METHOD OF TEMPERATURE MEASUREMENT WITH THERMISTOR IN BRIDGE CIRCUIT
WITH PULSE-VOLTAGE SUPPLY
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A method of temperature measurement with a semiconducting thermistor in the bridge
circuit is considered which appreciably reduces the systematic error caused by
heating of the probe by the test current.

Earlier studies of a thermistor energized from a pulse source have established the de-
pendence of its heat load on the pulse duration and amplitude as well as on the duty cycle
in the two cases of small current excursions [1] and large current excursions [2], having
also provided a basis for the design of the measuring bridge so as to ensure a linear output
signal without exceeding a prescribed maximum level of systematic measurement error [3]. At-
tempts to further reduce this error have resulted in a better method of measurement, called
the "subtraction and extrapolation" method [4] and briefly described for application to an
Ryy—R circuit. Its metrological advantages and simplicity of implementation, owing to wide-
spread availability of microcomputer-based automatic data gathering and processing systems
for experiments, make this method very effective where a thermistor successfully competes with
other temperature transducers under certain operating conditions [5].

Here will be reported further studies of the subtraction-and-extrapolation method in
application to a measuring bridge which contains a semiconducting thermistor as sensing ele-
ment (Fig. 1).

The gist of this method is that two consecutive readings of the bridge output signal are
taken separated by some time interval within the duration of one supply voltage pulse and the
first reading is subtracted from the second one, whereupon the difference is subtracted from
the first reading.

In order to explain the principle of this method, we will assume small excursions so that
the linear model of a thermistor will be applicable. It is well known that, in the linear
approximation, the bridge unbalance voltage depends on the excursion of the thermistor resis-
tance from its value during balance according to the relation [6]
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According to relation (3), an analysis of the synthematic error on the basis of the
bridge unbalance output signal requires determination of the rise of the thermistor tempera-
ture AT produced by the sequence of supply voltage pulses. For this determination we will
use the structural diagram of a bridge with thermistor and independent voltage supply (no
feedback) [6] (Fig. 2), according to which the bridge has a transfer function with respect
to temperature
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A comparison of transfer function (4) with the analogous transfer function of the RTh—R
circuit [1] reveals that they are identical. This suggests that the temperature rise of the
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Fig. 1. Schematic diagram of measuring bridge.
F1g 2. Structural diagram of measuring bridge with semiconducting
thermistor and without feedback [6].
thermistor in the bridge circuit can be determined with the aid of solutions [1] for the Rrp—R
circuit.

During a pulse (0 << & < y) we have
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During a pause (y < € 1) we have
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The equations of the envelopes are respectively
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The maximum and minimum temperature rises of the thermistor in the state of dynamic equilib-
rium are
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Inserting the expressions for AT from (5)-(10) into relation (3), taking into account that
UTh Ity = Prho and Do = ~—PThoBTho/k [6], we obtain expressions for the bridge unbalance sig-
nal durlng a pulse and during a pause, respectively, as well as equations of the envelopes
and the maximum unbalapce in the quasisteady state

O<e{y):

e —a(l— . . (11)
AU, s ol = A |1 — [l (] —em) e +1)]} i
(v<<e< 1)
(I—e™) —a(n—1) —ae, (12)
AUout [n, €] = A m[e — I]e
— Y

AUgyt,max = AUom 11, 71 =4 ‘('%‘:EG:;‘)‘ [l — e—atn+D, : (13)

Y 1 )
AUout, min = Aoyt [7, 01 = A 'L(:T_“—i (1 —e) e, (14

1440



A out,max.,s.c. Alout

AUout,min, s.s.

B
= \
F—2 N
——
=]
— —
A
AUout,
AlUout,

AN
3 tmeas €
l ti’
tii | tp ¢ 131
Fig. 3 Fig. 4

Fig. 3. Transient process in circuit of measuring bridge with pulse-
voltage supply.

Fig. 4. Timing diagram of output signal measurement.
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In expressions (11)-(16)
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In the conventional method of measurement, with the output signal read only once within
the duration of a supply voltage pulse, Eq. (13) of the envelope characterizes the upper
values of the systematic error during the transient period and, with the measured tempera-
ture remaining constant, this error reaches its maximum when the measuring circuit is in the
dynamic equilibrium state (Eq. (15), Fig. 3).

According to the proposed method, we perform the aforementioned operations of subtrac-
tion of two output signals read during one pulse of the:supply voltage. ILet the first read-
ing be taken at the end of interval ti', the latter determined by the relative time e < v,
and the second reading be taken at the end of the given supply voltagepulse t; so thate =vy.
It will be further assumed that the reading time is much shorter than the two intervals ti'
and (tj — ti') (Fig. 4).. Then AUoyt,: = AUout[n,e] and AUout,2 = AUgytln,y]. The differ-
ence between second reading and first reading is

AUOut’;z - AUOHtl = AUOU‘E [ﬂ, \’} - A{jout [ﬂ, 8] = A.

The magnitude of the resultant signal is
AU outy — A = 20Uy (1, €] — AUgy 11, 71 17)
We first consider the general case where (0 < n < «. This case corresponds to Egs. (11)

and (13), insertion of which into relation (17) yields, after some transformation,
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Analogously, for the dynamic equilibrium state (n -+ «) insertion of expressions (11) and
(15) into relation (17) yields in the final form
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Upon an examination of relations (18) and (19), it becomes evident that with
Ze—ve — g—o¥ — | (20)

they become respectively Eq. (14) of the lower envelope and expression (16) for the minimum
steady-state value of the output signal in the dynamic equilibrium state.
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With the aid of equality (20) one can determine the time shift between the beginnings
of two measurements which will yvield this result. Replacing here relative time with absolute
time, we obtain, after some transformation,
+ e—t i -’Te

2

It thus follows that application of the described method of temperature measurement so
as to satisfy the time relations (21) reduces the systematic error, which is here determined
by the lower envelope of the transient and not conventionally by its upper envelope.

At = f; = ——Teh’l (21)

NOTATION

AUgut, unbalance voltage of the measuring bridge circuit; AUy, amplitude of a supply volt-
age pulse; Rz, Rs, Ry, resistances in three arms of the bridge; Ry}, thermistor resistance;
ARTh, excursion of the thermistor resistance from its value during balance; RTgos IThos Brho,
thermistor resistance, current, and temperature coefficient of resistance during balance of
the measuring circuit; AT, temperature rise of the thermistor as a result of heating by the
test current; k, statistical dispersion of the thermistor; 8§ = (Rtho — R2)/(RTho + R2), di-
mensionless resistance parameter; Do, dynamic coefficient [6]; v = ti/t, duty cycle of supply
voltage pulses; tj, pulse duration, tp, pause duration; T = tj + tp, pulse repetition period;
n, arbitrary pulse repetition period; e = At/t, relative time varying from 0 to 1; At, time
elapsed since the beginning of each pulse; tTg= 1o/(1— D§), time constant of the measuring
circuit; To, time comstant of the thermistor; a = T/Te; Uos, bridge unbalance voltage depen—
dent on the measured temperature; Pyho, power dissipated by the thermistor during balance of
the measuring circuit; ti', time interval at the end of which the first reading of the output
signal is taken; tpeags time of an output signal measurement; p, Laplace variable.
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