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WARRANTY

Notwithstanding any provision of any agreement the fallowing warranty is exclusive:

The JOHN FLUKE MFG. CO., INC., warranis each insirument it manufactures to be free from defects in material and
workmanship under normal use and service for the period of 1-year from date of purchase. This warranty extends only to
the original purchaser. This warranty shall not apply to fuses, disposable batteries {rechargeatle type batteries are
warranted for 80-days}). or any product or parts which have been subject to misuse, neglect, accident, or abnormal
conditions of operations,

In the event of failure of a product covered by this warranty, John Fluke Mfg. Co., Inc., will repair and calibrate an instrument
returned to an authorized Service Facility within 1 year of the ariginal purchase; provided the warrantor's examination
discloses to its satisfaction that the product was defective. The warrantor may, at its option, replace the product in lieu of
repair. With regard to any instrument returned within 1 year of the original purchase, said repairs or replacement will be
made without charge. if the failure has been caused by misuse, neglect, accident, or abnormal conditions of operations,
repairs will be billed at a nominal cost In such case, an estimate will be submitted before work is started, if requested.

THE FOREGOING WARRANTY IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESS OR IMPLIED,
INGLUDING BUT NOT LIMITED TO ANY IMPLIED WARRANTY OF MERCHANTABILITY, FITNESS, OR
ADEQUACY FOR ANY PARTICULAR PURPOSE OR USE. JOHN FLUKE MFG. CQ., INC,, SHALL NOT BE
LIABLE FOR ANY SPECIAL, INCIDENTAL, OR CONSEQUENTIAL DAMAGES, WHETHER IN CONTRACT,
TORT, OR OTHERWISE.

If any failure occurs, the foillowing steps should be taken:

1. Notify the JOHN FLUKE MFG. CO,, INC., or nearest Service facility, giving full details of the difficulty, and include
the model number, type number, and serial number. On receipt of this information, service data, or shipping
instructions will be forwarded to you.

2. On recaipt of the shipping instructions, forward the instrument, transportation prepaid. Repairs will be made at
the Service Facility and the instrument returned, fransportation prepaid.

SHIPPNG TO MANUFACTURER FOR REPAIR OR ADJUSTMENT

All shipments of JOHN FLUKE MFG. CQ., INC,, instruments should be made via United Parcel Service or “Best Way"*
prepaid. The instrument should be shipped in the original packing carton; or if it is not available, use any suitable container
that is rigid and of adequate size. If a substitute container is used, the instrument showld be wrapped in paper and
surrounded with at least four inches of excelsior or simiiar shock-absorbing materiat.

CLAIM FOR DAMAGE IN SHIPMENT TO ORIGINAL PURCHASER

The instrument should be thoroughily inspected immediately upon original delivery to purchaser. All material in the
container should be checked against the enclosed packing list The manufacturer will not be responsible for shortages
against the packing sheetunless notified immediately. If the instrument is damaged in any way, a claim should be filed with
the carrier immediately. (To obtain a quotation to repair shipment damage, contact the nearest Fluke Technical Center.)
Final claim and negotations with the carrier must be completed by the customer.

The JOHN FLUKE MFG. CO., ING, will be happy to answer all applications or use questions, which wiil enhance your use of
this instrumant, Please address your requests or correspondence to: JOHN FLUKE MFG. CO., INC., P.O. BOX C2090,
EVERETT, WASHINGTON 98206, ATTN: Sales Dept. For European Customers: Fluke {Holland) B.V., P.O. 8ox 2269, 5600
CG, Eindhoven, The Netherlands.

*Far European customers, Air Freight prepaid.

John Fluke Mig. Co., Inc,, P.O. Box C9090, Everett, Washington 98206

Rev. 7/88
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1-1. INTRODUCTION

1-2. The Model 2190A Digital Thermometer is a
portable, stackable, five digit, thermocouple
thermometer capable of temperature measurements over
a range of -252°C to +2471°C (-486° F to +4480°F) with
a resolution of 0.1°. The instrument features automatic
reference-junction compensation, eliminating the
requirement for an ice bath reference-junction; front
panel switch selection of Fahrenheit or Celsius readings;
switch selectable thermocouple inputs; switch selectable
input line voltage; dual-slope measurement techniques;
and digital linearization (microcomputer controlled) of
the thermocouple inputs.

1-3. The instrument display has six high-intensity, seven
segment LEDs, and leading zero suppression. Five of the
LEDs are used to display numeric data, including a minus
sign for negative temperature readings. The remaining
LED displays the selected temperature scale character
(°F or °C). The symbol “0.C.” is displayed when an open-
thermocouple is detected at the thermocouple input
terminals.

1-4. Screw-type input connectors, on a removable
module, are provided for attaching the selected
thermocouple. The terminals are an integral part of an
isothermal block which serves as a portion of the
reference-junction compensation circunit. This circuit
removes the need for an ice bath reference junction {0°C
or 32°F) since it provides the electrical equivaient
automatically.

1-5.  Selection of the ternperature scale for display is
made with a front panel pushbutton. The scale selected,
Celsius or Fahrenheit, is displayed as either the character
®C or °F as the last character in the temperature reading.
A scale change can be made at any time, and has no effect
on the calibration of the instrument,

www.valuetronics.com
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Section 1

Introduction & Specifications

1-6. The measurement range of the 2190A is determined
by the type of thermocouple used as the input device. The
type of microcomputer installed in your instrument will
determine the type of thermocouples that may be used.
The specifications table identifies the type of
thermocouples that are presently available for use in the
2190A, and Section 2 gives the procedure for identifying
the microcomputer type. The version required must be
specified when ordering the instrument. Choice of the
thermocouple type is accomplished by selecting the
applicable switch position on the removable input
module using the table printed beside the switch on the
peb. Recalibration is not required if the thermocouple
type is changed.

NOTE
The letier C is not an ISAJANS]
thermocouple desgnation. C is used for
convenience only to represent Tungsten-5%
Rhenium versus Tungsien-26% Rhenium
alloy.

1-7. The instrument is in a PTI (Portable Test
Instrument) case. This lightweight, durable ptastic case
makes the instrument truly portable when used with the
Y2003 or Y2009 external power sources and can be
stacked for one handle portability,

1-8. Opticns and accessories available for the 21904 are
listed in Tables 1-1 and 1-2 respectively. Detailed
information concerning each item listed is given in
Section 6 of this manual, Option and Accessory
Information.

Table 1-1. 2190A Options

OPTION DESCRIPTION
21X0A-002 Output Option
21X0A-004 IEEE-488 Interface Option
21X0A-006 Limits Option

141



2190A

1-9. Four input line voltages are available for switch
selection. Selection may be made for 100, 120, 220 or 240
volts 109, as required to meet local conditions.
Frequency may vary between 50 to 440 Hertz for all
voltage selections. Refer to Section 4 of this manual on
how to change the selected input line voltage. The

instrument will also operate with an external input of 12V
dc.

1-10. SPECIFICATIONS

I-11. Specifications for the 2190A Digital
Thermometer are given in Table -3,

Table 1-2. 2190A Accessories

ACCESSORIES DESCRIPTION ACCESSORIES DESCRIPTION
Y2001 Multipoint Setector, Thermocouple Y2024 Power Cord, 3-way
Y2003 Calibrator, Thermocouple Indicator ¥20268 Cable, Qutput Unit, R8.232-C
Y 2000 Battery Pack, 12V Rechargeahle Y2030 Thermocouple Input Moduie
Y2010 Rack Panel PTI, single, A size (for Y2001) P20 J-Type Thermacouple Probe
Y2014 Rack Panel PTI, singie, C size (for 2190A, P20K K-Type Thermocouple Probe
Y2002 and Y2023) P20T T-Type Thermocouple Probe
Y2015 3;;;:::;3 :‘;:i;sc;uble, C size {for 2190A, P20E E-Type Thermacouple Probs
Y2018 7 inct Rack Adagter PTI, single, D size
Y2017 7 inch Rack Adagter P, double, D size
Y2020 Panel Mount PTI-DIN, C size (for 21904,
Y2002 and Y2023}
Y2021 145 mm Panel Mount PTI, D size
Y2022 Divider, Thermometer Calibrator

Tabie 1-3. Specifications

2190A Digital Thermometer

Tharmocoupls Types: Detarmined by type of microcomputer.

MICROCOMPUTER THERMOCOUPLE
TYPE TYPE
1 LK T.CandR
2 J,K,E S andR
JblN'. K, TDIN*, Band R

* European standard

Resolution: 0.1°.

Mueasurament Method: Dual slope integration, under micro-
computer control. 100 ms integration period, three readings

per second.

Linsarization Technigue: Computer algorithm, 4th order curve
fit.

Warm-Up to Rated Accuracy: 5 minutes.

Refarence Junction Compensation: 0.005 ° per degree from 25°C.

Safely: PROTECTION CLASS 1 {Relates solely to insulation or
grounding properties further defined in IEC 348.)

Display: °F ar oC,switch-selectable, 7-segment LED's 1.1 cm high.

Temperature Coefficient; £15 ppm/"C from 25°C.

Stabitity: 175 ppm in 90 days, 200 ppm per year.

Common Mods Rejection: 22160 dB at dc, 50, 60, and 400 Hz
3).1%, with 100£) unbalance at input.

Common Mode Voltaga: 350V dc or 250V ac rms max.

Normal Mode Rejection: 290 dB at dc, 50, 60, and 400 Hz 10 1%.
Zero Dvift: Automatic zero correctian.

input Connection: Two wires, on screw terminal isothermal block.
Input Impadance: 1000 M2 at dc.

Max. Source impedance: 2 k{1

Powsr: 12V dc or 100,120, 220 or 240V ac £10%, selectable, 50 to
400 Hz; 8W typical.

Size and Weight: Style C case, 2.1 kg (4 |bs. 9 0z.), typical.
Overrange { Overload) Detection: The thermomeater display

flashes gither positive full scale or negative fuil scale depending

on the palarity of the averload (voltage).

Open Circuit Detection: A source impedance of 3 k{or more
causas the thermometer to display a flashing ""Q.C."". An internat
switch allows a user to simulate a + overload or — overload which
can be used to cantrol limits or afarms for failsafe control.

1-2
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Table 1-3. Specifications (cont}

2190A

2190A Instrument Accuracy Specifications**
MICROCOMPUTER TYPE #1
Maximum Error
Thermocouples
o *Deogrees C IDegress F
- =] =] =] o
Agpplicable Portion 90Dys20 C 1¥ris ¢ 90 Dys68 F 1¥Yr59 F
TYP® | of Temp. Range, °C At Cal. ta 30°C to 35°C At Cal. 10 86°F to 95°F
J 128100 0.18 0.19 0N 0.20 0.23 Q.26
O tc 900 .18 0.3 0.36 0.20 0.47 058
K 1320 0 0.18 0.19 2.2 0.30 0.33 0.37
0 to 1350 0.18 0,39 0.47 0.30 0.72 0.87
T 243 ta 0 0.18 0.20 0.22 3.30 0.35 0.39
0 to 400 0.18 0.22 0.25 0.30 a.41 0.46
010 1708 0.3 0.59 0.70 047 1.01 1.20
0to 2471 0.18 0.60 0.75 0.30 1.1 1.37
MICROCOMPUTER TYPE #2
Maximum Error
Thermocouples p— : rons F
[=] =] o -3
Applicable Partion 90 Dys20 C 1¥r15°C 90 DysE8 F 1¥r58°F
At Cal.
TYPe | ot Tamp. Range, °C At Cal. 1030°C 1035°C to 86°F to 95°F
J -128t00 0.18 0.18 0.1 0.20 0.23 0.26
0 to 900 0.18 031 0.36 0.20 047 058
K 1321w 0 0.18 0.19 0.21 0.30 0.33 Q.37
010 1350 0.18 0.39 0.47 0.30 0.72 0.87
13 262 to 0 0.18 0.20 0.22 0.30 0.35 0.40
0 to 1000 D.18 0.33 0.39 0.20 0.61 0.72
R O1to 1708 0.3 0.59 0.70 047 1.01 120
s 010 1685 .22 0.680 0.60 038 092 1.10
MICROCOMPUTER TYPE #3
Maximum Error
Thermocouples
*Degrees C TDogrees F
o =] [} [5]
Applicable Portion WDOys20C 1¥r15C 90Dys68 F 1¥r59 F
TYPe 1 ¢ Temp. Rangs, °C Arcal. 10 30°C to36°C At cal. to 86°F to 95°F
J DIN® 100 10 O 0.18 G.19 0.20 0.30 0.32 0.36
0 to 760 0.18 0.28 0.33 0.30 0.62 0.61
K 50t 0 0.18 0.18 0.20 0.20 0.22 0.25
0101372 0.18 0.39 0.48 0.20 0.63 0.78
T DIN® 200t00 0.18 020 0.21 0.30 0.34 0.38
0 to 400 0.8 0.22 028 0.20 0.41 0.46
B 420 10 1815 Q0.2 052 0.62 0.37 095 1.15
R 140 10 1700 0.18 0.46 0.56 0.20 0.74 093
* European Standard
**Note: Instrument accuracy does not include thevmocouple errors such as non-conformity to standard curve.

www.valuetronics.com
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Table 1-3, Specifications {cont)

PTI Common Specifications (2190A and Accessories)

Storage Temparature: ~40°C to +75 C, except Y2003 or Y2009 is 0 to 40°C.
Operating Temparature: 0 1o 50°C, except Y2003 and Y2008 is 0 to 40°C.
Relative Humidity: <80%, non-condensing, from 0 to 50°C.

Shock and Vibration: Meets MIL-T-2800 specifications,

PT1 Case Dimensions

Styla A: §.72cmH x 2045 cm W x 3264 e D {2.25 in, H x 805 in.W x 12.85 in, D],

Style B: 820cm H x 2045 cm W x 3284 ecm D {3.23in. H x 8.05 in. W x 1285 in. D}.

Style C: 1049 cm H x 2045cm W x 32,64 cm D (4.13in H x 8.05in. W x 12.85 in. D).

1-4
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static awareness

A Message From

John Fluke Mfg. Co., Inc. |

Some semiconductors and custom (C's can be
\I/ damaged by electrostatic discharge during
handiing. This notice explains how you can
minimize the chances of destroying such devices
by:
I \ 1. Knowing that there is a probiem.
2. Learning the guidelines for handling them.
3. Using the procedures, and packaging and
. —— bench techniques that are recommended.

The Static Sensitive {S.5.) devices are identified in the Fiuke technical manuai parts list with the symbol

The following practices should be followed to minimize damage to S.5. devices.

2)
el ]s

3. DISCHARGE PERSONAL STATIC BEFORE
HANDLING DEVICES. USE A HIGH RESIS-
1. MINIMIZE HANDLING TANCE GROUNDING WRIST STRAP.

&

2. KEEP PARTS IN ORIGINAL CONTAINERS
UNTIL READY FOR USE. 4. HANDLE $.5. DEVICES BY THE BODY

www.valuetronics.com Page 1 of 2




8. WHEN REMOVING PLUG-IN ASSEMBLIES,
HANDLE ONLY BY NON-CONDUCTIVE
EDGES AND NEVER TOUCH OPEN EDGE
CONNECTOR EXCEPT AT STATIC-FREE
WORK STATION. PLACING SHORTING
STRIPS ON EDGE CONNECTOR HELPS TO
PROTECT INSTALLED SS DEVICES.

5. USE STATIC SHIELDING CONTAINERS FOR
HANDLING AND TRANSPORT

6. DO NOT SLIDE $.S. DEVICES QVER
ANY SURFACE

—d

\.

9. HANDLE $.5. DEVICES ONLY AT A
STATIC-FREE WORK STATION

10. ONLY ANTI-STATIC TYPE SOLDER-
SUCKERS SHOULD BE USED.

11. ONLY GROUNDED TiP SOLDERING
IRONS SHOULD BE USED.

A complete iine of static shielding bags and acces-
sories is avaiiabfe from Fluke Parts Department,
) Telephone 800-526-4731 or write to:

7. AVQID PLASTIC, VINYL AND STYROFOAM@ JOHN FLUKE MFG. CO., INC,
IN WORK AREA PARTS DEPT. M/S 86
8028 EVERGREEN WAY
EVERETT, WA 98204

PORTIONS REPRINTED
WITH PEAMISSION FROM TEKTRONIX, INC.
AND GENERAL DYNAMICS, POMONA DIV.

® Bow Charmical JO089D-07UB604/SE EN  Litho in U.S.A.

wwwexakluetronics.com Rev.1 MAR 86



2-1. INTRODUCTION

2-2. This section of the manual contains information
regarding installation and operation of the 2190A Digital
Thermometer, It is recommended that the contents of this
section be read and understood before any attempt is made
to operate the instrument. Should any difficulties arise dur-
ing operation, please contact your nearest Fiuke Technical
Service Center, or John Fluke Mfg. Co., Inc. P.O. Box
C9090, Everett, WA 98206, Tel(206) 356-5400. A list of
Technical Service Centers is located in Section 7 of this
manual.

2-3. SHIPPING INFORMATION

24, The 2190A is packaged and shipped in a foam-
packed container. Upon receipt of the instrument, a
thorough inspection should be made to reveal any
possibie shipping damage. Special instructions for
inspection and claims are inciuded on the shipping
carton.

2-5. If reshipment of the instrument is necessary, the
original container shouild be used. If the original
container is not availabie, a new one can be obtained from
the John Fluke Mfg. Co., Inc. Please reference the
instrument model number when requesting a new
shipping container.

2-6. INPUT POWER

2-7. The 2190A will operate at any of four swiich
selected input line voltages. All operate at frequencies
from 50 to 440 Hertz. A decal on the instrument rear
panel defines the ornginal setting of the line voltage
selection switches. Refer to Section 4 of this manual for
instruction on verifying or changing the input line voltage
switch settings.
CAUTION

Before connecting the 2190A to the local ac

line verify that the present setting of the

instrument matches the tocal line voitage,

www.valuetronics.com
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Section 2

Operating Instructions

2-8. The rear panel ac input connector is a three-prong,
U-ground connector which permits the instrument to be
connected, via the power cord, to the applicable line
voltage. The offset prong on this connector is connected
to the 2190A transformer shield and should be connected
through the power cord to a high quality earth ground.
The rear panel external 12V dc connector accepts two
wires from an external supply. The two receptacles are
marked for polarity,

2-9. INSTALLATION

2-10. The 21%0A and its individually packaged
accessories are installed in PTI (Portable Test
Instrument) cases. These cases are stackable, allowing the
operator to fasten them together and transport a series of
instruments as one unit. The maximum weight for the
stacked units is forty pounds.

2-11. Prepare the 2190A for operation by plugging the
input line power cord inte the applicable power source or
connecting the external input connector to an external
12V dc source.

2-11a.  When interfacing your 2190A with a Fluke 2300A
Scanner, use the following procedure to readjust the zero
calibration of the 2190A:

1. Turn the 2190A and 2300A power off.

2. Remove the Thermocouple Input Assembly from
the rear of the 2190A and ensure that the input termi-
nals are open,

3. Place the eight position (labeled on the PCB) of
51 on and repiace the Thermocouple Input Assembiy
into the 2190A.

4. Remove the Thermocouple Scanner Card
(Option 002) from the 2300A Scanner, short the

2-1



2190A

input terminals for one of the channels and replace 10. Turn the 2190A and 2300A power off, remove

the Thermocouple Scanner Card into the 2300A. the Thermocouple Input Assembly from the 2190A,
move all switches of 51 to the off position and replace

5. Plug the 2300A Interface Option Cable into the the Thermocouple Input Assembly into the 2190A.

2190A Accessory Connector on the rear of the NOTE

2190A.

The 2190A zero will need to be readjusted if not
being used with the 2300A4. To readjust the
2190A zero, turn the 2190A power off, remove
the Thermocouple Input Assembly, short the
input terminals, repeat step 3, turn the 21904

6. Turn the 2190A and 2300A power on.

7. Set the 2300A to the channel that was shorted in

step 4. power on, and repeat step 9.
8. Set the 2300A channel delay to 0.0. 2.12. OPERATING FEATURES
9. Adjust the 2190A zero potentiometer (located on 2-13. The location of the 2190A controls, indicators,
the 2190A front panel, behind the screw-locked and connectors are shown and described in Figure 2-1 and
cover) to obtain a 2190A display of 0.0. Table 2-1 respectively.
1 2
i o
Y A B B
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°
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8 6 4 3
7 5
g 10
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................ o
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Figure 2-1. Controls and Indicators
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Table 2-1. 2190A Controls, Indicators and Connectors

FUNCTION

Displays a five digit readout of the measured input temperature. Leading Zero suppression
and a fixed decimal paint are included. A minus sign is displayed for negative temperature

o a
Displays the temperature scale represented by the digital display data; Cor F,

. @ o
Selects the temperature scale for display, Cor F.

Used with the =006 Limit Option, if instalied. Limit is a numeric set with thumbwheels
to the value used by the selected function. FUNCTION, in combination with the LIMIT
numeric sets an upper {2} or lower { £} limit value which, if exceeded, will illuminate

an indicator and close relay contacts accessible on the rear panel. The third function { &)
causes the thermomater 1o display the difference between the actual reading and the value
set on the LIMIT switches. The last twe functions examing, and display, the maximum

{ T i or minimum { £} reading recorded in microcomputer since the last reset by the

Part af the =006 Limits Option. Indicator illuminates when the preset limits have been

Cover for calibration adjustments used in the calibration procedure.
Part of the —006 Limits Option. Resets the accumulated maximum and minimusm readings

Connector lor the ASCIl coded data for the Cutput Unit, if 21X0A-002 is installed. Connector for the IEEE-488

Banana jack connector for an Anaiog Cutput (1 mV per degree), if 21X0A-002 is instalied. {Only used with

Connectian and access paint for Thermocouple Input Module with isothermai block for

Cable connector for efectrical connection from accessory units,
Fuses far the input line power {F1} and the external 12V de input {F2).
If the Limits feature is installed, provides an output terminal for 2 relay contact closure

Input terminais for the external 12V dc puwer saurce.

REF NAME
1 Digital Display
measurements.
2 Temperature Scale Indicator
3 Powar Switch Applies or removes power from the instrument,
4 SCALE
5 LIMIT and FUNCTION
INITIALIZE MAX/MIN pushbutton switch,
6 LIMIT EXCEEDED
axceeded.
7 CALIBRATICN
8 INITIALIZE MAX/MIN
stored by the microcomputer,
9 DIGITAL QUTPUT
if 21X0A-004 is installed {instead of 21X0A-002).
1G ANALOG QUTPUT
21X0A-002)
11 INPUT CONNECTOR
thermocouple connection and selection,
12 ACCESSORY CONNECTOR
13 FUSES
14 LIMITS
ta signal when the zet limits have been exceeded.
156 12 vDC
16 LINE VOLTAGE Input connector far the input line vo'tage.
CONNECTOR

2-14. OPERATING NOTES

2-15. The following paragraphs describe various
conditions that could effect operation of the
thermometer. The operator should familiarize himself
with these conditions prier to operating the 2190A.

2-16. Option Information

2-17. Supplementary operating instructions are
necessary when operating a 2190A equipped with one of
the available options. Detailed information regarding the
operation of each available option is given in Section 6 of
this manual, Option and Accessory Information.

2-18. Fuse Replacement

2-19. The ac line input and external dc input are
individually fuse protected. Both fuses are readily
accessibte on the outside of the rear panel. The ac line
input fuse (FI) should be repiaced with a 1/8A slo-blo
fuse if either 100 or 120 volts has been selected as the input
line voltage. Use a 1/ [6A replacement if 220 or 240 volis
have been selected. The external de input (F2) requires a
3/4A slo-blo fuse for a replacement.

www.valuetronics.com

2-20. Overload Thermocoupie Indication

2-21. The front panel display, in addition to providing a
measurement reading, provides an indication of an
overload on the input thermocouple. When the
measurement range of the selected thermocouple is
exceeded the display flashes either the full-scale positive
or full-scale negative reading, dependent on the polarity
of the overload. The blinking indication does not
necessarily indicate that the instrument is exposed to a
damaging input condition.

2-22. Open Thermocouple Indication

2-23. If the thermocouple is open, or not connected to
the input terminals, the dispiay flashes the characters
“Q.C.". A signal from the rear panel relay contacts can
also be obtained if the Limits Option (-006) is instalied.
To accomplish this, select either the positive {+OL) or
negative (-OL) position on 84, located on the Main PCB
(refer to Section 4 for access to the Main PCB), depending
upon whether the Limits Option is set to greater than (),
or less than or equal (<5). If the limits are set for >, the 54
switch should be set to +OL foran open thermocouple to
close the relay contacts for a signal. Conversely, for a
signal with a < limit, -OL should be selected.

23
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2-24. Microcomputer Identitication 2-26. OPERATION
2-25. The type of microcomputer instalied in your
instrument wilt determine the types of thermocoupies that
may b_e used. To determine the type of microcomp uter you 2-28. Seiect the desired thermocouple range using the
are using, connect the 2190A to line power and turn it on.
For approximately the first ten seconds, the 2190A will dis-

2-27. Thermocouple Installation

following procedure:

play the microcomputer version, a decimal point, and the 1. Remove the Thermocouple Input Module from
type of microcomputer in use. Example: A display reading the instrument through the access port on the rear
of “9004.17 at turn on indicates that a type | of the 9004 panel, refer to Figure 2-2,

version microcomputer is installed. Table 2-2 lists the

microcomputer types with the thermocouples that they are 2. Connect the selected thermocouple to the input

programmed for, terminals on the isothermai block.

Table 2-2. Thermocouple Input Module Switch Settings.

DISPLAY AT MICROCOMPUTER TYPE SELECT SWITCH SETTING (81}
9004.1 or 9005.1 1 J K T c R CAL | CAL
or 9005.2 2 J K E 8 R CAL | CAL
or 8005.3 3 J** K T* B R Cal | CAL

Example: To select a switch setting of 5, position the thermocoupie type select switches as shown:
1 2 4 8

t
ON . - . - 1+4=5

In these positions the display will have a maximum range of 99 899 uV with 1 4V resolution, _
** DIN standard

T/C INPUT
MODULE

INPUT
THERMOCQOUPLE (T/C) WIRE TERMINALS

ACCESS PORT

TIC
SELECTOR
SWITCH 151)

Figura 2-2. Thermocoupte PCB Accass
2-4
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3. Set the thermocouple selector switch to the 5. [Expose the thermocouple probe to an unknown
setting shown in Table 2-2 and on the pcb beside the temperature or the temperature to be monitored,
isothermal block, for the thermocouple installed. within the thermocouple’s specified range (see

Specifications in Section 1).
4. Connect the Thermocouple Input Module to
the insirument Main PCB through the access port
on the rear panel.

6. The probe temperature, in the scale selected, is
displayed on the front panel

5. Verifythat the instrument has been calibrated for 2-31. Voltage Measurements
the thermocouple in use. See Section 4 “Thermo-

couple Input Calibration™ for more information. 2-32, The 2190A may be used to measure positive or
negative voltages up to 99.999 mV with | 4V reselution.
2-29. Thermometer Operation When using the 2190A to measure voltages, the
o . temperature units (°C, °F) are to be ignored. Since the
2-30.  Operate the 2190A Digital Thermometer usingthe  4ecimal point will be fixed, ignore it and read the display
following procedure:. in 1. Example: 99 mV input = display of "9900.0” °F or
°(. Use the following steps to measure voltages with your

1. Verify that the instrument has the correct
thermocouple connected, or install the desired
thermocouple using the procedure previously given
in this section.

2190A.

1. Remove the 2190A’s Thermocouple Input
Module, refer to Figure 2-2.
2. Connect the input line cord to the applicable

pPOWET SOUrce. 2. On the Thermocouple Input Module, set select

) . switches to position #8 or #9 (refer to Table 2-2 for
3. Select the temperature scaie desired for display switch selection, and Table 2-3 for switch
with the front panel SCALE switch (in for °C and functions). Replace the Thermocouple Input
out for °F). Module.

NOTE )

If Option <006 is installed the FUNCTION NOTE
thumbwheels must be set for Limits (> or <) For the following steps the source resistance
for a direct temperature reading. must be kept below 2 kQora 0.1 uF capaciror

must be placed across TC+, TC-.
4, Select POWER ON.

NOTE 3. Connect the unknown voltage to TC+ and
Refer to Section 6 of this manual or applicable TC-.
accessory manuals, for instructions on the
operation of any installed options or 4, Turnthe 2190A on, display will now read in gV
connected accessories. units.
Table 2-3. T/C Input Moduie Switch Functions
SWITCH
SWITCH POSITION SWITCH FUNCTIONS

3-6 Programs the microcamputer (tc) for each T/C probe type {see Tabla 2-2 }.
51 7 Not Used

8.9 “CAL", programs the [ic to read IV (bypasses the lingarization program).

2-5/2-6
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3-1. INTRODUCTION

3-2. This section ol the manual contains an overall
lunctional description. followed by a brief circuit analysis
ol the 2190A Digital Thermometer. Simplitied circuit
diagrams are provided. as necessarv, to supplement the
text. Detailed schematics are given in Section 8 of this
manual.

3-3. OVERALLFUNCTIONALDESCRIPTION

3-4, The Model 2190A Digital Thermometer, shown in
Figure 3-1. is a 3-digit microcomputer controlled
thermocouple thermometer capable of resolving 0.1°C or
0.1°F over temperature range of -252° to 2471°C or
4867 to 4480°F. It features a reference-junction
compensator (eliminating the need for an ice bath
reference-junction), dual-slope A. D conversion
technique. microcomputer control logic, and a 5-digit
display with temperature scale indicator.

3-5. In operation, the 2190A executes a continuous
series ol measurement cvcles to update the temperature
displav. The measurement cvcle is controlled entirely by
the microcomputer and includes three major subcycles:
the Auto-Zero. Integrate, and Read periods. Each
subcyele controls the operation of the analog section of a
dual-siope integrator, which in turn, generates a compare
output, which is used by the microcomputer to generate
the proper contrel signals. {In addition to these major
subcycles. a recovery signal is applied at the end of the
read period te assist the Auto-Zero pertod.)

36, Theconfiguration of the analogsection during each
phase of the measurement cvcle, is established by the
condition ot microcenputer controlled FET switches.
The measurement cvcle begins with the Auto-Zero
period. During this period. the input to the Buffer
Amplifier is connected to ground through an FET switch
and the accumutated de offset voltages present in the
analog section are sampled and held by the Auto-Zero
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Section 3

Theory of Operation

capacitor. This voltage is used later in the measurement
cvcle to cancel measurement errors introduced by offset
voltages present in the analog circuitry. As a result. the
final measurement is proportioanal to the thermoccuple
probe output voltage and does not include oftset errors.

3-7. During the Integrate period, the thermocouple
input voltages {probe voltage and input terminal
voltages) are applied 1o the integrator and the algebraic
sum of these voltages is integrated over a 100 ms period.
At the end of this period the thermocouple input voltages
are removed from the integrator and the Read period 1s
started.

THERMOCOUPLE
PROBE

DUAL SLOPE
ANALOG CIRCLIT

INT
READ
AZ
COMPARE

MICROCOMPUTER
CONTROL &
LINEARIZATION

DISPLAY

Figure 3-1. 2190A Simplified Block Diagram
31
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3-8. A reference voltage is applied to the integrator
during the Read period, causing the integrator capacitor
to be discharged at a linear rate. When the integrator
output reaches the voltage stored on the Auto-Zero
capacitor a compare signal is generated to end the Read
pertod. The duration of the Read pericd 15 translated by
the microcomputer to provide a digital indication
proportional to the thermocouple probe voltage.

3-9. To compensate for the error voitage present on the
input terminals, the microcomputer configures the analog
portion to do a complete conversion cycle on the
reference-junction volitage every 11th read cycle. This
voltage is generated by a transistor which is at the same
temperature as the input terminals. The microcomputer
uses the number generated during the Read period to
compensate the input voitage and display the actual
probe temperature.

3-10. CIRCUIT ANALYSIS

3-11. Circuit analysis of the 2190A is discussed in two
sections; digital and analog. The digital section is covered
first and particular attention is paid to the control it
exercises on the analogsection. The analysis of the analog
section covers the analog measurement circuitry and the
power supply.

3-12. Digital Section

3-13. The digital section of the 2190A consists of a
single-chip microcomputer (U4), which has a self-
contained, programmed, read only memory; a hex
CMOS open drain buffer (U3} and an LED display. Its
function is to convert the non-linear thermocouple probe
voltage, as measured by the analog section, into a linear
digital display, provide the necessary control signals to
the analog section and to provide control for all
accessories on an accessory bus. The 2190A LED display
provides a direct reading of the probe temperature in °C
or °F.

3-14. The microcomputer contains ail 2190A program,
control logic, and linearizing capability and provides the
display with all signals necessary to update the display.
The linearization of the non-linear input signal is
accomplished by selecting one-of-several programs which
compute the correct temperature vsing a 4th-order,
curve-fit approximation of the probe output. The
operating program is selected to match a particular
thermocouple type and is enabled by the numeric setting
corresponding to the thermocouple type in use. The
rotary switch is located on the thermocouple input
assembly next to a table showing the switch setting
applicable to the thermocouple type in use.

