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Structural and Microwave Dielectric Properties of the BasB4Ois
(B=Ta, Nb) Ceramics with Sintering Temperature
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Abstract — In this study, both structural and microwave dielectric properties of the BasBisOi15 (B=Ta, Nb) cation—deficient
perovskite ceramics with sintering temperature were investigated. All samples of the BasB4Ois (B=Ta, Nb) ceramics were
prepared by the conventional mixed oxide method and sintered at 1325C ~1575C. The bulk density and dielectric
constant of the BasTasO15 ceramics were increased continuously with increasing of sintering temperature. The quality
factor of the BasTasOi5 ceramics was increased in as the sintering temperature increases from 1375C ~1475C but
decreased at the temperatures above 1475C. And the bulk density, dielectric constant and quality factor of the BasNb4Ois
ceramics were increased in as the sintering temperature increases from 1325C ~1400C but decreased at the temperatures
above 1400C. In the case of the BasTasOi5 sintered at 1475C and BasNbsOis ceramics sintered at 14007C, the dielectric
constant, quality factor, and temperature coefficient of the resonant frequency (TCRF) were 25.15, 53,1050 GHz, -3.06 ppm

/C and 39.55, 28,052 GHz, +5.7 ppm/C, respectively.

Key Words

we} vlo]AnHE o

S l
% BN P UE ARt 58 BagEEA 4 54
g2l 2 A4 HE FAE FFA AR EHE vl AR
aApel Ak A, 752%34 TR0l AAL At 1 wat =)
olAZT TAHALRE SE&HE FAA AatHs A o
g Aol TWH wholazst FAA M ad i o

&
B A A a4

T

—H
N
)
it
i

s AAHL el ol

=0 AR $EY 2 2%3, &

exo] T 2x FH L 5ol

& FAAFQx), 0ol e FAFTRFY EASL
J_i—';_ Z
k

-

(TCRF, 1)t #& wlolmaz2s §4

FAA AL A2 A7]E A - /2(?\ . wavelength,
k : dielectric constant)oll H]#Hs}7] wjFof| 2] AVE &

o]7] #5ke] 1990 t] Zo+ BaO-RexOs 9 (Pbi-xCayx)ZrOs
o 2 5 FAE(E 1000& 7H- = B2 digk a7}
gits] AP At 2y HTo s olF A7 AFEY
TFAT F/HE A3 B ALEAE FE37] 98 AL
7 nF e oFaA HYth Ei= FiF oF e
+ @& B kK8 BT IER ELHE

s [ & 8 Xk BT ITEN B8

wex [F 8 OB %?%J‘Hj( EFRE #% - T

tonAAA E®E AT RS BEFHMEIER g - T8

E-mail @ younghielee@kw.ac.kr
ZHT 2001 9H TH
RATE T 20074 11H 20H

1208

: Cation—-deficient perovskite, BasTasO15, BasNb4O15, Quality factor

M= (<100 GHz) WY
7] wWEo] wlolmEal A AE B LA
& EAAS(quality factor, Q=tand HEA L

H 2] wetA 2FF el 5%
T Asd gt 77 aFHYL, =
7}?<]:: E4 =2 MgTiOs, SrTiOs; ¢ 2
E F2E JHAE As g A7)
+ 5% AEBE2ATI0E 2 A
deficient H 2 H A 7}0|E FZ7F & &
TEE AsBOs9 38t 7HA L

Z2 ABO; ggtalozm Zo 2% ABisOs & ol BY
A7 F=3 Hefjrlb H oA Cation-deficient #H 2B AT}
olE Tzt E- 3]

2 dFdNE 52 #4AE A= A5 e
3t cation-deficient HZH AFlolE LZE 7MAE E
Zoll A BasTasO15 A2t 29} BasNbsOis Al 2F3 298] 44
g 1ESI AARTY E 2 % vlolags
S AFHOEAN 1T TERARY $EIMT =

AR

Jl o
BN o o

{1

2. MlHe| M= & 54

2.1 AlE 9 H=E

B AFdAaE dubdQl AgE EdH o2 BasBsOss
(B=Ta, Nb) A&dHY2g Ax3Hd. EEHEZ S BaCO;,
Tax0s, Nb2Os (high— purity, 99.9%)& A}£39 . BaCOs,



e 24}47%50& aza ¥ ey
=
(e}

1200C~1325C¢ ==l dA 323

1300 C oA 3FA3%E BasTasOs, BasNbiQiz £¢E 438$
Rt ARgete] 23 YlBRE 12AE¢ AET B4
Ao, 2475 AZF F #100 mesh® A A 718t A Tk
e 958 F3(0=10mm)dl ¥ lton/cm’® ¢EL

7hete] e AF AEHE AriEe ¥3 1325C ~
1575C 9] == 9folM bAEESE AZsA dta 3 &
AA A7 2& A5ES 5T/ min o2 3.

