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WARRANTY

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

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

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

To exercise 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 leak-
age, or problems arising from normal wear or failure to follow instructions.

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

NEITHER KEITHLEY INSTRUMENTS, INC. NOR ANY OF ITS EMPLOYEES
SHALL BE LIABLE FOR ANY DIRECT, INDIRECT, SPECIAL, INCIDENTAL OR
CONSEQUENTIAL DAMAGES ARISING OUT OF THE USE OF ITS INSTRU-
MENTS AND SOFTWARE EVEN IF KEITHLEY INSTRUMENTS, INC., HAS
BEEN ADVISED IN ADVANCE OF THE POSSIBILITY OF SUCH DAMAGES.
SUCH EXCLUDED DAMAGES SHALL INCLUDE, BUT ARE NOT LIMITED TO:
COSTS OF REMOVAL AND INSTALLATION, LOSSES SUSTAINED AS THE
RESULT OF INJURY TO ANY PERSON, OR DAMAGE TO PROPERTY.
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Safety Precautions

The following safety precautions should be observed before using this product and any asso-
ciated instrumentation. Although some instruments and accessories would normally be used
with non-hazardous voltages, there are situations where hazardous conditions may be present.

This product is intended for use by qualified personnel who recognize shock hazards and are
familiar with the safety precautions required to avoid possible injury. Read the operating in-
formation carefully before using the product.

The types of product users are:

Responsible body is the individual or group responsible for the use and maintenance of
equipment, for ensuring that the equipment is operated within its specifications and operat-
ing limits, and for ensuring 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 instrument. They must be protected from electric shock and
contact with hazardous live circuits.

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

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

Exercise extreme caution when a shock hazard is present. Lethal voltage may be present on
cable connector jacks or test fixtures. The American National Standards Institute (ANSI)
states that a shock hazard exists when voltage levels greater than 30V RMS, 42.4V peak, or
60VDC are present. A good safety practice is to expect that hazardous voltage is present
in any unknown circuit before measuring.

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

As described in the International Electrotechnical Commission (IEC) Standard IEC 664, dig-
ital multimeter measuring circuits (e.g., Keithley Models 175A, 199, 2000, 2001, 2002, and
2010) are Installation Category II. All other instruments’ signal terminals are Installation Cat-
egory 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 connecting sources to switching cards, install protective devices to limit fault current
and voltage to the card.

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

For maximum safety, do not touch the product, test cables, or any other instruments while pow-
er 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 jumpers, 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 (earth) ground. Always make measurements with dry hands while
standing on a dry, insulated surface capable of withstanding the voltage being measured.

The instrument and accessories must be used in accordance with its specifications and op-
erating instructions or the safety of the equipment may be impaired.

Do not exceed the maximum signal levels of the instruments and accessories, as defined in
the specifications and operating information, and as shown on the instrument or test fixture
panels, or switching card.

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

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

If you are using a test fixture, keep the lid closed while power is applied 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 refer to the operating in-
structions located in the manual.

The A symbol on an instrument shows that it can source or measure 1000 volts or more, in-
cluding the combined effect of normal and common mode voltages. Use standard safety precau-
tions to avoid personal contact with these voltages.

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

The CAUTION heading 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 cir-
cuits, including the power transformer, test leads, and input jacks, must be purchased from
Keithley Instruments. 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 pur-
chased from other suppliers as long as they are equivalent to the original component. (Note
that selected parts should be purchased only through Keithley Instruments to maintain accu-
racy and functionality of the product.) If you are unsure about the applicability of a replace-
ment component, call a Keithley Instruments office for information.

To clean an instrument, use a damp cloth or mild, water based cleaner. Clean the exterior
of the instrument only. Do not apply cleaner directly to the instrument or allow liquids to
enter or spill on the instrument. Products that consist of a circuit board with no case or chas-
sis (e.g., data acquisition board for installation into a computer) should never require clean-
ing if handled according to instructions. If the board becomes contaminated and operation
is affected, the board should be returned to the factory for proper cleaning/servicing.
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7402 SPECIFICATIONS

CHANNELS PER CARD: 9 plus temperature reference.
CONTACT CONFIGURATION: 2 pole form A, with common guard.
ISOTHERMAL BLOCK:

Temperature Offset: +0.05°C maximum from HI to LO of any channel or between any
two adjacent channels in a column of the isothermal block. +0.1°C maximum be-
tween any two terminals on the isothermal block. Maximum additional dynamic offset
due to 10°C step change in environment; +0.1°C after 1 hour settling.

