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PTC thermistors, in which the resistance increases as the temperature increases, have

a separate entry. See Chapter 24.

A resistance temperature detector or RTD has a resistance that increases as its tempera-
ture increases, but it is not usually classified as a thermistor, because its sensing ele-
ment is fabricated differently. Its entry will be found at Chapter 26.

Semiconductor temperature sensors and thermocouples each have their own

entries.

Infrared temperature sensors and passive infrared motion sensors have their own
entries. They are noncontact temperature sensors that respond to infrared radiation.

OTHER RELLATED COMPONENTS
- PTC thermistor (see Chapter 24)

- infrared temperature sensor (see Chapter 28)

- passive infrared motion sensor (see Chapter 4)

- semiconductor temperature sensor (see Chapter 27)

- thermocouple (see Chapter 25)

« RTD (resistance temperature detector) (see Chapter 26)

What It Does

An NTC thermistor is the most common type of
discrete-component temperature sensor, and is
usually the most affordable. Its resistance
diminishes as its temperature increases. This
behavior is referred to as a negative temperature
coefficient, which is the source of the acronym
NTC.

This is a simple, passive component that is not
polarized. It requires no separate power supply,
but an external device must pass a small AC or
DC current through it to determine its resist-
ance. This is known as an excitation current.

Schematic Symbols

Schematic symbols for a thermistor are shown
in Figure 23-1. Those in the top row may still be
found in the United States, but are being
replaced by the European variants in the sec-
ond row. The addition of -t° to the symbol indi-
cates an NTC type of thermistor, while +t°
indicates that it is the PTC type, with a positive
coefficient (see Chapter 24). If no indication is
shown, the thermistor is likely to be the NTC

type.
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How an NTC Thermistor Works

Figure 23-1 Schematic symbols representing a thermis-
tor. Letter t preceded by a plus or minus sign indicates
whether the thermistor is the PTC or NTC type, respec-
tively.

Applications

Thermistors monitor temperature in air-
conditioning systems, clothes washers, refriger-
ators, pool and spa controls, dishwashers,
toasters, and other domestic devices. They are
used in laser printers, 3D printers, industrial
process controls, and medical equipment.

As many as 20 thermistors may be found in a
modern automobile, measuring temperature in
locations ranging from the transmission to the
ambient air in the passenger compartment.

Comparison of Temperature Sen-

sors

In this Encyclopedia, contact temperature sensors,
which measure temperature by making contact
with the source, are divided into five main cate-
gories, each of which has a separate entry. For
convenience, these categories are listed in a com-
parative summary at the end of this entry. See
“Addendum: Comparison of Temperature Sen-
sors”.

How an NTC Thermistor
Works

Although the term thermistor suggests that it is
a thermally sensitive resistor, in fact an NTC
thermistor is a semiconductor.

Some metal oxides, such as ferric oxide or
nickel oxide, become n-type semiconductors
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when they are treated with dopants. The exact
mix is a proprietary secret of each manufac-
turer. Raising the temperature of this kind of
material increases the number of charge carri-
ers in it, promoting electron mobility and thus
lowering its effective resistance.

To create a thermistor, the metal oxide mix is
heated until it melts and turns into a ceramic.
Typically a thin sheet is cut into small pieces for
individual sensors. After two leads are connec-
ted, the assembly is dipped into epoxy or
encapsulated in glass. The most common pack-
ages consist of a glass bead, surface-mount
chip, or ceramic disc.

Figure 23-2 shows three NTC thermistors. At left
is a Murata NXFT15XH103FA2B100 approxi-
mately Tmm in diameter, with a reference
resistance of 10K and a tolerance of plus-or-
minus 1%. At center is a Vishay NTCA-
LUGO3A103GC rated 10K at 2%, fitted with a
mini-lug. At right is a TDK B57164K153K rated
15K and 3%.

Figure 23-2 Sample NTC thermistors. See text for
details. The background grid is in millimeters.
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Output Conversion for Tempera-
ture Sensing

Ideally, the electrical behavior of a temperature
sensor should be a linear function of tempera-
ture. Thermistors fail in this respect, as their
resistance is an approximately inverse expo-
nential function. This is illustrated in
Figure 23-3, where the measured resistance of a
thermistor rated for 5K at 25 degrees is plotted
against temperatures from 0 degrees to 120
degrees Celsius.

