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WARRANTY

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

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

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

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

LIMITATION OF WARRANTY

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

THIS WARRANTY 1S 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 TO 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 accessories would normally be used with non-haz-
ardous voltages, there are sitnations where hazardous conditions
may be present.

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

The types of product users are:

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

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

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

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

Exercise extrerne caution when a shock hazard is present. Lethal
voltage may be present on cable connector jacks or test fixtures. The
American National Standards Institute (ANSI) states that a shock
hazard exists when voliage levels greater than 30V RMS, 424V
peak, or 60VDC are present. A good safety practice is to expect
that hazardous voltage is present in any unknown circuit before
measuring,

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

As described in the Intemational Electrotechnical Commission
(IEC) Standard IEC 664, digital multimeter measuring circuits
{e.g., Keithley Models 175A, 199, 2000, 2001, 2002, and 2010} are
Installation Category II. All other instruments’ signal tcrminals arc
Installation Category I and must not be connected to mains.

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

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

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

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



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

Do not exceed the maximum signal 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, reptace with same type and rating
for continued protection against fire hazard,

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

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

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

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

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

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

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

Instrumentation and accessories shall not be connected to humans.

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

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

To clean an instrument, use a damp cloth or mild, water based
¢leaner. Clean the exterior of the instrument only. Do not apply
cleaner directly to the instrument or allow liquids to enter or spill
on the instrument. Products that consist of a circuit board with no
case or chassis (e.g., data acquisition board for installation into a
computer)} should never require cleaning if handled according (o in-
structions. If the board becomes contaminated and operation is af-
fected, the board should be retwned to the factory flor proper
cleaning/servicing.
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Model 7014
39 Channel Thermocouple/General Purpose Multiplexer

MULTIFLEX CONFIGURATION: Four independent 1x10 2-pole
muitiplex banks. Adjacent banks can be connected r. Jumpers
can be removed to isolate any bank from the backplane. Channel one
in the bank A multiplexer is used for the cold junction sensor.

CONTACT CONFIGURATION: 2-pole Form A (Hi, Lo).
CONNECTOR TYPE:

Screw terminal, #16AWG maximum wire size, with .092 inch O.D. 28
conductors per card maximum. #22AWG typical wire size per
conductor, with .062 inch O.D. 86 conductors per card maxmum.

TOTAL REFERENCE JTUNCTION MEASUREMENT ACCURACY
(1 Year):
2045°C (18°C to 28°C);
+0.7°C (0°C to 18°C and 28°C to 50°C).
REFERENCE OUTPUT: +200uV /°C (+54.63mV at 0°C).
WARM UP: 2 hours to rated accuracy in mainframe.
MAXIMUM SIGNAL LEVEL:

DC Signais: 110V DC between any two pins, 1A switched. 30VA

(resistive load).

AC Signals: 125V RMS and 175V AC peak, between any two pins, 1A

switched, 60VA (resistive load). pea P
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): < 102,
CONTACT POTENTIAL:
<1pV per channel contact pair
<2pV typical per single contact.
OFFSET CURRENT: < 100 pA.
ACTUATION TIME: 3ms.
ISOLATION:
Bank: >10°0Q, <25 pF.
Channe! to Channel: >10°Q, <50 pF.
Differential: Configured as 1x10: >10°Q, <100pF.
Configured as 1x40: >10°Q, F
Common Mode: Configured as 1x10: >10°Q, <300pF.
Configured as 1x40: >10°0Q, <500pr.
CROSSTALK (1MHz, 500 Load): Bank: <—40dB.
Channel: <=10dB.
INSERTION LOSS (5002 Source, 502 Load): <0.1dB below MHz, <345
below 2MEiz
RELAY DRIVE CURRENT (per relay): 20mA.
ENVIRONMENT: QOperating: {° to 50°C, up to 35°C at §0% RH.
Storage: -25°C to 65°C.

Isothermal Connections
| 1
i Bank A :
I
I —O——i—OJ/O———
i | Reference Channell |
1 Output o S o O~
I 1
i Channels 29 X A
! | HI !
] L
I HI O 1O ) HI
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: 1.()0—"“—‘0j O o < D—10
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: 1 1 1
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1 Banks B-C :
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J 1
; : P
| [
i BankD :
!
N Ho—— 07 0—
t Channel ] i
: 10 I Qe
1 Clmi[ndsz-s & A I
| H
I H Ot 7 & & T D——m
1 Channel 10 | Qutput ) Backplane
: LoO—-’-—O/G S — O— 10

Specifications subject to change without notice.
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General Information

1.1  Introduction

This section contains general information about the
Model 7014 39-Channel Thermocouple/General Pur-
pose Multiplexer Card.

The Model 7014 card is field-installable in the Model
7001 Switch System. Since it combines the functions of
thermocouple switching and a uniform temperature
reference, it is especially useful for scanning thermo-
couples.

The input terminals are covered by an aluminum cover
that acts as an isothermal block to minimize tempera-
ture differences. An integrated circuit temperature
transducer under the aluminum cover senses the refer-
ence (cold) junction temperature and converts it to a
proportional voltage. The cold junction temperature is
used to calculate the corrected thermocouple output.
The output voltages of each thermocouple must be
converted to temperature (°C, °F, or K) using appropri-
ate thermocouple tables, polynomial equations, or a
multimeter capable of temperature measurements,
such as the Model 2001.

In addition, any channel can be used for monitoring
low-level signals. The Model 7014 uses 2-pole Form A
contacts for switching of DC signals up to 110V, 1A,
30VA (resistive load), and AC signals up to 125V RMS
or 175V peak, 1A, 60VA (resistive load).

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

1.2 Features

1.3 Warranty information

1.4 Manual addenda

1.5 Safety symbols and terms
1.6 Specifications

1.7 Unpacking and inspection
1.8 Repacking for shipment

1.9 Optional accessories

1.2 Features

The Model 7014 is a low voltage, two-pole, quad, 1x 10
multiplexer card. Some of the key features include:

e Low conlact potential and offset current for mini-
mal effects on low-level signals.

¢ The connector board detaches from the relay board
allowing easy access to the screw terminals and
jumpers.

» Easy jumper configuration of one, two, three or
four multiplexer banks.

1-1



General Information

* Backplane jumpers. Cutting jumpers disconnects
multiplexer bank outputs from the Model 7001 an-
alog backplane.

1.3 Warranty information

Warranty information is located on the inside front
cover of this instruction manual. Should your Model
7014 require warranty service, contact the Keithley rep-
resentative or authorized repair facility in your area for
further information. 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.

1.4 Manual addenda

Any improvements or changes concerning the muiti-
plexer card or manual will be explained in an adden-
dum 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 symbols and terms may be found on an
instrument or used in this manual.

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

The f symbol on an instrument shows that high
voltage may be present on the terminal(s). Use stan-
dard safety precautions to avoid personal contact with
these voltages.

The WARNING heading used in this manual explains
dangers that might result in personal injury or death.
Always read the associated information very carefully
before performing the indicated procedure.
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The CAUTION heading used in this manual explains
hazards that could damage the multiplexer card. Such
damage may invalidate the warranty.

1.6  Specifications

Model 7014 specifications are found at the front of this
manual. These specifications are exclusive of the mul-
tiplexer mainframe specifications.

1.7  Unpacking and inspection

1.7.1 Inspection for damage

The Model 7014 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 perfor-
mance. Before removing the card from the bag, observe
the following precautions on handling.

Handling Precautions:

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

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

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

1.7.2 Shipping contents

The following items are included with every Model
7014 order:

* Model 7014 39-Channel Thermocouple/General
Purpose Multiplexer Card

e Model 7014 Instruction Manual

e Additional accessories as ordered.



1.7.3 Instruction manual

The Model 7014 Instruction Manual is three-hole
drilled so that it can be added to the three-ring binder
of the Model 7001 Instruction Manual. After removing
the plastic wrapping, place the manual in the binder
following the mainframe instruction manual. Note that
a manual identification tab is included and should pre-
cede the multiplexer card instruction manual.

If an additional instruction manual is required, order
the manual package, Keithley part number 7014-901-
00. The manual package includes an instruction manu-
al and any pertinent addenda.

1.7.4 Repacking for shipment

Should it become necessary to return the Model 7014
for repair, carefully pack the unit in its original packing
carton or the equivalent, and include the following in-
formation:

___General Information

* Advise as to the warranty status of the thermocou-
ple 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
Model 7014:

Model 7014-ST — This isothermal screw terminal con-
nector card is identical to the one provided with the
Model 7014 assembly. An extra connector card allows
you to wire a second test system.

Model 7401 — This thermocouple wire kit includes
30.5m (100 ft.) of type K (chromel-alumel) thermocou-
ple wire.
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Multiplexing Basics

2.1  Introduction

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

2.2 Thermocouple measurement basics: Describes
the theory of thermocouple measurements and a
measurement procedure.

2.3 Basic multiplexer configurations: Covers the ba-
sic multiplex configurations; quad 1 x 10 config-
uration, dual 1 x 20 configuration and single 1 x
40 configuration. The significance of the back-
plane jumpers is also covered here,

2.4 Typical multiplexer switching schemes: Ex-
plains some of the basic ways a multiplexer can
be used to source or measure, Covers single-end-
ed switching, differential (floating) switching
and sensing.

2.5 Multiplexer expansion: Discusses the various
configurations that are possible by using multi-
ple cards.

2.2 Thermocouple measurements

2.2.1 Definitions

The following terms are defined as they relate to ther-
mocouple circuits and thermocouple switching cards:

Cold junction — The junction that is held at a stable
known temperature. Also known as the reference junc-
tion,

Hot junction — The junction of two dissimilar metals
that is used to measure an unknown temperature. Also
known as the measurement junction.

Isothermal block or cover-— The metal block or cover
that equalizes the temperature of thermocouple con-
nections on a switching card.

Reference accuracy — The maximum error between
sensor and channel inside the isothermal environment.
Also known as temperature offset.

Reference channel — The channel that measures the
temperature of the isothermal environment.

Reference output — The output signal that represents
the temperature of the reference channel. Commonly
specified by a temperature coefficient of pV/°C and an
offset voltage in millivolts at 0°C.

2.2.2 Theory

A thermocouple is a junction formed between two dis-
similar metals. If the temperature of the thermocouple
junction connected to the Model 7014 is T, a voltage E
is developed between leads A and B as shown in Figure
2-1. When connected to a voltmeter, two more junc-
tions (C and D) are formed with the meter terminals,
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Multiplexing Basics

which are usually copper. The measured voltage is pro-
portional to the difference between temperatures T and
T,.

Isothermal

[m—————-
i Terminal |

A ! —~ | Copper
| Y B | c
| |

T ?E I | TEt

|

B | ~T1 | Copper D
I ~ I
| Terminal |
S - H=E-E

Figure 2-1

Thermocouple measurement

To determine the difference, the thermoelectric proper-
ties of the thermocouple are needed. Data is available
to determine the voltage versus temperature relation-
ship based on a reference temperature (T;) of 0°C.
Thus, if the thermocouple-to-copper junctions were
maintained at 0°C, it would be possible to determine T
by referring to the Thermocouple Reference Tables.
(See NIST Monograph 125). The tables list temperature
as a function of the meter reading E,. Since these junc-
tions are not 0°C, a voltage E, is introduced, where;

E,=E-E

r

2.2.3 Measurement procedure

The temperature of a thermocouple junction is deter-
mined by the following summarized procedure:

* Measure the reference voltage (E,).

¢ Calculate the reference temperature (T)).

* Determine the reference correction voltage (E,).

¢ Measure the thermocouple voltage (E,).

e (Calculate the thermocouple correction voltage (E).

* Determine the thermocouple temperature (T).

The compilete step-by-step procedure {ollows:
1. Read the voltage (E,} developed by the Model 7014

reference junction. Assuming a temperature coeffi-
cient of +200uV/°C, and an offset voltage of
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+54.63mV at 0°C, convert the voltage reading to
temperature (T,) with the formula:

Ty = (E; - 54.63mV} / 0.2mV per °C

T, represents the temperature of the Model 7014
isothermal connections.

2. Using the thermocouple look-up tables or the fol-
lowing formula, convert the temperature (T;) from
step 1 to a voltage. Use tables matching the type of
thermocouple connected to the Model 7014. E, cor-
responds to the reference voltage that would result
if an actual thermocouple were used as a reference
junction.

E,=ag +a, T+ a,T? + a;T° + a,T¢

3. Make a measurement of the voltage (E,} developed
by the thermocouple connected to the Model 7014.

4. Add the reference voltage derived in step 2 to the
thermocouple voltage measured in step 3.

E=E +E

5. Convert the voltage sum (E) from step 4 to a tem-
perature (T) using either thermocouple look-up ta-
bles or the formula:

T =a; + a,E + a,E? + a,E° + a,E*

The values for a, through a, for the supported thermo-
couples are listed in tables located in Appendix A.

2.2.4 Measuring example

A measurement setup uses a Type ] thermocouple. The
voltage developed by the reference junction (channel 1)
is 61.83mV. The voltage read from the thermocouple is
14476pV.

1. Find the temperature of the isothermal connec-
tions. The voltage from the reference sensor is
61.83mV.

(61.83mV - 54.63mV) / 0.2mV per °C = 36°C

2. Using the appropriate formula or thermocouple
look-up tables (see Table 6.3.2 of NIST Monograph
125), find the equivalent voltage developed by a
Type ] thermocouple at 36°C. This voltage is found
to be 1849.1uV. The formula shown in Step 2 above
would yield 1849.085uV.



3. The voltage developed by the thermocouple is

measured as 14476uV.

4. The sum of the voltage is 14476 + 1849.1, or
16325.1uV.

Multiplexing Basics

procedure automatically, except for

closing and opening channels on ex-

5. Using the appropriate formula or thermocouple
look-up tables (see Table A6.2.1 of NIST Mano-

graph 125), find the temperature for a Type ] ther-
mocouple corresponding
temperature is 300.0°C. The formula shown in step

5 above would yield 299.995°C.

NOTE

A multimeter with a temperature
function, such as a Keithley Model
2001, will perform the measurement

Figure 2.2

REF
JCN

2.3

to 16325.1uV. This

ternal cards.

Basic multiplexer configurations

A simplified schematic of the Model 7014 Thermocou-

ple Card is shown in Figure 2-2. It is organized as four
1 x 10 multiplexer banks. Each bank has 10 inputs and
one output. (Note that Input 1 of Bank A is the refer-
ence junction.) Two-pole switching is provided for
each multiplexer input, with HI and LO switched. Two
or more banks can be jumpered together to expand
multiplexer inputs, and backplane jumpers provide
bank connections to a second card installed in a Model

7001 mainframe.

—
L]

Bank A ®

BankBe
Outputs

e

—
(=)

BankC »

-
o

Input {1 of 38)
Hl HI
OJ LC c
LO
Jumpers
HI Hi
D
LO Bank LO
Switching Topology Bank to Bank
for all Channels Jumpers

Model 7014 simplified schematic

Note : Factory Configuration shown

Lo—é »— LO

Backplane Jumpers
{to 7001 Analog
Backplane)
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2.3.1 Multiplexer bank-to-bank jumpers
NOTE

When mixing applications on a Model
7014 card, bank jumpers can be re-
moved to isolated different signal lev-
els, However, switching different
ievels simultaneously may affect the
card’s reference accuracy.

Jumpers are installed on the connector card to connect
multiplexer banks together to form a multiplexer of 1x
39. Each jumper set connects two adjacent banks to-
gether. These jumper sets are included with the Model
7014.

The bank-to-bank jumpers allow you to configure the
multiplexer card in a variety of ways. Typical multi-

plexer configurations include:

* Four 1 x 10 multiplexers; no jumpers installed (Fig-
ure 2-3).

* Two 1 x 20 multiplexers; Bank A jumpered to Bank
B, Bank C jumpered to Bank D (Figure 2-4).

¢ One 1 x 40 multiplexer; all bank-to-bank jumpers
installed (Figure 2-5).

Other combinations are possible, including multiplex-
ers of various sizes (in multiples of 10 channels}). For
example, you could install jumpers to configure the
card as one 1 x 30 and one 1 x 10 multiplexer.

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

Inputs
Reference i, .2
Junction
Bank A
108—2

wﬁ-’z—-’—% Output A

Bank B

—;L‘?——% Output B

Bank C

<2 5 Output C

Bank D

Figure 2-3

L]
.
._7L.2..—./
10 o

1%42—-—% Qutput D

Four 1 x 10 multiplexer configuration (jumpers not installed)
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Reference 1. 2
Junction ~ .
Bank A .

Bank C . !

Bank D

-
* [
H—,LQ/
10 *r —

Figure 2-4
Two 1 x 20 multiplexer configuration {jumpers installed)

Inputs
Reference 1 2
Junction " 4/.
Bank A
10 +— 2 ./.
1 e— 2 o/o
Bank B 1
10 o—/—z—————o/ F—

1-%,2 ./.—
Bank C <

10— rn2 g o |

1e 2 o/c
Bank D

10 o— 02 o

Figure 2-5
One 1 x 40 multiplexer configuration (jumpers installed)

2 Qutput A
2
2 Jumpers
2 Cutput C
2
2 Jumpers
Output A
Jumpers
Jumpers
Jumpers
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2.3.2 Backplane jumpers

NOTE

When mixing applications in a Model
7001 mainframe, backplane jumpers
on 701X-series cards can be removed
to isolate different signal levels. How-
ever, switching different levels simul-
taneously may affect the card’s
reference accuracy.

the multiplexer card are connected to the analog back-
plane of the Model 7001 allowing expansion with a sec-
ond 701X-geries card installed in the mainframe. With
the jumpers removed (cut), the multiplexer card is iso-
lated from another card installed in the mainframe.