T4H FNBAL
2AFRA X4 FALAE AL X-HS CuKelh-
A

0.05deg., 5deg./min.Z 3}
3 Archimedes methodE =

ol AR FHHEL S JdHs AL
HE9| el Hakki®t Coleman®] <
ol HAS HeAY FA7]H(parallel plate method) 0%
HP8757D Vector Analyzerg ol-&3lod wd44(e)9} FH-3}
Q#= SAstH4], FAE=Y sh9lg FA 7] ¥ (cavity
resonator method) 22 FXFue] LA F ()8 A
SrATHA] 28l 1k 25T 9 85 TCoA =A% Fu¢s
2(1)& o]-&3te AitstA)

TCRF:(—]}TS) . ( f856‘6f25 ) - 10 *(ppm/ C) (1)

a)1425°C

d)1350C

g 2 22250 0E BasBsOis (B=Ta, Nb) M2telAe| o|M = :

Fig. 2 Microstructure of the BasB4Ois
(), (),

AA2EO ME BasBiOis (B=Ta, Np)MZt2 Ao 2x ¢ olojzzg M

—

b)1550°C

e)1400C

(B=Ta, Nb) ceramics with sintering temperature.

Trans. KIEE. Vol. 57, No. 7, JUL, 2008

3. &3 &

#Ba]
*Bas']
#
#
#
# # "4 #
# # #
- o _ _eL.._.A_JLM
&sl\b4 15’
SN § S J{ S T
— &;\b4015,5imﬂ'edat
= |
» | %
= !
=. ... . WA o ijz z._}WWa
e
é&' L&SNJ4 » sirtered at
3’ — ,&ij& fm,mx-%"wfliww%whjwﬁwm
l; i’
E ?\&sl\bargls’ilmat
N * j ! i % *
,E( . r lewl@hwhwwi -
Ozl 1 AZ230 WE BasBsOis (B=Ta, Nb) M2t AL
x-A 3" ol

Fig. 1 XRD patterns of BasBsOis (B=Ta, Nb) ceramics.
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Fig. 3 Bulkk density of the BasBsOis (B=Ta, Nb) ceramics
with sintering temperature.
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Fig. 4 Dielectric constant of the BasBsOis (B=Ta, Nb)
ceramics with sintering temperature.
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Fig. 5 Quality Factor of the BasBsOis (B=Ta, Nb) ceramics
with sintering temperature.
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Table 1 Microwave Dielectric Properties of the BasBiOis
(B=Ta, Nb) Ceramics.

FART | FAAS [GHz] | FRAFERTE] 2EA 4 [ppo'T]

BasTasO)5 ceramics

sintered at 1475C 25.12 53,108 -3.06

BasNbsO;s ceramics

sintered at 1400°C 39.55 28,052 +5.7

¥ 19 1475CollA] 5A7HEF 2A T BasTaOs Alzhe 29
1400Coll A 5A17H59F 243 BasNbOis Aatel o] moj=s
7§34 542 Jehigicth BasTaOs AT 29t BasNbOis
Aetels FAFRFLe) LT A4 TCRF= 2442 -3.06 ppm/TC
9} +57 ppm/TE YeERIATH

4. 8 £
£ d7olM e BasBiOis (B=Ta, Nb) At 28] 2F2 &
gasle Axd F 72 F violazs 1 S dE 2
st on v e das QA

LHEEO WE BasBsOis (B=Ta, Nb)MgtalAe|l 2= 3l ojo|2 23 74

Trans. KIEE. Vol 57, No. 7, JUL, 2008

1. BasB:O;s (B=Ta, Nb) Algt¥x9 X-4 34 #4239
Ba5Nb4015 At 29} BasTaOis ATHE S By B 4oF
T A FA40E BasNbOis A3 BasTaOs 45 42
E}LH‘?J-L A 2% F7b wEt RS AL TAEHA @
AT,

