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Microwave Dielectric Properties of (Pbo :Caos)[(Cai/sNbys)i-.Ti.]JOs Ceramics
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X &/  (PboLaes [(CayNbys) - TiJOs Alzbelx 9] Tit %k 8o @& vio|a 80 FAHBAE 2289 Ti %
geko] Frlgel e} x=0.0548 x=0.1571%9] Z4H9jd e FdAS] HE2TtoleAE 4 5 e, x=0.20]4 4]
+ TiO;9} CaNb,Os7} A 2422 &893, ZAHATERE x=0.0594 AP4A (orthorhombic) FZ7F x=0.35°4 43
(cubic) T2 Aeldtdet. #HAS K) & Ti* X2 F7lel alg} rattling £342] F712 3t F7=%le0, B-xe) o
ol 2] HFol2ut7 o] MAFol wulaEtrh 2et AHY I Fie} A 248 EAZ A QI A&t} Tiv 2
g=fo] 2715l wat tolerance factor (t) ¢ B-zte] YUl d8ko 2 ZTHFHG2] LEA G (TCF) & -27.36ppm/ CEF
2 2XE +18ppm/CFo2 AU} 1350CoHA 3217 228 (Pby Caas [(CaisNbea) osTinz10s A|Hel 4 K= 51.67,
Qf= 7268 (GHz), TCF= 0 ppm/TC 2] $+5% A& d¢& 5 At

Abstract  Microwave dielectric propreties of (Pba :Cao s)[(Cai/sNbus)i-TixJOs ceramics were investigated as a func-
tion of Ti** content (0.05<x<0.35). A single perovskite phase was obtained from x=0.05 to x=0.15, and TiO. and
CaNb,Os were detected as a secondary phase beyond x=0.2. The structure was changed from orthorhombic at x=0.05
to cubic at x=0.35. Dielectric constant(K) was increased with increase of Ti** content due to increase of rattling effect,
and was inversely proportional to the cube of the average radius of B-site cation, however, Qf value was decreased,
which was due to the decrease of grain size and the secondary phase. With the increase of Ti** content, the tempera-
ture coefficient of resonant frequency(TCF) was controlled from -27.36 ppm/C value to + 18.4 ppm/C value, which
was caused by the influence of tolerance factor(t) and the bond valence of B-site. Typically, K of 51.67, Qf of 7268
(GHz), TCF of 0 ppm/ ‘C were obtained in the (Pb :Cao. s)[(CaisNbz/s)e.¢Tio :]Os sintered at 1350°C for 3h.
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Fig. 1. X-ray diffraction patterns of (Pbo :Cae s)[(Cay/sNba/a):—
Ti,]Os specimens sintered at 1350°C for 3h.
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Fig. 2. Microwave dielectric properties of (Pbs.2Cao. s)[(Cai,s
Nbys)i-« Ti.JOs specimens sintered at 1350°C for 3h.
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Fig. 3. SEM photographs of the (Pby :Caq s)[(Cai/sNbzs)i-.T1,10s specimens sintered at 1350°C for 3h;
(a) x=0.0, (b) x=0.1, (c) x=0.2 and (d) x=0.3.
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Fig. 4. Variation of ionic polarizabilities in (Pbs :Cas s)[(Cai/s
Nb/sh-, Ti.]Os specimens sintered at 1350C for 3h.
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Fig. 5. Dependence of ionic polarizabilities on B-site bond va-
lence of (Pby .Cag s)[ (Cai/sNbzs)i- < TiJOs specimens sintered at
1350°C for 3h.
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Fig. 6. Dependence of dielectric constant on the cube of the ra-
dius of B-site cation, r of (Pbg2Cas s} (CaisNbyai . JTiJO;s speci
-mens sintered at 1350C for 3h.
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Fig. 7. Variation of bond valence, tolerance factor, and TCF in
(P :Can 8)[{Cay/3Nbys)-.Ti.JOs specimens sintered at 1350°C
for 3h.

