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Abstract BaTiO, has been well-known for its special dielectrical properties and has a wide range of application.
One of the most extraordinary characteristics of BaTiO:;-based materials is PTCR phenomena which were first
proposed by Heywang, and these phenomena have broadened the range of application of BaTiO; system. No one
can assure the exact and solid theory for the mechanism to explain these phenomena even though there have
been a lot of suggestions and ideas. However, many researchers have made an effort to develop thé microstructural
and electrical properties of BaTiO.-based PTCR materials, especially by adding other ions. The substitution Ca®*
or Sr** for Ba®" site has been frequently attempted by many researchers to find out the addition effect of each ion.
However, in this experiment, rather the relative ratio of synthesizing (Ca, Sr)TiQOs than the exact amount of
addition is more critical to change the electrical properties of BaTiO;-based PTCR materials. This is somewhat
different from the results already proposed by other researchers. Also, the experimental results showed that the
proper compositional ratio and the substitutional amount of (Ca, Sr)TiO; could improve the PTCR properties, espe-
cially lower the room temperature resistivity, of BaTiOs system without changing the PTCR jump characteristics.
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Table 1. Reagents for this experiment.

gFaAaEEA A7A AM4F (1997)

powder manufacturing company purity(%) molecular weight(g/mol)
BaTiO, FUSI-TITAN 99.9 233.21
CaCO; Aldrich 99.95 100.09
SrCOs Aldrich 99.95 147.63
SbO;s Aldrich 99.999 29150
TiO. Aldrich 99.9 79.9
Table 2. The composition and names of samples in this experiment.
CS20 CS16 CS12 CSo08 CS04 CS00 sample composition
A CS20 Ba, a(Ca,Sr)u 2 Ti0s
A6 A5 A4 A3 A2 Al
Ca:Sr=3:2 CS16 Ba, m(Ca,Sr)ovaioa
B CS12 Bao :(Ca,Sr)o 1. TiOs
B6 B5 B4 B3 B2 Bl
Ca:Sr=1:1 CS08 BRa, 9z(Ca,Sr)u 051105
C CSO4 Bal), Qs(ca,Sr)o o4TiO3
Cé C5 C4 C3 C2 Cl
Ca:Sr=2:3 CS00 BaTiO;
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Fig. 1. The flow chart for this experiment.
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Fig. 2. Change of room temperature resistivity with the
added amout of Sb.Os.
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Fig. 4, X-ray diffraction patterns for samples of Ba,-.(Ca,Sr).
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Fig. 5. EDS analysis for the samples of Bay s(Ca,Sr)s . TiOs.
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Fig. 6. Temperature-resistivity characteristics of samples due
to the ratio of Ca and Sr in starting powders.
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Fig. 7. The ratios between highest resistivity and lowest
resistivity of samples.
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Fig. 8. S... dependence on the amount of (Ca,Sr)TiO..
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Fig. 10. Impedance plot for the samples of Ba.-(Ca,Sr).TiO.

Fig. 11. Impedance plane plot for a depressed circular arc.”
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Fig. 12. Calculation of n in CPE with variable amount of Ca
and Sr.
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Fig. 13. Microstructure of samples Bao 5(Ca,Sr)e . TiOs with 0.2mol% excess TiO..

1 Abele] ghg 7FXa HbRle) SA1L olmda 3w e
¥ A4E3} n/29) g 7HAh. webA o)y ne ghe]
Hite AEEe) JAISA Y] Wk By ez Jepic
I E otk

23 1294} EQUIVCRT program$ o)&3}od AjAkgk
(Ca,Sr) 9] #H7to| wh& ngrel WsHE Vebigich. 2 A5
258 CPES 543 (Ca,Sr)H7ige] AAAAZ 714
& & F Sk Bt Collde A7leko) 712542 ngho)
7Rt e ol dASAE M HAS ST gk
& St whHe Ao M= o) Az} wpavlA| R
CS12% olAgte = 7iAw ZFrlsichr) aste Az
Bolx ek, ojg} o] IAE9 EAL YelE 7o
£ Holz ngkol (Ca,Sr) 9] #Hrlol whe} geixe Al e
YRR 5] o 7] s ojeidt dAte] Lie}
YE AAAE o}A Az F5ha gle AR o))

oMl P ef Ht

thE 2% 139 CS20A1HE thgh v|AF2E vieby
k. AbAI A BehA]e] Ca i Sref v|7p3:2,1:1, 2

39 A% dAES 2 WY @AE Al Agelq ZF )
u

Y, ofN

S370% 53] 302409 A%E YAe) 2} FYT
A% & % ek oleiw Bl TR Aol E 2ale) v
—LEFAe o] B4 dRel e AN 3 2
AR geAgo] T3] 2 ekl Aoy FU
o)A FERCHE B Q4Ae] o AE dohd A9}

Ak
&
ALAYE FRed Selst e WY 5 Atk 5 9

7tz7)e) deighichs gdxizke) 27) FUdAol A7A =
A o dAT FAE 1 e Balnh

4.4 B

A7) )&} AFAHe] j5be BaxbelE M@t
£ 92 394 Cat 17)3 540 2 7)ojahx) Zahod
Srate] wixgel gre zHRT YA Y. Lelu
ol AYAZHE ¥ o Sr3k Carl @A Wrhge A
of F28 21e of® T Unel AejHal Aol ozt
Wazrel AoA4e) Bblshs A o 4 Az PICR
o) B4 AY - LETANA F)LEZAN A e

S8 FANRA FEATFTE WHAL § Y= 7}
A& #Asktt. Sr3t Carl BaTiOs#) PTCRE# e =

of Z1AE 3o AR Foloh 2 7 FE A
4Ju)sh BaTiO,o) e H7hulg ABA7)5 2 A
Fo) BN T Ao oA,

fARS]

€
1

(<]

~

pis
o,
a2

02{;‘

o
U

o] =¥ 1994 FhaodrzAdujel st A5

o

x =]
oFE

gk

1. W. Heywang, “Resistivity Anormaly in Doped Bari-
um Titanate”, J. Am. Cer. Soc., 472[10] 484-90
(1964).



A4 -

. G. G. Jonker, “Some Aspect of Semiconducting
Barium Titanate”, Solid State Electron., 7, 895-903
(1964).

. W. Heywang, “Semiconducting Barium Titanate”,
J. Mat. Sci., 6[ 5] 1214-24 (1971).

. J. Daniels, K. H. Hartle, and R. Wernicke, “The
PTCR Effect of Barium Titanate”, Philips Technical
Review, 38[ 3] 544-59 (1978).

5. M.Kuwabara, private communication (1993)

6. B.Huybrechts, K.Ishizaki, and M.Takata, “Experi-

mental Evaluation of the Acceptor-States Compen-

9.

ZAED - 8 - &A1} (Ca, So)TIO;, Hobell 2% BaTiosA PTCR &2 9 353

sation in Positive-Temperature-Coefficient-Type
Barium Titanate,” J.Am.Ceram.Soc., 75[3] 722~
24 (1992)

. Chap 1 and Chap 2 in “Impedance Spectroscopy”,

edited by J. R. Macdonald, John Wiley & Sons,
New York, (1987)

. 0. Saburi, “Semiconduction Bodies in the Family of

Barium Titanates”, J. Am. Ceram. Soc., 44(2) 54~
63 (1961). .

J. R. Macdonald and W. B. Johnson, J. Am. Ceram.
Soc., 44(2) p.1 (1961).



