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SIMPLE LINEARIZING SCHEMES MAKE IT EASY TO USE 

THERMISTORS TO IMPLEMENT VOLTAGE-REGULATOR

DESIGNS WITH TEMPERATURE-DEPENDENT OUTPUTS.

Most power-supply regulators, by defini-
tion, provide an output voltage that is stable
despite variations in line (input voltage), load,

and temperature. However, a temperature-depend-
ent output voltage is an advantage for some appli-
cations. This article provides a tutorial, a design pro-
cedure, and circuit examples that use NTC (neg-
ative-temperature-coefficient) thermistors in tem-
perature-tracking power supplies.

By far the most common application for temper-
ature-dependent regulation is in LCD-bias supplies,
in which the contrast of the display varies with am-
bient temperature. Applying a temperature-de-
pendent bias voltage can automatically cancel the
LCD’s temperature effects to maintain constant con-
trast over a wide temperature range. Although the
following examples are targeted toward LCD-bias
supplies, you can apply the design procedures and
equations to a variety of circuits.

NTC thermistors provide a near-optimum device
for temperature-dependent regulation. They are
low-cost, readily available through a variety of sup-
pliers, such as Murata (www.murata.com) and Pana-
sonic (www.panasonic.com), and available in small
surface-mount packaging from 0402 to 1206 size.
Furthermore, you can easily apply these de-
vices to your circuit with only a basic under-
standing of them.

LINEARIZING THE NTC THERMISTOR CHARACTERISTICS

As the name implies, a thermistor is just a tem-
perature-dependent resistor. Unfortunately, its de-
pendence is highly nonlinear (Figure 1), and, by it-
self, it is unhelpful for most applications. Fortu-
nately, there are two easy techniques to linearize a
thermistor’s behavior.

The standard formula for NTC-thermistor resist-
ance as a function of temperature is as follows, where
R

25C
is the thermistor’s nominal resistance at room

temperature, b is the thermistor’s material constant

in Kelvins, and T is the thermistor’s actual temper-
ature in degrees Celsius:

This equation is a close approximation of the ac-
tual temperature characteristic (Figure 2). (Figure
1 refers to this equation as the beta formula). Note
the use of log scale for the Y-axis. Manufacturers typ-
ically publish R

25C
and b in the thermistor data sheet.

Typical values of R
25C

range from 22V to 500 kV.
Typical values of b are from 2500 to 5000K.

Higher values of b provide increased temperature
dependence and are useful when you need higher
resolution over a narrower temperature range (Fig-
ure 3). Conversely, lower values of b provide a tem-
perature-dependence curve with a lower slope,
which may be more desirable when they operate over
a wider temperature range.

A thermistor is a resistor, and, just like any other
resistor, it produces heat energy when current pass-
es through it. The heat energy causes the NTC ther-
mistor’s resistance to decrease, which then indicates
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a temperature slightly greater than
ambient temperature. In the
manufacturer’s data sheets and
application notes, you can usually
find tables, formulas, and text detail-
ing this phenomenon. However, you
may largely ignore this information if
you keep the current through the
thermistor relatively low so that self-
heating error is small compared with
the required measurement accuracy,
as in the following design examples.

LINEARIZE WITH RESISTANCE OR VOLTAGE

An NTC thermistor is easiest to use
when you apply the thermistor in a
linearizing circuit. Two simple tech-
niques exist for linearization:
resistance mode and voltage
mode.

In resistance-mode linearization, a
normal resistor sits in parallel with
the NTC thermistor and linearizes the
combined circuit’s resistance. If you
choose a resistor value that’s equal to
the thermistor’s resistance at room
temperature (R

25C
), then the region of

relatively linear resistance will be
symmetrical around room tempera-
ture (Figure 4).

