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NTC Thermistor basic properties

Negative temperature coeffcient(NTC)thermistors are manufactured from high
purity and uniform materials to achieve a construction of near-perfect theoreti-
cal density. This ensures small size, tight resistance and B-value tolerances,
and fast response to temperature variations, making a highly sensitive and
precision component. Thermistor is available in a wide range of types to meet
your demands for small size and high reliability.

HMResistance - temperature characteristic

The resistance and temperature characteristics of a thermistor can be ap-
proximated by equation 1.
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R :resistance at absolute temperature T(K)
Ro :resistance at absolute temperature To(K)
B :Bvalue

O T(K)=t("C)+273.15

The B value for the thermistor characteristics is not fixed, but can vary by as
much as 5K/°C according to the material composition. Therefore equation 1
may yield different results from actual values if applied over a wide tempera-
ture range.

By taking the B value in equation 1 as a function of temperature, as shown in
equation 2, the difference with the actual value can be minimized.
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C, D, and E are constants.

The B value distribution caused by manufacturing conditions will change the
constant E, but will have no effect on constants C or D. This means, when
taking into account the distribution of B value, it is enough to do it with the
constant E only.

@Calculation for constants C, D and E
Using equations 3~6, constants C, D and E can be determined through four
temperature and resistance value data points (To, Ro). (T1, R1). (T2, R2) and
(T3, Ra3).
With equation 3, B1, B2 and Bgs, can be determined from the resistance val-
ues for To and T1, T2, Taand then substituted into the equations below.
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Using a resistance-temperature characteristic chart, the resistance value
over the range of 10°C~30°C is sought for a thermistor with a resistance of
5kQ and a B value deflection of 50K at 25°C.

@®Process
(@®Determine the constants C, D and E from the resistance-temperature chart.

TolJ 2500 273.150 T10 100 273.150 T20 200 273.150 Ts[ 300 273.15
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@BT= CT2+TD+E+50 ; substitute the value into equation and solve for Bt

®R= 5exp {BT (I/T-1/298.15)} ; substitute the values into equation and solve
for R
OT:10+273.15~30+273.15
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®Results of plotting the resistance-temperature characteristics are shown fig-
ure 1
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RESISTANCE-TEMPERATURE CHARACTERISTIC(Fig. 1)
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HResistance temperature coefficient

The resistance-temperature coefficient () is defined as the rate of change of
the zero-power resistance associated with a temperature variation of 1°C at
any given temperature.

The relationship between the resistance-temperature coefficient (o) and the B
value can be obtained by differentiating equation 1 above.
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A negative value signifies that the rated zero-power resistance decreases

BHeat dissipation constant (JIS-C2570-1)

The dissipation constant (8) indicates the power necessary for increasing the
temperature of the thermistor element by 1°C through self-heating in a heat
equilibrium.

Applying a voltage to a thermistor will cause an electric current to flow, lead-
ing to a temperature rise in the thermistor. This " intrinsic heating " process is
subject to the following relationship among the thermistor temperature T1,
ambient temperature T2, and consumed power P.
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Measuring conditions for all parts in this catalog are as follows:

(®Room temp is 25°C
(@AXxial and radial leaded parts were measured in their shipping condition.

EMaximum power dissipation (JIS-C2570-1)

The power rating is the maximum power for a continuous load at the rated
temperature.

In the detail specification, it is likeiy to write by "’Power rating” that is a past
neme.

For parts in this catalog, the value is calculated from the following formula us-
ing 25°C as the ambient temperature.

(formula) Rated power=heat dissipation constant x
temperature-25°C)

(maximum operating

BPermissible operating power

Definition : The power to reach the maximum operating temperature through
self heating when using a thermistor for temperature compensation or as a
temperature sensor. (No JIS definition exists.) The Permissible operating
power, when t ‘C is the permissible temperature rise, can be calculated using
the following formula.

Permissible operating power= tx heat dissipation constant

HEThermal time constant (JIS-C2570-1)

A constant expressed as the time for the temperature at the element of a
thermistor, with no load applied, to change to 63.2% of the difference be-
tween their initial and final temperatures, during a sudden change in the sur-
rounding temperature.

When the surrounding temperature of the thermistor changes from T1 to Tz,
the relation between the elapsed time t and the thermistors temperature T
can then be expressed by the following equation. by ambient temperature
change.
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¢ TOT1
T20 Ta
T 63.20
2t 86.50
3t 95.00
41 98.20
5t 99.40

0010000 Table-1 Thermal Time Constant
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The constant t is called the heat dissipation constant.
If t= 7, the equation becomes : (T-T1) / (T2-T1) = 0.632

In other words, the above definition states that the thermal time constant is
the time it takes for the temperature of the thermistor to change by 63.2% of
its initial temperatrue difference.

The rate of change of the thermistor temperature versus time is shown in table 1.
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Measuring conditions for parts in this catalog are as follows:

(MPart is moved from a 50°C envirconment to a still air 25°C environment until
the temperature of the thermistor reaches 34.2°C.
(@AXxial and radial leaded parts are measured in their shipping form.

Please note, the thermal dissipation constant and thermal time constant will
vary acccrding to environment and mounting conditions

BCaution in Thermistor Sensor usage

Due to the possibilities of destruction of the sensor, damage or miss use of
equipment, please strictly follow below matter.

@The sensor is designed for individual usage. When it is going to be used
beyond the specified condition, please speak to your daily contact person
for our products.

(@Whenever designing the equipment, make sure to check sensor operation
and if there is no lack of quality.

®Do not use the sensor exceeding rated electric power.

@Due to possibility of causing the decrease of the value of resistance with
self heat and malfunction of the equipment or the precision decrease of the
inspection temperature, carefully refer to the dissipation constant usage of
electric power and voltage.

(®Do not use the sensor beyond operating temperature range.

(®Avoid from exceeding radical temperature change, which is beyond operat-
ing temperature range.

@In case of independently use of the sensor as a main control of the device,
make sure to design and devise through safety measures for [safe circuit]
and [parallel use with same function sensor] etc, to prevent from accident.

®Under the environment which receives the influence of electric noise, make
sure to take countermeasure by installing a protection circuit and seal the
sensor (including the lead wire).

(®When the case type sensor is used under high humidity environment, make
sure to design so that the protected case tip must be exposedto environ-
ment (in water, moisture) condition, and to the [utmost] open part of the
case must be prevented from not touching water and steam directly.

Please note how such as making the opening downward to install it so as
not to stay in this part when you generate the be dewy water.

@@Do not add excessive vibrating shocking pressure.

@Avoid from excessive pulling and bending of the lead wire.

@Do not impress excessive voltage in the insulated part and between the
electrode. This might cause to occur the insulated malfunction.

®Consider wiring, due to contact failure might occur if the terminal of the lead
wire (including the connector) is immersed into [water] [steam] [electrolyte] etc.

@Do not use in corrosiveness gas atmosphere (Cl2, NHs, SOx, NOx) beyond
the designated condition.
Do not use at the place where the sensor touches the electrolytic, brine,
acid, alkaline and organic solvent beyond the designated condition.

®Due to possibility of the equipment becoming malfunction depending upon
metal corrosion, consider not to cause potential difference with the contact
metal for the case and screw equipped type sensor.

If there is any others unclear point, please inquire to our company sales in-
charge.
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