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NTC Thermistor basic properties

Negative temperature coefficient(NTC)thermistors are manufactured from
high purity and uniform materials to achieve a construction of near-perfect
theoretical 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.

B Resistance - temperature characteristic

The resistance and temperature characteristics of a thermistor can be
approximated by equation 1.

=1 (eq1) R=Roexp{B (1./T—1./To}
R EBET (K IZHIT5ERIE R :resistance at absolute temperature T(K)
Ro :BE To (K) [ZHITHEMIE Ro : resistance at absolute temperature To(K)

B :BEH
XT (K) =t (°C) +273.15
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Br=CT’+DT+E

B :Bvalue
XT(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
temperature 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.

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, Ra).
With equation 3, B1, B2 and Bs, can be determined from the resistance
values for To and T1, T2, T3 and then substituted into the equations below.

H3(eqd) BFM
Tn To
. _ (B1—B2)(T2—T3)—(B2—B3) (T1—T2)
e = (T1=T2) (T2—T3) (T1—T3)
y B1—B2—C(T1+T2) (T1—T2)
e o= (Ti—T2)
#6(eq6) E=B1—DTi—CTi*Ty
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Please see [Introduction] for the handling of the products listed in this document.
Y-SRI EALDEREIL P59 ~ 60 ZTHFZEL,

Please see page 59~60 for precautions when using the thermistor.
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O IEIEDH H I @Example
B —RERFERNDS 25°COERIE : 5 (kQ) BEHIFEZE : 50 (K) THD Using a resistance-temperature characteristic chart, the resistance value
—SRAM 10°C~ 30°CHDERIEERDHET 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.
OFI|E @Process
OER—BEHMERND. EHC, D, EEZROET, (DDetermine the constants C, D and E from the resistance-temperature chart.

To=25+273.15 T1=10+273.15 T2=20+273.15 T3=30+273.15

@BT=CT?+DT+E+50[ZfX ALBTERHET, @Br= CT?+TD+E+50 ; substitute the value into equation and solve for Bt
@R=5exp{BT(1./T-1.7298.15) } IT#EX X ALRERDHFET R= 5exp {Bt (1/T-1/298.15)} ; substitute the values into equation and solve
¥T:10+273.15~30+273.15 forR

XT:10+273.15~30+273.15

QIR —REREEZRRNT HEHIDBYLGYET, @Results of plotting the resistance-temperature characteristics are shown
figure 1
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RESISTANCE-TEMPERATURE CHARACTERISTIC(Fig. 1)
NiETURER T mResistance temperature coefficient
FEORETOICK) BYDEAARERELELZRTHREZIENRERH The resistance-temperature coefficient () is defined as the rate of change of
(a)ELnET, the zero-power resistance associated with a temperature variation of 1°C at any
COEREERK (o) LBELOBRFRIE. X1EMILTHLOLET, given temperature.
The relationship between the resistance-temperature coefficient (&) and the
B value can be obtained by differentiating equation 1 above.
1 dR B 5
=E . E X 100=—?>< 100(%.7°C)
CITaltBD/EN KD, TREFEMERLNRE LRICHL TR T A negative value signifies that the rated zero-power resistance decreases
BHTEERLET,
HEHRHEHR mHeat dissipation constant
BIMBER () FRFHRKETYH —IXRARXTFOREZ. BEMAICLST. The dissipation constant (& ) indicates the power necessary for increasing the
1°CLIFBI-OITBDBELENERTERTT . temperature of the thermistor element by 1°C through self-heating in a heat
equilibrium.
BEEKETOY—IRZBET, AFRBRETHEENPLOMICROBEHRA Applying a voltage to a thermistor will cause an electric current to flow, leading
ILFES, 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.
9 _L(mW/GC)
TOTT2
 P=P-R=1-V)
hEAYT RBEEE, TRAREHICEIRRETT . Measuring conditions for all parts in this catalog are as follows:
D25°CEp LTS H DRoom temp is 25°C
Q7 F v =R ST IN—FEALTIEHFERARICTRE, @Axial and radial leaded parts were measured in their shipping condition.