The three-pole analog backplane of the Model 7001
mainframe is shown in Figure 2-6. Through this analog
backplane the banks of a Model 7014 multiplexer card,
installed in one slot, can be connected to the banks (or
rows) of a compatible card installed in the other slot of
the mainframe.

There are four pairs of backplane jumpers located on
the relay card. With the jumpers installed, the banks of

Madel 7001
Card 1 Card 2
T ———— | Analog e ——— =
| | Backplane | |
; | Row 1 or Bank A | l
I H 2 I H I
[ | |
I L 2t KL I
| | | |
| G K G f
| ! | I
l ! Row 2 or Bank B ! l
| H # H I
I | I
[ Lo KL [
| | | |
I G Ka |
I | | |
| | !
I H>’i Row 3 or Bank C _i\ H :
| S <t |
[ G 4\ G I
| I [ I
| [ | |
| | Row 4 or Bank D | |
H H
I | | I
| l }
L L
| I : '
G a !
! I | [
I [ I I
- . _ - _
H = Hi
oo thgn Row = Matrix Card (e.g., 7012)
G = Guard Bank = MUX Card (e.g., 7011 or 7014)

Figure 2-6
Model 7001 analog backplane
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Figure 2-7 shows how each bank of the Model 7014 is
connected to the backplane. Notice that since the Mod-
el 7014 is a two-pole card, there is no connection made
to the Guard terminal of the backplane. The Model
7014 is shipped from the factory with the backplane
jumpers installed.

7014 7001
Bank Analog
{10ofd) Backplane

H TGN H

L ?ﬁ L

H = High Backplane NS D
L =Llow Jumpers
G = Guard

Figure 2-7

Bank connections to backplane

Removing (cutting) the backplane jumpers isolates the
card from the backplane, and subsequently, any card
installed in the other slot. For information on removing
the jumpers, refer to Section 3.

NOTE

The Model 7001 does not provide an
analog backplane for the non-701X se-

Multiplexing Basics

ries cards. As a result, any of these
cards installed in one slot in the main-
frame is electrically isolated from any
card installed in the other slot. The
only way to connect a Model 7014 to
one of these cards is to wire them to-

gether.

2.4 Typical multiplexer switching
schemes

The following paragraphs describe some basic switch-
ing schemes that are possible with a two-pole switch-
ing multiplexer. These switching schemes include
some various shielding configurations to help mini-
mize noise pick up in sensitive measurement applica-
tions. These shields are shown connected to chassis
ground. For some test configurations, shielding may
prove to be more effective connected to circuit com-

mon. Chassis ground is accessible at the rear panel of
the Model 7001.

2.4.1 Thermocouple switching

In a typical switching configuration for thermocouples,
all banks on the Model 7014 are connected together. As
shown in Figure 2-7, the voltage measuring instrument
is connected to one of the card outputs, and up to 39
thermocouples are connected to the inputs.

Bank A-D Input 2-40
Hl o——< 6> H o/}/c ¢
Out | In > Thermocouple
LO O+—FYXH &> L G <
Measure 7014

Figure 2-8
Thermocouple switching example
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2.4.2 Single-ended switching

In the single-ended switching configuration, the source
or measure instrument is connected to the DUT
through a single pathway as shown in Figure 2-9. The
Instrument is connected to the output of one of the
banks and the DUT is shown connected to one of the
inputs for that bank.

2.4.3 Differential switching

The differential or floating switching configuration is
shown in Figure 2-10. The advantage of using this con-
figuration is that the terminals of the source or measure
instrument are not confined to the same pathway. Each
terminal of the instrument can be switched to any
available input in the test system.

=1
Bank A-D Input 1-10 I L_
Ao — At Tonl— = gt
| |
Out i In i DUT) |
LO o—< > L o5 ¢ : l
I |
Source or 7014 .____m_!
Measure
Note: There are no user connections for the
reference junction (Bank A, Input 1).
Figure 2-9
Single-ended switching example
Bank A, B input 1-10
[\ 5 H O/]/G i {\

Source or

Hi €
Qut In

A

1.O O ¢— —1H o1

Qut In
! >——~«-—Lo/l/o——-—<i

Measurs 7 BankC, D

Figure 2-10
Differential switching example
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2.4.4 Sensing 2.4.5 SMU connections

Figure 2-11 shows how the multiplexer card can be Figure 2-12 shows how to connect a Keithley Model
configured to use instruments that have sensing capa- 236, 237 or 238 Source Measure Unit to the multiplexer
bility. The main advantage of using sensing is to cancel card. By using triax cables that are unterminated at one
the effects of switch card path resistance (<1Q} and the end, the driven guard and chassis ground are physical-
resistance of external cabling. Whenever path resis- ly extended all the way to the card.

tance is a consideration, sensing should be used.

Bank A, B Input 1-10
H
Source HI @1 <<—‘f:}x"“> >—Out O__<In ]
Sense HI o > L g o— "¢ S
DUT
N H
SenseLO © < Out jo_—ﬁn '
Source LO o+ ——  S———— L o} \ ,
7014
Source or Bank C, D lnput 1-10
Measure
Note: There are no user connections for the
reference junction (Bank A, Input 1).
Figure 2-11

Sensing example
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Bank A, B

non N

Output Hi ©

I

Guard o : 5y Out 1L ol M ¢ [

Sense HI © <

[

? H o)
out | In
— Oo—r—

Input 1-10

Guard o u
Bank C, D
Sense LO © 0 ["\ l
CQutput LO ¥ U
Output LO 01— Triax
;H Cables (3)
236/237/238

WARNING : Hazardous voltages may be present on
GUARD. Make sure all cable shields are

7014

Input 1-10

Naote: There are no user connections for the
reference Junction (Bank A, Input 1).

properly insulated betore applying power.

Figure 2-12
SMU connections

2.5 Multiplexer expansion

With the use of additional switching cards and main-
frames, larger systems can be configured. Each Model
7001 Swilch System mainframe will accommodate up
to two cards, and up to six mainframes can be connect-
ed logether. Thus, a switch system using as many as 12
cards can be configured.

2.5.1 Two-card switching systems
Fach Model 7001 Switch System mainframe can ac-

commodate two cards to allow the following switching
configurations.
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NOTE

When mixing applications in a Model
7001 mainframe, backplane jumpers
on 701X-series cards can be removed
to isolate different signal levels. How-
ever, switching different levels simul-
taneously may affect the card’s
reference accuracy.

Separate switching systems

Two single-card systems can be configured by remov-
ing the backplane jumpers from one of the cards. The
two cards will be controlled by the same mainframe,
but they will be electrically isolated from each other.
Figure 2-13 shows an example using two Model 7014
multiplexer cards.
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7001 Analog
Card 1 Backplane Card 2
. T T T B
7014 7014
: 2 10 I 2 10 ;
I 1 10 { 1 10 :
SO N N T 0 Y P3N T
| 1 10 | 1 10|
iaankc=|1||||||||1|0=»>|>—<IJ\.|1H|||H|1‘0{
| |
:BankD%[III[III!IcH|>_H:e(\,|||lllllll:
.- - _J
Four 1x10 Multiplexers Four 1x10 Multiplexers
Backplana
Jumpers
Removed
Figure 2-13

Two separate multiplexer systems

Multiplexer input expansion

You can double the number of multiplexer inputs by
simply installing two “as shipped” Model 7014s in the
Model 7001 mainframe. By leaving the backplane
jumpers installed, the banks of the multiplexer card in-
stalled in slot 1 {CARD 1) are autormatically connected
to the banks of the multiplexer card installed in slot 2
{CARD 2) through the analog backplane.

Figure 2-14 shows an example of input expansion.
Each Model 7014 card is configured as four 1 x 10 mul-
tiplexers. By connecting the banks together (via Model
7001 analog backplane), the resultant multiplexer sys-
tem has 20 inputs for each of the four banks. Notice
that if all the bank-to-bank jumpers (for both cards)
were installed, the result would be a single 1 x 80 mul-
tiplexer.

Mixing card types

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

could have a Model 7014 multiplexer card installed in
one slot and a Model 7012 matrix card installed in the
other slot.

Figure 2-15 shows a possible switching system using a
matrix card and a multiplexer card. The backplane
jumpers for both the matrix and multiplexer cards
must be installed. This allows matrix rows to be con-
nected to multiplexer banks. On the multiplexer card,
the bank-to-bank jumpers must be removed to main-
tain isolation between matrix rows. See the instruction
manual for the Model 7012 for complete information
on the matrix card.

2.5.2 Mainframe multiplexer expansion

Multiplexer systems using up to 12 multiplexer cards
are possible if you use six Model 7001 mainframes to-
gether. Each Model 7014 added to the system provides
39 additional inputs. Paragraph 3.4.3 explains how to
connect a test system using two mainframes.
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7001 Analog
Card 1 Backplane Card 2
T T T T T T T T T T | T T T T T T
7014 7014
| R, 10 | BN CIE 0
| mameae L L LE LT LTy e ulEENEEEEE
:BankB:III||||I|Im|>____+<|ﬂ||IIIIIIII
1 10 | | 1 10
|fBﬂnkc,lllIIIIIIL/\H:> <:ef\,IIIIIIIIII
1 10 1 10
L seoe L L LI L LTy e L L]
- [ v/
Quad 1x10 Multiplexers Quad 1x10 Multiplexers
Backplane
Jumpers
installed
Quad 1x20 Multiplexer
Figure 2-14
Multiplexer input expansion example
Card 1 Card 2
|[— 7012 : il'_ 7014 _I
| 1 Columns 1w | 7001 | 2 Inputs 10 i
Backp!
B b2 LT L L] merwa |
| | | 1 10 |
|, L 2 T I I I QT
I 7 ~ 10 I
o | el L] |
'3 N le. BankC |
| | [ 1 10 I
| I | I
P o e LL LT L L L] sowo
e o e t e o —
4 x 10 Matrix Quad 1 x 10 Mux

Figure 2-15

Notes : 1. Models 7014 and 7012 backplana jumpars
must ba installad.
2. Model 7014 bank-to-bank jumpers must be
removed.

Mixed card type example



Card Connections & Installation

3.1 Introduction

WARNING

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

The information in this section is arranged as follows:

3.2 Handling 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
external circuitry to the isothermal screw terminal con-
nector card.

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

3.5 Model 7014 installation: Provides a procedure to
install the multiplexer card assembly in the Model 7001
mainframe.

3.2 Handling precautions

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

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

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

3.3 Connections

This paragraph provides the basic information needed
to connect your external test circuitry to the multiplex-
er 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 in-
formation on making external connections to the con-
nector card.

341



Card Connections & Installation

WARNING

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

3.3.1 Bank-to-bank jumpers

As explained in paragraph 2.3.1, the banks of the mul-
tiplexer card can be connected together (using plug-in
jumpers) to form larger multiplexers. The locations of
the bank-to-bank jumper terminals are shown in Fig-
ure 3-1.

Bank-to-Bank
Jumper Terminals
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Figure 3-1
Bank-to-bank jumper locations
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Terminal identification is provided by Figure 3-2. On
the drawing, the six terminal pairs are labeled W201
through W206. The top three terminal pairs (W201,
W203 and W205) are used to connect the HI terminals
of the banks together. The bottom terminal pairs
(W202, W204 and W206) are used to connect the LO
terminals of the banks together. Table 3-1 summarizes
the effects of each jumper.

Bank Bank
AtoB CtoD
H [0 H (e |
W20 w205
w[e m] oo m}
w202 W206
Bank
BtoC
H (& 1
w203
LO
w204
Figure 3-2

Bank-to-bank jumper terminal identification

Table 3-1
Bank-to-bank jumpers (refer to Figure 3-2)
Installed
jumper | Effect
w201 Connect Bank A HI to Bank B HI
w202 Connect Bank A LO to Bank BLO
W203 Connect Bank B HI to Bank C HI ‘
w204 Connect Bank B LO to Bank C LO |
W205 Connect Bank C HI to Bank D HI

W206 - Connect Bank C LO to Bank D LO

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

1. If mated together, separate the relay card from the
connector card by removing the mounting screw
and pulling the two cards away from each other
(see Figure 3-4). Remember to only handle the
cards by the edges and shields to avoid contarnina-
tion.

2. Refer to Figure 3-2 and Table 3-1 to determine
which jumpers to install.

Card Connections & Installation

3. Using Figure 3-4 as a guide, install the jumpers on
the appropriate terminal pairs.

Mounting Screw

FORCONNECTOR ACCLSS
HEMOVL THIS SCREW

ll\\

NS

A REFEH QO SERVICE S[CT\ON OI
RMANUAL BEFORE HEMOVING
SCREWS

/N

\
;'

' )
=1

WARNING: /A INTERCONNECTION, INSTALLATION AND HEM(AL BY
QUALIFIED SERYIZE PERSONNEL ONLY. T0 PREVENT ELECTHC SHOCK 58w s

ALL S¥51LM POWER SUPPLIES AND DISCHARGE ANY ENERGY 5 ORAGE DEV CES
BEFORE AEMOVING CARDS OR DISCONNE CTING ANY CABLES

WARNING: A TIGHTEN ruMR SCRTW 16 ENSORE
FNOPER CHASSIS GROUND

CAUTION : As shown on the connector board's isaothermat
cover, only one screw is removed to access the
screw terminal blocks. The other four scraws
must remain to preserve the thermal integrity
of the board. {Refer to the Service Information
section for their removal.)

Figure 3-3
Connector card mounting screw
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-+— Jumper

Jumper Terminal
Pair

Figure 3-4
Bank-to-bank jumper installation

3.3.2 Backplane jumpers

The Model 7001 mainframe has an analog backplane
that allows the banks of a Model 7014 multiplexer card
to be internally connected to a compatible switching
card installed in the other slot (see paragraph 2.5.1 for
details).

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

jumper removal

Perform the following steps to remove backplane
jumpers:

1. If mated together, separate the relay card from the
connector card by removing the mounting screw
and pulling the two cards away from each other
(see Figure 3-4). Remember to only handle the
cards by the edges and shields to avoid contamina-
tion.

2. Use Figure 3-5 to locate the jumper(s) that are to be
removed.

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

3-4

Jumper installation

Referring to Figure 3-5 for jumper locations, perform
the following steps to install backplane row jumpers:

1. H mated together, separate the relay card from the
connector card by removing the mounting screw
and pulling the two cards away from each other
(see Figure 3-4). Remember to only handle the
cards by the edges and shields to avoid contamina-
tion.

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

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

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

7014 Relay Card

Figure 3-5
Backplane jumpers

3.3.3 Screw terminal connector card

The screw terminal connector card is shown in Figure
3-6. Connections are made directly to the screw termi-
nals of the eight terminal blocks. Each screw terminal
will accommodate #16-22 AWG wire.
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Wiring procedure

TN TN Tusen PO LT Th i 1o nay Perform the following procedure to wire circuitry to
¢ 1 MkbHENT OW CONRCLUTORS 0w PTODGARD L) g p y
v T e S the screw terminal connector card:
R iy | R L
i ® - a f e
[ o] & (o] Wt
DTN bl IR D WARNING
o)
P sl M el .
MCRCEN K ROl T Make sure all power is off and any
= NS » ~& (L L » . . s s
. ! v e Y stored energy in external circuitry is
o e . t‘i: discharged.
., i L .l' . MY e
( | :
‘ | 1. Tf mated together, separate the connector card from
?:;ecatrmce — . the relay. card by removing the mounting screw
Temperature “- : e and pulling the two cards away from each other
Sensor M o T L (see Figure 3-4). Remember to only handle the
o, | . i I cards by the edges and shields to avoid contamina-
A : ‘ s tion.
ol . i . e 2. Using an insulated screwdriver, connect the cir-
pel g i e cuitry to the appropriate terminals. Figure 3-7
LN TR M H shows how the output of Bank C would be con-
nected to a DMM. (Use capper wire for the output
connections.)
o : H : o WARNING
Reference g okme | olal . )
Circuit - "' Hj‘_f] 9o ¢ Use properly insulated wire for ap-
s nren ,=-1{3~ E:;j ‘ plications exceeding 42.4V peak or
BY EDGLY ONiv ] - . 30V RMS.
TRT TN & HMoK® Wwo_Tanc
0 J:;{HJ:”[L“;'E ‘/ITN:rII:\lQ‘IL‘OrP FHNES Y 0
STt R s B R [ 3. Referring to Figure 3-8, remove the top half of the
N N Vs St R 1
Hj':[ 5 @ o le 1’1] cable clamp as follows:
‘ = : — A. Loosen the cable clamp screw enough to disen-
gage it from the bottom half of the cable clamp.
B. Using your thumb and forefinger, press the re-
Figure 3-6 taining clips inward and, with your other

Model 7014 screw terminal connector card hand, remove the top half of the clamp.
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4. Route wires under wire guide/connector shim. Do
not route wires across the reference circuit.

5. Route the wires through the bottormn half of the ca-
ble clamp.

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

7. Mate the connector card 1o the relay card and tight-
en the mounting screw. The Model 7014 is now
ready to be installed in the Model 7001 mainframe.
See paragraph 3.5 for details.

