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SECTION SUBJECT DESCRIPTION

4-0 THEORY Of OPERATION Introduction
Dual Slope Voltage To Time

Interval Converter This manual contains all the infoimation normally required ta operate
Cold Junction Measuring Circuit and maintain the DigiMite digital temperature indicator or a MultiMite
Counter/Latch ' equipped with a DigiMite. The serial number on the side of the chassis
Clock and the madel number on the 10p of the case, identifies each instrument.
Digital Contiol / Always refer to the serial numbaer und model number in correspondence
Digital Linearizer or when ordering replacement parts,
Scan Oscillatar
Display A booklet contoining temperoture-millivolr rables refeienced at 75°F
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Power Supply System
Source Mode Potentiometer

CALIBRATION CHECK
Method
Procedure

(25°C), tor the most commionly used thermocouple calibrations is
available upon request 10 Thermo Eleciric. Should you require
additional informarion, contact your local Thermo Eleciric Applications
Engineer or Thermo Electric's main office in Saddle Brook , New Jersey .
We will be happy to be ot asistance,

Application

This manual covers the operation ond maintenance of stondard models
as described in the Thermo Electiic DigiMite and MultiMite Catalogs.

General Description

The DigiMite is a highly accurate, compact and portable instrument
which can be used to:

I. Measure temperature directly, using a thermocouple.

Measure millivolt signals directly,

Calibrate potentiometer type instruments,

Calibrate moving coil pyrometers (MultiMite configuiation)
DigiMite is a portable, dual-range instrument with buill in reference
junctian. The unit automaticully displays the hot junction
temperoture of the attoched thermocouple. Various ranges are
available that offer resolutions of | degree F or C, 0.1 degree F or
C or 10 microvolts.
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The battery charger /AC adapter cord (115 Vac standard, 220 Vac
optional) is included. DigiMite operotes in any position and can be
optionally ponel mounted .

MultiMites are also available with a DigiMite in either 6 or 12 point
models. The six point model is a combination of o DigiMite and a
variable direct current source. Six thermocouple or millivolt inputs
can be connected to the MultiMite simultaneously. A six point switch
allows selection of an individual input. Readings are either in
Fahrenheit, Celsius or mitlivolts. A "D " cell battery supplies the
current needed for calibrating moving coil instiuments. The twelve
point model consists of u DigiMite and a twelve point selector switch.

It dispenses with the moving cail meter calibration capability but provides

rapid switching of up to twelve thermocouple or millivolt inputs.
DigiMite Specifications_
Display

Type: 7-bar gus discharge, 0.330-inch character height
No . of Digits: Four and minus sign

Maximum Full Scale: 9999 counts

Decimal Point Selection: Automotically selected w/range
Polarity Selection: Automatic

Overrange Indication: Display blinks OFF /ON

Open Thermocouple Indication: Some us Overrange

Low Battery Indication: Display modulates DIM/BRIGHT
Reading Rate: Approximately 2 per second.

OEeralinQ Cantiols (See section 3 tor operation ot contiols)

V. ON/OFF pushbutton

2. Range I, Range il: Imerlocking pushbuttons — sec top label for
identification of ranges

3. Check Mode, Measure Mode, Source Mode:
pushbuttons

4. Source Mode Set: Continuously varioble 10-turn potentiometer

Interlocking

<D

Power requiied by DigiMite is supplied by u rechargeable battery pack . {
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Electrical

Sensitivity: As low as 2 uV/count
Noise: Less than } uV, RMS
Zero Drift: Less than 0.5 uV/°C
Scale Factor Drift: Less than 50 ppm/©C
Linearization: Full digital, 16 segments per range
Read Only Memory: 32 x 16 (512 bits)
External Resistance: Up to 200 ohms without loss of accuracy
Ditferential Overdrive: Up 1o 50 V indefinitely
Up to 100 V for short periods
Normal Mode Rejection: Better then 50 dB ot 60 cps
Common Mode Rejection Ratio: 140 dB with 300 V isolation (on AC
adapter only)
Setting Time: 0.5 second (10 time constants)
Source Mode Output: Continuously variable, -10 mV to +350 mV
Source Mode Impedonce: 50 ohms
Check Mode Source: 1.52mV +2.5%
Battery Complement: (5) 1 .2 AH NICAD cells
Recharging Time: 12 hours

