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A SIMPLE PRECISION MODULUS FOR TEMPERATURE MEASUREMENTS
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We report on a simple low-cost modulus for precision temperature measurements. This device consist of a
precision 4% digit microvoltmeter with a full scale + 20 mV with absolute 1 uV accuracy and additional
digital controller of the room temperature (accuracy is equal to 0,1 °C). Proposed device can be succesively
utilized in the process of investigation the different magnetic and electrical properties of solids versus
temperature or in the processes of technological high-temperature treatments of the crystals.
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INTRODUCTION

Studies of a physical properties of ferromagnetic and, especially, ferroelectric materials
requires usually the stabilization of the temperature of the investigated sample or its changing
according to a necessary algorithm [1, 2]. For the temperature measurements in the range
(77 + 370) K semiconducting temperature sensors are widely used due to a high sensitivity and
good linearity of their characteristics [3]. In the cases when the temperature of the sample
under investigation is higher than 380 K, only thermocouples can be used for the temperature
measurements, but their sensitivity is small — in the best case it equal to (50 - 80) uV/°C [4].

In order to measure the electromotive force, generated by thermocouple, the
professional digital nano- or microvoltmeters, which provides the absolute accuracy not
worse then 1 uV are use usually. When a well calibrated thermocouples are used, this
decision is a quarantee of the possibility of precision measuring of the temperature of
investigated sample. Inspite of these, in some cases more reliable is the exploiting of a
simple specialized devices, which realized by using of modern commercially available
integral cirquits. The simple low-cost device which realize the measurements of dc
voltage in the range of = 20 mV with 1 uV absolute accuracy and the control of the room
temperature with 0,1 °C accuracy is described below.

TECHNICAL DESCRIPTION

The principal sheme of the designed microvoltmeter is shown in Fig. 1. For the obtaining
of high absolute accuracy of measurements we choose ICL7135 chip — a precision 4% digit
analog-to-digital converter (ADC). It is a monolitic ADC with dual-slope conversion and
periodic autozeroing, which consist of the multiplexed BCD output and digit drivers too. This
choise is caused due to its small temperature drift — not more then 2 pV/°C and a high
temperature stability of a scale factor temperature coefficient, which is equal to 5x10%°C [5].
External square-wave generator is realized by a logical IC M, for ADC clocking.
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Fig. 1. 4% digit microvoltmeter. M; — ICL7135; M, — 4001B; M3, Ms — OP07; My —
INA131; Mg —4543B; VT, — KP307B; VT, -VTs — KT3102E; VD, — D818E.

Because an external source of reference voltage (+1,0000 V) is need for ADC
operation, a precision stabistor VD1 which supplies through the current source VT, by a
current of 10 mA and additional voltage divider are used to this aim. Voltage divider is
realized by using of precision thermostable resistors R;-R4 and operational amplifier M.

For the obtaining of high sensitivity of the device and its optimal alignment with a
differential thermocouples we use a precision instrumentation amplifier INA131, which
characterized by a very low offset voltage (50 pV max), drift (0,25 pV/°C) and high
common mode rejection (110 db). Its gain G is fixed and is equal to 100 with a gain error
no more then 0.01% [6]. For the additional minimization the action of 50Hz supply noise,
a 2-nd order low pass filter with 5 Hz cutoff frequency and G =1 is included between the
preamplifier's out and analogous input of ADC. This filter is realized by operational
amplifiers Ms which also provides a sharp turning of instrumental “zero”.

Microvoltmeter's digital display is realized by LED matrix VD,-VDgs with a common
anode and operates by transistor' keys VT,-VTg and by additional digital decoder M. It is
need to note, that the realization of the control circuits for the olddest decimal digit in
LED display is differ of original [5].
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An excellent long-term stability of the microvoltmeter is reached by the arrangenent of its
printed circuit board inside the active cooling thermostatic unit, which keeep internal
temperature in limits (14,0 + 0,1)°C when the room temperature changes from 14°C to 30°C.
Design of the thermostatic unit and its realization were described earlier [7]. Designed
microvoltmeter is tuned and calibrate by using certificated B7-21 A microvitmeter.

When the temperature measured by differential thermocouples, the method of
compensation of a “cold” thermal junction electromotive force is used frequently [3] or
localization of the “cold” thermal junction in a media which have a fixed temperature — in a
water-ise mixture for example. If the needed accuracy of temperature control is not higher than
0.1°C, the most simple solution of a problem can be realized — localization of a “cold” thermal
junction and additional semiconducting temperature sensor in a styrofoam cylinder jar. It
makes a possible to control the room temperature additionally. Digital controller of the room
teperature can be realized by usind of semiconducting temperature sensor and single crystal
programmable microcontroller. The principal sheme of this device is presents in Fig. 2. It
consist of the programmable resolution digital thermometer M;, singlecrystal microcontroller
M, and specialized LCD display M;. Inspite of its simplicity, this controller provides the
measurements of the temperature with an absolute accuracy of 0,1 °C. in (10 - 30) °C range.
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Fig. 2. Digital controller of the room temperature. M; — DS18B20; M, —
ATTINY2313; M3 — WC0802.