3-15. Measurement data is continuously strobed out of
the microcomputer in decoded-seven-segment, character-
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serial format and sent to the LED display. With an
overload condition the display flashes on and off. An
"0.C." display indicates an open thermocouple probe
condition.

3-16. The basic measurement cycle shown in Figure 3-2,
consists of three major subcyeles; a 100 ms minmimum
Auto-Zero period, a 100 ms Inwegrate period, and a
variable Read period. The tetal measurement cycle time
consists of 300 ms; 100 ms to irtegrate, up to 100 ms to the
Read period, and the remaining time to the Auto-Zero
period. (Auto-Zero time will vary from 100 to 200 ms.} To
accomodate settling times in the analog section a (A) 2,
(! ms nominal) hold signalis inserted at the beginning and
at the end of the Integrate penod.

3-17. Analog Section
3-18. ANALOG MEASURLEMENT CIRCUIT

3-19. The analog circuit is shown in simplified form in
Figure 3-3. It consists of a thermocouple input circuit, a
reference-junction compensator, a voltage reference, a
buffer amplifier, an integrator, a gain stage, a
comparater, and a combination of FET switches. The
switches are shown in their open state and are closed by
the measurement cycle commands generated by the
microcomputer.

3-20. The Thermocouple Input circuit consists of an R-
C filter and a pair of voltage protection diodes. The
difference between the thermocouple probe voltage and
the input terminal voltage is passed through the filter and
appears at FET switch Q15. The R-C hilter increases the
normal mode rejection capability of the 2190A.

3-21. The reference-junction compensator consists of
an isothermal block, a pair of screw tvpe input terminals
and a transistor temperature sensor, {(all on the
Thermocouple lnput Assembly). The isothermal block
maintains a negligible temperature differential between
the input terminals and the temperature sensing
transistor. Thermocouple voltages introduced by the
dissimilar metals at the wnput terminals vary as the
isothermal block adjusts to ambient temperature,
Temperature changes are sensed by the forward biased
transistor to produce 2 correction voltage which is read by
the analog measurement circuitry every efeven cyeles. The
reading is saved bv the microcomputer and is used to
compensate for the error voltages present at the input
terminals. Predictable characteristics of a forward-biased
P-N junction allow the reference-junction compensator
to function over a wide temperature range. This
correction voitage occurs at FET switch QL7.

3-22. The voltage reference consists of a thin-film
resistor network supplied by an accurate 6.2V de
reference voltage. The divider is set 1o provide 100 mV
and 200 mV. These voltages appear at FET switches Q12
and QI13, respectively.
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Figure 3-2. Measurement Cycle Waveforms

3-23. The Buffer, Integrator, Gain Stage, and
Comparator Amplifiers combine to perform the analog
functions of the Integrate. Read, and Auto-Zero periods.
The Buffer is used to provide integrator inputs during all
three periods. The Integrator integrates the Buffer output
voltage during the Integrate and Read periods and, in
combination with the Gain Stage, functions as a closed-
loop amplifier during the Auto-Zero period.

3-24. During the first phase of each measurement cycle,
the analog section goes through an Auto-Zero period.
During this time. four auto-zero switches (Q12, Q16, Q6,
and Q10) are closed by the Auto-Zero command from the
microcomputer. Two of the switches (QI2 and Q16)
charge the reference capacitor to 100 mV. Switch Q16
also zeroes the input to the buffer amplifier. The third
switch, Q6 connects the Integrator and Gain Stage into a
closed-loop configuration and allows the auto-zero
capacitor {C10) to charge to a value which is proportional
to the algebraic sum of all the offset voltages present in the
Buffer. Integrator, and Gain Stage. At the end of the
Auto-Zero period, switches Q12, Q16, Q6 and Q10 are
opened. The VREF capacitor and the auto-zero capacitor
retain their charge for use later in the measurement cycle.
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3-25. The Integrate period (see Figure 3-2) starts on the
leading edge of the integrate command from the
microcomputer; switch Q15 is closed and switch Q8 is
opened. The thermocouple inrput voltage is applied
through switch QI35 to the buffer input. After a | ms
settling period. switch Q8 closes and the buffer output is
applied to the Integrator for 100 ms. As the integrator
capacitor charges. the Integrator drives the comparator
{through the Gain Stage) to either 0 or +5V dc to indicate
the polarity of the thermocouple input voitage, negative
or positive, respectively. At the end of the Integrate
period. the integrate capacitor is charged 1o a level and
polarity which are proportional to the thermocouple
miput voltage and switches Q15 and Q8 return to the open
state,

3-26. The Read period starts at the end of the Integrate
period and one-of-two Read modes is enabied depending
upon the input polarity sensed by the comparator during
the I[ntegrate period. If a positive input is sensed, a
positive Read mode isenabled. Similarly, a negative Read
mode is enabled when a negative input is sensed.

3-3
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3-27. It the positive Read mode 15 commanded, FET
switch Q1115 closed. This grounds the positive end of the
VREF capacitor which effectively applies -100 mV to the
input of the buffer.

3-28.  [f the negative Read mode is commanded, switch
Q13 is closed connecting the positive end of the VREF
capacitor to +200 mV. Therefore, the voltage applied to
the buffer is the algebraic sum of 200 mV and the voltage
across the reference capacitor. This effectively applies
+100 mV to the input of the buffer.

3-29. After a | mssettling time, switch Q8 closes and the
buffer output voltage is applied to the integrator mnput.
causing the integrator capacitor to discharge at a linear
rate determined by the reference voltage. The discharge
continues until the integrator voltage reaches the
comparator trip point, which is referenced to the voltage
on the avto-zero capacitor. When this level is reached the
comparator changes state, commanding the
microcomputer to terminate the Read period. To
facilitate Auto-Zero, the microcomputer then calls a
reference voltage opposite in polarity to the one
previously used. When the integrator again reaches the
trip point, the microcomputer immediately begins the
Auto-Zero period.

3-30. Offset voltages present during the Integrate and
Read periods are cancelled by offset voitages that were
sampled and held during the Auto-Zero period. However,
during conversion within the microcomputer, the
temperature corresponding to the reference-junction
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voltage is added to the measurement data and, as a result,
the displayed temperature 1% equal to the thermocouple
probe temperature.

3-31. O.C. DETECTOR

3-32. The open thermocouple detector {(Ul4d and its
associated circuitry) on the thermometer is used to
deternune whether or not the impedance at the input
terminals exceeds a predetermined level. It therefore
provides an indication of a broken or faulty
thermocouple. A square wave 15 apphed to the input of
the thermometer and its magnitude is compared to a
reference square wave. If the reference is exceeded, an
open circuit condition is detected. This occurs at a
nominal 2 kQ.

3-33, POWER SUPPLY

3-34.  The 2190A power supply consists of a DC-to-DC
Converter and voltage regulating circuitry. AC inputs are
made via the input power cord, line fuse. and power
transformer/ rectifier. External +12 volt d¢ inputs can
also be made directly to the DC-to-DC Converter via line
TBI (see Main PCB schematic, Section 8), The function
of the power supply is to provide +35. +135, and -15 de
aperation voltages for the 2I90A circuttry. The power
supply can be driven from AC line or 12V dc external
source. The DC-t0-DC conversion and voitage regulation
is accomplished using conventional power supply design
technigues.

3-5/3-6
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Section 4

Maintenance

WARNING

THESE SERVICING INSTRUCTIONS ARE FOR USE BY QUALIFIED
PERSONNEL ONLY. TO AVOID ELECTRIC SHOCK, DO NOT
PERFORM ANY SERVICING OTHER THAN THAT CONTAINED IN
THE OPERATING INSTRUCTIONS, UNLESS YOU ARE QUALIFIED

TO DO SO.

4-1. INTRODUCTION

4.2, This section of the manual provides information
about warranty. factory service, maintenance,
performance testing, routine recalibration, and
recalibration after repair. The perfermance test 1s
recommended when the instrument is received and later
as a preventive maintenance teol or for testing after
repair. The test verifies performance at several
temperatures within the range of a given thermocouple
type. Specifications are provided both for annual and for
a more precise 90-day performance-testing cycle.

4-3. SERVICE INFORMATION

44. The instrument is warranted for a period of |-vear
upon delivery to the original purchaser. The
WARRANTY is located on the back of the title page
located in the front of this manual.

4-5. Factory authorized calibration and service foreach
Fluke preduct 1s available at various worldwide
locations. A complete list of these service centers is
included in Section 7 of this manual. If requested. an
estimate will be provided to the customer before any work
is begun on instruments that are beyond the warranty
period.
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4-6. GENERAL MAINTENANCE
4-7. Instrument Disassembly

4-8. Removal of the instrument from its case Is
necessary only for maintenance. Routine calibration can
be done without such removal. Disassemble the
thermometer using the following procedure:

[. Remove the Thermocouple Input PCB
Assembly through its access port in the rear panel.

2. Remove the four screws on the bottom of the
instrument that secure the two halves together and
lift the top cover free.

3. Remove the Quiput Option, if instalied and
required. by removing the three screws connecting it
to the Main PCB, disconnecting the interconnect
cables at JI and J3, and lifting the Option PCB
clear.

4. Remove the screw securing the center of the
Main PCB to the bottom portion of the case,

5. Lift the Main PCB, complete with front and
rear panels, clear of the case.
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6. Remove the front panel, if required, by
disconnecting the guard screw at the lower right
corner; disconnecting the front panel interconnect
cable a1t J6: disconnecting, if installed, the Limits
Option interconnect cable at J4, and moving the
front pane! forward.

7. Remove the rear panel, if required, by
removing the three screws attaching it to the Main
PCB: disconnecting the wires from the input line
power connector; unsoldering the wires from two
fuse holders and moving the rear panel f{ree.

& Perform reassembly in the reverse order.
4-9. Input Line Power Selection

4-10. Input line power voltage is selected by positioning
the slat on two switches. Figure 4-1, shows the switches on
the right edge of the Main PCB set for 120 volt ac
operation. Table 4-1, lists the switch settings for other line
voltages available,

s3
) Q
&~ <
8 S
g O |5
Y
RIGHT
SLOT s
S5 g
(1
o o
- [ ]
('] ™~
g O |z

Figure 4-1. Line Voltage Selection Switches

Tabia 4-1. Line Voltags Selection Switches Positioning

§$3 SLOT §6 SLOT
VOLTAGE (REAR SW} (FRONT SW}
100 Left Right
120 Left Left
220 Right Right
240 Right Left

4-2
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3-11. Cleaning

4-12. Clean the instrument periodically to remove dust,
grease. and other contamination. Use the following
procedure;

CAUTION

Do not use aromatic hydrocarbons or
chlorinated solvents tor cleaning. They will
react with plastic materials used in the
manufacture of the instrument.

1. Clean the front panel and case with a soft cloth
dampened with a mild solution of detergent and
water,

2. Clean the surface of the pcb using clean, dry air
at low pressure (20 psi). If grease is encountered,
spray with Freon T.F. Degreaser or anhydrous
ajcohol and remove grime with ¢lean, dry air at low
pressure.

4-13. Fuse Replacement

WARNING

DISCONNECT THE UNIT FROM LINE
POWER BEFORE ATTEMPTING FUSE
REPLACEMENT. )

4-14. The 2190A has two fuses, both accessible on the
rear panel. F1 is for the input line power and should be
replaced, when necessary, with a 1/8A MDL (slo-blo)
fuse when the input line power selected is 100V or 120V.
When the input power selected is 220V or 240V, FI
should be replaced witha I/ 16A MDL fuse. F2 is for the
12V dc external power and requires 3/4A MDL fuse.

4-15. Service Tools

4-16. No special tools are required for maintenance or
repair.

4-17. PERFORMANCE TEST

4-18, The performance tests listed here (Ambient
Temperature or Ice Bath Test) perform the same
function, specifically, verifving instrument performance
to us specifications. Either test may be used for initial
acceptance, verifying calibration, or as an aid in
troubleshooting. Both tests need not be performed. 1f the
thermometer fails to meet specifications in either
performance test, the calibration adjustment procedure
or troubleshooting should be performed, as determined
by qualified personnel.

4-19, Table 4-2, lists the equipment required for the
performance test and calibration adjustment procedure.
If the recommended model of test equipment is not
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available, a substitute that meets the minimum use [. Turn the POWER switch OFF and remove the
specifications may be used. The test should be conducted line power cord from the line voltage source.
with an ambient temperature of 25 £2°C {77.0 £3.6°F).
2. Select the switch position on the Thermocouple
4-20. Ambient Temperature Test Input Module correspending 1o the microcomputer
and thermocouple type in use, see Table 2-2.
4-21 Use the following procedure to test the instrument
at ambient temperature: 3. Connect the equipment as shown in Figure 4-2.

Table 4-2. Test Equipment Requirements

TEST EQUIPMENT MINIMUM USE SPECIFICATIONS RECOMMENDED MODEL
Thermocouple Wires Type K preferred Omega or manufacture specification
Mercury Thermometer 0.02° C resolution Princo Model ASTMS6C
{either °C or °F) 0.05°F resolution Princo Model ASTMS6F
Dewar Flask/Cap 1-pint capacity Thermes
DC Voltage Calibrator Qutput Voltage 0 to 10V Fluke Model 343A

Accuracy: 0.002%
Resalution: 100 uV

Voltage Divider 100:1 Ratic: 0.005% Fluke Y2022 or Fluke 720A or
Kelvin-Vartey Divider (Shunt Filuke 760A
output with 1 uF capacitor)
Variable Line-Voltage 100, 115, 230V ac, as reguired, General Radio VARIAC WBHM
Teansformer +10%
Decade Resistor Accuracy: 1% General Radic 1434
Ranges: 1k, 10k, and 100k
Voltmeter Resolution: 100 LV Fluke 8800A

Accuracy: .008%

21904 LINE VOLTAGE
+ - INPUT LINE TRANEFORMER
7?9 CORD o
&
THERMOCOUPLE WIRE T MERCURY
THERMOMETER
{0.02° RESOLUTION}
VOLTMETER +? O—
LAG BATH
{ROOM TEMPERATURE
WATER) OR |CE BATH,
DEPENDING UPON
WHICH PERFORMANCE
N TEST IS USED
D YOUTAE o 5 9’ |
Lo COFPER o VOLTAGE C/ /
WIRE = DIVIDER C//COPPER ‘\
= C WIRE tMMERSED TO
. APPROXIMATELY
SAME DEPTH

Figure 4-2. Equipment Connections
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NOTE

Whenever the 7204 or 7504 is used as the
divider u I pF capacitor must be placed across
its output terminals., otherwise an open
thermocouple condition will result.

4. Verify that the POWER switch is OFF. then
adjust the line voltage transformer for the nominal
input line voltage,

5. Turn the POWER switch ON.

6. Allow the 2190A to stabilize (at least 3
minutes).

7. Select the temperature scale (°C or °F) on the
2190A to agree with the temperature scale of the

12. Repeatsteps 8. 9. 10, and 11 for the remaining
voltages in the "Divider Cutput mV” column.

13. Set the line voltage transiormer for line
voltage minus ten percent and repeat the test for one
thermocouple type.

14. Set the line voltage transformer for tine
voltage plus ten percent and repeat the test for one
thermocouple tvpe.

[5. Set the line voltage transtformer for the input
line voltage.

16. Disconnect the thermocouple (rom the input
terminals.

7. This completes the performance rest.

mercury thermometer in the lag bath. 4-22. Ilce Bath Construction

4-23., To construct an ice point bath. use the following

8. Read the temperature of the mercury
procedure:

thermometer and find the corresponding mV

reading to this temperature (refer to the
Thermocouple Reference Tables in Section 7B of
this manual). Interpolation may be used as
necessary.

9. Algebraically subtract the mV reading found in
step & from the first value found under the "Divider
Output mV~” column of Table 4-3, for the
micrecomputer and corresponding thermocouple
type in use.

[0. Obtain a divider output equal to the result
found in step 9 by adjusting the calibratoer, or if
using the 720A or 750A, adjust the divider.

Il. Verify that the 2190A reads the value listed in
Table 4-3, within the limits specified (90-day or 1-
year as required).

[. Prepare a thermos by drilling two holes in its
cap to accept the thermometer and thermocouple
wires or use a standard laboratory cork.

2. Fill the thermos with shaved or crushed ice
made {rom distilled water.

3. Fiil the thermos with enough distilled water so
that the ice becomes siush. but not enough ta float
the ice.

NOTE
As the lce melts, siphon off the excess water
and add more ice. Alfow approximately 3 1o
10 minutes for the warer to drop back 1o the

Jreezing point.

4. Replace the thermos cap or cork and insert
thermocouple wires and thermometer as shown in
Figure 4-2.

Table 4-3. Performance Test Values

4-4
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THERMOCOUPLE DIVIDER ’F (2190A DISPLAY) G {2190A DISPLAY)
TYPE OUTPUT mV 90 DAY 1 YEAR 90 DAY 1 YEAR
MICROCOMPUTER TYPE #1
J ~5.553 190+ 0.2 ~-190 0.2 —1233+0.2 -1233*0.2
—2.483 —600+0.2 -60.0 £ 0.2 —51.1+0.2 ~51.1:0.2
23.317 800.0 + 0.2 800.0 £ 0.3 426.7 £ 0.2 4267 +0.2




Table 4-3. Performance Test Values (cont)}

2180A

°F {2190A DISPLAY)

°C {2190A DISPLAY)

1.508
8.141
20.275

740+ 04

740 £ 0.4

400 £ G4 400 £ 0.4
1500 * 0.6 1500 3.7
3100 0.2 3i00=z3.0

THERMOCOUPLE DIVIDER
TYPE OUTPUT mV 90 DAY 1 YEAR 90 DAY 1 YEAR
MICROCOMPUTER TYPE #1 (cont)
T —6.108 ~400 * 0.3 ~400 + 0.3 2044 + 02 2044+ 0.2
~4.,009 ~190 0.3 ~190 £ 0.3 —123.3+0.2 ~1233£0.2
8.062 350 * 0.3 350 + 0.3 176.7 £ 0.2 176.7+£0.2

2044+ 03 2044 + 0.3
8156+04 8156£0.2
1704.4 £ 0.6 1704.4 £ 0.6

3933+02

—1.929

8.141

MICROCOMPUTER TYPE #2

1500 + 0.6
3100+ 0.8

~190 +0.3 190 * 0.
—60£0.3 —60£03
1200 + 0.5 1200 £ 0.5

00 + 0.
1500 £ 0.7
3100 £ 1.0

-123.3+0Q.2
—51.1x0.2
648.9+ 0.3

8156"‘04
1704.4 £ 0.6

-123.3+0.2

~51.1£0.2

648.9 + 0.3
+

4103
815.6 £ 0.2
1704.4 + 0.6

MICROCOMPUTER TYPE #3

734.0 +0.4

400.0 +0.4 400.0 0.4
1500.0 +0.6 1600.0 £0.6
ap62 £ 0.9 3062 £ 0.8

JDIN® -4.33 ~130.0 £0.3 ~130.0 +0.3 ~90.0 20.2 ~90.0 +0.2
10.95 392.0 £0.3 392.0 +0.4 200.0 +0.2 200.0 0.2
42.92 13820 0.5 1382.0 +0.5 750.0£0.3 750.0 +0.3
_ 18820505 1 00 202
TDIN® -6.510 ~310.0 +0.3 -310.0 20.3 ~190.0 £0.2 1900 £0.2
2.480 140.0 20.3 140.0 £0.3 60.0 0.2 60.0 +0.2
20.380 734.0 £0.4 390.0 +0.2 390.0 0.2

2044 + 0.3

815.6 0.4 816.6 *0.4
1700 + 0.6 1700 £ 0.6

2044:1:03

* European Standard

www.valuetronics.com
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4-24. lice Bath Test

4-25, Use the following procedure to test the 2190A
using an ice point bath:

I. Repeat steps | through 7 of ambient
temperature test; verify that the temperature of the
walter is at the {reezing point.

2. Using Table 4-3 (for the corresponding
microcomputer and thermocouple type) obtain a
divider output egqual to the first value of the
“Divider Qutput mV” column and verify that the
2190A reads within the limits specified, 90-day or |-
year.

3. Repeat step 2 for the remaining voltages in the
“Divider Output mV¥” colummn.

4, Repeat steps [3 through 17 of ambient temp-
erature test.

4-26. CALIBRATION ADJUSTMENT
PROCEDURE

4-27. The thermometer should be calibrated at either
90-day or annual periods, depending upon the accuracy
desired, and any time that repairs are made to the
instrument. Either scale can be verified by executing the
performance test previously given. The microcomputer
can aiso be changed without effecting the calibration of
the instrument.

4-28. Equipment Preparation

4-29. Prepare the equipment for calibration using the
following procedure:

1. Remove the top cover from the instrument.

2. Select switch setting of 9 (CAL) on the
Thermocouple Input Module to disable the
reference-junction circuitry (see Tabie 2-2).

3. Connect the equipment as shown in Figure 4-3,
Refer ta Table 4-2 for the applicable test equipment
maodels.

NOTE
fnsure the instrument warm-up period has
been sufficient to reach rated accuracy (at
least 5 minutes}).

4. Select the desired temperature scaie,

J'\‘rOTE
{f the Limits Option is instalfed select the
LIMITS (< or >») function.

4-6
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2190A DIGITAL
THERMOMETER
+ —_
Q O
YOLTAGE + HI
DIVIDER LO
+ -0 OC VOLTAGE
o— = CALIBRATOR

Figure 4-3, Calibration Adjustment Connections

4-30. Zero Adjustment

4-31. Perform zero adjustment using the following
procedure:

I. Select a thermometer input, from the voltage
divider, of 10.2 uV dc.

2. Record the thermometer display.

3. Reverse the pelarity of the input by reversing
the polarity of the calibrator output.

4. Record the thermometer display.

5. Adjust ZERO (R31) through the front panel
access port and repeat steps | through 4 as required
to abtain the same value in both step 2 and 4.

6. Adjust R14 for a thermometer display of 1.0 of
the same polarity as the input.

7. Connect a test DMM between TP16 {HD) and
TPI (LO).

8. Adjust RI[7fora DMM reading between 6.1999
and 6.2001V de. ignore any thermometer display.

4-32. Reference Adjustment

4-33. Perform the reference adjustment using the
following procedure:

. Select a thermometer tnput. from the voliage
divider, of 99 mV dc,

2. Adjust +FS {R29) through the front panel
access port for a display between 9899.9 and 9900. .

3. Reverse the polarity of the input by reversing
the polarity of the calibrator output.
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4. Adjust -FS (R30) through the front panel negative supplies repaired. the reference-junction bias
access port for a display between 9899.9 and 9900.1. resistor R3 must also be replaced. R3 1saselected resistor

and must be individually matched to QL. Prior to the
5. Select a thermometer input. from the voltage matching procedure, calibrate the instrument using the
divider. of 45 mV dc and verify the thermometer standard procedure through the reference-junction
reads between 4499.9 and 4500.1. adjustment and then replace the thermocouple input

calibration portion of the procedure with the following:
4-34. Reference-Junction Adjustment . Connect a thermocouple probe to the input
terminals and select the applicabie switch setting on
the Thermocouple Input PCB Assembiy (K-type
thermocouple preferred) and 1nsert the probe intoa

4.35. Perform the reference-junction adjustmen? using
the following procedure:

|. Disconnect the voltage divider [rom the lag bath.
calibrator and the thermonmnteter. _ _ _ _
2. Center the reference-junction potentiometer

2. Select a calibrator output of +0.5785V dec. RL

CAUTION 3. Connect a decade box (see Table4-2}in place of

. the reference-junction bias resistor.
Verify that the calibrator output is correct )

before applying it to the instrument. 4. Adjust the decade-resistance box for the value

from Table 4-4 that causes the temperature to read
closest to the lag bath temperature as monitored on
the mercury thermometer.

3. Connect the calibrator between TP (HI) and
TP17 {LO). Select switch position 1 (K) on the
Thermocouple [nput PCB Assembly, and short the
thermocouple + and - input terminals with a short

piece of copper bus wire 5. Remove power, disconnect the decade box, and

connect the resistor selected from the table.
4. Adjust R3 forathermometer display of 77.0°F. 6. Reapply power, allow the system to stabilize at
its rated accuracy (at least 3 minutes). then adjust
Rl through the rear panel access port for a
temperature display equal to the reading of the lag
bath mercury thermometer.

$. Disconnect the calibrator from the
thermometer and remove the short on the
thermocouple input terminals.

4-36. Thermocouple Input Calibration 7. Calibra}ion and component selection is
complete. Disconnect all test equipment from the
4-37. Perform the thermocouple input calibration using 1strument,
the following procedure:
1. Connect a thermocouple to the thermometer
input terminals (K-tvpe preferred) select the Table 4-4. Bias Resistor Vatues
applicable switch position and insert the probe into
a lag bath. vaLue | JOHNFLUke f | JOHN FLUKE
PART NUMBER PART NUMBER
2. Allow the svstem to stabilize, then adjust Rl on
the Thermocouple 1nput Module through the rear 49.9k 268821 110k 234708
access port for a temperature display equal to 52.3k 237248 124k 288407
reading of the lag bath thermometer. 54.9k 271353 140k 289439
57.6k 289116 162k 375998
3. Calibration of the 2190A is complete. 604k 291419 191k 375823
Disconnect al! test equipment from the instrument. 3.4k 235382 237k 288373
68.1k 236828 308k 235283
73.2% 23722 332k 289504
4-38. SELECTED COMPONENT 78.7k 289058 464k 271908
REPLACEMENT OR ADJUSTMENT 84.5k 229492 562k 236368
90.2k 223637 1.05M 260737
4.39. If the reference-junction transistor (Q1 on the 100% 248807 o0 OPEN
Thermocouple Input PCB Assembly) is replaced or the

4-7
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4-40. Multipoint Potentiometer Adjustment 3. Obtain an output of 578.5 mV dc from a test d¢

4-41. The multipoint potentiometer (R57) is set at the calibrator.

factory and should not require further adjustment unless .
one of the other resistors in the divider (R1 and R2) or the 4. Apply the output of the de calibrator to TP1 (HI)
capacitor (C19) require replacement. Adjustment of the and TPI8 (LO).

potentiometer requires that a Y2001 Multipoint Selector or . . o
a 2300A Scanner may be connected to the instrument. ;.f O?FFIJUM R57 for a thermometer display of
Adjust R57 subsequent to replacement of any of the four T
affected components (C19, R1, R2, or R57) using the

following procedure: 4-42. TROUBLESHOOTING

1. Connecta Y2001 Muitipoint Selector or a 2300A

Scanner 10 the instrument. 4-43. Troubleshooting for the 2190A consists of the

tabular fiow chart in Table 4-5. When a step on the flow

2. Short the input to one channel on the Y200i or chart is completed check for a decision transfer. It no
2300A Scanner and select that channel on the front decision 1s required perform the next step of the table in
panel. (If a 2300A is used, select delay of 0.0} sequence.

Table 4-5. 2190A Troubleshooting

Go to the step
number given

STEP ACTION for correct
NO. response
YES NG
1 Short the thermocouple input.
2 Set the thermocoupde selector switch to position 8 or @ (Cal. pos.}.
3 Apply power to the thermometer,
4 Daas the display read 2190.X for ten seconds and then change to o’c {OQFI? 14 5

NQTE: X = A numeral depending on the version of software installed.

5 Does any portion of the disptay illuminate? 13 &
G Measure between TP2 and TP4 for +5 $10% VDC, betwesn TP1 and TP3 far +15 5% VDL, and between

TP and TP2 for -15 15% vDC.
7 Are all voltages correct? 12 8
8 Measure between Pin 8 of T2 and the negative end of C21 for a DC voltage greater than 10.3V and for a

peak to peak wave form hetween Pins 8 and 9 of T2 approximately twice the value of the DC voltage
measured at Pin 8.

9 Are bath signais present and correct? 11 10
10 Check the inverter circuit that drives tha transformer (T2). Repair as required then resume at Step 3.
11 Check the transfarmer secondaries and if any are bad, check the individual regulators and their associated

campanents. NOTE:  Analog circuitry may load down the ¥15V supplies. Repair as required then
resume at Step 3.

12 Check the +§V path the the Display PCB and the Display PCB Connector. Repair as required then resume at
Step 3.
13 Check the strobes (U4-3, 4, 5, 6, 19} and display seven segment control lines (U4-8,9, 10, 11,12, 13, 14),

Repair as required then resume a1 Step 3,

14 Remaove the input short.

4.8
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Ga to the step
number given
STEP ACTION for correct
NO. response
YES NO
15 Does the display read "0.C."'? 17 16
16 Check U14-1, U14-2, U14-13 outpdts and their associated components. Repair as required then resume
at Step 14.
17 Set the thermocouple selector switch ta the setting of the type thermocouple to be connected in the
next step.
18 Connect a thermocoupde to the thermameter and measure some known temperatursg,
19 Is the displayed temperature correctf 41 20
20 Daes the display read a flashing “0.C.""? 21 22
21 Check the thermocouple components and the open thermocouple circuit {U14-1, U14-2, U14-13 and their
associated components), Repair as required then resume at Step 17.
22 Can the Calibration Adjustment Procedure be performed? 41 23
23 Are the control signals at U4 pins 26 through 32 toggling between high and low logic tevels? 25 24
NQTE: The INT 3 sigral at pin 28 of U4 will remain low {0V} uniess the multipoint selector accessory
{Y2001) is connected. (Use TP2 as common.)
24 Replace the microcomputer U4 then resume at Step 17.
25 Are the outputs of U3 and TP14 toggling between high and low logic levels? NOTE: The output at pin 9 27 26
of U3 wiil remain low {0V} unless the multipoint selector accessory { Y2001} is connected.
26 Check U3, 4 and their associated components, Repair as required then resume at Step 17,
27 Is the waveform at TP7 as shown in Figure 3-2 (Magnitude & Pofarity varies with the input signal}? 34 25
28 15 there.8.2 Vdc at TP16, {Use TP1 as comman.) 30 29
29 Check the Reference Circuit praviding an input at U7-3 from the divider R18, R19, R17, R20, and VR1.
Repair as required and resume at Step 17,
30 Check from TP1 {analog ground) to W96 for 100 m¥ dc and for 200 mV dc at U9-9,
| Are both voltages present? 33 3z
32 Check 11, 012, Q13 and associated components, Repair as required then regsume at Step 17.
33 Check the Thermocouple Input PCB plus U8-1, Q14, 015, Q17, and their associated components. Repair
as required then resume at Step 17.
34 15 the waveform at 138-7 as shown in Figure 3-2 {Magnitude & Polarity varies with the input signal)? 38 s
35 Check the aperation af 7, Q8, 09, G10, UB and their associated components, If any defective components
are found, repair as required and resume at Step 13, If none are found proceed to the next step.
36 Connect TP2 and TPS with a jumper to lock the instrument in the Auto Zero period.
37 Check U8, U2, UB and their associated components. This circuit should now functien as a closed loop
amplifier. Repair as required. Remove the jumper between TP2 and TPS and resume at Step 17.
4-9
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Table 4-5, 2190A Troubleshooting (cont)

Go to the step
number given
STEP ACTION for correct
NO. response
YES NO
38 Does TP10 toggle between the high and iow logic levels? 40 ag
39 Check U1 and its associated companents then resume at Step 17.
a4 Replace the microcomputer U4, then resume at Step 17.
47 Troubleshooting of the 2190A is complete. Remove all test equipment, reconnect any cables removed and
ciose the instrument.
410
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Section 5

List of Replaceable Parts
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5-1. INTRODUCTION

5.2. This section contains an illustrated parts
breakdown of the instrument. A similar parts listing for
each of the Options will be found in Section 6.
Components are listed alphanumerically by assembly.
Both electrical and mechanical components are listed by
reterence designation. Each listed part is shown in an
accompanying illustration.

5-3. Parts lists include the following information:
. Reference Designation,
2. Description of each part.
3. FLUKE Stock Number.

4, Federal Supply Code for Manufacturers, (See
Section 7 for Code-to-Name list.)

5. Manufacturer’s Part Number.
6. Total Quantity per assembly or component.

7. Recommended Quantity; This entry indicates
the recommended number of spare parts necessary
10 support one to five instruments {or a period of
two years. This list presumes an availability of
commen electronic parts at the maintenance site.
For maintenance for one year or more at an isalated
site, it 18 recommended that at least one of each
assembly in the instrument be stocked. In the case of
optional subassemblies, plug-ins. etc., that are not

6.2
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always part of the instrument, or are deviations
from the basic instrument model, the REC QTY
column lists the recommended quantity of the item
in that particular assembly.

5-4, HOW TO OBTAIN PARTS

5-5. Components may be ordered directly from the
manufacturer by using the manufacturer's part aumber,
or from the John Fluke Mfg. Ceo., Inc. factory or
authorized representative by using the FLUKE STOCK
NUMBER. In the event the part you order has been
repiaced by a new or improved part, the replacement will
be accompanied by an explanatory note and installation
instructions if necessary.

5-6. To ensure prompt and efficient handling of your
order, include the following information.