#16 - 22 AWG Copper Wires
Bank C ‘\‘ g il Hl

PR

Quiput DMM

{F LO

IN3
L
H

IN 4
L
H

INS

SESENMISENENENENEZENEZEN

Figure 3-7
Typical screw terminal connections

3-6

Figure 3-8
Cable clamp for screw terminal connector card

3.4 Typical connection schemes

The following information provides some typical con-
nection schemes for single card, two-card and two-
mainframe system configurations. Keep in mind that
these are only examples to demonstrate various ways
to wire a test system. Connection details are provided
in paragraph 3.3.

3.4.1 Single card system

The single card systems in Figure 3-9 and Figure 3-10
use the isothermal screw terminal connector card. With
this card, single conductor connections are made di-
rectly from the terminal blocks of the connector card to
instrumentation and DUTs.

When using a single card system, you will want to
make sure that the card remains electrically isolated
from any other switching cards. There are several ways
to ensure isolation for a single card in the Model 7001
mainframe:

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

2. Remove the backplane jumpers on the multiplexer
card. This will disconnect the card from the analog
backplane of the mainframe.

3. Remove the backplane jumpers from the switching
card installed in the other slot.
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7014

Hiand LO to
Banks A-D

Instrument

DUT Test Fixture

______ M
| | Notes: 1. All bank-to-bank jumpers
2| | o I must be instalied.
. . { 2. There are no user connections
: [ Instrument for the reference junction
——+—0o"C | (Bank A, Input 1).
40 | |
[
DUTs ]
(Single 1x39)
|

Simplified Egquivalent Circuit

Figure 3-9
Single card (1 x 39) system example
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Figure 3-10

7014
Hi and LO to
Banks A and B
Instrument
Instrument | Hl and LO to
Banks C and D . hd ¢ 0.
2 20 1 20
DUT Test Fixture
- — = 7 7 Notes: 1. Bank-to-bank jumpers instalied
2y , 2 | as follows
. . Bank A connected to Bank B
. I Bank C connected to Bank D
o—-—ﬁ—o/ | 2. There are no user connections for
20 20 the reference junction (Bank A,
| Input 1),
Instruments

{1x19 and 1x20)

Simplified Equivalent Circuit

Single card (1 x 19 and 1 x 20) system example
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3.4.2 Two-card system

Figure 3-11 shows a system using two multiplexer
cards installed in one Model 7001 mainframe to config-
ure a single 1 x 80 multiplexer system. Each card is con-
figured as a single 1 x 40 multiplexer. To accomplish
this, all bank-to-bank jumpers (both cards) are installed
to connect Banks A, B, C, and D together. By leaving the
backplane jumpers of both cards installed, the banks of
Card 1 are connected to the banks of Card 2 through
the analog backplane of the Model 7001 mainframe re-
sulting in the 1 x 80 configuration.

Figure 3-11 shows how external connections can be
made for the connector card. Single conductor connec-
tions are made directly from the screw terminals of the
connector card to the instrument and DUT.

3.4.3 Two-mainframe system

Figure 3-12 shows a system using three multiplexer
cards installed in two Model 7001 mainframes to con-

Card Connections & Installation

figure a single 1 x 120 multiplexer system. Each card is
configured as a single 1 x40 multiplexer. To accomplish
this, bank-to-bank jumpers of all three cards must be
installed to connect Banks A, B, C, and D together.

By leaving the backplane jumpers of the cards in main-
frame #1 installed, the banks of Card 1 are connected to
the banks of Card 2 through the analog backplane of
the Model 7001 mainframe resulting in a 1 x 80 config-
uration. External bank connections from the instru-
ment to the card in the second mainframe connect the
banks of all three cards together to form the 1 x 120
multiplexer system. This system is similar to the Two-
card System (see previous paragraph) except that a
third multiplexer card (installed in a second main-
frame) is added.

Figure 3-12 shows connections for the connector card.
Single conductor connections are made directly from

the screw terminals of the connector card to the instru-
ment and DUT.
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Figure 3-11

Instrument

156 individual
conductors
(#22 AWNG)

40 42
DUT Test Fixture

80

Card 1 {tx40)
r _2 -7
.L_.\W y
b I B )
0 o 7
L=
DUTs Card 2 (1x40) 7001
" [ -1 Analog
— 0o Backplane
v
80 80 '
| I |

Single 1x80 Multiploxer

Simplified Equivalent Gircuit

Two-card system example

Notes: 1. Al bank-to-bank jumpers
{both cards) must be installed.
2. Backplane jumpers (both
cards) must be instalied.
3. Thera are no user connections
for the reference junctions
{Bank A, input 1 of each card).



Figure 3-12

DUT Tast Fixture

234 Individual

Conductors
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7001 #2

f Trgger Link
i

=

Trigger
h

7001 #1
v
g g | oo Link
i%,.e-.% ‘e
e | |
7wy Ll
s == S

.
mn

DUT Test Fixiure

DUTs

Single 1x120 Multiplexer

Simplified Equivalent Circuit

Two-mainframe system example

7001 #1
Card 1 {1x40)
. 7
20 B35 )
E | E instruments
—e ot
40 40
[ |
Card 2 (1x40} 7001
I Analog
—4?“4—?32/ | Backpianae
M IR
8O 8D !
,L;:;:,ij,,_ External
r=— Bank
__10_0_1_#_2___( Connactions
I card 1 (1x40)
Mg 1
| 82 | J
T
120 120 !
Lo - 4
L

Notes: 1. Backplane jumpers for both cards instaltled
in 7001 #1 must be installed.
2. All bank-to-bank jumpers, on all three
cards, must be installed.
A. There are no user cennections for the
referance junction (Bank A, Input 1 of each
card).
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3.5 Model 7014 installation and
removal

This paragraph explains how to install and remove the
Model 7014 multiplexer card assembly from the Model
7001 mainframe.

WARNING

Installation or removal of the Model
7014 is to be performed by qualified
service personnel. Failure fo recog-
nize and observe standard safety pre-
cautions could result in personal
injury or death.

NOTE

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
mainframe.

CAUTION

To prevent contamination to the mul-
tiplexer card that could degrade per-
formance, only handle the card
assembly by the edges and shields.

Multiplexer card installation

Perform the following steps to install the multiplexer
card assembly in the Model 7001 mainframe:

WARNING

Turn off power from all instrumenta-
tion (including the Model 7001 main-
frame} and disconnect their line
cords. Make sure all power is re-
moved and any stored energy in ex-
ternal circuitry is discharged.

1. Mate the connector card to the relay card if they are
separated. Install the supplied 4-40 screw at the end
of the card to secure the assembly (see Figure 3-4).
Make sure to handle the cards by the edges and
shields to prevent contamination.

2. Facing the rear panel of the Model 7001, select the
slot {CARD T or CARD 2} that you wish to install the
card in.

3. Referring to Figure 3-13, feed the multiplexer card
assembly into the desired slot such that the edges of
the relay card ride in the rails.

4. With the ejector arms in the unlocked position, push
the card assembly all the way into the mainframe
until the arms engage into the ejector cups. Then
push both arms inward to lock the card into the
mainframe.

5. Tighten the thumb screw shown in Figure 3-13.

WARNING

Tighten the thumb screw to ensure
proper chassis ground.

Multiplexer card removal

To remove the multiplexer card assembly, first loosen
the thumb screw shown in Figure 3-13, then unlock the
card by pulling the latches outward, and pull the card
assembly out of the mainframe. Remember to handle
the card assembly by the edges and shields to avoid
contamination that could degrade performance.



@ Captive Thumb
Screw

@ CaptiveThumb j \/

Screw @ Lock card

WARNING: Tighten the thumb screw
to ensure proper chassis ground.

Figure 3-13
7014 card installation in Maodef 7001
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Operation

4.1 Introduction

The information in this section is formatted as follows:

4,2 Power limits: Summarizes the maximum power
limits of the Model 7014 multiplexer card assem-
bly.

4.3 Mainframe control of multiplexer card: Summa-
rizes programming steps to control the multiplex-
er card from the Model 7001 Switch System
mainframe.

4.4 Multiplexer switching examples: Provides some
typical applications for using the Model 7014.

4.5 Measurement considerations: Reviews a number
of considerations when using the Model 7014 to
make measurements.

4.2 Power limits
CAUTION

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

Maximum signal levels

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

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

ACsignals: 125V rms or 175V AC peak be-

tween any two pins (terminals), 1A
switched, 60VA (resistive load).

4.3 Mainframe control of multiplexer
card

The following information pertains to the Model 7014
multiplexer card. It assumes that you are familiar with
the operation of the Model 7001 mainframe.

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

4.3.1 Channel assignments

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

Multiplexer organization of the channel status display
for each slot is shown in Figure 4-2. The card contains
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40 channels and is made up of four banks (Bank A, B,
C, and D) of 10 multiplexer inputs as shown in the il-
lustration.

To control a multiplexer (mux) card from the main-
frame, each multiplexer input must have a unique
CHANNEL assignment, which includes the slot num-
ber that the card is installed in. The CHANNEL assign-~
ments for a multiplexer card are provided in Figure 4-
3. Each CHANNEL assignment is made up of the slot
designator (1 or 2) and the multiplexer channel. To be
consistent with Model 7001 operation, the slot designa-

tor and mux input are separated by exclamation points
(!). Some examples of CHANNEL assignments are as
follows:

CHANNEL 112 = Slot 1, Channel 2 {Input 2 of Bank A)

CHANNEL 140 = Slot 1, Channel 40 (Input 10 of Bank
D)

CHANNEL 2123 = Slot 2, Channel 23 (Input 3 of Bank
O

CHANNEL 2!36 = Slot 2, Input 36 {Input 6 of Bank D)

7001 Display
CARD 1 CARD 2
A O B T A I B
[ ] [ ] [ ] n » E L] n [L1]]] L] ] [ ] n ] n [ L1 1]} n n [ [ ]

= Open Channel
wmn = Glosed Channel

Figure 4-1
Channel status display

W BPPPPPPPPR
e PEPPROQPPP R
e 2 PPPOPPPRE
e RPPPPPPRPR

Figure 4-2
Display organization for multiplexer channels
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1 2 3 4 5 6 7 8 g 10

(1] [2] [18] [14] [1s] [1e] [17] [18] [18] [110]

[1111] [112] [1na] [1n4] [11s] [11s] [1u7] [118] [119] [1120]

[121] [1122] [1128] [1124] [1e5] [1126] [1127] [1128] [1128] [1130]

A. Slot1 (Card 1) [131] [1182] [1183] [1134] [135] [1136] [187] [1138] [11@9] [140]
1 2 3 4 5 6 7 8 9 10

[21] [22] [28] [24] [25] [28] [2i7] [28] [28] [210!

[211] [212] [2na] [2n4] [2us]| [21e] [2n7] [2n18] [218] [2:20]

[221] [2122] [2123] [2124] [2125] [226] [2127] [2128] [2129] [21=0]

B. Slot2 (Card2) [2131] [232] [2133] [2134] [235] [2188] [21B7] [2188] [2m9] [2M0]

Examples : 1118 = Slot 1, Channel 18 %Input 8, Bank B)

2136 = Slot 2, Channel 36

Figure 4-3
Model 7074 programming channel assignments

4.3.2 Front panel control
Closing and opening channels

A multiplexer channel is closed from the front panel by
simply keying in the CHANNEL assignment and
pressing CLOSE. For exampie, to close channel 36 (In-
put 6 of Bank D) of a multiplexer card installed in slot
2, key in the following channel list and press CLOSE:

SELECT CHANNELS 2136

The above closed channel can be opened by pressing
OPEN or OPEN ALL. The OPEN key opens only the
channels specified in the channel list, and OPEN ALL

opens all channels.

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

SELECT CHANNELS 2!1, 213, 2122-2125

Input 6, Bank D)

Notice that channel entries are separated by commas
{,)- Acomma 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. Press-
ing CLOSE will close all the channels specified in the
channel list. Pressing OPEN (or OPEN ALL) will open
the channels.

Scanning channels

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

SCAN CHANNELS 2!1, 213, 2121-2125

4-3
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When a scan is performed, the channels specified in the
scan list will be scanned in the order that they are pre-
sented in the scan list.

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

4.3.3 1EEE-488 bus operation

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

Closing and opening channels

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

:CLOSe <list>
:OPEN <list> | ALL

The following statement closes channels 111, and 113
through 1!11:
OUTPUT 707; “:clos (@ 111, 113:1111)”

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

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

OUTPUT 707; “:open (@ 111, 1!3:1!11)"
OUTPUT 707; “:open all”

Scanning channels

There are many commands associated with scanning.
However, it is possible to configure a scan using as lit-

tle as four commands. These commands are listed as
follows:

*RST
‘TRIGger:SEQuence:COUNt:AUTo ON”
‘ROUTe:SCAN <list>

INIT

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

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

10 OUTPUT 707; “*RST”

20 OUTPUT 707; ":trig:seq:coun:auto on”
30 OUTPUT 707; “:scan (@ 1!1:1'40)"

40 OUTPUT 707; “:init”

50 END

Line 10 Selects a default configuration for the scan.
Line 20 Sels channel count to the scan-list-length.
Line 30 Defines the scan list.

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

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

When the above program is run, the scan will be com-
pleted in approximately 240 milliseconds (3msec delay
for each relay close and a 3msec delay for each open),
which is too fast to view from the front panel. An addi-
tional 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 QUTPUT 707; “*RST”

20 OUTPUT 707; “:trig:seq:coun:auto on”
25 OUTPUT 707; “:trig:del 0.25”

30 OUTPUT 707; “:scan (@ 1'1:1140)”

40 OUTPUT 707; “:init”

50 END



Line 5

Line 25 Sets a 4 second delay after each channel
closes.

Opens all channels.

4.4  Multiplexer switching examples

This paragraph presents some typical applications for
the Model 7014. These include thermocouple scanning,
resistor testing, and transistor testing.

CAUTION

Do not switch a current or voltage
source to Channel 1 of the Model
7014. The temperature sensor of the
reference junction does not have in-
put protection. Specify Channel 1 as
a “restricted channel” from the Mod-
el 7001 CONFIGURE SCAN menu so
that it cannot be closed, except when
switching thermocouples.

4.4.1 Thermocouple scanning

A test system to scan thermocouples consists of one or
more thermocouple cards in a switching mainframe
and a DMM, as shown in Figure 4-4. A multimeter with
a temperature function, such as the Model 2001, is de-
scribed because it derives temperature values from
voltage readings.

Trigger signals are used to synchronize Model 7001
channel closures and Model 2001 measurements. In ad-
dition to BNC connections for external triggering, the
Models 7001 and 2001 have a high-speed trigger link
for controlling up fo six instruments.

Operation

The Model 2001 is configured for thermocouple read-
ings with the thermocouple type, reference junction
channel, temperature coefficient, and voltage offset.
These parameters are cntered from its front panel or
programmed from the IEEE-488 bus. See the Model
2001 Operator’s Manual for details.

4.4.2 Resistor testing

The Model 7014 can be used to test a large number of
resistors using only one test instrument or group of in-
struments. Such tests include two-wire and four-wire
resistance measurements using a DMM, and low-resis-
tance measurements using a current source and sensi-
tive digital voltmeter, as discussed in the following
paragraphs.

Two-wire resistance tests

Figure 4-5 shows a typical test setup for making two-
wire resistance measurements. The Model 7014 card
provides the switching function, while the resistance
measurements are made by a Model 199 DMM. Since
only two-pole switching is required for this applica-
tion, one Model 7014 card can be used to switch up to
39 resistors (additional multiplexer banks can be add-
ed, if desired, by adding more cards).

Accuracy of measurements can be optimized by mini-
mizing stray resistance.

Make connecting wires as short as possible to mini-
mize path resistance. Another technique is to short one
of the multiplexer inputs, close the shorted channel
and then enable the DMM zero feature to cancel path
resistance. Leave zero enabled for the entire test.
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Figure 4-4
Thermocouple scanning
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B. Simplified Equivalent Circuit

Figure 4-5
2-wire resistance testing

Four-wire resistance tests

More precise measurements over a wider range of sys-
tem and DUT conditions can be obtained by using the
four-wire measurement scheme shown in Figure 4-6.
Here, separate sense leads from the Model 196 DMM
are routed through the multiplexer to the resistor un-
der test. The extra set of sense leads minimizes the ef-
fects of voltage drops across the test leads. Note,
however, that an extra two poles of switching are re-
quired for each resistor tested. For this reason, only 19
resistors per card can be tested using this configura-
tion,

NOTE

Since Channel 1 of the Model 7014 is
the reference junction, it cannot be
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paired with Channel 21 in the 4-pole
mode, Specify Channel 1 as a “restrict-
ed channel” from the Model 7001
CONFIGURE SCAN menu so that it
cannot be closed.

The Model 7014 can be configured for 19 channels of 4-
pole operation by isolating Banks A and B from Banks
C and D, and by programming the Model 7001 main-
frame for 4-pole mode. The resulting paired channels
are shown in Table 4-1.
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Dual 1x20 MUX
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Banks B and C are
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Ohms Sensa HI |
t
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196 DMM 7014 DuT

B. Simplifie¢ Equivalent Circuit

Figure 4-6
4-wire resistance testing
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Table 4-1

Paired Channels in 4-pole Operation

4.8

N 77.0017 Wéhannel 7
channel pairin Connection
assignment 4-pole designations
2 2and 22 Bank A, In 2 and
Bank C,In 2
3 3 and 23 Bank A, In 3 and
Bank C,In 3
4 ' 4and 24 Bank A, In 4 and
_ Bank C, In4
5  5and 25 Bank A, In 5 and
Bank C,In5
6 6 and 26 Bank A, In 6 and
' Bank C,In 6
7 7and27 | Bank A, In7 and
Bank C,In7
8 8 and 28 Bank A, In8 and
i Bank C,In 8
9 9 and 29 Bank A, In 9 and
Bank C,In9
10 10and 30  Bank A, In 10 and
Bank C, In 10
11 11 and 31 Bank B, In 1 and
‘ Bank D, Inl
12 12 and 32 Bank B, In 2 and
Bank I, In 2
13 13 and 33 Bank B, In 3 and
Bank D, In 3
14 14 and 34 | BankB,In4and
| Bank D, In 4
15 15 and 35 Bank B, In 5 and
Bank D, In5
16 16 and 36 Bank B, In 6 and
Bank D, In6
17 17 and 37 !'BankB,In7 and
Bank D, In7
18 18 and 38 Bank B, In 8 and
Bank D, In 8
19 19 and 39 Bank B, In 9 and
Bank D, In9
20 20and 40 :BankB,In 10 and
\ Bank D, In 10

Bank jumper removal is described in paragraph 3.3.1.
To configure the connector card for 4-pole operation,
only remove the jumpers between Banks B and C
(W203 and W204).