Described device is realized as an autonomous shielded module with 120x80x80 mm
size and for its work are needed two external voltages £12 V with a load currents of 0,2 A,
and additional +6 V supply voltage with 2,0 A load current. This module can be implanted
into a more complex equipment with using its supply sources.

SUMMARY

The main appointment of designed device is a substitution of old professional
microvoltmeters such as B3-21 and HI300 which are widely exploited else for the
measuring of the temperature by differential thermocouples.

The greatest advantage of designed device in the comparing with another accessible
modern professional microvoltmeters is the excellent temperature stability, which
excluded the necessitate of “zero” turning under the relatively large changes of the
surrounding temperature. It is need to note, that a sensitivity of the device can be
increased up to 0.1 uV, but its full scale will be limited by +£2,0000 mV only.
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€snoxumos C. B. Ilpocruii npeuisiiinuii Moxyib mjis BumiproBannsa temneparypu / C. B. €Baoxumos,
0. O. Canira, A. C. IIputynenxo, O. B. fluenko // Bueni 3amicky TaBpilicbKOro HaI[iOHAJIBHOTO YHIBEPCHUTETY
imeHi B. 1. Beprancekoro. Cepist : @i3nko-marematnyni Hayku. — 2013, — T. 26 (65), Ne 2. — C. 158-161.
HaBeneno ommc mpocToro HeAZOPOroro MOMYJS Ui BUMiproBaHHS Temmeparypu. [Ipowctpiit mictute 4%
PO3pSAAHUIT MIKPOBOJIBTMETP, KU TIpaIfoe B miama3oHi + 20 MB Ta Mae abGCONMIOTHY MOMWIIKY BHMipIOBaHHS
MeHII HiK | MKB i qonomixkau# nudpoBHii BUMiIpIOBad TeMIIepaTypH HABKOJIHUIIHBIO CEPEIOBHUINA (TOYHICTh
0,1 °C). Ipucrpiii Moxxe OyTH BHKOPHCTaHHUH y Mpolecax MOCTI[PKCHHS BIUIMBIB 3MIiHM TeMIeEpaTypu Ha
SJICKTPUYHI Ta MATHITHI BJIACTHMBOCTI TBEPAWX TiJ, a TaKOX i Yac IPOBEJCHHS BHCOKOTEMIIEpPAaTyPHUX
TEXHOJIOTTYHUX 1 TEPMOXIMIYHIX 0OpOOOK KPUCTAIIB i MATHHITHHX IUTIBOK.

Knruoei cnosa: TepMoMETpist, MIKPOBOJIIETMETD.

EBnoxkumoB C. B. IIpocroii npeue3noHHblii Moayab 1Jsi u3mepenusi temmeparypsl / C. B. EBrokumos,
A. A. Canura, A. C. IIpurynenko, A.B.Sluenko // Yuenbie 3amuckd TaBpUYECKOrO HAIMOHATIBHOTO
yHuBepcutera nmenu B. . Bepuanckoro. Cepus : ®usuko-marematndeckne Hayku. — 2013. — T. 26 (65),
Ne2.—C. 158-161.

IIpuBoauTCs onucaHue MPOCTOr0 HEAOPOIOro MOLYJISA ISl U3MEPEHUHN TeMIepaTyphl. Y CTPOMCTBO COAEPKUT
4Y5 paspsmHBIA MHKPOBOJILTMETpP, paboTaromiuii B nuamazone += 20 MB ¢ aGCONOTHON MOrpenIHOCTHIO
n3MepeHus MeHee 1 MKB m momonHUTENBHBIH MUGPOBOH M3MEPHTENb TEMIEPATYphl OKPYXKAIOIIEH Cpeibl
(tounocts 0,1 °C). YcTpoHCTBO MOXKET OBITH UCTIOIB30BAHO IS HCCIEIOBAHUS TEMIIEPATyPHON 3aBUCHMOCTH
JJIEKTPUYECKUX M MAarHUTHBIX CBOWCTB TBEpABIX TeJ, a TakXkKe B Ipoleccax BBICOKOTEMIIEPATYPHBIX
TCXHOJOTUYECKUX U TEPMOXUMUYECKUX O6p3.60TOK KPUCTAJIJIOB U MarHUTHBIX IIJICHOK.

Knrwouesvie cnosa: TepMoMeTpUsi, MUKPOBOJIETMETD.
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