+ In many datasheets, graphs of this kind
may appear flatter because they are
customarily plotted against a vertical
logarithmic scale.

15K
Measured resistance of an NTC thermistor
rated for 5K at 25 degrees Celsius

10K
(]
=
L
o
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0

0 20 40 60 80 100 120
Temperature (degrees Celsius)

Figure 23-3 Resistance of a thermistor from O to 120
degrees Celsius.

To monitor the resistance of a thermistor, it can
be placed in a simple voltage divider as shown
in Figure 23-4, where the fluctuating resistance
of the component creates a fluctuating voltage
at point A.

+ The voltage can be used as an input to
a microcontroller that contains an
analog-to-digital converter. Alterna-
tively it can be connected directly to a
solid-state relay, or amplified with an
op-amp, or can be passed through a

How an NTC Thermistor Works

comparator to create an adjustable
switching threshold.

Although this circuit is a voltage divider, it is
also known as a half bridge, as it is half of a
Wheatstone bridge.

Figure 23-4 A half-bridge circuit for determining the
resistance of a thermistor.

If Vc is the supply voltage, V7 is the measured
voltage at point A, Ry is the resistance of the
thermistor, and R is the constant value of the
series resistor, the basic formula for a voltage
divider looks like this:

Vi =Vee * (Rr / ( Ry +R¢) )

By transposing terms, a formula can be derived
to obtain a value for Ry from the measured volt-
age and the value of R

Rr = (R¢*Vr )/ (Ve - Vr)

Choosing a Series Resistor

The value for R¢ in the formula should be
chosen to provide a reasonably wide response
over the range of temperatures for which the
thermistor is likely to be used. To calculate R,
another formula must be applied. If Ry is the
resistance of the thermistor at the lowest likely
temperature, and Ry is its resistance at the
highest likely temperature:
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Inrush Current Limiter

(This is the same formula as suggested in
Figure 20-5 to find the value of a series resistor
for use with a photoresistor.)

Wheatstone Bridge Circuit

The half-bridge circuit has the disadvantage
that it does not compensate for nonlinearity of
a thermistor. Voltage values will change rapidly
at the low end of the temperature range, but
will change more slowly at the high end, requir-
ing an analog-to-digital converter with a high
degree of accuracy to distinguish one voltage
value from the next.

A full Wheatstone bridge circuit has a nonlinear
output that compensates, somewhat, for the
inverse nonlinearity of the thermistor. Referring
to the circuit shown in Figure 23-5, the three
resistors R¢ are chosen using the formula
above.

Vag >
- Comparator

or op-amp

Figure 23-5 A thermistor may be placed in a full Wheat-
stone bridge circuit. Outputs A and B are often connected
with the two inputs of an op-amp or comparator.

A standard formula provides the relationship
between Ry, the resistance of the thermocou-
ple; V¢, the supply voltage; R, the fixed resis-
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tances; and V,g, the output voltage measured
between points A and B:

Vag = (Vec / 2) * (Ry - R¢) / (Rp + Rg)

From this formula, a version can be derived to
calculate Ry by measuring the output voltage,
VA:

Rr = Re * (Vec + (2*%Vag)) / (Vec - (2%Vpg))

« The polarity of Vpg is reversible,
depending on whether R; is greater or
less than Rk. To accommodate this, A
and B can be connected to the two
inputs of a comparator or op-amp.

Deriving the Temperature Value

After the resistance of the thermistor has been
calculated, it can be converted to a tempera-
ture value. The datasheet for a thermistor will
usually provide a table showing temperature
values tabulated against resistance values, so
that a lookup table can be created in a micro-
controller program.

Alternatively, a datasheet usually includes con-
stants that can be inserted in a resistance-to-
temperature conversion equation, but this is
nontrivial and requires natural logarithms,
which may not be available in a language
implemented on a particular microcontroller.

Inrush Current Limiter

NTC thermistors with appropriate characteris-
tics can be used to limit the inrush of current
that tends to occur when a circuit is switched
on and large capacitors in the power supply
charge very quickly.

An inrush current limiter is also known as a surge
limiter, or may be referred to by its acronym,
ICL. It is an NTC thermistor whose initial resist-
ance diminishes rapidly as its temperature
increases.

While NTC thermistors are the type most often
used for inrush limiting, PTC thermistors can
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serve this purpose if wired differently. See “PTC
Inrush Current Limiting”. The remainder of this
discussion refers only to NTC current limiters.

