OSCILLOSCOPIC MEASUREMENT OF ABSOLUTE TEMPERATURE
BY MEANS OF TRANSISTOR

M. Ristov and S. Stoimenov

Institute of Physics, Faculty of Natural Science and Mathematics,
University of Skopje — Yugoslavia

Abstract

Direct measurement of absolute temperature by means of transistor
is acheaved by this method. The basic principle is oscilloscopic presentation
of the time derivative of the short-circujt collector current v.s. emitter-base
voltage, when it exponentialy varies in time. Presented curve possess maxi-
mum, whose location on the voltage axes is directly related to the absolute
temperature.

1 Imtrocduction

As it is known, the current that conducts P—N junction strongly de-
pends on the temperature of the junction. This dependence is disadvanta-
geous for the commercial semiconductor devices, but it can be used as tempe-
rature sensor or thermometer (N. Sclar et al. 1972). The transistor has been
used as absolute thermometer on the bases of the temperature dependence
of the currenvoltage characteristic of the base emitter circuit, and the lin
near dependence of the short-circuit collector current (/) on the diffusion
component of th emitter-base current (A.”A. Felimban et al. 1974). Theo-
reticaly and experimentaly has been proved (Sah 1962) that I, depends on
the emitter-basegvoltage (V,;) through the diffusion component of the emit-
ter-base current, according to the relation

ev,
I = Icso(T)[eXP —'k—;‘b‘— 1] . 1)
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Where I,,, — is temperature but not voltage dependent, and kT tempe-
e

rature of the emitter-base junction in volts.

On the bases of relation (1) the transistor has been used as asbolute
thermometer (A. A. Felimban et al. 1974). For very high values of ¥, the
relation (1) has been aproximated by

ev,
Iy = Icso ¢Xp k;b s

from which the temperature of the transistor has been calculated from the
plot of log I, v.s. V.

In this work, a method for direct measurement of the absolute tempe-
rature by means of an oscilloscope,is described.
2. Theoretical Base of the Method

In this method, instead of presenting I,; or log I,, v.s. Vg, one present

the time derivative of 7, (I:,c) v.sc. Vs for the case when the emitter-base
voltage (V) is time dependent according to the relation -

V= Vi [1 — exp (— _’.)] ' @)
T

The general expression of I, is

ev,
I 50 €XD T;f’— , 3)

. eV,
Ica = kf;-vb

where V,,— is time derivative of the emitter-base voltage (Vep). If one takes
that V,, is given by (2) the corresponding I, will be

*CXp———,

eVm  Ieso (___ t . eV
kT,

which by the use of (2) can be rearranged in the form

ic’ =I£¢,__(€Vm . eV,b ). exp eVeb i (4)

T \ kT kT kT
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A graphical presentation of I,; v.s - ¥, will give a curve with maximal value
of I,,, which will be obtained for

Vm—Vab——-—e-- (&)

From (5) it follows, that the location of the maximum on V., axes, counted
from V,,, is uniquely determined by the absolute temperature of the transi-
stor. This fact gives a possibility for direct read-up of the absolute tempera-
ture on the screen of an oscilloscope. Therefore, a voltage proportional to

1., should be connected to the one axes of the oscilloscope (in our case X-axes),
and periodical voltage, which varies in time according to (2) within one pe-
riod, should be connected to the other axes (in our case y; — axes which
was callibrated in millivolts).

3. Experimental Arrangement

The experimental arrangement we have used in our measurements
is presented in fig. 1. As a voltage source for V,, we have used a pulsgene-

Osc.

Fig. 1

rator, parallelly connected to a RC-circuit. The charge and discharge of
C by the pulses from the generator gives the voltages.

