Source, 50 Load): < 0.2dB below 1 Mz,
< 3dB below 2 Mliz.
RELAY DRIVE CURRENT (per channel): 59 maA
{Maximum of 11 channels on at same time).
ENVIRONMENT:
Operation: 0°C to 50°C, up to 35°C at B0° 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
7018 28-Channel 3-Pole Multiplexer Card.

There are two basic versions of this multiplexer card; the
Model 7018-8 and the Model 7018-C. The Model 7018-S as-
sembly consists of a screw terminal connector card and a re-
lay card. External test circuits are wired directly to the screw
terminals of the connector card. Also availabie from Kei-
thley is the Model 7018-ST. This accessory is an extra screw
terminal connector card. With an extra connector card, vou
can wire a second test system without disturbing the wiring
configuration of the first test system.

The Model 7018-C assembly consists of a multi-pin (mass
termination)} connector card and the relay card. External test
circuit connections to the multiplexer are made via the 96-
pin male DIN connector on the connector card. Keithley of-
fers a variety of optional accessories that can be used to make
connections to the connector card (see paragraph 1.8).

The rest of 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 Optional accessorics

1.2  Features

The Model 7018 is a three-pole, 28-channel mubtiplexer
card. Some of the key features include:

* Low contact potential and offset current for mimmal ef-
fects on low-level signals.

* The connector board detaches from the relay bourd
allowing casy access to the screw terminals (Model
7018-8) and jumpers.

« Easy jumper configuration of onc or two multiplexer
banks (1 x 28 or 2 x 14).

* Backplane jumpers. Cutting jumpers disconnects multi-
plexcr bank outputs from the Model 700177002 analog
backplane.

* 3-pole or 6-pole operation.

1.3 Warranty information

Warranty information is located on the inside front cover of
this instruction manual. Should your Model 7018 require
warranty service, contact the Keithley representative or
authorized repair facility in your arca for further infor-
mation. When returning the multiplexer 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,

1-1



General Information

1.4 Manual addenda

Any improvements or changes concerning the multiplexer
card or manual will be explained in an addendum included
with the card. Addenda are provided in a page replacement
format. Simply replace the obsolete pages with the new

pages.

1.5  Safety symbols and terms

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

The A symbol on an instrument indicates that the user
should refer to the operating instructions located in the in-
struction manual.

The f symbol on an instrument shows that 1000V or
more 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 dan-
gers that might result in personal injury or death. Always
read the associated information very carefully before per-
forming the indicated procedure.

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

1.6  Specifications

Model 7018 specifications are found at the front of this man-
ual. These specifications are exclusive of the switching
mainframe specifications,

1.7  Unpacking and inspection
1.7.1  Inspection for damage

The Model 7018 is packaged in a re-sealable, anti-static bag
to protect it from damage due to static discharge and from
contamination that could degrade its performance. Before re-
moving the card from the bag, observe the following precau-
tions on handling.

Handling Precautions:

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

1-2

2. When not installed in a Model 7001/7002 mainframe,
keep the card in the anti-static bag, and store it in the orig-
inal packing carton.

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

1.7.2  Shipping contents

The following items are included with every Model 7018 or-
der:

»  Model 70118 28-channel 3-pole Multiptexer Card
*  Model 7018 Instruction Manual

+« Additional accessories as ordered

1.7.3 Instruction manual

The Model 7018 Instruction Manual is three-hole drilled so
that it can be added to the three-ring binder of the Model
7001/7002 Instruction Manual. After removing the plastic
wrapping, place the manual in the binder foHowing the main-
frame instruction manual. Note that a manual identification
tab is included and should precede the multiplexer card in-
struction manuatl.

If an additional instruction manual is required, order the
manual package, Keithley part number 7018-901-00. The
manual package includes an instruction manual and any per-
tinent addenda.

1.7.4 Repacking for shipment

Should it become necessary to return the Model 7018 for re-

pair, 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 multiplexer card.

«  Write ATTENTION REPAIR DEPARTMENT on the
shipping label.

« Fill out and include the service form located at the back
of this manual.

1.8  Optional accessories

The following accessories are available for use with the
Madel 7018:



Model 7018-ST — This screw terminal connector card is
identical to the one provided with the Mode!l 7018-S assem-
bly. An extra screw terminal connector card allows you to
wire a second test system without disturbing the wiring con-
figuration of the first connector card.

Model 7011-KIT-R — This connection kit includes a 96-pin
female DIN connector that will mate directly to the connec-
tor on the Model 7018-C or to a standard 96-pin male DIN
bulkhead connector (sce Model 7011-MTR). This connector
uses solder cups for connections to external circuitry. It in-
cludes an adapter for a round cable and the housing.

General Information

Model 7011-MTC-2 — This 2-meter round cable assembly
is terminated with a 96-pin female DIN connector on cach
end. It will mate directly to the connector on the Model
7018-C and to a standard 96-pin male DIN bulkhcad connec-
tor (see Model 7011-MTR).

Model 7011-MTR -— This 96-pin male DIN bulkhead con-
nector uses solder cups for connections to external cireutiry.
It will mate to the Model 7011-KIT-R connecter, and Model
7011-MTC-2 cable assembly.
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2.1 Introduction

This scction covers the basics for multiplex switching and is
arranged as follows:

2.2  Basic multiplex configurations: Covers the basic
multiplex configurations: dual | x 14 configuration
and single 1 X 28 configuration. The backplanc jump-
ers are also covered here,

2.3 Typical multiplexer switching schemes: Explains
some of the basic ways a multiplexer can be used for
switching. Covers single-ended switching, differcntial
(floating) switching, sensing, and 3-polef6-pole opera-
tion.

2.4 System expansion: Discusses the various configura-
tions that are possible by using multiple cards.

2.2 Basic multiplexer configurations

A qimpliﬁcd schematic of the Model 7018 muitiplexer card

gl Figura 2.1 Tt ie nvaanizoad oo Fow 1A eaeihey
l'l 'IllUWll lII 1 s lbull.' P S R I Ulbullll.l.—u ‘l'! lW\l A T dLiuLug
plexer banks. Each bank has 14 inputs and one output.
Three-pole switching is provided for cach muluplexer input.
with HI, LO, and guard switched. The banks can be jum-
pered together to expand multiplexer inputs, and backplane
jumpers provide bank connections to other card(s) installed

in a Model 7001 /7002 mainitame.
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Figure 2-1
Model 7018 simplified schematic

2.2.1 Multiplexer bank-to-bank jumpers

Jumpers are installed on the connector card to connect the
two multiplexer banks together to form a 1 X 28 multiplexer,
These jumper sets are included with the Model 7018 and are
instalied as shipped from the factory.

The bank-to-bank jumpers allow you to configure the multi-
plexer card in two ways:

*  Two 1 x 14 multiplexers; no jumpers installed (Figure 2-2).

¢ One 1 x 28 multiplexer; all three bank-to-bank jumpers
installed (Figure 2-3),

Refer to Section 3 for information on removing or installing
bank-to-bank jumpers.

2-2

A

G -

. Jumpets G —6 »— G

Lo B Backplane Jumpers
! (to 7001/7002 Analog

G Backplane}

Bank-to-Bank Jumpers

Note : Factory Configuration shown

2 — Output A

Bank B ,_7@3_»%“,; Cutput B

. b
o——yﬁ——'—o/o—%
14

Figure 2-2
Dual 1 x 14 multiplexer configuration
(jumpers not installed)



Inputs
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W
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-—/—S——mc/ -———
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B 4 Bank-to-Bank
14 (3 * — Jumpers

Bank A Output A

Bank B

Figure 2-3
Singlel x 28 multiplexer configuration (jumpers instalied)

2.2.2 Backplane jumpers

There are six backplane jumpers located on the relay card
(three for cach bank). With the jumpers installed, the banks
of the multiplexer card are connected to the analog back-
plane of the Model 7001/7002, allowing expansion with oth-
er 7001/7002 card(s) instalied in the mainframe. With the
jumpers removed (cut), the multiplexer card is isclated from
other card(s) installed in the mainframe.

The three-pole analog backplane of the Model 7001/7002
mainframe is shown in Figure 2-4. Through this analog
backplane, the banks of a Model 7018 multiplexer card, in-
statled in one slot, can be connected to the banks (or rows) of
a compatible card installed in another slot of the mainframe.

Muitiplexing Basics

NOTE

When the backplane jumpers are installed,
connecting the banks together on onc card
will automnatically connect the banks of
cards in other slots together.

Figure 2-5 shows how each bank of the Model 7018 is con-
nected to the backplane. The Model 7018 1s shipped trom the
factory with the backplane 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, re-
ter to Section 3.

NOTE

The Model 7001 /7002 does not provide an
analog backplanc for the non-701X series
cards. As a result, any of these cards in-
stalled in one slot in the mainframe is clec-
trically isolated from any card installed in
another slot. The only way to connect a
Model 7018 to onc of these cards s to wire
them together externally.

Model 7001/7002

Analo
Card 1 Backplagne Card 2

T T | B
| | [ I
| E Row 1 or Bank A I, |
I H A K H i
| | | I
I LA —K L I
| | | [
| G >h KG |
i | i |
| I ! |
I H S Row 2 or Bank B K H |
I | I I
I Lo KL I
1 | | |
| . ‘- I
I
L e ~ Lo |

H = High Row = Matrix Card (7012)

L= Low Bank = MUX Card (7018}

G = Guard

Figure 2-4
Model 7001/7002 analog backplane
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7018 7001/7002
Bank Analog
(10f2) Backplane
H YN H
L FE N L
. Fror—=
H = High Backplane
L=Low Jumpers
G = Guard
Figure 2-5

Bank connections to backpfane

2.3  Typical multiplexer switching schemes

The following paragraphs describe some basic switching
schemes that are possible with a three-pole switching multi-
plexer. These switching schemes include some various
shielding configurations to help minimize noise pickup in
sensitive measurement applications. These shields arc
shown connected to chassis ground. For some test configura-
tions, shielding may prove to be more effective connected to
circuit low or common. Chassis ground is accessible at the
rear panel of the Model 7001/7002.

2.3.1 Single-ended switching

In the single-ended switching configuration, the source or
measure instrument is connecied to the DUT through a sin-
gle pathway, as shown in Figure 2-6. The instrument is con-
nected to the output of one of the banks, and the DUT is
shown connected to one of the inputs for that bank,

2-4

Input 1-14 e

Bank AorB I
Hl e4+— )————Mo——( | I

DUT
LO oM L L i o0 | }
Source or >-——-——-—--oJG ot— __

Measure f

7018 Optional

Shield

Figure 2-6

Single-ended switching example

2.3.2 Differential switching

The differential or floating switching configuration is shown
in Figure 2-7. The advantage of using this configuration is
that the terminals of the source or measure instrument are not
confined to the same pathway. Each terminal of the instru-
ment can be switched to any available input in the test sys-
tem.

2.3.3 Sensing

Figure 2-8 shows how the multiplexer card can be config-
ured to use instruments that have sensing capability. The
main advantage of using sensing is to minimize the effects of
switch card path resistance (<1,5€2) and the resistance of ex-
ternal cabling. Whenever path resistance is a consideration,
sensing should be used.
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Bank A Input 1-14
HI 01— > Ho o G
Out | In
, e
|
G oo DUT
LO O1T——<¢— > H O/}/C (¢ A
Out In ‘ ’
Source or 1 > L o/}/o <
Measure |
G o)/ o
Bank B tnput 1-14
77
7018
Figure 2-7
Differential switching example
Bank A Input 1-14
H L &
Source HI T F—H—O/KG ¢ /f\\
Sense HI  o+1—< >————0’—L—O)/o {€
G
] ‘ } DuT
H ‘&
Sense LO OT—<X ] o ¢
Source LO o+ N A LY |
S - =0 NV
Source and Bank B Input 1-14
Measure 7018

Figure 2.8
Sensing example

234 3-poie connections

Figure 2-9 shows typical 3-pole conncctions using a single
channel to switch both source and measure instruments to
the DUT. In this example, source HI and measure HI arc
routed separately to the DUT, while the LO terminals arc
connected together externally.

2.3.5 6-pole connections

The Model 7018 can also be used for 6-pole switching for
testing more complex DUTs. Figure 2-10 shows typical 6-
pole connections. In order to use 6-pole switching, the like-
numbered channels of Banks A and B must be paired togeth-
er (Bank A, Input 1 with Bank B, Input I, etc.). Sce para-
graph 4.3.4 for information on sctting up the switching
mainframe for 6-pole operation.

e
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Hl o3> |H o 17

LOo > L o/l'/c (€ DUT
|
Source 5 G o <<
Bank A Input 1-14
7018
Hl o <
LO o1
Measure
Figure 2-9
3-pole connections
7018 Bank A
Input 1-14
Hl o—————<<-—%>—~—-—-——i-o/:/o———<<—————-—
f
LO o~—~—<<——~——>>——Lo/§/ Ot e——
)
Instrument 1 yy G o+75 ce
HI O——<¢— DuUT
LO Ol &— 7018 Bank B

[N
v

Instrument 2

HI o————<J

I
e

H o/}/o———«———

i
Lo/l'/o—-——-<

N
'

-14
LO od Input 1-1

Instrument 3 operation

Figure 2-10
6-pole connections
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Note . Like-numbered inputs of Banks A and B
must be paired together for &-pole




2.4  Multiplexer expansion

With the use of additional switching cards and mainframes,
larger systems can be configured. Each Model 7001 Switch
System mainframe will accommodate up to two cards, and
each Model 7002 Switch System can hold up to 10 cards.