2. 24 L7t e wEt 71Ee] AAaR Je Ba5Ta4015
At se) et FANTE SV B3 28 Ae
AA2EY Fbl weE FriEtebsh 1475T o] 3 "‘@i
Zo A= ZAsAT BasNbiOs AlEtH 22 B¢ o2 2%
of F7tell met 7180] FHhste Do fAAds, HdAS
= Z7FIt7E 1400T o)de] ad2RdMe & 4E8
=2 249 gt B9 724 A o 4%
o7 ZAst

3. BasTaOr Aebel 29t BagNbsOis Al A9 {214, 4
Aq, FRAFIFY SLEATE 47 2515 53105 GHz,
-3.06 ppm/C 18] 3955, 28052 GHz, +5.7 ppm/C ©]%d
o},

ol4e] AT BagTaOis M 2% BagNbOs 2= 29
o ZAAFE AL, BasTaOn Alet=l 22} BasNbiOss
Aatel A7t mlo]l A8 g —rrxhﬂ AEE2AY 87t sHE &
A3ttt 2F BasTaOs Aletal 2o F4Ax] dYS 75
AL U AUt HEEolop 3 Ao x Az

¢

[1] D. Kolar and D. Suvorov, “High Permittivity Microwave
Ceramics”, Eur. J. Solid State Inorg. Chem, 32,
pp.7o1-760, 199%.

[2] K. Wakino, D. A. Sagala and H. Tamura, Proc. 6th
Int. Meet. Ferroelectricity, Kobe, Jon. J. Appl. Phys, 24,
pp.1042, 1985,

[3] R. Ratheesh, H. Sreemoolanadhan, and M. T. Sebastian,
“Vibrational Analysis of BasxSrilNbhsOis Microwave
Dielectric Ceramic Resonators”, J. Solid State Chem.,,
131, Issue 1, pp.2-8, 1997.

[4] B. W. Hakki et al, "A Dielectric Resonator Method of
Measuring Inductive Capacities in the Millimeter
Range”, IRE Trans. on Microwave Theory and
Techniques, Vol. MTT-24, No.10, 1960.

[5] J. Krupka, K. Derzakowsky, B. Riddle, and JB Jarvis,
"A Dielectric Resonator for Measurements of Complex
Permittivity of Low Loss Dielectric Matenials as
Function of Temperature,” Meas. Sci. Technol, 9,
pp.1751-1761, 1998,

1211



BRBERNEE 578 75k 2008% 7H

[6] LM. Kouba, L. N. Lykova, M. V. Paromova, L. M.
Lopato, and A. V. Shevchenko, Zh. Neorg. Khim., “The
BaO-TaxX)s System”, Russian J. Inorg. Chem., 22
pp.1544-1546, 1977,

(7] T. A. Vanderah, T. R. Collins, W. Wong-Ng, I Levin,
R. S. Roth, and L. Farber, "Phase Equilibria and
Crystal Chemistry in the BaO-AlOs-Nb:Os and
BaO-Nb:Os Systems”, J. Alloys Cmpds., 346,
pp.116-128, 2002.

[8] N. E. Massa, S. Pagola, R. E. Carbonio, J. A. Alonso, L
Rasines, G. Polla, G. Leyva, "Raman Scattering and
Far Infrared Reflectivity of BasTa4O1; and BasNb4Ois5-«
(00<x<056)", SPIE International  Symposium,
pp.302-312, 1996.

[9) W. D. Kingery, H K Bowen and D. R. Uhlmann,
"Introduction to Ceramics”, John Wiely & Sons,
Second edition, pp.937-94b, 1976.

F(F K %)
FEW HAAERD AAANR
d.odA B hehd AAA

Tel @ 02-940-5164
E-mail @ jinnatas@nate.com

Z [ A (& B )

2003 = FEd HAARG vEA A
2AFEY &Y. 200608 Fed W
A HAAANEFEIH EHAAH, @A F
farel AR §5I vAGA

Tel @ 02-940-5164

E-mail : hulhaha@kw.ac.kr

7 & @ % x)
1985w 3o Fd AHzFA g8y
. 1987 B2 APAETS A
Qg SHAAD. 1994d B¢
e AAARFTSS 2 (3.
A AFosr MR waE
Tel : 031-880-5200
E-Mail : kwryu@yeojoo.ac.kr

et 5L 24

1212

ol ¥ 3 (F k ®E)

1973d A4 T AV|FEH 4.
19759 = Uity A7) Fsts P4
AP, 1981d = sty Ar|FEtE &Y

(9.

A4 Bt T AAANREFSY DS
Tel : 02-940-5164,

Fax : 02-915-8084

E-mail : yvounghielee@kw.ac.kr



