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Weconclude our look at thermistors with two simple but practical projects-
a digital thermometer and a temperature-to-frequency converter-that you can build.

Part 3 BEFORE WE MOVE ON

t o o u r th erm ist or
based projec ts, let's finish up our discus
sion of matched thermistor sets .

At least two manu facturers , Yellow
Sprin gs Instrument Co. (Box 279 , Yellow
Spr ing s, O H 45387) and Fen wal (63
Fount ain si ., Framingham, MA 01701),
sell preselected and precalcul ated sets of
components . The thermi stor pair is con
structed as a single component and looks
ju st like an ordinary small, epoxy-coated
disc , except that it has three leads instead
of two . Internally, the two thermi stors are
connected in commo n on one side . The
res istors are low temperature-coeffi cient ,
0 .1% metal film resistors.

Table 3 lists the values of four different
component sets from the Yellow Springs
Instrument Co. that are intended to be
used with either the 44018 thermistor-pair
or the 700-series therm istor probe. The
selected values of RI and R2 optimize the
lineari ty over several temperature ranges .
Table 3 also lists a resistance mode equa
tion-we will get to this a bit later. The
thermistor-pair itself has an accuracy of
± 0. 15 °C (± 0 .27 OF), which should be
added to the linearity devia tion to find
worst-case error. Other prepackaged ther
mistor se ts are ava ilable . incl uding a
three-thermistor set for even better lin
earity.

Table 4 lists the bridge comp onent val-

ues (R3 , R4. and Ys) needed for an output
of 10 rnv-per-X' or 5 mY-per-°F. You can
get 10 m v-per-T' by doubling the supply
voltage , but that' s not recommended-the
power dissipation in the thermi stors may
become high enough to affect accuracy.

Resistor-thermistor networks
It is often useful to create a network

whose resistance changes linearly with
temperature . Such networks are used to
temperature-comp ensate other circuit val
ues or to measure temperature using an
ohmmeter-like circ uit. An NTC ther
mistor may be linearized by simply con
nectin g a resistor in parallel as shown in
Fig . 14.



TABLE 3-MULTIPLE THERMISTOR LINEAR NETWORKS

Linear Bridge equation" Manufacturer 's
temperature (VO Ub volts , when Resistance mode" Linearity component
range R1 R2 v; equals 1 volt.) equation (ohms) dev iation set no.
oto 1000e 3.20K 6.25K 0.0053483 T + 0.13493 2768.23 - 17.115 T ± 0.216°e YSI44201

or or or or
32 to 212°F 0.00297127 T + 0.03985 3072.48 - 9.508 T ± 0.388°F

- 5 to 45°e 5.70K 12.0K 0.0056846 T + 0.194142 4593.39 - 32.402 T ±0.065°e YSI44202
or or or or

23 to 113°F 0.0031581 T + 0.093083 5169.42 - 18.001 T ± 0.12°F

- 30 to 500e 18.7K 35.25K 0.0067966 T + 0.34893 12175 - 127.096 T ± 0.16°e YSI44203
or or or or

- 22 to 122°F 0.00377588 T + 0.228102 14435 - 70.608 T ± 0.29°F
- 2 to 38°e 5.70K 12.4K 0.00563179 T + 0.192437 4603.11 - 32.1012 T ± 0.03°e YSI44204

or or or or
30 to 100°F 0.0031289 T + 0.09232 5173.8 - 17.834 T ± 0.055°F

The values shown work with YSI44018 thermistor-pair. Resistors must be 0.1% or better.

Bridge equation refers to Fig. 13. Resistance mode equation refers to Fig. 16.

TABLE 4-L1NEAR BRIDGE COMPONENTS

Figure 15 shows the resistance-versus
temperatu re curve for such a network .
You can see that it is the same S-shaped
curve as was seen earlier for a thermi stor
bridge , on ly inverted . As it turns out , the
same rules apply for linearization: you
can get good linearization over narrow
ranges by simply choos ing the resistor to
be equal to the thermistor's value at mid
scale. For best possible linearization, you
can use the same equation as was used
earlier to linearize the bridge.