Connector type: Screw terminals, No. 18 AWG wire maximum.

TEMPERATURE REFERENCE:

Type: Semiconductor, temperature dependent current source.

Output: +200xV/°C, (+54.63mV @ 0°C).

Accuracy: +0.25°C (10°-35°C), +0.50°C (0°-10°C and 35°-50°C).

RELAY:

Drive Current: 12mA per relay (typical).

Actuation Time: <5ms, exclusive of mainframe.

Contact Offset Voltage: <1uV.

Maximum Signal Level: 42V, 100mA, 2VA (non-inductive load only).

Contact Life: >10* closures (dry circuit), >10° at maximum signal level.

Contact Resistance: <0.7Q initial (<2Q to rated contact life).

ISOLATION:

Channel: >10*Q, <10pF.

Input: >10°Q, <150pF.

Common Mode Voltage: 200V peak.

ENVIRONMENT:

Operatin%:: 0°-50°C, 0% to 70% relative humidity up to 35°C; linearly derate 3% RH/°C,
35°-50°C.

Storage: —-25° to +65°C.

DIMENSIONS, WEIGHT: 32mm high x 114mm wide x 272mm long (1% in. X 4%: in.

x 10% in.). Net weight 0.64kg (1 Ib. 6.5 oz.).

Specifications subject to change without notice.
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SECTION 1
GENERAL INFORMATION

1.1 INTRODUCTION

The Model 7402 Thermocouple Scanner Card is field-installable in the
Model 740 scanning thermometer and the Models 705 and 706 scanner
mainframes. Since it combines the functions of a thermocouple scan-
ner and a uniform temperature reference, it i especially useful for scan-
ning thermocouples.

NOTE
For proper operation of the Model 7402 card, the Model 740
must have software revision B.0 or higher. Use of earlier soft-
ware will give erroneous temperature readings.

NOTE
Upon power up, the Model 740 scanning thermometer checks
for card types (Models 7402 or 7057A t ermocouple scanner
card) present in its slot and any slaved scanner mainframe. The
two card types can be intermixed in a system if the Model 740
has revision B.0 or later software.

The input terminals are set in an isothermal block to minimize
temperature differences. An integrated circuit temperature transducer
within the the isothermal block senses the reference (cold) junction
temperature and converts it to a proportional current. The temperature
of the heat sink is used to calculate the corrected thermocouple out-
put. The output voltages of each thermocouple must be converted to
temperature (°C or °F) using appropriate thermocouple tables or
polynomial equations.

In addition, any channel can be used for monitoring low-level signals.
The Model 7402 uses 2-pole Form A contacts for switching of signals
up to 42V, 100mA, 2VA (non-inductive load only).



1.2 WARRANTY INFORMATION

Warranty information is stated on the inside front cover of this manual.
If there is a need for service, contact the Keithley representative or
authorized repair facility in your area. Check the back cover for ad-
dresses. The service form supplied at the end of the manual should
be used to provide the service facility with information concerning any
difficulty.

1.3 MANUAL ADDENDA

Product improvements or changes to this manual will be explained on
an addendum included with the manual. It is recommended that this
information be incorporated immediately into the appropriate places
in the manual.

If an additional instruction manual is required, order the manual
package (Keithley Part Number 7402-901-00). The manual package in-
cludes an instruction manual and all pertinent addenda.

1.4 SAFETY SYMBOLS AND TERMS

The symbol A on the card denotes that the user should refer to the
operating instructions.

The WARNING used in this manual explains dangers that could result
in personal injury or death.

The CAUTION used in this manual explains hazards that could damage
the card.