2.4.1 Multiple-card switching systems

Separate switching systems

Multiple single-card systems can be configured by removing
the backplane jumpers from each card. The cards will be
controlled by the same mainframe, but they will be electri-
cally isolated from each other. Figure 2-11 shows an cxam-
ple using two Model 7018 multiplexer cards.

Multiplexer input expansion

You can increase the number of multiplexer inputs simply by
installing additional “as shipped” Modcl 7018 cards in the
mainframe. By leaving the backplance jumpers installed, the
banks of the multiplexer card installed in siot 1 (CARD 1)
are automatically connected to the banks of the multiplexer
card installed in slot 2 (CARD 2) through the analog back-
plane (and to any additional cards in the Model 7002).

Figure 2-12 shows an example of input expansion. Each
Model 7018 card is configured as two 1 x 14 multiplexers.
By connecting the banks together (via the Model 7001/7002
analog backplane), the resultant muitiplexer system has 28
inputs for each of the two banks. Notice that if the bank-to-

Twao 1x14 Multiplexers

Figure 2-11
Two separate multiplexer systems

Multiplexing Basics

bank jumpers for either card were installed, the result would
be a single | x 56 multipiexer.

Mixing card types

Different types of cards can be used together to create some
versatile switching systems. For example, vou could have a
Model 7018 multiplexer card installed inone slot and a Mod-
¢l 7012 matrix card instalied in another slot.

Figure 2-13 shows u possible switching system using a ma-
trix card and a multiplexer card. The backplane jumpers for
both the matrix and multiplexer cards must be instalted. This
setup allows matrix rows to be connected to multiplexer
banks, On the multiplexer card, the bank-to-bank jumpers
must be removed to maintain isolation between matrix rows,
Sec the instruction manual for the Model 7012 for complete
information on the matrix curd.

Note that Banks A and B of the Model 7018 are connected to
Banks A and C of quad 1 x 10 mux cards or Rows 1 and 3 of
matrix cards through the backplane.

24.2  Mainframe multiplexer expansion

Multiplexer systems using additional multiplexer cards are
possible by using 8 number of Model 7001/7002 mainframes
together. Each Model 7018 added to the system provides 28
additional inputs, Paragraph 3.4.3 explains how to connect a
test system using two mainframes.

7001/7002

Anzlog
Backplane Card2

Two 1x14 Multiplexers

Backplane
Jumpers
Removed

[
~J
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Figure 2.12
Multiplexer

Figure 2-13
Mixed card

2-8

7001/7002
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—_ E?_r_d_i ________ Backplane Card 2

7ite /F”‘““‘mﬁa‘ ‘‘‘‘‘
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1
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Dual 1x14 Multiplexers Dual 1x14 Multipiexers
Backplane
Jumpers
Installed
Dual 1 x 28 Multiplexer
input expansion example
Card 1 Card 2
T T T — r— ===
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I 1 Columns 10 1700177002 | Inputs I
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| i) I|II|||II|II|IBankA'
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Notes : 1. Models 7018 and 7012 backplane jumpsrs must be installad.
2. Model 7018 bank-to-bank jumpers must be removed.
3. Modet 7012 is a 2-pele card and switches only Hl and 1O,

type example



Card Connections & Installation

3.1 Introduction

WARNING

The procedures in this section are in-
tended only for qualified service person-
nel. Do not perform these procedures
unless qualified to do so. Failure to rec-
ognize and observe normal safety pre-
cautions could result in personal injury
or death.

The information in this section is arranged as foliows:

3.2 Handling precautions: Explains precautions that
must be followed to prevent contamination to the mul-
tiplexer card assembly. Contamination could degrade
the performance of the multiplexer card.

3.3 Connections: Covers the basics for connecting exter-
nal circuitry to the two available connector cards for
the multiplexer; the screw terminal connector card and
the multi-pin connector card.

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

3.5 Model 7018 installation: Provides a procedure to in-
stall the multiplexcr card assembly in the Model 7001/
7002 mainframe,

3.2 Handling precautions

To maintain high impedance isolation, care should be taken
when handling the card to avoid contamination from such
foreign materials as body oils. Such contamination can sub-
stantially lower leakage resistances, thus degrading perfor-
mance.

To avoid possible contamination, always grasp the relay and
connector cards by the side edges or shields. Do not touch
the board surtaces or components. On connectors, do not
touch arcas adjacent to the electrical contacts. Dirt build-up
over a period of time is another possible source of contami-
nation. To avoid this problem, operate the mainframe and
multiplexer card in a clean environment.

If a card becomes contaminated, it should be thoroughly
cleaned as cxplained in paragraph 5.2

3.3 Connections

This paragraph provides the basic information needed to
connect your external test circuitry to the multiplexer card. It
includes the installation of the bank-to-bank jumpers on the
connector card, installation/removal of backplane jumpers
on the relay card, and detailed information on making exter-
nal connections to the two available connector cards.

WARNING

The following connection information is
intended to be used by qualified service
personnel. Failure to recognize and ob-
serve standard safety precautions could
result in personal injury or death.

3]
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3.3.1 Bank-to-bank jumpers

As explained in paragraph 2.2.1, the two banks of the multi-
plexer card can be connected together (using plug-in jump-
ers) to form a larger multiplexer. The locations of the bank-
to-bank jumper terminals for both connector cards are shown
in Figure 3-1. The Model 7018 is shipped from the factory

with the bank-to-bank jumpers installed.

Terminal identification is provided by Figure 3-2. On the
drawing, the three terminal pairs arc labeled W101 through

W103.

Table 3-1

Bank-to-bank jumpers (on connector cards)

— e

| Installed

¢ jumper®* | Connection
W101 Connect Bank A G to Bank B G
w102 Connect Bank A HI to Bank B HI
w103 Connect Bank A LO to Bank B LO

* See Figure 3-1 and Figure 3-2.

Figure 3-1

C

Bank-to-Bank
i Jumper Terminals

A. Screw Terminal Conneclor
Card (Model 7018-S})

Bank-to-bank jumper locations

3-2

[0 m|[e m]

w103  W101

w102

Figure 3-2
Bank-to-bank jumper terminal identification

Referring to Figure 3-1 for jumper locations, perform the fol-
lowing steps to remove or install bank-to-bank jumnpers:

1. If mated together, separate the relay card from the con-
nector card by removing the mounting screw and pull-
ing the two cards away from each other. Remember to
handie the cards only by the edges and shields to avoid
contamination.

2. Refer to Figure 3-2 to determine jumper location,

3. Using Figure 3-3 as a guide, install or remove the jump-
ers on all three terminal pairs.

Bank-to-Bank
Jumper Terminals
P snmoinin e

B. Multi-pin Connector Card
(Model 7018-C)



-+— Jumper

Jumper Terminal
Pair

Figure 3-3
Bank-to-bank jumper installation

3.3.2 Backplane jumpers

The Medel 7001/7002 mainframe has an analog backplane
that allows the banks of a Model 7018 multiplexer to be in-
ternally connected to a compatible switching card installed
in another slot (see paragraph 2.4.1 for details),

The backplane jumpers for the multiplexer card asscmbly are

located on the relay card as shown in Figure 3-4. The card is
shipped from the factory with the jumpers installed.

7018 Relay Card

: w101 o
: . Backplane
Jumpors

3 i

| w104

' w1oa§ wies
: y

/

Figure 3-4
Backplane jumpers

Jumper removal
Perform the following steps to remove backplane jumpers:

1. If mated together, separate the relay card from the con-
nector card by removing the mounting screw and pull-
ing the two cards away from each other. Remember to
handle the cards only by the edges and shields to avoid
contamination.
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2. Use Figure 3-4 and Table 3-2 to locate the jumper(s) that
arc 1o be remaved.

3. It is not necessary to unsofder the jumpers from the PC
board. Using a pair of wire cutters, cut both ends of cach
jumper, then remove the cut jumper segment completely.

Table 3-2
Backplane jumpers (on relay cards)
;F Jumper* | Connection
| |
W10l - Bank A HI
T WI102 . Bank ALO
W103 Bank AG
w104 Bank B HI
- WI05 Bank B LO
1 W06 Bank B G

*See Figure 3-4 for location.

Jumper installation

Referring to Figure 3-4 for jumper locations, perform the fol-
lowing steps to install backplane row jumpers:

1. If mated together, separate the relay card from the con-
nector card by removing the mounting screw and puli-
ing the two cards away from cach other. Remember to
handle the cards only by the edges and shiekls 1o avoid
contamnination.

2. Physically remove cut jumper ends by unsoldering them
from the PC bourd.

3. Install a new #22 AWG jumper wire (Keithley P/N I-
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.

3.3.3 Screw terminal connector card

The screw terminal connector card is shown in Figure 3-5.
Connections are made directly to the screw terminals of the
twelve terminal blocks. Each screw terminal will accommo-
date #16-22 AWG wire. Note that the inputs for channels 1-
14 of both Bank A and Bank B arc labelled IN1 through IN14
respectively.

Each input and output has three terminals labelled H. L and
G tor HI, LO and guard respectively.

NOTE

Although the G terminal is called guard, it
is not a guard terminal and should not be
considered a guard in the usual sensce. All
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three pathways for each input have the

same electrical characteristics,

Chassis

ground is available at the rear panel of the

mainframe.
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Figure 3-5

Moadel 7018 screw terminal connector card

Wiring procedure

Perform the following procedure to wire circuitry to the

screw terminal connector card:

WARNING

Make sure all power is off and any
stored energy in external circuitry is dis-
charged. All DUT connections must be
insulated to prevent electric shock. The
recommended minimum wire insulation
rating is 175V RMS.

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

contamination,

2. Using an insulated screwdriver, connect the circuitry to
the appropriate terminals. Figure 3-6 shows how the

output of Bank A would be connected to a DMM.

{16 - 22 AWG Wiras
Bank A x e HI
H/ EP

Qutput DMM

Lo

han!
n

Warning: All DUT connections must
be insulated. Recommended
minimum insulation rating is 175V
RMS.

OO0 OLOLO
:::::I:I:IF

Figure 3-6
Typical screw terminal connections

3, Referring to Figure 3-7, remove the top half of the cable
clamp as follows:

A. Loosen the cable clamp screw enough to disengage
it from the bottom half of the cable clamp.

B. Using your thumb and forefinger, press the retaining
clips inward, and, with your other hand, remove the
top half of the clamp.

4. Route wires under the wire guide/connector shim.

5. Route the wires through the bottom half of the cable
clamp.



Screw

Clips

Caution: External strain relief shouid be used
with large wire bundles

Figure 3-7
Cable clamp for screw terminal connector card

6. Replace the top half of the clamp. It simply snaps onto
the bottom half of the clamp. Tighten the cable clamp
screw. The clamp serves as a strain relief for terminal
block wires.

CAUTION

An external strain relief should be used
with large wire bundles to prevent dam-
age to the card.

7. Mate the connector card to the relay card. The Model
7018 is now ready to be installed in the Model 7001/
7002 mainframe. See paragraph 3.5 for details.

3.3.4 Multi-pin (mass termination) connector card

Since connections to external circuitry are madc at the 96-
pin male DIN bulkhead connector, there is no need to sepa-
rate the connector card from the relay card. If the connector
card is separated from the relay card, carefully mate them to-
gether, and install the supplied 4-40 mounting screw. Make
sure to handle the cards by the edges and shields to avoid
contamination.

Terminal identification for the DIN connector of the multi-
pin connector card is provided by Figure 3-8, This connector
will mate to a 96-pin female DIN connector. Each input and
output has three terminals, HI, LO and G {guard).

NOTE

Although the G terminal is called guard, it
is not a guard in the usual sense. All three
pathways of cach input have the same

Card Connections & Installation

clectrical characteristics, and they can be
used interchangeably.

Keithley has a variety of cable and connector accessories
available to accomumodate connections from the connector
card to test instrumentation and DUT (devices under test). In
general, these accessories, which are summarized in Tuble 3-
3, wtilize a round cable assembly for connections.

WARNING

All DUT connections must be insulated
to prevent electric shock. The recom-
mended minimum wire insulation rat-
ingis 175V RMS.

CAUTION

An external strain relief should be used
with large wire bundles to prevent dam-
age to the card.

Table 3-3
Mass terminalion arcessories
Model Description
: 7011-KIT-R 96-pin female DIN connector and
: housing for round cable.
L 7011-MTC-2 Two-meter round cable assembhy ter-
3 minated with & 96-pin female DIN
connector on cach end,
7011-MTR 96-pin male DIN bulkhead connec-

tor.

Typical connection techniques

All external circuitry, such as instrumentation and DUTSs,
that you wish to connect to the multiplexer card must be ter-
minated with a single 96-pin female DIN connector. The fol-
lowing connection techniques provide some guidehines 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 circuitry is
discharged.