A suitable NTC thermistor can be placed as
shown in the simplified schematic in
Figure 23-6, where a rectified AC source is con-
nected with a DC-to-DC converter, and a large
smoothing capacitor is used. Initially the ther-
mistor has resistance that is sufficient to limit
current and generate heat. But the rise in tem-
perature causes the resistance of the thermistor
to fall. Eventually it reaches a steady state
where it remains sufficiently warm to maintain
a low resistance that imposes a negligible load
on the circuit.

DC-DC

| converter

Figure 23-6 Placement of an NTC thermistor that is
designed for inrush current limiting.

In thermistors that are used for temperature
measurement, self-heating is an undesirable
attribute. By contrast, an inrush current limiter
depends on self-heating to perform its func-
tion.

The TDK B57237S509M inrush limiter, shown in
Figure 23-7, is rated for 5A and has an initial
resistance of 5 ohms at 25 degrees Celsius
while not passing current. When tested with a
2,800uF capacitor at 110VAC, its resistance
drops to a minimum of 0.125 ohms at 5A. The
relationship between current and resistance is
shown in Figure 23-8.

Inrush Current Limiter

Figure 23-7 A TDK B57237S509M NTC thermistor
designed as an inrush current limiter, rated 5 ohms at 5
amps. The background grid is in millimeters.
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Figure 23-8 This graph shows the relationship between
resistance and current in a TDK B57237S509M inrush lim-
iter.

Restart

If a protected device is switched off momentar-
ily and is then switched on again, the thermis-
tor cannot provide protection, as it has not had
time to cool down and regain its resistance.
However, during the 30 seconds to 2 minutes
required for heat in the thermistor to dissipate,
smoothing capacitors are unlikely to lose much
of their charge. Therefore, if the device is restar-
ted, an inrush of current should not occur.
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Thermistor Values

Thermistor Values

Datasheets for thermistors may be more com-
plex and cryptic than for many components.

When examining a datasheet, first check to see
if the thermistor is described as being suitable
for temperature measurement or inrush current
limiting. A component designed for tempera-
ture measurement will not survive inrush cur-
rent, while one designed for inrush current
limiting will have a very low resistance making
it unsuitable for temperature measurement.

Time and Temperature

In most datasheets, lowercase letter t is used for
values relating to time, whereas an uppercase T
is used for values relating to temperature.
Unfortunately, T may also be used as an abbre-
viation for “thermistor.”

Resistance and Response

Letter R often means resistance, but may indi-
cate response time, depending on the context
in which it is used. For example, Ry is the resist-
ance of a thermistor, and tg is a response time.

Kilohms and Kelvin

Letter K may be used to represent temperature
in degrees Kelvin, 0 degrees on the Celsius
scale being approximately 273 degrees Kelvin.
However, letter K is also used to represent thou-
sands of ohms, sometimes in the same data-
sheet. In both instances, K is capitalized.

Reference Temperature

This is the temperature at which many
attributes of the component are measured,
such as its temperature coefficient and resist-
ance. Usually the reference temperature is 25
degrees Celsius, but in some cases it may be 0
degrees, and other values are occasionally
used. The term is abbreviated Tggf.

Reference Resistance

The reference resistance for a thermistor (some-
times described as its nominal resistance) may
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be referred to as Rg, and is the resistance at the
reference temperature. It may be referred to as
the “R value,” but in thumbnail product descrip-
tions it can be cited simply as “Resistance.”

In datasheets, R25 or R, is the resistance at 25
degrees Celsius. If this is the reference tempera-
ture, Rg and Ry; will be the same.

Dissipation Constant

DC is the power dissipation constant, a ratio nor-
mally expressed as milliwatts per degree Cel-
sius (written as mW/°C). This is a measurement
of how much thermal power the thermistor can
transfer to the environment for a 1 degree
increase in temperature.

Temperature Coefficient

TC may be used as an acronym for the tempera-
ture coefficient, which represents the sensitivity
of the thermistor. (Sometimes TCR is used
instead of TC, the letter R denoting resistance.
The two acronyms both mean the same thing.)
The value is the percentage change in resist-
ance for each change in temperature of 1
degree Celsius. Thus, if the resistance of a ther-
mistor drops from 800 ohms to 768 ohms when
the temperature increases from 28 to 29
degrees Celsius, TC = -4%. For NTC thermistors,
which have a resistance that decreases when
temperature increases, the temperature coeffi-
cient is negative. However, the minus sign may
be omitted.