Environmental

Ambient Operating Temperature: 0 to 50°C
Humidity: O to 80% noncondensing

MultiMite Specifications

Bartery: "D " cell 1.5 volis, leakproof type (6 point model only)
Terminals: Insulated color coded binding posts with retained caps.
Will accomodate flat terminals or wire to 12 AWG .
Dimensions: 12" L x81/2"W x73/4"H
Weight: 11 pounds
External Resistance Capability: 20 ohms standard
100 ohms optional

s
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availoble, the optional charger should be used. NOTE: Care must be
exercised to enswie that the plug is fimly seoted in the connector.
In most cases, the DigiMite may be 1un with the battery charger con-

INSTALLATION l’ ' ] Use the 115 volr charget on 115 volts only ., IF only 220 volts is

U“EC“QS

nected, with no degradation of performance. For maximum batrery
life, it is recommended that the unit be charged only when the low
batrery indication (display modulates DIM/BRIGHT) is observed ,
NOTE: Operation to the paint of complete display extinction may
result in peimanent damage 1o the batteries.

Instruments are usually shipped with small accessory items In the sam
box. Check all items against the packing list before discarding the
shipping container and packing material .

Unpack immediately upon receipt and check for shipping damoges. . J

Locatian

3-3  Operating Controls, DigiMite
The DigiMite and MultiMite should be operated in an orea which

remains within the ambient temperature limits of 40 to 140°F NOTE.: Three (3) pushbuttons must be depressed at all times for proper
(4.4 to 60°C) . operation.

2-3  Mounting | ON/OFF  Push to tuin on, push again 1o turn off. To conserve battery
power, turn off instrument when not in use.

The DigiMite is a portable instrument which can also be used in table
and bench vse. Flush mounting is accomplished with an aptional

flanged case which is available on spacial order. The MultiMIte isl =

RANGE I, RANGE Ul Interlocked pair. Push the appropriate butron
for desired rangs. Details of sach range may be found an the label
locoted on the tup of the inshument. Make sure thor the selected

designed for table top use, but is readily transported .
range comesponds with the therniocouple being used, One range button

3-0 OPERATING INSTKUCTIONS should be depressed at all times, otherwise, incoirect recdings will
result.
3-1  Thermocouple Wiring -

MODE Interlocked graup of three pushbuttons as follows:

The thermocouple input wires are attached fo the input binding post P . L )

the DigiMite, NOTE: Care must be exeicised when connecting the EMF (Measure of _If‘d'cum) Mode This is the m@al operating mode

thermocouple lsods to ensure the correct polarity. If a shielded used fo indicate temperature or millivolts depending on tha ronge

thermocouple is used, it is recommended that the shield be returned selected.

the black (1 input terminal of the DigiMite, along with the positiv ) .

thermocouple lead . — OUTPUT (Souice) Mode In this mode, the EME teminals are driven

with u voltage that may be voried by using the source contiol
3-2  Battery Charging porentiometer on the tront panel. When the Oulput Mode is used with
o thermocauple range, the reference junction is functioning und a
compensated millivolt equivalent ot the display 1eading is availuble
at the output ferminals, When used with a millivolr range, the output
voltage may be varied from =10 mV to +50 mV. The outpul valtage

corresponds directly to the display reading. (Connecting a

L)

"RECHARGE" jack on the DigiMite front panel and then plug the
opposite end into the AC line.

uhz

To charge the battery pack, insert the battery charger plug into the l

—



themoacoople to rhe terminals in the Ourput Mode will shoit out the
source volrage defeating the operation of this mode) .

CHECK Mode In this mode, the input tenninols ure disconnecred from
the meosuring circuitry and a stable 1.5 mV (1 2.9%) intemnal 1eteronc
is meosured. Fur each ronge, the normul Check Mode reading wili be
recorded an the label locoted on the 1op of the instrument. Obtaining
this reading, *2 counts, is an indication that the measuring circuitry

is functioning properly. (This is not a test for instrument occuracy).

