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A Study on the Characteristics of the Multilayer-Type PTC
Thermistor for Fire Detection Sensor
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ABSTRACT

This dissertation is about the development of PTC(Positive Temperature Coefficient) thermistor by
composition method. A multilayer-type PTC samples were fabricated under optimal conditions after
setting the experimental composition equation as (0.90Ba + 0.05Sr + 0.05Ca)TiO; + 0.01TiO; + 0.01S5i0,
+ 0.0008Mn0O, + 0.0018Nb,Os and their testing results were analyzed. The fabrication method of
SMD(Surface Mounted Device) multilayer -type sample based on the composition ratio has the advan-
tages in lowering its resistivity at room temperature, considerably, and increasing maximum current
level, as needed. Although there is a disadvantage of peak resistivity drop by the multilayer, causing
the increasement of thermal capacity, and thereby, increasing the switching delay time, a high apply-
ing voltage can increase the peak resistivity and shorten the switching delay time. The voltage-current
characteristic showed that the more multilayers increased the initial maximum current and the transi-
tion voltage that increased the resistivity abruptly according to the curie point. The element it could
be applied with the sensor for the fire detector.
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Fig. 1. Schematic configuration of multilayer PTC thermistor.
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Fig. 2. Cross section of multilayer PTC thermistor.
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Fig. 3. Complex impedance plots with different number of
layers.
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Fig. 4. Effect of layers on theoretical and experiment values
of room temperature resistivity.
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Fig. 5. Temperature dependence of the electrical resistivity.
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Fig. 6. Temperature - Resistivity characteristics of electric
field at 3 layer specimen.

Fig. 7. Microstructuer of PTC thermistor specimen.
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Fig. 8. Electric field dependence of current density with
different number of layers.

HFe AA9 St wa
A AL Atk HEFe) St wEk Aobd
F= F718E et oleh e e HEF4 &
7i7h B Ee] ZAE ey fEQ Aer B
Ak HAdFEe FAAYS A28 At £3E
e Boate 03 240 ol =8 Fig 804
RAME HZ57t F7keA = Faldd gig-st
gako] F43%) Frteke do)AY= Frkstal 9
b 4= gtk 2&8 PIC Mrl&Ed AR} &
H A oA Bo] WA LE7} F7FsHA
gy F2E o)A E Aol FH3] F
7vstAA AF7E ZaslHEe A HolA H o2
A3 o ol =7t FUFEA G ol "o A
= 25t AR HyguelA HEA =

il

4

2
ook

1

it oo &
._ﬂén!lo > rlr
oy

35 dRds 84

Fig. 9¢ AA E=20 mV/mm7} A71E o] &
of wE AF-AIT 54& e A o2 AZko]
7Yl met ARvE F43) gadty ok w3 A
T F7F Al AF 2x9 Hsle YA A= F
AlZke] AHBIH AHZol] Auglo] NS Ro
Ik ol Aus AW BHF wE g 2
Age] 2 7ste Aoz Azt AA7 7))
AR AFell= Ao Ho} $HHog T HAFE W
Agct Al Aul2EE do] WAty exrt #
73] S27tHA Fig. 89X A AFe gadth o
) AF 22 542 HFF PIC Muj2H I&3

3}

o
o oy

-



SRIAAN B8-S A% A5F PIC MWIAE]S] BXdo) A3 A7 79

0.020
—e—N =1
— Asne T —aN=3
o
£ 0.015
E
-
<
=
73
2 0.010
(]
©
€
£
3 0.005
(&
0.000 N T E S S
0 5 10 15 20 25 30

Time(s)

Fig. 9. Time dependence of current density with different
number of layers (E=20 mV/mm).

3 G} £€, TF APl BET F8FT I
7b 2R, Waabeel ol2et Be Al7o] APy =
$ ARl BaseUE oW A7e] 27D PIC
Alghe 2ol 94 AA7 A B A-NIAE Qe
Foha 4 Qs 7ol 2 F Aok

Q = H(T - Ta) @

o7]A, T : PTC Mgt 29] &5
H: ¥ I8
Ta : PIC Algl9 22 S84 279 &%

4 = %8 A%Y PIC Mr|28e] 55 478
o 2A9 7ze AW AHoE 2FHAAT. 4
Fe] #2879 BaTiO,®] T% F& ALHE 300C
7R 2] MY M AL Lxo] QS k] g=t}
2 A3 A% AvA e HEY PTC Alghg29 A3
o wlz| g}, WA, Q17 Aol W Fig. 10914 1
= ANY ARLE] A7 JEAMo] FolA, & &
AA AZke AAZY kgl whet ZA 2As 3l
t}. b &3 PTC Ar|2Ed] #3 ARHT 2&
AF7E FFHA €& ASH PTC Au=E W7o

£ 7T ol 832 Aol vy AP

2] F7tell et BYFH =] o) Azl FHE
H5Y FRiMe &9 S8 34 e ol¥

AT WHFEoze S8&2 7 & + ok
HZ¥ PTC AmLEe 294 fe 94 843}

e B = 30 v/mm

0.06 | e E =50 v/mm
;\ ——E =70 v/mm

A&IY —v——E =83 v/mm

Current density {A/m mz)

o 2 4 8 8 10 12 14
Time (s)

Fig. 10. Time dependence of current density under different
applied electric field (N=3).
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