The coefficient may be expressed in parts per
million (abbreviated ppm) instead of as a per-
centage. To convert parts per million to a per-
centage, divide by 10,000. Thus, a figure of
50,000ppm is equivalent to 5%.

Thermal Time Constant

Unfortunately TC is also used to represent the
thermal time constant. If Tp is the temperature
difference between the thermistor’s initial tem-
perature and a new, higher ambient tempera-
ture in which it finds itself, TC is the time it takes
for the thermistor to add 63.2% of T, to its cur-
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rent temperature. TC is expressed in seconds,
and is defined without power being applied to
the thermistor. A low thermal time constant is
characteristic of a physically small thermistor
that acquires heat rapidly. (TC is very similar to
the concept of a time constant for a capacitor
acquiring charge. See the entry on capacitors
in Volume 1.)

Tolerance

The tolerance of a thermistor is a measure of its
accuracy, usually at 25 degrees Celsius, unless a
range of temperatures is stated. A thermistor
rated for 5K, with a tolerance of plus-or-minus
1% at 25 degrees, may be found to have an
actual resistance ranging from 4,950 to 5,050
ohms at that temperature. Some thermistors
have a tolerance of plus-or-minus 20%. A toler-
ance better than plus-or-minus 1% is relatively
rare.

Temperature Range

The working temperature range of any thermis-
tor that uses silicon dioxide is usually between
about -50 and +150 degrees Celsius (slightly
wider for versions encapsulated in glass, and
slightly narrower if accuracy is important).

Switching Current

For a thermistor with a nonlinear response, the
switching current is the approximate current
that forces a sharp transition in resistance. It is
represented by Is.

Power Limitations

Operating current is the maximum current rec-
ommended to avoid self-heating. The power
rating is the maximum allowed power (usually
100mW to 200mW).

Interchangeability

To measure temperature reliably, two thermis-
tors of the same type, from the same manufac-
turer, should display the same characteristics.
This is known as interchangeability. A value of
plus-or-minus 0.2 degrees Celsius is common

What Can Go Wrong

for a modern thermistor, but is not often men-
tioned in a datasheet.

What Can Go Wrong
Self-Heating

Self-heating can affect the accuracy of an NTC
thermistor that is used for temperature meas-
urement. To get accurate temperature readings,
keep the current as small as possible. When the
resistance of a thermistor is at the high end of
its range, brief pulses of current can be used.

Heat Dissipation

Where a thermistor is used for inrush current
limiting, it will create some heat during the
whole time that a device is switched on. If
insufficient air space is allowed between the
thermistor and other components, they may be
affected.

Lack of Heat

An NTC thermistor will sometimes fail as an
inrush current limiter. In very cold climates, it
may never become warm enough for its resist-
ance to drop to an acceptable level. Conversely,
in a very hot location (such as close proximity
to a hot-water pump) it may not get cool
enough to provide adequate initial protection.

Addendum: Comparison of
Temperature Sensors

A chart illustrating the five main types of con-
tact sensors, and their variants, is shown in
Figure 23-9.
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Addendum: Comparison of Temperature Sensors

| Contact temperature sensor |

!

| NTC thermistor | | RTD | | Semiconductorl
PTC s
I-nn-JSh thermistor e
limiter
Thermocouple
Temperature
measurement

| Single | |Thermopi|e |

Y

Temperature | _ | Nonlinear
measurement
(silistor)
Y

Inrush Overtemp Overcurrent
limiter limiter limiter

Figure 23-9 Five types of contact temperature sensors
(green boxes) and the variants (red).

NTC Thermistor

The electrical resistance of an NTC thermistor
diminishes as its temperature increases. Thus, it
has a negative temperature coefficient, which is
the source of the acronym NTC.

An NTC thermistor is traditionally used where
low cost and simplicity are desirable and a rela-
tively limited temperature range is acceptable
(often -50 to +150 degrees Celsius). It has the
advantage of familiarity, having existed in its
present form for many decades. It remains the
lowest-cost option among the various types of
temperature sensors, and can be connected
directly with an external device such as a solid-
state relay, in which case no microcontroller is
necessary.