1.5 UNPACKING AND INSPECTION

The Model 7402 was inspected both electrically and mechanically before
shipment. Upon receiving the Model 7402, unpack all items from the
shipping carton and check for any obvious damage that may have oc-
curred during transit. Report any damage to the shipping agent. Re-
tain and use the original packaging materials in case reshipment is
necessary. The following items are shipped with every Model 7402:

Model 7402 Thermocouple Scanner Card
Model 7402 Instruction Manual

1.6 SPECIFICATIONS

Detailed specifications of the Model 7402 precede the Table of Contents
of this manual.
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SECTION 2
OPERATION

2.1 INTRODUCTION

This section describes using the Model 7402 card with the Model 740
System Scanning Thermometer and the Models 705/706 Scanners.

2.2 SAFETY PRECAUTIONS

WARNING
User supplied lethal voltages may be present on connec-
tors or PC board. Turn off all power and discharge stored
energy in external circuitry before making or breaking
connections.

1. Do not exceed the Model 7402s maximum voltages of +200V peak
terminal to terminal or terminal to chassis.

2. Make sure the scanning thermometer and scanner mainframes are
grounded through an earth grounded receptacle before operation.

3. Inspect the insulation of the thermocouple wires for wear, cracks,
or breaks. If any defects are found, replace the thermocouple
assembly.

2.3 WIRING AND INSTALLATION

Each of the ten channels on the Model 7402 has a double-pole single-
throw (DPST), normally open (NO) relay. The card can be used to con-
nect one of nine external signals to the output. (Channel 1 monitors
the temperature of the isotﬁermal block.)



NOTE
Because of the high impedance of the board, take special care
when handling and using to prevent degradation of perfor-
mance. Handle the board by the edges to avoid contaminating
it with dirt, body oil, etc. For cleaning instructions, see para-
graph 3.2.

CAUTION
Leave the Model 7402 in its anti-static bag until ready for
installation to avoid possible static damage.

Perform the following procedure to wire thermocouples to the Model
7402:

1.

Make sure the Model 740 (or Models 705/706) power is off, the line
cord is disconnected, and any thermocouples are clear of external
voltages.

. On the Model 7402, connect the thermocouple positive lead to the

channel HI screw terminal and the negative lead (red insulation) to
the channel LO screw terminal. See Figure 2-1. The screw terminals
accept #18 to #36 AWG (0.044 to 0.005 inch) wire. Do not let the wire

get under the overlay as it might short to the isothermal block.

WARNING
When using a scanner card such as the Mode! 7402, never
connect a thermocouple directly to the Model 740 input
card. Personal injury or damage to the instrument could
result.

. Connect wires to the output HI and LO screw terminals of the Model

7402.

- Remove one screw from the cable clamp and route the wires through

the clamp. Reassemble and tighten the clamp to serve as a strain
relief.

. Insert the Model 7402 into the Model 740 (or 705/706) while connec-

ting the 7402 output wires to the input terminals of the 740 input
card. Be sure to observe the proper polarity.
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Figure 2-1. Connections and Wire Routing




6.

7.

If using Models 705/706 scanners, power up and program each one

to be a slave.

Connect the Model 740 to the AC line and turn on the 740.

NOTE
Refer to the Model 740 or scanner mainframe instruction manual
for complete details.

2.4 OPERATING NOTES

1.

w

Since the Model 7402 is a 10-channel card, set the Models 705 and
706 scanners to the 2-pole mode. In the 2-pole mode, each scanner
channel controls one channel on one 10-channel card.

. Every time a channel is selected and allowed to stabilize, the chan-

nel has the same thermal offset (within a few hundred nanovolts).
This offset can be accounted for in the measurement and subtracted
from each reading to get a more precise measurement.

. A guard surrounds all signal paths and is connected to the isother-

mal block surrounding the input terminals.

. The relay switching time includes a 50usec time interval between

release and operate conditions. The actuation time is less than 5msec.