Table 5 lists the resis tance equations
and linear ity deviati on for th ree tem 
perature ranges . Just as with the bridge,
lin earit y becomes wo rse as the tem
perature range increases . Of course, sen
sitivity and zero -offse t are not adjustable,
although you can add a resistor in series
with the network without affecting lin
earity. Only negati ve-going slopes are
possible , since the thermistor s' resistance
decreases with increasin g temper atu re .
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FIG. 15-RESISTANCE VS. TEMPERATURE of
the resistor-thermistor combination of Fig. 4
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mistor-pair) can be used as shown in Fig.
16. The resistor values for the circuit
shown in Fig. 16 turn out to be the same as
were used earlier in the bridge circuit.
Therefore , you can use the same pre-se 
lected component sets that are available
from the man ufacturers . Table 3 can aga in
be used to select the optimum value of RI
and R2. The total resistance of that circuit
is calc ulated using the resistance-mode
equation listed in Table 3.

Analog-to-digital conversion
You can connect the output of a ther

mistor bridge directly to the inpu t of an

Bridge
output
10 mVfe
5 mVfF
10 mVfe
5 mVf F
10 mVfe
5 mVf F
10 mVfe
5 mVfF

Supply
voltage v,
1.8698 V
1.6828 V
1.7591 V
1.5832 V
1.4713 V
1.3242 V
1.7756 V
1.5980 V

T RT

FIG.14-ATHERMISTOR'S RESISTANCEcan be
linearized over small temperature ranges simply
by placing a fixed resistor in parallel with it.

Networks like those are useful if you need
to genera te a gai n or an offse t voltage that
change s with temperature . They also may
be used in serie s with a coil such as a
meter-movement or a TV deflect ion coil.
Since the resistance of cop per increases
with temperature , the se ries thermi stor
network can be desig ned to kee p the total
resistanc e con stant despit e temperature
fluctu ation s .

For best line arity over wide temp erature
ranges. two thermistors (or a single ther-

Resistors
R3,R4
20.52K, 3.20K
77.10K, 3.20K
23.66K,5.70K
55.54K,5.70K
34.89K, 18.7K
63.28K, 18.7K
23.92K,5.70K
56.04K, 5.70K

Temperature
range
o to 1000e

32 to 212°F
- 5 to 45°e
23 to 113°F
- 30 to 500e

- 22 to 122°F
- 2 to 38°e
30 to 100°F

TABLE 5-L1NEARIZED THERMISTOR·RESISTOR NETWORK VALUES

Note: Resistors shou ld be 0.1 % or better. For values of Rl and R2 see Table 2a.

FIG. 16-FOR BETTER LINEARITY, you can use
two thermistors In parallel. This circ uit provides
a linearity of :,:0.216°C from 0--100 DC.
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Temperature
range
10 to 300e
oto 500 e
oto 700 e

R1
2,168 ohms
1,763 ohms
1,164 ohms

Linear res istance
equation (ohms)
1697.84 - 23.664 T
1422.12 - 17.330 T
1004.96 - 10.147T

Linearity
deviation
+0.07, - 0.06°e
+0.86, - 0.95°e
+2.0, - 2.3°e

T

Rl
3.20K

Rn
30K
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Temperature to frequency converters
You can make a temperatu re-to-fre

quency converted by replacing the AID
converter of Fig. 17 with a voltage-to-

Digital thermometer
If we replace the AID converter with an

digital voltmeter IC , we can produces a
simple, accurate, battery-powered ther
mometer. Figure 18 shows the complete
circu it we need. It uses an Int ersil
ICL7 106 AID conve rter IC and a two
thermistor linear network.

The thermistor-pair RT forms the left
hand side of a Wheatstone bridge. The
right-h and side of the bridge is formed by
the voltage-divider string R4 through R8.
That same string provides the reference
voltage for the AID converter.

The ICL7106 maint ains its ANALOG

COMMON (pin 32) 2.8 volts below the sup
ply voltage . Resistor R3 reduces the volt
age for the bridge , to minimize thermistor
se lf-heating. You wi ll noti ce tha t the
bridge voltage varies as the thermistors
change with temperature, from about one
volt at O°C to 0.5 volt at 100°e. In a
normal ana log situation, that would be
disastrous. In this case, however, the AID
converter's output equals the input divid
ed by the reference and. since the input
and reference vary by equal percentages,
the outpu t is unaffected .