Note that lower values of b produce
linear results over a wider tempera-
ture range, whereas higher val-
ues of b produce increased
sensitivity over a narrower tempera-
ture range. The equivalent resistance
varies from roughly 90% of R

25C
at low

temperature (2208C) to 50% of R
25C

at room temperature (258C) to rough-
ly 15% of R

25C
at high temperature

(708C).
In voltage-mode linearization, the

NTC thermistor connects in series
with a normal resistor to form a volt-
age-divider circuit. A regulated sup-
ply or a voltage reference, V

REF
, biases

the divider circuit to produce an out-
put voltage that is linear over temper-
ature. If you choose a resistor value
that equals the thermistor’s resistance at
room temperature (R

25C
), then the region

of linear voltage will be symmetrical
around room temperature (Figure 5).

Again, note that lower values of b pro-
duce linear results over a wider temper-
ature range, and higher values of b pro-
duce increased sensitivity over a
narrower temperature range. The output

voltage varies from near 0V at cold
(2208C) to V

REF
/2 at room (258C) to near

V
REF

at hot (708C).

DESIGN-PROCEDURE REVIEW

To create a regulated output voltage
that varies linearly with temperature, you
apply the linearized-thermistor circuit to
the regulator’s feedback network.

The resistance-mode circuit is the
simplest way to create a temperature-
dependent regulated output voltage
because regulator-feedback networks
almost always contain a resistive-volt-
age divider.As Figure 6 shows, the lin-
earized-thermistor circuit is in series
with one of the feedback resistors. In
this case, the linearized circuit is in se-
ries with the top resistor of the feed-
back-divider network, R

1
, to create a

negative-temperature-coefficient
output voltage at V

OUT
, as LCD bias

generally requires. To create a posi-
tive-temperature-coefficient output,
you place the linearizing circuit in se-
ries with the bottom resistor, R

2
, of

the feedback divider.
The design procedure is relatively

simple. First, find the appropriate
feedback-network bias current, i

2
,

from the regulator’s data sheet. It usu-
ally falls in the range of tens to hun-
dreds of microamps, and some lati-
tude in its exact value exists. Then,
calculate the NTC thermistor value,
where T

C
is the negative temperature

coefficient of V
OUT

in percent per de-
grees Celsius:

You should adjust the value of i
2

until R
25C

becomes a readily available
NTC-thermistor value.

For a simplified design calculation,
select R

2
and R

1
as follows, where V

FB

is the nominal feedback voltage as
given in the regulator’s data sheet:

For a more accurate design calcu-
lation, you need to modify the final
value of i

2
to match the thermistor’s

b to the desired T
C
. Therefore, calcu-

late the thermistor’s resistance at 0 and
508C. The standard formula for NTC-
thermistor resistance as a function of
temperature is as follows, where R

0C
is the

resistance at 08C and R
50C

is the resistance
at 508C:

Thermistor resistance versus temperature is almost lin-
ear on a semilog graph. The actual measured thermis-
tor resistance matches the bb formula to a fairly high
degree of precision.
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temperature is symmetrical around 2588C.
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Then, calculate the linearized re-
sistance at the two tempera-
tures, RL

0C
and RL

50C
, respec-

tively:

Calculate the value of R
2

and i
2
:

And, lastly, calculate the value of R
1

using Equation 4, as before.

RESISTANCE-MODE DESIGN EXAMPLE

A system running on a sin-
gle-cell Li1 rechargeable bat-
tery needs an LCD bias voltage. The
desired bias voltage is V

OUT
520V at

room temperature, where T
C
5

20.05%/8C, and the selected regula-
tor is the MAX1605. You use the pre-
vious design formulas to calculate the
required component values. Per the
data sheet, i

2
should be greater than 10

mA for less than 1% output error. There-
fore, choose i

2
to be about five times larg-

er for less error, or i
2
550 mA. Then, ac-

cording to Equation 2, R
25C

520 kV.
For this example, consider an NTC

thermistor with R
25C

520 kV, b5
3965K, and linearizing the thermistor
with a parallel 20-kV resistor. The
MAX1605 has a nominal feedback volt-
age of V

FB
51.25V. According to the sim-

plified design formulae of equations 3
and 4, R

2
525 kV, and R

1
5365 kV.