- Reactances in the system cause transients during switching.
- For systems using two or more Model 7402s, the output HI and LO

connections should be made with continuous copper wires. This en-
sures that the number of copper-to-copper junctions is minimized
and therefore unnecessary tﬁ’lermal eftects are avoided. Figure 2-2
shows the method of continuous board-to-board connections.
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Figure 2-2. Multiple Channel Analog Connections

2.5 THERMOCOUPLE MEASUREMENTS

A thermocouple is a junction formed between two dissimilar metals,
If the temperature of the thermocouple junction connected to channel
2is T, , a voltage E, is developed between leads A and B as shown
in Figure 2-3. \Aﬁ'\en connected to a voltmeter, two more junctions (C
and D) are formed with the meter terminals, which are usually cop-
per. The measured voltage is proportional to the difference between
temperatures T, and T, .

To determine the difference, the thermoelectric properties of the ther-
mocouple are needed. Data is available to determine the voltage ver-
sus temperature relationship 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 Ther-
mocouple Reference Tables*, which give temperature as a function of
the meter reading V, . Since these junctions are not 0°C, a voltage E,
is introduced, where V, = E, - E,.
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Figure 2-3. Thermocouple Measurement

2.6 MEASUREMENT PROCEDURE

The temperature of a thermocouple junction is determined by the
following summarized procedure:

® Measure the reference voltage (V,).

® Calculate the reference temperature (T,).

* Determine the reference correction voltage (E,).

* Measure the thermocouple voltage (V).

¢ Calculate the thermocouple correction voltage (E,).
® Determine the thermocouple temperature (T).

The complete step-by-step procedure follows:

1. Measure the reference voltage (V, , in millivolts) and calculate the
reference temperature (T, , in °C) where:

T, = (Vi x 5 x 10°) - (273.15)

2. Determine the reference correction voltage (E,, in microvolts), either
from the Thermocouple Reference Tables* or by the calculation*:

El = a + ang + a,T.‘ + a;T,’ + a4T|‘

10



The coefficients a, through a, depend on the thermocouple type and
temperature range under consideration.

3. Measure the thermocouple voltage (V,) at the channel output. Con-
vert to microvolts.

4. Calculate the thermocouple correction voltage (E;, in microvolts) b
adding the reference correction voltage (E,) to the thermocouple vol-
tage (V,):

Ez=Vz+E|

5. Determine the thermocouple temperature (T , in °C), either from
the Thermocouple Reference Tables* or by the calculation**:

Tl = Q + alEz + azEz2 + a;E;J + a4E14

For example, consider a Type J iron-constantan thermocouple at ap-
proximately 300°C. Assume a reference temperature (T,) of 36°C.

1. The reference voltage (Channel 1) will be:

V, = (T, + 273.15)/5000 = 61.83mV

2. Using NBS Monograph 125, the reference correction voltage (E,) for
a Type ] thermocouple is 1849.0V. Using the most accurate quartic
approximation formula (Table 2-1) for this temperature range gives
1849.05.V.

3. Assume the thermocouple voltage reading at Channel 2 (V,) to be
14476.04V.

4. Adding E, to V, yields a thermocouple correction voltage (E;) of
16325.0uV.

5. Using Table A6.2.1 (NBS Monograph 125) to find the thermocouple
temgerature gives 300.00°C. Using the formula (Table 2-1) gives
299.995°C.

* Thermocouple Reference Tables, based on the IPTS-68 National
Bureau of Standards Monograph 125. (SD Catalog No. C1344:125)

** See also Table 2-1 which summarizes the quartic coefficients.

11



2.7 SWITCH TERMINOLOGY

Terms used to describe switch configurations (see Figure 2-4) are defined
as follows:

1. Form A is a single pole, normally open (SPNO) switch. A 2-pole,
normally open switch is called 2 Form A.

2. Form B is similar to Form A except that its contacts are normally closed
(SPNC). A 2-pole, normally closed switch is called 2 Form B.

3. Form C is a single pole, double throw switch (SPDT). A 2-pole con-
figuration is called 2 Form C.



FORM A ~ o

(SPNO)

FORM B

(SPNC) —O—

FORM C j

(SPDT) o

Figure 2-4. Switch Terminology
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SECTION 3
SERVICING INFORMATION

3.1 INTRODUCTION

This section describes handling and cleaning, principles of operation,
and tests for calibrating and verifying the performance of the Model
7402. The tests include:

* Calibration tests - For the first test, a thermocouple is placed in a dis-
tilled water ice bath and a potentiometer on the Model 7402 is ad-
justed until the Model 740 reads ice-point temperature. For the se-
cond test, a calibrated thermistor probe measures the temperature of
the isothermal block and a potentiometer is adjusted for the equivalent
reference junction output voltage. Perform these tests in an environ-
ment of 23°C +1°C up to 70% RH.

