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Abstract

In this paper, the specimens-(Bavgr Laooss)TiOs + xTiO; x=0.005, 0.01, 0.02, 0.03[mol]- were
fabricated by a solid-state reaction method which is easy in microstructure control and good in
mass production. Their crystalline structures and microstructures were analysed, and electrical
properties were investigated.

The perovskite-crystalline structure is confirmed by XRD, and it is exhibited by SEM that the
grain grows with an addition of TiO..

Resistivity decreases with increasing sintering temperature, and the specimen of (Baogy
Laoooa) TiO3 + 0.02TiOz sintered at 1350°C shows the best PTC effects.

The complex impedance plots exhibit the serial equivalent circuit of (Rgn/Cgn) and Ry it is realized
that PTC effect is attributed to the resistivity of grain boundary.
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Fig. 1. Process flow of (Ba,La)TiOs; Specimen.
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Fig. 2. Microstructure of (BapswLaows)TiO: + x TiO..
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Fig. 3. XRD patterns of (BaogyrLao o) TiO3+xTiO,

13 ¥ T T T
< 0
® 0imal

12 v 0@mal B
¥ OUWimal

oot

1 //:/ \\ —~

10 ) %‘:/V/V\w\,\ \\ ]
4 \
N\

O\

N

DC. Resistivity (log pnc([2-cm])

N

7 1 1 1 1

0 50 100 150 200 250
Temperature {T]

38 4. TiO:# Ao &
A(2F&E:11250T)

Fig. 4. D.C. resistivity vs. Temperature charac-
teristics  at TiO:

eE o 4RALE

Jm

various excess

(sintering temp. 1250C).

DPTC Mo 2B B4e] - AHE, Pz

rie
Pt

19 32 JCPDS-ICDD$ vl #HZH A7lo)
E8g 2E BaTiOssh 27 Wk Tiosel o)
el metd ATz 2 Wst dEg 2e
o Pt

3-2. A7 MEE(D.C. resistivity) S A

1250Col Al £4% (BaoswrLaoows)TiO; + xTiO:
AEe] 2xo 2 AFAYE EXNS 1Y 49
YERRAY. olm x=0.005, 0.01, 0.02, 0.03[mol]°]
o O2¥dA 2 AL A Ym AHLHE
PTCY B4 & Hol: AL YA AHatgd
Soll o3 Az W] F7b zpRR T 9
A FHED A A AeRIo] A¥y
7HA] PTCO E4& Hole Aoz Agztugl?
1250CY AZLx=w A"ol wtwAsst 57
ST 2FLEET} old e gty

29 5& 0.02[moll®) TiO7F #Y

8 T T T

A7t HAg

T

© 1300T

D.C. Resistivity (log o {2 cm))

2 1 1 i 1
0 50 100 150 200 250

Temperature [C]

O3 5. AZe25d 8 2% A E =
A (TiO2#4 © 0.02mol)
Fig. 5.D.C. resistivity vs. Temperature charac-

teristics at wvarious sintering tempera-

ture(TiO2 excess : 0.02mol).
o] AHE 2Feke we 2w gy HNEAIE
54% dverdde Tio.7) OOZ[mol] ZdH 7t
Aldell M= A& Ago] ol weolxyon & —8—
57 S7kEtE Al Aghe] golAlm 9low o)k
Az s B 5 gi5e] 2499 ﬂ"lﬂ
TiOz2l #Hgoz Hgste] mat el A7}



21

Reactance [

T asted debd detn & 4+ doh
1400Col A 22 AlHe A& do] 1.12x
10QIHEE WA deod, Aexged o
Ao Agu g vedE PTCERE 1.27x10°0Q]
Awe A7|E Hola gl 1350TAAl AA A
AL 28x107Q) Ao 4&Age 2m 3.18x
10°[2]e] & PTCEHE vrerulgich 1300Col A
2748 AHe 22x10121F =Y gexgu 40
[2]4 %2 PTCEH#EZ Yelydch

0.02[mol] 8] TiO.7} #e H7bgl AJ@el A= 1350
T AFAAANN 718 & PTCEHE el

ow A2HggE 1400CTe &AM He] M wA
LHERSE T
3-3. F X E(AC. resistivity) M
3-3-1. 54 dnjo|d A YH M
20000 . . .
o 28T
15000 | * tec
10000 | -
5000 | .
TIO:2 axcess 0.02mol
0 1. 1 1
0 10000 20000 30000 40000

Resistance [2]

a3 6. 2T WE B4 dydx 54 (LAEL
X 11300C)

Fig. 6. A.C. complex impedance characteristics
as a function of temperature(sintering

temp. 13007T).

Rgb
Rq
O A AA—— 0
Bl
i
Cgb
a3 7. 503z 24

Fig. 7. Equivalent Circuit model.

