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Grain boundary structure and electrical characteristics of
alkaline metallic cation-diffused (SrCa)TiOs ceramics
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Abstract

Semiconducting (Sr0.85Ca0.15)TiO3 ceramics were prepared by conventional powder synthesis techniques,
and then alkaline metallic cations were diffused into the ceramic bodies. The threshold voltage of the
ceramics increases with increasing diffusion time and the amount of diffused materials. The ceramics had
boundary potential heights of 0.01 ~ 2.89 eV, while their boundary resistance ranged from 2.2 MQ to 120.4
MQ. Such electrical characteristics of the boundaries were correlated with the boundary structure of the
ceramics obtained by transmission electron microscopy.
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(Table 1) Sample preparation condition

Processing Parameter | Experimental Ra:rné{eT
Sintering ~
Temperature(oC) 1400 - 1500
Sintering Atmosphere Ha/N2:=1/9
Diffusion reagent Na20, K0
Diffusion
Termperature(C) 1000
Diffusion Time(min.) 10 - 240
Diffusion weight(w/0) 0.5-4
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Fig. 2 Conduction behavior of (SrogsCaos) TiOs
ceramics. The ceramics were sintered
at 1400~1500C, and then (a) 4 w/o

o) K20 and (b) 2 w/o NaO were diffused

at 1000°C for 30 min., respectively. |-V

(Fig. 1) SEM micrographs of (SrogsCao.s) TiOs characteristics of the ceramics sintered

ceramics. The ceramics were sintered at 14507C indicates that the materials

at (a) 1450C, and (b) 1500€C, are semiconductive and non-varistor
respectively. type properties.
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Fig. 3 Breakdown voltage vs grain boundary area.
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{Fig. 4) Conduction behavior of (SrogsCao.15)
TiOs ceramics. (a) 0.5 w/o KO was
diffused at 1000C for 10~240 min.,
and (b) 0.56~2 w/o K20 was diffused
at 1000C for 10 min., respectively.
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(Table 2] Grain boundary resistance, donor concentration and barrier height of (Sro.ssCao.15) TiO3
ceramics as a function of the diffusion time and the amount of diffused materials

Amountof Diffusion ' .
diﬁ"uged time (_}rain boundary - Barrier height Donc?r
materials (min.) remstance(Rgb.. M) @, eV) concentration(Nd)
(w/o) '
0.5 10 2.2 0.016 3.14%1015
0.5 20 6.2 0.026 1.97X1015
0.5 30 11.2 0.195 3.15%X1016
0.5 60 16.3 0.351 2.37x1016
0.5 120 33.2 0.405 3.31%X1016
0.5 240 56.0 2.410 1.30%1016
0.5 10 2.2 0.016 3.14x1015
1.0 10 19.5 0.892 4.97x1016
2.0 10 120.4 2.890 9.94x1016
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boundaries in the (SrogsCao.1s)TiO3
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shown in {c) and (d).

Al iz AeAe Hske 24 EstE2)e
AAZ: olHg PATEY teke wed &
Aol 714 §49 #4F aclo] Hejgt AAZI:
Wb 22A el AT el i Hok
A BN 3AHErae BA, a8asiA
ﬁ?—i*é(homogeneity)g =Y 4 Qg 244 ART
ol tid A7E Wy A5E 1A #71F
5449 o8l ¥ 38E Hste] B Aoz A

AT ISR A2 ANE199d 68) / 191



4. 9

njo

g

B Aol AR St Sitekel melA
A DAL 001eVRTE] 28%V Alo]o] s
Hold, SQIAAGE 22MQ0ZRE] 1204MQA}0) <]
&5 Ueiith YA A48 AR ke
o] F7tel we} mobrlon 53 JAFHY 3
SHE-2 AT met HAgrel ois) Hd) 64 3
E9 F7HE TG ol dAIFHNAA AAEE
A AAZHY Folg L] FEolR
AZA W29 Fggel T
o o3l et W= Alold 4 U3
ot YAAEE ol FHzold ArHeg
Az B9t (SsCan)Tios 22 A= &
mZHE F W amo] o]2F YAEE viehiH,
olE A= FEAL XTI A 2 |4
AR EAsITt 224 W] o3 YAE
o] ugAALE GAANGe] Al HYFHY =700
st Zdsle 2449 #Halz HE9) ojgag)
o2 oA