* Verification test - A test verifying the specified accuracy of card. Per-
form in an environment of 18°C to 28°C up to 70% RH.

* Specification tests - Two isolation tests measuring leakage currents

to check for a contaminated board and possibly bad relaXs. Perform
these tests in an environment of 10°C to 35°Cy up to 70% RH.

WARNING
Do not perform the procedures in this section unless you
are a qualified service person. Some of the procedures may
expose you to potentially lethal voitages (> 30V RMS) that
could result in personal injury or death if normal safety
precautions are not observed.

Since air currents can cause a temperature fluctuation in the isother-
mal block, the card should be protected from drafts during calibration
and verification.

Recommended maintenance includes inspection of the card and the
card edge connector to ensure good electrical contact.
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3.2 HANDLING AND CLEANING

Because of the high impedance of the board, take special care when
handling and using to prevent degradation of performance. Handle the
board by the edges to avoid contaminating it with dirt, body oil, etc.

CMOS and other high-impedance devices are subject to possible static
discharge damage because of the high impedance levels involved. When
handling such devices (indicated by * in the parts list), use the follow-
ing precautions:

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 of plastic or
foam. Keep these parts in their original containers until ready for
installation.

2. Remove the devices from their protective containers only at a prop-
erly grounded work station. Also, ground yourself with a suitable
wrist strap.

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

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

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

irons.

w

To clean the board, spray on an uncontaminated solvent, such as
Freon® TMS or TE and clean with cotton swabs or a soft brush. After
the solvent has been applied and is still liquid, blow-dry the board with
dry-pumped nitrogen gas.

3.3 PRINCIPLES OF OPERATION

The Model 7402 circuitry can be divided into three sections: a voltage
source, a temperature measurement circuit, and a relay scanner. Refer
to the card schematic in Section 4.
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A voltage doubler is formed by the CMOS voltage converter U1 and
components C1, C13, CR1, and CR2. The output of the doubler, available
at the positive end of C13, should be roughly double the input voltage.
This voltage is applied to the input of U2.

U2 is a five volt regulator that provides a stable voltage source for the
temperature dependent current source U3. (U3 is mounted in the
isothermal block and is accessible from the bottom of the PC board.)

U3, R1, R2, and R3 form the isothermal block temperature measure-
ment circuit. R2 is a calibration adjustment potentiometer that com-
pensates for errors introduced by U3, R1, and R3.

C14, C15, and C16 are for high frequency bypassing.

In the relay scanner section, resistors R4 through R13 provide reduced
relay coil power dissipation to minimize contact offset voltages.
Capacitors C2 through C11 guarantee relay operation by providing a
momentary surge of current upon a relay closure.

3.4 RECOMMENDED TEST EQUIPMENT

Table 3-1 lists reccommended test equipment for the calibration, verifica-
tion, and specification tests. Other test equipment may be substituted
if specifications equal or exceed those stated.

NOTE
Since the Model 617 electrometer has an internal 100V source,

it can be used in the V/I mode instead of the Model 614 elec-
trometer and Model 230 voltage source.
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3.5 CALIBRATION

There are two calibration procedures given here. Use the first one to
establish an ice-point reference for a piece of thermocouple wire from
the spool intended for the Model 7402 application. The second pro-
cedure establishes the specified accuracy of the card itself by using a
calibrated thermistor probe to monitor the temperature of the isother-
mal block.

3.5.1 Calibration with Thermocouple Wire

This procedure compensates for errors of the reference junction circui
and establishes a compensation factor for the offset of the particular
piece of thermocouple wire. Because of an inherent error source, the
thermocouple wire used in measuring the ice-point, absolute calibra-
tion accuracy cannot be guaranteed.