REHOBIRNDNTIE [IFLHIC] 2TFHFZSL,
Please see [Introduction] for the handling of the products listed in this document.
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B Maximum power dissipation

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

In the detail specification, it is likely to write by "Power rating" that is a past
name.

For parts in this catalog, the value is calculated from the following formula
using 25°C as the ambient temperature.
(formula) Rated power=heat dissipation constant x (maximum operating temperature-25°C)

B Permissible 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.

(formula) Permissible operating power= txheat dissipation constant

B Thermal time constant

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 between
their initial and final temperatures, during a sudden change in the surrounding
temperature.

When the surrounding temperature of the thermistor changes from T1 to T2,
the relation between the elapsed time t and the thermistors temperature T can
then be expressed by the following equation. by ambient temperature change.

T=(T1-T2)exp(-t/ T ) +Tar=+-- (3.1)
=(T2=-T1) {1-exp(-t/ T )} +T1==--- (3.2)

COEH Tt EHBEREVVET,
CITt=1&35L: (T—T1) / (T2—T1) =0.632LBYFET,

EVMBRLLELRERDESY., Y—IRIDEENNHEEED 63.2%% LT
SETORFAMBERELTYET,

EEFE t LY —SRPZBEOELERFIR 1 DBYTY,

¢ T—Ti

T2—T1

T 63.2%

27 86.5%

37T 95.0%

47 98.2%

57 99.4%

F=—1 BBEES Table-1 Thermal Time Constant
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The constant 7 is called the heat dissipation constant.
If t= ©, 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.

Temp. (T)
BET

63.2%

I

I

I

I

I

|
T‘ . BRI ¢
Time (t)

Measuring conditions for parts in this catalog are as follows:

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

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

KEHOBIFNZOVTIE [[FLoHIZ] £TEIZEL,

Please see [Introduction] for the handling of the products listed in this document.
Y-SRI EALDEREIL P59 ~ 60 ZTHFZEL,

Please see page 59~60 for precautions when using the thermistor.
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B Applications

@ Temperature compensated circuit in HDD

@ Optical pickup for CD/DVD writing,

@CPU periphery temperature monitoring circuits,

@ Temperature detection for DC power supply

@ Gain Stabilization for mobile phone

@ Temperature compensation of display contrast in LCD

@ Temperature detection of battery cells

@Optical communication related equipment Laser transmission circuit
temperature compensation

@ Temperature detection for MOS-FET

@DVC/DSC devices; Auto-focus circuits, plunger peripheral circuits, battery
pack temperature control circuits

@ Temperature Compensation of Crystal Oscillators (TCXO)

@ Temperature compensation for ink-viscosity (Inkjet Printer)

@ Temperature compensation and detection for Car-audio equipment

@ Temperature compensation of LED parts (Ex LED head light)

@ Temperature compensation of car ECU unit

- REEEM. 101\ —4, TERH.
DC-DC av/—%, NyFIU—H

For surface temperature, inverter,
charger, DC/DC converter, battery

»A—TF7avA
For car air conditioner

For light and LiDAR

BEERHEER Temperature detection circuit
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NTC:TH11-3H103F
RL:4.7kohm
Vee:3v
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M Typical Applications

@Battery pack
Chip thermistor with high precision is used for the protection circuit inside
the battery pack for mobile electronic devices.

Li4A>/3y71)s8v%  Li-ion battery pack
Ea—X Fuse
o +
3 %
T3 I
th ; I Protnection IC oT
tg
LE
o o
R =
o —

2~ MITSUBISHI MATERIALS CORPORATION

HWERE B

Discharge control Recharge control

FET FET
REHOBIRNDNTIE [IFLHIC] 2TFHFZSL,
Please see [Introduction] for the handling of the products listed in this document.
58 H—IREQTHERALOEREIL P59 ~ 60 #THFZEL,

Please see page 59~60 for precautions when using the thermistor.