PTC Thermistor

The sensing element for a positive-coefficient
thermistor is a polycrystalline compound that
increases in resistance very rapidly above a
threshold temperature. This makes it suitable
for blocking a high current to prevent circuit
overload.
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A silicon temperature sensor, sometimes called a
silistor, can be considered as a PTC thermistor,
in that it is a resistive component with a posi-
tive temperature coefficient. Its sensing ele-
ment is etched into silicon.

PTC thermistors are passive, nonpolarized com-
ponents with two leads or solder pads. For
more information about them, see Chapter 24.

Thermocouple

This sensor consists of two wires made from dif-
ferent metals, joined at one end. The differing
thermoelectric properties of the wires creates a
very small voltage between their free ends.
Thermocouples have the widest range of any
contact sensor. They are simple, robust, and
free from self-heating effects, as they consume
no power. Their response is rapid, but very non-
linear, and their sensitivity is limited. They are
used in industry and in laboratories, often plug-
ged into a panel meter that combines a digital
temperature display with hardware to decode
the signal from the type of thermocouple being
used.

For more information about thermocuples, see
Chapter 25.

Resistance Temperature Detector

Often known by its acronym RTD, and some-
times referred to as a Resistive Temperature
Device, it commonly uses a sensing element
fabricated from pure platinum, nickel, or cop-
per. The element may consist of wire wound
around a core, or a very thin film deposited on
an insulating substrate.

An RTD has a positive temperature coefficient,
as its resistance increases while its temperature
increases. It is very accurate and stable, provid-
ing an almost linear output, especially near the
center of its range. However, its sensitivity is
often one-tenth of that of an NTC thermistor.

Like a thermistor or a thermocouple, an RTD is a
passive device, able to operate at a wide range
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of voltages and requiring no power supply. It is
nonpolarized, with two leads or solder pads.

For more information about resistance temper-
ature detectors, see Chapter 26.

Semiconductor Temperature Sen-
sor

This is a chip-based sensor that requires no
additional components to linearize its output,
as linearization is performed in the chip.

The temperature range is similar to that of an
NTC thermistor, but the output is a variable
voltage with a positive temperature coefficient
of about 20mV per degree Celsius, supplied by
a built-in op-amp. Response time is 4 to 60 sec-
onds.

This type of sensor requires a power supply,
typically of 5VDC or less. It does not have to be
calibrated before use, as it is trimmed during
the production process to achieve accuracy
that can be better than that of a thermistor.
Manufacturers may claim plus-or-minus 0.15
degrees over the whole temperature range,
which is usually -50 degrees Celsius to +150
degrees, but may be less for variants in which
accuracy is more important.

Addendum: Comparison of Temperature Sensors

The linear analog output is very convenient for
use with a microntroller that has an analog-to-
digital converter, and the relatively low cost
makes this type of sensor increasingly competi-
tive with thermistors.

An analog-to-digital converter may be included
on the sensor chip, in which case it is often
described as a digital temperature sensor or digi-
tal thermometer, with an output in degrees Cel-
sius (or, sometimes, Fahrenheit) accessible via
I12C or SPI bus. For additional details about pro-
tocols such as 12C and SPI, see Appendix A.

A digital thermostat or thermostatic switch is a
semiconductor temperature sensor with a
binary output that transitions from logic-high
to logic-low (or vice-versa) if the temperature
goes above a maximum or below a minimum
level. The level can be programmed into the
chip.

Semiconductor temperature sensors are identi-
fied with a variety of other names. For more
information, see Chapter 27.
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A silistor, or silicon-based thermistor, is included in this entry as a form of PTC thermis-

tor.

A resettable fuse is not quite the same as a PTC thermistor. For more information, see

the entry on fuses in Volume 1.

NTC thermistors, in which the resistance decreases as the temperature increases,

have a separate entry. See Chapter 23.

A resistance temperature detector or RTD has a resistance that increases as its tempera-
ture increases, but it is not usually classified as a thermistor, because its sensing ele-
ment is fabricated differently. Its entry will be found at Chapter 26.

Infrared temperature sensors, semiconductor temperature sensors, and thermo-

couples each have their own entries.
OTHER RELATED COMPONENTS
- infrared temperature sensor (see Chapter 28)
- semiconductor temperature sensor (see Chapter 27)

- thermocouple (see Chapter 25)

+ NTC thermistor (see Chapter 23)

« RTD (resistance temperature detector) (see Chapter 26)

What It Does

The electrical resistance of a PTC thermistor
increases as its temperature increases. Variants
can measure temperature or can protect cir-
cuits by detecting excessive heat or current.