3-5
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NOTE

External circuitry should be connected
(plugged in) only with the mainframe
power off, after the Model 7018 assembly
is installed in the Model 7001/7002 main-
frame. Installation is covered in paragraph
3.5,

Output relays— The multi-pin connector card uses a relay
for each of the two output banks. These output relays are nor-
mally open to prevent any hazardous voltages (via the main-
frame backplane) from appearing on the pins of the male
DIN ceonnector. The output relays will only close when the
Model 7011-MTC-2 cable assembly is connected to card. If
building you own cable assembly, you must make sure that it
shorts pins la to 1b of the card connector (Figure 3-8) when
it is mated to the card. Shorting pins 1a to 1b allows the out-
put relays to close.

Round cable assemblies — Figure 3-9 shows typical round
cable connection technigues using accessories available
from Keithley.

In Figure 3-9A, connections are accomplished using a Model
7011-MTC-2 cable and a Model 7011-MTR bulkhead con-

3-6

nector. The two-meter round cable is terminated with a 96-
pin female DIN connector at each end. This cable mates di-
rectly to the multi-pin connector card and to the bulkhead
connector, The bulkhead connector has solder cups to allow
direct connection to instrumentation and DUT. Figure 3-10
provides the pinout for the bulkhead connector,

In Figure 3-9B, 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 cable mates directly
to the muiti-pin connector card. The unterminated end of the
cable is wired directly to instrumentation and DUT. The oth-
er half of the cable assembly could be used for a second
switching card.

In Figure 3-9C, connections are accomplished using a cus-
tom-built cable assembly that consists of a Model 7011-KIT-
R connector and a suitable round cable. Hitachi cable part
number N28(7-P/DD-50TAB is a 50-conductor cable. Two of
these cables can be used to supply 100 conductors. The con-
nector has solder cups to accommodate the individual wires
of the unterminated cable. Figure 3-11 provides an exploded
view of the connector assembly and shows how the cable is
connected. The connector end of the resultant cable assem-
bly mates directly to the multi-pin connector card. The unter-
minated end of the cable assembly is wired dircctly to
instrumentation and DUT.
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Pins of the Model 7018-C mass termination connector can be identified in one of three ways:

1. Mux terminal, consisting of banks A-B and inputs 1-14.
2. Connector description, consisting of rows a-¢ and columns 1-32.
3. Schematic and component layout dasignation (1-96}.

The foliowing pinout diagrams show the correspondence between these arrangements,

3231302028 2726252423222120 191817 1615141312114109 8 7 6 5 4 8 2 1§
C 2 8 8 & & 8 8 083 & b ¥ OO & PO OE S S0P e B S S e e D f H H
b l E [ O I B IR BN BN DAY NN BN RN BN NN B BN JNE BNE BN DN BNE DK BN DN B B B B B B IR BN B l Vlew from pln Slde
a [ I I B DN BN INN BN N B NN RN NN BN BN DN BN BN INY BN BNE BN DN NN BN BN N B NE BN BN B Df ConneCtor
Connector| Schem. Connector | Schem. Connector | Schem. Connector | Schem.
Mux Desig. Desig. Mux Desig. Desig. Mux Desig. Desig. |  Mux Desig. Desig.
Terminal 1a-32¢ 1-96 | Terminal 1a-32¢ 1-86 | Terminal 1a-32¢ 1-96 | Terminal 1a-32¢ 1-96
Bank A Bank A Bank B Barnk B
Input 1 HI 2a 2 input 8 HI 10a 10 Input1 HI 17a 17 Jinput8 HI 24a 24
LO 2c 66 LO 10¢c 74 LO 17c 81 LO 24c . 88
G 2b 34 G 10b 42 G 17b 45 G 24b i 56
Input 2 HI 3a 3 input @ HI 11a 1 Input 2 HI 18a 18 |input9 HI: 252 - 25
LO 3c 67 LO 11 75 LO 18c | 82 Lo:  25¢ 89
G 3u 35 G 11b 43 G igBb 1 50 G 25b . 57
Input 3 HI 4a 4 Input 10 HI 12a 12 {lnput3 HI 19a 19 |[Input 10H! 26a .26
LO 4c 68 LO 12¢ 76 Lo 19¢ | 83 Lo 26c | 90
G 4b 36 G 12b a4 G 19b 51 G 26b i 58
Input 4 Hi 5a 5 Input 11 Ht 13a 13 Input 4 Hi 20a 20 Input 11 Hi 27a |27
LO be 69 LO 13c 77 LO 20c B84 LO 27c ' 91
G 5b 37 G 13b 45 G 20b 52 G 276 ;59
Input 5 Hi 6a 6 tnput 12HI 14a 14 |Input5 HI 21a 21 {input 12HI 28a | 28
LO 6c¢ 70 LO t4c 78 LO 21c 85 LC 28c .92
G &b 38 G 14b 46 G 21b 53 G 28b 60
Inpui 6 HI 7a 7 Input 13 HI 16a 15 Input6 HI 22a 22 Input 13 HI 29a P29
LO 7c 71 LO 15¢ 79 Lo 22¢ 86 L0, 20c | 93
G 7b 39 G 15b 47 G 22b 54 G 29b L6
Input 7 Hi 8a 8 |Input14HI 16a 16 {lnput7 HI 23a 23 |lnput 14 HY 30a | 30
LO 8c 72 LO 16¢ 8¢ LO 23c 87 Lo 30c {94
G 8b 40 G 16b 48 G 23b 55 G 30b | B2
Output HI 31a 31 Output HI 32a | 32
LO 3e 95 LO 32c i 9B
G a1b 63 G, 32p I b4
Notes:

1. Pins 9a and 3b (pins 2 and 41 on schematic) are shield.
2. Short pins 1a to 1b an the mating connector (pins 1 and 33 an schamatic) to allow the output relays on the coennector card to close

WARNING

All DUT connections must be insulated. Recommended minimum insulation rating is 175V RMS.

CAUTION

External strain relief should be used for large wire bundies,

Figure 3-8
Mudlti-pin card terminal identification

3-7



Card Connections & Installation

Multi-Pin Wire instrumentation and
A) OUT to bulkhead connector
Connector )
Card {See F|gura§i 3'83‘.‘"“,3'1 0
for terminal identification)
7011-MTC-2 +
oable assambly 7011-MTR

bulkhead connactor

Multi-Pin Wire directly to
inatrumentaticn
B) Cogr:gtor + and DUT
7011-MTC-2
{Cut in Half
Multi-Pin Wira directly 1o
instrumentation
©) Cogr;?gmr * and DUT
T Cabla
7011-Kit-R

Connactor Kit

Notes : Figure 3-11 provides an explodaed view showing
how tha connector (with cable) is assemblad.

Cable Hitachi p/n N2807-P/D-50TAB is a

50-conductor reund cable. Two of these cables
can be used to supply 100 conductors.

Figure 3-9
Typical round cable connection techniques

123456789 101112431415161718192021 22 23242526 27 28 29 30 3132

View from solder

B ow i .
D W D cup side of
nnm connector

Note : See Figure 3-8 for tarminal
identification.

Figure 3-10
Model 7011-MTR connector pinout
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Figure 3-11
Model 7011-KIT-R (with/cable) assembly

3.4 Typical connection schemes

The following information provides some typical connection
schemes for single-card, two-card and two-mainframe sys-
tem configurations. Connection schemes for the multi-pin
connector card use some of the techniques presented in para-
graph 3.3.2. Keep in mind that these arc only cxamples to
demonstrate various ways to wirc a test system. Connection
details for both connector cards (multi-pin and screw termi-
nal connector cards) are provided in paragraph 3.3.

3.4.1 Single-card system

Figure 3-12 shows how external connections can be made to
a single-card system that uses the multi-pin connector card

Card Connections & Installation

(Model 7018-C). This single-card system is configured as
two | x 14 multiplexers. To accomplish this, the bank-to-
bank jumpers must be removed.

Instrumentation and DUTs are hard-wired to the Model
7011-MTR male bulkhead connector. This connector has
solder cups that will accept wirce size up to #24 AWG. The
test system is connected to the multiplexer using the Model
FO11-MTC-2 round cable assembly. This cable mates direct-
Iy to both the external bulkhead connector and the Model
7018-C multiplexer card assembly. Notice that the bulkhead
connector is shown mounted to a fixture to help keep the ca-
bling stable during the test.

The single-card system in Figure 3-13 is identical 1o the sys-
tem in the previous illustration, except for the conncection
scheme. The system in Figure 3-13 uses the screw terminal
connector card (Model 7018-8). With this card, single-con-
ductor connections are made directly from the terminal
blocks of the connector card to instrumentation and DUTs,

When using a single-card system, make sure that the card re-
mains clectrically isolated from any other switching cards.
There are scveral ways to ensure isolation for a single card
in the Model 7001/7002 mainframe:

1. Vacatc other mainframec slot(s}. If there is a Model 701X
card installed in another slot, remove it.

2. Remove the backplane jumpers on the muitiplexer card.
Doing so will disconnect the card from the analog back-
plane of the mainframe.

3. Remove the backplane jumpers from switching card(s)
installed in other slot(s),

4. Remove backplane jumpers trom the Madel 7002 back-
plane.
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Figure 3-12

HI, LO and G Bank A

{nstrument

:} Hi, LO and G Bank B

Instrumeant

90 Individual Conductors

/!
N

DUTs

L I ) - * & @
1 14 1 14
DUT Test Fixture
oo A

H

1
-—J—-—I—O/ |
: | . Bank B
14 '

Fixture for
Bulkhead
Connactor

7011-MTR
Bulkhead
Connactor

Instrumants

(Dual 1x14)

Simplified Equivalent Circuit

Single-card system example (multi-pin connector card)
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7011-MTC-2
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Notes: Bank-to-Bank jumpaers removed.
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14 14

{
{

DUTs | 1 Instruments
i

]

Bark B 1 14 1
DUT Test Fixture

14 14 14

L

Figure 3-13

Single-card system example (screw terminal connector card)

(Dual 1x14)

MNote: Bank-to-bank jumpers removed.

Simpiified Equivalent Circuit

Carg 1 (1x28)
T

DUTs

o] o]
3

R |
Card 2 (1x28B)

|
+ Instruments
|

ra— 7001

Analog
Backpiane

HIL LOand G
Banks A and B
Inatrument 7011-MTC-2
Cable Assembly 7001
{Cut in half to Y
provide two 7018-C
cables) Card 1
018-C
Card 2
1 28 29

BUT Test Fixture

Figure 3-14
Two-card system example (multi-pin connector card)

3.4.2 Two-card system

Both Figure 3-14 and Figure 3-15 show a system using two
multiplexer cards installed in one Model 7001 mainframe to
configure a single 1 X 56 multiplexer system. Each card is
configured as a single 1 X 28 multiplexer. To accomplish this,
bank-to-bank jumpers are installed to connect Banks A and
B together. By leaving the backplane jumpers of both cards
installed, the banks of Card 1 are connccted to the banks of
Card 2 through the analog backptanc of the Model 7001
mainframe resulting in the 1 X 56 configuration,

Single 1x56 Multploxer

MNotes: 1. Bank-to-Bank jumpers
must be installed in at least one card
2. Backpiane jumpers {both cards) must
ba installed

Simptified Equivalent Gircuit

Figure 3-14 shows how external connections cun be made
for the multi-pin connector cards. In this example, a single
Model 7011-MTC-2 round cable assembly is cut in half to
provide two cables, cach of which is unterminated at one
end. The unterminated ends of the two cables arc hard-wired
to the instrument and DUT as shown in the drawing. The oth-
er cnds of these cables mate directly to the Model 7018-C
multiplexer card assemblics.

Figure 3-15 shows how cxternal connections can be made
for the screw terminal connector card. Single conductor con-
nections are made directly from the screw terminals of the
conncctor card te the instrument and DUT.
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Instrument

171 individual
conductors
(#22 AWG)
5
8
£
§
2
L] . . L N * o @ L L I
1 28 29 56
DUT Test Fixture
Card 1 (1x28) )
r— =~ Notes: 1. Bank-to-Bank jumpers on at least one card
1 1 must be installed.
'—_——"—?//0" | 2. Backplane jumpers {both cards) must be
H [ t Instruments installed.
.———~—T—O/O— |
28 28
|
DUTs Card 2 (1x28) e 7001
|_ 2g Analog
22 52 I Backplane
- -
NN S
I
56 56
-

Single 1x56 Multiplexer
Simplified Equivalent Circuit

Figure 3-15

Two-card system example (screw terminal connector card)

3.4.3 Two-mainframe system

Both Figure 3-16 and Figure 3-17 show a system using threc
multiplexer cards installed in two Model 7001 mainframes to
configure a single | x 84 multiplexer system. Each card is
configured as a single 1 X 28 multiplexer. To accomplish this,
bank-to-bank jumpers of all at least one card must be in-
stalled to connect Banks A and B together,

By leaving the backplane jumpers of the cards in mainframe

#1 installed, the banks of Card 1 are connected to the banks
of Card 2 through the analog backplane of the Model 7001

3-12

mainframe resulting in a 1 x 56 configuration. External bank
connections from the instrument to the card in the second
mainframe connect the banks of all three cards together to
form the 1 x 84 multiplexer system. This system is similar to
the Two-card System (see previous paragraph) except that a
third multiplexer card (installed in a second mainframe) is
added.