Opeioting Controls, Six Point MultiMire

The Rorary Selecior Switch (OFF to 6) delivers the millivolt input of
the point selected to the DigiMite input tenainals, whenever the
shorting bars are connecied berween the switch output tenninals and
the DigiMite EMF terminols.

The MILLIVOLT COARSE and BATTERY SWITCH will deflect the coil
of the millivoltmeter under test whenever the battery is switched from
the OFF position. In the OFF position, the direct cuirent source is
removed from the circuit.

The MILLIVOLT FINE adjustment allows the moving coil of the instru-

ment under test to be brought to the exact calibration point whenever
the BATIERY SWITCH is on.

The EXTERNAL RESISTANCE potentiometes allows the externol resistanc
af the millivaltmerer under test to be matched. The resistance is ad-

justoble trom 0-20 ohms or 0-100 ohms depending on model .

Operating Controls, Twelve Paint MultiMite

The Rorory Selectar Switch (OFF to 12) delivers the millivolt input of
the point selected to the DigiMite input tewmniinals whenever the
shorting bars are connected between the output of the switch and the
EMF terminals of the DigiMite.

Temperatuie Measuiement

rt-

(1

Connect the thermocouple extension leads from the thermocouple to
the DigiMite tenninal posts as outlined in Section 3-1, Depress the
EMF mode pushbutton, and select the RANGE pushburton which
corresponds 1o the thermocouple type being used. Turn on the Digi-~
Mite and read the thennocouple tempecature on the display. Readout
is in OF or °C as stated on the label on the top of the instiument.

If measurements are to be made with o MultiMite, the thermocouple
extonsion leads may be connected to the MultiMite inpot teminals.
The Battery Switch should be OFF .

Connect the millivolt scurce to the DigiMire terminal posts. Depress
the EMF mode pushbuttorn und the RANGE Il (Millivolt Scale) push~
button. lurn on the DigiMite and 1ead the voltage, in miflivolts, on
the display.

If measurements ore 1o be made with a MultiMite, the millivolt source
lsads may be connected 1o the MulliMite input terminals. The Batrery
Switch should be OFF .

Checking Potentiomerer - Type Instruments With Themocouple Input

To test or calibrate another instrument connect the DigiMite or Mulii-
Mite as shown in Figure 3~1, using thermocouple extension wire that
matches the range ot the instruments. If a MultiMite is used, the
Batrery Switch should be OFFf,

Deupress the OUTPUT and the appropriore RANGE pushbuttons. Turn on
the DigiMite and odjust the soui ce potentiometer until the display
indicates the desired remperature. The DigiMite and the instrument
being fested may be ar different tempeoratures, since 1eterence junction
compensation functions in this mode.
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3-10

-
DIGIMITE POTENTIOMETER &=
figuie 3-1. Cheching Potentiometer lype lnstiuments with a DigiMite =
-
Checking Potentiometer ~ Type Instruments with Millivolr Input
(MilTivolt Scale Models Only) - i
Ta test or calibrate another instiument connecl the DigiMite ar Multi~
Mite as shown in Figure 3-1 using copper lead wires, If a MultiMite
is used, the Battery Switch should be OFF, Depiess the OUTPUT and i
RANGE 1 (Millivolr Scale) pushbuttons. Turn on the DigiMite and -
adjust the source potentiometer until the display indicates the desired
millivolt vulue.
Coliblgr_ir_.iiMillfyglArp{elt_aL_— Type lnstruments Using o MultiMite !
Equipped with a Temperature Sc le ) -

Q

When calibrating rillivoltmeter - type {moving coil) instiuments with
the following method, a variable direct current source is 1equired with
the DigiMite, Thenno Electric's Six Point MultiMite, which has o self

contained current souice, was designed for this purpose. Instructions

-8-

for checking millivoltmeter instruments with this MultiMite are listed

below:

. Depress the EMF mode pushbutton and the oppropriate RANGE

pushbutton .

Short circuit the EMF teminol posts of the DigiMite with a short

length of cupper wire,

3. Tun on the DigiMite and 1eud the temperature. This is the cold
junction temperatuie at the DigiMite teminal posts.

4. Shoct circuir the input of the millivolt merer under test with a short
length of copper wire.

5. Adjust the millivoimeter fo read the same temperature as obtained
in step 3.

~

4. Remove the terminol shorting wires from both instruments. Connect
copper loads from one set of terminal posts on the MultiMite to the
millivolimeter. Observe polarity. (The copper leads should be 20
AWG or larger and limited to a length of 6 feet).