1. Quantity.

2. FLUKE Stock Number.

3. Description.

4. Reference Designation.

5. Printed Circuit Board P.art Number.

6. Instrument Model and Serial Number.
CAUTION

* Indicates MOS devices which may be damaged by static
discharge.
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Table 5-1, 2190A Final Assembly
{See Flgure 5-1.}

N
REFERENCE FLUKE MFRS  MANUFACTURERS R 0
DESIGNATOR STOCK  SPLY PART NUMEER 0T § T
—A> ~NUMERICS====3 Smm———————————- DESCRIPTION=========n= we= ==NO~= ~CODE~ -OR GENERIC TYPE=w=-- QTY~ -0 -E-
A 1 * MAIN PCR ASSEMBLY 469395 89536 469395 1
A 2 * DISPLAY PCB ASSEMBLY 464479 89536 464479 1
A 3 * THERMOCQUPLE INPUT PCB ASSY 469403 §9536 465403 1
F 1 FUSE,1/4 X 1-1/4, SLOW,0,75A, 250V 109256 71400 MDX3-4 1 5
F 2 FUSE,1/4 X 1-1/4, 3LOW,0.125A, 250V 166488 71400 MDL1-BA
F 3 FUSE,1/4 X 1-1/4, 5LOW,0.063A, 250V 163030 71400 MDL1-16A 5
H 1 SCREW,MACH, FH, P, STL, 6-32X0.625 114876 89536 114876 4 1
H 2 WASHER, LOCK, INTRNL, STEEL,0.512 ID 641381 89536 641381 2
H 3 SCREW, THD FORM, PHP, STL, 6-20X3/8 288266 B9536 288266 1
H 4 SCREW,MACH, PH, P, 58, ¢-40X. 250 296156 89536 256156 3
H 5 SCREW,MACH, PH, P, $8, 4-40X. 375 256164 89536 256164 2
H 6 SCREW, MACH, FHP, BR, 4-40X3/8 493532 89536 493932 1
MP 1 NAMEPTATE, SERIAL -REAR PANEL- 472795 B9536 472795 1
MP 2 FACTORY MUTUAL DECAL 524611 89536 524611 101
MP 3 DECAL CS5A 525527 89536 525527 1
MPE 5 BASE-STANDARD 454702 B9936 454702 1
MPF & GUARD, BASE 464404 89536 464404 1
ME 7 "Cr SIZE COVER ASSY 516708 89536 516708 1
ME B REAR PANEL 464149 BY536 464149 1
ME 9 OUTPUT OPTION COVER 464412 B9S36 464412 1
MP 10 LIMITS COVER 464156 BI536 464156 1
MP 11 DECAL, TYPE SELECT SWITCH SETTING 523597 B9536 523597 1
ME 12 BAIL 467555 BYS36 467553 1
MP 13 FOOT, NONSKID 467571 B9536 467571 q
MP 14 DECAL, REAR PANEL 454645 B9536 454645 1
MP 15 CALIBRATION COVER 471490 89536 471490 1
MP 16 DECAL, BOTTOM 473629 B9536 473629 1
MF 17 DECAL, BASE SIDES 473652 89536 473657 2
ME 1B DECAL FRONT PANEL 453233 89536 453232 1
MP 19 KLDR PART,FUSE,BODY 1/4X1-1/4,5X20MM 375186 61%35 031.18653 2
MP 21 CARD GUIDE 464164 B9936 464164 2
Mp 22 HLDR PART,FUSE,CAP,1/4X1-1/4 460238 61935 031.1666 2
MP 23 CABLE TIE,4%L,0.100"W,0.75 DIA 172080 89536 172080 1
MP 24 LATCH 467548 B9S36 467548 2
ME 25 * FRONT PANEL WITH HARDWARE 655522 B9536 655522 1
Mp 27 TERM, RING 3/32 & 1/8, SOLDR 151431 79963 329 1
™ 1 21904 INSTRUCTION MANUAL 489229 89536 489229 1 5
u 4 * IC,NMOS,8 BIT MICROCOMPUTR, 2190A-9406 9525634 89536 525634 1
u 4 * IC,NMOS,B BIT MICROCOMPUTR, 2190A-9407 525642 B9536 525642 12
U 4 * IC,HMOS,8 BIT MICROGCOMPUTR, 2190A-940% 534990 #3536 534390 3
W 1 CORD, LINE, 5-15/TEC, 3- 1HAWG, SVT 343723 #9536 343723 1
W 2 CABLE ASSY 475228 89536 475228 1

An * in ‘%" column indicates a statlic-sensitive part.

NOTES:
1 = For J,K,E,5,R type thermocouples.

2 = For JDIN,TDIN,K,R,B type thermoccuples.
3 = For J,K,T,C,R type thermocouples,

5.3
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2180A

REFERENCE

DESIGNATOR

-A>-NUMERICS

C 1
c 2
c 3,
c 9,
c 15,
C 29,
C B
c 10
C iz,
c 17
< i8
C 19,
c 21
< 23,
cC i4,
C 25
C 26,
c 30
c 35
CR 3
CR 4,
CrR 12,
CR 20,
CR &
CR 7.
H 1
H 2
H 3
H 4
H 5
H 6
H T
H 8
J 1
J 2
J 3
J 4
J 6
K 1
ME 1
HP 2
ME 3
MP 4
MP 5
M5 i,

AR OEROOED o000 000D 00
-
-3

5-6

Table 5-2, Al Main PCB Assembly
{See Figure 5-2.)

13,

20

31,
k13

27

18,

5!

135

14
20
57
44,

80
24

1z,

6-
14,
28,

18,

32,

9=
18,

9,
24,

21,

1i-

L

26,

An * in r5°

* x4 kT B

* & 3 F omom % omo¥ F oMo »

CAP,MICA, 47PF,+-5%, 500V
CAP, POLYPR, G.47UF, +-5%, S0V, HERMET IC
CAP,TA, LOUF, +-20%, 20V

CAP,CER,0,0012UF, +—~10%, 500V, 23R
CAP, POLYCA, 2. 20F, +-10%, 100V
CAP,MICA, 430PF, +-5%, 300V

CAP,TA, 10UF, +-20%, 35V
CAP,CER, 0.01UF, +B0~20%, 25V, YSU
ChP, AL, 47000F, +75-20%, 25V
CRP,TA, 1UF, +-10%, 35V

GAP, TA, 39UF, +-20%, 20V
CAP, TA, 22UF, +-30%, 35V

CAP, POLYES, 0.047UF, +-10%, 250V

CAP, CER,0.220F, +-20%, 50V, 250

DIODE, 5I,RECT, BRIDGE, BV=100V, I0=1,0a
DIODE, 51, BV=75V,I0=150MA, SO0MW

DIODE,SI, 100 PIV,1,5 AMP

DIODE,$I,50 PIV,1.0 AMP

NUT, PRESS, BROACH, STL, 4-40

INSERT, STUD, BROACHING, PHOSPHOR BRON2E
CONN, D-SUE, PWE, RT ANGL,25 SCKT,. 590
WASHER, LOCK, SPLIT, STEEL, #4
SCREW,MACH, PH, P, STL.4-40X1. 500
SCREW, MACH, SEMS, PH, P, STL, 4-40X, 500
SCREW, MACH, PH, B, 1-40X0.375
WASHER, FLAT, BRASS. #40.025

SOCKET,1 ROW,PWB,0, LOODCTR,4 POS
CONN, PWB EDGE, REC, 30,0.156 CTR, 12 POS
SOCKET, 1 ROW,PWB,0. l0OOCTR,& POS
SOCKET, 1 ROW, PWB,Q,100CTR,7 POS
SOCKET, 1 ROW, PWB, 0. 100CTR,1BN PGS
RELAY,REED,1 FORM 8,4, 5VDC
CABLE TIE,5-1/2"L,0. 100"W,1i.
HEAT DIS,CLIP,TO-220

BUTTON, MODIFIED, GREEN
BUTTON, MODIFIED, LT, GRAY
SIEEV, POLYOL, SHRINK, , 250-,1251ID, BLACK
RES, SET,MF, TC, MATCHED
TRANSISTOR, 51, N-JFET, TO-92

25 DIA

TRANSISTOR, SI, NPN, SMALL SIGNAL
TRANSISTCR, SI,N-JFET, TQ-92

TRANSISTOR, 5I,N-JFET,DUAL, TO-71
TRANSISTOR, SI,N-JFET, REMCTE CUTOFF
DICDE,SI,N-JFET, CURRENT REG,IF=1.0 MA
bUal FET, SELECTED OFFSET

TRANSISTOR, 5I,BV= 80V, 10W,TO-202
TEANSISTOR, 51, BV= 40V, 2W, TO-220
RES, VAR, CERM, 200, +~10%, 0. 5w
RES,CF, 1K, +-5%,0.25%

RES,CF, 10K, +~5%,0.25W
RES,CF,3,3K,+=5%, 0,259
RES,CF, 43K, +-5%,0.25W
RES,CF, 27K, +-53%,0.25W
RES,MF,10.02K, +-0,1%,0,125W, S0FFM

RES,MF, 1K, +~1%,0.125W,100PFM

www.valuetronics.com

DESCRIPTION-—————————————

FLUKE
STOCK

148536
364042
330662
3306862
3306862
330662
106732
306522
177980
177980
417683
335786
614115
161919
161919
358234
394775
162008
309849
392910
203223
203323
203323
116111
373412
180196
493833
461996
110395
156380
353060
837690
110775
461756
474007
448209
484030
435024
357582
530260
428805
644435
540724
113837
479030
343830
343830
343830
218396
218396
376475
376475
419283
429977
248482
476911
495697
473207
275743
343426
377283
348839
348839
348813
442418
441501
352245
352245
168229

MFR3
SPLY

-CODE- -OR GERERIC TYPE-+——= QTY- -

72136
84411
56289

71390
T3445
14655

56289
72882
89536
56289

56299
56289
73445
715%0
09423
07910

05277
04713
24347
Ba53¢6
oo77e
B9536
73734
89536
B9536
Ba536
00779
05574
on7ia
00779
0071%
71707
§9536
13103
895386
89516
89336
89536
12040

04713
15818

B9536
895346
B953&
78425
04713
41295
BA536
BUQ3l

80031
80031
80031
80031
89536

g9lez?

column indlecates a static-sensitive part.

MANUFACTURERS
PART NUMBER

CM153E470J
JF788
196D106X0020KAL

Crl22
C290MCH/AZM2Z
CD15FD421J0

196D106X0035KA1
3835-000¥5-U1032
614115
196D010X0035G

196D3196X0020FE4
196D226X0035TES
C2ZBOMAE/A4TK
CW3COC224K
FB200

1N4448

iN4B17
1H4533
KF2-440
4938323
206584-1
110385
19032
353060
837630
119775
583773-1
2VHE/1RKC15

-1-583773-3

1-583773~4
583773-9
UF40070
530360
6046P8
644435
540724
113837
479030
NSSFS0024

ZN3304
U28107

419283
429977
34P482
476911
MPS-UDE
TIP30

275743
CR251-4-5F1K

CRZ51-4-5P10K
CR251-4-5P3K3
CR251-4-5P43K
CR251-4-5F27K
352245

CMFS51001F

TOT

1
1
13
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REFERENCE
DESIGNATOR
-A>-NUMERICS >

R

CECOOCGEOaECEaR YNNI AR NI AR RIANATIA AR R AN DA D ORI AR TAAR

Table 5-2. Al Maln PCPB Assembly {cont.)

15

le

17

0

21

2

23

24

5

28

28, 30
il

32

33

5, 70
37

JB

29

10

41

43

45, 53, 54
48

49

a0

51

52

55

56

58

59, 66
61, 63
62, 64
65

67

68

69

3, 5

An

s DESCRIPTION--—-———-———--—

RES,MF, 49,9, +-1%,G,125W, 100PFM
RES,MF, 169K, +-1%, 0.125W, 100PPM
RES, VAR, CERM, 500, +-10%, 0. 5W
RES,MF, 61, 9K, +-1%,0.125W, 100PEM
RES, MF, 215K, +-1%, 0, 125K, 100PFM
RES,CF, 12K, +-5%,0.25%

RES,MF, 22_1K,+-1%,0.125W, 100PPM
RES,MF, 221, +-1%,0.125W, LOOREM
RES,MF,100,+-0.1%,0.125W, 25PPM
RES,MF, 200, +-0.1%,0.125W, 250PM
RES, VAR, CERM, 1K +-20%,}.5W

RES, VAR, CERM, 20K, +-20%, 0. 5W
RES,MF, 10, +-1%, 0, 125K, 100PPM
RES,CC, 5.1M, +=5%, 0, 25W

RES, CF, 330, +-5%, 0 . 25W
RES,CF, 100, +-5%, 0. 25/

RES,MF, 5.09K, +=1%,0.125W, 100PPM
RES,MF, 1.02K, +-1%,0.125W, 100PPM
RES,MF, 4. 32K, +-1%,0.125W, 100PPM
RES,MF, 10K, +-1%, 0 .125W, 100PPM
RES, CF, 16K, +-5%, 0_25W

RES, CF, 100K, +-5%, 0, 25W

RES,MF, 150K, +-1%, 0, 125H, 100PPM
RES,MF, 681K, +-1%, 0.125W, 1002PM
RES, CF, 47K, +-5% , 0. 25W

RES,MF, 38.3K, +-1%, . 125W, 100PPM
RES,MF, 133K, +-1%, 0. 125W, 100PPM
RES, CF, 5. 1K, +-5%, 0. 25%

RES,MF, 10.2K, +-1%,0,125W, 100PEM
RES,CF, 51K, +-5%,0,25W

RES, CF, 39K, +=5%,0. 25W

RES, CF, 470K, +-5%, 0. 25W

RES, CF, 4. 7K, +~5%, 0. 254

RES,MF, 309K, +-1%, 0, 125W, 100PPM
RES,MF, 100K, +-1%, 0.125H, 100PEM
RES,MF, 64 . 3K, +-1%,0,125W, 100PPM
RES, MF, 276K, +-1%, 0, 125W, 100051
SWITCH PUSHBUTTON ASSY
SWITCH, SLIDE, DBDT, POWER

SWITCH, SLIDE, DPDT

POWER TRANSFORMER
TRANSF, INV, MULTIPLE OQUTPUT, TOROID
TERM STRIF,PWB, RT ANG,0.200CTR,2 BOS
TERM, UNINSUL, FEEDTHRD, HOLE, TURRET

IC, COMPARATOR,8 PIN DIP
IC,0F AMP,JFET INPUT, T0-5 CASE
IC,CMO5, HEX OPEN DRAIN BUFFER
RES,NET,SIP,8 PIN,7 RES,47K,+-2%
IC, 0P AMP,JFET INPUT,EB PIN DIP
I1C¢,0P AMP,GENMERAL PURPOSE,8 PIN DIP

RES NET ASSY TESTED (2180/2130DIV)

IC,CP AMP,SELECTED GBW &00KHZ

I¢, VOLT REG,FIXED,-13 VOLTS,1.5 AMPS
IS, VOLT REG,FIXED,+15 VWOLTS,1.5 AMPS
IC, COMPARATOR, QUAD, 14 PIN DIP

ZENER, UNCOMP, 36.0V, 59,3 ,4MA, D, 4W
ZENER, UNCOMP, 22.0V, 5%,5.6MR, D . 4W

SOCKET, IC,40 FIN
CRYSTAL, dMHZ, +-0_02%, HC-18/1
RES,NET,DIP,168 PIN,B RES, 630, +-5%

L N R T O T TR S T N T T

IC, 0P AMP,SCURCE CNTRLD,DUAL, LO-NOISE

REF DIV RES NET ASSY TESTED 2180/2190

ZENER,CCMP, 5.4V, 2%, 2 PPM TC, 0.5MA

FLUEE
STOCK

305896
289454
335613
237230
289470
348847
235224
340794
357400
474262
267856
267898
268789
296467
368720
348771
221683
223545
294819
168260
442376
348920
241083
391517
34B8%%
241372
289074
3I6RT12
293605
376434
442400
342634
348821
235283
249807
288530
320879
483891
2342749
123129
464370
461954
1718006
179283
173283
352195
429837
473389
413286
472779
413740
478032
510628
577536
418566
413179
413187
387233
196163
181073
393579
429282
474072
402644

MERS
SPLY

-CODE~ -OR GENERIC TYPE

91637
81627
895136
91637
949637
80031
91637
91637
91637
91637
11236
11236
91637
01121
80031
80021
9E 637
91637
91617
81637
80031
80031
91637
91637
80031
91637
%1637
80031
918637
80031
BOD31
a0o021
61121
91637
%1637
91637
91637
B9%36
89536
89536
B9536
B9#5386
B9536
BAZ4S

01295
12040
120440
B9536
12040
12040
04713
89536
B9536
12040
04713
04713
12040
04713
04713
04713
09922
89536
89536

* in *5' column Indicates a statle-sensitive part.

www.valuetronics.com

MANUFACTURERS
FART NUMBER

CME5549R9F
CMES51693F
325613
CMFS556193F
CME552153F
CR251-4-5F12K
CMFS52212F
CMFS55221QF
CMF3$51Q000B
CMF552000B
140PC102B
190BC203B
CMFS5510R0F
CB3155
CRZ51-4-5P330E
CRZ251~4~SF10QE
CMF555%091F
CMF551021F
CMF554321F
CME551002F
CR251~4-5F16K
CR251-4-5F100K
CMF551503F
CMF556813F
CRZ51-4-5FP47K
CMF553832F
CMF551333F
CRZS1-4-5P5K1
CMFS51022F
CRZ51~4=-5E51K
CR251-4-5P39K
CRZ51-4-5FP470K
CR4a72%
CMF553093F
CMF551003F
CMF 3564937
CMF552263F
483891

234278

423129

464370

461954

479006
20108B~5

SN72311P
LE3sSer
MM7T4C306H
413286
LF3896N
LM307N
MC4558NCED
210628
577536
LM358N
MCT915CP
MCTB15CT
LM339N
1N974B
1N969B
1H4567
DILB4OP-108
474072
102644

R
1
1
1
1
1
1
1
1
1
1
2
1
1
1
2
1
1
1
1
1
1
3
1
1
1
1
1
1
1
1
2
2
2
1
1
1
1
1 1
2
1
i3
1
2
-
1
1 1
1
1
1 1
1 1
)3 1
1
1
1 1
1 1
1 i
1 1
2 1
1
1 1
1 1
1 1
1 1

2190A
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2190A

Table 5-3, AZ Display PCB Assembly
{5ee Figure 5-1,})

N

REFERENCE FLUKE MFRS MANUFACTURERS R 0O
DESTGMATOR STOCK SPLY PART NUMBER TQT s T
-A>~NUMERICS > g DESCRIFPTION-===========—— == NQO-- -CODE- -OR GENERIC TYPE~---- QTY- -Q -E-

Ds - 5, 7 LED, RED, 7 SEGMENT, NUMERIC 418012 28480 5082-7651 6

MF 1 PART NO. DECAL,DISPLAY 477042 89536 477042 1

Q 1~ 13 * TRANSISTOR, SI,PNF,SMALL SIGNAL 195374 64713 2N3906 13

R i, 2 RES,CF, 100, +-5&,0.25W 348771 80031 CR251-4-5P100E 2

u 1 * IC,ARRAY,S TRANS,NPN,S ISOLATED TRANS 418574 (02735 CAI0§3E 1

u 2 RES,NET,DIF,14 PIN,7 RES, 1K, +-5% 407445 01121 314 1 1

u 3 RES,NET,DIP,16 PIN,8 RES,82,+-5% 478859 89536 478859 1

P & CRBLE,FLAT, 18CONDUCT, . 10080, JUMPER 474411 007783 1-BE947-7 1 2

An * in *3° column indicates a static-sensitive part.

[n=lA o5 Doa oez Do [mi=1} o7

]

1]

Figure 5-3. A2 Display PCB Assembly

)
L 2190A-1602
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2190A

Table 5-4. A3 Thermocouple Input PCE Assembly
{See Figure 3-4.}

N

REFERENCE FLUKE MERS MANUFACTURERS R 0
DESIGNATOR STOCK SPLY PART NUMBER TOT s T
=As=NUMERICS--—=% S=r—————-—————— DESCRIPTION=-===-=~—=w—==w —=NO-- -CODE- -OR GENERIC TYPE----—- QTY- -Q -E-

c 1 * CAP,POLYCA, 2.2UF, +-10%. 100V 106522 73445 <C2HOMCHAAZMZ 1

c 2 CAP,MICA, 150PF, +~5%, 500V 148478 72136 DMI5F151J 1

C 3, 4 CREF, Th, LUF, +-10%, 35V 16191% 58289 196D010%0035¢ 2

H 1 WASHER,FLAT,FIBER, #4,03.031 THK 110890 8%536 110830 2

H 2 SCREW,MACH, PH, P, 35, 6-32X, 250 844951 89536 844951 2

H 3 WASHER, LOCK, SPLIT, STEEL, #4 110395 89536 110395 2

H 4 SCREW, MACH, RHP, BR, 4-40X3/8 615716 89536 615716 2

H 5 SCREW,MACH,PH, P, 55, 4-40X. 437 403782 BS%536 403782 2

H & NOT,PRESS, BROACH, 5TL, 4-40 380196 24347 KP2-440 2

MP 1 INPUT DRARWER 454123 B5536 464123 1

ME 2 POSITIVE THERMOCOQUPLE INPUT 472381 8%536 472381 1

MP 3 NEGATIVE THERMOCGQUPLE INEBUT 472399 88536 472399 1

MP 4 INSULATOR, THERMOCOQUPLE INPUT 473561 89536 473561 1

MP 5 PACER, SWAGED, RND, BRASS, 4-40X0.070 343996 BYS3I6 343996 §

Q 1 * TRANSISTOR, SI,NPN,SMALL SIGNAL 329698 BI9536 329698 1 1

R 1 * RES, VAR, CERM, 100K, +-20%,0.5W 268581 71450 13JPCiD4B 1

R 2 RES,MF, 255K, +-, 0,125W, 100PPM 221630 91637 CMFSS 1

R 2 RES,MF, 90, 9K, +-1%,0.125W, 100FFM 223537 B9536 223337 1

R 3 RES,MF, 84 .5K, +-0.5%,0,125W, lLOOPPM 229492 B9536 229492 1

R 3 RES, MF, 110K, +-1%,0,125W, 100PPM 234708 91637 CMES51103F 1

R 3 RES,MF, 309K, +-1%, 0.125W, 100FFM 235283 91637 CMFS53093F 1

R 3 RES,MF, 562K, +~1%,{.125W, 100PPH 235358 B9538 235358 1

B k| RES,MFP, 63, 4K, +=1%,0,125W, 100FPEM 235382 85536 235382 1

R 3 RES,MF, 68 1K, +-1%,0.125W, 100PFM 236828 91637 CMFS556B12ZF 1

R 3 RES,MF, 73, 2K, +-1%,0,125W, 100FFM 237222 91637 CMF357322F 1

R 3 RES,MF, 32.3K, +-1%,0.125W, 100PFM 237248 91637 CMFS55232F 1

24 3 RES,MF, 100K, +-1%, 0. 125W, 100PPM 248807 91637 CMF551003F 1

R 3 RES,MF, 1.05M, +-1%,0.125W, 100FFM 260737 89536 260737 1

R 3 RES,MF, 49, 9K, +-1%,0.125W, 100PEM 268821 91637 CMF5549%2F 1

R 3 RES,MF, 54 . 9K, +-1%,0,125W, 100PPH 271353 91637 CMF555492F 1

R 3 RES,MF, 464K, +-1%, 0. 125W, 1J0PFM 271908 91637 CMF3S54643F 1

R 3 RES,MF, 237K, +~1%, 0. 125W, 100PPM 288373 91837 CMF552373F 1

R 3 RES,MP, 124K, +-1%,0.125W, 1Q0PPN 288407 91637 (MFS551243F 1

4 3 RES,MF, 18 .,7K, +-1%,0,125W, 100PPM 289058 11236 CMF557872F 1

R 3 RES,MFP, 57.6K, +-1%,0.125W, 100FFM 289116 91637 CMFS55762F 1

R 3 RES,MF, 140K, +-1%,0, 125W, 100PFM 289439 91637 CMF5351403F 1

R 3 RES,MF, 332K, +-1%,0,.125W, 100PPM 289504 91637 CMF353323F 1

R 3 RES, MF, 60.4K, +-1%,0,125W, 100FFM 29141% 91637 CMF556042F 1

4 3 RES,MF, 191K, +-1%,0,125W, 100PEM 375323 91637 CMPS551913F 1

R 3 RES,MFP, 162K, +-1%,0.125W, 1G0PFM 3755358 91637 CMFSS 1

R 4 RES,CC, 4TK, +-10%, 2W 110015 01121 HB4731 1

3 1 SWITCH,DIP, SPST,4 POS 408559 00779 435166=2 1

TP 1 TERM, UNINSUL, FEEDTHRU, HGLE, TURRET 179283 B8243 2010B-5 1

L#] 1 IC,VOLT REG,FIXED,-12 VOLTS,0.1 AMPS 473819 07263 RATILLI2AWC 1

An * in ’5' ¢olumn indleates a statle-zensitive part.
NOTE 1 = R3 is selected at test.
R1 1240
r m <_Rk > < RY >
B X
= @ @ 3 Ul c4 A
TC- ?
J O
TC+ @ =}
® :
R4
(2190A.-4003T}

Figure 5-4. A3 Thermocouple tnput PCB Assembly
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OPTION/
MODEL NO.

Y2001
Y2003
Y2009
Y2022

Y2024
Y 20268
Y2030

-006

2190A

Section 6

Option & Accessory Information
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2180A

6-1. INTRODUCTION

6-2. This section of the manual contains information on
the accessories and options available for the 2190A
Digital Thermometer.

6-3. ACCESSORY INFORMATION

6-4. The portion of this section dealing with accessories

6-2
www.valuetronics.com

contains the details of all accessories availabie for the
2190A.

6-5. OPTION INFORMATION

6-6. Each of the options available for the 2190A are
described separately in a subsection 1dentified with the
option name and number. The option description
contains the information on the operating instructions
and maintenance not covered in the main body of the text
plus a complete list of replaceable parts for the option.



600-1. GENERAL

600-2. Table -2 contains a list of the accessories
available for use with the 2190A Digital Thermometer.
The following paragraphs contain information on the
types of accessories. Instructions for use accompany each
accessory. In all cases, order using the accessory number
listed.

600-3. MULTIPOINT SELECTOR, (Y2001)

600-4. The multipoint selector allows the operator to
manualily select and monitor one of up to ten channels.
Twao separate thermocouple types (maximum of five each
if two types used) may be connected to the unit. Uptoten
multipoint selectors may be connected in series.

600-5. CALIBRATOR, THERMOCOUPLE
INDICATOR (Y2003)

600-6. This accessory, when used in conjunction with
the 2190A. provides a variable output for calibration of
less sensitive thermocouple devices than the 2190A. The
2190A display is controlled by the calibrator millivolt
output (-0 to +90 mV dc) and the less sensitive
thermometer may be adjusted to the 2]190A dispiayed
temperature. The Y2003 can perform remote calibrations
using its self-contained battery pack as a source and can
supply external power to the thermometer trom this
battery pack.

600-7. BATTERY PACK, 12v
RECHARGEABLE (Y2009)

600-8. The rechargeable battery pack provides the
2190A and its accessories with portability, The output is
+12V dc at a maximum of 750 mA for a total of 2.2
ampere-hours.
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600-9. DIVIDER, THERMOMETER

CALIBRATION (Y2022)

600-10. The device is a preset [00to | divider to provide
the precision millivolt outputs from a DC Calibrator
required for calibration. The device wires into the
Thermocouple Input PCB in place of the thermocouple
probe during calibration. Refer to the Y2022 Instruction
Manual for the schematic and additional information.

600-11. RACK PANELS

600-12. Available are rack mounting panels in three
sizes and two types for the standard 19-inch electronics
equipment racks. The "A” size for the multipoint selector
is available in panels that will accomodate either one or
two insiruments. The “B” size panel for the calibrator
and; or battery pack is also available for single or double
instruments, as is the “C” size used for the 2190A
Thermometer and the Alarms Qutput.

600-13. PANEL MOUNTS

600-14. The panel mounts provide the hardware to
install the instrument in any panel in which a hole the size
of the instrument front panei can be cut. It is avaiiable for
the three instrument sizes required, "A”, "B”. and "C”,

600-15. THERMOCOUPLE PROBES

600-16. Thermocouple probes are available from the
John Fluke Mfg. Co., inc. as determined by
microcomputer type, see Tabie 1-3, Specifications.

600-17. POWER CORD, 3-WAY (Y2024)

600-18. This accessory is a specially constructed power
cord with three female and one maie connectors that
allow the operator te connect up to "C” size or smaller
PTI instruments with one line power cord.

6001
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600-19. CABLE OUTPUT UNIT,
RS-232-C (Y2026B)

600-20. The Y2026B is an interface device which allows
direct mating between any R$232C device and the -002
Output Option. The Y2026B consists of two 25-pin connec-
tors, one 36-pin connector, and an accessory cable to con-
nection between the 36-pin output and the -602 Qutput
Option. [t will be necessary for the user to provide the cable
between the 25-pin outputs and the RS5232C devices.

600-2
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600-21. THERMOCOUPLE INPUT
MODULE (Y2030)

600-22. The Y2030 is the thermocouple input module
compatible with the 2190A Digital Thermometer only.
Basically the Y2030 compensates for errors introduced by
ambient temperature variations and allows the user to
select the proper microcomputer program for the
thermocouple type in use. For additional information
and the schematic, please refer to the Model Y2030
Instruction Manual.



602-1. INTRODUCTION

602-2. The 21X0-002 Opticen 1s an analog and digital
output unit. It provides either the 2180A or 2190A Model
Digital Thermometers with a recording output for a
permanent record when required. The option may be
ordered with the unit for factory installation or is
available as a kit for installation in the field.

602-3. The analog output is available on the rear panel
at two flush banana jacks with the polarity indicated. The
output is a scaled voitage source of | miliivoit per degree
of temperature, regardless of the temperature scale
selected, with the polarity as read on the display. For
example; a reading of 251°F would output +251 mV dc;
97.3°C would output +97.3 mV dc; and -31.9°F would
output -31.9 mV dc.

602-4, The digital output is a clocked message that can
be in two different formats to match the requirement of
the customer’s equipment. Cutput on one set of lines 1s a
bit-paraliel. byte-serial message format designed for
printer interface. Also available are the standard EIA
RS232C and current loop bit-serial outputs. Both
formats provide the channel number, the current reading
displayed, and any out of range or open thermocouple
information.

602-5. SPECIFICATIONS

602-6. Specifications for the Qutput Option, 21 X0-002.
are as listed in Table 602-1.

602-7. INSTALLATION

602-8. Options for field installation can be installed
using the following procedure:

. Disconnect the thermometer from all input
power sources.
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Option -002
Output

Tabhle 602-1. Specifications

Analog Qutput
Type: Linearized and isolated.
Valtage: 1.0 mv/ “C or °F from —425 mV to 4.5V, 5 mA
max,
Temperature Coefficient: 200 ppm/ OC from ZSDC.
Noise: = 100 uV at 100 Hz bandwidth.
Accuracy: 33.1% of reading £1 mv.
Zero Drift: 200 uv/ C from 25°C,
Warm-Up Time: 5 minutes, to rated accuracy.

Digital Output
Types: Three, E.l A. Standard RS-232C Type 2, TTY
current loop, and paraltel ASCIH.
Connector: 36-pin AMP “"Champ”.
Serial Baud Rates: 110, 150, 300, 600, 1200, 2400, 4800,
9600, switch-selectable.
R5-232-C Signals: Transmitted Data, Request 1o Send,
Clear to Send, Data Set Ready, Signal Common.
Parallel ASCII Signals: Data 8 iines, instrument address 3
lines, Address Valid, Data Valid, Acknowiedge, ground,
+6%.
Parallel ASCII Data Rate: Three readings per second.
Paraltel ASCII Interface: Plug-te-plug compatible with
similar Fluke equipment. CMOS compatible, drives one TTL toad
TTY Current Loop Signats: Source and controiled sink,
20 mA,
Qut-of-Limit Signal: Exctamation point transmiitegd
with Option 21 X0-0086 only; not with Y20026
Battery Operation: 4 to 5 hours typical at 25 C on fuily
charged Y2003 or Y2009.

2. Remove the screws on the bottom of the case
that fasten the top and bottom of the PTI case
together and remove the top half of the case.

1. Remove the center mounting screw that
attaches the Main PCB to the case and lift the pcb
clear of the case.

4. Attach the four spacers supplied with the
option to the compenent side of the pcbin the holes
forming a rough rectangular pattern (do not use the
fifth hole on the corner, next to Ul).