(BaogorLaoooz) TiOz + xTiO; AlHE wlM g2 &
Fol A BEol AHUREE aA AFHEIY YA
Sof At}

87

A7l 42428354 Vol. 8. No.l. January 1995.

a9 62 TiO:E 002mol] HAB7E Ane
Fogol we %4 QWds AHom oA
Y& e dehin X%E

Reactance(negative) &
Resistance& ERATE

19 69 AAHANM Rey, Cop HEIZ9 Ry7F A
42 04751% Iy 73 22 Uk RE Jgd
Atk & 19 69 XEZolM (Mo 7R
244 Z%% etz e | R
H4e A AAE A A &2 el

a#ie R Iy 6ol A B uket Zol ] A(Gra-
in boundary)X&o] 2xo Zrtol ute} o
Zaste NTCY EA4S Yetds o & Ax A
A H(GraimA gL HA 85[L]N4 Hi 125(0
oz W3t o] YAAGEe Wk v & A
g7t gles & 4 AU

Z
j=
o]

o,
ps
1=

Y

3-5-2. & A A (Grain boundary)§4
Ha dxoldda AAH(AC. Complex Impedance
plo)EA M B 2 oAHe 19 63
2o S73 22 v Ay Ao 54 Jud
2 AN A AXe] Qe Hol AHHPAY
AN FHRgtRen) & ez

EEREE
AN e A4Y ARRIE 2 Rl W)

ey

7 Ll T T T
= O 1300T
S 5
=4
£
=t
E 5t 4
@
g
>
8 a4} _
=
=
2
=
=
<& 3 N
v“v“v—v—v/
2 1 1 i 1
o 50 100 150 200 250
Temperature [T]
a3 8 2F2To WE 2% W JAAHGE 54
(Ti0:3 : 0.02mol)

Fig. 8 Temperature vs. grain boundary resistan-

various sintering
0.02mol).

ce characteristics at
temperature (TiO: excess :



9 YAAGRWS T8 & AT
29 8E TiOh 002moll HAbAl 2AeE
of WE L% oh YAHY SHL ek Holr)
adewel Frbl et mAwel QA e

$E @ § sen @yl Aol s
YA TAG FAl G AL HolA UAAY
T
o & g
oA oM PTCEH: Ao} ARl o)
gt 2 & 9o
1.2 =

| #o)7b &eojstu A

B AFoAE mHFRe
SHE o)&3dldd  (Bavew

Aol S4E At

Lao.m:s)T103+XT102, 0.005, 0.01, 0.02, 0.03[moll
of ArIH BEAHE ZAEY d& e 4828
At

1) SEM&% Az HH #} TiOof o3 2A
Hol e dokoen XRDHEHlA 0.03
[moll7hA] TiO:E HAdA7tetdn Hz B~
OJEY AATZE A€ F UL ¢t

2) PTCE#+ 1350Tol A 422% (Bavowlaows)
TiOs + 0.02 TiO: A1He] 743 Fdth

3) FA A x AHAA AHe "Ar)Y 57)3
25 Re/Con)? Ry7t A s ddy 3zg
aE 4 A}y

4) BEAdIAEAH o3 Tzl aHAFEEH
AA PTCET7E AlHe AAAI] vt
= A ¢ F Ak
B2 AT old] MNFEAN 7 2o AFE

2oz v AZEAY A2 e PTCA Y

2H9 SN A MBS Aojsid o F

ofd # vk Azt

—_

CEWRNG C F R o3 R g “BaTiOs B
B FEHIQD” pp. 4, FiEHQ977).

2. HE OAE £E C FREoUFR PEs ¢

BaTiOs% fEKP#EEEN PTC~o FEA” pp.

118-123, Bk (1977).

Pl 3 0 T 3 7 FEEE AT pp. 19-22.
W. Heywang, "BARIUMTITANAT ALS

SPERRSCHICHTHAL-BLEITER” Solid-State

Electronics Vol. 3, pp. 51-58 (1961).

WP AT F R0 %R PEE “BaTiO;

PHEAS E FEIN2)” pp. 19-20, HEL (1977).

6. WHINH © F & FH BiEE “BaTiOsd b
HES O BT pp. 19-20, HiEE (1977).

7. D.Y. Wang and K. Umeya, "Electrical proper-

ties of PTC Barium Titanate” J. Am. Ceram.

Soc., Vol. 73, No. 3, pp. 669-677 (1990).

8. Seshu B. Desu, David. a. Payne, "Comment
on ‘Interfacial Segregation in Perovskites :

II', Microstructure and Electrical Properties”
J. Am. Ceram. Soc., Vol. 73, No. 11, pp.
3407-3415 (1990).

9. W. Heywang, H. Thomann, Electronics
Ceramics "Positive Temperature Coefficient
Resistes” ELSEVIER APPLIED SCIENCE pp.
29-47, (1991).

10. Tsai-Fa Lim, Chen-Ti Hu, "Influence of
stoichiometry on the Microstructure and
Positive Temperature Coefficient of Resis-
tivity of semiconducting Barium Titanate
Ceramics” J. Am. Ceram. Soc., Vol. 73, No.
3, pp. 531-536 (1990).

W

2l



A7l Az A 2384 Vol. 8. No.l. January 1995,

Az

1950 14 894, 19723 Qlgkzd A
7)Eata) &9, 1986 daidigte g
9 AzpEsat 994, 19944 84

FRARU Ao AZH 2k

o714
19581 29 1694, 198541 89 Mg
Auista A7lFshdh £91 1990 24

1994 @A #FFANALA Vw71

e
A Aelvd

gopat AlEY EACID,

Y

A48

19399 39 69 4. 1964 29 FFdg
A A7)t 241990 24 AU
st Addistd A7ie et &4 199
d A FEAeod 27w

1