7. Check the external resistunce rating ot the millivoltmeter under

test. This value is usually morked on the scafe. Turn the EXTER-
INAL RESISTANCE adjustment on the MultiMite to correspond to
this value.

8. With the MV COARSE control detlact the millivoltmete: to its tull
scale setting. The MV FINE con then be used 1o odjust the pointer
to the exact setling being checked.

9. The millivolmeter shauld indicate the same temperature as the
DigiMite. Several points on the scale should be checked to
determine oveiall calibration.

Calibiating MLHEvollllnuter - 1y pe Instruments Using a MultiMite
Equipped with a Millivolt Scale

When calibrating millivaltmeter - type (moving coil) instruments with
the following method, o variable direct current source is required with
the DigiMite. Themno Electric’s Six Point MultiMite, which has a

self contained current source, was designed for this purpose. Instructions
for checking millivoltmeter instruments with this MultiMite are listed
below:

1. Short circuit the input of the millivoltmeter under test with a length

-9
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ol copper wie.

Adijust the millivoltnierer to indicate 759F, 25°C o1 zero millivolts.
Remove the shorting wire from the millivoltmeter, Connect copper
leads fion one ser of terminal posts on the MultiMite 10 the
millivoltmeter. Obseive polarity. (The copper leads should be

20 AWG or lorger und limited 10 a length ot 6 teat) . Turn the
1otary switch fo the selected point. See tigure 3-2.

Depress the EMF and the Range I (Millivolr Scale) pushbuttons.
Turn on the DigiMire.

Check the external 1esistance rating of the millivolnneter under
test. This value is usually marked on the scule. Turn the
EXTERNAL RESISTAMNCE adjushuent on 1the MultiMite 1o corie-
spoidd 1o this value.

With the MY COARSE contiol detlect the milfivolimeter 1o its full
scale setting.  The MV FINE can then be used 1o adjust the pointer
la the exact setting being checked.

The millivoltneter should indicote the sane saloe as the DigiMite.
Severul points un the scufe should be hieched to detemine overall
calibiation. (I the millivolmeter is equipped with u mitlivoll
scole, the teuding in millivolts muy be directly compared to the
DigiMite. If the millivoltmerer is calibiated in unirs such as
temperature, this must be converted 1o equivalent millivolts,

Refer to a temperature-millivolr table 1o determine the corresponding
millivolt indication. A table ieferenced ar 75°F or 250C should
be used) .

MultiMire Millivolunerer

Figure 3-2. Calibiating Mitlivoltmerer Type listiuments with a Mul1iMite

-10-
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THEORY OF OPERATION

{he DigiMite dual range, digital temperature indicator with internal
cold junction 1eterence accepts the millivolt autput of o thermocouple
and piovides a digital display of the equivalent remperature. To
accomplish this, it contoins the necessaiy circuitry 1o convert the input
voltage to digital form and to display the result. As the voliage
generoted by the thermocouple is a nonlinear function of temperature,
this cireuitry includes a "lineoirizer " tunction.

The measuring circuilry of the DigiMite is shown in block diagram form
in Figure 4.1, The circuitry includes the following elements:

Dual Slope Voltage to Time Interval Converter

The converter is a unique, low-level, double-loop autozeroing circuit
with a capacitivaly coupled reference. The converter has three
operating phases as follows:

ntegration - 200 milliseconds. Gain is a function of the
is range dependent .

uator whic

e Integration - Genurates a time interval proportional to
A pulse train is caunted during this time interval to obtain a
digital result.

Autozeroing Phase ~ Any offsetrs in entire converter (including low
level, front end) are zeroad out.

Cold Junction Measuring Circuit

A diode connected transistor is used as the cold junction sensing
element. The diode drop ot 0° is nulled out, and the remaining
remperature varying voltoge is divided by the cold junction scaling

attenuator (which is range dupendenr) to match the thermocouple
choracteristic. The net cold junction compensation voltoge is fed

into the converter to odd 1o the effective input in the measure and source
modes.