602-1
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Table 602-2. Switch Selection

SWITCH SWITCH BANK $1 52 83

POSITION 1 2 3 a BAUD RATE FUNCTION ADDRESS
0 OFF OFF OFF OFF 110 QOPERATE ADR O
1 ON OFF OFF OFF 150 CAL 1 ADR 1
2 OFF ON OFF OFF 300 CAL 2 ADR 2
3 ON ON OFF OFF 600 CAL 3 ADR 3
4 OFF OFF ON OFF 1200 CAL 4 ADR 4
5 ON OFF ON OFF 2400 CAL 1 ADR S
6 OFF ON ON OFF 4800 CAL 2 ADR 6
7 ON ON ON OFF 3600 CAL 3 ADR 7
8 OFF OFF OFF ON 110 PLOT 1 ADR 8
9 ON OFF OFF ON 150 PLOT 2 ADR @

5. Reinstall the Main PCB in the bottom haif of
the case.

6. Onthe OQuiput Unit PCB use Table 602-2 und S|
to select the desired BAUD rate, select position Q on
the Function switch S2, and select the PTI Bus
Address vsing S3. When using the RS-232-C inter-
face, set the address switch S3 1o address |, 6, 7.8, or
9. When using the 2X XX A-522 Personality Card and
the 1120A 1|EEE-488 Translator, set the baud rate to
2400 and {ollow all procedures regarding the RS-232-
C interface.

7. Connect the Output Unit cables to the
connectors on the Main PCB.

8. Attach the Output Unit PCB to the spacers,
component side down, and the connector to the rear
panel access port.

9, Replace the PTI cover on the instrument and
reconnect the input power sources, if required. at
this time.

602-9. OUTPUT CONNECTIONS

602-10. All connections between the Output Unit
Optior and exiernal instruments are made using the rear
pane! connectors previously described. The analog
output is from standard banana jacks. The digital output
female connector has a mating male connector
accompanying the option. This allows the customer to
custom make a cable between the thermometer output
option and the receiving device., Table 602-3, is the pin-
out data for the digital output connector.

602-2
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Table 602-3. Digital Qutput Connector Pin-Out

N
:IIO FUNCTION MNEMONIC USE

1 Address Valid ADRVAL PTI Bus

2 Data valid DATVAL PTI Bus

36 Printer Address AD-A3 PTi Bus

7 Acknowledge ACK PT! Bus

8 Not Used

9-16 Data DQ-D7 PTI Bus

17 Ground PTI Bus

18 +5 Volts PTI Bus

18-24 Not Used

30 Transmitted Data R5232
Interface

31 Reguest to send R5232
Interface

32 Clear to send RS232
Interface

33 Data set ready R5232
interface

34 Signal Comman RS232
Interface

35 50+ Current
Loop

36 50— Current
Loop

NOTE

Standuard RS232C signafs are output on 25-
pins, the connector on the -002 Ouiput Oprion
Is 36-pins, therefore, the user must cither
hardwire the connection between the (02
Quipur Oprion or order the Y20208, Cable
Acdluprter




602-11. OPERATION
NOTE

For R5232C ar 20 mA current loop operation,
the -002 address switches may be ignored,

The Data Set Readv (D8R, pin 33) or Clear
To Send (CTS, pin 32) must be at +3Vio+I5V
in order to output daia on the R5232C bus.
These lines can be tied 10 Request To Send
fRTS). pin 31} which provides the required
+15V.

602-12. Once the Output Unit Option is installed, the
only operator functions deal with the connection of
external equipment to the analog or digital output
connectors.

602-13. The positive and negative analog terminals have
available a dc millivelt output with the same polarity, and
proportional to the temperature displayed. For example,
if the thermometer displayed +105.7°F the analog output
would be +105.7 mV dc and for -53.1°C the output
would be -53.1 mV dc. The full resolution of the
temperature display (tenths or hundredths of degrees) is
reflected on the output.

602-14. The digital output can be connected to a printer
or any device accepting parallel ASCll data, or toa device
accepting RS232C or Current Loop signals. Connections
for all three types of signals are available simuitaneously
on the 36-pin output connector previously described.

602-15. THEORY OF OPERATION

602-16. The Output Unit Option converts the
temperature displayed by the output into a format usable
by the customer’s equipment. The output may be
available as a scaled analog voltage or as formatted
parallel and serial ASCII digital output. The following
paragraphs describe operation of the Accessory Bus that
handles communication between the instrument and the
options, the analog output circuitry and the digital output
circuitry. Refer to the schematic in Section 8 during the
following discussion.

602-17. Accessory Bus Communication

602-18. The option communicates with the
thermometer on the clocked bit-seral accessory bus.
Transmitted on the bus are channel number. range,
conversion type, scale, and digits of the temperature
reading. When the WRTADR line is held low, DCLK
clocks the address of the Output Unit (4), followed by the
thermometer data to the microprocessor on the DATA
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{ine. Once nto the microprocessor, the data is converted,
{ormatted, and cutput to the analog and digital output
circuitry.

602-19. Analog Circuitry

602-20. The temperature reading received by the
microcomputer is used to generate an integrate controt
signal, the length of which 1s proportional to the
magnitude of the temperature reading. This signal is used
to turn on (close) the FET switches Q6 and U12-2, open
the switches Ul1-2, Ul1-3 and U12-3, and set the output
polarity with switches at U12-9 and U12-10. (U12-9 is
closed when a negative reading is being processed and
U12-10 when a positive signal is being processed.)

602-21. With Q6 on, the capacitor Ci 1s charged linearly
te a voltage proportional to the length of the control
signal at Q6. When Q6 has been on for the time required.
it is opened. and switch U11-13 is closed, so the cutput of
U13-8 can be sampled and held on C2. After 10 ms switch
Ull-3 opens and switch Ull-l1 c¢loses to zero the
integrate capacitor Cl, until the next conversion cycle.

602-22. The voltage held on C2 is buffered by U13-7.
U13-14 either passes the voltage directly to the output
stage, or amplifies it as controlled by switches U12-9 and
U12-10, which alternate states to set the polarity. The
output stage at Ul3-1 has a constant gain of -1.

602-23. Digital Output Circuitry

602-24. The thermometer reading transmitted on the
accessory bus every 333 ms is formatted by the
microcomputer and, if requested, made available on the
PTI Bus, R8232C, and current loop cutputs. Refer to the
schematics in Section 8 during the following description.

602-25. Eight data, four address, a data valid, an address
valid, and an acknowledge line are used by the PT] Bus
Interface. The external device requests data from the Out-
put Unit by applying the preselected address to the address
lines. The address is preselected by setting switch 83 to the
desired number (0-9). When the proper address is decoded
the tri-state output buffers (U8 and U9) are enabled, and
the microcomputer and external device are notified that the
Output Unit has a valid address. When the conversion pro-
cess is complete, the microcomputer appiies the first char-
acter of the formatted data to the cutput lines and pulls the
DATVAL line low. The external device reads the data and
puils the ACK line low, causing the Output Unit to reply
with a new character. The process is repeated until data
transfer is complete. The message formats are shown in
Figure 602-1, and a timing diagram is shown in Figure
602-2.

602-3



21X0A-002

602-26. After transfer to the printer lines is complete,
the microcomputer checks the DATA SET READY and
CLEAR TO SEND lines from the R8232C Interface. If
both lines are high, the same message as was output on the
print lines 1s output on the R3232C and current loop lines
in a bit-serial format. Since the thermometer cycle rate of
333 ms is shorter than the time required to output data at
BAUD rate of 1200 and less. a message is not transniitted
during every instrument cycle.

602-27. CALIBRATION

602-28. Analog circuitry in the option should be
calibrated every 90 days or atier any repair of the unit.
The procedure foilowing assumes that power ts supplied
tothe unit and that a Digital Voltmeter capable of reading
10 4V on the ! volt, or equivalent range, e, a Fluke
Model 8800A, is available.

[. Remove power from the instrument.

2. Remove the top cover from the thermometer.

3. Remove the screws attaching the option pcb to
the Main PCB.

4. Leaving the interconnect cables connected.
turn the option pcb to the right. while facing the
instrument, exposing the component side and
making the switches and adjustment accessible.

5. Connect the DMM to the Analog Cutput
Connector.

6. Apply power to the instrument and allow if to
warm-up for a minimum of 5 minutes.

602-4
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7. Set the FUNCTION switch ¢{52) to position |
(CAL 1}

8. Adjust R26 for an output of & = (.1 mV dc.

9. Set the FUNCTION switch to position 2 (CAL
2.

10.  Adjust RIS tor an output of 0 £ 0.1 mV de.
{1 Set FUNCTION switch w position 3(CAL 3).
12, Adpst R toran output ot 10V £ 1 mV de.
13, Set FUNCTION switch ta position 4 {C A1 4).
4. Adjust R19 foran output of +10V + 1 mV dc.
[5. Remove power and the test DMM, then

reinstall the option pcb on the Main PCB and the
top cover on the instrument.

602-29. TROUBLESHOOTING

602-30. Troubleshcoting for the 2180A Option 002,
Output Unit, consists of the tabular flow chart in Table
602-4. When a step on the flow chart is completed, check
for a decision transfer. If no decision is required, perform
the next step of the table in sequence.

602-31. LIST OF REPLACEABLE PARTS

602-32. Table 602-5 15 a list of replaceable parts for the
Output Option. Refer to Section 5 for an explanation of
the columnar entries.
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CHARACTER POSITION
1 2 [3 4 5 5 v a a 10 11 124113 14 i5 16 17 18 | 19 20 21
NORMAL TEMPERATURE MEASUREMENT DATA
CHiGH|SPisP| + [sp[DiDioioOniori: D|SPIsSPlRC|ISP| ¢ |SP1SP|CR| (F
QPEN THERMOCOUPLE QUTPUT (21904 only)
CHiCH|SPISP| ¢ |SP| 01 DI Dl OiD i D|SPiSP|FRC[SP| ' | O C|CR|LF
OVERLOAD QUTPUT
cHicHlspise| + [sp| D 1D o loipi D |spisp|relse) | o0 b L | cR | W
SYMBOL DESCRIPTION
CH Channe! identification numbers (00 through 99, 00 unless connected to Y2000, Y2001, or 2300A).
5P Space
+/- Plus or minus symbol
D Temperature data values (0 through 9) Flcating decimal point, appearing in character positions 11 or 12 for
the 21804, position 12 for the 2130A.
D/. Either a temperature data value or a decimal point
F/C Fahrenheit or Celsius
! Character ('} when the present limit of the Limits Option 21X0A-006 is exceeded. One space if within fimits,
oC Open {thermo)couple {character positions 18 and 19)
oL Overltoad {character positions 18 and 19)
CR Carriage Return
LF Line Feed
Figure 662-1. Message Format
—_— S

——12 |
R — 1
DATVAL [
I
1T
t3— “—- b— 15—
ACK
USER SUPPLIED : —
( } 14—
t1 1 uS max.
t2 20 uS tp 300 mS. depending upon reading cycle.
t3 0 uS min.
t4 20 uS min,

t5 20 uS typical.

Figure 602-2. Timing Diagram
602-5
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Table 602-5. Optlon -002 Output PCB Assembly

REFERENCE
DESIGNATOR
=A>=NUMERICS===m> §

: 6, 9-
, 13- 15

Odooanonnoow
-

Il= *
16, 17

-

2Rz ]
Homon
—
'S

==

* *» % % ¥ 3 &

15, 26
16, 17
20

22, 4%
23, a7

39, 41

COCOoO-UMRDAD I DY OO0 DO PIII D O ORI ORI OO @RI OO0 00000 LI T
[
&0

M L]

602-6

(See Flgure 602-3.)

-------------- DESCRIPTION~=-+m=m=mammm

OUTEUT UNIT ADAPTER ASSEMBLY
CAF,BOLYPR, 0. 47UF, +-54%, 100V
CAP,POLYPR, 0.47UF, +-10%, 50V
CAP,CER,0.220F, +~20%, 50V, 25U
CAP,TA, 10UF, +-20%, 20V

CAP, TA, 33UF, +-20%, 20V
CAP,TA, 22UF, +-20%, 35V
CAP,TA, LUF, +-10%, 35V
CAP,CER,0.025UF, +-20%, 100V, 25
DICDE,SI, BY=75V, I0=150MA, S00MW

DIODE,SI, 30 PIV,1.0 AMP
HARDWARE KIT (FOR J7)
WASHER, LOCK,SPLIT, STEEL, #4
NUT, HEX, 5.5TL, 4-40
SCREW,MACH, PH, F, 4-40X0.375

CONN, MICRO-RIBBON, REC, PWB EDGE, 36 POS

INPUT JACK, FLARED

CABLE, FLAT, JMPR,4 COWDUCT, 0,100 SP
CABLE,FLAT, JMPR, & COMDUCT,0.100 SP
TRANSISTOR, SI,NPN, SMALL SIGNAL

TRANSISTOR, SI,N=-JFET, REMOTE CUTQEF
TRANSLSTOR, SI,N-JFET, TO-92
TRANSISTOR, 51, BV« 80V, 10W,T0-202
TRANSISTOR, SI,BV= 40V, 2W,T0-220
TRRNSISTOR, SI, PNP, SMALL SIGNAL
RES,CF, YOK, +-5%,0.25W

RES,CF, 220K, +-5%, 0, 25W
RES,CF, 2. 2K, +-5%, 0, 25%

RES,MF, 16.9%, +=1%,0.125W, 100PPM
RES, VAR, CERM, 25K, +-20%, D, 5W
RES,MF, 124K, +-1%,0,125W, 2558M
RES,MF, 2K, +-1%, 0.125W, L0OPEH
RES,MF, 750K, +=1¥, 0.125W, 100PPM
RES,VAR,CERM, 100K, +-20%,0.5%
RES,MF, 604K, +-1%,0.125%W, 100PPM
RES,MF, 3.92K, +-1%,0.125W, 100PEM
RES, VAR, CERM, 100, +-10%,0,5%
RES,MF, 10K, +~1%,0.125W, 1000 PN
RES, CF, 100, +=5%, 0. 25W

QES, MF, 1M, #~1%, 0, 125W, 100PPH
RES,MF, 1K, +-1k, 0. 125W, 1002PM
RES,CF, 5.1K, +=5%, 0. 25W
RES,CF, 47K, +-5%,0.25W
RES,CF, 240, +-5%,0.25W
RES,CF, 3, 9K, +-5%, 0, 25W
RES,CF, 6.8K, +-54, 0, 25W

RES, CF, 4. 3K, +=5%, 0., 25W
RES,CF, 3.3K, +-3%, 0, 25W
RES,CF, 330, +-5%,0_25W
RES,MF,1.02K, +-1%, 0. 125W, LOCPPM
RES,MF, 9.09K, +~1%,0,125W, 1009PM
RES, MF, 4.32K, +=1%,0.125W, 100PPM
RES,CF, 39K, +-5%,0,25W

RES,MF, 100K, +=1%, 0. 125K, L0CPPM
RES, MF, 64.9K, +-1%,0.125W, 100PPM
RES,MF, 226K, +=1%, 0. 125W, 100PPH
RES,MF, 309K, +~1%,0.125W, 100PPM
SWITCH, DIP, 5P5T,4 BPOS
TRAKSF, INV, MULTIPLE OUTBUT, TOROID
1€, CMOS, HEX BUFFER

ISOLATOR, OPTO, LED TO TRNSISTOR
RES,NET, 18,8 PIN,7 RES, 47K, +-2%
IC,CMOS, HEX OPEN DRARIN BUFFER

FLUKE
STOCK

— ——HNO--

5319288
806265
163085
05849
3306862
330662
3582314
3947175
161919
168435
203323
203322
ir9ql2
435750
110395
147611
837690
414409
492314
474148
474155
218396
21B396
429977
343830
495697
473207
195914
348839
348839
348839
348953
343400
343400
267148
285213
479352
235226
271361
268581
291419
294801
285130
16B260
348771
268797
168229
368712
3489%6
376624
342600
368761
441576
348813
368720
223545
221663
2949819
142400
248807
298530
320879
235283
408559
4161954
381830
3386045
413286
473389

MFRS
SPLY

-CODE- -OR GENERIC TYPE-==== QTY~ =

89536
893514
89536
71590
56289

06289
56289
56289
56289
07910

04713
B9536
9536
B9S536
89536
00779
83536
89536
aoTie
04713

49536
12040
24713
01295
647123
80031

80031
80031

918637
11236
91637
918637
B9536
71450
91637
91637
89518
91637
80031
91637
91637
80031
80031
20031
80031
80031
BO031
80031
80031
91617
91637
91637
80031
91637
31637
91637
91637
00779
89536
Q2738
14936
89536
12040

in *$° column i{ndlcates a statlc-senaitive part.
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MANUFACTURERS
FART NUMBER

539288

BOE265

3630835
CWICOC224K
1960106X0020KA1

196D396X0020PE4
196D226X0035TEM
195D010XG035G
CO23BI01H253M
1N4448

1N4933
435750
110395
147611
837690
552241-1
482314
474148
B6342-5
2N3304

429977
NSSF50024
MPS-U06

TIP3O

ZN3906
CR251-4~5P10K

CR251~-4~5P220K
CR251-4-35P2K2

CMFS51692F
130PC253B
CMF5S
CMES55200LF
2713861
130PC1048
CMF356042F
CMFE53921F
285130
CMFS851002F
CR2%1-4-5P100E
CMF551004F
CMF551001F
CRES1-4-5F5¥1
CR251=4=5P47K
CR251-4~3P240E
CR251-4-5PIKY
CR251~4~5P6KE
CR251-4-5P4KI
CR251-4=5P3K3
CR251-4-5P330E
CMF551021F
CMF553091F
CMF354321F
CR251-4-3P39K
CMF551303F
CMF558493F
CMF352263F
CMF553093F
435166=2
461954
CD4050AE
MCT-26

413286
MM74CH06N

TQT
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Takile 602-5. Optlon -002 Output PCH Assembly [cant)

N
REFERENCE FLUKE HFRS MANUFACTURERS R O
LESIGRATOR STOCK SBLY PART NUMBER TOT 5 T
-A>»-NUMERICS > S DESCRIPTION---=~s——a-wue—en «xNQ~= ~CODE~ =QR GENERIC TYPE===== QTY~ =Q -E-
u 7 * IC,NMD5,8 BIT MICROCOMEUTR, 21%0A-9403 495309 89536 495309 1
U a, 9 * IC,{MO5,HEX BUFFER W/2-S5TATE OUTPUT 407759 12040 MMBOCSIN 2 1
g 10 * IC,CMOS, HEX INVERTER 404681 02735 CD406%9BE 1 1
u 11, 12 * IC,CMOS, QUAD BILATERAL SWITCH 362838 02735 <CD40lBAE 2 1
U 12 = IC, 0P AMP,QUAD, JFET INEUT,14 PIN DIP 483438 99536 483438 1 1
5) 14 * TRANSISTOR, 5I,N-JFET, DUAL,TO-T1 419281 69536 419283 1 1
u 15, 21 RES,NET,SIP,6 PIN,S RES,100K, +-2% 412726 89536 412726 2
u 16 * IC,CMOS, QUAD XCR GATE 355222 02735 CD40I0AE 1 1
u 17 « IC,CMO3,DUAL 4 INPUT NOR GATE 363820 02735 CD40Q2AE 1 1
U189 * fC,OF AMP,DUAL,JFET INPUT,8 PIN DIP 454454 02735 CAUB2E 1 1
u 19 *+ IC,VOLT REG,FIXED,+15 VOLTS,1.5 AMPS 413187 04713 MC7815CT 1 1
u a0 * I¢,VOLT REG,FIXED,-15 VOLTS,1.5 AMES 413179 04713 MCT915CPR 1 ]
u 22 * IC,COMPARATOR, DUAL, LO-PWR, B PIN DIP 478354 12040 LM393N 1 1
VR 1 * ZLENER,COMP, 6.4V, 2%, 2 PPM TC, O.SMA 333579 04713 1N4567 1
¥R 7, 8 * LENER,UNCCMP, 36,0V, 5%, 3, ,4MA, 0, 4W 186163 04713 1N974B 2 2
VR 15 * ZENER,UNCOMP,&,2V,5%, 20,0MA, 0. 4W 325811 07910 INTB3A 1 1
X 1 SQOCKET, IC, 40 PIN 429282 (9922 DILB4OP-108 1
Y 1 * CRYSTAL, 4MHZ,+-0.02%, HC-18/0 474072 83536 474072 1 1
An * In '35 column Indlcates a statlc-sensitive part.
Table &602-6, Al Output Unlt Rdaptar PCB Assembly
(See Figure 602-4.)
N
REFERENCE FLUKE MFRS MANUFACTURERS A 0O
DESIGNATOR STOCK SPLY PART NUMBER TOT s T
-A>-NUMERICS > § DESCRIPTION-———=——= w=—a=w —=NO-+ =CODE- -OR GENERIC TYPEw=—== QTY- -Q -E-
J l- & PIN,SINGLE, PWB, 0.025 S§Q A7€574 83536 3ITES574 6
+] 1, 3 * TRANSISTCOR, SI,NEN, SMALL SIGNAL 218336 85536 218356 2
R 1 HES,CF, 10K, +-5%,0.25W 348839 89536 348839 1
u 1 * IC,CMOS,DUAL D F/F,+EDG TRIG 340117 839S536 340117 1
u 2 * IC,CMCS, HEX INVERTER 404681 89336 404681 1

An * in *S5° column indlcates a static-sensltiva part.

602-7
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604-1. INTRODUCTION

604-2. Option 21X0A-004 IEEE-488 Interface provides
the 2180A and 2190A digital thermometers with a direct
output only connection to the IEEE-488 bus.

604-3.  Option 21 X0A-004 may be ordered with the 2180A
and 2190A thermometers for factory installation, or is
available by itself for service center instaliation. Option
21 X0A-004 cannot be used in a 2300A Scanner system. For
more compatibility information, refer to “Compatibility
With 2300A and Previously Produced Thermometers”,

604-4. The [EEE-488 standard connector 1s accessible
from the rear pane! of the thermometer. The format of the
output data includes the channel number, the current read-
ing, and any out-of-range or open thermocouple informa-
tion. (Refer to Table 604-13.)

604-5. SPECIFICATIONS

604-6. Specifications for Option 2 X0A-004 are shown in
Table 604-1.

NOTE

The L4 listener function indicates that the
thermometer [EEE-488 bus interface has the
same 3-digit talk and listen addresses, and that
the receipt of a listen address disables the talk
address.

604-7. IEEE-488 BUS ADDRESS CODE
SELECTION

604-8. A six-position dip switch (SW3), located on
Option 2L X0A-004 pca (printed circuit assembly), sets the
{EEE-488 bus address codes for the option. To gain access
to SW3, lift off the case top of the thermometer by remov-

www.valuetronics.com
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Option -004
|EEE-488 Interface

ing the six screws from the base. Referring to Table 604-2,
set positions | through 5 of SW3 to assign the desired
address,

604-9. OPERATION

604-10, Once Option 21X0A-004 is installed and SW3is
properly set, make sure that the |EEE-488 cable is correctly
connected to the option to ensure that all functions are
properly monitored by the controller.

604-11. Program Considerations

604-12.  Position 6 on SW3 controls the SRQ signal (Ser-
vice Request) to the IEEE-488 bus. Upon receiving an
SRQ, the controller serially poils each device on the bus for
SRQ status. SRQ) status of the Option 21 X0A-004 is indi-
cated by bit DB6 (position 64 decimal, 40 hexadecimal) in
the serial poll register (U12). With SW3 position 6 in the
ON position, SRQ is generated when a LF (line feed) is
received in the 32-byte buffer of Option 21 X0A-004. The
LF character is used by the thermometer to indicate the end
of adata transfer to the Option 21 X0A-004, (Refer to Table
604-3.) Option 21X0A-004 sets DBI (2 decimal), which
causes a serial poll to return a total value of decimal 66 or 42
hexadecimal.

604-13. When the SRQ mode is enabled, the SRQ is set
when the thermometer makes a reading available to the
Option 21 X0A-004, The reading is held indefinitely until
the SRQ is serviced. All new readings from the thermom-
eter are discarded. When SRQ is disabled, the output
buffer is continuously updated with the most recent reading
from the thermometer. However, there may be a 0.33
second delay encountered in the returned reading. This
delay occurs when one reading is sent across the [EEE bus
and the Option 21X0A-004 waits for the thermometer to
send the next reading. An 1EEE bus timeout error may
occur unless the timeout is set longer than this delay.

604-1
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Table 604-1. Option 21 X0A-004 Specifications

ENVIRONMENTAL

Operating Power

Operating Temperature
OPERATIONAL CONTROL
OUT-OF-LIMIT-SIGNAL

QUTPUT

Protocol and Connections

100, 200, 220, 240V ac -+ 10% 50/60 Hz, 3VA. {The 12-volt
battery operation is not supported.)

40°C {QOutside ambient of thermometer.)
Switch 3 (SW3}

Exclamation point transmitted with Option 21X0A-006
installed only; not with Y2002,

IEEE-488 standard

|EEE-488 Interface Function Capability Codes

IDENTIFICATION FUNCTION CAPABILITY
SH1 Source Handshake Full
AH1 Acceptor Handshake Full
T8 Talker Serial Poll (not talk only)
L4 Listener Not listenr only (see note)
SRt Service Request Full
DT1 Device Trigger Full (see 604-22. for function description)

604-14. Message Format

604-15,  Table 604-3, contains the sequence of information
in the output data string. The sequence is the fixed length
format presented on the IEEE bus.

604-16. Sample Programs

604-17. The lollowing sample programs show two differ-
ent situations in which the controller receives temperature
readings from the thermometer. The program listed in Fig-
ure 604-1 instructs the controller to asynchronously retrieve
atemperature reading after an SRQ has been sent from the
thermometer. The program listed in Figure 604-2 instructs
the controller 1o ask for a temperature reading at a specific
program step.

604-18. SRQ Program

604-19. The SRQ program, when typed into a 17204,
1722A, or 1752A controller inferms the contreller what to
do when an SR is received from the thermometer. The
program allows the controller 10 perform other tasks until
the thermometer has a temperature reading. The thermom-
eter sends a 60 hexadecimal value back 1o the controller in
response to the serial poll (SPL). If more than one ther-
mometer or more than one other instrument {(a maximum
of 14} is connected 1o the controller, the program distin-
guishes which instrument is sending the SRQ and deter-

604-2
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mines priority if more than one SRQ is received at the same
time. After the controller receives the temperature reading
and prints it on the controller screen, the program ends the
SRQ handling procedure and waits for another SRQ.

NOTE

The following programs are written in Fluky
BASIC and aoperate on the 17204, 17224, and
17524 controllers. A modification of the SR
program may be required 10 conforni (o other
[EEE controllers.

604-20. The Non-SRQ Program

604-21.  The sample program in Figure 604-2 inputs und
prinis temperature readings without the use of an SR A
2-second delay is required after the TRIG @2 statement
(line 50) to allow Option 21 X0A-004 1o finish the reset pro-
cess before requesting readings from it. The TIMEOUT
delay (line 70} must be set greater than 333 ms, so the con-
troller waits for the thermometer to provide the next read-
ing to the INPUT statement.

604-22. Group Execute Trigger
604-23.  The Option 21X0A-004 responds to the IEETF-

488 GET command by simply resetting the two micropro-
cessors (US and UI) on the board. Resetting the microp-
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Table 604-2. Swilch 2, JEEE-488 Bus Address Selection

ADDRESS CODES ADDRESS SWITCH SETTINGS

16 8 4 2 1

5) (4) 3 @ 1)
0 0 0 0 0 Q
1 Q 0 0 0 1
2 0 0 0 1 0
3 0 0 0 1 1
4 0 0 1 ¢ 0
5 0 0 1 0 1
6 0 0 1 1 0
7 0 C 1 1 1
8 0 1 0 0 0
9 0 1 0 0 1
10 0 1 0 1 0
11 1] 1 o 1 1
12 +0 1 1 0 0
13 0 1 1 0 1
14 Y 1 1 1 0
15 0 1 1 1 1
16 1 ¢ 0 0 G
17 1 a 0 0 1
18 1 g o 1 0
19 1 o 0 1 1
20 i 0 1 0 0
21 1 Y 1 0 1
22 1 0 1 1 0
23 1 0 1 -1 t
24 1 1 0 0 0
25 1 1 0 0 1
26 1 1 o 1 0
27 1 1 0 1 1
28 1 1 1 0 0
29 1 1 1 0 1
30 1 1 1 1 0

10 ON ERRCOR GOTG 230
20 ON CTRL/C GOTO 24
30 INIT PORT O
40 CLEAR PORT O

TRIG e2

90 ON SRG GQTO 140
00

Q
128 GOTO 120

170 INPUT 22, A%
210 PRINT As
220 RESUME

230 PRINT ‘0O0FZ!!!
260 PRINT ‘bye-bye”
END

0

140 IF SPL(2} () && RESUME

iInitia&izatinn

i n

i "

'Send “Group Execute Trigger" to

'reset the ~004, which is arbitrarily
:set at address 2 on Port O.

iNow, tell the program what to do if an
:SRG comes,

gnost of the time it Just sits here.

'*gpl(2)" clears the SRG. The —0Q4 sends
'a 546(42 Hex) if it set the SRG.

'otherwise it sends a O. This
'discriminates between other instruments
'on the Port that could send an SRQ.

1This command gets the thermomater rTeading
'from the ~-004.

'This command ﬁrints the reading.

'Ends the SRG handling and goes to wait
EFor another.

ERROR #°:ERR; * ON LINE #°: ERL

www.valuetronics.com

Figure 604-1. SRQ Sample Program
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Table 604-3. Message Format

CHARACTER POSITION
1 2 3 4 5 [ ? 8 ] 10 11 12| 13 14 15 16 17 18 18 20 21
NORMAL TEMPERATURE MEASUREMENT DATA
CH! CH| P! sP « | spl D E o 1o 0.1 Dii D |sP|a [Fc|sp| 1 | SPisP|CR|LF
OPEN THERMOGCCUPLE QUTPUT {2130A only)
chich|splsp| +|sp D; D:'o}'ox.im.:' o|sp|a|FeisP] s joic|eRr LFI
OVERLOAD OUTPUT "
chicu|spisp| s |sp|oiDoiDloiioniD skl dlrelse|l v |0 LcR|w
SYMBOL DESCRIPTION
CH Channei identification numbers {00 through 88, 00 unless connected to Y2000, Y2001, or
2300A).
SP Space
+ Plus or minus symbol
D Temperature data values (0 through 9} for the 2180A, position 12 for the 2190A.
Dy, Either a temperature data value or a decimal point
d a lower case (d)
F/C Fahrenheit or Celsius
! Character (!} when the present limit of the Limits Option 21X0A-006 is exceeded.
One space if within limits,
ocC Open (thermo)couple (character positions 18 and 19}
oL Overload (character positions 18 and 19}
CR Carriage Return
LF Line Feed
10 ON ERROR GOTOD 230
20 ON CTRL/C GOTO 2560
30 INIT PORT O
40 CLEAR PORT @
30 TRIG @2
&0 WAIT 2000 'Wait for —004 to finish reset procass
70 TIMEQUT 350 !Set IEEE timeocut longer than reading delay
190 INPUT @2, AS '‘Request a reading
210 PRINT As
220 ¢0TO 190
230 PRINT '00PS!!! ERROR #‘;ERR; ©* ON LINE &) ERL
260 PRINT rbye-bya’
270 END

Figure 604-2. Non-SRQ Sample Program
604-4
www.valuetronics.com



rocessars ensures that they are synchronized properly with
the TEFE-4%8 interface chip (U12), and is a recommended
start-up procedure at the beginning of the program in the
IEEE-488 controiler. A 2 second time delay is required to
complete the resetting operation. o not attempt to access
Option 21 X0A-004 before the end of the time delay.

604-24. Functional Equivalent

604-25. The operation of Option 21 X0A-004 is functionally
equivalent to the combination of the Fluke 21 X0A-002,
ZXXXA-522, and 1120A with the exception of the follow-
ing lour items:

CHANGES:

L. Option 21X0A-004 displays a lower case {d)
instead of a blank in front of the temperature
scale indicator. See Qutput Format, Table 604-3.

2. Option 21 X0A-004 operates at the full speed rate
of the thermometer, (3 readings per second,
instead of 1.5 readings per second).

3. The 2XXXA-522 previously contained a buffer-
full SRQ function that produced an SRQ when
the 32-byte buffer is filled. The buffer-fuil SRQ
function no longer exists with the 2XXXA-522,
but the switch is still present and its function is
still listed in the 2XXXA-522 manual. The
buffer-full SRQ function is not available on
Option 21 X0A-004.

ADDED
FEATURE:

4. Option 21 X0A-004 responds to 1 Group Execute
Trigger. See Group Execute Trigger, paragraph
604-23.

004-26. 11 vou include Option 21X0A-004 when up-
grading or adding new equipment to a system currently
operating with the 2I1X0A-002, 2XXXA-522, or 1120A
combination, note the lirst two changes listed in paragraph
604-25.

604-27. THEORY OF OPERATION

604-28. Option 21 X0A-004 converts the temperature dis-
plaved by the thermometer into a format usable by an
IEEE-4X8 Bus Controller. Option 21X0A-004 communi-
cales with the thermometer on the clocked bit-serial acces-
sory bus. The channel number, range, conversion type,
scale, and digits of the temperature reading are transmitted
on the bus. The cycle is repeated every 333 ms. When the
Write Address (WRTADR-) line is held low, Data Clock
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(DCLK-) clocks the accessory bus address then the ther-
mometer data into the 3870 microprocessor {U5) on the
DATA-line, In U5, the data is formatted {Table 604-2) and
made available for transfer to the 8748 microprocessor
(U1},

604-29. U5 applies a character to the tri-state buffers (U8
and U9) and pulls the Data Valid (DATVAL) line low. If
UII is not transferring data to U12 or if it is waiting for
SRQ to be serviced, Ull responds to U5 by strobing the
character onto the Option Data Bus with a STROBE- sig-
nal and reads the characterinto its 32-byte buffer. U1 also
generates Acknowledge (ACK), which causes U5 to reply
with a new character. When an LF character is detected,
U1l unmasks the byte-out interrupt. If the SRQ switch is
set ta ON, the SRQ switch triggers the GPLA (General
Purpose Interfuce Adapter) to send SRQ to the controlle:.
The 32-byte buffgr never completely fills because ther-
mometer readings consist of 21 bytes.