Selecting 4-pole operation for a Model 7001 card slot is
discussed in Section 4 of the Model 7001 Instruction
Manual. After the 4-pole mode is selected, the Model
7001 mainframe will display just 20 channels for the
chasen card slot. Each closed channel will also close its
paired channel on the card.

Although the four-wire connection scheme minimizes
problems caused by voltage drops, there is one other
potentially troublesome area associated with low resis-
tance measurements: thermal EMFs caused by the re-
lay contacts. In order to compensate for thermal EMFs,
the offset-compensated ohms feature of the Model 196
DMM should be used. To use this feature, short the HI
and LO terminals of one of the bank inputs, then close
the relay. Enable zero on the Model 196, then select off-
set-compensated ohms,

Low-level resistance measurements

Many times, it is necessary to make resistance mea-
surements 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 inciude the testing of
PC board traces, contacts, bus bars, and low resistance
shunts.

Figure 4-7 shows a typical test configuration for a
switching system capable of testing a number of low
resistance devices. The Model 220 Current Source forc-
es 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
EMEF offsets generated by relay and connector contacts
will have a detrimental effect on measurement accura-
cy unless steps are taken to avoid them (the Model 7014
has been designed to keep relay EMF at a minimal lev-
el). Thermal EMF effects can be virtually eliminated by
taking two voltage measurements, E; and E,, the first
with the current, 1, flowing in one direction, and the
second with a current, I, of the same magnitude flow-



ing in the opposite direction. The resistance can then be

calculated as follows:

Figure 4-7
Low resistance testing

Operation

Note that simply reversing the current source polarity
will result in a 2x accuracy specification change. To
avoid this problem, matrix switching could be added
to the test system to reverse the current.
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4.4.3 Transistor testing

Typical transistor tests that can be performed with the
aid of the Model 7014 include current gain tests, leak-
age tests, as well as tests to determine the common-
emitter characteristics of the device. The following
paragraphs discuss these tests and give typical equip-~
ment configurations for the tests.

Current gain tests

The DC or static common-emitter current gain of a
transistor can be determined by biasing the transistor
for a specific value of base current, Ig, and then mea-
suring the collector current, I-. The DC common-emit-
ter current gain, P, of the transistor is then determined
as follows:

Figure 4-8 shows the test configuration and equivalent
circuit 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 volt-
age, Vg, and the collector current, I, is measured by
the Model 196 DMM. Switching among the transistors
being tested is, of course, performed by the Model 7014
multiplexer card.

In order to perform the current gain test, the voltage
source is first set to the desired value of Vg The cur-
rent 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 out-
lined above.

In order to reduce errors caused by voltage burden, use
a higher current range on the Model 196 DMM. Doing
s0 will result in the loss of one or two decades of reso-
lution, but 3% or 4¥%-digit resolution will probably be
adequate for most situations.

4.4.4 Resistor temperature coefficient testing

Temperature coefficient is the rate of change of resis-
tance with respect to temperature, typically expressed
as ppm/°C (parts per million per degree centigrade).

410

For example, a resistor that measures exactly 10062 at
25°C with a temperature coefficient of 100ppm/°C
should not change more than 10mQ per °C of temper-
ature change. That resistor measured at 35°C should
read between 99.900 and 100.100€ {1002 £100m&Q).

Temperature coefficient is calculated from the follow-
ing equation:

(AR) ( 106)
T . S S
©="®w@n

where:
TC = temperature coefficient in ppm /°C

AR = change in resistance (reference resistance -
test resistance)

R = actual resistance at the reference temperature

AT = change in temperature (reference tempera-
ture - test temperature)

Typically, several samples of a particular resistor from
a vendor will be tested to verify the specifications. The
temperature coefficient is usually checked at several
temperature points to ensure its integrity over a range
of temperatures.

Evaluation of resistors can be done with a Model 7014
card in a Model 7001 mainframe, along with a Model
2001 multimeter to make temperature and 4-terminal
resistance measurements. Temperature coefficients are
calculated with respect to the resistance measurement
made at a reference temperature. Thermal EMFs gener-
ated by connections in the test circuit are cancelled by
the offset compensated ohms feature of the Model
2001,

Figure 4-8 shows a system that can test accuracy and
temperature coefficient of up to 29 resistors that have
the same specifications (resistance and temperature co-
efficient.

For further information on resistor temperature coeffi-
cient testing, see the following reference:

Simplified Resistor Temperature Coefficient Test Sys-
tem Using Model 196. Keithley Instruments, Applica-
tion Note 811, 1987.
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Resistor temperature coefficient testing
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Common-emitter characteristic tests

Common-emitter characteristics are determined by
setting the base current, Iy, to specific values. At each Iy
value, the collector-emitter voltage, Veg, s swept
across the desired range at specific intervals, and the
collector current, I, is then measured. When the data
are plotted, the result is the familiar family of common-

emitier curves (Figure 4-10).

The same test configuration that is used for current
gain tests can be used for measuring common-emitter
characteristics. The Model 224 is used to set the base
current, Ig, to the desired values. The Model 230 Volt-
age Source provides the collector-emitter voltage, Vg,
and the Model 196 DMM measures the collector cur-
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Figure 4-10
Typical common-emitter characteristics

4.5 Measurement considerations

Many measurements made with the Model 7014 are
subject to various effects that can seriously affect low-
level measurement accuracy. The following para-
graphs discuss these effects and ways to minimize

them.
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4.5.1 Thermocouple measurement error
sources

The reference accuracy specification of the Model 7014
is the sum of the following error sources:

* Reference junction sensor error
* Temperature gradient across the card

* Relay self-heating

You can achieve better card performance by under-
standing how these error sources contribute to the
specification The reference junction temperature and

ite nconoin tad ~ivcisibe avn chare sra AL
L3 AOOUC L e WL l.ll\.ulll}' [28 8 DIIUWII L-ll l lz’-‘)UIQ [

Reference junction sensor

The primary factor determining reference junction ac-
curacy is the operating temperature. By using the Mod-
el 7014 in the 18°C to 28°C range, maximum sensor
performance is achieved.

Temperature gradient

A tammorafiira oradiont af 1229 Aavaln
4 I.Llllr)l’..lul-ul‘., [*% PRV PN PR S ¥ 4 LU}}

connector board (+0.16°C on each 51de of the sensor)
This gradient contributes to the reference error.

Channels that are close to the sensor have the least tem-
perature gradient error (channels 5, 6, 15, 16, 25, 26, 35,
and 36); channels farthest away have the most temper-
ature gradient error (channels 2 and 40).

When making relative temperature measurcments and
not absolute measurements, it is advantageous to use
adjacent channels, as follows:

*  Adjacent channels on the same terminal block (e.g.,
channels 2 and 3) will have no more than 0.035°C
error between them.

* Adjacent channels on different terminals block
{e.g., channels 15 and 25} will have no more than
0.05°C error.
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Relay self-heating

As channels are turned on, heat is dissipated from the
relay coils. This can cause a measurement error up to
0.08°C. The following considerations reduce this error:

* Close only one channel at a time. (The single-chan-
nel mode of the Model 7001 can be used to prevent
the simultaneous closure of multiple channels.)

¢ Keep channel closure time to a minimum. (Worst
case is with a relay closed for five minutes.)

¢ Use the relays closest to the sensor. (Worst cases are
channels 1, 10, 11, 20, 21, 30, 31, and 40.)

* Do not mix switching applications simultaneously,
for example, thermocouple and high energy
switching. The card’s reference accuracy will be af-
fected due to relay contact heating,.

Other error sources

Thermocouple wire -——In most cases, the major source
of error is the thermocouple wire. For the standard
grade of type K thermocouple wire, the erroris 2.2°C or
0.75%, whichever is greater. For the special grade of
type K wire, the error is 1.1°C or 0.4% error.

Offset voltage — The primary source of offset voltage
is the contact potential of the relay, typically <500nV.
Due to self-heating of the relay, the offset voltage could
be 1uV if a channel is closed for five minutes. For a type
K thermocouple, 1uV offset produces 0.024°C of error.

Measurement instrument — The voltage measure-
ment accuracy and temperature conversion algorithm
determine the accuracy of the instrument. The Model
2001 Multimeter has these parameters combined into
one temperature specification. For type K thermocou-
ples, the Model 2001 has 0.5°C accuracy.

Air drafts — For optimum performance, the card
should be protected from drafts. Air currents can cause
a temperature fluctuation under the connector card’s
isothermal cover.
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4.5.2 Path isolation

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

Path isolation resistance forms a signal path that is in
parallel with the equivalent resistance of the DUT, as
shown in Figure 4-11. For low-to-medium device resis-
tance values, path isolation resistance is seldom a con-
sideration; however, it can seriously degrade measure-
ment accuracy when testing high-impedance devices.
The voltage measured across such a device, for exam-
ple, can be substantially attenuated by the voltage di-
vider action of the device source resistance and path
isolation resistance, as shown in Figure 4-12. Also, leak-
age currents can be generated through these resistanc-
es by voltage sources in the system.
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I [ I I
I [ I |
I I o [
[ § Rour | il [
I b Reamn (1 Rin C\DI
I b [ I
I = Epur | ! [ I
I Pl [ I
I | |t I
L 1 L ____ 1 -
MUX Measure
buT Card Instrument

Rour = Source Resistance of DUT
Eopur = Source EMF of DUT
Reamn = Path Isolation Resistance
R = Input Resistance of Measuring Instrument

Figure 4-11
Path isolation resistance

Any differential isolation capacitance affects DC mea-
surement settling time as well as AC measurement ac-
curacy. Thus, itis often important that such capacitance
be kept as low as possible. Although the distributed ca-



pacitance of the matrix card is generally fixed by de-
sign, there is one area where you do have control over
the capacitance in your system; the connecting cables.
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Figure 4-12
Voltage attenuation by path isolation resistance

4.5.3 Magpnetic fields

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

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

Even when the conductor is stationary, magnetically-
induced signals may still be a problem. Fields can be
produced by various signals such as the AC power line
voltage. Large inductors such as power transformers
can generate substantial magnetic fields, so care must
be taken to keep the switching and measuring circuits
a good distance away from these potential noise
sources.
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At high current levels, even a single conductor can gen-
erate significant fields. These effects can be minimized
by using twisted pairs, which will cancel out most of

ﬂm\ unm.lhﬂn finldco
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4.5.4 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 particularly troublesome at low signal lev-
els, but is can also affect measurements at high levels if
the problem is of sufficient severity.
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or TV signals, or some types of electronic equipment
(microprocessors, high speed digital circuits, etc.), or it
can result from impulse sources, as in the case of arcing
in high-voltage environments. In cither case, the effect
on the measurement can be considerable if enough of
the unwanted signal is present.

tirenc ctich ac vadia
Urces Ui as yadilio

RTI can be minimized in several ways. The most obvi-
ous method is to keep the equipment and signal leads
as far away from the RFI source as possible. Shielding
the switching card, signal leads, sources, and measur-
ing instruments will often reduce RFI to an acceptable
level. In extreme cases, a specially-constructed screen

room may be required to sufficiently attenuate the
troublesome signal.

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

4.5.5 Ground loops

When two or more instruments are connected together,
care must be taken to avoid unwanted signals caused
by ground loops. Ground loops usually occur when
sensitive instrumentation is connected to other instru-
mentation with more than one signal return path such
as power line ground. As shown in Figure 4-13, the re-
sulting ground loop causes current to flow through the
instrument LO signal leads and then back through



Operation

power line ground. This circulating current develops a
small but undesirable voltage between the 1O termi-
nals of the two instruments. This voltage will be added
to the source voltage, affecting the accuracy of the mea-
surement.

Signal Leads

Ingtrument 1 Instrumant 2 Instrument 3

T

P

| Greund Loop
n__ Current

T

Il

Power Line Ground

Figure 4-13
Power line ground loops

Figure 4-14 shows how to connect several instruments
together to eliminate this type of ground loop problem.
Here, only one instrument is connected to power line
ground.

Instrument 1 Instrument 2 instrumant 3

: ;

N Power Line Ground

Figure 4-14
Eliminating ground loops

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

4.5.6 Keeping connectors clean

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

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

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

4.5.7 AC frequency response

The AC frequency response of the Model 7014 is im-
portant in test systems that switch AC signals. Refer to
the specifications at the front of this manual.
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WARNING

The information in this section is in-
tended only for qualified service per-
sonnel. Some of the procedures may
expose you to hazardous voltages
that could result 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 7014 multiplexer card and is arranged as fol-
fows:

5.2 Handling and cleaning precautions: Discusses
handling 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
specifications.

5.4 Calibration: Describes calibrating the card to its
specified temperature accuracy.

5.5 Special handling of static-sensitive devices:
Reviews precautions necessary when handling
static-sensitive devices.

5.6 Principles of operation: Briefly discusses circuit
operation.

5.7 Troubleshooting: Presents some troubleshooting
tips for the Model 7014 including relay replace-
ment precautions.

5.2 Handling and cleaning precautions

Because of the high-impedance areas on the Model
7014, care should be taken when handling or servicing
the card to prevent possible contamination. The fol-
lowing precautions 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 associated
with the repair. Do not touch areas adjacent to electrical
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 necessary to use solder on the circuit
board, use an QA-based (organic activated) flux. Re-
move the flux from the work areas when the repair has
been completed. Use pure water along with clean cot-

%3]
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ton swabs or a clean soft brush to remove the flux. Take
care not to spread the flux to other areas of the circuit
board. Once the flux has been removed, swab only the
repaired area with methanol, then blow dry the board
with dry nitrogen gas.

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

5.3 Performance verification

CAUTION

Do not switch a current or voltage
source to Channel 1 of the Model
7014. The temperature sensor of the
reference junction does not have in-
put protection. Specify Channel 1 as
a “restricted channel” from the Mod-
el 7001 CONFIGURE SCAN menu so
that it cannot be closed, except when
scanning thermocouples.

The following paragraphs discuss performance verifi-
cation procedures for the Model 7014, including path
resistance, offset current, contact potential, and isola-
tion.

With the Model 7014’s backplane jumpers installed, the
performance verification procedures must be per-
formed with only one multiplexer card (the one being
checked) installed in the Model 7001 mainframe. These

5-2

conditions do not apply if the backplane jumpers are
removed.

CAUTION

Contamination will degrade the per-
formance of the card. To avoid con-
tamination, always grasp the card by
the side edges. Do not touch the con-
nectors, and do not touch the board
surfaces or components., On plugs
and receptacles, do not touch areas
adjacent to the electrical contacts.

NOTE

Failure of any performance verifica-
tion test may indicate that the multi-
plexer card is contaminated. See para-
graph 5.2 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 humidity of less than 70%.

5.3.2 Recommended equipment

Table 5-1 summarizes the equipment necessary for per-
formance verification, along with an application for
each unit.



Table 5-1
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Verification and calibration equipment

Model or part

Description Specifications Applications
DMM Keithley Model 196 30082 0.01% Path resistance
(or Model 2001) 300mV: 0.008% Reference junction
Electrometer w/voltage source | Keithley Model 617 - 10pA, 100pA; Offset current, path isclation
" 1.6% 100V source;
0.2%
Sensitive Digital Voltmeter Keithley Model 182 3mV; 60ppm Contact potential
Triax cable (unterminated) Keithley Model 7025 — Offset current
Low thermal cable | Keithley Model 1484 — Contact potential
(unterminated) :
Thermistor probe Thermometrics . £0.005°C accuracy = Reference junction, calibration
Series CSP A207A |
Reference thermometer — ' +0.01°C with ther-  Reference junction, calibration
: : | mistor
Distilled water ice bath (Dewar . . £0.1°C Calibration

flask or Thermos)

5.3.3 Reference junction test

This procedure verifies that the card is operating with-
in its temperature specification. A Model 7001 Switch
System is used to close Channel 1 of the card.

1. Turn on a Model 196 and set it to the 300mVDC
range. Short the test leads together. Zero the multi- 5
meter after the thermals have stabilized (two hours
if from cold-start). A Model 2001 can be used on

Use a probe with a specified accuracy of =0.005°C.
The combination of the probe and reference ther-

mometer should be accurate to 0.01°C.

3. Coat the probe with a thermally conductive com-
pound and insert it into the 0.110” hole marked

“CAL” in the isothermal cover.
4. Use the Model 7001 front panel to close Channel

11,

the 200mVDC range; let it warm up for one hour.

2. Set up the test equipment as shown in Figure 5-1
and let it warm up one hour. Remove the cover of 6
the Model 7001 as explained in paragraph 7.5 of
the Model 7001 Instruction Manual. Insert a Model
7014 card and protect it from air drafts.