-
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4-3  Counter/Latch

4-5

This is an LS| integroted circuit that includes o tour~decade counter
The counter functions to: ’

Time out the V1o |.1. converter unknown integration period
Accumulate the 1esult during the reterence integration peiiod
Time out the autozeroing interval .

The LSI circuit alsw includes a polarity store flip/flop und latch
.
output data latches, and latched oulputl data scanning means.

Clock

This is a nominal 100 KHz clack oscillotor used as the basis of all V
to T.1. converter timing.

Digital Control

This circuitry includes a four-state V 1o T.1. converter control counter
The states of this counter are as follows:

S!ole 10 — Unknown Integration. During this state, the clock is
divided by two (to 50K Hz) and counted by the LS) counter.
pulse from the LS| counter advances the control counter .
the carry pulse, the polarity information is stored .

The carry
Al during

State 11 — Reference Integrarion. During this state, the LSI counter
counts pulses processed by the linearizer. The counter is advanced
when the comparator within the V 1o T.1. converter changes stare.

At the end of this state, the data in the LS| counter is translerred to the
lotches within the LSI counter.

States 00 and 01, During these two states, the Vto T.1. converter is

auvtozeroing. The LS| counter counts as in State 10, Contral counter
advance occurs on the LSI counter carry pulse.

Z12-

4-¢ Digital Linearizer

4-7

4-9

The linearizer operares on the 100N Mz clock during the unknown
integration time to produce a result pulse train. The linearizer
includes a Read Only Memory which contiols a digital rate moultiplier.

The linearizer approximares the thermocouple characteristic with 16
straight-line segments per range. It the range is bipolar, there ure

eight segments for each polarity . The Kead Only Memory contains 10
bits of slope information, 4 bits of segment length information, aid 2

bits that control overfoad detection, for each ot the 16 segments,

The lineurizer includes a 1&-stare segment counter which oddresses
the ROM .,

To save battery power, the linearizer circuitiy is only powered during
the Reference Inreyration.

Scan Oscillator

This is an appioximate 1K Hz oscillator which controls the display
scanning. The oscillatar hasa 1/3 on, 2/3 off duty cycle.

Display

A tour-digit and minus sign gus discharge type display. The display is
scanned at the rate determined by the scan oscillotor.

Pawer Supply System

1. Bartery Pack - 6.25V nominol output.

2. DC/DC Converter which converts the 6,25V into a =10V supply
and a 175V supply.

3. Voltage Regulator for the 5V, =7.5V and 175V wpplies.

4. Reterence Supply. A precision zener diode acts as the reference
voltage for the system. This diode hos u temperature coefficient of
10 ppm/©C ar better,

5. Battery Low Detector. This circuit compares thie battery voltoge
with a system level related to the regulated ~7.5V supply. It the

-13-
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bartery is low, the circuit causes display blinking trom ncimal
brightness 1o dim,

4-10 Source Mode Potentionierer

When the unit is in the souice mode, this potentiometer is energiced

with the system regulated voltages. The potentiometer output, divided
down with a resistor network,

is switched to the systen inpur terminals.,
CALIBRATION CHECK
5-1 Method

Equipment:

Precision laboratory potentiomerer

External galvanometer (may be part ot precision potentiometer)
Calibrated reference junction theimocouple (marerial leuds of the
same calibration as the DigiMite) with copper extension leads for
cold junction simulation

Thermocauple EMF vs Temperature conversion table, 32°F ©°C)

reterence temperature
*5, Thermo Electric ICELL™ or 32°F (0° C) ice bath

5-2 Procedure

Connect equipment as shown in figure 5~1 .

Deprass range button for range 1o be tested,

Refer 1o the EMF vs Temperature table and sef the precision
porentiometer to the millivolt values corresponding to different
temperature points throughout the span of the DigiMite observing
the remperature indication foir each point.

Compare the obseived readings 1o the actual temperature indications
expected.  The error should be wirhin the accuracy of the DigiMite.
Should accuracy be outside stared liniits, contact your local Thermo
Electiic repair tacility .

— e e e P
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