Because a PTC thermistor is a resistive sensor, it
has no polarity. Current may flow through it in
either direction, or AC may be used.

Schematic Symbols

The schematic symbol for a PTC thermistor is
very similar to the symbol for an NTC thermis-
tor. See Figure 23-1.

Comparison of Temperature Sen-

SOrs

In this Encyclopedia, contact temperature sensors
are divided into five main categories, each of
which has a separate entry. For convenience, a
comparative summary is included in the entry for
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PTC Overview

NTC thermistors. See “Addendum: Comparison of
Temperature Sensors”. Also see Figure 23-9.
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Silistor for Temperature
Measurement

PTC Overview

PTC thermistors can be subdivided into two
groups:

- Linear, with a chip-sized silicon-based sensing
element. They are sometimes referred to as sili-
stors. The component has a very linear response
and is used for temperature measurement. It
may be connected directly to a microcontroller.

- Nonlinear, mostly using a sensing element
containing barium titanate in a polycrystalline
compound that increases in resistance very
sharply above a threshold temperature. This
type of sensor may be described as a switching
thermistor, because its nonlinear output can
activate a switching device.

The sensing elements in positive-coefficient
thermistors are different in principle from the
element in an NTC thermistor.

Nonlinear thermistors are used in two different
ways:

Externally heated
The thermistor responds to ambient heat
or to the temperature of a device to
which it is attached. It can be used to pro-
tect a circuit or a motor from overheating.
Current through the thermistor is mini-
mized to avoid self-heating.

Internally heated

The thermistor responds to its own tem-
perature caused by current passing
through it. It can activate a warning signal
or shut down equipment in the event of a
short circuit. It can also control current for
starting a motor or a fluorescent tube,
and is sometimes used as a source to cre-
ate localized heat.

A silicon-based PTC thermistor, sometimes
known as a silistor, provides a highly desirable,
almost linear relationship between tempera-
ture and resistance. A popular example is the
KTY81 series from NXP, a sample of which is
shown in Figure 24-1,

Figure 24-1 A KTY8I thermistor from NXP. The back-
ground grid is in millimeters. Note the amputated center
lead.

The response of this thermistor is shown in
Figure 24-2.

2 5k Resistance of a KTY81 series
5 PTC thermistor

1.6K
1.2K

800

400

-50 0 50 100 150
Temperature (degrees Celsius)

Figure 24-2 Resistance of the KTY8I thermistor in
response to temperature.
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Note that this graph is plotted with a linear ver-
tical scale, unlike the performance curves for
many thermistors that are plotted with a log
scale. The log scale tends to make a response
curve look flatter.

The sensor is a silicon chip designed on the
“spreading resistance principle,” in which cur-
rent fans out from a metal contact through a
thin layer of silicon to a metallized bottom
plane. This effect progresses less actively as the
temperature increases. Although the result is
partly dependent on polarity, a second metal
contact is biased in the opposite direction, and
when the two active regions of the chip are
wired in series, the result is a component that
has no polarity.

+ The almost-linear output of this type of
sensor makes it easy to use with a
microcontroller that has a built in
analog-to-digital converter.

Tolerance ranges from plus-or-minus 1% to 5%,
depending on the temperature. Variants have a
typical reference resistance of 1K or 2K. The
temperature coefficient is commonly about 1%,
which is considerably lower than that of a typi-
cal NTC thermistor, where 4% is common.

+ Guidance on reading thermistor data-
sheets will be found in the entry
describing NTC thermistors. See “Ther-
mistor Values”.

For correct operation, a typical silistor requires
a current ranging from around 0.1TmA to TmA.

« The lower sensitivity and slightly
higher price of a PTC temperature-
measurement thermistor, compared
with an NTC thermistor, may explain
why the NTC type seems to remain
more popular, with many more variants
available. In addition, the NTC type is
much more tolerant of variations in
current.

Nonlinear PTC Thermistors

« Silistors continue to find some automo-
tive applications, measuring oil tem-
perature, transmission temperature,
and climate control, among other
parameters.