604-30. The IEEE-488 Bus Controller initiates the talk
mode by sending the taik address to the GPIA (U12) over
the IEEE-488 bus when Attention (ATN) is asserted true
low. The GPIA responds by setting the byte-out interrupt
(U12-40) high, as a signal to Ul to pass data bytes to U12.
The following three conditions must be met before data
transfer can hegin:

® Ready For Data (RFD) from the IEEE-488 bus
15 true {low).

®  Data Accepted (DAC) from the lEEE-488 bus is
false (high).

® Ul must have the byte-out interrupt unmasked.

604-31. When the above conditions are met, Ul sends
the data byte to the Data Out Register of the GPIA via the
Option Data Bus. At this time, the byte-out interrupt is set
to zero, and the data byte is checked for the LF character.
The GPIA handshakes the data byte to the TEEE-488 Bus,
and the byte-out interrupt (U12-40), transmutted to U1, 18
set to |, If the data byte is an LF character, EOI (End or
Identify) is also sent to the {EEE Controller to signal the
end of a data reading. This process continues as long as
thereisdatain the 32-byte buffer of U1l. When the 32-byte
buffer is empty, Utl masks the byte-out interrupt from the
GPlA.

604-32, The IEEE-488 address setting for Option 21 X0A-
004 15 read by the GPTA (U12) via the Option 21 X0A-004
data bus when the GPIA sends astrobe out on U12-4 to the
address switch tri-state buffers (UI8).

604-33, When the GP1A detects a Group Execute Trigger
for its address, it sets Ul2-24 to a logic high to cause a
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Power On Reset (POR) via Q4 and Ul6. The POR resets
U5 and UlI, and lasts for approximately 150 ms.

604-34. The power supply for Option 21 X0A-004 power
supply i1s a standard linear regulator using a full-wave
center tap rectifier and pass transistor regulator (Q3). The
regulator is driven by U17 and Q6, and is referenced from a
2.5-volt band gap reference (U 15). U16 performs POR and
low voltage detection. The optien provides its own power
rather than using the power supply of the thermometer,
which is unable to provide encugh additional power.

604-35. Option 21X0A-004 is a consolidation of the cir-
cuitry from Option 21 X0A-002, Option 2XXXA-522, and
[120A that is required for [IEEE-488 output operation. The
consolidated circuitry does not include analog output cap-
ability or the slow serial communication link between the
Option 21X0A-002 and 2XXXA-522 microprocessors,
instead, the circuitry uses the PTI (Portable Test Instru-
ment} parallel output port of the Option 21 X0A-002 to
communicate with the Option 2XXXA-522 microprocessor.

604-36. COMPATIBILITY WITH 2300A
AND PREVIOUSLY PRODUCED
THERMOMETERS

604-37. Option 21X0A-004 is not intended to be used
with a thermometer that is a part of a 2300A Scanning Sys-
tem. In a 2300A system, an Option 2300A-005 or Option
2300A-006 should be installed in the 2300A for connection
to the IEEE-488 bus. Option 2300A-005 is for cutput only,
similar to Option 2] X0A-004 operation. Option 2300A-006
additionally provides remote control of the 2300A. Options
2300A-005 and 2300A-006 use the 2XXXA-522 and 1120A
for connection 10 the 1IEEE bus,

CAUTION

Option 21 X0A4-004 is not compaiible with a
23004 Scanning System. Such use may cause
channel numbers (o be displaced by one read-
ing, and each reading may he output twice.

604-38. Option 21X0A-004 is not directly compatible
with the earliest version of the 2180 A and 2190A thermome-
ters. A choice of either of the two modifications described
below provides compatibility. To identify the early version
of thermometer, observe the thermometer display as it is
turned on. If the display characters begin with “2{80" or

604-8 -
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“2190™, the thermometer is an early version, Newer Versions
begin with “800™ or “900.”

604-39. If your thermometer is an eariy version, either of
the following two modifications may be pertornmed.

. The micropracessor o e thermumewer van @ ¢
replaced with a newer version. Contact your local
John Fluke Service Center to order the laiest
2180A or 2190A standard versions.

a. When vou are updating a 2I180A 1o the latest
version, be aware there are changes in the avaii-
able choice of Resistance Temperature Detec-
tor {RTD) linearizations. 1f you require the
original linearizations, order a special retrofit
kit Model 2180A; AYK. (P/N 796953)

oe

. When you are selecting from the latest versions
of 2190A linearizations, be aware thai un
enhanced microprocessor retrofit kit 18 also
available. The enhanced retrofit kit provides 15
thermocouple types. Order Modei 21504 AMK
(P/N 763292}

2. A modification to Option 21 X0A-004 may aiter-
natively be performed. Contact your focal John
Fluke Service Center and arrange for the instalia-
tion of a 2180A-4021W (JF P, N 536288) anto
Option 21 X0A-004, Q1 and Q3 are remaoved from
the pca and replaced by the modification circuit,
This modilication makes Option 21 X0a-004d
compatible with all versions of 2180A and 2190A
thermometers. A +5 voit connection 1s provided
next to U2 to provide power to the added modifi-
cation circuit.

604-40. PERFORMANCE TEST
60441, There are no adjustments or calibration.

604-42. With Option 21 X0A-004 attached oo 21970 -
2190A thermometer, apply proper ac input voltase ano
measure for 5.05 £ 0.1 volts dc across TP and TP2,

604-43.  Connect Option 21 X0A-004 to an 1EEF-4S88 cimi-
troller via the IEEE-488 bus. Execute the SRQ program i»
Figure 604-1 to retrieve readings from Option 21 X0A-N04
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Tacle 604-5, Option -004 TEEE-489% Interface PCB Assembly
(See Figure &04-3_}

N

AEFERENCE FLUKE MFRS MANUFACTURERS R O
DESIGHATOR STOCK SPLY PART NUMBER TOT 5 T
~A> =NUMERICS====> S~===—r—=r———m—e DESCRIPTION====—wmummmmmm = NQ-- ~-CORE- -OR GENERIC TYPE----- QTY- -Q -E-
C 1, 2, 3, CAP,TA, 10UF, +-20%, 20V 330662 56289 196D106GXUC20KAL 4

C ] 330662

C 4, 3 ChP,MICA, 22PF, +-5%, 500V 148551 §27%9 DM15C2200 2

[ 8, 9 CAP, AL, 3300UF, +30~10%, 16V, 50LV PRODF 603472 89536 603472 2

c 10, 12, 1l¢ CAP,TA, 1UF, +-10%, 35V 161919 S623%  196D010JX0035GC 3

c 11, 13~ 20 CAP,CER,0.22UF, +-20%, 30V, 25U 519157 51406 RPE111Z5U224M50V 9

CR 1 * DIODE, ST, BY=75V, T0=150MA, 500MW 203323 07910 1N4448 1

CR 2, 3 * DIGDE,SI, 100 PIV,1.5 AMP 116111 0S277 LN4317 2 1
E 1, 2, 3 TERM, FASTON, TAB, SOLDR,0.110 WIDE 512889 Q2660 62395 5 1
H 1 SCREW,MACH, SEMS5,PH, P, STL, 6-32X0.375 177022 89536 177022 2

i 2 NUT,HEX,S.5TL, 4-40 147611 A9536 147611 2

H 3 SCREW,MARCH, PH, P, 4-40X0.375 B3I7690 A9536 83IVE90 2

H 4 SCREW, CONNECTOR MOUNTING 429472 89536 429472 2

H 5 NUT,MINT, HEX, §5,6-32 110569 ©9536 110569 2

H & HARRDWARE KIT {FOR JT 435750 89536 435750 1

H 7 WASHER, LOCK, SPLIT, STEEL, #2 110395 89536 110395 2

J 7 CONN, MICRO-RIBBRON, REC, FWB EDGE, 24P05 484220 B9536 4B4220 1

MP 1 SPACER, POLY-E, SW-STANDOFF HT, 0,063 285346 B9536 285346 2

Mp 2 SHIELD, IEEE I/F ASS5Y. 795427 89536 795427 1

P 3 CABLE, FLAT, JMPR, 6 CONDUCT,0.100 SP 474155 00779 86942-5 1

[*] 1- 4, 6 * TRANSISTOR, SI,NPNH,SMALL SIGNAL 218396 04713 2M3904 S 1
] 1 RIVET,PUSH,BI,NYL,0,.118X0,217 74586% 893536 745869 1

Q 2 HEAT DIE,VERT MT,1.25X0.875,T0-220 524934 11311¢3 &025B-TT 1

o} 5 * TRANSISTOR, S5I,BvV= 40V, 2%, TO=-220 473207 061295 TIPZG 1 1
R 1, 2, 3 RES,CF, 10K, +-5%,0.25W 348839 B0031 CR251-4~5P10K 3

R 5, 6, B RES,CF, 220K, +-5%, 0, 25W 3489533 BOO31 CRIS1-4-3P220K i

R 5, 7, % RES,CF, 2.2K, +=5%, 0, 25W 343400 BOO31 CR2Z51-4-5F2K2 3

R 12 RES,MF, 226K, +~1%, 0.125W, LOOPPH 320879 91637 CMFS32263F 1

R 13 RES,MF, 309K, +-1%,0,125W, 100FPPM 235283 91637 CMFS53093F 1

R 1 RE3,MF, 10.2K, +-1%,0,125W, 10DPFM 293605 91637 CMFS51022F 1

R 15 RES,MF, 10K, +~1%,0,125W, 100PPM 168260 91637 CHMFS551002F 1

R 16 RES,CF, 100, +-5%,0,25W 348771 80031 CR251-4-3P10QE 1

5 1, 2 SWITCH, SLIDE, DPDT, POWER 234278 89536 234278 2

5 3 SWITCH,DIP,DPST,PIAND, & POS 800037 849536 BO0037 1

T 1 5 VOLT TRANSFORMER 7147381 83536 747881 1

U 1 * I¢,CMGS, HEX BUFFER 381830 02735 CD40S0AE i 1
) 2, 3, q * ISQLATOR, OPTO, LED TO TRANSISTOR 380014 01295 TiLlle 3 1
u B * I[C,NM05,8 BIT MICROCOMPUTR, 2190A-9403 493309 89536 495309 i

U 13 * IC, LSTTL, QUAD 2 INPUT NAND GATE 393033 01295 SN74LS00NT- 1 1
o] 7 ® IC,LSTTL, HEX INVERTER 393058 01295 SN74LS04N 1 1
U g, 9, 1B * IC,CHMOS, HEX BUFFER W/3-5TATE QUTPUT 407759 12040 MMECCITN 3 1
U 19 * [C,LSTTL,DUAL D F/F,+EDG TRG,W/CLR 393124 Q1295 SNHN7ALST4N 1 1
0 11 ~ IC,NM0S,8 BIT MICROCOMPTR, 1KX8 EPROM 454652 34649 (8748 1

u 12 * IC,NMOS, GEN PURPOSE INTERFACE ADAPTOR 477794 04713 MCEB4HBP 1 1
o] 13, 14 + IC,LSTTL,OCTL IEEE-488 BUS TRANSCVR 524835 04713 MC3447P 2 1
u 15 = I¢, 2.5 V.40 PPM T.C., BANDGAP REF 472845 04713 MC1403V 1 1
J 16 " IC,COMPARATOR, DUAL, LO-PWR, 8 PIN DIF 478354 12040 LM393N 1 1
v 17 * IC,CP AMP,SELECTED DIFF OUT VOLT=2MV 473777 B9S3e 4737717 1 1
XU 5, 11, 12 SOCKET, IC, 40 PIN 429282 09922 DILR40P-108 3 1
T = CRYSTAL,4MHZ,+-0_.02%,HC-18/0 474072 B9536 474072 1 1
Y 2 * CRYSTAL, 6MHZ, +-0.01%, HC-18/0 461665 BI953I6 461665 1 1
Z 1 RES,NET,SIP,®& PIN,S RES, 100K, +-2% 412726 B9536 412728 1

Z 2, 3 RES,NET,SIBF,10 PIN, 9 RES,100K,+-2% 461038 80031 95081002CL 2

Am * In 'S' calumn indicates a static-sensitive part.
604-7
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606-1. INTRODUCTION

606-2. The 21X0-006 Limuts Option gives the 2180A
and 2190A Dagital Thermometers the capability of
providing both visual and electrical indications (alarms)
when the temperature measurement exceeds either of a
pair of selectable maximum; munimum limit values. Also
selectable are, all for a single point, the delta function
{displays the difference between the preset value and the
temperature read), and the maximum, minimum dispiay
function (the highest or lowest temperature read since the
last reset by the INITIALIZE MAX MIN switch).

606-3. The Limits Option is available as factory

installed with initial order or may be ordered as a field
installable kit for addition to the wnstrument.

606-4. SPECIFICATIONS

606-5.  Speafications for the Limits Option, 21 X0-006.
are as hsted in Table 606-1.

Table 606-1. Specifications

Limits Functian: lights LED and activates Form A {SPST)
relay when a preset lirmit s exceeded. Contacts rated at

10 v A, 184V de or 130V ac rms max, D.5A max, resistive,
Min/Max Function: Store min or max readings, reseitable
from front panel.

__Temperature Function: Reads t temperature deviations
fram praset nominal temperature,

Installable: Factory or field, through pre-punched front

panel.

Function: Limit:

£ Low Limit —9999°

> High Limit +9999°
Store min reading Not used
Store max reading Mat used

A ¥ Deviation fraom Nominal

www.valuetronics.com
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Option -006
Limits

606-6. INSTALLATION

606-7. Options for field mnstallation can be nstalled
using the following procedure:

WARNING

HAZARDOUS VOLTAGES MAY BE
PRESENT WITHIN THE iNSTRUMENT.
ONLY QUALIFIED PERSONNEL SHOULD
PERFORM THIS INSTALLATION PRO-
CEDURE.

1. Disconnect the thermometer from all power
SOUIces.

2. Remove the screws on the bottom of the case
that fasten the top and bottom of the PTI case
together and remove the top half of the case.

3. Remove the hole plugs from the Limits section
of the front panel and attach the standoffs supplied
with the option to the front panel

4. Position the Limits PCB su thuat the
thumbwheel LED and pushbutton switch line up
with the applicable front panel ports.

5. Attach the Limits PCB to the Main PCB using
the screws supplied with the option.

6. Connect the cable on the Limits PCB o J4 on
the Main PCB.

7. Replace the PTI cover on the instrument and
reconnect to input power sources, if required at this
time.

606-1
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606-8. OPERATING NOTES

606-9. [nstaliation of the Limits Option enables the Jow
current single contact relay (K1) on the thermometer
Main PCB. The contact points are available on a rear
panel connector block.

NOTE

Once instalfed there are no provisions for
disabling the Linits Oprion. If g iemperature
displav is desived without the refay or LED
indicarions select one of the Limits Functions
(> or =} and the maximum setting on the
naunteric thumbwheel switches.

606-10. OPERATION

606-11. The position and general description of the
Limits Option front panef controls is given in Section 2. A
more detailed description of the three functions is givenin
the following paragraphs.

606-12. Limits Function

606-13.  Thelimits function 1s enabled when the function
portion of the thumbwheel 15 set in either the < or >
position. The front panel LED illuminates and the rear
panel relay contacts close when either of the preset
conditions are met. In the greater than {Z>) function the
indications {LED and relay contacts} result from any
temperature reading that exceeds the value set on the limat
thumbwheel. The less than (<) function gives its
indicatton when the temperature read by the thermometer
1s equal to, or less than., the value set on the limit
thumbwheels. The thumbwheel LSD is a whole number,
fractional entries cannot be made.

606-14. Delita Function

606-15. Whenthedeltat A ) function is selected on the
thumbwheei the thermometer display reads the difference
between the temperature at the thermocouple and the
whole number setting of the thumbwheels. The formula
used for the computation is:

T displayed = T at thermocouple - T thumbwheel setting
(in degrees)

606-16. MINIMUM/MAXIMUM Display
Function

606-17. The microcomputer acculmulates and stores
the highest and lowest temperatures recorded since the
last reset. When the maximum ( F } function is selected
the highest temperature recorded and stored in the
microcomputer i1s displayed. Selection of the minimum
function { ¥ ) displays the lowest recorded temperature

606-2
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since the last reset, To record the current temperatiire £
either function, select the applicable [unction and depres.
the iront panel reset switch.

606-18. THEORY OF OPERATION

606-19. The-006 Optinp o eive sl hermaemater Wi,
the tunction and numeric data seicciea on the lront naned
mechanical thumbwhee!l <witches, When a Limity
function is selected the data s stored for comparison on
the option peb. All communication between the oplion
and the thermometer is done on the clocked seriui
accessory bus. This bus transnuts and recetves addresses.
thumbwhee! data, reset data, and limit status, Refertothe
schematic in Section 8 during the Theory of Operation
discussion.

606-20. Addressing

606-21. Each of the options on the bus is addressed with
a different code. The thermometer uses the addrews 07 e
talk to the Limits Option. To talk to any opilon. the
WRTADR (P4-3) line must be brought fow with WRT
(P4-4) high, followed by the applicable tour address hits
applied to the DATA (P4-5) line in succession. tovying
DCLK (P4-6) for each bit. This clocks the address into the
shift register {U2-135) where it 1s compared to the Limis
Option address and, if valid. (Ul-1 low) enables the gates
required to shift data to the thermomieter (U'3-11 and into
the limits option (U3-2). Details of the data transfe=ire i
subsequent paragraphs.

606-22. Limits Option Outputs

606-23. Before the thermometer can inpus data from thi:
Limits Option the Limits circuitry must be addressed 1
described previously (Ul-1 low). Once addressed. th=
WRTADR and WRT lines go high. The low to high
transition of WRTADR (U3-6) loads the shift register:
from the thumbwheel and RESET switches. The two lires
enable the output data line (U!-13) and as the the
thermometer accepts the data it clocks the serial nurou:
shife registers with DCLK, transferring the data rron: the
shift register 10 the thermometer.

606-24. Inthe thermometer the data is proceused! o ou
microcomputer to perform the propsr action. For the
limits function, the output is compared 1o the state ot the
limits and. if exceeded. the indicator tHuminated und the
relay energized. For the delta function. the temperature s
compared against the transmitted value and the
difference displayed. If either the maximum or minimum
function is selected the stored value is displaved. but. in
addition, the status of the RESET switch 15 checkod.

606-25. Limits Option Inputs

606-26. The thermometer transmits to the Limits
Option only the limits exceeded status. After the opuon



has been addressed, (U1-1) WRTADR goes high to
disable the addressing circuit (U4-13), while WRT stays
low to enabie the limits exceeded input {(U5-8) so that
DCLK can clock the data into the latch (U5-1). A limits
exceeded indication clocks a high into the latch resulting
in a low at the output (U6-12) to turn on CR 1. The limits
not exceeded or another function selected. loads a low
into the latch to turn off the indicator.

606-27. CALIBRATION

606-28. The Limits Option has no variable components
and does not require calibration.

21X0A-006

606-29. TROUBLESHOOTING

606-30. Troubleshooting for the 2190A Option -006,
Limits, consists of the tabuilar flow chart in Table 606-2.
When a step on the flow chart is completed, check for a
decision transfer. 1f no decision is required. perform the
next step of the table in sequence.

606-31. LIST OF REPLACEABLE PARTS

606-32. Table 606-3 is a list of replaceable parts for the
Limits Option. Refer to Section 5 for an explanation of
the columnar entries,

Table 606-2. Limits Option Troubleshooting

www.valuetronics.com

Go to the step
number given
STEP ACTION for correct
NO. response
YES NO
NOTE
These tests are based on the assumption that the 21804 /2190A has bean thoroughly
checked out and is free of troulifes prior to beginning the test of the Limits Option —008.

1 Select the less than or equal function (53 and set the thumbwheels for a numeric such that the thermocoupie

input exceeds the presat numeric (e.g., thumbwheels set at +1111 and the ambient tamperature used as the

thermocouple input).
2 Does the LIMIT indicator illuminate and the rear panet relay contacts close? 26 3
3 Is the +5V d¢ input from the Main PCB present? 5 4
4 Check the +5 Vdc input, repair as required then resurme at Step 1.
a Does the signal at U1-1 toggle (vary between logic high and Jogic low} when viewsd with a scope? 13 6
6 Da the WRT, WRTADR and DCLK lines toggle? 8 7
7 Check the inputs an the cable from the microcomputer on the Main PCB. Repair as required then resume at

Step 1.
8 Does the DATA line toggle? 10 2
] Check the cabling and Q1, 02, U3-8 and 1heir associated components. Repair as required then resume at

Step 1.
10 Are the clock and data signzals present at pins 1 and 15 of U2, respectively? 12 11
1 Check U7, U2-2,11, 12, 13 and U3. Repair as required then resume at Step 1.
12 Check U4 for the clock and U for koading of the data line. Repair as required then resume at Step 1.
13 Is the function code (53 a BCD 0 with pins 4, 5, and 6 of U7 low, the sign (+) at U7-7 high, the numeric MSD

BCD code as set st pins 1, 15, 14 and 13 of U9, the second MSD BCD code as setat pins 4, 5, 6, and 7 of U117 15 14
14 Check the switches and their associated components. Reapir as required then resume at Step 1,
15 Is the clock present at U7-10, U9-10, and U11-10? 17 16
16 Check U4-10, Ui-13 and their inputs. Repair as required then resume at Step 1.

606-3
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Table 606-2. Limits Option Troubleshooting (cont)

Go to the step
number given
STEP ACTION for correct
NO, response
YES NO

17 Does the signal at U11-3, U9-3, and U7-3 toggle? 19 18
18 Check U11, U9, and U7. Repair as required then resume at Step 1.
19 Does the ODATA line toggle? 21 20
20 Check Q1, Q2, U3, UB-10 and their associated cornponents. Repair as reguired then resume at Step 1.
21 Are the clock and data signals present at pins 11 and 8 of UG, respectively? 23 22
22 Check U5 for the clock, repair as required then resume at Step 1.
23 |5 the collector of Q9 low? 25 24
24 Check Q9, O3, U6-12 and their associated components. Repair as required then resume at Step 1.
25 Check the indicator CR1 and the relay on the Main PCB. Repair as required then resume at Step 1,
26 Set the FUNCTION switch to greater than {*} and input a temperature from the thermocoupie that exceeds

the preset limit.
27 Does the LIMIT indicator illuminate and the relay contacts closa? 29 28
28 Check far a Function BCD code of 1 {001) at pins 4, 5, and 6 of U7, The sign at U7-7 is high for plus and low

for minus. Check that the thumbwheel switches reflect the BCD codes set on them. Repair as required then

resurme at Step 1.
29 Set the FUNCTEON switch to the Delta {2) position and set the thumbwheels to the desired bass.
30 Is the diffarence hetween the thermocouple input and the preset base dispiayed? 32 31
31 Check for a Functian of BCD code of 2 (0101 at pins 4, 5, and 6 of U7, Check that the thumbwheel switches

reflect the BCD codes set on them. Repair as reguired then resume at Step 29.
32 Set the FUNCTION switch to the minimum ¢ X ) position and depress the INITIALIZE MIN/MAX switch,
33 Does the thermometer display reflect the lowest temperature input from the thermocouple since the switch

was depressed? 35 34
34 Check for a Function BCD code of 3 (311) at pins 4, 5, and 6 of U7. Check U2-4 anet 5, U4-3 and 4, UB-1, the

initialize switch S7 and their associated components. Repair as required then resume at Step 32,
35 Ser the FUNCTION switch to the MAXIMUM { T } position and depress the INITIALIZE MIN/MAX switch,
36 Does the thermometer display reflect the highest temperature input from the thermacouple since the switch

was depressed? 38 37
37 Check far a Function BCD code of 4 (100) at pins 4, 5, and 6 of U7. Repair as requirad then resume at Step 35.
38 Traubleshoating of the 21X0-006 Limits Option is compiete.

606-4
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Tam:we ol6-3. DpTicn -C06 Limits PCB Assembly
(See Figure B806-1.)

o FLIKE MFES MANUFACTURERS AOd

LONATOR STOCK SPLY BART HUMBER TOT 5 T
A —NUMIRICS-——--> S- - —msemem=—n DESZRIPTION-—————= = mm=== == NG==- =CODE- =-OR GENERIC TYPE--——- 2TY- —a -E-
] 1 * LED,RED,PCH MCUNT, LUM INT= >0.& MCD 385014 09214 355L-22 1
H L SCREW, MACH, PH,PSTL, 6-32X0.500 152173 BAS536 1521713 2
i 2 SCREW,MACH, SEMS, PH, P, STL, 6-232X.500 177030 89%3e 177030 2
e : ACTUATOR, SWITCH 412106 99536 412108 3
ME 2 COVER, FUSHBUTTON SWITCH 401299 895386 401299 "
w3 BUTTON 472332 89536 472332 1
M L3 AESY, LED STANDOFF 472548 89538 472548 i
iyl 3 SPRCER,RND, S5 STEEL,0.143IDX0_250 484865 8953im 4B4B65 £
2 4 CABLE,FLAT, JMPR, 7 CONDUCT,0.150 3¢ 474373 04773 g6946-6 i
jod 1 * TRANSISTCR,5I,PNP,5MALL SIGNAL 1954674 64713 2N3906 1 1
o 2, 3, 9 ~ TRANSISTOR,SI,NPN,SMALL SIGNAL 219396 64713 2N3804 3
a2 - &, B, RES,CF, 10K, +-5%,0_254 348833 BOC31 CR251-4-5P17K [
R 3 348839
B 5 RES,CF, 100K, +-5%, 0. 25W 348920 80031 CR2Z51-4-SP1CG0K 1
R 7 RES,CF, 240, +-5%, 0. 254 376624 BOO31 CR251-4-3P240T 1
" ] RES,CF, 20K, +-5%,0.25W 441477 80031 CRZ51-4-5P20K 1
2 16 RES,CF, 2, 2K, +=5%,0, 25W 343400 B0031 CR251-4-582K2 1
3 1 SWITCH, 30TARY,MULT P05, SPECIAL, 6THUMB 472803 BY9536¢ 472803 1
5 2 SWITCH PART,SPST, SPRING 41438 00779 e3zlz 1
s 3 SWITCH PART,S5PST,FIXKED CONTACT 416BTS  DOTTE 62313 1 L
u 1 ~ IC,CMOs,DUAL 4 ZNPUT HNAKD GATE 355206 04713 MM140l2CP 1 M
u 2 * IC,CMSS,DUAL, 4BIT SER-IM, PAR-OUT SHFT 340125 (4713 MCl40G1sCP 1 1
- 3 ~ IC,CMCS, HEX INVERTER 404681 £2735 CD40GYBE 1 1
G 4 I8, CMO5, GUAD 2 INPUT MOR GATE 358172 Q3735 CD4GJLAE 1 1
il 5 " TZ,CMOS, TRIPLE 3 IN2UT NOR GATE 35%190 02735 CD40ZSAE 1 1
3 5 £ IC,CMO3,DUAL D F/F, +EDG TRIG 340117 02735 CD4013AE 11
¥ 7, 9, 1i * 1C,CMOS,DUAL D E/F, «EDG TRIG 380766 02735 CD4021AE 301
o B, 14, 12 RES,MET,STF,9 PIN,T RES,LO00K, +-2% 412968 89536 412308 3 1

An * in '3 column indicates a static—sensitive part,

&606-5
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Figure 606-1. Option -006 Limits PCB Assembly
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Section 7

General Information

7-1. This section of the manual contains generalized
user information as well as supplemental information to
the List of Replaceable Parts contained in Section 5.

REV. 5 7/89 7-1
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Federal Supply Codes for Manufacturers

D986 41101 0697 0423
Westermann Wilhelm Augusta- Anlage Wabash Inc Patker-I{znnifin Corp. Teldonic Bexkley Inc.
Maanheim-Nackarau Germany (Formedy Wabash Magnetics} O-Ring Div Laguna Beach, CA
Wabash, IN Lexingrm, KY
50482 04713
Sony Corp. 1121 02735 Motomola Inc.
Tokyo, Japan Allen Bradley Co. RCA-Splid State Div. Semiconductor Group
Milwankee, WI Somerville, NJ Phosiiz, AZ
53774
Ozhinag Bleetric Lamp Works 01281 04946
Tokoyo, Japan TRW Electromics & Delense Sector 02768 Standard Wire and Cable
RF Devices TTW {IL Tool Wiks) Rancho Dominquez, CA
BADERE Lavmdale, CA Fastex Division
IN General Des Plaines, IL. 05173
E} Paso, TX 0195 General Radio
TX [nsiuments Ing, 02799 NYNY.
QAR Semiconductar Group Aro Electranies Ing. Replaced by:
Autesplice Ine. Dallas, TX Chatsworth, CA
Woodside, NY
01526 03296 24655
BW21 Genicom Nyloa Molding Corp. Geyrad INC.
Korilake Co. Inc. Waynesboro, VA Morwovia, CA Concosrd, MA
Budlingion, MA
01537 3445 05236
QANFO Matorola Communications & Lercon Elecironics Inc Janathan Mfg. Co.
Tapaz Samiconductar In¢ Elecuronics [ne. Burbank, CA Fullerton, CA
San Jose, CA Franklin Park, IL
(3508 05245
oDsSM7 01686 General Elestric Co. Corco Inc.
Conductive (Pkg) Containers Inc. RCL Electronics/Shalicross Inc. Searnicondusior Products Libextyville, IL
Brookfield, WI Elecwro Components Div. & Banenes
Manchester, NH Aubum, NY
OCLN7 05276
Embhan Fastening Group 01834 03797 ITT Portiona
Shelon, CT Sprague Elecuric Co. Genisoo Technalogy Corp. Electronics Div.
(MNow 56289) Eltronics Div, Pomona, CA
Rancho Domingquez, CA
0rB81 01961 05277 .
§-Mos Systems Inc. Varian Associaies Inc, 03877 ‘Westinghouse Elec. Corp.
San Jose, CA Pulse Engincering Div. Gilben Enginecdng Co.Ine Senicanductor Div.
Copvoy, CT Incon Sub of Transitron Youngwood, PA
OFFP1 Electronic Corp.
Evemeady LTD 1963 Glendale, AZ 05347
Ever Ready Special Bauery Div. Cherry Electrical Praducis Comp WNiroaix Ine
Dawley Telford Salop UK Waukegan, IL 03888 Grand Junction, CO
KDt Electronics Ine.
06199 02111 Pyrofilm Div. 05397
Marcon Electronics Corp Spectrol Electronics Corp. Whippany, NJ Union Carbide Corp.
Keamy, NJ Ciry of Indusicy, CA Materials Systems Div.
03911 Cleveland. Ol1
90213 02114 Clairex Corp.
Rywronics Comp, Group Inc. Amperex Elecironic Corp. Clairex Electronics Div, 05571
Darrlingon, NC Ferrox Cube Div. Mount Vemon, NY Sprague Electric Co.
Saugetties, NY {Now 56289)
Q0327 {03980
Welwyn Intemztional Inc. 12131 Muirhead Inc. 05574
Weslake, OH General Instroment Corp. Mounlainside, NJ Viking Connectors Inc
Government Systemns Div. Sub of Criton Corp.
0656 Westwood, Ma 04009 Chatsworth, CA
Acrovox Corp. Cooper [ndustries, Inc.
New Bedford, MA 02395 Arrow Han Div. 05791
Sonar Radio Corp. Flanford, CT LYN-TRON
00626 Hollywood, FL Burbank, CA
Film Capacitors Inc. 4217
Passaic, NI 02533 Essex Intemaidonal Ine.
Laph Instruments Lid, Wire & Cable Div, 05820
9 Frequency Control Div. Anaheim, CA EG & G Wakeficld Engineering
AMP, Inc. Dom Mills, Ontarico, Canada Wakeficld, MA
Harrisburg, Perns ylvania 04221
02606 Midland-Ross Corp. 05829
833 Fenwal Labs Midwex Div. Advance Electrical
Sanpama Weston Inc Division of Travenal Labs N. Mankaio, MN Chicaga, IL
Components Div Morton Grove, IL
Pickens, NC D4222
02660 AVX Carp. 05972
01091 Bunker Ramo-Elra Corp. AVX Ceramics Div. Loctite Carp.
Allied Plastics Co. Amphenol NA Div, Mpyrue Beach, 5C Newingion, CT
Les Anpeles, CA Broadview, IL
7-2
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Federal Supply Codes for Manufacturers (cont)

06001

General Electric Co.
Electric Capacitar Product
Secton

Columbia, 5C

06141

Fairchild Weston Sy Inec.