Figure 3-16 shows the connection scheme for the multi-pin
connector cards. External circuit connections to the Model
7001 #1 mainframe are identical to the ones used for the



Two-card System. The third multiplexer card (installed in
Model 7001 #2 mainframe) shows how a custom-built cable
can be used to make connections to external circuitry. A suit-
able round cable can be constructed using a 96-pin female
DIN connector (Model 7011-KIT-R) with two lengths of Hi-
tachi cable P/N N2807-P/D-50TAB. This cable contains 50
conductors; two lengths provide 100 conductors. This cable
will mate to the Model 7011-C multiplexer card assembly.

DUT Test Fixture
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The unterminated end of the cable is connected directly to
the instrument and DUT. Notice that the bank connections
for the third multiplexer card arc made at the instruments.

Figure 3-17 shows connections for the screw terminal con-

nector card. Single conducter connections are made directly
from the screw terminals of the connector card to the instru-

ment and DUT.

7011-KIT-R
% B Cannector Kil
\ 7001 #2
Cable
\ } roggor
.
i o
Naot Used i e
Trigger
Link
Instrumant o
7001 #1
i
7011-MTC-2 £ Trgger L
Cable Assembly Ll ]
{Cut in half to 3 N
provide two cabies) [
P
! 28

DUT Test Fixture

Figure 3-16

Two-mainframe system example (multi-pin connector card)
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DUT Test Fixture

7001 #2

5 Trigget Link

|
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]
L

Instrument

258 Individual /

Conductars
(#22 AWG)

7001 #1
Card 1 (1x28)

Instruments

LX TN

Trigger DUTs Gard 2 (1x28) 7001
Lin| -~ Analog
=~ Cable 29 :279/2} | Backplane
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56| ! 86 !
L
[— Extarnal
7001 #2 Bank
Gonnections
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Card 1 (1x28}
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84 [:1)

L - -

Single 1x84 Multiplexer

Notes: 1. Backplane jumpars for both cards installad

DUT Test Fixture

56 in 7001 #1 must be installed.
2. All bank-to-bank jumpars on at least ane
card must be installed.

Figure 3-17
Two-rmainframe system example (screw terminal connector card)
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Moaodel 7018 installation and removal

This paragraph explains how to install and remove the Mod-
el 7018 multiplexer card assembly from the Model 7001 or
7002 mainframe.

WARNING

Installation or removal of the Model
7018 is to be performed by qualified ser-
vice personnel. Failure to recognize and
observe standard safety precautions
could result in personal injury or death.

NOTE

If using the screw terminal connector card,
make sure your external circuitry is wired
to the card (as explained in paragraph
3.3.1) before installing the card assembly
in the Model 7001 or Model 7002 main-
frame.

Simplified Equivalent Circuit

CAUTION

To prevent contamination io the multi-
plexer card that could degrade perfor-
mance, handle the card assembly only
by the edges and shields.

3.5.1 Ground screw

The Model 7018-C is equipped with a ground screw, which
is identified with this symbol: (L) (The Model 7018-S does
not require a ground screw because there are no exposed
metal parts.)

The Model 7018-C ground screw must be securely tightened
after installation and remain secure during use of the multi-
plexer card. This ground screw provides a proper safety
ground for the Model 7018-C when in use.



Card Connections & Installation

WARNING 2. Facing the rcar panel of the mainframe, seicet the slot in

Securely tighten the ground screw after which you wish to install the card.

installing the Model 7018-C. Failure to 3. Referring to Figure 3-17 or Figure 3-18, feed the multi-

do so may result in personal injury or plexer card assembly into the desired slot such that the
death. cdges of the relay card ride in the ratls,

4. With the ejector arms in the unlocked position, push the

card assembly all the way into the maintrame until the

3.5.2 Multiplexer card installation arms engage into the ejector cups, then push both arms in-
ward to lock the card into the mainframe.
Perform the following steps to install the multiplexer card 5. For the Modcl 7018-C only, tighten the ground screw
assembly in the Model 7001 or Model 7002 mainframe: shown in Figure 3-17 and Figure 3-18.
WARNING WARNING

Turn off all instrumentation power (in- Securely tighten the ground screw. Fail-

Cluding the Model 7001 or Model 7002 ure to tighten the ground screw may re-

mainframe), and disconnect their line sult in a shock hazard.

cords. Make sure all power is removed
and that any stored energy in external

circuitry is discharged. 3.53 Multiplexer card removal
To remove the multiplexer card assembly, first loosen the
1. Mate the connector card to the relay card if they are sep- ground screw (Model 7018-C only), unlock the card by pull-
arated. Install the supplied 4-40 screw at the end of the ing the tatches outward, then pull the card assembly out of
card to secure the asscmbly. Make sure to handle the cards the mainframe. Remember to handle the card assembly by
by the edges and shields to prevent contamination. the edges and shiclds 1o avoid contarmination that could de-

grade performance.

Warning: Tighten Ground Screw Ejector Arms
after installation (Model 7018-C) {Open Position)

EXTERNAL
TRIGGER

MADE IN UBA

Ejector Arms
(Locked Position)

Figure 3-18
Model 7018 card installation in Model 7001
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Figure 3-19

Ejector Arms
\ {locked position)

Ejecter Arms /'
{open position) ‘\

N

Warnlng: Tightan Ground Screw
Aftar instalation (Modal 7018-C)

7018 card installation in Model 7002
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4.1 Introduction

The mformation in this section is formatied as follows:

4.2 Operational constraints: Summarizes the maximum
signal limits of the Model 7018 multiplexer card as-
sembly, and thc maximum number of relays that can
be turned on simuitaneously.

4.3 Mainframe control of multiplexer card: Summarizes
programming steps to control the multiplexer card
from the Model 7001/7002 Switch System mainframe,

4.4 Multiplexer applications: Provides some typical ap-
plications for using the Model 7018.

4.5 Measurement considerations: Reviews a number of
considerations when using the Model 7018 to make
measurements.

42  Operational constraints

4.2.1  Maximum signal levels
CAUTION

To prevent damage to the card, do not
exceed the maximum signal level speci-
fications of the card.

To prevent overheating or damage to the relays, never ex-
ceed the following maximum signal levels:

DC signals: 110V between any two pins (lekminals), TA

switched, 30VA (resistive load).
AC signals: 125V rms or 175V AC peak between any two
pins (terminals), 1A switched. 60VA (resis-
tive load).

4.2.2 Channel limitations

A maximum of 11 channels can be turned on simultancousiy
because of relay power control circuit limitations.

43  Mainframe control of multiplexer card

The following information pertains to the Model 7018 mul-
tiplexer card. It assumes that you are familiar with the oper-
ation of the Model 7001/7602 mainframes,

If you are not familiar with the operation of the mainframes,
it is recommended that you proceed to Getting Started (Sec-
tion 3) of the Mode! 7001/7002 Instruction Manuals after
reading the following information.

4.3.1 Channel assignments

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

The Model 7002 has a similar display organized into a 4-row
by 10-column matrix for cach of the 10 cards in the system.

41
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Multiplexer organization of the channel status display for
each slot is shown in Figure 4-2. The card contains 28 chan-
nels and is made up of two banks (Banks A and B), of 14
multiplexer inputs as shown in the illustration.

To control the multiplexer card from the mainframe, each
multiplexer imput must have a unique CHANNEL assign-
ment which includes the slot number in which the card is in-
stalled. The CHANNEL assignments for the multiplexer
card in slots 1 and 2 are provided in Figure 4-3, Each CHAN-
NEL assignment is made up of the slot designator and the

multiplexer channel. To be consistent with Model 7001/7002
operation, the slot designator and mux input arc scparated by
exclamation points (!). Some cxamples of CHANNEL as-

signments are as follows:

CHANNEL 1!1 = Slot 1, Channel 1 (Input | of Bank A)
CHANNEL 1128 = Slot 1, Channel 28 (Input 14 of Bank B)
CHANNEL 2!3 = Slot 2, Channel 3 (Input 3 of Bank A)

CHANNEL 4!16 = Slot 4, Channel 16 (Input 2 of Bank B),
Model 7062 only

7001 Display
CARD 1 CARD 2
- - - - A A S
n [ ] aNERE [ ] » n [ ] [ ] n [ ] a n [ ] [ 11 1]] [ ] | ] [ ] n n n
P of a e o r e h a R E o w e e

» =Open Channel
s = Closed Channel

Figure 4-1
Channel status display

e PPPPPRPPOR

PPPPPPPPP R

- 9000000600
0000000000

Numbers within circles identify inputs

Figure 4-2

Display organization for Model 7018 multiplexer inputs
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1 2 3 4 5 6 7 8 9 10
G ] Ol () 0] (] O [GE) (T8 [
[11] [4m2] [1n3] [t14] [sus] [1ne] [147] [1v8] [119] [1:20]
[z [722) ) [Tes) [ves) [ree] [v@7] [7es) () [
Aseotr@ady [ ) [ | [ | [ ][] L | C L L[]
1 2 3 4 5 6 7 8 9 10
zn] [22] [z8] [24] [z5] [ze] [27] [ze] [29] (&)
[2111] [2n2] [2n3] [214] [215] [2us] [2u7] [2ns8] [2119] [2:20]
(22| [ze2] (23] [z23] [zm) [ems) (2] [zzg) () (]
B.ste(cad2) [ ] [ (] (] 2 ] [} ][0 [

Examples : 1118 = Slot 1, Channel 18 {Input 4, Bank B}
216 = Slot 2, Channel 6 (Input 6, Bank A}

Note : For Model 7002 slots 3-10, substitute appropriate
slot number in channel assignments.

Figure 4-3
Model 7018 programming channel assignments

4.3.2 Front panel control

Closing and opening channels

A multiplexer channel is closed from the front panel by sim-
ply keying in the CHANNEL assignment and pressing
CLOSE. For example, to close channel 2!6 (Input 6 of Bank
A) of a multiplexer card installed in slot 2, key in the follow-
ing channel list and press CLOSE:

SELECT CHANNELS 2!6

The above closed channel can be opened by pressing OPEN
or OPEN ALL. The OPEN key opens only the channels spec-
ified 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 211, 213, 2122.2125

Notice that channel eatries are separated by commas (,). A
comma is inserted by pressing ENTER or the right cursor
key = ). The channel range is specified by using 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.

CAUTION

Use care when closing more than one
channel at a time, or the card may be
damaged.

Scanning channels

Multiplexer channels are scanned by creating a scan list and
configuring the Model 7001/7002 to perform a scan. The
scan list is created in the same manner as a channel list (sce
Closing and Opening Channels). However, the scan list s
specified from the “SCAN CHANNEL” display mode. The
SCAN LIST key toggles between the channel list and the
scan list.) The following shows an example of a scan list:

SCAN CHANNELS 2!1, 2!3, 2121-2123
When a scan is performed, the channels specified in the scan

list will be scanned in the order that they arc presented in the
scan list.
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A manual scan can be performed by using the RESET de-
fault conditions of the Model 7001/7002. RESET is selected
from the SAVESETUP menu of the main MENU. When RE-
SET 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 subse-
quent press of STEP will select the next channel in the scan
list.

4.3.3 IEEE-488 bus operation

Bus operation ts demonstrated below using HP BASIC 4.0.
The programming statements assume that the primary ad-
dress of the mainframe is 7.

Closing and opening channels

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

:CL0Se <list>
:OPEN <list>|ALL

The following statement closes channels 1!1, and 1!3
through 1111;

QUTPUT 707; “:clos (@111, 113:1111)"
Notice that the colon (:) is used to separate the range limits.

Either of the following statements will open channels 1!1,
and 1!3 through 1111

OUTPUT 707; “:open (8111, 113:1111)"
OUTPUT 707; “:openall”

Scanning channels

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

*RST

: TRIGger : SEQuence :COUNt : AUTo ON
tROUTe: SCAN <list>

¢ INTT

The first command resets the mainframe to a default scan
configuration. The second command automatically sets the
channel count to the number of channels in the Scan List, the
third command defines the Scan List and the fourth com-
mand takes the Model 7001/7002 out of the idle statc.

4-4

The following program will perform a single scan through
all 28 channels of a Model 7018 multiplexer card installed in
siot 1;

10 OUTPUT 707; "*RST"

20 OUTPUT 707; ":trig:seq:coun:auto on”
30 QUTPUT 707; ":scan (@3!1:1128)"

40 QUTPUT 707; ":init"

50 END

Line 10 Selects a default configuration for the scan,

Line 20  Sets channel count to the scan-list-length.

Line 30  Defines the scan list.

Line 40  Takes the Model 7001/7002 out of the idle state.

The scan is configurcd to start as soon as this
command is executed.

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

5 OUTPUT 707; ":open all"

10 OUTPUT 707; "*RST"

20 QUTPUT 707; ":trig:seq:coun:auto on"
25 OUTPUT 707; ":trig:del 0.25"

30 OUTPUT 707; ":scan (8111:1128)"

40 OUTPUT 707; " :INIT"

50 END

Line 5  Opens all channels.
Line 25  Sets a 1/4 second delay after each channel closes.