. Take a reading from the reference thermometer.
Use the following equation to calculate the equiva-
lent reference junction output voltage (Vggr):

Vier = (T; +273.15) x 0.0002

. Read the voltage across the output of Bank A.
Compare the measured and calculated voltages. If
they differ by more than 52uV (0.26°C), perform
the calibration procedure of paragraph 5.4.1.

5-3
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Figure 5-1
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Service Information

5.3.4 Channel resistance tests 7.
Perform the following steps to verify that each contact g
of every relay is closing properly and that the resis-

tance is within specification. o

1. Turn off the Model 7001 if it is on.

. Turn on the Model 196, and allow it to warm up for

. 10.
one hour before making measurements.
. Connect all input terminals of Bank A together to
form one common terminal, as shown in Figure 5- 1

2

. Set the Model 196 to the 300Q range and connect
the four test leads to the OHMS and OHMS SENSE
input jacks.

. Short the four test leads together and zero the
Model 196. Leave zero enabled for the entire test.

. Connect OHMS HI and OHMS SENSE HI of the
Model 196 to the common terminal (jumper on
Bank A inputs). It is recommended that the physi-
cal connections be made at inputs 2 and 10 of Bank
A, as shown in Figure 5-2.

Ohms Sense Hi

12

13.

14.

Connect OHMS LO and OHMS SENSE LO to the
HI (H) terminal of Bank A.

. Install the Model 7014 in slot 1 {CARD 1) of the

Model 7001.

Turn on the Model 7001 and program it to close
Channel 112 (Bank A, Input 2). Verify that the resis-
tance of this path is <1Q.

Open Channel 1!2 and close Channel 1!3 (Bank A,
Input 3). Verify that the resistance of this path is
<162,

Using the basic procedure in steps 9 and 10, check
the resistance of Bank A HI (H) terminal paths for
Inputs 4 through 10 (Channels 1!4 through 1!10).

Turn off the Model 7001 and move the OHMS LO
and OHMS SENSE LO test leads to the LO {L) ter-
minal of Bank A.

Repeat steps 9 through 11 to check the LO (L) ter-
minal paths of Bank A (Channels 12 through 1!10).

Repeat the basic procedure in steps 1 through 13
for Banks B through D (Channels 1!11 through
1!40).

@/,,)i Ohms HI
DO ol E
Bl e
oA v I
Model 196 | | mer
(Measurs 4-Wire Ohms) I A:JlCN Y ﬁq\fﬁﬁT
Ohms 1

.8l

Sense LO

Note : Connections are set

Bank
Outputs

up to test Bank A HI

!
1]
I

4

,._

Bank inputs

Model 7014

Figure 5-2
Path resistance test connections

5-5



Service Information

5.3.5

Offset current tests

These tests check leakage current between HI (H) and
LO (L) (differential offset current) and from HI (H) and
LO (L) to chassis {common-mode offset current) of
each pathway. In general, these tests are performed by
simply measuring the leakage current with an elec-
trometer. In the following procedure, the Model 617 is
used to measure the leakage current. Test connections
are shown in Figure 5-3.

Perform the following procedure to check offset cur-
rent:

1.

5-6

Turn off the Model 7001 if it is on, and remove any
jumpers or wires connected to the multiplexer
card.

Connect the triax cable to the Model 617, but do not
connect it to the multiplexer card at this time.

. Turn on the Model 617 and allow the unit to warm

up for two hours before testing. After warm up, se-
lect the 200pA range, and enable zero check and
zero correct in that order. Leave zero correct en-
abled for the entire procedure. Also, be certain that
V-, GUARD is OFF and ground strap is connect-
ed to LO.

Connect the triax cable to Bank A HI and LO, as
shown in Figure 5-3A.

10.

1.

12.

13.

14.

. Install the Model 7014 in slot 1 (CARD 1) of the

Model 7001.

. Turn on the Model 7001 and program the unit to

close Channel 112 (Bank A, Input 2).

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 pathway.

Enable zero check on the Model 617 and open
Channel 112 from the front panel of the Model
7001.

Repeat the basic procedure in steps 6 through 8 to
check the rest of the pathways (Inputs 3 through
10) of Bank A (Channels 1!3 through 1!10).

Turn off the Model 7001 and change the electrome-
ter connections to Bank B.

Repeat the basic procedure in steps 6 through 10 to
check Bank B, Inputs 1 through 10 (Channels 1111
through 1120).

Repeat the basic procedure in steps 6 through 11
for Banks C and D (Channels 1121 through 1140).

Turn off the Model 7001 and change the electrome-
ter connections, as shown in Figure 5-3B. Note that
electrometer HI is connected to HI and LO of the
Bank A output, which are jumpered together. Elec-
trometer LO is connected to chassis.

Repeat steps 6 through 12 to check that the com-
mon mode offset current is <100pA.
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Modal 7025

Unterminated
Triax Gable Bank Inputs

10

Model 617

>—e
JD—. — —e

to test Bank A pathways for
offset current.

|
|
(Measure Current) E ) CI I I I I L CB)?J?;UB
!
I * L
Note : Setup shown is configurad : -Dl I I I I I l I H
to test Bank A pathways for | L
offset currant. ) H L H t H L H L H L H L H L H L H H L
U PSP
Model 7014
A) Differential
Model 7025
merminated Bank Inputs
___________________________________ |
REF !
JCN :
Al 1 I 2 I 3 I 4 I 5 l 8 I 17 I 8 I 9 I 10 -
i
==t F
— -3 D O 6 O N D 0 D 0 0 0 0 O A O Ay
{Measure Current) ' L
ELCR A R I N U S A (O D U0 NP o
[ L
IR T AN
Note : Setup shown is configured : L
|
|

Model 7014

B) Common-Mode

Figure 5-3
Differential offset current test connections
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5.3.6 Contact potential tests 7. Install the Model 7014 in the Model 7001 slot 1, and
turn on the Model 7001.
These tests check the EMF generated by each relay con- 8. Allow Models 7001, 7014 and 182 to warm up for
tact Pat1r EH and L) for e.a;:h p;‘th“:rzily. 'I"I}:;tists (s;dmsl); two hours.
consist of using a sensitive digital voltmeter (Mode
182) to measure the contact potential. See Figure 5-4. 9. Select the 3mV range on the Model 182.
10, Press REL, READING (on the Model 182) to null
out internal offsets. Leave REL READING enabled
Perform the following procedure to check contact po- for the entire procedure,
tential of each path: 11. Turn off the Model 7001. Remove the Model 7014
from slot 1. Cut the short on B and D output HI to
1. Turn off the Model 7001 if it is on. LO.
2. Place jumpers between Banks A-B, B-C, and C-D. 12. Install the Model 7014 in the Model 7001 slot 1, and
3. Turn on the Model 182 and allow the unit to warm hm_‘l powe'r on.
up to achieve rated accuracy. 13. Wait 15 minutes.
4. Place a short between HI to LO on each input 14, Program the Model 7001 to close Channel 112.
(Channels 2-40). 15. After settling, verify that reading on the Model 182
5. Place a short between HI to LO on output Bank D is <1“‘,]' This measurement represents the contact
(long enough to cut with wire cutters). potential of the pathway.
6. Connect the Model 182 input leads to HI and L0 10 From the Model 7001, open Channel 112,
output Bank A using copper wires. 17. Repeat steps 12 through 14 for all 39 channels.
Low Theral Cable Low inermalshort
(Unterminated) - oaklpus copper (1 of 39
82 SENGITAE (HGTEA VX TMETFR W : o :
| JoN |
[oo|ojojo[odale ol Al 11("2 pra pmp{,psp:r‘ 'SPQF"UH'
xﬁuunnumﬁuq_@ o L:
Model 182 P.efy £y £y £y £ £y £y £y .
' L
prasas D00 ol
. _ | L
O oemamatw 1 of Y £} {) AIAIAIEA IANES I
relays for contact potential. | M |
L
: H L H L H L H L H L H L H L H L H L ;‘
]
Model 7014
Figure 5-4

Contact potential test connections
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5.3.7 Bank and channel-to-channel isolation 3. On the Model 617, select the 2pA range, and enable
tests zero check and zero correct in that order. Leave
zero correct enabled for the entire procedure.
Bank isolation tests check the leakage resistance be- 4. C}:)nnec't th_e electrometer to the Model 7014, as
tween adjacent banks. Channel-to-channel isolation shown in Figure 5-5. .
tests check the leakage resistance between a Bank Out- 5. Install the Model 7014 in slot 1 (CARD 1) of the
put connection and a Bank Input connection with an Model 7001 and turn on the mainframe.
adjacent Bank Input relay closed. In general, the tests 6. On the Model 617, select the 20pA range and re-
are performed by applying a voltage (100V) across the lease zero check.
leakage resistance and then measuring the current. The 7. On the Model 617, press SUPPRESS to cancel offset
isolation resistance is then calculated as R = V /L. In the current, then enable zero check.
following procedure, the Model 617 functions as both a
voltage source and an ammeter. In the V/I function,
the Model 617 internally calculates the resistance from WARNING
thel kl:lown voltage and current levels and displays the The following steps use high voltage
resistive value. (100V). Be sure to remove power
from the circuit before making con-
nection changes.
Perform the following steps to check bank and chan-
nel-to-channel isolation:
8. On the Model 617, set the voltage source for +100V,
o and select the 20nA current range. Make sure the
1. :Turn off the Mo;leldm()] ifitis gn, arll]d remlo've; any voltage source is in standby.
]mr;ipers or test leads connected to the multiplexer 9. Place the Model 617 in the V /I measurement func-
card. tion by pressing SHIFT OHMS.
2. Turn on the Model 617 and allow the unit to warm 10. Program the Model 7001 to close Channels 1/12 and
up for two hours before testing. 1!13 (Bank A, Input 2 and Bank B, Input 3).
Mode! 7025
Untarminated
Banana 1o Banana Cable Triax Cable Bank Inputs
Ground Ltok~, |  }f  -—————— T T = === — =
Removed — : REF :
. I JCN |
o ! Al WI 2I GI 41 SI EI 7_1 BI BI 10“ :
. I L
| N U A 6 0 U A 0 O 1 1 O O 1 O 0 5
Fﬁ:;zr: %’r}ld ! L | Bank
n
Model 617 y : <11 11111 171 | 1 1. | Gutpuis
| M |
[ Co
nterminated Y- 6 D O O 0 G O A O A
: H L B L H H L H L H L H L H L H L H L ’ i
Note : Setup shown is configurad : |
totes! isolationbatwgen ~ — T T T T T T T T T T T T T T T T T T T e T e e e
Bank A and Bank B. Model 7014
Figure 5-5

Bank isofation test connections
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11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

On the Model 617, disable zero check and press
OPERATE to source +100V.

After allowing the reading on the Model 617 to set-
tle, verify that it is >1G€ (1 0°Q). This measurement
is the leakage resistance (bank isolation) between
Bank A, Input 2 and Bank B, Input 3.

Place the Model 617 voltage source in standby and
enable zero check.

Turn off the Model 7001 and move the electrometer
connections to Banks B and C.

Install the Model 7014 in slot 1 of the mainframe
and turn on the Model 7001.

Program the Model 7001 to close Channels 1111
and 1!122 (Bank B, Input 1 and Bank C, Input 2).

On the Model 617, disable zero check and press
OPERATE to source +100V.

After allowing the reading on the Model 617 to set-
tle, verify that it is >1GQ (10°Q2).

Place the Model 617 voltage source in standby and
enable zero check.

Turn off the Model 7001 and move the electrometer
connections to Banks C and D.

Install the Model 7014 in slot 1 of the mainframe,
and turn on the Model 7001.

Using Table 5-2 as a guide, repeat the basic proce-
dure of steps 16 through 18 for the rest of the path
pairs (test numbers 3 through 9 in the table).

Table 5-2
Bank isolation test summary

23.

24,

25.

26.

27.

28,

29,

30.

31

Place the Model 617 voltage source in standby and
enable zero check.

NOTE

Refer to the following procedure to
check channel-to-channel isolation.

Turn off the Model 7001 and connect the Model 617
to the card as shown in Figure 5-6.

Install the Model 7014 in slot 1 of the Model 7001,
and turn on the mainframe.

Program the Model 7001 to close Channel 1!3
(Bank A, Input 3). Make sure all other channels are
open.

On the Model 617, disable zero check and press
OPERATE to source 100V.

After allowing the reading on the Model 617 to set-
tle, verify that it is >1GQ (10°Q),

Place the Model 617 voltage source in standby, and
enable zero check.

Using Table 5-3 as a guide, perform tests 2 through
8 for the remaining Bank A Inputs. Remember to
move Bank Input connections as indicated in the
table.

Use Table 5-3 (test numbers 9 through 35) and the
above procedure to test Banks B, C, and D.

m;rlflsl:er Bank isolation Test equipment location Channels closed*

1 Bank A, Input 2 to Bank B, Input 3 Bank A and Bank B 112 and 1113

2 . Bank B, Input 1 to Bank C, Input 2 Bank B and Bank C © 1111 and 1122
3 . Bank C, Input 3 to Bank D, Input 4 Bank C and Bank D 1123 and 1!34
4 Bank C, Input 4 to Bank D, Input 5 Bank C and Bank D 1124 and 1135
5 Bank C, Input 5 to Bank I3, Input 6 Bank C and Bank D 1125 and 1136
6 Bank C, Input 6 to Bank D, Input 7 Bank C and Bank D 1126 and 1137
7 . Bank C, Input 7 to Bank D, Input 8 Bank C and Bank D - 1127 and 1138
8 Bank C, Input 8 to Bank D, Input 9 Bank C and Bank D 1!28 and 1!39
9 Bank C, Input 9 to Bank D, Input 10 ! Bank C and Bank D 1129 and 1!40

*Assumes Model 7014 installed in slot 1 of mainframe. Programmed as slot (1) and channel,




Service Information

Meodel 7025
Untarminated
Triax Cable
Jumper
Banana to Banana Cable
Greund Link r———- e ———— e e e
RAsmoved Bank Inputs
- REF
JON

40 0 A O L O A B D B
0 D R 0 D 06 I R A (0 A
]
!

Source V and

,.
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) w | Qutputs
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Unterminated
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Model 7014

Figure 5-6
Channel-to-channel isolation test connections
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Table 5-3

Channel-to-channel isolation test summary

| ——— —— , . e

- Test Channel

number | Channel-to-channel isolation Test equipment location closed”

1 Bank A, Input 2 to Bank A, Input 3 Bank A and Input 2 113
2 Bank A, Input 3 to Bank A, Input 4 Bank A and Input 3 14
3 ! Bank A, Input 4 to Bank A, Input 5 Bank A and Input 4 115
4 Bank A, Input 5 to Bank A, Input 6 | Bank A and Input 5 16
5 Bank A, Input 6 to Bank A, Input 7 Bank A and Input 6 17
6 Bank A, Input 7 to Bank A, Input 8 Bank A and Input 7 118
7 Bank A, Input 8 to Bank A, Input 9 Bank A and Input 8 119
8 Bank A, Input 9 to Bank A, Input 10 Bank A and Input 9 1110
9 Bank B, Input 1 to Bank B, Input 2 Bank B and Input 1 1112
10 Bank B, Input 2 to Bank B, Input 3 Bank B and Input 2 113
11 - Bank B, Input 3 to Bank B, Input 4 Bank B and Input 3 1!14
12 Bank B, Input 4 to Bank B, Input 5 Bank B and Input 4 1115
13 Bank B, Input 5 to Bank B, Input 6 Bank B and Input 5 116
14 Bank B, Input 6 to Bank B, Input 7 Bank B and Input 6 7
15 Bank B, Input 7 to Bank B, Input 8 Bank B and Input 7 1118
16 Bank B, Input 8 to Bank B, Input 9 Bank B and Input 8 1119
17 Bank B, Input 9 to Bank B, Input 10 Bank B and Input 9 1120
18 Bank C, Input 1 to Bank C, Input 2 Bank C and Input 1 1122
19 Bank C, Input 2 to Bank C, Input 3 Bank C and Input 2 1123
20} Bank C, Input 3 to Bank C, Input 4 Bank C and Input 3 1124
21 " Bank C, Input 4 to Bank C, Input 5 Bank C and Input 4 1125
22 Bank C, Input 5 to Bank C, Input 6 Bank C and Input 5 1126
23 Bank C, Input 6 to Bank C, Input 7 Bank C and Input 6 1127
24 Bank C, Input 7 to Bank C, Input 8 Bank C and Input 7 1128
25 Bank C, Input 8 to Bank C, Input 9 Bank C and Input 8 1129
26 Bank C, Input 9 to Bank C, Input 10 Bank C and Input 9 1130
27 Bank D, Input 1 to Bank D, Input 2 Bank D and Input 1 1132
28 Bank D, Input 2 to Bank D, Input 3 Bank D and Input 2 1133
29 Bank D, Input 3 to Bank D, Input 4 Bank D and Input 3 1134
30 Bank D, Input 4 to Bank I, Input 5 Bank D and Input 4 1135
31 Bank D, Input 5 to Bank D, Input 6 Bank D and Input 5 1136
32 BankD, Input 6 to Bank D, Input 7 Bank D and Input 6 1137
33 Bank D, Input 7 to Bank D, Input 8 : Bank D and Input 7 1138
34 Bank D, Input 8 to Bank D, Input 9 Bank D and Input 8 1139
35 Bank D, Input 9 to Bank D, Input 10 Bank D and Input 9 1140

*Assumes Model 7014 installed in slot 1 of mainframe. Programmed as slat {1) and channel,




5.3.8 Differential and common-mode isola-
fion tests

These tests check the leakage resistance (isolation) be-
tween HI (H) and LO (L) (differential), and from HI (H)
and LO (L) to chassis (common-mode) of every bank
and channel. In general, the test is performed by apply-

_ Service Information

WARNING

The following steps use high voltage
{100V}, Be sure to remove power
from the circuit before making con-
nection changes.

ing a voltage (100V) across the terminals and then mea- 4. Onthe Model 617, set the voltage source for +100V,
suring the leakage current. The isolation resistance is and select the 200nA current range. Make sure the
then calculated as R = V/I. In the following procedure, voltage source is still in standby.
the Model 617 functions as a voltage source and an am- 5. Place the Model 617 in the V /I measurement func-
meter. In the V/I function, the Model 617 internally cal- tion by pressing SHIFT OHMS
culates the resistance from the known voltage and o th ) dgl ) ' i
current levels, and displays the resistance value. 6. With the Model 617 in standby, connect the elec-
trometer to Bank A of the multiplexer card, as
shown in Figure 5-7.
. . . 7. Install the Model 7014 in slot 1 ({CARD 1) of the
Perform the following steps to check differential and .
common mode isolation: mainframe, and turn on the Model 7001.
8. Make sure all the relays are open. (Press OPEN
LL .