Vi=Vy [1 — exp (—— —t-)] and V=V, exp (— -i-) ,

Ty Ty

where 7, and 7, are the time constants of the charging and discharging cir-
cuit respectively. For the measuring procedure we have used the voltage
Vi (W= A V,). The main problem has been the connection of the emitter
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and base of the transistor to the voltage source, since the input impedance
of the emitter-base configuration is very low and nonlinear, and the direct
connection would change the characteristics of V. In order to overcome this
difficulty we have used two variants of connection. In the first one we have
used emitter follower, and in the second one we have used potentiometric
division of the voltage V, by resistors R;=10 ohms and R,=1000 ohms.
The voltage drop on R, has been used as V,, and so we have had a voltage
source with characteristics (2) and very low internal resistance. The second
variation, though simpler than the first one, has given better results. As abso-
lute thermometer we have used the transistors AC—530, AC—540 and
BC—183. The time derivative of short-circuit collector current has been ob-
tained as a voltage drop on an inductive coil with 1000 turns and 10 ohms
resistance.

The time derivation with operational amplifier has given the same re-
sults. An oscillogram, taken at T=273,2 K is presented on fig. 2. As we can

Fig. 2

R
see the right trace which correspond to the Vg, = AV, (Az —1)
R; + R,

possess maximum, whise location on Y-axes measured from the top (V),
determines absolute temperature in millivolt. Calculation in Kelvins is stra-
ightrorward procedure by multiplicating by the factor 11,6.
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4. Experimental Measurements

In the measuring procedure, it was important to have thermal equi-
librium of she transistor with the medium under the measurement. For
this reason it was neccesery to keep the emitter current to the lowest possible
value, in order to prevent the heating of the transistor. In our experiments
we have taken the value of V,, from 30—100 mV, which depended on the
measured temperature. The performed measurements on different tempe-
ratures has given the following results:

Absolute temper. location of the calculated temp.
measured by con- max. measured from from the location
ventional thermom. the top Vm in mV of max.

90 8 mV 92,8 K

191 16,6 192,5

273,2 23,8 276,1

307.8 26,8 3104

336 29 336,4

348 30 348

As we can see the results obtained by transistor are a little higher,
which is probably due to the lack of good thermal equilibrium.
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OCLIAJIOTPA®CKO MEPEBE HA AINICOJNYTHA TEMIIEPATYPA
CO NIIOMOII HA TPAH3UCTOP

M. Pucuios u C. Citioumenos
Peszume

Co 0BOj MeTOJ € NOCTHIHATO OUPEKTHO Mepere Ha amCoJIyTHA TeM-
mepaTypa co Tomoll Ha TpaHsucTop. Toj ce Dasupa Ha ocumiorpadicko
IpeJCTaByBame Ha BPEMEHCKHOT H3BOJ Ha CTpyjaTa Ha Kyco CIOEH KOJEKTOp
BO 3aBMCHOCT OJ HaJOHOT moMely 0asa m emmtep (Vp), Koj 3a OBOj CIy4aj
¥Ma eKCIIOHEHHWjaJIHa BPEMEHCKa 3aBHCHOCT. 3a Taka M30paH eMHTEepCKM
HAIOH BPEMEHCKHOT HM3BOJ Ha CTpYjaTa Ha KycO CIIOEH KOJIEKTOp ke Ompe
magena co m3pasor (4). Ocuwiorpageko IpefcTaByBame HA (4) BO 3aBHC-
HOCT O] éMUTEPCKHOT HaloH (V) AaBa KpUBA IITO HMa MaKCHMYM 3a V=

T
= —— Kaje mrTo ¢ Vm — MAaKCHMaJIHaTa BPCIHOCT HA €MHTEPCKHOT HAIIOH.
e

lemaTckn mpuka3 Ha eKCHEPHMEHTAIHATA ONICTAHOBKA € JafeH Ha JI. 1, a
OCHHJIOrpaM Ha u3pa3oT (4) Bo 3aBHUCHOCT o HamomoT 3a 273,2 K e nanmen
Ha o1 2. MeTosioB Oellle UCITONI3yBaH 3a Mepeme Ha HHUCKH TeMIlepaTypu
on 90—348 K. Pesynrarute Oea crmopellyBaHH cO KOHBEHIWOHAJIHH TEPMO-
METpH IpHU IITO ce AOOH ONJIMYHO CIOXYBame.