4.3.4 Selecting 3-pole/6-pole operation

The Model 7018 may be used in either the 3-pole mede or
the 6-pole mode. In the 6-pole mode, the inputs of Bank A
are paired with the corresponding inputs of Bank B (Input 1,
Bank A with Input 1, Bank B, etc.).

To select 3-pole or 6-pole operation, press the CARD CON-
FIGURATION key, then choose the #-OF-POLES selection
in the card configuration menu. Use the 2-POLE selection to
operate the card in the 3-pole mode, or select 4-POLE to use
the multiplexer card in the 6-pole mode.,



44  Multiplexer applications

The following paragraphs discuss some typical applications
for the Model 7018. These applications include various
forms of resistor testing, transistor testing, as well as a dis-
cussion of how to combine the Model 7018 with a matrix
card to increase switching versatility.

4.4.1 Resistor testing

The Model 7018 can be used to test a number of resistors us-
ing only one test instrument or group of instruments, Such
tests include four-wire resistance measurements using a
DMM, and low-resistance measurcments using a separate
current source and sensitive digital voltmeter.

Four-wire resistance tests

Although many resistance tests are made using the two-wire
method, more precise measurements over a wider range of
system and DUT conditions can be obtained by using the
four-wire measurement scheme shown in Figure 4-4, Here,
separate sense leads from the Model 2001 Multimeter are
routed through the multiplexer card to the resistor under test.
The extra set of sense leads minimizes the effects of voltage
drops across the card contacts that supply the test current to
the DUT. {The current through the sense leads is negligible,
resulting in virtually no voltage drop across the sense lead re-
lay contacts.) Note, however, that four poles of switching per
device are required for four-wire resistance measurements.
(Although the Model 7018 can switch up to six poles, only
four poles are needed in this application.) For this reason,
only 14 resistors per card can be tested using this configura-
tion.

The Mode! 7018 can be configured for 14 channels of 4-pole
or 6-pole operation by isolating Bank A from B, and by pro-
gramming the Model 7001/7002 mainframe for 4-pole mode.
(Sec paragraph 4.3.4.) Bank jumper removal is described in
paragraph 3.3.1. To configure the connector card for 4-pole
or 6-pole operation, remove the jumpers between Banks A
and B. The resulting paired channels are shown in Table 4-1.

Operation

Table 4-1
Paired Channels in 4-pole Operation
7001 | Channel
- CHANNEL @ pairin Connection
assignment 4-pole* designations
| }and 15 Bank A, In land
Bank B, In 1
2 2and 16 " Bank A, In 2 und
Bank B, In 2
13 3and 17 “Bank A, In 3 and
| -Bank B.In 3
4 ~dand 18 Bank A, In 4 and
Bank B, In 4
5 Sand 19 Bank A, In 5 and
Bank B, In 5
) 6 and 20 Bank A, In 6 and
Bank B, In 6
7 7 and 21 Bank A, In 7 and
Bank B, In 7
8 8and 22 Bank A, In ¥ and
Bank B, In 8
9 9 and 23 Bank A, In 9 and
Bank B, In9
10 10 and 24 Bank A, In §0) and
‘ Bank B, In 10
11 11 and 25 Bank A, In 11 and
Bank 13, In 11
12 12 and 26 Bank A, In 12 and
Bank B, In 12
13 13and27  Bank A, In 13 and
Bank B, In 13
14 i 14 and 28 Buank A, In 14 and

: Bank B, In 14

*Card actuatly operated in 6-pole mode, but Iwo poles are unused
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A. Test Configuraticn

Figure 4-4
Four-wire resistance testing

Low-level resistance measurements

Many times, it is necessary to make resistance measurements
with either lower voltage sensitivity or higher currents than
are available with ordinary DMMs. Examples of cases where
low-level resistance measurements may be necessary in-
clude the testing of PC board traces, contacts, bus bars, and
low resistance shunts,

Figure 4-5 shows a typical test configuration for a switching
system capable of testing a number of low-resistance devic-
es. Again, the Model 7018 is operated in the 6-pole mode (al-
though only four poles are used). The Model 220 Current
Source forces current through the device under test, while
the Model 182 Sensitive Digital Voltmeter measures the re-
sulting voltage across the device.

Since low voltage levels are being measured, thermal EMF
offsets generated by relay and connector contacts will have a
detrimental effect on measurement accuracy unless steps are
taken to avoid them (the Model 7018 has been designed to
keep relay EMF at a minimal level). Thermal EMF effects

4-6

B. Simplifiad Equivalent Circuit

can be virtually eliminated by taking two voltage measure-
ments, B and E,, the first with the current, I, flowing in one
direction, and the second with a current, I, of the same mag-
nitude flowing in the opposite direction. The resistance can
then be calculated as follows:

Ey-E,
=2

4.4.2 Transistor current gain testing

The DC or static common-emitter cyrrent gain of a transistor
can be determined by biasing the transistor for a specific val-
ue of base current, I, and then measuring the collector cur-
rent, I The DC common-emitter current gain, B, of the
transistor is then determined as follows:
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Mode! 220 Current Scurce
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L
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L3 !

Duat 1x14 MUX

Figure 4-5
Low resistance testing

Figure 4-6 shows the test configuration and equivalent cir-
cuit for the current gain test. The Model 224 Current Source
is used to source the base current, Iy, The Model 230 Voltage
Source supplies the collector-emitter voltage, Ve, and the
collector current, I, is measured by the Medel 2001 Mutli-
meter. Switching among the transistors being tested is, of
course, performed by the Model 7018 multiplexer card. The
Model 7018 is especially suited to this application because
of its 3-pole switching configuration.

In order to perform the current gain test, the voltage source
is first set o the desired value of V. The current source is
then set to a base current value that will result in the desired
value of I as measured by the DMM. The current gain can
then be calculated as outlined above.

4.4.3 Testing with matrix cards

The Model 7018 can be added to a matrix switching systcm
to enhance the test capabilities of that system, The following
paragraphs discuss an overall multiplexer/matrix switching
system,

el
i

Lmm

220 Currront
Source

7018

Multiplexer and matrix card connections

Figurc 4-7 shows a typical system using Model 7012 und
7018 cards together. In this instance, the multiplexer card is
configured as two 1 X 14 multiplexers. Note that rows of the
matrix card arc connected to the banks of the multiplexer
card through the analog backplane of the mainframe; no ex-
ternal wiring is necessary to connect the two cards together,
Note, however, that the Model 7012 switches only HI and
LO as it is a 2-pole card.

In this application, the DUTSs are connected 1o the bank in-
puts on the multiplexer card, allowing a large number of
DUTs to be switched through the matrix card, Also, the in-
struments are connected 1o the columns on the matrix card.
This particular configuration is best suited for applications
requiring a large number of DUTs to be connected to several
instruments, In other cases, the test configuration may call
for a large number of instruments and few DUTs. In those sit-
uations, the instruments would be connected to the mulu-
plexer inputs, and the DUTs would be connected to the
columns.

4.7
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Measure
ig Amps
Model 2001 Output
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Common
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Hl
Model 230 | |
- DUTs (28)

Voltage Source 1%28 3-Pola MUX
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]
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A. Test Configuration
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1 H 1 2001
I Voe ! 1 EMuItimeter
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o
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giran | () \ | 2 e volge
Source | ! I B
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B. Simplified Equivalent Circuit

Figure 4-6
Configuration for current gain test
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Figure 4-7
Connecting multiplexer and matrix cards together
4.5 Measurement considerations i N S i N e
[ I (o [
Many measurements made with the Model 7018 are subject ' . tol '
to various effects that can seriously affect low-level mea- : § Rout : : 1 ‘[ :
surement accuracy. T}.lc‘ fqllowmg paragraphs discuss thesc | . Reams 1 1+ R C\D :
effects and ways to minimize them. | Lo Lo |
L H
I — Epur ! ! b :
| I Lo [
4.5.1 Path isolation ' L l ol !
L———~_ - L __a
The path isolation is simply the equivalent impedance be- DUT MUX Measure
Card Instrument

tween any two test paths in a measurement system. Ideally,
the path isolation should be infinite, but the actual resistance
and distributed capacitance of the card, cables, and connec-
tors results in less than infinite path isolation values for these
devices.

Path isolation resistance forms a signal path that is in paralle]
with the equivalent resistance of the DUT, as shown in Fig-
ure 4-8. For low-to-medium device resistance values, path
isolation resistance is seldom a consideration; 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
voltage divider action of the device source resistance and
path isolation resistance, as shown in Figure 4-9. Also, leak-
age currents can be gencrated through these resistances by
voltage sources in the system.

Roputr = Source Resistance of DUT
Eour = Source EMF of DUT
RratH = Path Isolation Resistance
Rin = Input Resistance of Measuring Instrument

Figure 4-8
Path isolation resistance

Any differential isolation capacitance affects DC measure-
ment settling time as well as AC measurement accuracy.
Thus, it is often important that such capacttance be kept as
low as possible. Although the distributed capacitance of the
card is generally fixed by design, there is one arca where you
do have control over the capacitance in your system — the
connecting cables. To minimize capacitance, keep all cables
as short as possible.
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Rour
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Eour = o——F—
Rout + Reaty

Figure 4-9
Voltage attenuation by path isolation resistance

4.5.2 Magnetic fields

When a conductor cuts through magnetic lines of force, a
very small current is generated. This phenomenon will fre-
quently cause unwanted signals to occur in the test leads of
a switching matrix system. If the conductor 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. Spe-
cial metal with high permeability at low flux densities (such
as mu metal) is effective at reducing these effects,

Even when the conductor is stationary, magnetically-in-
duced 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 substan-
tial magnetic fields, so care must be taken to keep the switch-
ing 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 using
twisted pairs, which will cancel out most of the resulting
fields.

4.5.3 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 particular-
ly troublesome at low signal levels, but it can also affect
measurements at high levels if the problem is of sufficient se-
verity.

4-10

RFI can be caused by steady-state sources such as radio or
TV signals, or some types of electronic equipment (micro-
processors, 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 unwanted 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 switching
card, signal leads, sources, and measuring instruments will
often reduce RFI to an acceptable level. In extremc cases, a
specially-constructed screen room may be required to suffi-
ciently attenuate the troublesome signal.

Many instruments incorporatc 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 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 instru-
mentation is connected to other instrumentation with more
than one signal return path such as power line ground. As
shown in Figure 4- 10, the resulting ground loop causes cur-
rent to flow through the instrument LO signal leads and then
back through power line ground. This circulating current de-
vclops a small but undesirable voltage between the LO ter-
minals of the two instruments. This voltage will be added to
the source voltage, affecting the accuracy of the measure-
ment,

Signal Leads

Instrument 1 Instrument 2

oAt te o —to

P e
1 Graund Loop A
®__ Gurrant ¥

Instrument 3

Pawer Line Ground

Figure 4-10
Power line ground loops



Figurc 4-11 shows how to connect several instruments to-
gether to eliminate this type of ground loop problem. Here,
only onc instrument is connected to power line ground.

Instrument 1 Instrument 2 Instrument 3

O 2= O C ‘

|

Power Line Ground

Figure 4-11
Eliminating ground loops

Ground loops are not normally a problem with instruments
having isolated LO terminals. However, all instruments in
the test setup may not be designed in this manner. When in
doubt, consult the manual for all instrumentation in the tcst
setup.

4.5.5 Keeping connectors clean

As is the case with any high-resistance device, the integrity
of connectors can be damaged if they arc not handled prop-
erly. If connector insulation becomes contaminated, the insu-
lation resistance will be substantially reduced, affecting
high-impedance measurement paths.

Qils and salts from the skin can contaminate conncctor insu-
lators, reducing their resistance. Also, contaminants present
in the air can be deposited on the insulator surface. To avoid
these problems, never touch the connector insulating materi-
al. In addition, the multiplexer card should be used only in
clean, dry environments to avoid contamination.

If the connector insulators should become contaminated, ei-
ther 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 allowed to dry for
several hours in a low-humidity environment before use, or
they can be dried more quickly using dry nitrogen.
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4.5.6 AC frequency response

The AC frequency response of the Model 7018 is important
in test systems that switch AC signals. Refer to the specifica-
tions at the front of this manual.

4.5.7 Themmoelectric potentials

Thermoelectric potentials (thermal EMFs) are small clectric
potentials generated by differences in temperature at circuit
connecting points such as multiplexer relay contacts, card
terminals, and connectors.

Thermoelectric generation

Figure 4-12 shows a representation of how thermal EMFEs
are generated. The test feads are made of the A material,
while the source under test is the B material, The tempera-
turcs between the junctions are T1 and T2. To determine the
thermal EMF generated, the relationship shown may be
used.

In the unlikely event that the two junction temperatures are
identical, the thermal EMFs will exactly cancel because the
generated potentials oppose one another. More often, the two
junction temperaturcs will differ, and considerable thermal
EMFs will be generated.