Per the more accurate design calcula-
tions of equations 5 and 6, the thermis-
tor’s resistances at 0 and 508C are, respec-
tively, R

OC
567.6 kV, and R

50C
57.14 kV.

The linearized resistances at 0 and 508C
are then, respectively, RL

0C
515.4 kV, and

RL
50C

55.26 kV. You can then calculate
the values of R

2
, i

2
, and R

1
: R

2
525.4 kV,

i
2
549.3 mA, and R

1
5371 kV.

In this case, these more accurate val-

ues are not substantially different from
those you obtain using the simplified cal-
culations. Figure 7a shows the final cir-
cuit, and the output voltage exhibits
nearly ideal temperature dependence
(Figure 7b).

VOLTAGE MODE HAS ADVANTAGES

Although more complicated than the
resistance-mode circuit, the voltage-
mode circuit has some unique advan-
tages. First, the voltage-mode circuit
provides a temperature-dependent ana-
log voltage that is easy to digitize with
an ADC to provide temperature infor-
mation to the system’s microprocessor.
Additionally, the regulator’s output-
voltage temperature coefficient is easy
to adjust by changing the value of only
one resistor. This benefit allows for sim-
ple trial-and-error design in the labo-
ratory and may also be valuable for ac-
commodating multisourced thermistors

or LCD panels in production.
As Figure 8 shows, a voltage refer-

ence biases the linearized-thermistor
circuit to generate a temperature-de-
pendent voltage,V

TEMP
. Then, the cir-

cuit sums V
TEMP

into the feedback
node through R

3
, which sets the gain

of the temperature dependence. So
that V

TEMP
does not need buffering,

keep the nominal resistance of the
thermistor much lower than R

3
. As

connected in Figure 8, the regulator
exhibits an NTC output voltage at
V

OUT
, as generally required in LCD-

bias solutions. To create a positive-
temperature-coefficient output, re-
verse the position of R and R

T
.

Although not mandatory, the sim-
plest implementation of Figure 8 is
when V

REF
523V

FB
. Conveniently,

many regulators have V
FB

51.25V,
many voltage references have
V

REF
52.5V, and many ADCs have an

input-voltage range of 0 to 2.5V.
When V

REF
523V

FB
, V

TEMP
equals V

FB

at 258C, and i
3

equals zero. This situ-
ation allows R

1
and R

2
to set the nom-

inal output voltage at 258C inde-
pendent of R

3
and the thermistor.

Select R
2

according to the recom-
mendations in the regulator’s data
sheet, and calculate R

1
and i

2
as fol-

lows:

Then, calculate the approximate value
of R

3
, where T

C
is the negative tempera-

ture coefficient of V
OUT

in percent per de-
grees Celsius:

This value of R
3

suffices for a simpli-
fied design calculation, and you can ad-
just the value later through experimen-
tation in the laboratory. Then, to avoid
the need for a buffer amplifier between
V

TEMP
and R

3
, choose a nominal thermis-

tor value of R
25C

m0.053R
3
.

For a more accurate calculation, you
can slightly modify the final value of R

3

so that the thermistor’s b matches the de-
sired T

C
. To find this value, first calculate

the thermistor’s resistance at 0 and 508C.

To achieve voltage-mode linearization, you place a
resistor in series with the thermistor and bias the
resulting resistive-voltage divider with a constant-volt-
age source. If R55R25C, the region of nearly linear out-
put voltage versus temperature is symmetrical around
2588C.

2.5

2

1.5

1

0.5

0
220 210 0 10 20 30 40 50 60 70

RT

VOUT

VREF=2.5V

R=R25C

b=3500.
b=4100.
b=4700.

NOTES:
R25C=10 kV.
b IS IN KELVINS.