Assuming homogeneity of the thermocouple wire spool, errors due to
thermocouple offset voltages will be significantly reduced for the en-
tire system. For subsequent applications of this particular Model 7402
card, the same spool of wire should be used, otherwise the 7402 should
be recalibrated.

1. On the Model 7402, connect the thermocouple positive lead to Chan-
nel 2 HI and the negative lead (red insulation) to Channel 2 LO.
See Figure 3-1. Route the wire through the cable clamp. Also insert
a small non-metallic screwdriver through the cable clamp to adjust
trimmer R2.

2. Insert the Model 7402 into the Model 740 while connecting the 7402
output wires to the input terminals of the 740 input card. Be sure
to observe the proper polarity.

3. Connect the Model 740 to the AC line and turn on the 740. Allow
the 740 and 7402 to warm up at least one hour.

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

5. Place a twisted or welded thermocouple junction into volume of flask
occupied by ice. Cover the flask and stir contents occasionally. Allow
20 minutes for temperature stabilization. Add more ice as necessary.
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6. Set the Model 740 to channel 2, °F scaie (yields better resolution
than °C scale), Filter OFF, Scan Enable ON, Continuous ON, and
a 500mS rate.

7. Press the TYPE SELECT button twice and select OFF, press ENTER.
This sets all channels off.

8. Press the TYPE SELECT button once and select a thermocouple type
for channel 2 that corresEonds to the thermocouple being used for
calibration. Press ENTER.

9. Press the START button. This causes the 740 to scan both the active
channel and the Model 7402 reference output. This provides a con-
tinuous update of the reference output and a subsequent reading
conversion. (Otherwise there may be up to a 10 second delay be-
tween adjustment and update.)

10. Note the reading on the Model 740 display. If the 740 reads other
than 32.0°E adjust trimmer R2 (REF AD]J) on the Model 7402 card
until the 740 reads 32.0°F 1 count.

3.5.2 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. In general, the procedure has the following steps:

1. Set a Model 196 DMM to the 300kQ range and let it warm up for
two hours. (The short circuit current on this range is 50pA. Due to
the self-heating effects of the thermistor probe at higher currents,
do not use a lower resistance range.)

2. Set another Model 196 to the 300mVDC range and insert a 2-terminal
low thermal shorting bar into the voltage inputs. Zero it after two
hours and remove the shorting bar.

3. Set up the test equipment as shown in Figure 3-2.

4. Coat the probe with a thermally conductive compound and insert

it into the hole at rear of the card’s isothermal block.

. Take a reading of the probe resistance when it stabilizes.

6. Using lookup tables for the CSP A207A probe, find the Celsius tem-
perature that corresponds to the above probe resistance. This is the
temperature of the isothermal block as measured by the probe.

9]
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. Using the following equation, calculate the equivalent reference junc-

tion output voltage (Vzer):

Vngy = (T_, + 273.15) * .0002

. Read the voltage across R3. Ideally, it should equal the Vg just

calculated. Adjust trimmer R2 until the reading is within +54V
(£0.05°C).

. Check the probe resistance again and find the corresponding

temperature with the lookup tables. If the new value differs by more
than 0.01°C from the temperature found in step 6, repeat steps 7 and
8.

3.6 PERFORMANCE VERIFICATION

This procedure verifies that the card is operating within its temperature
specification. Either a Model 740 or 705/706 can be used to close chan-
nel 1 of the card.

1

Turn on a Model 196 DMM and set it to the 300mVDC. Short the
test leads together. Zero the DMM after the thermals have stabilized
(two hours if from cold-start).

- Set up the test equipment as shown in Figure 3-3 and let it warm

up one hour. Connect the Model 7402 to the Model 740 or 705/706
through the Model 7061 Universal Adapter Card, which is used as
an extender. Protect the Model 7402 from air drafts.

Use a probe with a specified accuracy of +0.005°C. The combina-
tion of the probe and reference thermometer should be accurate to
10.01°C.

. Coat the probe with a thermally conductive compound and insert

it into the hole at the rear of the cards isothermal block.