As a simple strategy to determine its resistance,
a series resistor can be used with a PTC sensor
to create a voltage divider. The circuit is identi-
cal to that used for NTC thermistors. See “Out-
put Conversion for Temperature Sensing”.

RTDs

A resistance temperature detector or RTD is
sometimes classified as a PTC thermistor. How-
ever, it has a different type of pure-metal sens-
ing element, much lower sensitivity, and is
discussed in a separate section of this Encyclo-
pedia. See Chapter 26.

Nonlinear PTC Thermistors

Over-Temperature Protection

This type of nonlinear thermistor is externally
heated, but has a switching function. If it is
incorporated among other components on a
circuit board, its output can be used to activate
a warning signal, or can trigger a relay to shut
down the circuit until the temperature sub-
sides. This is of special interest for battery
chargers where excessive heat can often be a
problem, but is also useful in electronic devices
generally.

To avoid the possibility of self-heating, current
passing through the thermistor must be mini-
mized to a few milliamps.

Some thermistors in the Vishay PTCSL series will
make a transition at a temperature as low as 70
degrees Celsius. Others will be triggered by
temperatures above 100 degrees. A typical
response curve is shown in Figure 24-3, where
resistance rises from 100 ohms at 25 degrees to
around 1K at the transitional reference temper-
ature of 90 degrees, and reaches at least 4K at
105 degrees.
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Nonlinear PTC Thermistors
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of a PTCSL20TO91DBE
PTC thermistor
AlOK from TDK
)
[
(¢}
(2]
& 1K
@
=
c
o
100
10
0 25 50 75 100 125

Temperature (degrees Celsius)

Figure 24-3 The relationship of resistance to heat in an
over-temperature protection thermistor.

To respond to this transition, the manufacturer
recommends a Wheatstone bridge circuit with
its outputs connected to a comparator, as sug-
gested for an NTC thermistor in Figure 23-5. The
comparator can then activate a signal or a relay.

A picture of the PTCSL20T091DBE thermistor
appears in Figure 24-4.
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Figure 24-4 A thermistor in the PTCSL range from TDK.
It is color coded using a proprietary scheme by the manu-
facturer to indicate a reference temperature of 90 degrees
Celsius. The background grid is in millimeters.

This type of thermistor can tolerate a maximum
of 30V (AC or DC).
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Over-Current Protection

This type of nonlinear thermistor is a substitute
for a fuse, as it responds to internal heat cre-
ated by current passing through it. If the flow of
current is excessive, the resistance of the ther-
mistor increases, throttling the flow. When the
over-current problem is resolved, the thermis-
tor returns to its normal state. Whereas a fuse
must be placed in a location allowing replace-
ment, the thermistor is unharmed by its transi-
tion and does not have to be replaced.

Over-current may occur as a result of failure of
other components, such as a rectifier diode or a
capacitor, or can occur in situations such as a
DC motor locking up.

The B598 series from TDK can tolerate voltages
over 240V, AC or DC. They typically respond
when currents exceed 100mA to 1A, depending
on the specific component (a few fall outside
that range), and many can withstand 1A to 7A.
The B59810C0130A070 pictured in Figure 24-5
is switched by 980mA, can tolerate as much as
7A, and has a reference resistance of 3.5 ohms,
rising above 10K when excessive current causes
sufficient heat.

Figure 24-5 A large over-current protection PTC ther-
mistor. The background grid is in miflimeters.
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An over-current thermistor of this type remains
wired into the power supply for a device on a
permanent basis. Its reference resistance will
generate some heat, which is why this type of
component is usually restricted to applications
where the triggering current is below TA.

The Murata PTGLO7BD220N3B51B0 pictured in
Figure 24-6 provides over-current protection
with a reference resistance of 22 ohms, has a
trip current of 200mA, and tolerates a maxi-
mum of 1.5A.

Figure 24-6 An over-current protection PTC thermistor
with a trip current of 200mA. The background grid is in
millimeters.

PTC Inrush Current Limiting

This nonlinear thermistor responds to internal
heat caused by an inrush of current when
power to a device is switched on. The inrush
occurs when current flows rapidly into smooth-
ing capacitors, charging them very rapidly. This
can overload a power supply and shorten its life
expectancy.