O O
Fi
Er LO
P. l Vaoltmetor

The thermai EMF developed by dissimitar matals A
and B in a series circult i1s:

Er = Qup {7, - T2}
? L Temperature of the Ato B
junction in “C

i~ Tamperature of the B to A
‘ Junction in “C

Thermoslectric voitage
ceefficient of matenal A with
raspact to B, pVv/°C

Figure 4-12
Thermoelectric generation
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Operation

Nulling residual thermal offsets

Even if all reasonable precautions are taken, some residual
thermal offsets may still be present, These offsets can be
minimized by using the measuring instrument’s offset-com-
pensated ohms feature if available. Also, the zero or relative
feature can be used to null them out. To do so, place the in-
strument on the range to be used for the measurement, close
the multiplexer card channel to be used for the measurement,

4-12

and short the end of the connecting cable nearest the mea-
sured source (first disconnect the cable from the source to
avoid shorting out the sourcc). After allowing the reading to
settle, press the zero or rel button to null the offset, then
make your measurement as usual. Note that it may be neces-
sary to re-zero often to counteract thermal drifts, and the rel
process should be repeated whenever the range is changed or
when a different channel is used for best accuracy.



Service Information

WARNING

The information in this section is in-
tended only for qualified service person-
nel. Some of the procedures may expose
you to hazardous voltages that could re-
sult in personal injury or death. Do not
attempt to perform these procedures
unless you are qualified to do so.

5.1 Introduction

This section contains information necessary to service the
Model 7018 multiplexer card and is arranged as follows:

5.2 Handling and cleaning precautions: Discusscs han-
dling precautions and methods to clean the card should
it become contaminated.

5.3 Performance verification: Covers the procedures
necessary to determine if the card meets stated speci-
fications.

5.4 Special handling of static-sensitive devices: Re-
views precautions necessary when handling static-
sensitive devices.

5.5 Principles of operation: Briefly discusses circuit op-
eration.

5.6 Troubleshooting: Presents some troubleshooting tips
for the Model 7018 including relay rcplacement pre-
cautions.

5.2 Handling and cleaning precautions

Because of the high-impedance areas on the Model 7018,
care should be tuken when handling or servicing the card 10
prevent possible contamination. The following precaunions
should be taken when servicing the card.

+  Handle the card only by the edges and shields.

* Do not touch any board surfaces or components not as-
sociated with the repair.

» Do not touch arcas adjacent to clectrical contacts,
+  When servicing the card, wear clean cotton gloves.

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

*  Should it become nccessary 1o use solder on the circuit
board, use an OA-based {organic activated) fiux. Re-
move the flux from the work areas when the repair has
been completed. Use pure water along with ¢lean cotton
swabs or a clean, soft brush to remove the flux. Take
care not to spread the flux to other arcas of the circunt
beard. Once the flux has been removed, swab only the
repaired area with methanol, then blow dry the board
with dry nitrogen gas.

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

5.3 Performance verification

The following paragraphs discuss performance verification
procedures for the Model 7018, including path resistance,
offset current, contact potential, and isolation.
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Service Information

With the Model 7018’s backplane jumpers installed, the per-
formancc verification procedures must be performed with
only one multiplexer card (the one being checked) installed
in the Model 7001/7002 mainframe. These conditions do not
apply if the backplane jumpers are removed.

CAUTION

Contamination will degrade the perfor-
mance of the card. To avoid contamina-
tion, always grasp the card by the side
edges. Do not touch the connectors, and
do not touch the board surfaces or com-
ponents. On plugs and receptacles, do
not touch areas adjacent to the electrical
contacts.

NOTE

Failure of any performance verification
test may indicate that the multiplexer card
is contaminated. See paragraph 5.2 for
procedures to clean the card.

5.3.1 Environmental conditions

All verification measurements should be made at an ambient
temperature between 18° and 28°C, and at a relative humid-
ity of less than 70%,

5.3.2 Recommended equipment

Table 5-1 summarizes the equipment nccessary for perfor-
mance verification, along with the application for each unit.

Table 5-1

5.3.3 Multiplexer card connections

The following information summarizes methods that can be
used to connect test instrumentation to the two connector
cards, Detailed connection information is provided in Sec-
tion 3.

Model 7018-5S — Instrumentation can simply be hard-wired
directly to the screw terminals of the connector card. Jumper
wires should be kept as short as possible.

Model 7018-C — One method to make instrument connec-
tions to the multiplexer card is by hard-wiring a 96-pin fe-
male DIN connector then mating it to the connector on the
Model 7018-C. Input and output shorting connections can
also be done at the connector. The cennector in the Model
7011-KIT-R connection kit {see Table 3-2) can be used for
this purpose. Pin identification for the connector is provided
by Figure 3-8.

CAUTIGN

After making solder connections to a
connector, remove solder flux as ex-
plained in paragraph 5.2, Failure to
clean the solder connections could result
in degraded performance preventing
the card from passing verification tests.

Before pre-wiring any connectors or plugs, study the follow-
ing test procedurcs to fully understand the connection re-
quirements.

Verification equipment

Description

Model or part

Specifications

Applications

DMM

Electrometer w/voltage source

Sensitive Dxigital Voltmeter
Triax cable (unterminated)

Low thermal cable
{unterminated)

Keithley Model 2001

Keithley Model 617

Keithley Model 182
Keithley Model 7025
Keithley Model 1484

2082; 72ppm

10pA, 100pA; 1.6%
100V source; 0.2%

¢ 3mV; 60ppm

. Path resistance

| Offset current, path isolation

Contact potential
Offset current

Contact potential
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5.3.4 Channel resistance tests

Perform the following steps to verify that each contact of ev-
ery relay is closing properly and that the resistance is within
specification.

1.
2.

10.

Turn off the Model 7001 /7002 if it is on.

Turn on the Model 2001, and allow it to warm up for one
hour before making measurements,

Connect all input terminals of Bank A together to form
one common terminal, as shown in Figure 5-1.

Set the Model 2001 to the 20€Q range, and connect the
four test leads to the INPUT and SENSE jacks.

Short the four test leads together, and press REL on the
Model 2001. Leave REL enabled for the entire test.
Connect INPUT HI and SENSE HI of the Model 2001
to the common terminal (umper on Bank A inputs). It is
recommended that the physical connections be made at
inputs 1 and 14 of Bank A, as shown in Figure 5-1.
Connect INPUT LO and SENSE LO to the HI (H) ter-
minal of Bank A output.

Install the Model 7018 in slot | (CARD 1) of the Modei
700177002,

Turn on the Model 7001/7002, and program it to close
Channel 1!1 (Bank A, Input 1). Verify that the resistance
of this path is <1.50.

Open Channel 1!1, and close Channel 112 (Bank A, In-
put 2). Verify that the resistance of this path is <1.5€2.

Sensa () Hi

Service Information

53.5

. Using the basic procedure in steps 9 and 10, check the

resistance of Bank A HI (H) terminal paths for Inputs 3
through 14 (Channels 1!3 through 1114).

. Turn off thec Model 7001/7002, and move the INPUT

L.O and SENSE LO test Icads to the 1.O (L) terminal of
Bank A output.

. Repeat steps 9 through 11 to cheek the O (L) terminal

paths of Bank A (Channels 111 through 11E4).

. Turn off the Model 7001/7002, and move the INPUT L.O

and SENSE LO test leads to the G tesminat of Bank A
output.

Repeat steps 9 through 11 to check the G terminal paths
of Bank A (channels 1!'1to 1114),

. Repeat the basic procedure in steps 1 through 15 for

Bank B (Channels 1115 through 1!28). Make sure the re-
sistance of cach path is <}.5€2,

Offset current tests

Thesc tests check leakage current between HI (H, LO (L),
and G (differential offset current) and from HI (H), LO (L),
and G to chassis (common-maode offset current) of cach path-
way. [n general, these tests are performed by simply measur-
ing the leakage current with an clectrometer. In the following
procedure, the Model 617 is used to measure the leakage cur-
rent. Test connections are shown in Figure 5-2.

JUMpBrs

Model 2001 Mullimetar
{Measure 4-Wire Ohms)

Sensa £2 L.C

b Bane
Qulputs

Note : Connections ara sat
up fo 1ast Bank A HI

IEHBIEARIIEL BB

I
PSR A AN

Figure 5-1
Path resistance test connections

Inputs

Model 7018
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Madsl 7025
Unterminatad
Triax Cable
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{Measure Gurrent) i | O
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oraisocsron " | LG ML LG HLG NI KLG IO MIO MLG HLO L MLG WG LG T
inputs
Model 7018
A) Differential
Model 7025
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Triax Cable
! |
} !
1 !
1 ]
LOJ (Bl !( {
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(Hoasura Gur stan-d | ol [ DY TP DY L I e e e e e ey | gL
\ L
\ G|
| |
|

Note . Setup shown is canfigured
1o test Bank A pathways for
offset current

Inputs

Model 7018

B) Common Mode

Figure 5-2
Offset current test connections

Perform the following procedure to check offset current:

1. Turn off the Model 7001/7002 if it is on, and remove any

jumpers or wires connected to the multiplexer card.

2. Connect the triax cable to the Model 617, but do not

connect it to the multiplexer card at this time.

3. Turn on the Model 617, and allow the unit to warm up
for two hours before testing. After warmup, select the
200pA range, and enable zero check and zero correct in
that order. Leave zero correct enabled for the entire pro-
cedure. Also, be certain that V-, GUARD is OFF and

that the ground strap is connected to LO.

4. Connect the triax cable to Bank A output HI and LO, as

shown in Figure 5-2A.

5. Install the Model 7018 in slot 1 (CARD 1} of the Model

7001/7002.

6. Turn on the Model 7001/7002, and program the unit to

close Channel 1!1 (Bank A, Input 1).
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10.

11,

13.

On the Model 617, disable zero check, and allow the
reading to settle. Verify that the reading is <100pA. This
specification is the offset (leakage) current of the path-
way.

. Enable zero check on the Model 617, and open Channel

111 from the front panecl of the Model 7001/7002.
Repeat steps 6 through 8 with the electrometer connect-
ed to the HI and G output terminals.

Repeat steps 6 through 8 with the electrometer connect-
ed to the LO and G output terminals.

Repeat the basic procedure in steps 6 through 10 to
check the rest of the pathways (Inputs 2 through 14) of
Bank A (Channels 112 through 1!14),

. Turn off the Model 7001/7002 and change the electrom-

cter connections to Bank B.

Repeat the basic procedure in steps 6 through 11 to
check Bank B, Inputs 1 through 14 (Channels 1115
through 1128).



14,

15.

Turn off the Model 7001/7002, and change the clec-
trometer connections, as shown in Figure 5-2B. Note
that electrometer HI is connected to HI, LO, and G of
the Bank A output, which are jumpered together. Elec-
trometer LO is connected to chassis.

Repeat ateps 6 through 11, and check that the Bank A
common-mode offset current is <100pA.

. Repeat step 15 for Bank B to check that the common-

mode offset current is <100pA.

5.3.6 Contact potential tests

These tests check the thermal EMF gencrated by the relay
contact for each pathway (HI, LO, and G). The tests usc a
sensitive digital volimeter (Model 182) to measure the con-
tact potential.

Perform the following procedure to check contact potential
of each contact:

1.
2,

Turn off the Model 7001/7002 if it is on.

Turn on the Model 182, and allow the unit to warm up
for two hours to achieve rated accuracy.

. Connect the Mode! 182 input leads to Bank A output HI

and input 1 HI (see Figure 5-3).

Medal 1484
L.ow Thermal Cable
(Umarminatod)

Service Information

6.

9.

10.

L1
12
13.

14.
15,

Temporarily connect a clean, high-purity copper shon
between Bank A output HI and Bank A input | HL

. Install the Model 7018 in the Model 7001/7002 slot 1,

and turn on the Model 7001/7002.

Allow Models 700177002, 7018, and 182 to warm up tor
two hours.

Sclect the 3mV range on the Model [82.

Press REL READING (on the Model 182) to null out in-
ternal offsets. Leave REL READING cnabled tor the
entire procedure,

Turn off the Model 7001/7002, and remove the Model
7048 from slot 1. Remove the short between Input HI
and Bank A output HI.

Install the Model 718 in Model 70017002 slot 1, and
turn on the power.

Wait 15 minues.

Program the Model 700177002 to close Channel 111,
After settling, verify that reading on the Modcel 182 s
<35uV. This measurement represents the contact poten-
tial of the pathway.

From the Model 700177002, open Channel 111,

Repeat steps 7 through 14 for the LO and G 1erminais.
(Be sure to connect the volimeter HI and LO terminals
to the path being tested.)

. Repeat steps 7 through 15 for the remaining channels of

Bank A (1'2 to 1'14) and all channels of Bank B (1!15
to 1128).

] s tee T o Low-tharmal snort installed duaing 2erd process
‘ I H {Claan . hign purily coppar)
AEEIEEEEER ' :ﬁ-h _______________________________ ‘..'__,.
tlanlslaleiazz s @ D e U e L e L e L e LI L e e e o e g gt g e
! | . ‘
Model 182 el ; oy
1 G|
‘r ¢ Bank
Note: Sotup shown is configurad | B 1 1 ! 1 1 ! ! 1111 1171 111 ) ' Quipuss
to test HI paih of input 1, | i _i l ‘
Bank A. | — i S At Bl
! * G i
I

Figure 5-3
Contact potential test connections

Inguts

Model 7018
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5.3.7 Bank and channel-to-channel isolation tests

Bank isolation tests check the leakage resistance between ad-
jacent banks. Channel-to-channel isolation tests check the
leakage resistance between a Bank Output connection and a
Bank Input connection with an adjacent Bank Input relay
closed. In general, the tests arc performed by applying a volt-
age (100V) across the leakage resistance and then measuring
the current. The isolation resistance is then calculated as R =
V/I. In the following procedure, the Model 617 functions as
hoth a voltage source and an ammeter, In the V/1 function,
the Model 617 internally calculates the resistance from the
known voltage and current leveis and displays the resistance
value.