1. Turn off the Model 7001 if it is on, and remove any ALL on the Model 70(,)1 ) ’ " y
jumpers and test leads connected to the multiplex- 9. On the Model 617, disable zero check, and press
er card. OPERATE to source 100V,

) 10. Atfter allowing the reading on the Model 617 to set-

2. Turn on the Model 617 and allow the unit to warm tle, verify that it is >1GQ (10°Q). This measurement
up for two hours for rated accuracy. is the differential leakage resistance (isolation) of

3. On the Model 617, select the 2pA range, and enable Bank A.
zero check and zero correct in that order. Leave 11. Place the Model 617 in standby and enable zero
zero correct enabled for the entire procedure, check.

Modal 7025
Unterminated
Banana to Banana Gabla Triax Gable
™ T T T T T T T Bk impots )
| | REF 4
| JCN |
W !Al 11 2I3I415!GITIBIQI‘IOHI
] (Red) | L :
IBIIJIIIIiLI,.:
Model 617 : L
T It LIt LT I T I 1L e
Untarminated : o Cutputs
Banana Cable : DI I I I I I I I I I } :
Note : Setup shown is configured to ! - :
test isolation between HI and | H L H L H H H oL H L H oL H oL H L H L |
LO of Bank A. I 1
Model 7014

Figure 5-7
Differential isolation test connections
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12.

i3.

14.

15.

16.

17.

18.

19.

Program the Model 7001 to close Channel 112
(Bank A, Input 2).

On the Model 617, disable zero check and press
OPERATE to source +100V,

After allowing the reading on the Model 617 to set-
tle, verify that it is also >1GQ (10°Q). This measure-
ment checks the differential isolation of Input 2.
Using Table 5-4 as a guide, repeat the basic proce-
dure in steps 11 through 14 to test Inputs 3 through
10 of Bank A (test numbers 3 through 10 of the ta-
ble).

Use Table 5-4 (test numbers 11 through 43) and the
above procedure to test Banks B, C and D.

Place the Model 617 voltage source in standby and
enable zero check.

NOTE

Refer to Figure 5-8 for the following
procedure to check common mode
isolation.

Turn off the Model 7001, and connect the electrom-
eter to the Model 7014 as shown in Figure 5-8.

Repeat steps 4 through 16 to check common mode
isolation. Verify that each reading is >1GQ (10°Q).

Table 5-4
Differential and common-mode isolation testing

Test Differential or com- . Channel

number mon mode isolation | closed*
1 Bank A None
2 Bank A, Input 2 112
3 Bank A, Input 3 13
4 Bank A, Input 4 114
5 Bank A, Input 5 115
6 Bank A, Input 6 : 116
7 . Bank A, Input 7 17
8 Bank A, Input 8 118
9 Bank A, Input 9 119
10 Bank A, Input 10 110
11 Bank B None
12 Bank B, Input 1 1111
13 Bank B, Input 2 ! 1112
14 Bank B, Input 3 1113
15 ~ Bank B, Input 4 1114
16 Bank B, Input 5 1115
17 Bank B, Input 6 1116
18 Bank B, Input 7 1m7z
19 Bank B, Input 8 1118
20 Bank B, Input 9 1119
21 Bank B, Input 10 1120
22 Bank C None
23 Bank C, Input 1 1121
24 i Bank C, Input 2 1122
25 Bank C, Input 3 1123
26 Bank C, Input 4 1124
27 Bank C, Input 5 1125
28 Bank C, Input 6 1126
29 Bank C, Input 7 1127
30 Bank C, Input 8 1128
31 . Bank C, Input 9 : 1129
32 " Bank C, Input 10 1130
33 Bank D None
34 Bank D, Input 1 1131
35 Bank D, Input 2 1132
36 Bank D, Input 3 1133
37 Bank D, Input 4 1134
38 Bank D, Input 5 1135
39 Bank D, Input 6 1136
40 i Bank D, Input 7 1137
41 Bank D, Input 8 1!38
42 Bank D, Input 9 1139
43 Bank D, Input 10 1140

*Assufnes Model 7014 ihstalled“i;;io_tml- of mainframe. Pro-
grammed as slot (1) and channel.
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Figure 5-8

Common-mode isolation test connections

5.4 Calibration

There are two calibration procedures given here. The
first procedure establishes the specified accuracy of the
Model 7014 card with a calibrated thermistor probe
monitoring the temperature under the isothermal cov-
er. The second procedure establishes an ice-point refer-
ence for a piece of thermocouple wire from the spool
intended for a Model 7014 application.

Both calibration procedures should be performed at an
ambient temperature of 23°C +3°C, and a relative hu-
midity of less than 70%.

NOTE

It is recommended that the Model
7014 is calibrated in the same Model
7001 mainframe being used for nor-
mal applications.

5.4.1 Calibration with thermistor probe

This procedure requires a calibrated thermistor probe
{Thermometrics Series CSP A207A or equivalent). The
test can be automated with a bus controller,

Bench reset conditions are assumed for the Models
7001 and 2001. In general, the procedure has the fol-
lowing steps:

1. Set a Model 196 DMM on the 300kQ range, or a
Model 2001 Multimeter on the 200k range. (The
short circuit currents are 50uA and 7uA, respec-
tively. Due to the self-heating effects of the ther-
mistor probe at higher current, do not use a lower
resistance range.) Let the Model 196 warm up for
two hours; the Model 2001 for one hour.

2. Set another Model 196 on the 300mVDC range, or
a Model 2001 on the 200mVDC range. Insert a 2-
terminal low thermal shorting bar into the voltages
inputs. Zero the Model 196 after two hours (one
hour for the Model 2001) and remove the shorting
bar.

3. Set up the test equipment as shown in Figure 5-9.
Remove the cover of the Model 7001 as explained
in paragraph 7.5 of the Model 7001 Instruction
Manual.

4. Unscrew and remove the top clamp on the connec-
tor card of the Model 7014 to allow access to trim-
mer R204, Insert the card into the Model 7001 and
protect it from air drafts.

5. Coat the probe with a thermally conductive com-
pound and insert it into the 0.110” hole marked
“CAL” in the isothermal cover.
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9. Close Channel 1 on the Model 7014 card and read

the output voltage; it should equal the Vggg just cal-
culated. Adjust trimmer R204 until the equivalent

Check the probe resistance again, and find the cor-
responding temperature with the lookup tables. If
the new value differs by more than 0.01°C from the
temperature found in step 7, repeat steps 8 and 9.

6. Take a reading of the probe resistance when it sta-
bilizes.
7. Using the lookup tables for the CSP A207A probe,
find the Celsius temperature that corresponds to temperature equals:
the above probe resistance. This is the temperature
under the isothermal cover as measured by the (probe temp. + 0.04°C) = 0.05°C
probe.
8. The following equation calculates the equivalent 10.
reference junction output voltage (Vyge):
Vegr = (TJ + 273.15) x 0.0002
Model 7014 in Model 7001
R |
@
"R
i
|
Ohms Sense HI
_ 21l onmshi
amad @I Ohms LO ———— Thermister
E.- ooy | I Ohms Sanse LO Prabe
' ] oA
Modei 196 (& fon)
{Measura 4-wira ohms} - - |
i
\ / 1
\
HEFEK T0 SERWIE SLETION OF
MANUM. BEFORE REMOVING THESE
' L U i \ \ 3 J
‘ ‘ WARNING: £ iwrercomnEcTiDn. INSTALLATION AND RENOVAL BT
CUALFIED SERVICE PEASONMEL OMLY. TO- PREVENT ELECTREC SHOCK, DISABLE
|| R s ekt
_ Volis HI i
gn ‘ p\.;\(f).ggm@& h%uwumnmmumurnrwmm‘mﬁi
o N e _J
WlElculEaa]l - T e
Volts ] —I ]
Model 196 Lo
{Measure volts) 7 Bank A OUTHI
Copper Wires Bank A QUF LO
Figure 5-9

Calibration with thermistor probe
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5.4.2 Calibration with thermocouple wire

This procedure compensates for errors of the reference
junction circuitry and establishes a compensation fac-
tor for the offset of the particular piece of thermocouple
wire. Because of an inherent error source, the thermo-
couple wire used in measuring the ice-point, absolute
calibration accuracy cannot be guaranteed.

Assuming the homogeneity of the thermocouple wire
spool, errors due to thermocouple offset voltages will
be significantly reduced for the entire system. For sub-
sequent applications of this particular Model 7014
card, the same spool of wire should be used on the
same channel (or one on the same terminal strip), oth-
erwise the Model 7014 should be recalibrated.

This procedure assumes bench reset conditions on the
Models 7001 and 2001.

1. On a Model 7014, connect the thermocouple posi-
tive lead to Channel 2 HI and the negative lead
(red insulation) to Channel 2 LO. Connect copper
wires to the HI and LO outputs of Bank A. Route
all wires through the cable clamp and insert a small
non-metallic screwdriver to adjust trimmer R204.
See Figure 5-10.

2. Insert the Model 7014 into a Model 7001. Connect
the output wires to the INPUT HI and LO termi-
nals of the Model 2001.

3. Tumn on both instruments and allow them to warm
up for at least one hour.

Service Information

4. Fill a Dewar flask or Thermos half full with pea-
sized ice made from distilled water. Fill up the
flask with distilled water. Stir the contents.

5. Place a twisted or welded thermocouple junction
into the volume of the flask occupied by ice, Cover
the flask and stir contents occasionally. Allow 20
minutes for temperature stabilization. Add more
ice as necessary.

6. On the Model 2001, select the TEMP function and
configure it:
» Select a temperature sensor of thermocouple
and its type.

¢ Configure reference junction #1 with the tem-
perature coefficient (+00.20mV /°C) and offset
voltage (+54.63mV @ 0°C) of a Model 7014,

¢  Select temperature units of DEG-F (to yield
better resolution than DEG-C).

7. From the CONFIG-CHAN menu of the Model
2001, select external inputs (two channels), the JN1
function for Channel 1, and the TMP function for
Channel 2.

8. From the CARD-CONFIG menu of the Model
7001, select a delay of 1sec for slot one. From the
SCAN-CONFIG menu, select channel spacing of
IMMEDIATE., Also from the Model 7001, select a
scan list of 1!1, 112,

9, Press STEP on the Model 7001 to start a continuous
scan of Channels 1 and 2.

10. Note the reading on the Model 2001 displays when
Channel 2 is closed. If the display reads other than
32.0°F adjust trimmer R204 on the Model 7014 card
until the Model 2001 reads 32.0°F, 1 count.

11. Press OPEN ALL on the Model 7001 to stop the
scarn.
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Figure 5-10
Calibration with thermocouple wire
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5.5 Special handling of static-sensitive
devices

CMOS and other high-impedance devices are subject
to possible static discharge damage because of the
high-impedance levels involved. When handling such
devices, use the precautions listed below.

NOTE

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

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

2. Remove the devices from their protective contain-
ers only at a properly-grounded workstation. Also,
ground yourself with an appropriate wrist strap
while working with these devices.

Service Information

3. Handle the devices only by the body; do not touch
the pins or terminals.

4. Any printed circuit board into which the device is
to be inserted must first be grounded to the bench
or table.

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

5.6  Principles of operation

The following paragraphs discuss the basic operating
principles for the Model 7014, and can be used as an
aid in troubleshooting the card. The schematic drawing
of the relay card is shown on drawing number 7014-
106, located at the end of Section 6.

5.6.1 Block diagram

Figure 5-11 shows a simplified block diagram of the
Model 7014. Key elements include the relay drivers
and relays, as well as the ROM, which contains card ID
and configuration information. These various elements
are discussed in the following paragraphs.

CLK Channel 1 Referepce
Relay Relays Junction
~Data < Drivers
To Mainf : User connections
o Mainframe Strobe < >
U100-
Enable U104
ID CLK
To Mainf L2 ROM
o Mainframe D DATA
U105

Figure 5-11
Model 7014 block diagram
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5.6.2 ID data circuits

Upon power-up, card identification information from
each card is read by the mainframe. This ID data in-
cludes such information as card ID, hardware settling
time, and relay configuration information.

ID 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 UJ105) is held
high. This action initiates a start command to the

Figure 5-12
Start and stop sequences

IDDATA

sData output
rom mainframe

ROM to transmit data serially to the mainframe
(Figure 5-12).

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 main-
frame, and it then transmits data at that location
back to the mainframe (Figure 5-13).

. The mainframe then transmits an acknowledge

signal, indicating that it requires more data. The
ROM will then sequentially transmit data after
each acknowledge signal it receives.

. Once all data is received, the mainframe sends a

stop command, which is a low-to-high transition
of the IDDATA line with the IDCLK line held high
(see Figure 5-12).

top Bit

or ROM) —\'\ / X

IDDATA f
I

gData output
rom mainframe

or RCM)
Start

Figure 5-13
Transmit and acknowledge sequence
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5.6.3 Relay control

Card relays are controlled by serial data transmitted
via the relay DATA line. A total of five bytes for each
card are shifted in serial fashion into latches located in
the card relay driver ICs. The sertal data is clocked in
by the CLK line. As data overflows one register, it is fed
out the Q'S line of the register down the chain.

Once all five bytes have shifted into the card, the
STROBE line is set high to latch the relay information
into the Q outputs of the relay drivers, and the appro-
priate relays are energized (assuming the driver out-
puts are enabled, as discussed below). Note that a relay
driver output goes low to energize the corresponding
relay.

5.6.4 Reference junction

NOTE

The circuit discussed below is located
on the connector board of the Model
7014. See schematic diagram 7014-166
in Section 6.

The temperature of the reference junction on Channel 1
is measured by a semiconductor temperature trans-
ducer (U201). U201, R201, R203, and R204 form the iso-
thermal measurement circuit. R204 is a calibration
adjustment potentiometer that compensates for errors
introduced by U201, R203, and R201.

5.6.5 Power-on safeguard

NOTE

The power-on safeguard circuit dis-
cussed below is actually located on the
digital board in the Model 7001 main-
frame.

A power-on safeguard circuit, made up of Ull4 (a D-
type flip-flop) and associated components ensures that
relays do not randomly energize on power-up and
power-down. This circuit disables all relays (all relays
are open) during power-up and power-down periods.

Service Information

The PRESET line on the D-type flip-flop is controlled
by the 68302 microprocessor, while the CLK line of the
D-type flip-flop is controlled by a VIA port line on the
68302 processor. The Q output of the flip-flop drives
each switch card relay driver IC enable pin (U100-
U104, pin 8).

When the 68302 microprocessor is in the reset mode,
the flip-flop PRESET line is held low, and Q out imme-
diately goes high, disabling all relays (relay driver IC
enable pins are high, disabling the relays). After the re-
set condition elapses (=200msec), PRESET goes high
while Q out stays high. When the first valid STROBE
pulse occurs, a low logic level is clocked into the D-
type flip-flop, setting Q out low and enabling all relay
drivers simultaneously. Note that Q out stays low, (en-
abling relay drivers) until the 68302 processor goes into
a reset condition.

5.7 Troubleshooting

5.7.1 Troubleshooting equipment

Table 5-5 summarizes recommended equipment for
troubleshooting the Model 7014,

Table 5-5
Recommended troubleshooting equipment

Manufacturer

? Description  and model Application

‘Multimeter  Keithley 196 or Measure DC voltages
2001

Oscilloscope ' TEK 2243 View logic waveforms

5.7.2 Troubleshooting access

CAUTION

There are four screws that attach the
isothermal cover to the connector
board. It is only necessary to remove
these screws to gain complete access
to the solder side of the connector
board. Removal of the cover will
damage the thermal RTV seal, which
will have to be replaced (Keithley
Part Number CE-16).



Service Information

To gain access to the relay card top surface to measure
voltages under actual operation conditions, perform
the following steps:

Disconnect the connector card from the relay card.
Remove the Model 7001 cover.
Install the relay card in the CARD 1 slot location.

Turn on Model 7001 power to measure voltages
(see following paragraph).

Ll

NOTE

For complete access to the component
side of the relay board, it is necessary
to remove the copper/vinyl shield
that covers the relays (Keithley P/N
7014-308).

5.7.3 Troubleshooting procedure

Table 5-6 summarizes switch card troubleshooting.

