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Introduction

There are some classes of semiconductors
temperature sensors: resistance output sensors; voltage
output sensors; current output sensors; analog output
sensors; digital output sensors.

The contemporary analog semiconductor sensors of
temperature are made on the technology of integrated
circuits, then instead of the diode adapts the transistor,
whose collector is connected with the base.

The principle of the analog voltage output
temperature sensor is that the forward voltage of the base-
emitter voltage of a transistor is temperature and current
dependent, according to the following equation [1]
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where U go— band gap voltage at absolute zero, U g —
band gap voltage at temperature Ty and current I, | and
lgo— emitter current values.
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The T-U characteristics of analog voltage output
temperature sensors type LM35 and LM35A has same
nonlinearity [2, 3]. Therefore there is an interest to
investigate nonlinearity their characteristics [4].

The experiment

The block diagram of experiment is shownin Fig. 1.

During first run of measurements dry-well thermostat
was used, while during second and third run of
measurements oil-bath thermostat was used. It was made
three runs of measurements. The first run — 10 sensors type
LM35 was heated in the dry-well thermostat to the
temperature 90°C and then slowly in  the  time-span 5.6
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hours they were cooled in the thermostat to temperature
20°C. The duration of each temperature and output voltage
measurement cycle it was 9 s. Second run of measurements
was made with another group of 10 sensors type LM35 at
four points of temperature between 0°C and 100°C, and the
third run under the same conditions with the 10 sensors
type LM35A.

Thermometer Multimeter Multimeter
Black Stack MX 594 MX 594 pC
Probe 6510 LM35 LM35 Probe 6510
Dry-well 2
Fig. 1. The structure of measurement equipment
The experiment equipment: the temperature

measurements — thermometer Black Stack model 1560,
eight channels Thermistor scanner module 2564 and two
secondary thermistor probes type 5610. Thermistor scanner
module accuracy was + 0.0025°C at 0°C and secondary
thermistors probes acutance was + 0.015°C in temperature
range 0°C to 100°C [5]. Temperature sensors type LM35
output voltage was measured by digital multimeter type
MX 594, this accuracy was +0.001 V.

The main features of temperature sensor type LM 35:
linear + 10.0 mV/°C scale factor; 0.5°C accuracy (at
+25°C); temperature range —55° to +150°C; nonlinearity +
0.25°C typical [2]. And sensor type LM35A: linear + 10.0
mV/°C scde factor; 0.2°C accuracy (at +25°C);
temperature range —55° to +150°C; nonlinearity + 0.18°C
typica [3].



Results of experiments

Temperature sensors type LM35. The results of
measurement U-T (output voltage-temperature) reliance
for one of temperature sensor type LM35 as illustration is
shownin Fig. 2.

Ouput voltage Uout versus temperature, sensoer type LM35 No 4
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comparatively small (see Fig. 4). So if it is a necessarily it
is possible to select the pairs of sensors with the assigned
spread of the values of coefficients.

Coefficients aand b of regression equation versus sensor sample
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Fig. 2. Sensor LM35 output voltage versus temperature in
cooling cycle

The regression equation for U-T characteristic for
sensors type LM 35 can be given in the form

y=a+bx 2

The general regression equation was calculated on the
basis of measurement U-T characteristic data of 10 sensors
type LM35is given by

U ot = 0.0186 + 0.00962* T, (3)
where U 4 — Sensor output voltage, V,
T — reference temperature,°C.

The values of regression equation (4) coefficients a
and b and theirs standard deviation for 10 sensors LM35 it
isshownin Fig. 3.
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Fig. 3. Values of regression equation coefficients a and b
and theirs standard deviation

The spread of coefficient a for the measured
characteristics U-T of 10 sensors the type LM35 is more
the spread of coefficient b (p < 0.05).

Among the measured 10 sensors there were same
sensors for which a spread of coefficients was
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Fig. 4. Coefficients a and b of regression equation versus sensor
sample

More precise approximation can be obtained by using
the polynomial of the corresponding degree.

The general polynomia of the second power for
calculating the temperature according to the results of
measuring the output voltage of 10 sensors type LM35
takesthe form

U o = 0.221 + 0.00918* T + 0.00000498* T"2.  (4)

The average values of the coefficients a, b and ¢ of
second power equation and their standard deviation for 10
sensors LM35 it isshown in Fig. 5.
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Fig. 5. The average values of the coefficients of
polynomial of the second power and their standard
deviation

Above it was shown that sensors of the type LM35 it
has the specific U-T characteristic nonlinearity; therefore
has sense to estimate an error in the approximation
according to the results of measurement.

The linear equation for calculating the temperature
for the results (n=1453) of measuring output voltage of the
sensor type LM35 No 4 takes the form

Teatinear = 94.790%Uq — 1.121. (5)

The results of calculation the difference between
reference temperature T,¢, measured by thermometer and it



calculated according to the equation (5) Teq jinear 1S Shown
inFig. 6.
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Fig.6. Difference between reference temperature T,

measured by thermometer and calculated Tey jinear

The polynomial of the second power for calculating
the temperature according to the results of measuring the
output voltage of sensor type LM 35 No 4 takes the form

(6)

The results of calculation the difference between
reference temperature T,¢, measured by thermometer and it
calculated according to the equation (6) Tey quasr fOr
sensors LM35isshownin Fig. 7.