Perform the following steps to check bank and channel-to-
channel isolation;

1. Turn off the Model 7001/7002 if it ts on, and remove any
jumpers or test leads connected to the multiplexer card.

2. Turn on the Model 617, and allow the unit to warm up
for two hours before testing.

3. Onthe Model 617, select the 2pArange, and enable zero
check and zero correct in that order. Leave zero correct
enabled for the entire procedure.

4. Connect the electrometer to the Model 7018, as shown
in Figure 5-4.

5. Install the Model 7018 in slot 1 (CARD 1) of the Model
7001/7002, and turn on the mainframe.

6. On the Model 617, select the 20pA range, and release
zero check.

7. On the Model 617, press SUPPRESS to cancel offset
current, then enable zero check.

WARNING

The following steps use high voltage
(100V). Be sure to remove power from
the circuit before making connection
changes.
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8.

19,

20.

21.

22.

24,

On the Model 617, set the voltage source for +100V, and
select the 20nA current range. Make sure the voltage
source is in standby.

Place the Model 617 in the V/I measurement function by
pressing SHIFT OHMS.

. Program the Model 7001/7002 to close Channels 11

and 1116 (Bank A, Input 1 and Bank B, Input 2).

. Onthe Model 617, disable zero check and press OPER-

ATE to source + 100V,

. After allowing the reading on the Model 617 to settle,

verify that it is >1GS2 (IOQQ). This measurement is the
leakage resistance (bank isolation) between Bank A, In-
put 1 and Bank B, Input 2.

. Using Table 5-2 as a guide, repeat the basic procedure of

steps 10 through 12 for the rest of the path pairs (test
numbers 2 through 7 in the table).

. Place the Model 617 voltage source in standby, and en-

able zero check.

. Repeat the entire test with the electrometer connected to

the Bank A and B G terminals instead of the HI termi-
nals,

. Turn off the Modet 7001/7002, and conncct the Model

617 to the card as shown in Figure 5-5.

. Install the Model 7018 in slot 1 of the Model 7001/7002,

and turn on the mainframe.

. Program the Model 7001/7002 to close Channe} 112

(Bank A, Input 2). Make sure all other channels are
open.

On the Model 617, disable zero check, and press OPER-
ATE to source 100V.

After allowing the reading on the Maodel 617 to settle,
verify that it is >1G€Q (10702).

Place the Model 617 voltage source in standby, and en-
able zero check.

Using Table 5-3 as a guide, perform tests 2 through 13

for the remaining Bank A Inputs. Remember to move
Bank Input connections as indicated in the table.

. Use Table 5-3 (test numbers 14 through 26) and the

above procedure to test Bank B,

Repeat steps 16 through 22 with the electrometer con-
nected to the G terminals instead of the HI terminals.
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Madel 7025
Unterminated

Banana lo Banara Cablo Triax Catlo

Ground Link
Removed
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Note © Setup shown 18 conhgured Inputs
to test isolation between Hi
wrminais of Bank A and Model 7018
Bank 8.
Figure 5-4
Bank isolation test connections
Table 5-2
Bank isolation test summary
Test
number | Bank isolation - Channels closed*
I Bank A, Input 1 to Bank B, Input 2 ' and ['16
2 : Bank A, Input 3 to Bank B, Input 4 13 and 1118
3 I Bank A, Input 5 to Bank B, Input 6 115 and 1120
4 Bank A, Input 7 to Bank B, Input & 117 and 1122
5 Bank A, Input 9 to Bank B, Input 10 19 and 1124
6 Bank A, Input 11 to Bank B, Input 12 1111 and 1126
7 i Bank A, Input 13 to Bank B, Input 14 | 1113 and 1128
*Assumes Model 7018 installed in slot | of mainframe. Programmed as slot (1} ard channel.
Madaol 7025
Untarminated
Banana o Banana Cable Triax Cable
Ground Link
w D T T T e s T e L L e ] s e et ] T
(Red) | 1 )i D ) l | DY il
ooy | 1 o A g
| Model 617 OISR IANABIAEIANIAEIINIIE NI AN AN e
vsoriere M - | i l l ) 1 i | . | 1 . ! il
Sowres Unterminated ' —
Banana Cables | HLG HLG HL{G HLG HLG HLG HLG HLG HLG HLG HLG HiIG HILG mI G
Note - Selup shown is configured Inputs
10 (851 isolation beiween
Eaﬂ)‘(p.:t Iznpul 1 and Bank Meodel 7018

Figure 5-5
Channel-to-channel isolation test connections
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Table 5-3
Channel-to-channel isolation test summary
Test Channel !
number ; Channel-to-channel isolation Test equipment location closed®

1 Bank A, Input 1 to Bank A, Input 2 Bank A and Input | 112
2 Bank A, Input 2 to Bank A, Input 3 Bank A and Input 2 113
3 Bank A, Input 3 to Bank A, Input 4 Bank A and Input 3 14
4 Bank A, Input 4 to Bank A, Input 5 Bank A and Input 4 15
5 Bank A, Input 5 to Bank A, Input 6 Bank A and Input 5 116
6 Bank A, Input 6 to Bank A, Input 7 Bank A and Input 6 117
7 Bank A, Input 7 to Bank A, Input 8 Bank A and Input 7 118
8 Bank A, Input 8 to Bank A, Input 9 Bank A and Input 8 119
9 Bank A, Input 9 to Bank A, Input 10 Bank A and Input 9 1110
10 Bank A, Input 10 to Bank A, Input 11 Bank A and Input 10 1111
1t Bank A, Input 11 to Bank A, Input 12 Bank A and Input 11 1112
12 Bank A, Input 12 to Bank A, Input 13 Bank A and Input 12 113
13 Bank A, Input 13 to Bank A, Input 14 Bank A and Input 13 114
14 Bank B, Input 1 to Bank B, Input 2 Bank B and Input | 1116
15 Bank B, Input 2 to Bank B, Input 3 Bank B and Input 2 17
16 Bank B, Input 3 to Bank B, Input 4 Bank B and Input 3 1118
17 Bank B, Input 4 to Bank B, Input 5 Bank B and Input 4 1119
18 Bank B, Input 5 to Bank B, Input 6 Bank B and Input 5 1120
19 Bank B, Input 6 to Bank B, Input 7 Bank B and Input 6 1121

: 20 Bank B, Input 7 to Bank B, Input 8 Bank B and Input 7 1122

21 Bank B, Input 8 to Bank B, Input 9 Bank B and Input 8 1123

22 Bank B, Input 9 to Bank B, Input 10 Bank B and Input 9 1124

i 23 Bank B, Input 10 to Bank B, Input 11 Bank B and Input 10 1125
24 Bank B, Input 11 to Bank B, Input 12 Bank B and Input 11 1126
25 Bank B, Input 12 to Bank B, Input 13 Bank B and Input 12 1127
26 Bank B, Input 13 to Bank B, Input 14 i Bank B and Input 13 1128

*Assumes Model 7018 installed in slot 1 of mainframe. Programmed as slot (1} and channel.

5.3.8 Differential and common-mode
isolation tests

These tests check the leakage resistance (isolation) between
HI (H), 1.O (L) and G (differential), and from HI (H), LO (L),
and G to chassis (common-mode) of every bank and channel.
In general, the test is performed by applying a voltage (100V)
across the terminals and then measuring the leakage current.
The isolation resistance is then calculated as R = V/I. In the
following procedure, the Model 617 functions as a voltage
source and an ammeter. In the V/I function, the Modet 617 in-
ternally calculates the resistance from the known voltage and
current levels, and displays the resistance value.

Perform the following steps to check differential and com-
mon mode isolation:

5-8

1. Turn off the Model 7001/7002 if it is on, and remove any
Jumpers and test leads connected to the multiplexer

card.

for two hours for rated accuracy.

enabled for the entire procedure.

WARNING

The following steps use high voltage
(100V), Be sure to remove power from
the circuit before making connection

changes.

Turn on the Model 617, and allow the unit to warm up

On the Model 617, select the 2pArange, and enable zero
check and zero correct in that order, Leave zero correct



10.

11.
12.

14.

15,

16.

18,

19

20,

On the Model 617, set the voltage source for + 100V, and
select the 200nA current range. Make sure the voltage
source is still in standby.
Place the Model 617 in the V/I measurement function by
pressing SHIFT OHMS.
With the Model 617 in standby, connect the electrometer

to Bank A of the multiplexer card, as shown in Figure 5-
6.

. Install the Model 7018 in slot 1 (CARD 1) of the main-

frame, and turn on the Model 7001/7002 on.

. Make sure all the relays are open. (Press OPEN ALL on

the Model 7001/7002.)

. On the Model 617, disable zero check, and press OPER-

ATE to source 100V,

After allowing the reading on the Model 617 to settle,
verify that it is >1GQ (1099). This measurement is the
differcntial leakage resistance (isolation) of Bank A.
Place the Model 617 in standby and enable zero check.
Program the Model 7001/7002 1o close Channel 1!1
(Bank A, Input 1).

. On the Model 617, disable zero check, and press OPER-

ATE to source +100V.

After allowing the reading on the Model 617 to settle,
verify that it is also >1G€) (1()99). This mecasurement
checks the differential isolation of Input 1.

Using Table 5-4 as a guide, repeat the basic procedure in
steps 12 through 14 to test Inputs 2 through 14 of Bank
A (test numbers 3 through 15 of the table).

Use Table 5-4 (test numbers 16 through 32) and the
above procedure to test Bank B.

. Repeat steps 12 through 14 for the H and G, and the L

and G terminals, {The electrometer should be connected
between H and G, and L and G respectively.)

Place the Model 617 voliage source in standby, and en-
able zero check.

NOTE

Refer to Figure 5-7 for the following pro-
cedure to check common mode isolation.

Turn off the Model 7001/7002, and conncct the elec-
trometer to the Model 7018 as shown in Figure 5-7.

Repeat steps 4 through 16 to check common-mode iso-
lation. Verify that each rcading is >1GQ (1099).
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Table 5-4

Differential and common-mode isolation testing

——

Test

. Differential or

common mode Channel
' number isolation closcd*
1 Bank A None
2 Bank A, Input | 11
3 Bank A, Input 2 112
4 Bank A, Inpn1 3 113
5 Bank A, Input 4 114
[§] Bank A, Input 5 15
7 Bank A, Input 6 116
8 Bank A, Input 7 17
9 Bank A, Input 1%
10 Bank A, Input 9 19
11 Bank A, Input 10 1110
12 - Bank A, Input 1 1
13 - Bank A, Inpurt 12 1112
14 : Bank A, Input 13 1113
: 15 Bank A, Input 14 1114
’ 16 Bank B
18 Bank B, Input | 1115
19 Bank B, Input 2 Hl6
20 Bank B, Input 3 117
2] Bank B, Input 4 118
22 Bank B, Input 5 1119
24 Bank B, Input 6 1120
25 Bank B, Input 7 1121
26 " Bank B, Input 8 1122
27 Bank B, Input 9 1123
28 ' Bank B, Input 10 1124
29 Bank B, Input 11 1125
30 Bank B, Input {2 1126
3t Bank B, Input 13 1127
32 Bank B, Input 14 1128

*Assumes Model 7018 instatied in siot
grammed as stot (1) and channel.

! of manframe. Pro-
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Differential isolation test connections
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Note : Setup shown is configured
1o test isolation of Bank A.
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Model 7018
Figure 5-7
Common-mode isolation test connections
. . . o made of plastic or foam. Keep these
devices until ready for installation or use.
2. Remove the devices from their pro-

CMOS and other high-impedance devices are subject to pos-
sible static discharge damage because of the high-impedance
levels involved.

tective containers only at a proper-
ly-grounded workstation. Also,
ground yourself with an appropri-
ate wrist strap while working with
these devices,

3. Handle the devices only by the
body; do not touch the pins or ter-
minals,

CAUTION

Follow the precautions below when han-
dling static-sensitive parts.

1. Static-sensitive devices should be 4. Any printed circuit board into
transported and handled only in which the device is to be inserted
containers specially designed to must first be grounded to the bench
prevent or dissipate static build-up. or table. .

Typically, these devices will be re- 5. Use only anti-static type de-solder-
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ceived in anti-static containers

ing tools and grounded-tip solder-
ing irons.



5.5  Principles of operation

The following paragraphs discuss the basic operating princi-
ples for the Model 7018, and can be used as an aid in trou-
bleshooting the card. The schematic drawing of the relay
card is shown on drawing number 7018-106, located at the
end of Section 6.

5.5.1 Block diagram

Figure 5-8 shows a simplified block diagram of the Model
7018, Key elemenis include the relay drivers and relays, as
well as the ROM, which contains card ID and configuration
information. These various clements are discussed in the fol-
lowing paragraphs.