The IC itself is a dual-slope ND con
verter with an auto-zero cycle . Its output
will directly drive a 3-1/2-digit, seven
seg ment LCD reado ut. The output (as
seen on the display) is given by:

The IC' s clock timing is set by R9 and
C2 to 48 kHz, which results in three read
ings per second . Transistor Ql inverts the
backplane waveform to drive the decimal
poin t. The thermistor-pair show n is a
440 18 or 700-series probe from Yellow
Springs Instrument Co .

To calibrate the thermometer, you first
have to know the R versus T values of the
thermistor-pair. That informatio n is
shown in Table 6. Once you know their
characteristics, you can replace two ther
mistors of the pair with accurate, known
resistances (from precision decade re
sistors, for examp le). Set both to the zero
degree resistances, then adjust R7 (zero
control) for a reading of 0 .2 (the setting
for min imum nonlinearity error). Next,
set the decades to 100°C and adjust R5
(sensitivity) until the read ing is 100 .0 .
Repea t as necessary. .

cuit's power supp ly is only moderately
regulated , you may be able to use a simple
voltage divider to create Vs- We will see
this in the next example. A very simple
circuit can give accura te and stable re
sults .

OUTPUT

AID CON VERTER
(ICOR MODULE)

REF LO

Output = K x -=~:.r:2fi"-~:.-tre-n-c-e

If the supply voltage , Vs- varies, the
input and reference voltages will vary by
equal percentages, leaving the output un
changed . That means that the regulation,
and even the exact value of Vs- are not
critical-an inexpensive zener diode or
regulator may be used . In fact, if the cir-

converter is rea lly a ratio device; that is,
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INPUT HI
INPUT LOW

.-- ----j REF HI
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R2

+Vs

R3 C2 C315.0K
1% 100pF 0.1

R4
5.36K

R9 R101%
lOOK 470K
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SENSI·
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CREF a:
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a: 2-20

ICL 7t06 Cl &
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UJ TO LCD
~

'" 20 SEGMENTS
UJ

31 IN en

HI 22

ZERO IN

R1 30 LO 25
3.20K REF BP
0.1% 35 LO TEST 21

39

Ql
1T1750

s.l TO LCO BACKPLAN E
ANDTO UNUSEO
DEC IMALSOR
SEGMENTS.

Rl1
1 MEG

FIG. 17-CONNECTING THE BRIDGE OUTPUT to an AID converter provides digital temperature
information.

TO LCD
DECIMA L POINT

FIG. 16-A BATIERY-POWERED DIGITAL THERMOMETER using a single IC and a ther mistor-pair.

ana log-to-digital converter IC or module
as shown in Fig. 17. The bridge values are
selec ted as before to provide best linearity,
need ed voltage sens itivity, zero offse t,
etc. Either a single thermistor or a ther
mistor-pair may be used , and the compo
nent values of Tables 2 and 3 will work
just as well here . The reference voltage
input should be set for the desired sen
sitivity or for the desired full-scale output.

One interesting observatio n res ults
fro m the fact tha t an anal og-t o-digit al
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FIG. 19-A MULTIVIBRATOR can be used to give a frequency output that varies linearly with tem
perature .

TEMPERATURE RAN GE 20TO40°C -20 to 30°C oTO70°C
FREQUENCY RANGE 4,000TO6,000 Hz 800 TO 1300 Hz 200TO 900Hz
fOUT 100 T +2000 Hz 10T + 1000 Hz 10T +200 Hz
THERMISTOR 30K AT25°C 10K AT 25°C 30KAT 25°C
RA 18.83K 18.67K 15.82K
RB 268.3K 30.39K 530.0K
C 0.OO24481lF 0.024521lF 0.02481lF
MAXIMUM NON LINEARITY +0.062, -0.054°C +0.9,_1.0°C +2.0, _2.2°C