Daia Systems Div.
Sarasota, FL

06192
La Deay Mfg. Co,
Glendale, CA

06229
Electrovert Inc.
Elmsford, NY

06283
Panduit Corp.
Tinley Park, IL

06473

Hunkey Rame Corp.
Amphenol NA Div.
SAMS Openation
Chatswanh, CA

06540
Mite Corp
Amatom-Electrical Div

DGS3S
Beede Elecirical lnstrument
Penazcook, MH

06665

Precision Monaolithics
Sub of Boums Inc.
Santa Clara, CA

06666
General Devices Co. Inc.

INpolis, IN

06739
Electron Corp.
Littlaton, CO

06743

Gaould Inc.
Foil Div.
Eastlake, OH

06751
Compenents Inc.
Semcor Div,
Phoenix, AZ

06716
Robinson Nugem: [nc.
New Albany, IN

06915
Richeo Plastic Co.
Chicago, IL

06361

Yemitron Corp.
Pieza Electric Div,
Bedford, OLL

06930

EDMAC

{See Vanan)}
San Carlos, CA

07047
Ross Miltom Co., The
Sowhampton, PA

07138

Westinghouse Electric Corp.

Indusizial & Govemment
Tube Div.
Horseheads, MY

(7233

Benchmadk Technology inc.

City of Industry, CA

07239
Biddle Instruments
Blue Bell, PA

07256

Silicon Transisior Corp.
Sub of BBF Inc.
Chelmsford, MA

07261
Avnet Comp.
Culver City, CA

#7263

Fairchitd Semiconductor
Morth Amedean Sales
Ridgeview, CT

7344
Bircher Co. [ng.. The
Rochester, NY

07374

Optron Corp
Woodbridpe, CT

07557
Campicn Co. Inc.
Philadelphia, PA

07597

Bumdy Corp.
Tape/Cable Div.
Rochester, NY

76

TRW Inc. (Can use 11502)

1RC Fixed Resistors/
Budington
Burdington, VT

07792
Lerrna Engincering Corp.
Narthampton, MA

07810
Bock Corp.
Madison, WI

7913
Teledyne Semiconducior
M. View, CA

07933

Raytheon Co.
Semicomductor Div.
Moumain View, CA

0BFG&
Calmos Systems Inc.
Kanata, Ont. Canada

{080A9
Drallas Sermicondacior
Pallas, TX

08111
MEF Electronics
New Rochelle, NY

08235
Industro Transisior Corp.
Loag Island City, NY

08261
Spectra-Strip

An Elua Co,
Garden Grove, CA

03445
Electri-Cord Mfg., Inc
Wesifield, PA

08530
Reliance Mica Corp.
Brooklyn, NY

083

ITT Cannen Elecine
FPhoenix Div.
Phoenix, AZ

08806

General Elecuic Co.
Minature Lamp Products
Cleveland, CII

03863
Nylarnatic
Fallsingzon, PA

08988
Skouie Electronies Inc.
Archbald, PA

09021

Adrco [Inc.

Airco Electronics
Bradford, PA

0023
Comell-Dublier Electmnics
Fuquay-Varina, NC

9214

General Electric Co.
Semiconductor Producis Dept.
Aubum, NY

09353
C and K Components Inc.
Newton, MA

9423
Scicific Components Inc.
Santa Barbara, CA

09922
Bumdy Carp.
Narwalk, CT

0996%
Dale Electronics Inc.
Yankton, 5D

09975

Burroughs Comp.
Electeenics Components
Dewroit, MY

1A79]
LFE Electronics
Danvers, MA

10715

(United Shoe & Nylock Comp)
-Mylock Fastener Corp -
Paramus, NJ

10059

Barker Engineering Corp.
Kenilworth, NJ

10389

IL Tool Warks Inc.
Eicon Div.
Chicago, IL

11236

CTS Cop.

Raesistor Products Div.
Beme, IN

11237

CTS Comp of CA
Electre Mechanical Div.
Paso Robles, CA

11265
ECM Motor Co.
Schaumburg, 1L

11358

Columbia Bre+dcasting System
CBS Eler - iz Div.

Newbuwrv: st, MA

11443

Vacuum Can Ce.

Dest Coffec Maker Div.
Chicago, IL.

11502 ({can also use 35009)
TRW Ine.

TEW Resistive Products Div.
Boone, NC

11503
Keystone Columbia Inc.
Freement, IN

11532

Teledyne Refays Teledyne
Industries Inc.
Hawtharne, CA

1171

General Instrurnent Corp.
Rectifier Div.

Hicksville, NY

11726
Quakidyne Com.
Santa Clar, CA

12014
Chicago River & Machine Co.
Naperlle, L

12020

Ovenaire

Div. of Elecuonic Technologies
Charlotiesville, VA

12038

Simco

{Div af Ransburg Cormp}
Hafield, PA

12040
Nzuenal Serniconductor Corp.
Dranbury, CT
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Fedesral Supply Codes for Manufacturers (cont)

12660
Diades Ine,
Northadge, CA

12136

PlIC Industries Inc.

Forrnaly Philadelphia Handle Co.
Camden, NJ

12300

AME Canada Lud,
Pouer-Brumiicid
Guelph, Ontario, Canada

12323
Practical Automation Inc.
Shelon, CT

12327
Freeway Corp.
Cleveland, OH

12406
Elpac Elecwonics Inc.
Santa Ana, CA

12443

Budd Co,,The

Plastics Products Div.
Phoenixville, PA

12581

Hitachi Metals Ineynational Lid.
Hitachi Magna-Lock Div.

Big Rapids, MO

12615
US Termirals Inc.
Cincinnald, OH

12617
Hamlin Inc.
LaKe Mills, Wi

12673
Wesco Elecirical
Greenlieid, MA

12697
Clarosiat Mfg. Co. Ing,
Daver, NH

12749
James Electronic Inc.
Chicage, IL

12856
MicroMetals Ine.
Anazheim, CA

12881
Metex Corp.
Edison, NI

12895
Cleveland Elecmic Mowor Co.
Cleveland, OH

12954

Microsemi Corp.
Components Group
Sconsdale, AZ

12969
Unatrode Corp.
Lexington, MA

12050
Pouer Co.
Wesson, M3

13103
Thermzlloy Ce., Inc.
Dallas, TX

13327
Solitron Devices Ine.
Tappan, NY

13511

Bunker-Rame Corp.
Amphenol Cadre Div.
Los Gaws, CA

13606
Sprague Electric Ca.
(Use 56289)

13689
58PS Technologies Inc.
Hatfield, NJ

13764
Micro Mastics
Flippin, AZ

13919
Burr-Brown Research Corp.
Tucson, AZ,

14039
Semiech Comp.
Mewbury Park, CA

14140

MciGray-Edison Co.

Ci ial Develap Div.
Manchesier, NH

14139
Crironics, Inc.
Ortando, FL

14193
Cal-R-Inc.
Santa Monica, CA

14301
Anderson Electronics
Hollidaysburg, PA

14329
Wells Elecironics Inc.
South Bend, IN

14482
Watkins-Johnson Co.
Palo Alto, CA

14552

Microsemi Corp.

(Formerly Micro-Semiconductor)
Samta Ana, CA

14604
Elmwood Sensors, Inc
Pawauckes, RI

14635

Camell- Dublier Electronics
Div. of Federal Pacific
Elecuric Co. Govt Cont Dept.
Newark, NJ

14704

Crydom Controls
{Divisionr of Int Rectifier)
E! Scgundo, CA

14752
Eleciro Cube Inc.
San Gabzel, CA

14936

General Instrument Corp.
Discrete Semi Conductor Div.
Hicksville, NY

14949
Trompeter Clactronics
Chasworth, CA

15412
Amtron
Midlothian, IL

15542
Seiemuific Camponents Corp.

Mini-Circuits Laboratory Div.

Brooklyn, NY

15636
Elec-Tol Inc.
Saugus, CA

15782

Bausch & Lomb Inc.
Graphics & Control Div.
Austin, TX

15801

Fenwal Elegronics [ne.
Div. of Kidde Inc.
Framingham, MA

15818

Teledyne Inc. Co.

Teledyne Semiconductor Div.
Muountain View, CA

15849
Useco Inc.
(Now 88245)

15398

Iniernational Business
Machines Carp.
Essex Junction, VT

16068
Internarional Dicde Div.
Harrison, NJ

16162
MML
Southfield, MI

16245
Conap Inc.
Olean, NY

16258
Space-Lak Inc.
Burbank, CA

16352
Codi Corp.
Linden, NJ
16469

MCL Inc.
LaGrenge, IL

16473

Cambridge Sciennfic Industries
Div. of Chemned Corp.
Cambridge, MD

16733
Cablewave Systems Inc.
MNorth Haven, CT

16742

Paramount Plastics
Fabricavars Inc.
Downey, CA

16758

General Motors Corp.
Delco Flectronies Dhv.
Kakome, IN

17069
Circuit Structures Lab
Burbank, CA

1M1
Electronic Molding Corp.
Woensacket, RI

17338
High Pressure Eng. Co. Inc.
OK City, OK

17504
Aluminum Filier Co.
Carpinteria, CA

17545
Adantic Semiconductors [ne.
Asbury Park, MJ

17745
Angstrohrn Precision, Inc.
Hagemiown, MD

17858
Silicanix Ine.
Sapta Clara, CA

18178
E G & Gvactee Inc.
3t, Louis, MO

18235
KRL/Bantry Components Inc.
Manchester, NH

13310
Concord Electronics
New Yok, NY

18324
Signetics Corp.
Sacramento, CA

18377
Padex Com.
Methuen, MA

18520
Sharp Elecironics Corp.
Paramus, NJ

18542

Wabash Inc,

Wabash Relay & Flectronics Div.
Wabagh, IN
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Federal Supply Codes for Manufacturers (cont)

18565
Chomerics Inc.
Waoburn, MA

18612

Vishay Intertechnology Inc.
Vishay Resisior Products Group
Malvem, PA

13632
Norton-Chemplast
Sanwa Monica, CA

13677

Scanbe Mfg, Co.
Div. of Zere Comp.
Ei Mozue, CA

18736
Velironics Corp.
East Hanover, NI

18786
Micro-Power
Long 1sland City, NY

18927

GTE Producis Corp.
Precision Material Products
Busginess Parts Div.
Tiwsville PA

19030
Rebinson Electranics Inc.
San Luis Obispo, CA

512
Garry Coep.
Langhome, PA

19315

Bendix Corp., The
Navigation & Control Group
Tarbara, NJ

16451
Pezine Machine Tool Corp.
Kent, WA

19432
Deita Electronics
Alexandria, VA

19613

MN Mining & Mfg, Co.
Textool Products Dept.
Electronic Product Div.
Irving, TX

19647
Caddock Electronics Inc,
Riverside, CA

19701

Mepeo/Centralab Inc,

A N. American Philips Co.
Mineral Wells, TX

2B178
Wire Products
Claveland, OH

2K262
Boyd Corporation
Ponland, OR

Y384
Nanh American Philips Liphting Corp.
Van War, OI1

%584
Enocchs MFg. Inc.
INpalis, IN

20891
Cosar Corp.
Dallas, TX

21317
Electronics Applications Co.
Bl Monte, CA

21604
Buckeye Siamping Co.
Columbus, OH

21845

Solitron Devices Ine.
Semiconductor Group
Rivers Beach, FL

21847

Agriech

Now TRW Microwave Inc.
Sunnyvale, CA

21962
Yectran Corp.
Replaced by: 5.W, Elecironics

22526

DuPont, EI DeNemours & Co. inc.
DuPont Connector Systerns
Advanced Prodocts Div.

Nuew Cumberiand, PA

22626
Miscro Sernieonductor
Now 14552)

22670
GM Nameplate
Seaule, WA

22767
TTT Semiconductors
Pale Alo, CA

234
Palmer Ine.
Cleveland, OH

23050
Product Comp. Corp.
Mount Vemon, NY

23223
CTS Microelectzonics
Lafayetie, NY

23237

LR.C., Inc.
Microcircuils Divison
Philadelphia, PA

23302
S.W. Electronics & Mfg. Corp.
Cherry Hill, N}

23730
Mark Eyelet and Stamping Ine.
Walcou, CT

23732
Tracor Apphicd Sciences Inc.
Rockville, MD

23880
Stnford Applied Enginesring
Santa Clara, CA

23936

Willizm J. Purdy Co.
Pamator Div.
Burlingame, CA

24347
Penn Engineering Co.
5. El Monte, CA

24355
Analog Devices Inc.
Norwood, MA

24444

General Seniconductor
Industnes, Inc.

Teanpe, AZ

24546
Bradfeed Elecironics
Bradiond, PA

24618
Transcon Mfg.
Now: Dn]. Azsociates Inc.

24655

Gegead Inc.

{Replaced General Radia 03173)
Concord, MA

24759
Lenox-Fugle Electronics Inc.
South Plainficld, NJ

2479

AMEF Ine.

Pouer & Brumlield Div.
San Juan Capistrano, CA

24931
Specialty Connector Co.
Grenwood, IN

24995
ECS
Granis Pass, OR

25088
Siemen Corp.
Isilen, NJ

25099
Cascade Gaskey
Kent, WA

25403

Amperex, Elecirenic Corp.
Semiconductor & Micro-Cirveait Div.
Slatersville, RI

25433
Molduonics, Inc
Downers Grove, [L

25706
Dabum Electronic & Cable Corp.
Norwood, NJ

26402
Lumnex Ine.
Bayshore, NY

629

Frequency Sources Inc.
Sources Div.
Chelmsford, MA

26806
Amencan Zeuler Inc.
Irvine, CA

e
Mational Semiconductor Carp.
Santa Clara, CA

27167

Coming Glass Works Coming
Electronics

Wilminglan, NC

27264
Malex Inc.
Lisle, JL

7440
Industrizl Serew Products
Los Angeles, CA

27494
H1affall, Inc,
Providence, BRI

27745
Associated Spring Bames Group Inc.
Symcuse, NY

27918
Component Pans Corp.
Bellmore, NY

27956
Reicom (Now 14482)

28175
Alpha Metals
Chicago, IL.

28198
Pogitronic Industries
Springfield, MO

28213

MN Mining & Mfg. Co.
Consurrrer Products Div.
3M Center

Saint Paul, MN

28309
Ko
Mincue AL

28425
Serv-0-Link
Euless, TX

28478

Deltal Corporation
Deltrol Controls Div,
Milwaukee, WI

28430

Hewleu Packard Co.
Corporate HQ

Palo Alte, CA

www.valuetronics.com

7-5




Federal Supply Codes for Manufacturers (cont)

28484

Emerson Electric Ca,
Gearmaster Div.
Mcllenry, 1L

28520
Heyco Molded Products
Keniiwonh, NJ

28932
Lumax Industrials, Inc
Altoona, PA

29083
Moensanta Co.

Santa Clara, CA

29604

Stackpole Components Co.

Raleith, NC

29%07
Ormega Engineering (nc.
Stamford, CT

30536
Atmsco [ng.
Seatle, WA

30035
Jolo Indusiries Ing.
Garden Grove, CA

30045
Solid Power Comp.
Farmingdale, MY

30145
Symbex Comp.
Painesvilte, OH

30148

AB Enterprise Inc.
Ahoskie, NC

30161
Aavid Engineenng Ine.
Lacoria, NH

30315
Iron Corp.
San Dhege, CA

30323
IL Tool Warks Inc.
Chicago, IL

30300

General Instrument Corp.
Capacitor Div.
Hicksville, NY

30838
Faswee
Chicapgn,ILL

Jiois
Solid State Scientific Ine.
Willow Grove, PA

31091

Alpha Industries Inc.
Micmoelectronies Div.
Hatfield, PA

N33
Muatro Supply Company
Sacrarmenta, CA

31433
Kemet Clecionies Corp.
Simpsonville, NC

31448
Amy Safeguard Logisiics Command
Hursville, AL

a7

Gould Ine
Semiconductor Dhv
Santa Clara, CA

31522
Metal Masters Inc.
Baldwin, M5

31746
Cannon Eleciric
Woodbury, TH

3827
Budwig
Ramona, CA

31918
ITT-Schadow
Eden Prairie, MN

32293
Intersil
Cupening, CA

32539
Murz Carp.
Westhury, Long Island, N.Y.

32559
Bivar
Santa Ana, CA

32719
Siliromes
Santa Anz, CA

32767
Griffith Plastics Carp.
Burlingame, CA

32879
Advanced Mechanical Components
Nornhridge, CA

32897

Murata Erie North Amenica Ine.
Carlisle Opemtions

Carlisle, Pennsylvania

32997

Boums Inc.
Trmpet Div.
Riverside, CA

33025

M/A ComOmni Specira, Inc. (Replacing
Omai Spectra)

Microwave Subsyilems Div,

Tempe, AZ

33096
COQ Cryslal Corp.
Laveland, CO

33173
General Eleetric Ce.
Owensboro, KY

33246
Epoxy Technology Inc.
Billerica, MA

33292

Pioneer Sierilized Wiping Cloth Co.

Portland, CR

33297

NEC Elecironics USA inc.
Eleetronic Arrays Ine. Div.
Mountain View, CA

33919
Nonck Inc.
Crnston, RI

34114
Oak Industries
Rancho Demtardo, CA

243
CTS Hestronics Corp.
Brovnsville TX

333
Silicen General Inc.
Garden Grove, CA

34335
Advanced Micro Devices {AMD)
Sunnyvale, CA

34359

MN Mining & Mfg, Co.
Commercial Office Supply Div.
Saint Paul, MN

34371

Harris Corp.

Harris Seniconductor
Products Group
Melboume. FL

34576
Rockwell Imematirmal Corp.
Newpon Beach, CA

641
Insurument Specialties
Euless, TX

34649
Imel Corp.
Sazma Clara, CA

34802
Elecuomotive Inc.
Kentlworth, NI

34848
Hartwell Special Products
Placenua, CA

25009

Renfrew Electric Co. Lid.
IRC Div.

Toronwo, Ontario, Canada

35986
Arnad
Melrose Park, IL

36665
Mitel Corp.
Kanata, Ontanio, Canada

36701
Van Waters & Rogers
Valley Field, Quebec, Canada

37942

Mallory Capacitor Corp.
Suby of Emhan Indusiries
INpolis, IN

39003
Maxirn Industrias
Middlebore, MA,

4aFa34
Plasiic Sales
Los Angeles, TA

40402
Rodersiein Electronics Inc.
Swatesville, NC

42498
National Radio
Melrose, MA

43543
Nytronics Inc.(MNow 53342)

43744
Panasonic Indusibal Co.
San Antonio, TX

43791
Datron Systems
Wilkes Barre, PA

44655
Ohrmnite Mfg. Co.
Skokie, IL

47001
Lumberg Inc.
Richmend, VA

47379
ISOCOM
Camphbell, CA

49569
IDT {(International Development & Trade)
Dallas, TX

49671

RCA Corp.
New York, NY

49056

Raytheon Company
Executive Offices
Lexingion, MA

5D590

Mostek Corp.

Replaced by: 5G5 Thompson Microelec
ronics

SF520
Panz| Components Corp.
Santa Rosa, CA

5P575
Nobel Elecimonics
Suffem, NY

5We6d

NDK

Div, of Mihon Demnpa Kegyo LTD
Lynchburg, VA
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Fedaral Supply Codes for Manufacturers (cont}

5Us02
Dennison Mfg. Ca.
Framingham, MA

50088
5GS - Thomson Microciectronics [ne.
Camollton, TX

50120

Eagle-Picher Industries Inc.
Electronics Div.

CO Springs, CO

50157
Midwest Components Inc.
Muskegon, MS

50356

Teac Corp. of America
Indusirial Products Div
Monebelle, CA

50364

MM, Inc fMonolithic Memorics Inc)
Military Products Div.

Sanla Clara, CA

50472
Metal Masters, Inc.
City of Indusuy, CA

50541

Hypenronics Carp,
Hudson, MA

50558
Elecuonic Concepts, Inc,
Eatontown, NI

50579
Litronix Ine.
Cuperting, CA

50841
Semicmnductor Technology
Stuart, FL

50934
Tran-Tec Cop
Columbug, NE

51167
Arics Electronics Inc.
Frenchiown, NI

51284
Meos Technology
Nomisiown, PA

31249
Heyman Mfg. Co.
Cleveland, OH

51372
Verbatim Corp.
Sunnyvale, CA

51398
MUPAC Corp.
Brockion, MA

51406

Murata Erie, No. America Inc.
{Alsu see T2982)

Mariena, GA

51499

Amitron Corp.
Boston, MA

51506
Accurate Serew Machine Co.
(ASMCO} Nuley, NI

51605
COD] Semiconductor Ine.
Kenilworth, NJ

51642
Centre Engineering Inc.
Sute College, PA

51705
ICO/Rally
Pala alio, CA

51791
Stk Corp.
Orange, CA

51984
MEC Arnerica Inc.
Falls Church, YA

52063
Exar Integrate:d Systems
Sunnyvale, CA

52072
Circuir Assembly Com.
Irvine, CA

52152
MN Mining & MIg.
Saint Paul, MN

52333
AV Electronics
[Taugpavge, Long island NY

52361
Communication Systems
Piscataway, NJ

52500
Amphenal, RF Operations
Burlingion, MA

52525
Space-Lok Inc.
Lerco Div.
Burbank, CA

52531
Hiwachi Magnetics
Edmore, MO

52745

Timco

Los Angeles, CA
52763
Stenner-Electronics Inc.
Chattanooga, TN

52769

Sprague-Goodman Electronics Ine.

Garden City Park, NY

527171
Maoniterm Corp.
Amavrom Div.
Santa Clarz, CA

52840
Wesiern Digital Carp.
Cosia Mesa, CA

53021
Sangamo Weston Inc.
(See 06141)

53036
Textool Ca.
Hauston, TX

53184
Xeiton Corp.
Lathan, NY

53217
Technical Wire Products Inc.
Sanu Barhara, CA

$3342
Opt Industries Inc.
Phillipsburg, NJ

53573

Thompson C5F Componems Corp.
(Semiconductor Div)

Conaga Park, CA

53718
Aimmold/W, R. Grese & Ca.
F.oancke Rapids, NC

53848
Standard Microsystems
Flauppauge, NY

53894
AFAM Inc.
RapchoCA, CA

53944
Glow-Lite
Pauls Valley, OK

54178
Plasmezex Industries Ing.
San Marcos, CA

54294
Shalleross Inc.
Smithfieid, NC

54453
Sullins Electronic Comp.
San Marcos, CA

54473

Mawsushita Electric Corp.
{Panasonic)

Sceavcus, NJ

54492
Cinch Clamp Co., [nc.
Santa Rosa, CA

34583
TLK
Garden Cuy, NY

54590

RCA Comp

Distdibution & Special Products
Cherry Hill, NY

54869
Biher Intemational Corp.
Arlingion Heighs, IL

54937
DeYoung Mig.
Bellevue, WA

54590

RCA Comp.

Elecuonic Components Div.
Cherry Hill, NJ

55026
American Gage & Machine Co.
Simpson Elecuie Co. Div.

Elgin. IL

55112
Pessey Capaciiors Inc.

Now 60935)

55261
L3I Computer Sysiems Inc.
Melville, NY

55285

Berequist Co.
Minneapolis, MIMN

55322
Samtech Inc.
New Albany, IN

55408
STI-CC Industries Co
Buffalo, NY

55464
Central Semiconductar Corp.
THauppauge, NY

55557
Microwave Diode Corp.
W Swewastawn, NH

55566
R A F Electronie Hardware Inc.
Seymour, CT

55576
Synegtek
Santa Clara, CA

55680
Nichicon/America/Carp.
Schaumburg, IL

55943

D J Assoctawes, Inc

{Replaced Transcon Mfg.-24618)
Fort Smith, AZ

56232
Utek Sysiems [ne.
Olathe, K5

56289
Sprague Electric Co.
North Adams, MA

56365

Square D Co.
Corporate Offices
Palaune, IL

56375

WESCORP

Div. Dal Indusiries Inc
Mountain View, CA

www.valuetronics.com
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Federal Supply Codes for Manufacturers (cont)
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36451 59610 60311 64537
Shugart Associates Sourizu Ine Inmas Corp. KDl Electroaics
Sub of Xerox Corp. Valeneia, CA CO Springs, CQ Whippany, NJ
Sunnyvale, CA
59635 60935 64782
36637 HY Componemt Associates Westlake Capacitor Ine. Precision Control Mfg. Inc.
RCD Components Ine. Howell, NJ Tantalum Div. Bellevue, WA
Manchester, M11 Greencastle, IN
58640 64834
56708 Supentex Inc. 60958 West M G Co.
Zilog Inc. Sunpyvale, CA ACIC San Francisco, CA
Campbell, CA . Inmercomp Wire & Cable Div.
59660 Hayesville, NC
56856 Tusonix Inc. 64961
Vamistor Corp. of TN Tucson, AZ 6121 Bectronic Hardware LTD
Sevierville, TN Fujitsu Microelectronics Inc North Hollywood, CA
59T San Jose, CA
Thomas and Betis Corp. 65092
S6RE0 LA Ciy, 1A 41394 Sangamo Weston Inc.
Magneucs [ne. SEEQ Technology Inc, Weston Instrumenns Div.
Baltimore, MD 59831 San Jote, CA Mewazk, NI
Semuronics Corp.
57026 Waichung, NI 61429 65786
Endicott Cail Co. Inc. Fox Elecironics Cypress Semi
Binghamton, NY alios3: Cape Coral, FL San Jose, CA
American Components Inc.
37033 an Insilee Ce. RPC Div. 61529 63940
Gates Energy Products EHayesville, NC Aroma Corp. Rohm Corp & Whatney
Denver, CO New Provideace, NJ Irvine, CA
61611
5170 Allen, Robert G. Ine. 61752 55964
Cambrdge Themionic Van Nuys, CA R-ONICS Inc Lvox Inc.
Cambridge, MA ‘Warwick, RI Bannockinim, IL
Replaced by: [2NE]
11279 Burgess Swilch Co., Inc 61772 86150
Interconnection Products Ine. Morthbrook, L Imiegrated Device Technology Entron Inc.
Santa Clam, CA Winslow Teltronics Div.
57668 &J095 Glendale, NY
R-ohm Corp AMD Enterprises, [nc. 61802
Irvine, CA Roswell, GA Tashiba
Houston, TX 66302
57962 6X403 VLSI Technology Inc.
563 - Thomson Microelectronics Inc SGS/ATES Saniconducior Corp. 61857 San Jose, CA
Monigosneryville, PA INpelis, IN SAN-O Industrial Corp.
Bohumia, Long Island, NY 86419
58014 6Y440 Exel
Hitachi Magnalock Corp. Micron Technology Inc. 61935 San Jose, CA
(New 12581) Boise, ID Schurer Inc.
Peialuma, CA 66450
58104 0046 Dyna-Tech Electronics, Ine
Simcoe Power Dynamies Inc 62351 Walled Lake, MI
Alanwa, GA West Orange, NJ Apple Rubber
Lancaster, NY 66608
58364 60197 Bexing Indusiries
BYCAP Inc. Precicontact Inc. 62643 Freemomt, CA
Chicage, IL Langhome, PA United Chemicon
Rosemont, IL 56891
58431 6386 BKC Intemational Electronics
Precision Lamp Squires Elestronics Ine 62712 Lawmence, MA
Cowal, CA Comelius, OR Seiko {nstruments
Tomance, CA H6053
60395 SGS Semicanductor Corp.
58474 Xicor Inc. 62793 Pheenix, AZ
Superior Electric Co. Milpitas, CA Lear Siegler Ine.
Brstel, CT Energy Produris Div.
60399 Santa Ana, CA 66967
58614 Torin Engineered Blowers Powerex [nc
Communications Instraments Inc. Div. of Clevepak Corp. 63743 Aubum, NY
Fawurview, NC Tormngton, CT Ward Leonard Electric Co.lnc.
Mount Vemon, NY 67183
59124 60496 Altera
KQA-Speer Clectronics Ine. Micrel Inc. 64154 Sanu Clara, CA
Bradford, PA Sunnyvale, CA Lamb Industries
Portland, OR 68019
59422 60705 WD
Holmberg Electronics Cera-Mite Carp. 64155 % Harry Levinson Co.
Irvine, CA {formexly Spregue) Linear Techrology Seanle, WA
Grafion, WI Milpitas, CA
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Federal Supply Codes for Manufacturers {(cont)

TF361

Richmond-Chvision of Dixico
% Zellerbach Paper Co.
Seattle, WA

T34
Moore Business Forms, Inc
Seattle, WA

76902

Texron inc.
Camcar Div.
Rackford, 1L

71395
Universal Mastics
Welshpool, WA

71656
AMD Flastics
East Lake, OH

TK354
Omni Spectra Inc
Los Altos, CA

TZRE4
ALPS
Scaule, WA

TX634

Dumcell USA

Diiv. of Dan & Kraft Inc.
Vaidese, NC

70290
Almetal Universal Joint Co.
Cleveland, OH

F0485
Ataniic India Rubber Works Inc.
Chicago, IL

70563

Amperils Company
Union Ciry, NJ

70903
Cooper-Belden Corp.
Geneva, IL

71002
Bimbach Co. Inc.
Farmingdale, NY

71034
Bliley Eleciric Ce.
Enie, PA

Tii83

Westinghonse Elactric Comp.
Bryant Div,

Bridgeporn, CT

9

Tnercannection Products Ine.

Formedy Midland-Ross Cammbion Div.
Santa Ana, CA

71400

Bussman Manufacturing
Div. McGraw-Edison Ca.
St. Louis, MO

71450
CTS Corp.
Elkhart, IN

468
ITT Canpon Div. of ITT
Fountain Vailey, CA

71482

Generz) Instrument Corp.
Clare Div.

Chicago, IL

71590

MepeofCentralab

A North American Philips Co.
Font Dodge, A

THTF
Cote Corp.
Providenge, RI

71744

General Instrument Corp.
Lamp Div/Worldwide
Chicago, IL.

TL785

TRW Inc.

Cinch Connecwor Div.
Elk Grove Village, IL

1984
Dow Coming Corp.
Midland, M1

72005

AMAX Specialty Metals Corp.

Mewak, N

72136
Electro Malive Mfg. Cotp.
Florence, NC

72228

AMCA Internatonal Corp.
Continentai Screw Div.
New Badford, MA

T225%
Nytronics Inc.
New Yok, NY

72619

Amperex Electronic Corp.
Dialight Div.

Brooklyn, NY

72653

G C Electronics Co.
Div. of Hydrometals Inc.
Rockford, [IL

72794
Dzus Fastner Co. Inc.
West 1slip, NY

72028

Guiton Industries Ing,
Gudernan Div.
Chicago, IL

72962

Elasuc Siop Nut

Div. of Harrard Industries
Union, NJ

72982

Erie Specialty Products, Inc
Fommerly: Murata Erie
Erie, PA

7318

Beckman Industrial corp.
Helipm Div.

Fullerton, CA

73168
Fenwal Inc.
Ashland, MA

73293

Hughes Alreraft Co.
Electron Dynarnies Div.
Totrance, CA

73445
Amperex Elecironic Corp.
licksville, NY

73559
Carlingswilch Inc.
Hanford, CT

73586
Circle F Indusiries
Treaton, NJ

73734
Federal Screw Products Ine.
Chicage, IL

73743
Fischer Special Mfg. Co.
Cold Spring, KY

73893
Microdot
M Clemens, MS

73899

JFD Eeetrome Components
Div. of Murata Ede
Oceanside, NY

73905
FL Industries Inc.
San Jose, CA

73949
Guardian Eleciric Mfg. Co.
Chicago, IL

74199
Quam Nichols Co.
Chicago, IL

74217
Radio Swiwch Co.
Marlbara, NI

74306

Piezo Crysial Co.

Div. of PPA Industries Inc.
Carlisle, PA

74445
Holo-Krome Co.
Elmwood, CT

74542
Hayt ElecyInswr, Works Inc.
Penacook, NH

74840
IL Capacuor Inc,
Lincolnwood, [IL

74970
lohnson EF Co.
Waseca, MN

75042

TRW Inc.

IRC Fined Resistors
Philadelphia, PA

75297

Kesier Solder Div.
Litton Systems, Inc
Des Plaines, IL

75376
Kurz-Kasch Inc.
Dayon, OH

75378
CTS Knights Ine.
Sandwich, IL

75382

Kulka Electric Corp.
(Now 33330}

Mount Vermaon, NY

75569
Performance Semiconducior Corp.
Supnyvaie, CA

75915

Linelfuse Tracor

(Formedy: Tracor-Lirtelfuse)
Des Plaines, L

76854
Oak Switch Systems Inc.
Crysal Lake, IL

Tz

TREW Assemblies & Fasieners Group
Fagener Div,

Moutainside, NJ

THaz2

AMF Inc.

Porter & Brumfield Diiv.
Princezon, IN

77542
Ray-0-Vac Corp
Madison, WI

77638

General Instrument Corp.
Rectifier Div,

Brooklyn, NY

FI900
Shakeproof Lock Washer Ca.
MNow 7B18%)

77969
Rubbereraft Corp. of CA Lid.
Tomance, CA

75189

II. Toal Warks Inc.
Shakeproaof Div.
Elgin, I

T
Sigma Instruments Inc.
South Braintree, MA

78260
Suvuthers Dunn [ne.
Pitman, NJ

78553

Eaton Cormp.