I =
CLK i
To Data E!J:‘r?\lgrs Relays | Yser connactions
) L =
Mainframe _Strobe
Enable .| j1p1-
U104
+3.5V (Steady Staie)
+5.7 (= 100 msec
during relay actuation)
Rela
To iD LK ROM Powgr
Mainlame ‘e ID n,mi Gontrol
uios Q100, Q101
i U106, U107
+8Y, +14.8V T

Figure 5-8
Model 7018 block diagram

5.5.2 1D data circuits

Upon power-up, card identification information from cach
card is read by the mainframe. This 1D data includes such in-
formation as card ID, hardware settling time, and relay con-
figuration information.

1D data is contained within an on-card EEPROM (U105}, In
order to read this information, the sequence described below
is performed on power-up.

1. The IDDATA line (pin 6 of U105} is set from high to
low while the IDCLK line {pin 5 of U105} is held high.
This action initiates a start command to the ROM to
transmit data serially to the mainframe (Figure 5-9),

2. The mainframe sends the ROM address location to be
read over the IDDATA line. The ROM then transmits an
acknowledge signal back to the mainframe, and it then
transmits data at that location back to the mainframe
(Figure 5-10).

Service Information

Start Bi Swop B

Figure 5-9
Start and stop sequences

3. The mainframe then transmits an acknowledge signal,
indicating that it requires more data. The ROM will then
scquentially transmit data atter cach acknowledge sig-
nal it receives,

4. Once all data s received, the mainframe sends a stop
command, which is a low-to-high transition of the -
DATA line with the IDCLK line held high (sce Figure 5-
9).

| : :
IDCLK i
T L e
IDDATA E ! i
}Da!a culput

}
rom maintrame
or AOM) ) W A S
;

IDDATA H

Data output ! : ‘
rom mainframe N |
or ROM)

B S P

Siant Acknowléﬂgn

Figure 5-10
Transmit and acknowledge sequence

5.5.3 Relay control

Card relays are controlled by serial data transmmitted via the
relay DATA line. A total of four bytes for cach card are shift-
ed in serial fashion into latches located in the card relay driv-
er ICs. The serial data is clocked in by the CLK line. As data
overflows one register, it is ted out the Q’S line of the regis-
ter down the chain,

Once all four bytes have shifted into the card, the STROBE
line is set high to latch the relay information into the Q out-
puts of the relay drivers, and the appropriate relays are cner-
gized, Note that a relay driver output goes low 1o encrgize
the corresponding relay.



Service Information

2. Remove the Model 7001 cover.
3. Install the relay card in the CARD 1 slot location.

4. Turn on Model 7001 power to measurc voltages (see fol-
lowing paragraph).

5.5.4 Relay power control

A relay power control circuit, made up of U106, UL07,
Q100, Q101, and associated components, keeps power dissi-
pated in relay coils at a minimum, thus reducing possible
problems caused by thermal EMFs.

During steady-state operation, the relay supply voltage, +V, 5.6.3 TmUbIQShOOtmg pmcedure

is regulated to +3.5V to minimize coil power dissipation. Table 5-6 summarizes switch card troubleshooting.

When a relay is first closed, the STROBE pulse applied to
U106 changes the parameters of the relay supply voltage
regulator, Q100, allowing the relay supply voltage, +V, to
risc to +5.7V for about 100msec. This brief voltage risc en-
sures that rclays close as quickly as possible. After the
100msec period has clapsed, the relay supply voltage (+V)
drops back down to its nominal steady-state value of +3.5V.

5.6  Troubleshooting
5.6.1 Troubleshooting equipment

Table 5-5 summarizes recommended cquipment for trouble-
shooting the Model 7018,

Table 5-5
Recommended troubleshooting equipment

Manufacturer
|Description  |and model Application

Multimeter Keithiey 2001 ;Measure DC voltages

Oscilloscope |TEK 2243 View logic waveforms

5.6.2 Troubleshooting access

The Model 7018 can be tested while installed in the Model
7001 only. The circuit board cannot be accessed while in-
stalled in a Model 7002,

In order to gain access to the relay card top surface to mea-
sure voltages under actual operation conditions, perform the
following steps:

1. Disconnect the connector card from the relay card.
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WARNING

Be careful not to touch AC mains or oth-
er high-voltage circuits while working
on low-voltage circuits. Failure to ob-
serve these precautions may result in
personal injury or death because of elec-
tric shock.

CAUTION

Observe the following precautions when
troubleshooting or repairing the switch
card:

To avoid contamination, which could
degrade card perfermance, always han-
dle the card only by the handle and side
edges. Do not touch edge connectors,
board surfaces, or components on the
card. Also, do not touch areas adjacent
to electrical contacts on connectors.

Use care when removing relays from the
PC board to avoid pulling traces away
from the circuit board. Before attempt-
ing to remove a relay, use an appropri-
ate de-soldering tool, such as a solder
sucker, to clear each mounting hole
completely free of solder. Each relay pin
must be free to move in its mounting
hole before removal. Also, make certain
that no burrs are present on the ends of
the relay pins.
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Table 5-6
Troubleshooting procedure
Step | Item/component Required condition | Comments
1 U105, pin 4 GND All voltages referenced to digital ground
(U105, pin 4).
2 Q100 collector +6vVDC Relay voltage.
3 U105, pin § | +5VDC " Logic voltage.
4 Junction of R102 and +14.6VDC Relay bias voltage.
C109
5 Q100 emitter +3.5VDC* + Regulated relay voltage.
6 U105, pin 5 ID CLK pulses During power-up only.
7 U105, pin 6 ID DATA pulses - During power-up only.
8 U101, pin 7 STROBE pulsc End of relay update scquence.
9 U141, pin 2 i CLK pulses During relay update sequence only,
10 | U101, pin 3 DATA pulses During relay update sequence only.

11

U101-U104, pins 10-18

Low with relay energized; high
with relay de-energized,

Relay driver outputs.

*+3.5VDC present at +V pad under steady-state conditions. This voltage rises to +5.7VDC for about 100msec when relay conliguration s changed






Replaceable Parts

6.1 Introduction

This section contains replacement parts infermation, sche-
matic diagrams, and component layout drawings for the
Model 7018.

6.2  Parts lists

Parts lists for the various circuit boards arc included in tables
integrated with schematic diagrams and component layout
drawings for the boards. Parts are listed alphabetically in or-
der of circuit designation.

6.3  Ordering information

To place an order, or to obtain information concerning re-
placement parts, contact your Keithley representative or the
factory (sce inside front cover for addresses). When ordering
parts, be sure to include the following information:

Card model number {7018)
Card serial number

Part description

Circuit description, if applicable

YR W -

Keithley part number

6.4  Factory service

If the card is to be returned to Keithley Instruments for re-
pair, perform the following:

. Complete the service form at the back of thas manuad,
and include it with the card.

2. Carcfully pack the card in the original packing carton.
3. Write ATTENTION REPAIR DEPT on the shipping label.

Note: It is not necessary to return the switching mainframe
with the card.

6.5 Component layouts and schematic
diagrams

Component layout drawings and schematic diagrams are in-
cluded on the following pages integrated with the parts lists:
Table 6-1, Parts List, 3-pole Scanner Card for 7018-8 and
7018-C.

7018-100, Component Layout, 3-pole Scanner Card for
7018-5 and 7018-C.

7018-106, Schematic, 3-pole Scanner Card for 7018-8 and
7018-C.

Tablc 6-2, Parts List, Screw Terminal Connector Board for
7018-8,

7018-160, Component Layout, Screw Terminal Connector
Board for 7018-8.

7018-166, Schematic, Screw Terminal Connector Board for
7018-S.

Table 6-3, Parts List, Mass Termination Card for 7018-C.

7018-170, Component Layout, Mass Termination Card for
7018-C.

7018-176, Schematic, Mass Termination Card for 7018-C.
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Table 6-1

Parts List, 3-pole Scanner Card for 7018-S and 7018-C

Circuit
Designation Description Keithley Part No.
SHIELD 7011-305C
EfECTOR ARM 7011-301B

C101-109 CAP,.1UE20%,50V,CERAMIC C-365-.1
C110,111 : CAP1UE20%,50V, CERAMIC C-237-1
C11z2 CAL, 0.001uE, 20%, 500V, CERAMI C-22-.001
C113,114 CAT, 10UE-20+100%,25V,ALUM ELEC C-314-10
C115-119 CAF,150PF10%,1000V,CERAMIC C-64-150P
J1002,1003 CONN, 48-FIN, 3-ROWS CS-736-2
K101-156 RELAY, MINI SIGNAL REL RL-163
P2001 CONNECTOR, 32-PIN, 2-ROWS C5-775-1
Q100 TRANS, NPN PWR, TIP31, (TO-220AB) TG-253

| Q101 TRANS,N CHAN MOSPOW FET,2N7000 (TO-92) | TG-195

]

\ R100 RES, 2.49K, 1%, 1/8W, METAL FILM R-88-2.49K

 R101 RES, 1.15K, 1%, 1/8W, METAL FILM R-88-1.15K
R102,103 RES, 560, 10%, 1/2W, COMPOSITION R-1-560
R104 RES,1K,1%,1/8WMETAL FILM R-88-1K
R105 RES,220K,5%,1/4W,COMPOSITION OR FILM R-76-220K
R106,107 RES,10K,5%,1/4W,COMPOSITION OR FILM R-76-10K
U101-104 IC, 8-BIT SERTAL-IN LATCH DRIVER,5841A IC-536
U105 EPROM PROGRAM 7018-800A01
U106 IC,RETRIG MONO MULTIVIB,74HC123 1C-492
U107 IC,AJDD SHUNT REGULATOR,TL431CLP 1C-677
W101-106 JUMPER | J-15
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Table 6-2

Parts List, Screw Terminal Connector Board for 7018-5

Circuit
Designation Description Keithley Part No.
BOTTOM CLAMF, RAW 7011-303B
SHIELD 7011-305C
TOP CLAMP 7011-302B
TERMINAL BLOCK TE-115-9
CONN, 6 PIN TE-115-6
CONN,BERG 5-339
171002,1003 * CONNECTOR, 48-PIN, 3 ROWS C5-748-3
W100-105 - CONN,BERG,2 PFIN (5-339-2
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Table 6-3

Parts List, Mass Termination Card for 7018-C

Circuit
Designation i Description Keithley Part Neo.
BRACKET 7011-307
| SHIELD 7011-311A
|
C101,102 . CAP,1UF,20%,50V, CERAMIC C-237-1
C103 . CAP,.1UE20%,50V,CERAMIC C-365-.1
CR101-105 DIODE,SILICON,IN4148 (IDO-35) RF-28
E101,102 * FERRITE BEAD CT-8
11004 ' CONN, 96-PIN, 3 ROWS C$-514
JUMPER FOR W101-103 CONNECTOR, JUMPER  (C5-476
K101-104 . RELAY, ULTRA-SMALL POLARIZED TF2E-4.5V RL-162
1002,1003 CONNECTOR, 48-PIN, 3 ROWS C5-748-3
Q101-103 | TRANS,N CHAN MOSPOW FET,2N7000 (TO-92)  TG-195
R103,104 RES, 1M, 10%, 1/2W, COMPOSITION R-1-1M
R105 RES, 39, 5%, 1/4W, COMPOSITION OR FILM R-76-39
R106 RES,10,5%,1/4W,COMPOSITION OR FILM R-76-10
P R107 RES,4.99K,1%,1/8WMETAL FILM R-88-4.99K
R108,110 RES,10K,5%,1/4W,COMPOSITION OR FILM R-76-10K
R1® RES,100K,5%,1/4W,COMPOSITION OR FILM R-76-100K
R11 RES,10K,1%,1/8W METAL FILM R-88-10K
U101 ‘ IC,QUAD 2 INPUT NOR,74HC02 1C-412
U102 IC, DUAL, VOLTAGE COMPARATOR, LM393 1C-343
W101-103 CONN,BERG,2 PIN

5-339-2
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KEITHLEY
Service Form

Model No. Serial No. Date

Name and Telephone No.

Company

List all control settings, describe problem and check boxes that apply to problem.

(3 Intermittent (3 Analog output follows display =4 Particular range or function bad; specify
O IEEE failure 1 Obvious problem on power-up - TBatteries and fuses are OK
[ Front panel operational (d All ranges or functions are bad < Checked ali cables

Display or output {check one)

(1 Drifts - Unable to zero

[d Unstable 1 Will not read applied input

[ Overload

(.} Calibration only ] Certificate of calibration required

= Data required
(attach any additional sheets as necessary)

Show a block diagram of your measurement system including all instruments connected (whether power is turned on or not).
Also, describe signal source.

Where is the measurement being performed? {factory, controlled laboratory, out-vé-doors, etc.)

What power line voltage is used? Ambient temperature? “F

Relative humidity? Other?

Any additional information. (I special modifications have been made by the user, please describe.)

Be sure to include your name and phone number on this service form.



KEITHLEY

Keithley Instruments, inc.
28775 Aurora Road
Cleveland, Ohio 44139

Printed in the U.S.A.
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