T 2t (@) ©) ¥A vebdcl. olet 2 ZAstE Pb-A ¥
F27l015 H3FEoNA B-2E]9] o]yl R} g
2 232 o]2g Y Y rattling A FVHE FA-
A4 (K) & Z718lgehe Kato 579 23uokx dxsad
oo, Fig. 6o el uig} zhe] PCONT Al A Ti** X
ko] F7litell wel B-zle] 9] ol 2ubEL F4ska
I, F3A4E(K) & B-xe9] #Haol2ubde] AlAFel
w8l g}, weld ABO: SlE2slelE HEA
AEAE FAA717) gside U | ETES Fe=
7% B-ztg]e] PEol2ut AR Ao B 2L o]2%
x| ga}oof i},

Fig. 7= PCCNTY Ti** =%} Hsle] o8 Az}
7} (bond valence), tolerance factor (t), TCF H3}& 1}
eliglct. TCF2} tolerance factor(t) & Ti‘" 9] 1%k
Z71e} 4 vl RAE Jel o™, Reaney 52 HF
27te|mFzo] AR A} tilting® Y (t{1.0) A t
7} 27}l wel TCFe %9 wie & Fr7Midy Ry
3ok, meba PCONTHIA Ti Xigege] F7tet @4
tolerance factor (t) & x=0.06<4 ® t=0.91006¢14 x=
0.3Y o t=0.926752 F715bg L, TCF7}F ok (+) 9 o
%o 7 Zr}algirt. =3 Titt x|3keke} 2719} g4 B-=}
2le] AU (V) 7F FAaTEFE TCFE o (+) 2 W
o2 ZukstdEdl, olv AALTHA) titing® <3 (t
{1.0) A= B-#e] o] A (A7} Hastd AagHA
9] tilting =7} 3L ztelx} TCFE o (+) 9 Whko @
Z7}gehe= Park 599 23e} dX)§ A gc,

4. 82 B
1) (Pbo:Cao s [(CaisNbys) - Ti] 0:(0.05 £x =0.35)



712 TG A11W A8% (2001)

(PCCNT) dllA x=0.05~0.159] A HeldAe ddat
2 HF2rlo]lEAE A& 9 UNer, x=0.20140 4=
TiO,2} CaNDb.Os7} Al 2402 EA3ldz, AATEE x
=0.05°14 A1+A (orthorhombic) T&7F x=0.35¢14]
344 (cubic) F+ZE Holst st

2) Ti** X2 F7ho) gt F-344 (K) & 571
ony, B-x}2]9] Hgol uke] AAFo whulHE L,
AR 32719 a9 A 249 EAZ QfE 4t
x=0.24¢ 9 1350C 3217} 244 K = 5167, Qf
7268 (GHz) ¥ TCF= 0 ppm/C& %+ vlo|z223
AAE A& 4 A,

3) PCONT #A9] mlo]223 §ASHL o] £5F
2t oljz} B-zlele] A A7} (V) o) 2E3HH, B-
A2 AFAAIH (VY ATl oot AR £4 3
A (K)o 22H AL o] £3EF (aw) o] ¥4 7}
A wzel] o siA o2 - o E AAFE ol ETE (Qie)
B ¥ e Jehlisich 33 FH5e 2xAe
(TCF) & tolerance factor(t) ¢} vleislgx, B-=4g) A
4 AZH(V ) ol wh) st

Jo

d2n=2H

1. J. Kato, H. Kagata and K. Nishimoto, Jpn. J. Appl
Phys., 30(9B), 2343 (1991).

2. J. Kato, H. Kagata and K. Nishimoto, Jpn. J. Appl
Phys., 31, 3144 (1992).

3. H. Kagata, J. Kato, K. Nishimoto and T. Inoue, Jpn. J.
Appl. Phys., 32,4332 (1993).

4. H.S. Park, K.H. Yoon and E.S. Kim, J. Am. Ceram. Soc.,
84(1), 99 (2001).

5. LM. Reaney, E.L. Colla and N. Setter, Jpn. J. Appl
Phys., 33(7A), 3984 (1994).

6. R.D. Shannon, Acta Cryst., A32, 751 (1976).

7. S.L. Swartz and T.R. Shrout, Mater. Res. Bull., 17, 1245
(1982).

8. M.A. Akabas and P.K. Davis, J. Mater. Res., 12(10),
2617 (1997).

9. M.U. Cohen, Rev. Sci. Instrum., 6, 68 (1935).

10. ASSTM C373-72, 313 (1982).

11. B.W. Hakki and P.D. Coleman, IRE Trans. Microwave
Theory Tech., 8, 402 (1960).

12. T. Nishikawa, K. Wakino, H. Tanaka and Y. Ishikawa,
IEEE MTT-S Digest, 277 (1987).

13. H.F. Kay and P.C. Bailey, Acta Cryst., 10, 219 (1957).

14. W.S. Kim, E.S. Kim and K.H Yoon, J. Am. Ceram. Soc.,
82(8), 2111 (1999).

15. R.D. Shannon, J. Appl. Phys., 73(1), 348 (1993).