A 7R E4E YA H9EE ]
AE Ho FAFo= ofF)aty] Yalixe QA
Bl gt H714Q EA) gt uF ¢ &
Z2A o GAZ Fxo] gk FEAQ £40] Ba3)
 #7) ol Foldl tigt A7} FFolct

o rir ajo

i

o
e
o,

r
b

ke 2
B A7 2SR SAIAT A7H(GS101000012)

o ettt A7wI(1997) Aoz FYHoH
Ao ZAE =4yt

192 / $R2ANEA &S84 AR A9 62)

2
MO
o

2

1. M. Douglas Beals, “Single-Crystal Titanates and
Zirconates.” in High Temperature Oxide, Vol. 5,
Ed by Allen M Alper, Academic Press, New
York and London, 1970, pp99-116.

2. Bumn, S. M Neirman, and N. E.Cipollini,
"Electrical Conductivity of Reduced Polycrystalline
SrTiOs; and CaTiO; doped with yttrium oxide,” J.
Mat. Sci. Lett,, 4, 1985, PP.1152.1163.

3. Rainer Waser, "Electronic Properties of Grain
Boundaries in SfTiO; and BaTiOs Ceramics,”
Solid State Ionics, 75, 1995, PP.89.95.

4. M. Fujimoto, Y.-M. Chiang, A. Roshko, and W. D.
Kingery, "Microstructure and Electrical Properties of
Sodium-Diffused and Potassium-Diffused  SrTiO3
barrier-layer capacitors exhibiting varistor behavior.”
J. Am. Ceram. Soc., 68[11], 1985, PP.C300.305.

5. M. Fujimoto, and W. D. Kingery, "Microstructures
of SrTiO; Internal Boundary Layer Capacitor
During and After Processing and the Resultant
Electrical Properties,” J. Am. Ceram. Soc., 64[4],
1985, PP.169.173.

6. N. Yamuoka, “SrTiOs-Based Boundary-Layer Capacitors,”
Ceramic Bulletin, 65[8], 1986, PP.1149.1155.

7. Kazuo Eda, "Conduction Mechanism of Non-Ohmic
Zinc Oxide Ceramics,” J. Appl. Phys., 49[5], 1978,
PP.2964.2970.

8. Lionel M. Levinson and H R Philipp, “The Physics
of Metal Oxide Varistors.” J. Appl. Phys., 46[3],
1975, PP.1332.1340.

9. Q Zou, Z Meng, "Microstructure and Grain Boundary

Structrue of Na'-Diffused (SrCa)TiOs Capacitor-



10.

11.

12,

13.

Varistor Ceramics,” J. Am. Ceram. Soc., 78[1],
1995, PP.58.65.

Q Zou, Y. C. Liuy, Z. Meng, " (SrCa)TiO; Based
Multi-Functional Ceramics with Alkaline Metallic
Cations Diffusion”; in Proceedings of IEEE 43rd
Electronic Components and Technology Conference.
Institute of Electrical and Electronic Engineers,
Piscataway, NJ, 1993, pp.1099.1103.

S. G. Cho, and P. F. Johnson, “ Evolution of the
Microstructure of Undoped and Nb-Doped SiTiOs.”
J. Mat. Sci., 29, 1994, PP.866.872.

B. A Boukamp, “Equivalent Circuit Users Manual,”
Univ. Twente, 1989.

M L Mendelson, “Average Grain Size in Polycrystalline
Ceramics,” J. Am. Ceram. Soc., 32[8], 1969,
PP.676.682.

14.

15.

16.

17.

18.

e, AR 9T V=R STOs At
2o QT B WA B4 A AR
=%, UsiistaL 199%.

L. Schneider-Stormann, M. Vollmann, R. Waser,
"Grain-Boundary Decorated Titanated Ceramics:
Preparation and Processing,” Solid State Ionics, 75,
1995, pp.123-130.

K Mukae, K. Tsuda and 1. Nagasawa, “Capacitance-
vs.-Voltage Characteristics of ZnO Varistor,” J.
Am. Ceram. Soc., 50{6], 1979, PP.4475.4482.

A ] Moulson, and J. M. Herbert, “Electrocerarmics:
Materials - Properties - Applications,” Chapman &
Hall, 1992, pp223~226.

olFs, “HAFHNT A%E FAUHELH
g3 AAATA AsEe FRoRAEE &
A7 HARSH =R, A& st 1994,

FFAH 7 1E8 87 AR A1E(19999 69) / 193