LINEARIZED
VOLTAGE

(V)

TEMPERATURE (8C)

The resistance-mode linearized-thermistor circuit
replaces a portion of the resistors—the part that
depends on the required temperature coefficient of the
regulator’s output—in the feedback network of a volt-
age regulator.

REGULATOR

R=R25C
RT

R1
VFB

R2i2

VOUTVIN

F igure  6

.eRR
298

1

323

1

C25C50




















−



β

=

F igure  5

(6)

( ).
R1R1

1
RL

C25C0
C0 +

= (7)

( ).
R1R1

1
RL

C25C50
C50 +

= (8)

( ) and  , RLRL

outVT

V2
R

C50C0

C

fb
2

C25

−

•
×−
×

=
(9)

.
R

V
i

2

fb
2 = (10)

and  ,1
V

outV
RR

fb
21

C25 



 −= (11)

.
R

V
i

2

fb
2 = (12)

.
ToutV

RV2
R

C

1fb
3

C25
×
××≅ (13)



designfeature Thermistors in power supplies

92 edn | August 2, 2001 www.ednmag.com

Again, you use the standard formulas for
NTC-thermistor resistance as a function
of temperature in equations 5 and 6.
Then, you calculate the linearized volt-
age, V

TEMP
, at the two temper-

atures:

The following equation gives a more
accurate value of R

3
:

For this example, as before, a system
running on a voltage Li1 battery needs
an LCD-bias voltage. The desired bias
voltage is V

OUT
520V at room tempera-

ture with T
C
520.05%/8C. In this case,

the selected regulator is the MAX629 be-
cause it has a reference-voltage output
that you can use to bias the thermistor-
linearizing network. Using the voltage-
mode design formulas in equations 11,
12, and 13, you calculate the required
components as follows: Per the data
sheet, R

2
should be 10 to 200 kV, and

V
FB

51.25V. Therefore, R
2
525 kV,

R
1
5375 kV, i

2
550 mA, and R

3
Q938 kV.

The thermistor’s nominal resistance
should be less than 46.9 kV. Therefore,
choose an NTC thermistor with R

25C
520

kV and b53965K, and linearize the ther-
mistor with a series 20-kV resistor and
V

REF
52.5V bias.

Per the more accurate design calcula-
tion of equations 5 and 6, the thermis-

An NTC thermistor and boost converter implement a resistance-mode design (a). The actual temperature dependence of this circuit is close to the tar-
get temperature coefficient of 220.05%/88C over most of the extended consumer-temperature range (b).
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tor’s resistance at 0 and 508C, respective-
ly, is R

0C
567.6 kV, and R

50C
57.14 kV.

The linearized voltage at 0 and 508C, per
equations 14 and 15 respectively, are
V

TEMP0C
50.571V, and V

TEMP50C
51.84V.

You can then calculate the new value of
R

3
5952 kV. In this case, the more accu-

rate R
3

value is not substantially differ-
ent from the value you obtain using the
simplified calculations. Thus, choose the
nearest standard resistor value.

DESIGN EXAMPLE WHEN VREF IS NOT 233VFB

In the previous voltage-mode design
example, if the system doesn’t already in-
clude a V

REF
52.5V supply, it may be cost-

ly to add one. Fortunately, any regulated
voltage is sufficient. For this example, you
can use the REF pin of the MAX629 and
V

REF
'51.25V. Compared with the previ-

ous example, V
TEMP

then varies over half
as wide a range. Therefore, you must
halve R

3
to R

3
'5475 kV to maintain the

same output-voltage temperature coef-
ficient of T

C
520.05%/8C. Also, you

should reduce the thermistor value and
linearizing-resistor value to R5R

25C
510

kV. Furthermore, because V
TEMP

is lower
than V

FB
at 258C, i

3
is nonzero, and the

regulator’s output voltage is slightly high-
er than you desire by the following
amount:

To eliminate this effect, you can reduce
R

1
from 375 kV to R

1
', where

Figure 9a shows the final circuit, and
the output voltage exhibits nearly ideal
temperature dependence (Figure 9b).k
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