NTC thermistors are traditionally used as inrush
limiters. The initially high resistance of this type
of component blocks the surge in current, but
as heating occurs, the resistance of the NTC
thermistor drops rapidly. It remains in the cir-
cuit, imposing a relatively small load while the
device functions normally. For more details of

Nonlinear PTC Thermistors

this application, see “Inrush Current Limiter” in
the entry discussing NTC thermistors.

However, an NTC thermistor used in this way
will waste some power. Suppose a supply of
120VAC is being used. If the power consump-
tion of a device is 1,000W, the current will be
approximately 8A. An NTC thermistor that has a
resistance of 0.2 ohms while running warm will
introduce a voltage drop of approximately 1.6V,
consuming about 13W. This power loss will be
greater in applications where the current is
even higher—for example, in an electric vehicle
recharging station.

To eliminate the loss, a timed bypass relay can
be added around the thermistor. The relay
closes automatically after a short interval, elimi-
nating the power loss. This is known as active
inrush current limiting.

However, in this arrangement, an ordinary resis-
tor could be used instead. But in that case, why
not use a PTC thermistor that has a reference
(cold) resistance of 50 ohms or more? This not
only limits the inrush current, but provides
additional protection. If a smoothing capacitor
in the circuit suffers a short circuit, or if the
bypass relay fails to close, excess current pass-
ing through the PTC thermistor quickly raises
its resistance, protecting the rest of the circuit.

The B5910 series of PTC thermistors from TDK is
designed for inrush current limiting. They are
packaged in a flame-retardant phenolic resin
plastic case, as shown in Figure 24-7. The
B59105J0130A020 has a reference resistance of
22 ohms that rises quickly beyond 10K when
the temperature exceeds 120 degrees Celsius,
as shown in Figure 24-8. This type of compo-
nent is robust enough to withstand a complete
short circuit across a 220-volt supply.
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Figure 24-7 This inrush current-limiting PTC thermistor
by TDK is packaged in a flame-retardant case. The back-
ground grid is in millimeters.
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Figure 24-8 Relationship of resistance to temperature in
a PTC inrush current limiting thermistor. Note that the
vertical axis has a logarithmic scale.

PTC Thermistor for Starting Current

In some applications an initial inrush of current
is actually necessary and desirable. An air con-
ditioning compressor, for example, requires a
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surge of high current for “torque assist” when it
is starting from a rest state.

High-current PTC thermistors may be used in
this kind of situation. The Vishay PTC305C series
is an example. These are heavy-duty compo-
nents that have a switching time of about half a
second, a maximum voltage rating of 410VAC
or more, and a current rating from 6 to 36
amps.

The PTC thermistor has a relatively high tem-
perature while the motor is running, and must
be allowed time to cool before a restart is possi-
ble after shutdown. A waiting time of 3 to 5
minutes is imposed by a thermostat or separate
time-delay relay.

PTC Thermistor for Lighting
Ballast

The starting sequence for a fluorescent lamp
requires that current should flow through the
cathode heater initially. The thermistor allows
this by bypassing a capacitor. Within less than a
second, the resistance of the thermistor rises to
block current. By this time, the heater has done
its job and the lamp runs from high-frequency
AC.

PTC Thermistor as a Heating
Element

For small applications, a heating element can
be made from a PTC thermistor, using its inter-
nal resistance to create heat. It has the advan-
tage of being self-limiting, as its resistance rises
with temperature. The TDK 5906 series is an
example, shown in Figure 24-9. The component
is approximately 12mm in diameter, and is
designed to be clamped in place, not soldered.
It has automotive applications for diesel fuel
preheating and spray nozzle defrosting. Resi-
dential applications include vaporizers for air
fresheners.

The initial resistance is as low as 3 or 4 ohms,
rising very quickly at a transition temperature
ranging from 70 to 200 degrees Celsius,
depending on the specific component.
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Figure 24-9 This TDK B59060A0060A010 heating ele-
ment is a PTC thermistor whose resistance rises rapidly
around 80 degrees Celsius. Rated for 12VDC, it is
intended for automotive applications. The background
grid is in millimeters.

What Can Go Wrong

What Can Go Wrong

Self-Heating

Self-heating may affect the accuracy of a tem-
perature sensor. To get accurate readings, keep
the current small. When the resistance of a ther-
mistor is at the high end of its range, brief pul-
ses of current can be used.

Heating Other Components

In cases where the self-heating of thermistors
serves a useful purpose, as in surge protectors
and when used for delays, the heat can damage
nearby components or materials.
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