Teal quack = — 5.348% Ugy2 + 100.615* Uy, — 2.464
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Fig. 7. Difference between reference temperature T,o, measured
by thermometer and calculated Ty quacr

Temperature sensors type LM35A. The genera
regresson equation was calculated on the basis of
measurement U-T characteristic data of 10 sensors type
LM35A isgiven by

U o = 0.00159 + 0.009981711*T. (7

The values of equation (7) coefficients a and b and
theirs standard deviation it for 10 sensors LM 35A is shown
inFig. 8.

The general polynomial of the second power for
calculating the temperature according to the results of
measuring the output voltage of 10 sensors type LM35A
takes the form

U ot = 0.000934 + 0.00999* T + 0.000000101*T"2. (8)
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Fig. 8. Values of regression equation coefficients a and b
and theirs standard deviation (sensors LM35A)

The average values of the coefficients a, b and ¢ of
second power equation (8) and their standard deviation for
10 sensors LM 35A it isshown in Fig. 9.
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Fig. 9. The average values of the coefficients of polynomia of
the second power and their standard deviation

The linear equation for calculating the temperature
from the results of measuring of the sensor type LM35A
No 7 output voltage of sensor takes the form

Teal linear = 100.19%* U, - 0.084. 9)

The results of calculation the difference between
reference temperature T,¢, Mmeasured by thermometer and it
calculated according to the equation (9) T ¢y jinear 1S ShOWN
infig. 10.

The polynomial of the second power for calculating
the temperature according to the results of measuring the
sensor LM35A No 7 output voltage of sensor takes the
form

Teal quack = — 0.102% U 2 + 100.166* Uy - 0.0277.  (10)
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The results of calculation the difference between
reference temperature T,¢, measured by thermometer and it

calculated according to the equation (7) Tea quasr fOr SENSOrs 1 parker A., Beijing J. High-accuracy CMOS smart
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T-U characteristics of the analog temperature sensors of types LM 35 and LM35A are investigated. It is obtained that a basic error of
measurement of temperature introduces the spread of output voltage at 0°C. It is evaluated an error in the determination of temperature
from the output voltage of sensor in the cases of approximation by the polynomials of the first and second power. Smaller error is
obtained during the application of a polynomial of the second power. It is obtained that with the precise calibration of sensors of the type
LM35 the smaller error the determination of temperature can be obtained with the approximation by the polynomia of the second
power. It is not established for the sensors of the type LM35A of essentia difference. I1l. 11, bibl. 5 (In English; summaries in English,
Russian and Lithuanian).

A. JOymuioc, T. KmuskoBac. Anmpoxcumamusi T-U XapakTepucTHK aHAJOrOBBIX MOJYNPOBOAHHKOBBIX CEHCOPOB
Temmepartypsl // JiieKTpoHUKA u diekTpoTexHuka. — Kaynac: Texnosorus, 2009. — Ne 1(89). — C. 105-108.

UccnenoBanbl T-U XapakTepuCTHKU aHAJIOTOBBIX CEeHCOpPOB Temmeparypbl THoB LM35 u LM35A. TloaydeHo, 4To OCHOBHYIO
TOTPENIHOCTh H3MEPEHHs TEMIEPATYphl BHOCHT pa3bpoc BbixoaHoro Hampsvkemus npu 0°C. OleHEHa MOTPENIHOCTh ONpEICTeHUs
TEMIIEpaTypbl 110 BHIXOAHOMY HAIPSDKEHHIO CEHCOpa B CIIy4asX alNPOKCHMALMHU MOJIMHOMAMHM IEPBOil U BTOPOIl cTeneHd. MeHblas
MOTPELIHOCTD HOJIyYeHa MPH MPUMEHEHHH [OJIMHOMA BTOPO#i creneru. [TomydeHo, 4To mpu TO4YHOI KanmuOpoBke ceHcopos Tuma LM 35
MEHBUIYIO MOIPEIIHOCTh ONPECICHUS TEMIICPAaTyphl MOXXHO IOJYYUTh INPH AlPOKCHMAIUH MOJMHOMOM BTOpOW creneHu. Jlis
cerncopos tuna LM35A cymecTtBeHHOT0 pa3nuuus He ycraHosieHo. V. 11, 6ubi. 5 (Ha aHrmmiickoM si3bIke; pedepaThl Ha aHTIIHICKOM,
PYCCKOM H JINTOBCKOM S13.).

A. Duméius, T.Zizniakovas. Analoginiy temperatiros jutikliy T-U charakteristiky aproksimavimas // Elektronika ir
eektrotechnika. — Kaunas: Technologija, 2009. — Nr. 1(89). — P. 105-108.

Nagrin¢jamos analoginiy temperatiros jutikliy LM35 ir LM35A T-U charakteristikos. Daugiausia jtakos sensoriy is¢jimo itampos
neapibrézgiai turi is¢jimo jtampos nuokrypiai esant 0°C temperatiirai. Aproksimuojant T-U charakteristikas pirmos ir antros eilés
polinomais nustatyta, kad LM35 tipo jutikliams geriau naudoti antros eilés polinoma. Temperattros jutikliy LM35A charakteristiky
aproksimavimo pirmos ir antros eilés polinomais skirtumo nenustatyta. I1. 11, bibl. 5 (angly kalba; santraukos angly, rusy ir lietuviy k.).
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