Engineered Fastener Div.
Cleveland, OH

www.valuetronics.com
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Federal Supply Codes for Manufacturers (cont)

18592
Sioeger Industries
South Hackensack, NJ

79497
Western Rubber Co.
Goshen, IN

THT27
C - W Industries
Southampten, PA

79963
Zicrick Mfg. Corp.
Mount Kisco, NY

8CT98
Ken-Tronics, Ine.
Milan, 1L,

80528
Haumgartens
Adanta, GA

8F330
Eawon Corp.

Cuder Hammer Product Sales Office

Mountain View, CA

§T100
Tellabs Inc.
Naperville, IL

80009
Tekronix
Beavenon, OR

30631
Mepco/Electrz Ine.
Momistown, NJ

30032

Ford Aerospace &
Communications Corp.
Western Development
Labomataries Div.

Palo Alto, CA

80145

LFE Corp.

Process Control Div,
Clinon, OH

80183
Sprague Products
(Now 36289)

30294
Bouns Instruments Ine.
Riverside, CA

80583

Hammeriund Mfg, Co. Ine.

Paramus, NJ

80640

Compurer Products Ine.
Sievens-Amold Div.
South Baston, MA

81073
Grayhili Inc.
La Grange, IL.

81342
Liwon Systems Inc.

Winchester Elactronies Div.

Walerown, CT

81439
Therm-0-Disc Ine.
Mansfeld, OH

81483
Intematonal Recuifier Corp.
Los Angeles, CA

81590
Korry Blectronics Inc.
Scaule, WA

81741
Chicago Lock Co.
Chicago, IL

8027

Airpax Corp.

Cheshire Div.
Cheshire, CT

82240
Simmons Fasmer Corp.
Albany, NY

32305
Palmer Electronics Corp.
South Gate, CA

32339

Switcheraft [ne.

Sub of Raytheon Co.
Chicage, I

82415

Airpax Corp
Frederick Div.
Frederick, MD

82872
Roanwell Comp.
New Yook, NY

B2B77

Rotron Inc.
Custam Div.
Woodstock, NY

82379

T

Royal Electtic Div.
Pawwcker, RI

33003
Varo Inc.
Garland, TX

83014
Hanweil Corp.
Placenya, CA

83055
Signalite Fuse Co.
(Now 71744)

83058

TRW Assemblies & Fasteners Group

Tasteners Div.
Cambridge, MA

83259
Parker-Hannifin Corp.
O-Seal Div.

Culver City, CA

53208

Bendix Corp.

Elecuric & Fluid Power Div.
Eatonville, KJ

83315
Fupbell Carp.
Mundelein, ]

83330

Kulka Smith Inc.

A Nonh American Philips Co.
Manasquan, NI

378
Rubbereraft Corp. of America
West Haven, CT

83553
Associaled Spring Bames Group
Gardena, CA

§3740

Union Carbide Corp.
Batcry Products Div.
Dranbury, CT

84171
Arca Blecironics
Commadk, NY

84411

American Shizuki
TRW Capacitors Div.
Qgallala, NI

84613
FiC Corp.
Rackville, MD

84682
Essex Group Inc.
Peabody, MA

84330
Lee Spang Co. Inc
Broaklyn, NY

35367
Bearing Distributing Co.,
San Fransisce, CA

35372
Bearing Sales Co.
Los Angeles, CA

85480

W. I, Brady Co.
Industrial Product
Milwaukee, W1

85340

Brady Wil Co
Industrial Producis Div
Milwaukee, WT

85532
Electro Fim Inc.
Walencia, CA

86577
Precision Metal Products Co.
Peabody, MA

86684
Radie Corp. of Amenica
MNew 54550)

86928
Seastrom Mig. Ca. Ine.

(lendale, CA

87034
Iuminated Products Ine.
(Mow Te854)

87516
Standard Crystal
KS Cuy, K§

88044
Aeronzutical Standards Group
Dept. of Navy & Air Force

88219

GNB Inc.

Induswurizl Bauery Div.
Langhome, PA

88245

Winchestey Electronics
Litton Systems- Useco Div.
Yan MNuys, CA

88486
Triangie PWC Ine.
Jewiu City, CT

38650

Essex Group Ine.
Wire Assembly Div,
Dearbom

387R6
Aulaniic India Rubber Ca.
Goshen, IN

22973
Puilips (Now Fluke)
Mahwah, NJ

29020

Amence Comp.

Buchanan Crimptool Preducts Div,
Union, NJ

£9265
Poter-Brumfield
(See T342)

M52
Waldes Truare, Inc.
Long Island, NY

89536
John Fluke Mfg. Co., Ine.
Everett, WA

80597
Fredericks Co.
Huntingdon Valley, PA

49709

Bunker Ramo-Eltra Corp.
Amphenol Div.
Broadview, IL

29730

General Eleciric
Larnp Div.
Newark, NJ

9R216
Datz Compesition Sve, Ine
Laurel, MD

958171
Pon Plasiics
Tukwila, WA
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Federal Supply Codes for Manufacturers {cont)

oW423
Amatom
E} Mom, CA

90201
Mallory Capaciter Co.

Sub of Embhart Industries Inc.

indianapolis, [N

90215
Best Stamp & Mfg. Co.
KS City, MO

90303

Duracell inc.

Technical Sales & Marketing
Bethel, CT -

91084

Essex Group Inc.
Suflex TWP Dhv.
Wewmnatke:, NH

91247
IL Transformer Co.
Chicago, I

91293
Johenson Mfg. Co.
Boonton, NJ

91462
Alpha Industries [ne.
Laganspor, [N

H502
Associated Machine
Santa Clara, CA

91506
Augat Alcoswich
N. Andover, MA

91507
Froeliger Machine Tool Co.
Swockion, CA

637
Dale Electronics [ne.
Columbus, NE

91662

Hleo Carp.

A Gulf Westem M. Co.
Connector Div.
Humtingdon, PA

91737
ITT Cannon/Gremar
{Now 03718)

91802
Indusinal Devices Ine,
Edgewater, NI

91833
Keysione Eleatronics Carp.
NY,NY

91836
King's Elecuronics Co. Inc.
Tuckzhae, NY

91929

Honeywell Inc.
Micro Swilch Div,
Freepaon, IL

91934
Miller Eleciric Co.
Woonsockel, RI

91967

Mational Tel-Tronics

Div, of electro Audie Dynamics Inc
Meadville, PA

91934
Maida Development Ca.

Hampton, VA

D1985
Norwalk Valve Co.
§. Norwalk, CT

92218
Wakefield Corp., The
Wakefield, ME

92527
ViClne
Bloomington, MN

92607

Tensolite Co.

Div. of Carlisie Corp.
Buchanan, NY

92914
Alpha Wire Carp.
Elizabeth, NJ

93332

Sylvania Electric Products
Semiconductor Products Div.
Wobum, MA

94144

Raytheon Co.

Microwave & Power Tube Div.
Cuiney, MA

94222
Southeo Inc.
Concordville, PA

94988

Wagner Electric Corp.

Sub of Mcgraw-Edisen Co.
Whippany, NJ

95146

Ajco Electronic Producis Ine.
Switch Div,

Nerth Andover, MA

95263
Leecraft Miy. Co.
Long Island City, NY

95275
Yuramon Inc.
Bndgepan, CT

95303

RCA Corp.
Rezeiving Tube Div.
Cincinnati, O

65348
Gorda's Carp.
Bloomficld, NJ

95354
Methede Mz, Corp.
Rolling Meadows, [L

95573
Campion Laboratories Inc.
Detroit, Ml

95712

Bendix Corp.
Elecirical Comp. Div.
Franklin, IN

95987
Weckesser Co. Inc.
(Now 85450)

96733
SFE Technologics
San Femando, CA

96853
Gulton Industries Inc.

Measurement & Controls Div.

Manchester, NH

96881
Thomson Industries Inc.
Pont WA, NY

97464
Industrial Retainer Ring
Lrvingion, NJ

G525
EECO Ing.
Santa Ana, CA

97540

Whitehall Electronics Comp.
Master Mobile Mounts Div.
Fort Meyers, FL.

97913
Industrial Electronic

Hardware Corp.
NY,NY

97945

Pennwalt Corp.

35 White Industrial Products
Piscataway, NJ

Fra66

CBSs
Elxcironic Div,
Danvers, MA

SR04
Machlett Laboratories Inc.
Sania Barbara. CA

98159
Rubber-Teck Inc.
Gardena, CA

08278
Malco A Micrador Co,
South Pasadena, CA

98291

Sealectro Corp.
BICC Electrmics
Trumbill, CT

98372
Royal Industries Ine.
Mow 62793)

98388

Lear Siegler Inc.
Accurate Products Div.
San Deigo, CA

98978
IERC

(Intemnational Eleetronic Resezrch Corp.)

Burbank, CA

99120
Plastic Capacitors Ine.
Chicago, 1L

99217

Bell Industries Ine.
Elect. Distributor Div.
Sonnyvale, CA

99378
ATLEE of DE Inc.
N. Andover, MA

99352
Mepco/Electra inc.
Roxboro Div.
Roxboro, NC

99515

Elecuron Products Ing:.

Div. of Ametican Capacitors
Duarte, CA

99779

Bunker Ramo- Eltra Corp.
Bames Div.

Lansdown, PA

99300

Americant Precision Indusiries
Delevan Div.

East Aurora, NY

59542
Mepeo/Ceniralab

A North American Philips Co.

Milwaukee, W
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TECHNICAL SERVICE CENTERS

U.E. Service Locations

Califernla

Fluke Technical Center
16368 Von Karman Avenue
Suite 100

Irving, CA 92714

Tei: (714) 863-8031

Fluke Technical Center
46610 Landing Parkway
Fremont, CA 94538
Tel: (415) 651-5112

Calorado

Fluke Tachnica! Center
14180 East Evans Avenue
Aurora, CO 80014

Tel: {303) 695-1171

Florida

Fluke Technical Center
940 N. Fern Creek Avenue
Qrando, FL. 32803

Tel: (407} 695-4881

inois

Fiuke Technical Centar
1450 W. Euclid Ava,
Palatine, Il 60067

Tel: {312) 705-0500

Maryiand

Fluke Technical Center
5640 Figshers Lane
Rockyille, MD 20852
Tei: (301) 770-1576

New Jorsay

Fluke Technical Center
East 66 Midland Avenue
Paramus, NJ 07652-0930
Tel: (201) 599-9500

Texas

Fluke Technical Center
1801 Royal Lane, Suite 307
Dailas, TX 75229

Tel: (214) 869-2848

Washington

Fluke Technical Centar
John Fluke Mfg. Co., Inc.
1420 75th S1. S.W.

MYE 6-30

Everett, WA 98203

Tel: (206) 356-5560

International

Argentina

Coasin S.A,

Virrey del Pino 4071 DPTO E-65
1430 CAP FED

Buenos Aires

Tel: 54 1 522-5248

Ausitralia

Philips Custemer Support
Scientific and Industriat
23 Lakeside Drive

Taity Ho Technology Park
East Burwood

Victoria 3151

Australia

Philips Customer Suppon
Scientific & Industrial

25-27 Paul S1. North

Narth Ryde N.S.W. 2113
Tel: 61 02 888 B222

Austria
Qestarreichische Philips indusirie

Untemehmensbareich Prof. Systeme

Triestarstrasse 66
Postfach 217

A-11(1 Wein

Tel: 43 222-60101, x1388

Belgium

Philips & MBLE Associated SA.
Scientific & Industrial Equip. Div
Service Department,

80 Rue des deux Gares B-1070
Brussals

Tei: 3225256111

Brazil

Hi-Tek Electronica Lida.

Al. Amazonas 422, Alphaville
CEP 06400 Barueri

Sao Paulo

Tel: 65 11 421-5477

Canada

Fluke Electranics Canada Inc.
400 Britannia Ad. East, Unit #1
Mississauga

Ontarip L4Z 1X9

Tel: 416-890-7600

Chlte

Intrenica Chile Lida.

Casilla 16228

Santiago 9

Tel: 56 2 2321886, 2324308

China

Fluke Intemational Corp.
P.O. Box 9085

Beijing

Tel: 85 01 512-3436

Colombia

Sistemas E instrumentacion, Lida.
Carrera 13, No. 37-43, Of. 401

Ap. Aerec 29583

Bogota DE

Tel: 57 232-4532

Danmark

Philips A/S

Technical Service | & E
Strandlodsvei] tA

PO Box 1919
DK-2300

Copenhagan 5

Tai: 45 1 572222

Ecuador

Proteco Coasin Cia., Lida.
P.O. Box 228-A

Ave. 12 de Octubre

2285 y Orallana

Quile

Tel: 583 2 529684

Egypt

Philips Egypt

10, Abdel Rahman & Rafei st
#l. Mohandessin

P.O. Box 242

Dokki Caira

Tei: 20-2-490022

England

Philips Scientific

Test & Measuring Division
Celonial Way

Watford

Hartforshire WD2 4TT
Tel; 44 923-405811

Fintand

Qy Philips AB
Central Service
Sinikalliontie 1-3
P.O. Box 11
SF-02630 ESPOC
Tel: 358-0-52572

France

S.A. Philips Industrieile

el Comerciale,

Science et Industry

105 Aus de Paris Bp 62
93002 Pobigny, Cedax

Tel: 33-1-4942-8040

Garmany (F.A.G.)

Philips GmbH

Service fuer FLUKE - Produkis
Depariment YSF
Oskar-Messter-Strasse 18
D-8045 lsmaning/Munich,
Waest Germany

Tel; 49 089 9605-239

Graoce

Philips $.A. Hellenique
15, 25th March Streat
177 78 Tavros

10210 Athens

Tel: 30 1 48944911

Hong Keng

Schmidt & Co (H.K) Ltd.
18/FL., Great Eagle Centre
23 Harbour Aoad

Wanchai

Tel: 852 5 8330222

India

Hinditron Services Pyt Ltd
1st Floor, 17-B,

Mahal Indusirial Estate
Mahakali Read, Andheri East
Bombay 400 083

Tel: 91 22 5300043

Hinditron Services Pvt. Ing,
33/44A Raj Mahal Villas Exin.
8th Main Road

Bangalore 560 080

Tel: 91 812 363139

Hinditron Services Pvt. Lid.
Field Service Cenler
Emeraid Complex 1-7-264
Sth Floar

114 Sarojini Devi Road
Secunderabad 500 003
Tel: 08 42-821117

Hindtron Services Pvt. Lid.
15 Community Centre
Panchshila Park

Mew Deihi 130 017

Tel: 011-6433675

Indonesia

P.T. Lamda Triguna
P.C. Bax 5AATIG
Jakarta 13001

Tel: (021} 8195365

Israal
A.D.T. Electronics Engineering, Lid.
P.O. Box 43137
Tel Aviv 61430
Tel: §72 3 483211

faly
Philips Sp.A.
Sezione 1&E / T&M
Viale Elvezia 2
2005 Monza

Tel: 39 39 3635342

Japan

Johin Fluke Mig. Ca., inc.

Japan Branch

Sumitormo Higashi Shinbashi Bldg.
1-1-11 Hamamatsucho

Minato-ku

Tokyo 105

Tel: 81 3 4340181

Korea

Myoung Ceorporation
Yeo Eui Do P.O. Box 14
Seoul 150

Tel: 82 2 784-9942

Malaysia

Mecomb Malaysia Sdn. Bhd.
P.C. Box 24

46700 Petaling Jaya
Selangor

Tel: 60 3 774-3422

Mexico

Maxel Servicios en Computacion
Instrumentacion y Perifericas

Blvd. Adolfo Lopez Mateos No. 163
Col. Mixcoac

Mexico D.F.

Tel: 52-5-563-5411

Netharands

Philips Nederland

Test & Meetapparaten Div.
Pastbus 115

5000 AC Tilburg

Tel: 31-13-352445

wwiWvaluetronics.com
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TECHNICAL SERVICE CENTERS

Naw Zsaland

Philips Customer Support
Scientific & Industrial Division
2 Waganer Place

M. Albert

Auckiand

Tel: 64 9 894-160

Nerway

Morgenstierne & Co. A/S
Kenghalegate 3

P.C. Box 6688, Rodalokka
QOslo 5

Tel: 47 2 356110

Pakistan

international Operations {PAK) Lid.
505 Muhammadi House

LI. Chundrigar Road

P.O. Box 5323

Karachi

Tel: 92 21 221127, 239052

Paru

importaciones & Representaciones
Electronicas S.A.

Avad Franklin D. Roosevelt 105
Lima

Tel: 51 14 288650

Phillppines

Spark Radio & ElectronicS Inc.
Greenhills, P.O. Box 610

San Juan, Metro-Manila Zip 3113
Tel: 63-2-775192

Portugal

Decada Espectral

Equipmentas de Elac. ¢ Cientificos
Av. Bomberios Voluntarios

Lote 102B, Miraflores/Alges

1495 Lisboa

Tel: 351 1 410-3420

Singapare

Rank Q'Connor's Singapore (PTE) Lid,

98 Pasir Panjang Road
Singapore 0511
Tel: 65 4737944

South Afrlca

South African Philips (Pty) Lid.
Service Department

185 Main Rd

Martindale, Johannesburg, 2092
Tel; 27 11 470-5255

Spain

Philips iberica S.A.E.

Depta. Teenico Instrumentacion
oMartinez Villergas 2

28027 Madrid

Tei: 34 1 4042200

Swodan

Philips Kistaindustrier AB
Customer Support
Borgarfiordsgatan 16
S-16493 Kista

Switzetland

Philips A.G.

Technischer Kundendienst
Postfach 670
Allmendsirasse 140
CH-8027 Zurich

Tel: 41 1 482211

Taiwan

Schmidt Electronics Corp.
Sth Floor, Cathay Min Shang
Commercial Building,

344 Min Sheng East Road
Taipei

Tel: 886 2501-3468

Thailand

Measuretronix Ltd.

210263 Ramkamhaeng Rd.
Banghok 10240

Tel; €6 2 374-2516, 374-1632

Turkey

Turk Philips Ticaret A.S.
Inonu Caddesi 7880
Posta Kulusu 504-Beyogiu
[stanbul

Tel; 90 1 1435891

Uruguay

Coasin Uruguaya $.A
Casilla de Correo 1400
Libartad 2525
Montgvideo

Tel: 598-2-789015

Veanezueia

Coasin CA,

Calle 8 Con Calle 4, Edif. Edinurbi
Apartado de Correcs Ne-70-136
Los Ruices

Caracas 1070-A

Tel: 58 2 241-0309, 241-1248

West Germany

Philips GmbH

Deparment Y5SF

Service fuer FLUKE - Produkie
QOskar - Messter - Strasse 18
D-804% Ismaning / Munich

Tel: 49 089 9605-280
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INTRODUCTION

To identify the configuation of the peb’s used in your
instrument, refer to the revision letter (marked in ink) on
the component side of cach pcb assembly. Table 7A-1
defines the assembly revision levels documented in this
manual with an X,

NEWER INSTRUMENTS

As changes and improvements are made to the
instrument, they are identified by incrementing the
revision letter marked on the affected pch assembly.

2190A

Appendix 7A
Manual Status Information

These changes are documented on a supplemental
change/errata sheet which, when applicabie. is inserted at

the front of the manual.

Table 7A-1. Manual Status Information

Rce;f As Fluke PCE revision levet documented in this manual.
Option I:emhly Part
No. ame No. [-|als]c]|o]e|r[a]nla[x]Lm]n]er
Al | Main PCB Assembly MGO9325 (e fe| of @) [ +0+ |+ |+ +[+[X
A2 | Display PCB Assembly 164470 | | o] o + | X
A3 | Thermocouple PCB Assembly [gadg1 (@ | @] o @] + |+ + ]|+ + | X
-002 | Qutput PCB Assembly 466144 (@ (@| & @)« [+ ]+ ]+ |+ [+ ]+]+ X
IEEE-488 iInterface
-004 [PCB Assembly 778486 [ | +]| X
-006 |Limits PCB Assambly 466185 | e | o] o @je |X
X = PCB ravision level documented in this manual.
® = These revision letters were never usad in the instrument.
—= No revision letter on tha PCB.
+ = Revision not documented in this manual.

www.valuetronics.com
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2190A

Section 7B

Thermocouple Reference Tables

Table 7B-1. Thermogouple Reference Tablas

Temperaiure in -G, Refarence Junction at 1°C
6 ] 1 2 3 4 5 (i 7 8 9 10
THERMOELECTRIC YOLTAGE IN ABSOLUTE MILLIVOLTS
0 0000 -0000 0008 -0001 0001 -0001 0007 0001 0002 Q002 @ -0.002
10 0002 -0002 -0.002 0002 -0002 0002 0002 0002 0003 0003 @ -0.003
20 -0003 -0003 -0003 -0003 -0003 0002 0002 -0002 0002 0002 @ -0.002
30 0002 -0002 -Q002 -0002 -0002 0001 0001 -0001 -0001 0001  —0.000
40 0000 -0000 -0.000 0.000 0.000 0.001 0.00 0.001 0.002 0.002 0.q02
50 0.002 0.003 0.003 0.003 0.004 0.004 0.004 0.005 (.005 0.006 0.006
&0 0.006 0.007 0.007 0.008 0.008 0.009 0008 0.010 0.010 0.011 0.0
70 0.011 0.2 0012 0.013 0.014 0.014 0013 0015 0.018 0.017 0.017
80 0.017 0.018 .09 0.020 0.020 0.021 0.022 0.022 0.023 0.024 0.025
a0 0.025 0.026 0.026 0.027 .028 0.029 0.030 0.031 0.031 0.032 0.033
Temperature in - £. Relerence Junction at 32-F
£ 0 1 2 3 4 5 ] 7 ) L] 10
THEAMOELECTRIC VOLTAGE IN ABSOLUTE MILLIVOLTS

0 0.006 0.006 0.006 0.006 0.005 0.005 0.005 0005 0.004 0.004 0.004
a 0.004 0.004 0.003 0.003 0.003 0.003 0.003 0.002 0.062 0.002 0.002
20 0.002 0.002 n.og2 .00 0.001 0o 200 0.001 n.001 0.000 0.000
it} 0.000 0.000 0000 -0000 -0000 0000 -0001 0001 -GOO1  -0.001 -0.001
40 00 -0 000 -000 Qoo -0001 -0002 0002 0002 0002 -0.002
0 0002 0002 0002 0002 -0002 -0002 0002 -0002 0002 D002 @ -0.002
60 -0002 -0002 -0002 0003 0003 -0003 0003 -0003 0003 -0.003 -(.003
70 0003 -po003 0003 0003 0003 0003 -0003  -0002 0002 -0002 —-0.002
80 0002 -0002 0002 0002 0002 0002 -0O002Z  -0002 0002 0002 —0.002
90 -0002 0002 -0002 -DOD2 0002 -0000 0001 -pOM 0O -0OO%F 0.0
100 -0.00v -0001  -000Y -000F  -D.OG0  -0000 -0.000 -0.0D0 0.000 0.000 0.000
10 0.000 {3,000 0.001 0.001 0.001 0.001 0.001 0.001 0.002 0.002 0.002
120 0.002 0.002 0.002 0.002 0.003 .003 0.003 0.003 0.003 0.004 0.004
130 0.004 0.004 0.004 0.005 0.005 0.005 0.005 0.005 0.006 0.006 0.006
140 0.008 0.0086 0.007 0.007 n.007 pog7 0.008 0.008 0.008 0.009 0.009

TYPE

B

Platinum -6% Rhodium
vs
Platinum -30% Rhodium
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Table 78-1. Thermocouple Reference Tabies (cont)

Temperature in F. Referente Junction & 32 F

“F 0° 1° 2 3 g4 5 b 7 g g-
THERMCELECTRIC VOLTAGE IN ABSOLUTE MILLIVOLTS
0° -2 -2 -20 -213 -206 -198 -191 184 -7 169
W -162 -1 -4 -140 -133 -4 -8 -Am <104 - 096
0° -089 -082 -074 -067 -060 -052 -045 -037  -030 023
B -5 -008 000 007 0 022 029 037 044 0852
40¢ 059 067 074 082 089 097 104 12 120 127
50¢ 135 142 150 157 185 73 180 188 196 203
60° 211 218 226 234 241 249 257 264 272 280
10° 288 295 303 311 318 3% 34 342 350 357
80° 365 an 381 389 396 404 412 420 428 43
80° 443 451 459 467 475 483 49t 499 506 514 TYPE
c*
Tungsten -5% Rhenium
vs
Tungsten -26% Rheaium
i
*Not an ANS! Standard :
Temperatare in G, Relerence Junclion ai 0°C ’
g 0 1 2 3 4 5 6 7 8 9 10
THERMOELECTRIC VOLTAGE IN ABSOLUTE MILLIVOLTS -'
40 2254 2308 2382 2416 -2469 -2522 -2575 -2628 -2681 2734 2787 |
30 17039 -1764 1819 -1874 -192% 1983 -2038 -2092 -2146 -2200 -2254
-20 -1151  -~1208 -1264 -1320 -1376 1432 1487 31543 1599 1654  -1709
-0 -0581 -0B39 -0B%6 0754 -0811 -0868 -0925 0982 -1038 ~1085 1151
0 0000 0058 0117 -DI7B  -023¢ -0292 0350 -0408 -D4B6 -0524 0581
0 o000 003 0118 076 0235 0295 0354 0413 0472 05% 059 TYPE
10 059 065 0711 0770 0830 0890 0850 1000 07 1M 1192
0 1192 1252 133 1373 1434 1495 1556 1617 1678 1739 1801
D 180T 1862 1924 1885 2047 21408 2471 2233 228 2357 2419 E
o 2419 2482 2544 2607 2669 2732 2795 2858 2921 2984 3047
Nickel - Chromium
50 3047 3110 3173 3237 3300 3364 3428 3491 3855 3618 3683 vs
60 3683 3748 3812 3876 3941 4005 4070 4134 4199 4264 4329 c Nick
70 4329 4394 4459 4524 4590 4655 4720 4786 4852 4917 4983 opper - Nickef
80 4983 5049 5115 5181 5247 5314 5380 5446 5513 5579 5645
90 5646 5713 5780 5846 5913 5981 6048 6115 6182 6250 6317
;
|
78.2
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Table 7B-1. Tharmocouple Reference Tables {cont}

Temperature in “F, Aeference Junction al 32-F

°f 0 ! 2 3 4 5 B 7 8 9 10
THERMOELECTRIC VOLTAGE IN ABSOLUTE MILLIVOLTS
0 -1026 -0994 -0963 -0931 -0900 -0.868 -083% -0805 -0773 -0741  -0.JC9
10 -0709 -0677 -0645 0613 -0581 -0548 0517 -0485 0453 -C421  -0.389
0 -0389 0357 -0324 0292 -0260 -0227 -0195 0163 -0.130 0098 -0.065 TYPE
30 -0065 -0033 0000 0033 0065 0098 0131 0163 019% 0229 0262
40 0262 0295 037 0360 0393 0426 0459 0492 0525 0558 0501 E
S0 0591 0624 0658 0691 0724 0757 0700 0824 0857 0890 0824
80 0824 0957 080 1.0 1057  1.0%1 1124 1158 1492 1225 1.259 Nickel - Chromium
0 1259 1262 1326 1360 1394 1427 1461 1495 1529 1563 1597 VS
80 1597 1631 1665 1699 1733 1767 1801 1835 189 1903  1.937 Conoer - Nicket
9 1937 1972 2006 2040 2075 2100 2143 2178 2212 2247 228 po

100 2.281 2316 2350 2.385 2419 2454 2.489 2523 2558 2593 2627
10 2627 2662 2697 2.732 2.767 2.802 2.837 2872 2807 2942 2877
120 2977 3012 3.047 3.082 Iy 3.152 3187 3.223 3258 3293 3.329
130 3328 3384 339¢ 343 3.470 3.506 350 3577 3612 3.648 3683
140 ey 3719 3755 3780 3.826 3.862 3.858 3933 3868  4.005 4.041

Temperatore in G, Reference Junction at 0°C

=0 0 I 2 3 4 3 § 7 8 9 n
THERMOELECTRIC YOLTAGE IN ABSOLUTE MILLIVOLTS

-4 1860 -2008 -2085 -2102 2150 -2.197 2244 2290 2338 -2384 -Z24%
-3 1481 -1530 158 -1626 -1674 -1722 -1776 -1818 1865 1813 -1960
-0 -0995 -1044 -1093 1141 -1190 -1238 -1288 1336 1385 -1.433 -1481
-0 -0501 -0550 0600 -0650 0699 -0.748 0798 -0847 0896 -0945 0995

2 0000 -00% -0101 -0151 0201 -02% 030 0351 -0401 0451 -0.501

0 0.000 0.050 011 015 0.202 .253 0.303 0.354 0.405 0.456 0.507
1] 0.507 0.558 0.60% 0.660 0711 0.762 0813 0.865 0918 0.967 1.019
a 1.019 1.070 1.122 1174 1.225 1.277 1,329 1.381 1,432 1,484 1.536
k)| 1.536 1.588 1640 1.693 1.745 1.797 1.849 1.801 1954 2.006 2.058
40 2058 211 2.163 2.216 2.268 2.321 2.374 2.426 2479 2.532 2585
a0 2.585 2638 2.691 2.743 2.79% 2849 2902 2.956 3.009 3.062 3115
60 318 3168 3221 3.275 3328 3.381 3.435 3.488 1542 31595 3649
70 3649 3702 375 3809 3863 3917 397t 4024 4078 4132 4186 TYPE
a0 4186 4239 4293 4347 4.401 4.455 4 509 4 563 4817 4671 4,725
90 4725 4780 4.634 4 888 4942 4 936 5050 5105 5159 5213 5268 J
Tampsgrature in -F. Relerence Junction 3 32 F bron
Vs
=f 0 1 2 3 4 5 i 7 ] q 0 [:["]pgr - Nickei

THERMOELECTRIC VOLTAGE IN ABSOLUTE MILLIVOLTS

0 -0585 -085 -0831 -0803 -0776 0748 -0.72% 0694 0666 -0639 -0611
10 0611 -0583 -0556 -0528 -0501 0473 -0445 -0D418  -0390 -0382 -0.34
20 0334 0307 -0279 -0251 -0223 0195 -0.168 -0140 0912 -0084  -0.056
B 005 0028 0.000 0.028 0.056 0.084 0.112 0.140 0.168 0.196 0224
40 0.224 0253 0.281 0.309 0.337 (}.365 0.394 0.422 1430 0.478 0.507

50 0.507 0.535 {1563 0.392 0620 0648 0.877 0.705 0.734 0.762 0.791
60 0.7 0.819 0.848 0.876 0.805 0933 0.962 0.390 1.019 1048 1.076
10 1.076 1.105 1.134 1.162 1.191 1.220 1.248 1.277 1.306 1.335 1.363
go 1.363 1392 1.421 1.430 1473 1.507 1.536 1.565 1594 1623 1652
90 1652 1.681 1710 1.739 1.768 1.797 1.826 1.835 1.884 1.913 1.942

100 1942 1971 2.000 2029  20% 2.088 2117 2.146 2.17% 2.204 2233
110 2233 2.263 222 2.3 2.350 2.380 2.408 2.438 2.467 24397 2.526
120 2.926 2535 2585 2614 2644 2673 2.702 2732 2.761 279 2.820
130 2.820 2.849 2879 2908 2938 2967 2997 3026 3.056 3.085 ans
140 3.115 3.145 3174 3204 3233 3.263 3293 3322 3.352 3.381 34n

7B-3
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Tabie 78-1. Thermocouple Reference Tabies {cont)