WARNING

Lethal voltages are present within
the 7001 mainframe. Some of the pro-
cedures may expose you to hazard-
ous voltages. Observe standard
safety precautions for dealing with

5-22

live circuits. Failure to do so could re-
sult in personal injury or death.

CAUTION

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

To avoid contamination, which could
degrade card performance, always
handle the card only by the handle
and side edges. Do not touch edge
connectors, board surfaces, or com-
ponents on the card. Also, do not
touch areas adjacent to electrical con-
tacts on connectors.

Use care when removing relays from
the PC board to avoid pulling traces
away from the circuit board. Before
attempting to remove a relay, use an
appropriate 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 re-
moval. Also, make certain that no
burrs are present on the ends of the
relay pins,



Table 5-6
Troubleshooting procedure

- Siep ‘ Item/component
|

Required condition

Service Information

- Comments

1

o NN Sy A W N

_—
—

| GND pad

46V pad
+5V pad
+14.6V pad
- U201, pin 2
- U105, pin 5
i U105, pin 6
U100, pin 7
U100, pin 2
U100, pin 3

U100-U104, pins 10-18

+6VDC
+5VDC
' +14.6VDC

+59.23mV @ 23°C
ID CLK pulses
ID DATA pulses
STROBE pulse
CLK pulses
DATA pulses

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

All voltagei.‘:rerf;;enced to digité(groﬁnd
(GND pad).

Relay voltage.

- Logic voltage.

. Relay bias voltage.

Reference junction sensor output.
During power-up only.

During power-up only.

! End of relay update sequence.

* During relay update sequence only.

. During relay update sequence only.

Relay driver outputs.

5-23



Service Information

5-24



Replaceable Parts

6.1 Introduction

This section contains replacement parts information,
schematic diagrams, and component layout drawings
for the Medel 7014.

6.2 Parts lists

Parts lists for the various circuit boards are included in
tables integrated with schematic diagrams and compo-
nent layout drawings for the boards. Parts are listed al-
phabetically in order of circuit designation.

6.3 Ordering information

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

Card model number 7014

Card serial number

Part description

Circuit description, if applicable
Keithley part number

Vi W

6.4 Factory service

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

= (Call the Test Instruments Repair Department at 1-
800-552-1115 for a Return Material Authorization
{(RMA) number.

¢ Complete the service form at the back of this man-
ual and include it with the card.

» Carefully pack the card in the original packing car-
ton.

s  Write ATTENTION REFPAIR DEPT and the RMA
number on the shipping label.

Note: It is not necessary to return the matrix main-
frame with the card.

6.5 Component layouts and schematic
diagrams

Component layout drawings and schematic diagrams
are included on the following pages integrated with
the parts lists:

Table 1  Parts List, Relay Card for 7014.

7011-100 Component Layout, Relay Card for 7011/
7014.

7011-106 Schematic, Relay Card for 7014,

Table 2 Tarts List, Connector Card for 7014.

7014-160 Component Layout, Connector Card for
7014.

7014-166 Schematic, Connector Card for 7014.
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Replaceable Parts

Table 6-1
Parts List, Relay Card (Scanner Board) for Model 7014
rCircuii: Keithley
Desig,. Description Part No.
SHIELD 7011-305

C100-108,118,119
11

C113,114
C115,116,117
J1002,1003

K100-139

2001
R106,107

U100-104
U105

W100-108

2-56X1/4 PHILLIPS PAN HD (FOR SCANNER SHIELD)
SOCKET (FOR U105)
THERMAL SHIELD (FOR RELAYS)
2-56X5/8 PHILLIPS PAN HD FASTENER
(P2001 TO STANDOFF AND SHIELD)
2-56X3/16 PHILLIPS PAN HEAD SCREW
(SCANNER BOARD TO SHIELD)

CAP, 1UFE,20%,50V,CERAMIC
CAP,1UF,20%,50V, CERAMIC
CAPT, 10UE 20%, 50V, ALUM ELEC
CAP,150PF,10%,1000V,CERAMIC
CONN, 48-PIN, 3-ROWS

RELAY, ULTRA-SMALL POLARIZED TF2E-5V

CONNECTOR, 32-PIN, 2-ROWS
RES,10K,5%,1/4W,COMPOSITION OR FILM

1C, 8-BIT SERIAL-IN LATCH DRIVER,5841A
EPROM PROGRAM

JUMPER

2-56X1/4PPH
S50-72
7014-308
FA-245-1

2-56X3/16PPH
C-365-.1
C-237-1
C-489-10
C-64-1501
CS5-736-2

RL-149 or RL-166
{See Note 1.)

CS5-775-1
R-76-10K
IC-536
7014-800-
{See Note 2.)

J-15

Notes:

1. Early production runs of the Model 7014 card used RL-149 relays (Aromat TF2E-5V). Later production runs used R1-166 relays (Ar-

omat TF2E-6V). The two relay types are pin-compatibie and can be used interchangeably.

2. Order current firmware revision level {e.g., 7014-800-A01).
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Table 6-2

Replaceable Parts

Parts List, Connector Card {Terminal Board) for Model 7014

Circuit Keithley

Desig. Description Part No.
BRACKET BR-39 -
SHIELD 7014-302
OVERLAY, SHIELD 7014-304
TOP CLAMP 7011-302
THERMAL RTV CE-16
4-40X3/16 PHILLIPS FLAT HEAD SCREW 4-40X3/16PFH
CABLE CLAMP 7011-304-4
4-40X5/16 PHILLIPS FLAT HD 4-40X5/16PFH

(SCANNER BOARD TO TERMINAL BOARD)

STRIP, POLYURETHANE (FOR BOTTOM CLAMP) 2001-345-1
CONNECTOR, JUMPER {FOR (C$-339-2) (CS-476
CONNECTOR SHIM (FOR PP1002,1003) 7011-309
CAPTIVE SCREW (FOR TOP CLAMP) FA-243-1

€201 CAP,1UF,20%,50V, CERAMIC C-237-1

C202 CAP,.1UF,20%,50V,CERAMIC C-365-.1

E201 SURGE ARRESTOR CG2-300L SA-2

J1004-1008 CONNECTOR, 10-PIN TE-117-10

J1009-1011 CONNECTOR, 12-PIN TE-117-12

P1002,1003 CONNECTOR, 48-PIN, 3 ROWS (C5-748-3

R201 RES, 205, .1%, 1/10W, METAL FILM R-263-205

R202 RES,100,5%,1 /4W,COMPOSITION OR FILM R-76-100

R203 RES,5.62K,1%,1 /8W METAL FILM R-88-5.62K

R204 POT,10K,10%,.75W, NON-WIREWOUND RP-89-10K

U201 1C, TEMPERATURE TRANSDUCER, AD5S90KH 1C-447

W201-206 CONN,BERG,2 PIN (S-339-2

6-3
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Thermocouple Conversion Tables

Table A-1
NIST Quartic Coeefficients for Types 5, R, B, E, /, Kand T
Type S
Thermocouples!
Temperature Error
Range (°C) a a, ity a3 ay Range (LV)
T ’ o - S ' Exact-
Quartic Equation  Argument Exp. Argument Exp. Argument Exp. Argument Exp. Argument Exp. Approx.
T 550to900 T 5.5439639 +0 1.0103667 -2 -1.0944499 5 49628963 9 = Ttold
0 to 1100 5.8791282 +0 79098118 -3 -6.7450002 -6 2.5247577 -9 -1610 12
0 to 1400 6.2516859 +0 5.8347856 -3 -3.4351369 -6 94022202  -10 -35t0 25
0 to 1650 6.5554932 +0 4.4519908 -3 -1.6378513 -6 2.4140360 -10 -55 10 35
0 to 1768 6,6834421 +0 3.9334084 -3 -1.0384046 -6 3.4244511 -11 -60 to 35
40001100 -3.8051591 +2 8.7228147 +0 6.2984807 -4 9.0526670 -7 29241601 -10 -7t0 .5
400 to 1400 -5.2412524 +2 9.5827994 +0 -1.2077351 -3 2.5723104 -6 -8.3681057 -10 -1.6to 1.5
400 to 1650  -5.0061921 +2 9.4591354 +0  -9.7986687 -4 2.3967559 -6 -7.8837971 -10 -1.8t01.9
1050 to 1400 1.4352322 +3 2.9873073 +0 6.9951678 -3 -1.8986036 -6 6.5006637  -11 -05to .05
1050 to 1650 1.305417¢6 +3 3.4129348 +0 6.4741403 -3 -1.6163524 -6 79103746  -12 -05t0 .05
1400 to 1550 1.8695088 +2 6.4091373 +0 34664812 -3 -2.7553724 -7 -2.1606150  -10 -05t0 .05
1400 to 1650 1.0863331 +3 3.9952876 +0 5.8939317 -3 -1.3595782 -6 -3.4675031 -11 -051t0.05
1400 to 1768  -7.4180405 +4 2.0043202 +2  -1.8607781 -1 8.1899566 -5 -1.3556030 -8 -1.0to 1.3
1666 to 1768 8.2703440 +4  -1.3532278 +2 8.0243878 -2 -1.0633404 50 -1.7212343 -9 -05t0 .05
Reference
Junction
Correction
0to 50 5.3994446 +0 1.2467754 -2 19934168 -5 -0.01 to +0.01
'Quartic approximations to the data as a function of temperature (°C) in selected temperature ranges.
The expansion is of the form E = ag + a;T + ayT? + 5T + a,T? where E is in microvolts and T is in degrees Celsius.
Type S
Thermocouples?
Temperature Error
Range (°C) e a a, ag a, Range (°C)
Ixact-
Quartic Equation Argument Exp. Argument Exp. Argument Exp. Argument Exp. Argument Exp Approx.
' -50 to 900 T le41448 -1 20241757 -5 27849728 -9 14172102 -13 -1lte3
0to 1100 1.5445376 -1 -1.3349067 -5 1.3626587 -9 53270847  -14 3tob
0 to 1400 1.4713897 -1 -9.0783455 -6 65660913  -10  -1.8499176  -14 S5to9
0 to 1650 1.4260554 -1 -7.0073775 -6 3.8981279 -10 -8.3047780 -15 -6 to 11
0 to 1768 1.4087955 -1 -6.3195007 -6 31267454  -10  -5.7422562 15 -6 to 12
400 to 1100 4.1137317 +1 1.1599785 -1 -1.8642979 -6 1.2643267  -11 8.4828836  -16 -05to .07
400 to 1400 4.4507790 +1 1.1373998 -1 -1.3349811 -6 -3.9224680 -1 2.6563405 15 -081to0 .08
400 to 1650 4.1670535 +1 1.1543356 -1 -1.6782780 -6 -1.0845801 -11 1.8379726 -15 -2to .2
1050 to 1400 -3.0938374 +1 1.4106560 -1 -4.9794442 -6 1.7334256  -10  -1.9262160 15 -.003 to .003
1050 to 1650 1.2226507 +1 1.2706383 -1 -3.2873314 -6 83038098 -11  -1.3019379 -16 -.010 to .010
1400 to 1550 1.3866867 +2 9.3486676 -2 4.8592708 -8 -6.3885209 -11 2.2896541 -15  -.0005 to .0005
1400 to 1650 1.3923740 +2 93267401 -2 7.7266682 -8 -6.5458208 -1l 23208160  -15 -.0005 to .0005
1400 to 1768 4.5133695 +3  -1.0046437 -+ 1.0322002 4 43637046 -9 69361610 -14 - 1310 .10
1666 to 1768 2.3131446 +4 -5.4122671 +0 49347196 -4 ~1,9681943 -8 2.9430179 -13 -.0005 to .0005

2 Quartic approximations to the data as a function of voltage in selected temperature ranges (°C).
The expansion is of the form T = ag + a; E + agl° + a,F” + a,E* where E is in microvolts and T is in degrees Celsius.
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Thermacouple Conversion Tables

Type R
Thermocouples?
Temperature Error
Range (°C) ap a a; az a, Range (uV)
Exact-
Quartic Equation  Argument FExp. Argument Exp. Argument Exp. Argument Exp. Argument Exp Approx.
50t0900 U7 T U5A295008 0 0 11446885 -2 -1.1295306 -5 5.002049 -9 Zto15
0 to 1100 5.7622558 +0 9.2715271 -3 -7.1346883 -6 2.5877458 -9 -16to 12
0 to 1400 6.1429772 +0 7.1515857 -3 -3.7539447 -6 9.6963832 -10 -35t0 25
0 to 1650 6.4615269 +0 5.7010917 -3 -1.8683292 -6 2.3636365  -10 -55t0 35
0 to 1768 6.5962120 +0 5.1559203 -3 -1.2385309 -6 1.8827643 -11 -65to 35
400 to 1100 -4.0674108 +2 8.7490294 +0 1.7115155 -3 7.5039035 -7 -3.0096280  -10 -dto 5
400 to 1400  -5.6047484 +2 9.6731111 +0  -2.6994046 -4 2.5536988 -6 -8.9155491 -10 171016
400 to 1650  -5.4505828 +2 9.5942872 +0  -1.2813352 -4 2.4468512 -6 -B.6286756  -10 21to 18
1050 to 1400 1.6618159 +3 2.3048526 +0 8.7635426 -3 -2.3016819 -6 7.4284923 -11 -.05 10 .05
1050 to 1650 1.5132838 +3 2.7958847 +0 8.1571403 -3 -1.9701159 -6 6.5568964 -12 =05 to .05
1400 to 1550 2.4008703 +3 4.1604579 -1 1.0549178 -2 -3.0383621 -6 1.8540516  -10 -05 to .05
1400 to 1650 1.5787334 +3 2.6321144 +0 8.3100314 -3 -2.0332036 -6 1.6260416 -11 -05t0 .05
1400 to 1768 -7.1904948 +4 1.9442383 +2  -1.7913090 -1 7.9264764 -5 -1.3187245 -8 -1.0to 1.3
1666 to 1768 8.8532076 +4 -1.5014129 +2 9.5376167 -2 -1.6644901 -5 -8.3062870 -10 -05 to .05
Reference
Junction
Correction
01050 52891411  +0  1.3844426 2 -2.0889531 -5 -0.01 to +0.01
3 Quartic approximations to the data as a function of temperature (°C) in selected temperature ranges.
The expansion is of the form E = ag + a;T + a2T2 + a=,l3T3 + a4T4 where E is in microvolts and T is in degrees Celsius.
Type R
Thermocouples*
Temperature Error
Range (°C) ay ap ap a3 ay Range (°C)
Exact-
Quartic Equation  Argument Exp. Argument Exp. Argument Exp. Argument Exp. Argument Exp. Approx.
R YT T T 16251434 -1 -2.0454379 -5 25404935 -9 -1.1767904 13 13103
0to 1100 1.5239494 -1 -1.3755675 -5 1.2610922 -9 -4.4281251 -14 4to7
0 to 1400 1.4441607 -1 -9.5014952 -6 62073358 10 -1.5622497 -14 -6 ta 10
0to 1650 1.3944190 -1 -7.4485484 -6 38266182 -10 74517277  -15 -7to13
0to 1768 1.3752883 -1 -6.7651171 -6 3.1420473 -10 -5.4254872 -15 7tol4
400 to 1100 4.5509556 +1 1.1284875 -1 -2.8603978 -6 8.5173702 -1l -1.1440038  -15 -4 to .04
400 to 1400 49160016 +1 1.1054589 -1 -2.355%046 -6 3.9276248 -11 3.3369324 -16 -08 to .09
400 to 1650 4.8343651 +1 1.1098270 -1 -2.4353890 -6 45164488 -1 1.8172612  -16 -10to 12
1050 to 1400  4.1134459 +0 1.2738464 -1 -4.3132296 -6 1.3863582  -10  -1.5283798 -15 -.002 to .002
1050 to 1650 37487318 +1 1.1519304 -1 -2.9827002 -6 74538667  -11  -3.7809957  -16 -.011 to .01
1400 to 1550 8.0559850 +1 1.0442877 -1 -1.9827500 -6 33603790  -11 24513433  -16 -.0005 to .0005
1400 to 1650 1.4180146 +2 9.0181346 -2 -7.4068329 -7 14487255 -1 94290495  -16 -.0005 to .0005
1400 to 1768 3.1758093 +3 -5.8922431 -1 5.6190639 -5 -2,1303241 -9 3.0369250 -14 =11 to .08
1666 to 1768 1.2883437 +4 -2.6747958 +0 2.2334214 -4 -8.0565860 -9 1.0882779 <13 -.0007 to .0007

4 Quartic approximations to the data as a function of voltage in selected temperature ranges (°C).
The expansion is of the form T =ap + a,E + a,E? + agE? + a4E* where E is in microvolts and T is in degrees Celsius.
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Thermocouple Conversion Tables