. If using a Model 740, press the TYPE button and use the ¥ button

to close the scanner card reference junction (channel 1) and display
its temperature. If using a Model 705 or 706 scanner, close channel
1 from the front panel.
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5. Take a reading from the reference thermometer. Use the following
equation to calculate the equivalent reference junction output voltage
(Vnsr)3

Veer = (T, + 273.15) » .0002

6. Read the voltage across the output. Compare the measured and
calculated voltages. If they differ by more than 54V, perform the
calibration procedure of paragraph 3.5.2,

MODEL 7402
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Figure 3-3. Performance Verification
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3.7 ISOLATION TESTS

The two isolation tests measure leakage currents for calculating leakage
resistances on the Model 7402. With the Model 7061 Universal Adapter
Card, these tests can be performed faster.

If you do not have a Model 705 or 706 available, both isolation tests
can be done with a Model 740 as noted in the procedures.

3.7.1 Channel Isolation

This test measures the leakage current between two channels and each
channel to the output.

1

On the Model 7402, connect a copper jumper between the HI and
LO terminals of the channel under test. Also short the output HI
to LO. Set up the equipment as shown in Figure 3-4 for channel 2.

. If using a Model 740, connect a continuous copper jumper among

the HI and LO terminals of all channels except the channel under test.

If using a Model 705 or 706 scanner, short each of the remaining chan-
nels between HI and LO.

. Insert the Model 7402 into a Model 740 or a Model 705/706 scanner.

For a Model 740, press the TYPE button and use the ¥ button to
display the temperature of the scanner card reference junction (chan-
nel 1).

For the scanners, set channel mode and select the channel under
test. Program the channel under test as open and the other chan-
nels as closed.

. Set the electrometer to amps and zero check. Program the Model

230 to output 100V. Take the electrometer out of zero check.

. The electrometer should read less than 10-°A. (Due to the capacitance

of the circuit, the offset current may be high until the circuit
capacitance is charged up. Wait until the readings settle out.)

. Using Ohm's law, calculate the channel isolation (the leakage

resistance between two channels). For example, R = E/I = 100V/10°A
= 10°Q.
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NOTE
With the Model 617 electrometer in V/I mode, the resistance
is calculated automatically.

7. Put the Model 230 in standby mode and set the electrometer to zero.
8. Repeat steps 2 through 7 for the remaining channels.
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MODEL 7402
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NOTE: WHEN USING A MODEL 740, CONNECT A
CONTINUOUS JUMPER AMONG THE His AND LOs OF
THE REMAINING CHANNELS. WHEN USING A MODEL
705 OR 706, CONNECT ADDITIONAL JUMPERS BE-
TWEEN HI AND LO OF EACH REMAINING CHANNEL .

Figure 3-4. Channel Isolation



3.7.2 Input Isolation, Common Mode

This test measures the leakage current between the signal lines and
shield.

1.

=)}

On the Model 7402, connect a copper jumper between each chan-
nels HI and LO terminals. Also short the output HI to LO. Set up
the equipment as shown in Figure 3-5 for channel 8.

. Insert the Model 7402 into a Model 740 or a Model 705/706 scanner.

For a Model 740, press the TYPE button and use the ¥ button to
display the temperature of the scanner card reference junction (chan-
nel 1).

For the scanners, set channel mode and select the channel under
test. Program all channels as open.

. Set the electrometer to amps and zero check. Program the Model

230 to output 100V. Take the electrometer out of zero check.

. The electrometer should read less than 10-*A. (Due to the capacitance

of the circuit, the offset current may be high until the circuit
capacitance is charged up. Wait until the readings settle out.)

. Using Ohm's law, calculate the common mode input isolation

(leakage resistance). For example, R = E/I = 100V/10°A = 10"Q.

NOTE
With the Model 617 electrometer in V/I mode, the resistance
is calculated automatically.

. Put the Model 230 in standby mode and set the electrometer to zero.
. Repeat steps 2 through 6 for the remaining channels.
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SECTION 4
REPLACEABLE PARTS

4.1 INTRODUCTION

This section contains replacement parts information, a component
layout, and a schematic diagram for the Model 7402.

4.2 REPLACEABLE PARTS

Table 4-1 lists parts alphanumerically in the order of their circuit designa-
tions.