+Vs

4

R2 OFFSET

R3 R4

3

ICl
4047

MULTIVIBRATOR

12

Rl

ICl
4047

MULTIVI8R ATOR

2

T

13

Rn
6K

I----- --- - - {) fOUT

TABLE 6-R VERSUS T VALUES

T1 T2
Temperature (6K @ 25°C) (30K @ 25°C)
- 30°C (-22°F)106.2K 481.0K
- 20°C ( - 4°F) 58,26K 271.2K
- 10°C (WF) 33.20K 158.0K
O·C (32°F) 19.59K 94.98K
W C (50°F) 11.94K 58.75K
20°C (68°F) 7496 ohms 37.30K
30°C (86°F) 4834 ohms 24.27K
40°C (104·F) 3196 ohms 16.15K
50·C (122"F) 2162 ohms 10.97K
60·C (140°F) 1493 ohms 7599 ohms
70·C (158°F) 1051 ohms 5359 ohms
80·C (176·F) 753.8 ohms 3843 ohms
90°C (194°F) 549.8 ohms 2799 ohms
100°C (212"F) 407.6 ohms 2069 ohms

put frequency (pin 13) is given by f =
1/(2.2 RC). Therefore:

1 1
f = +

2.2 (RA + RT)C 2.2 (RB)C

The combination of RA and C affects
the circuit's sensitivity, while Rs affects
only the frequency offset. Resistor Rl is
selected using:

R - RTI RT2 + RT2 RT3 - 2RTI RT3
A - RTI + RT3 - 2 RT2

where RTI , Rn , and Rn are the ther
mistor's resistances at the low-end, mid
scale, and high-end temperatures, respec
tively. Linearity is the same as shown in
Fig. 12.

A high-resistance thermistor should be
used for thi s tem perature-to-frequ ency
converter. Depending on the supply volt
age , the 4047 will generate several volts
between terminals 2 and 3, and a low
re si st an ce th ermi stor will self- heat
enough to cause large errors. Once the
thermi stor and the temperature range are
chosen, compute RA for best linearity.

Next , the capacitor must be chosen to
give the right sensitivity (Hertz per de
gree). In the circuit shown:

12

FIG.2G-USING TWOTHERMISTORSimproves the linearity of the temperature-to-frequency convert
er of Fig. 19

TEMPERATURE RANGE oTO 100°C -5 TO45°C -30 TO50°C
FREQUENCY RANGE 1000 TO 2000 Hz 4500 TO9500Hz 700TO 1500 Hz
f OUT lOT+ 1000 Hz 100 T + 5000 Hz 10T + 1000 Hz
RA 3.2K 5.7K 18.7K
Rl 6.25K 12K 35.25K
RB 8K 63.28K 56.55K
C 0.075971lF 0.0045331lF 0·.01652IlF
LINEARITY ±ll.216°C ±0.065°C ±0.16°C

(/)
o
Z
oa:
fo
W
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W

o
o
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frequency converter. Even simpler and
less expensive, though , is a circuit that
uses a thermi stor as part of the resistance
in an R-C multiv ibrator circu it.

Temp erature-to-frequency converters
are useful in telemetry applic ations be
cause the frequency signal is not affected
by line resistance or by normal amounts
of noi se picku p. The y are espec ially

useful if temperature data must be trans
mitted by RF, through telephone lines or
optical cable, (where D.C . transmission
is impossible). The frequency range can
be tailored to suit the transmission medi
um.

Figure 19 shows a temperature-to-fre
quenc y converter built around a 4047
CMOS multi vibrator IC . The 4047's out-

where S has the units of Hzr C, C is in
farads and all resistances are in ohms.
Finally, R2 is found by substituting RA ,

RTI and C in the original frequency equa
tion and solving for the value of Rs that
gives the desired frequency at Tl . Figure
19 includes a table of component values
for' three temperat ure ranges. Notice that
the calc ulations generally produce odd
component values. The needed value ofC
must be created by using a parallel com
bination of capacitors; RA and Rs include
trimmer potentiometers.

Just as with the bridge , linearity and
range of the tem perature -to- frequenc y
converter may be improved by using a
two-thermistor network . The design pro
cess is complex, but Fig. 20 shows such a
circuit. R-E