Type B
Thermocouples®
Temperature Error
Range (°C) ag a ay ag ay Range (uV)
- B - Exact.
Quartic Equation  Argument Exp. Argument Exp. Argument Exp. Argument Exp. Argument Exp. Approx.
S Oto900 23614224 -1 57496551 -3 56339756 7 11808558  -10 -22to 14
0 to 1100 -2.3893338 -1 5.7684447 -3 -b.9963692 -7 -9.7041131 -11 -1810 .20
0} to 1400 -2.3476301 -1 5.7480761 -3 -5.7165679 -7 -1.0838193 -10 -7101.0
0 to 1650 -1.9185893 -1 5.5578879 -3 -3.3057924 -7 -2.0018428 -10 -4 to5
0 to 1820 -1.3749133 -1 5.3446673 -3 -9.1094186 -8 -2.8098361 -10 -8to9
400 to 1100 1.3740347 +1  -3.2914888 -1 5.9766638 -3 -8.0141311 -7 27203972 -1l -05to .05
400 to 1400 -2.5321108 +1 -9.9736579 -2 5.4976533 -3 -3.7806912 -7 -1.6156824  -10 -5to.b
400 to 1650  -1.1708354 +2 3.9860894 -1 4.5539656 -3 3.6623964 -7 -3.6969100 -10 -20to 1.8
1050 to 1400  -9.8446259 +2 3.3670688 +0 8.2282215 -4 2.4061224 -6 77901142 -10 -.05 to .05
1050 to 1650 -1.3702395 +3 4.6252371 +0  -7.0976836 -4 3.2325686 -6 -9.4548852 -10 -05 to .05
1400 to 1550  -4.7644591 +2 2.2890832 +0) 1.5749253 -3 2.2417410 -6 -7.8471224 -10 -05te .05
1400 to 1650  -6.4878929 +2 2.7380621 +0 1.1375302 -3 24305578 -6 -8.1518033 -10 -05to .05
Reference
Junction
Correction
0 to 50 24673839 -1 59050303 -3 12267180 -6 -0.01 to +0.01
5 Quartic approximations to the data as a function of temperature (°C) in selected temperature ranges.
The expansion is of the form E = ag + a;T + a;T> + a5T° + a,T* where E is in microvolts and T is in degrees Celsius.
Type B
Thermocouples®
Temperature Error
Range (°C) ag ay ap a ay Range (°C)
Exact-
Quartic Equation  Argument Exp. Argument Exp. Argument FExp. Argumeni Exp. Argument Exp. Approx.
S 0te900 89244743 A 57347033 -4 18053618 o7 ctovien2d T Ll T Ante 75
0 to 1100 72874066 -1 31771931 -4 68254996 -8 -5.1002233 12 -35 to 99
0 to 1400 57822214 -1 -1.6039309 -4 22187592 -8  -1.0678514 -12 45 to 110
0 to 1650 49929130 -1 -1.0349686 -4 1.0792281 -8 -3.9111456 13 -50 to 120
0 to 1820 4.6255054 -1 -8.2176262 -5 7.3717195 -9 -2.2913665  -13 -50 to 130
400 to 1100 1.8946288 +2 3.0966136 -1 -5.8100680 -5 82483967 9 47591774 -13 -09to0 1.0
400 to 1400 2.0949015 +2 27222162 -1 -3.6930932 -5 3.6830239 -9 -1.4483702 -13 3to3
400 to 1650 22354664 +2 2.4988761 -1 -2.7160312 -5 2.1299660 -9 -6.4220755 -14 S5tob
1050 to 1400 3.2188156 +2 1.8282378 -1 -1.1561743 -5 6.4320083 <10 -1.4544375 -14 -.003 to .003
1050 to 1650 3.4418084 +2 1.7031473 -1 -8.9696912 -6 4.0789445 -100 -6.6410259 -15 -025 to .020
1400 to 1550 3.7140306 +2 1.5828913 -1 -7.005068% -6 2.6714849 -10 -29082072 -15 -.001 to .001
1400 te 1650 3.9253848 +2 1.4979551 -1 -B.7276293 -6 1.8192801 -10 -7.8042686  -16 -.001 to .001

% Quartic approximations to the data as a function of voltage in selected temperature ranges (°C).
The expansion is of the form T = ag + aE + ayE2 + a;E” + a,E* where E is in microvolts and T is in degrees Celsius.
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Thermocouple Conversion Tables

e E
Thermocouples7
Temperature Error
Range (°C} A ay a, a3 Ay Range (V)
e e R Exact-
Quartic Equation  Argument Exp. Argument Exp. Argument Exp. Argument Exp. Argument Exp. Approx.
' “a7ote0 T 7T T ‘59287179 41 7.0983783 -2 52421843 5 38137875 7 5to5
-200to 0 5.8754764 +1 5.7443085 -2 -5.0637772 -5 1.3960921 -7 -5to 4
-200 to 8OO 58043714 +1 5.6118501 -2 -5.9506584 -5 22327737 -8 -60 to 30
-20 to -500 5.8318735 +1 5.4292960 -2 -5.6288941 -5 2.0825828 -8 -8tod
0 to 400 5.8327591 +1 53761106 -2 -5.2B70k56 -5 1.5352840 -8 Jtod
0 to 1000 5.8734597 +1 5.0789891 -2 -4.7821793 -5 1.4659118 -8 -18to 17
40010 1000  -8.5384268 +2 6.5022632 +1 3.4354900 -2 -2.9769494 -5 7.6039401 -9 2t025
600 to BOO -1.3839633 +3 6.7211126 +1 3.1669230 -2 -2.9237913 -5 8.1514671 -9 -03t0 .03
850t 1000  -5.1503130 +4 -1.6691278 +2 4.1877018 -1 -3.1228607 -4 8.5283044 -8 -6 to .06
Reference
Junction
Correction
0to 50 5.8637565 +1 4.6720025 -2 -1.4438022 -5 1210 +.24
7 Quartic approximations to the data as a function of temperature (°C) in selected temperature ranges.
The expansion is of the form E = ag + ;T + a T2 + a3T3 + a4T“1 where E is in microvolts and T is in degrees Celsius.
Type E
Thermocouples®
Temperature Error
Range (°C) ap aq ay ag ay Range {°C)
o . Exact-
Quartic Equation  Argument Exp. Argument Exp. Argument Exp. Argument Exp. Argument Exp. Approx.
T 270w0 ' T 28168878 -3 -8.5940057 -6 14930918 -9  -8.7987588  -14 Stob
200600 15726646 -2 12102152 -6  -19577799  -l0  -1.6696298  -14 -3 3
-200 to 800 1.8432856 2 32311582 -7 69795810  -12 51106852  -17 Sto?
-20 to 500 1.6970287 -2 -2.0830603 -7 46512717 12 -4.1805785  -17 - 18 to .12
0 to 400 1.7022525 -2 -2.2097240 -7 5.4809314 -12 -5.7669892 -17 -05to .04
0 to 1000 1.6410783 -2 -1.3560189 -7 1.8600342 -12 -8.5537337 -18 -9t 14
400 to 1000 1.9669452 +1 1.4207735 -2 -5.1844510 -8 5.6361365 -13 -1.5646343 -18 -03 to .03
600 to 800 2.5192188 +1 1.3909529 -2 -4.7201133 -8 5.5638718 -13 -1.7775228 -18  -.0005 to .0005
850 to 1000 -7.1102114 +2 5.6554599 -2 -9.7013068 -7 9.3938146 -12 -3.3333675 -17 -.007 to .001

8 Quartic approximations to the data as a function of voltage in selected temperature ranges (°C).
PP B p B
The expansion is of the form T = ag + ;B + a,E? + a3E? + a4E* where E is in microvolts and T is in degrees Celsius.
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Thermocouple Conversion Tables

Type '!
Thermocouples

Temperature Error

Range (°C) ap ay as az EN Range (uV)

Exact-

Quartic Equation ~ Argument Exp. Argument Exp. Argument Exp. Argument Exp. Argument Exp. Approx.

T 2wtn 50408743 +1 32009063 2 6349398 5 25174022 7 | 2t 3

-200 to 760 49502533 +1 3.2898022 -2 -6.9936031 -5 51112729 -8 -100 to 80

-200 to 1200 4.7062907 +1 2.5522650 -2 -2.2198295 -5 71373907 < -500 to 600

-20 to 500 5.0465304 +1 2.8062596 -2 -6.5666305 -5 5.3587106 -8 -151t03.0

0to 400 5.0452399 +1 2.8409137 -2 -6.7556436 -5 5.6382040 -8 -8to.5

to 760 5.1258213 +1 2.0040854 -2 -4.2235982 -5 3.2819408 -8 -24 to 36

0 to 1200 5.5861877 +1  -1.4207954 -2 3.1325181 -5 -1.5023710 -8 -210 to 160

400 to 760  -5.7931005 +3 9.7718575 +1  -1.1658430 -1 1.3184454 -4 -4.8218788 -8 251028

400 to 1200 7.1127371 +3 1.8969007 +1 5.3862730 -2 22171472 -5 1.8445398  -10 -110te 100

600 to 760 -2.5724435 +4 2.2157898 +2  -4.0418097 -1 4.2749984 -4 1.6174242 -7 ~lto.1

760 to 1200 3.9064962 +4  -1.4765017 +2 3.6470921 -1 -2.7029005 -4 72113090 -8 -to 1l
Reference
Junction
Correction

0 to 50 5.0373743 +1 3.0167011 -2 -7.4293513 -5 -.06 to +.06

¥ Quartic approximations to the data as a function of temperature (°C) in selected temperature ranges.
The expansion is of the form E = ag + a;T + a,T> + E;lg,'IG + a4T* where E is in microvolts and T is in degrees Celsius.
need
Thermocouples

Temperature Error

Range (°C) ag ay @y ay ay Range (°C)

Exact-

Quartic Equation  Argument Exp. Argument Exp. Argument Exp. Argument Fxp. Argument Exp. Approx.

200t00 18843850 2 -12029733 -6 25278593  -10 25849363 14 -4t0.5

-200 to 760 2.1155170 -2 -3.3513149 -7 1.2443997  -11  -1.5227150  -16 -6to7

-200 to 1200 21676850 -2 21844464 -7 3.9094347  -12 24303017 17 -14to0 10

-20 to 500 1.9745056 -2 -LB094256 -7 7.8777919  -12 -1.1897222 16 -07 to .06

0 to 400 1.9750953 -2 -1.8542600 -7 8.3683958 12 -1.3280568 -16 -03 to .05

0 to 760 1.9323799 -2 -1.0306020 -7 3.7084018 12 -5.1031937 -17 -9t0.7

0 to 1200 1.8134974 -2 -5.6495930 8 -24644023  -12 21141718 17 Btod

400 to 760 9.2808351 +1 5.4463817 -3 6.5254537 -7 -1.3987013 -11 9.9364476 -17 -.03 10 .03

400 to 1200 -1.1075293 +2 2.8651303 -2 -2.9758175 -7 25945419  -12 49012035  -18 -1.3to 1.6

600 to 760 1.8020713 +2  -4.5284199 -3 1.0769294 -6 -21962321  -11 15521511  -16 -.001 to .001

760101200  -6.3828680 +2 7.4068749 -2 -L777773 -6 21771293 -11  -9.9502571  -17 -15t0 .11

0 Quartic approximations to the data as a function of voltage in selected temperature (°C).
The expansion is of the form T = ag + a;E + apF? + agF” + a4E* where E is in microvolts and T is in degrees Celsius.



Thermocouple Conversion Tables

Type K
Thermacouples'!
Temperature Error
Range (°C) ay a; 2, ay a, Range (uV)
Exact-
Quartic Equation  Argument Exp. Argument Exp. Argument Exp. Argument Exp. Argument Exp. Approx.
B Vv T 7T 7730575518 +1 31063355 2 -9.1607995 -5 30006628 8 11t012
<200 to 0 3.9478446 +1 2.8256412 -2 -1.1488433 -4 -2.8153447 -8 -08 to0 .05
-200 to 800 3.6762217 +1 2.4544587 -2 -4.3081993 -5 2.5127588 -8 -180 to 200
-20 to 500 4.0999640 +1 -3.2619221 -3 8.5714137 -6 -1.6912373 9 -25to 45
0 to 400 4.0983103 +1 15992510 -4 -1.2525700 -5 3.2784725 -8 -251020
0 to 1370 3.9443859 +1 5.8953822 -3 -4.2015132 -6 1.3917059 -10 -60 1o 110
400 to 1000 1.3223524 +3 3.0191663 +1 2.7508912 -2 -2.4734437 -5 6.9799332 -9 -9to 1.4
400 to 1370 -3.5456236 +1 3.8349319 +1 9.9993329 -3 -8.7444446 -6 1.7108618 -9 -12to 11
600 to 800 2.1326086 +3 2.5608012 +1 3.7091744 -2 -3.3517324 -5 9.9607405 -9 -05t0 .07
850 to 1000 -9.0373549 +2 4.0577145 +1 9.5092149 -3 -1.0989249 -5 30753213 -9 -05to .03
1050 to 1150 -2.5972816 +3 5.2075276 +1 -1.4576419 -2 9.4854151 -6 -3.1178779 -9 -05to .05
Reference
Junction
Correction
0to 50 3.9448872 +1 2.4548362 -2 -9.0918433 -5 -06to + 14
L Quartic approximations to the data as a function of temperature (°C) in selected temperature ranges.
The expansion is of the form E = ag + a3 T + a2T2 + a3T3 + .";14'I‘1 where E is in microvolts and T is in degrees Celsius.
Type K
Thermocouples!?
Temperature Error
Range (°C) ag aj a, az ay Range (°C)
Exact-
Quartic Equation  Argument Exp. Argument Exp. Argument Exp. Argument Exp. Argument Exp. Approx.
' 270to 0 ©0 7T T 1h3nes7s -2 -14434305 0 -5 -4.2824995 9 42028679 -13 1lta8
20000 2.3783697 -2 -2.4382217 -6 -6.8203073 -10 -9.4854031 -14 -5to 5
-200 to 800 2.8346886 -2 -5.8008526 -7 2.5720615 -1 -3.6813679 -16 -Bto 10
-20 to 500 2.4363851 -2 5.6206931 -8 -3.8825620 -12 3.9120208 -17 -1.2t0 .6
0 te 400 2.4383248 -2 9.7830251 -9 3.6276965 -12 -2.5756438 -16 -5t0.6
0 to 1370 2.5132785 -2 -6.0883423 -8 55358209 -13 93720918 18 24t01.2
400 to 1000 -2.4707112 +1 2.9465633 -2 -3.1332620 -7 6.5075717 -12 -3.9663834 -17 -.02 to .02
400 to 1370 6.2300671 +0 2.4955374 -2 -7.8788333 -8 1.3269743 -12 1.5580541 -18 -3to 3
600 to 800 -3.9480992 +1 3.1425797 -2 -4.0905633 -7 8.5482602 -12 -5.5696636 -17 -.001 to .001
850 to 1000 -3.1617495 +0 27115517 -2 -2.1941995 -7 4.8782826 -12 -2.9316611 17 -.0012 to 0012
1050 to 1150 2.3615582 +2 1.1066277 -3 8.2516607 -7 -1.3558849 -11 9.1638500 -17 -001 to .001

12 Ouartic approximations to the data as a function of voltage in selected temperature ranges (°C).

The expansion is of the form T = ag + a,E + a;E? + a3E? + a4F? where E is in microvolts and T is in degrees Celsius.

A-7



Thermocouple Conversion Tables

peT

Therl'ﬂm:f.)upleei13

Temperature Error

Range (°C) a, ap ay ay Range (uV)

. N i S, o0 i s

Quartic Equation  Argument Exp. Argument Exp. Argument Exp. Argument Exp. Argument Exp. Approx.

270 to 0 0 7TT39439919 +1 6.2407452 -2 80773568 5 26845647 -7 Qta?

200 to 0 3.8749056  +1 45149809 -2 47759448 -5 25773959 -8 ~14t0 .13

-200 to 400 38621703  +1 45433050 -2 -34731838 -5 14661300  -B 7t03.5

0 to 400 3.8468407 +1 46651731 -2 -3.7375793 5 1.5999833 -8 -9t0 .9
Reference
Junction
Correction

0to 50 3.8709457 +1 3.7085566 -2 5.6495520 -5 -1to.d

13 Quartic approximations to the data as a function of temperature (°C) in selected temperature ranges.
The expansion is of the form E =ag + )T + a,7% + a3T> + a,T* where E is in microvolts and T is in degrees Celsius,

Type T
Thermocouples!?

Temperature Error

Range (°C) a; A, ag a, Range (°C})

S —— L T e

Quartic Equation Exp. Argument Exp. Argument Exp. Argument Exp. Argument Exp. Approx.

2700 T 43853379 3 20325426 -5 -5A4720813 -9 50865527 i3 Btob

200 to O 23837090 2 -2.96878839 -6 71945810 10  -1.0041943  -13 -3t03

-200 to 400 2.6792411 -2 -1.0370271 -6 6.1330327 -11 -1.3988385 -15 -6to5

0 to 400 2.5661297 -2 -6.1954869 -7 22181644  -11 35500900  -16 -15t0 .17

* Quartic approximations to the data as a function of temperature (°C) in selected temperature ranges.
The expansion is of the form T = a0 + a(E + a,E2 + a3E® + a,E" where B is in microvolts and T is in degrees Celsius.



Index

A

Accessories|]-3
Analog backplane

Backplane jumpers,

Bank and channel-to-channel isolation
tests
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Model 7014-ST[1-3]
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Offset voltage

P
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Service|6-1]
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T
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KEITHLEY
Service Form

Model No. Serial No. Date _
Name and Telephone No.

Company —

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

A Intermittent (J Analog output follows display 1 Particular range or function bad; specify
(1 IEEE failure [ Obvious problem on power-up (] Batteries and fuses are OK T
¥ Front panel operational (1 Ali ranges or functions are bad Q) Checked all cables

Display or output (check one)

O Drifts (d Unable to zero

(J Unstable (] Will not read applied input

O Overload

(J Calibration onty i Certificate of calibration required

[ Data required
{attach any additional sheets as necessary)

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

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

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

Relative humidity? Other?

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

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






KEITHLEY

Keithley Instruments, Inc,
28775 Aurora Road
Cleveland, Ohic 44139

Printed in the U.5.A.
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