Temperature in :C. Aeference Junciion al 1°C
of 1] I 2 3 4 § 6 7 8 ] 10
THERMOELECTRIC YOLTAGE IN ABSOLUTE MILLIVOLTS
0 0.00 0.05 0.10 0.16 9 0.26 0.2 0.36 0.42 0.47 0.52
0 05 05 063 088 073 078 0B 089 094 100 105 TYPE
20 1.05 1.10 1.16 121 126 13 137 1.42 147 153 1.58
3 1.58 1.63 169 174 1.79 184 1.90 195 200 206 2.11 *
40 21 2.16 222 2.97 233 238 2.43 249 254 260 2.65
50 2,65 270 276 2 81 287 2.2 297 303 3.08 3.14 3.19 Iron
60 3.19 3.24 330 335 34 3.46 351 357 362 368 373 vs
! 373 378 3.84 3.89 3.95 4.00 4.05 41 4.16 422 427 ,
80 427 4R 438 443 440 454 460 465 471 477 482 Copper - Nickel
90 482 487 493 498 5.04 5.09 5.15 5.20 5.26 532 5.37
*European Standard
Temperalore in (. Aelerence Junction at 0°C
G 0 1 2 3 4 5 6 7 8 q 10
THERMOELECTRIC VOLTAGE IN ABSOLUTE MILLIVOLTS
-40 1527 1563 1600 -1636 - -1673 -1709 1745 -178t 1817 -1853 -1889
-3 -1156 -1.193 1231 1268 1305 1342 1379 -t416 1453 1480 1587
20 -0777  -0816 -0.854 —08%2 0930 -0.066 1005 -1.043 1081 —IM8 115
10 -0392 0431 -0D469 0508 0547 -0585 0624 0662 0701 0739 0777
0 0000 -0030 0079 0118 0157 0197 -0.23 0275 -0314 0353 03
0 0000 003 0079 0MS 0158 0198 0238 0277 037 0357 0397
0 0397 0437 0477 0517 0557 0597 0637 0677 0118 0758 0798
20 0798 0836 087 0919 0960 1000 1041 1081 1122 1162 1.203
1203 1244 1285 1325 1366 1407 1448 1489 1529 1570 1511
40 1611 1652 1693 173 1776 1817 1858 1839 1340  1.981 2022
S0 2022 2084 2105 2146 2188 2298 2270 2312 2353 2394 243
60 2436 2477 2510 2560 2601 2843 2684 2726 2767 2808 2850
T 2650 2892 2933 2975 3006 3088 3100 3341 3183 3204 3266
8 3286 3307 3349 3390 3432 3473 3515 355 23508 3638 3681 TYPE
90 3681 372 3764 2805 3847 3888 3930 3971 4012 4054 4005 K
Temparature in -F, Reference Junction at 32°F Nickel - Chromium
Vs
°F 0 ' 2 3 4 3 8 7 8 9 10 Nickel - Aluminum
THERMOELECTRIC VOLTAGE IN ABSOLUTE MILLIVOLTS
0 -06% 0671 -0650 -0626 ~0607 -0585 0564 -0543 -0521 -0500 -0.478
10 -0478  -0457 0435 0413 0332 -0370 0349 0327 0305 -0284 0262
20 -0262 0240 -0.218 0197 -0175  -0.153 0131 -0109 -0088 -0.066 -0.044
30 -0044 0022 G060 0022 0044 0066 0088 0N 0132 0154 (.376
0 0176 0198 0220 0242 0264 0286 0308 033 0353 0375 039
S0 0397 0419 0441 0464 0486 0508 0530 0553 0575 0597 0619
60 0619 (0642 0664 0686 0709  OFM Q753 0776 0798 0821 0.843
Th 0843 0865 0888 0910 0933 0955 0978 1000 1023 1.045 1.068
80 1068 1080 1113 1135 1158 1181 1203 1226 1248 1271 1.204
80 1294 1316 1339 1362 1384 1407 1430 1452 1475 1498 1.520
100 1520 1543 1566 1580 1611 1634 1657 1680 1703 175 1.748
10 1748 1771 1794 1817 1839 1862 1885 1908 1931 1954 1977
120 1977 2000 2022 2045 2068 2001 2914 2337 2960 2183 2206
130 2206 2229 2252 2275 2208 2321 2344 2367 2390 2413 2436
140 243 2459 2482 2505 2528 2551 0574 2507 2620 2643 2.666
78-4
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Table 7B-1. Thermocouple Reference Tables {cont}

2190A

Temperature in -G, Relerence Junction at 0-C
c 0 1 2 3 4 5 6 1 B g 10
THERMOELECTRIC YOLTAGE 1N ABSOLUTE MILLIVOLTS
0 0000 0005 0011 0016 0021 0027 0032 0038 0043 0049 0.054
10 0054 0060 0065 D071 0077 0082 DORS D04 0100 0.105 0111
200 0111 017 0123 0129 0135 0141 0147 0152 0158 0165 0.171
3 0171 0177 0183 Q.83 0195 020t 0207 0214 0220 0226 232
46 0232 0239 0245 0251 0258 0264 0271 0277 0283 0280 0.296
50 029 0303 0310 0316 0323 0329 0336 0343 0M9 035 0.383
60 0363 0369 0376 0283 0380 0297 0403 0410 0417 0424 0.431
M 0431 0438 0445 0452 0459 0466 0473  04B0 0487  0.4%4 0.501
80 0501 0508 0515 0523 0530 0537 0544 0552 0559 (0.566 0.573
g0 0573 0581 0588 0595 0603 0B10 0617 0625 0632 0640 0.647
Temperature i F. Relerence Junelion 31 32-F R
3 0 i 2 3 4 5 B 7 8 9 19 )
THERMOELECTRIC VOLTAGE IN ABSOLUTE MILLIVOLTS Ptatinum
Vs
0 -0089 -0087 -0084 -0082 -0079 -0076 -0073 -0071 0068 -0.085  -0.063 : 190 ;
0 0053 0060 0057 0054 0051 0048 0045 -0043 -0040 0037 —ooss | ! aunum -13% Rhodium
20 -0035 -0031 -0029 -0026 0023 -0020 -0017 -0015 -0.012 -0.008  -0.006
0 0006 -0003 0000 0003 0006 0008 0012 0015 0018 002 0.024
40 0024 0027 0030 0033 0036 0039 0042 0045 0048 0051 0.054
50 0054 0057 O00BD  00B4 0067 0070 0073 0076 0079 0082 0.086
60 0086 0083 0082 0035 0098 001 005 0108 011 Q14 0.118
I 018 0121 0124 0427 0331 0134 0137 0141 0144 0147 0.150
B0 0150 0154 D157 0161 0964 D67 0A71 0474 0177 018 0.184
g0 0184 0188 0091 0194 0198 D2 0205 D208 0212 0215 0.218
106 0218 022 0225 0229 (232 0238 0239 0243 0246 0.250 0.252
110 0253 025 02681 0264 Q268 0271 0275 0278 0282 0286 0.289
120 0289 02093 028 0300 0304 0307 031 0315 08 032 0.326
100 032 0328 0333 0337 0340 0344 0348 0351 0355 0359 0.363
140 0363 0366 0370 0374 0378 0381 0385 0389 0393 0397 0.400
Temperature in G, Reference Junction al 0 &
C 0 ] 2 3 4 5 6 7 8 9 0
THERMOELECTRIC VOLTAGE IN ABSOLUTE MILLIVOLTS
0 0000 0005 0011 001 0022 0027 0033 0038 0044 0.050 0.055
10 0055 @06t 0067 0072 0078 0084 0080 0085 Q101 0107 0.113
20 on3  0mM9 0125 013t 013 0142 0148 0154 0161 0.167 0.173
0 073 0179 0985 0191 0197 0203 0210 0216 0222 0208 0.235 TYPE
40 0235 0241 0247 0254 0260 0266 0273 0279 0286 0292 0.299
50 0209 0305 02 D318 0325 0331 0338 0345 0351 0358 0.365 S
B0 0365 0371 0378 D38 0391 0398 D405 0412 0418 0425 0.432
70 0432 0433 0446 D453 0460 0467 0474 0481 0488  0.495 0.502 Platinum
80 0502 0503 0516 0523 0530 0537 0544 0551 0558 0.566 0.573 Vs
90 0573 0560 0587 0584 0602 0609 0616 0623 063 0638 0.645 Platinum -10% Rhodium
00 0645 0653 0660 0667 0675 0682 0690 0697 0704 0712 0.719
10 0719 0727 073 0742 0748 0757 0764 Q07F2 0780 0787 0.795
20 0795 0802 08I0 0818 085 0833 0841 0848 0856  0.864 0.872
130 0872 0879 0887 0895 0903 0910 0818 092 0934 0.942 0.950
140 0950 0957 0965 0973 0981 0989 0997 1005 1013 1021 1.029

www.valuetronics.com

78-5



21904

Table 7B-1. Thermocoupie Reference Tables {cont}

Temperature in °F, Relerence Junclion al 32=F
oF (] 1 2 3 ] § ; 7 8 g 10
THERMOELECTRIC YOLTAGE IN ABSOLUTE MILLIVOLTS
9 -0092 -0088 -0086 -0.084 -0081 0078 -0075 -0073 0070 -0067  -0.064
10 0084 -0061 -DOSB D056 D053 -0.050 -0.047 0044 -0041  -D.O3B  -0.035
20 -0035 -0033 -0030 0027 -0024 -0021 -0018 0015 -0012 0008  --0.006 TYPE
30 -0006 -0003 0000 0003 0006 GO 0012 0015 0018 002 0.024
4 0062 0027 0030 0633 0037 0040 0043 G046 0048 0052 0.055 S
50 0055 0058 0062 0065 0068 0071 0074 0077 0081 0084  0.087
60 0087 00% 0093 0097 0100 0103 0106 010 0113 0116 0.119 Platinum
70 0M9 0323 0426 0129 0133 0136 0439 0142 0146 0.149 D152
8 0152 0156 0159 0183 0166 0169 0173 0476 0179 0183  0.186 , vs ,
90 018 0190 0193 0197 0200 0203 0207 0210 0214 0217 0.221 Platinum -10% Rhodivm
00 0221 024 0228 0231 0235 0238 0242 0245 0240 0252 0.256
10 0625 025 0263 0266 0270 0274 0277 0281 0284 0288 0290
j20 020t 0205 0208 0302 0306 0308 0313 0317 0320 0324 0328
130 0328 033 0335 0339 0342 0346 0350 0353 0357 0361 0.365 _
140 0365 0368 0372 0376 0379 0383 0387 0391 0304 0308 0.402 :
-
Temperalure in =C, Reference Junction al 0°C i
’ 0 1 2 3 2 5 6 7 8 9 19 |
THERMOELECTRIC VOLTAGE IN ABSOLUTE MILLIVOLTS ;
40 -147% 1510 -1544 1579 -1614 -1648 -1682 1717 1751 1785 -1819 f
30 -1921  -1.157 1192 1298 -1263  -1298 -133  -1370 1405 -1440 1475 ;
-20 0757 0794 0830 087 0903 0940 0976 1093 1048 1085 1121 i
-0 0383 0421 0458 0496 0534 0571 0608 0646 0683 0720 0757
6 0000 0030 0077 0416 0154 0183 023 0269 0307 0345 0383
0 0000 003 0078 0117 0356 095 0234 0273 0312 0351 0.391
10 0391 0430 0470 0510 0549 0589 0629 0669 0709 0749 (0789
20 0780 0830 0870 0811 0951 0982 1032 1073 L14 1158 1.196
30 1.196 1237 1279 1.320 1.361 1.403 1.444 1 486 1528 1.569 1611
40 1811 1833 1695 1738 1780 1822 1865 1907 1950 1992 2035
50 2035 2078 2121 2484 2207 2250 2294 2337 2380 2424 2467
60 2467 2511 2555 2509 2643 2687 2731 2775 2819 2864 2908
70 2908 2953 2997 3042 3087 3131 3976 3221 3266 3312 3357 TYPE |
80 3357 3402 3447 3493 3538 3584 3630 3676 372t 3767 3813 :
80 3813 385 39806 3052 3988 4044 4091 4137 4184 42% 4977 T
Temperature in -F. Reference Junclion at 32 F Copper
Vs
of 0 1 2 3 ] 5 ; 7 8 9 1 N
THERMOELECTAIC VOLTAGE IN ABSOLUTE MILLIVOLTS Copper - Nickel
0 -0674 0654 0633 0613 -0502 0571 -0580 -0529 0509 0488 D467
10 0467 -0446 0425 0404 -0383 -0362 -0341 -0320 -0299 -0277  -0.25 _
20 -0256 0235 0214 -0193 -0171 -0.150 -0.120 -0107 -0.086 -0064 -0 043
a0 -0043 0022 0000 002 0043 0065 0086 0108 0130 0151 0.173 5
46 0173 0195 0216 0238 0260 0282 0303 0325 0347 0369  0.397 |
51 0307 0413 0435 0457 0478 G501 0523 0545 0567 0580 06N
60 0611 051 065 0678 0600 0722 0745 0767 0789 0812 0834 g
7 0834 0857 0879 002 0924 0947 0969 0992 1014 1037 1080 :
B0 1060 1082 1305 1128 1451 1473 1186 1299 1242 1265 17288 :
o0 1288 1317 1334 1357 1380 1403 1426 1449 1472 1495 1518 ;
100 1518 1542 1565 1588 3611 1635 1658 1681 1705 1728 1.752
10 1752 1775 1799 1822 1846 1869 1893 1317 1940 1964 1.988
120 1988 2011 2035 2059 2083 2107 2131 2154 2178 2202 222 |
130 2226 2250 2274 2298 29322 2347 2371 2395 2419 2443 2467 !
0 2467 2492 2516 2540 2565 2588 2613 2638 2862 2687 2711 |
j
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Table 78-1. Thermocouple Reference Tables {cont}

2190A

Temperature in °C, Reference Junction at 0°C

o
[z
(=]

4.00
0.40
0.80
121
1.63

205
248
2N
3.35
3.80

EES8Y 8E88=sos

*European Standard

0.04
0.44
0.84
125
167

209
252
295
339
384

2

3 4 5 6 7

THERMOELECTRIC YOLTAGE IN ABSOLUTE MILLIYOLTS

0.08
0.48
0.88
1.29
1.71

2.14
257
3.00
344
389

0.12 0.16 0.20 0.24 0.28
0.52 {.56 0.60 064 0.68
092 0.96 1.00 1.05 1.09
1.34 138 1.42 1.46 1.50
1.76 1.50 1.84 1.88 1.82

2.18 222 2.26 231 2.35
261 265 268 274 278
3.04 309 313 KR T 322
348 353 39 3.82 3.66
393 3.98 4.02 4407 4.11

032
672
1.13
1.55
187

239
282
326
n
416

0.36
0.76
117
1.59
2.01

2.4
287
33
375
426

040
.80
1.21
1863
205

2.48
29
335
380
425

TYPE

TDIN*

Copper
vs
Copper - Nickel
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Section 8

Schematic Diagrams

TABLE OF CONTENTS

FIGURE NO. TITLE PAGE
8-1. Al Main PCB Assembly ... . i i s it et i, 8-2
8-2, A2 Display PCB Assembly ... ... it iiiiiiiiiaaiait ittt 8-6
8-3. A3 Thermocouple Input PCB Assembly .........viiiiiirain i icniiniainninnennans 8-8
3-4. Option <002 Output PCB Assembly - .. .. ovvit vt riiaiir e rainrens 8-i0
8-5. Output Unit Adapter PCB Assembly .. ..ovuiiiiiii i iiiiitrtniniinnriivanannnns 813
8-6. Option 004 [EEE-488 Interface PCB Assembly .. ...t i iiiiiiainiiinnean, 8-14
8-7. Option -006 Limits PCB Assembly .. ..., iviiiriii it ciiii i inainn o g-16
8-8. L L U 8-18

8-1

www.valuetronics.com



2190A

J2

e @5” g

OO0

Q24 025 @3 Q2

I U U
SHIELD
QO on " THERMOMETER ASSY 469395 REV__
§3 220/ 240 1007220 o CAUTION wT
@ 1 SUBJECT TO DAMAGE BY |
STATIC ELECTRICITY
) T JI o] [a] J3 : 1]
] — w3009
Bl BLK
) 25 na $2
100/120 1207240
CRé !
182 ) I 30
) Kl CR3 VA3 T2 Q22 D
— 7 6 R70
- Q I_J | l
i E ) 33 ! 20 ERBE” + a5
7~ & O | ) —B— 24 5
J_ 15 T RA5 @19 ¥ C25 n
‘, 9 | (tt
R el
R44 I 2 “5 ] H naw Ut
TSP 5 T : 1o R39
TPI8 &y cn.a¢ﬂ R‘i?,Q
. A
o |[O
RS7 Rl e | Lo
@ + R Teo
P2
2 w
Je 4

-

2180A-1601

Figure 8-1. A1 Main PCB Assambly

§-2
www.valuetronics.com




2190A

DIGIT A
R & e RIZ as +5
AAA # 1%, MAF
1443 _6 ) 26
oty 3L BNe o 8 -.K.%
Ter J_ iy . <
1 b [ (AE
s NN
> 211 T430pF L e R
R2Z o cz I ‘Q-R.\Z. ::DD’?_K 10 4::3‘?! +[CH HDV o cS
@ oAT TIC0K & \aF . TR 1, ooz | }  L'c3
¥ 5 [In]
. 7 r— a8 = L= Q
RZ! £, _Z— oL 3}]%46 S32K : " ‘?7%
A - k=Y E
aiskne (D] [ o , -2
L ciz
Q@ [ 430 pf c4
RZD —Cis % +] 1o &
220K ez RIC _ !
held QI ] 17K ) e
crRi o Tre
1
v
”.249 R
221
ME L
N INPUT rYa
2l ~ISv F
INT =1
INT 2 o
INT 32 o
AL &
B TPIZ o - Jew
Cw
| R 3o ::;23
LB
BEE SHTZ -1 >
BST7 oo "3 U DA
1.8 =) e uE “ \ sEE SAEET Z
A= ! So 1
- 2Oan RZD
- ‘7 R 1o
B 200 MAF
) A MF G%QQ
AoK ow
' R32 o ~ > Dh
-5y 9. MF uab v
AP o [
g £
)
je 32 Qi TS
uSk hd B-RF-3 4
LINEAR o & T 10 %7
)——-— [T
Pl J
—_ ,
B Syt — K [SEESHTZ oE¥
3 : ER1-AY] DE - E\J
F-3 h
£ SANALOG oM
.JZ-C.:I DIGITAL COM ¢,
T/C INPUT COMNECTOR

MCTES:

l. UNMLESS OTHERWISE SPECIFIED, &lLL
1S 1N SRS AND S
1% 18 MORO RaRADS .

EPESISTORD MRS Vaws,

RESISTANCE
CARPMITANCE

[ry .

OTHERWIDTE =FECIFIECG.

2 ALL @RAPHIC STYMBOLS. AR

[RENTE =L 1-N

=
AcooR DANCE wWiTH ANDS| w3 Z. z AND Y3214

CFOR ADSEMBLY DRAVWING SEE
[

218s

Foi REF . FE3ianaTiorn DRAYVING

HimE B0

B -

5. W DENCTES ANALOG COMMmon (O vouls,

T DENCTES DIGITAL COMMONM. DISITAL COMMOMN
S -1 WITH BESPECT T AMALS: COMMOIN

DEMNOTES EARTH COMMOA]

WARKMIMNG : Dc uo'r COMMECT W Tt
—_— EE MAY RESUT .

[T LocaTE wiTh MBERED GATE 1N POSITION SHIWN

REF DElrS i [ris W 0
[e1] Sl -,-4
| Lo 7 <
=] [ o i
Ut | 4D 20,421
3
T e v
U7 4 -
N = &
u T =
= =< S.le
Jn
U2
i3
Lk 3 12
WS ES-L
Lasy Ll AOT ISED
Cae T
éﬁé?éi Uia g?.".lce.?_
i i
[=yla) vED R, RAL
=)

2180A-1001
{Sheet 1 of 3)

www.valuetronics.com

Figure 8-1. A1 Main PCB Assembiy (cont)
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Figure 8-1. A1 Main PCB Assembly {cont)

8-4




2190A

SHi- D
T o—e

J

WHITE

X0 o0——% P
25=
Si-4 -
BLACK - %
120 /240

CRS

T

< >

Ccu POWER

UMRBES +5 SEE SfT 2
x
=2 41
AN TE4
VO KL, MF
TZ CRT
1\ | & . o sz‘/’—‘\\ T + 5
B 24 (=R 9+ | ; = 3 \B
A AP e | C +557 2 :I.O ! KR,
- ::C_Z4
=" =230 > l CRB 20VDC >Ta S
R2S R284 RA-O R27 20V
I LOZKWF Q00> 43K oo
ME | ME
| EEE SHT -
-— >._] g } ! T TE &
Mo oV T I + T
t]ces
GND o
T
) TE 2
SHD +|C28 T
T
N ] o._,-rl e TAL GOk (—|'5V)

R

T L AMALOES QOn

v

2190A-1001
{Sheet 3 of 3}

www.valuetronics.com

Figure 8-1. A1 Main PCB Assembly (cont)
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Figure 8-2. A2 Display PCB Assembly
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Figure 8-4. Option -002 Output PCB Assembly




2190A

OUTFPUT OPTION
+=

5 +5
Farl
¥ | Cil

—— EDIG com (@

4

P2-3

RZ 1
P3G CYETA0R ARy
oK

+5 +5 IB0LATED

1 Uz

S

i u3

<

N O XY

"3
P32 (REEE SR o T
a7 N V
1
-5
RGO
1G9K RII, 25K
ME RIZ 1244 MF
AN
| WCRi
4 +5 120LATED
=== -1
PRINTER r s w2y
INTERFACE | w0ow | 0ok,
L+ <
i

ol lel- 3o lo by

C
'}

£
+5 IBQLATED '=‘.E z
Ras BALO RATE 3
S S \ a
4 5
G
2 [
A
=/ 25 B
a
us
471K 9
—=
. o
| 13
la
Is
i
|
ELEPYYNY {
I
—1%
Y
n
3 5
[y 1S

R4, TSOK% RIS
100K

Al 1S
2, MF

|5Jto

c2
AT ;

A
B
C
190LATEDO ADRR
a2 +ia%+5 M= VN_—( J7-1
29 & Q;
28 %l 2 DATvAL .
== ) < JT-2
a7 %3
22 afias 22 (79
2= 4 POR
34 2l Iy BT
33 1S
D2 \dug =) [mrg ‘<JT-H
=11
23 ¢ )72,
D4/
{uris
OS¢ u1-14
Dt
{3115
o7
{J7-1b
AT

ISQLATED COMMOM

‘g L dT-17

Hl
< Ja

/R32
1o

+5 120LATED v

+35 RBOLATED

R_:,g_[cw

oK T 0-0ZS

ee-

SQr _(u7-3

} PTX
INTERFACE

4

ANALDG
ouTPRUT

CURRENT
LOOE

R37 So-
Ar {736
240
Raa
+5 39K -
1O, 1BOLATED TRAMEMITTED DATA ( JT1-30
~R3
|{:||-{3 LMD SIGNAL COMMON Z J7-34
@ Y
R0
s L REQUEST To SEND (J1-38
€R3  rag S oaTA sET READY
J7-25
N-19
@ CLEAR TO QEND
7= 32‘
CR4 R4
@. 8K

R3z222 INTERFALE

NOTES: uNLESS OTHERWISE SPECIFIED

. ALL RESISTANCES ARE INOHMS AND
CAPACITANLCES ARE IN MICROFARADS

2. ALL RESISTORS ARE faw, 5%

3. ALL GRAPHIC SYMBOLS ARE IN ACCORDANCE
WITH ANSE ¥32.2 AND Y32.4

5. ¥ DENOTES DIGITAL COMMON
¥ DENOTES ISOLATED COMMON

2180A-1020
{Sheet 1 of 2)

www.valuetronics.com

Figure 8-4. Option -002 PCB Output Assembly (cont)

8-11



2180A

R45 , OK, MF
A

i & ’] . QI o~ +5 1ISOLATE D
R4z R43
—AAY
23K 330
FPOWER COMMOM ISOLATED
HEY
Pi-1 &
+i5
Pi-4 £21Q.COM
‘L TBEN N ]:QOUTT?DV -5
& Y & ¥
+5 GHND
oES [ +5 [ono [ IS5 . +5 | -5 | ShS | | DES [ +B (SNR. ledwen IS | —16 | SN2
(Wl i 8 ez a4 {2
uz I, 5
5 u3 l =]
* +6V ISQLATED T I S
RS4 s 1
RS\ }%z CRIe $ 226K
2K SIGOK A CRIG ¢ B +5 ISOLATED ue \4 7
My uT 40 20
op 8 FOR us 16 8
aluzs 7 la} o REF DESIGMATIONS =) 16 -3
4 + LASTUSED NOT LUSED 14 7
CRIS + RS2 |4 4 uio
G4V Cllozs 49K QI RS5 a7 uil 14 T
| 35 M uez us 4 11
55 L4 efe
s s, uzi \ .
S3 Uie Ia 7
T T 4 7
L& 8 s

2180A—1020
(Sheet 2 of 2)

Flgure 8-4. Option -002 PCB Output Assembly (cont)

8-12
www.valuetronics.com



2190A

2180A-1621

2180A-1021

www.valuetronics.com

Figure 8-5. Outpul Unit Adapter PCB Assembly

8-13



2190A

Bl
Fal

1007220 2207240 10D/1207Y

EX E3
O wre 3 s )
71 GRN

!

0

| [ &+ 25

O

IEEE INTERFACE ARSSY

778456 REV

© 1986 JOHN FLUKE MFG. CO., INC.

u4 3 vz
5y
© [ 8 CAUTION
— SUBJECT TO DAMACE BY
—} I i} STATIC ELECTRICITY
o E H RS
3 T R 3} u13 T
. RY Ré R4 1z !
o .a
g At S - - & @
S O, o El
r 3 + o 8 - 02 e Q1 —
£2 BLK Co ] =
eraLi D
i
us us 1)
T uig =1 =
cé + ca O STROBE—— L
ORAT VAL e %
cz—~+ P
o5 O — | s o) 2}
O Sy it~ (s (e — 12 —
+ Us u7 Ui
cio o] =4 23 =
. 06 , e ?
m ﬁ ﬁ N
&1z || |
oL o O
T
w o O W
rm3 o O
cr1 D TEEE— SRo 53 c1d
riz > o - -
:ﬁ (= CO L TR2
s €1 ¢ 3
Lsc L — e A, )

WARNING: @ INDICATES USAGE OF MOS DEVICE(S)

WHICH MAY DE DAMAGED AY STATIC O)ISCHARGE. USE SFECIAL

HANDLING PER 5.0.F. 139

21X0A-1601

www.valuetronics.com

Figure 8-8. Option -004 IEEE-488 Interface PCB Assembly

8-14




2190A

OUTRUT  CPTION
YRRt L 4 +8¥2)
aal REFOES] +5] & | © | % NOCONMIICH
FOMN 150
By +TY AV ¥ 1 a =R
P3.g ¢ G COM N ce i 3 il 5 3
! ' I ua f
& or S N St 2o 3 32 % § %%%K J7 T 5 S
SRQ saEc & & =sa coaes el B R PR PR I 3 [YTREYVE 5 S -1 N a | 5 2
NP ALel 8 0 3 22 il 2 e
EY 4 FAl 14 s an s 203
8748 e e) ol
) p . 22 =3 fae] 184 uE 4 [z 14
-- 3¢5 33 | vz 8 allvy (22
: B - 23 [P R TYRE Y Z,10
DaTvAL 8 _ 127 1 :(e Blone |22 7 a 5z,
g . i) EOT e B |Bize | s
O g 214 [[a) 15 b ] Ire
£7 L.'SOO 27 8 i1 iR-1)) us e 1820 | 118
28 2 ] v (W le] 414 |Te =
un 1 1
29 T, 70, @ 8 p5,
La0d 2 L % g % % % % %!Io%n i es 40 |LEREN. RS
- Y| 12 RESET | B P R 38 7T 06 Je a[mzaar]ze T . w2 20 (1,2 |
STROBE 3 24| TRy 34 ) FAY 2ma w3 24 |ig,I3k
12| oo ca 7.\oo 35 EY L] &l e Wz
12 a GBFf =] S 3 S \ e .71 L2413
:’T_Z -Ln '—; 23 2l s |23 1&35m T . -1 4,586,728
i 18 1 18 2 .
":i e il Y G Y bl uie =] a 56,1
15| 2 GW!_ZI | 25 —t AT
’% o 2] 22 o = 17 e w7 a 4 | man
- adpF
| 19 o> BESET 14] o 27 X e [ENt- -] =
r-] 4l 31 =
=3 a
~
. 1
1
[~ I
1
] Y ! LAST USED | NOT USED
| 1 [€T-]
| : RiG
A 30
~ [ : GE
% I | CR3
uw Th 2 s e va
| " Lo —=- TI
100/ 180 ! l 80co7/ 4503 53 1-% T2
120/ 240 W ITsH |t o 5 IEER ACDREST 55 53 7e
- - [
DR oh S e vl AN (P %
]
(52 00/220 | eegreao| s 8|
. a0 e a3 rloie len -ceo
|_~]o4 T4 s} T Tre&
g =0 a o0 T ‘o T .
i | 29 !
AMHZI 2| lzg 4 |25
e7
eq
—1%° S5 GND v
_— e ffeiiMerm a1 & HIGK ETER
REE’% 10 | o7
L ISTROBE
CAUTION
PURECT TO DAMAGE BY
STATIC ELECTRICITY : NOTES : UNLESD CTHERWISE SPECIFIED |
I AL CAPBCITANCES AFE 1N MICROFARADS .
2 ALL RESISTANCES ARE IN  OHMS.
I ALL GRAPIC SYMBOLS ARE IN  ACCORDANCE
WITH ANSI Yi2.2 AND v3zZ.d.
4. AL RPESISTORS ARE 1/4wW S CARBON  FILM.
2, & CENCTES DIGITAL COMMON 130,
6. ¢p DENOTES DIGITAL COMMON MNON-130.
U7 PINg 3,8,%,8,9,10,1142 ,13,14,15,16.i7 18,19, 21,22 , 23,37,
g  WARNING: & wocares UNAGE OF MO8 DEVICA(S)
WHICH MAY AE DAMAGED BY ATATIC DoACHAAQE. USE EPECIAL
HAMGLES) FER B.OF. 191
21XQA-1001

Figure 8-6. Option -004 IEEE-488 Interlace PCB
Assembly (cont)

8-15
www.valuetronics.com



2190A

T e P4
u @ = us N W a2
M ve TL

L] A e = O
: R3
ai9 z———, }——J-' RS ‘&
HE - —1

vz ftg -
SE% u4 [TT] RS
iy
g .

b o B |

- O a3 RE 51 52 53 4 55 S8
il e wewwrwwan Rl
57 CRI i 0 0 ﬁ 0‘: 0 uiz

2180A-1660

Figure 8-7. Option -006 Limits PCB Assembly

B-16

www.valuetronics.com



2190A

1S —1BV WiITH RESFECT TO ANMADS CONMMOM

DIGITAL. CO0A ‘—%
P47
%J _|3 1o <D ln |5 [ = ]u |3 o > 1"
P = F—-—-«pl:.v QI < | g W =S ory < e s ar [l | =T o Y
Lt U (WIR
7 P PS B4 P33 B2 Pl PR D7 P BS ad B PR @l o F7 B PSR4 P3P R PR
| 1= i i3 |4 > e |7 ) 5 |t [D |4 5 & |7 | 1 4 i3 |4 S e |7
41 2| D =] g I 2 02 al &
st/ [/ B = = = j<s <5
al Tal Taf Ja A A, A A
=N ! - 4 4 - . + +
@ 5 [4 13 |7 6 =) & 5 a
R & OB LR, W) UHO oy \_)a 1] uu:: ULO (W Tlat L V. JU T4 uto Uiz QUlR JER SR
1N TYP IOOW TYP OOk TYP
\ i o I i i i | i 1 | ' | 1ot
SV
2 2 l
12l @3 NN i INTTIALIRE
oz ":Da* oS I MIN/ MY =7
w3 uz |2 ! o 5| Qi e
> b g
QB 13 + Sy —
DL s %4‘
Fd- @ AN, =\
D= =V, ug B2 2
0¥, " __
12 3
|O L}I .
W = 12 v
o= 5 e ) =
Fo, - 3 E—AAA- S/ =) Eh
R!& o
o , O
_— —— .\ |, =le R
WTLT —<d us s a3
P4 4 €N ad =3 cald
R2 T
To)
Kl
Pa-2 £
NOTES:? 3 . J+sv |
. UNLESS OTHERWISE SPSCIEED Ayl -@q’— S z
RESISTAMOES ARG 1N OHMS AMND AL 4 os | & =4
CAPACATANCES ARE 1Y MICROFARAMLI S, s | 3: rd
us | 2
2. Al RESISTORS ARE AW S% UNESDS V\? e \ g 7
E ) [£e=9 a8
CTHERWISE NOTEDD. 13!E:|2 ool e a
B, Ak SRARMIC SYMBOLS ARE N %7 Uit} 1e 8
ACCORDAMNCE WITH ANGT w22 .0 4 w32 . <. pyp———
. G LEMNOTES DIGITal COMMOMN. DIGITAL COMMON LAST UBED [HMOT USEDR

UIZ,RD,S 1,23

& Go,ae G TaE)

2180A-1060

www.valuetronics.com

Figure 8-7. Option -006 Limits PCB Assembly {cont)

817



2190A

Al1-A3
ADRVAL
ANALOG COMMON
AZ

CcM

°c

°F

&2

DATA
DATVAL
DCLK
DE—

DE+
DIGITAL COMMON
DP/NEG
INT 1

INT 2

INT 3
LINEAR
ocD

RJ COMMON
RJR

RJS-1
RJS-2
S0-54
T/C—
T/C+
WRT
WRT ADD
—INPUT

+ INPUT

Program Lines

Address Valid

Measurement Common

Auto-Zero

Compare input to the microcomputer
Degrees Celsius

Degrees Fahrenheit

Hold Command

Data on Bus

Data Valid

Data Clock

Read a minus input

Read a plus input

—15Y with respect to Analog Common
Decimat Point/Negative

Integrate unknown voltage 1
Integrate unknown voltage 2
integrate unknown voltage 3
Microcomputer Display Linear Counts
Open Thermocouple Detector
Reference Junction Common
Reference Junction Request
Reference Junction Sense 1
Reference Juention Sense 2

Strobe Lines

Thermocouple Negative
Thermocouple Positive

Write

Write Address {Transmitting Address}
Input Negative

Input Positive

www.valuetronics.com

8-18

Figure 8-8. Mnemonics