4.3 ORDERING INFORMATION

To place an order or to obtain information about replacement parts, con-
tact your Keithley representative or the factory. See the back cover for
addresses. When ordering, include the following information:

* Model number

® Serial number

¢ Part description

¢ Circuit description (if applicable)
* Keithley part number

4.4 FACTORY SERVICE

If fault can be isolated to a particular card, then it is sufficient to return
just the card(s). Otherwise, send back both the card(s) and the scan-
ner mainframe or scanning thermometer. For service, photocopy and
complete the service form which follows this section and return it with
the equipment.
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Table 4-1. Model 7402 Parts List

Circuit Sch | Keithley

Desig. | Description Loc | Part No.

C1-C13 | Capacitor, 10xF, 25V, Aluminum sev | C-314-10
Electrolytic

C14-C16 | Capacitor, .14F, 50V, Ceramic sev | C-365-.1

CR1-CR2| Diode, Silicon, 1N4148 D7 | RF-28

El Surge Arrestor B2 | SA-2

K1-K10 [ Relay, 2-pole Form A sev [ RL77

R1 Resistor, 5.62kQ, 1%, 1/8W, Metal D5 | R-88-5.62k
Film

R2 Potentiometer, 10k, 10%, 1/2W, C5 | RP-120-10k
Carbon Composition

R3 Resistor, 2050, .1%, 1/10W, Metal Cé6 | R-263-205
Film

R4-R13 | Resistor, 2700, 5%, 1/4W, Carbon sev | R-76-270
Composition

ur CMOS Voltage Converter, D8 | IC-287
ICL7660CPA

U2 Positive Voltage Regulator, +5V, Dé6 | IC-223
100mA, 78L0O5A

U3 Temperature Transducer, AD590KH | D6 | IC-447
Cable Clamp Assembly, Upper 7055-303-13
Cable Clamp Assembly, Lower 7055-308

*This part is static sensitive. See paragraph 3.2 for handling precautions.

4.5 COMPONENT LAYOUT AND SCHEMATIC DIAGRAM

Figure 4-1 shows a component layout of the Model 7402. Figure 4-2
shows a schematic diagram of the Model 7402.
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KEITHLEY

Service Form

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

Company

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

Q Intermittent Q Analog output follows display Q Particular range or function bad; specify
Q IEEE failure QO Obvious problem on P p Q) Baiteries and fuses are OK
Q Front panel operational Q Al ranges or functions are bad Q Checked all cables

Display or output (check one)

Q Drifts Q Unable to zero

Q Unstable Q Will not read applied input

Q oOverload

Q calibration only Q Certificate of calibration required

Q Data required
(attach any additional sheets as necessary)

Show a block diag of your system including all instruments connected (whether power is tumed 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?

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.
Test Instrumentation Group
28775 Aurora Road
Cleveland, Ohio 44139

Printed in the U.S.A.



	Switching And Control Homepage
	Model 7402 Thermocouple Scanner Card Instruction Manual
	Safety Precautions
	7402 Specifications
	Table Of Contents
	List Of Tables
	List Of Illustrations
	Section 1 General Information
	1.1 Introduction
	1.2 Waranty Information
	1.3 Manual Addenda
	1.4 Safety Symbols And Terms
	1.5 Unpacking And Inspection
	1.6 Specifications

	Section 2 Operation
	2.1 Introduction
	2.2 Safety Precautions
	2.3 Wiring And Installation
	2.4 Operating Notes
	2.5 Thermocouple Measurements
	2.6 Measurement Procedure
	2.7 Switch Terminology

	Section 3 Servicing Information
	3.1 Introduction
	3.2 Handling And Cleaning
	3.3 Principles Of Operation
	3.4 Recommended Test Equipment
	3.5 Calibration
	3.6 Performance Verification
	3.7 Isolation Tests

	Section 4 Replaceable Parts
	4.1 Introduction
	4.2 Replaceable Parts
	4.3 Ordering Information
	4.4 Factory Service
	4.5 Component Layout And Schematic Diagram


	Configuring Non-701X Series Cards For Model 7001/7002 Switch Systems


	ToC: 


