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(1-x)BiNbO,-xCaNb,Oy (0<x<1.0) MEpR 9] 24 Wale mwa npojazn 31 54 2 d53 54 A7k
0.25<x<0.752] 24 HolA stibotantalate %5 Zte BiNbO,$} columbite 7+FE ZHE CaNb,O9] EF4o 2 &3]
Ao, o] Ao Aol AT 4 gl (1-x)BiNbO,-xCaNb,Oy Aﬂﬂ“‘*"l FHAATFKE EA4ES F4
EXo] A o&5l] Maxwell #AA o2 RE ALt §2A EZHHCZ FFIU) 7Hss9 . 0.5BiNDO,-O. 5CaNb206
o CuV,0,2 0.8 wt% F7Fskad 1000°CANA 3A17F 24T A, S44F 26, EFAFQ) 43000GHz 2 FAFI4 &
Z=AS(TCF) —18 ppm/°CY] PlelA 23 FHEAA S 48 4 UATE 0.5BiNbO,-0.5CaND,0 L¥ 5] E(green sheet)S 850~
900°Coll A 2047 AAdte G2 AZFA Y XY 58 HAte AW g2 BiNbO, A ZA Bt &A Jebsith

ABSTRACT

Microwave dielectric properties and multilayer chracteristics of (1-x)BiNbO,- xCaNb,Og4 (0< x< 1.0) ceramics were investigated as
a function of CaNb,Og content. In the composition range of 0.25<x<0.75, the mixture phases of BiNbO, with stibotantalate structure
and CaNb,Og with columbite structure were detected and secondary phase or phase transition were not detected. Dielectric constant
(K) of (1-x)BiNbO4-xCaNb,Oy ceramics was largely dependent on the existing phase and could be estimated by the dielectric mixing
rule calculated from Maxwell equation. Typically, dielectric constant (K) of 26, quality factor (Qf) of 43000 GHz and Temperature
Coefficient of resonant Frequency (TCF) of —18 ppm/°C were obtained for 0.5BiNbO,-0.5CaNb,Oy specimens with 0.8 wi% CuV,04
sintered at 1000°C for 3 h. The deviation of X-Y shrinkage and camber value of the multilayers obtained from 0.5BiNbO,-0.5CaNb,0¢
green sheet sintered at 850~ 950°C for 20 min. were smaller than those of BiNbO, multilayers.

Key words : (1-x)BiNbO ~xCaNb,0;4, CuV,04 Microwave dielectric properties, Multilayers, X-Y shrinkage, Camber value

LM = Ve BR FAG LEAFICE 875014 plo]

a2z FAEHL ASHT Aojste R FABAe

A2 o5 FA % o B4 5 violAsst e o] A 2 ThFE S8 s BasE, 59 AN
gob B4 A2de Bl Ushl A9E W vk clolams RS 0§ FE MANM A A8A
olzmmst HAA ATtvze] 29H Fae AR ow sty 2AHE BHOE A3 Aozt a7
ole. olelgh vlol e} §0AE 44 837 AsA 2P AY oBF FAATE B A )EeE =
S oBR Ade) 2382 9% 2o AALRKS 21 AR SAA ERUHCE A5 Wbt ke, #
Fopeol MEAS Folr] A% B FAAFQH R & A THEAL B4 BE e we g2 3
= gl tigt BAFIGe] HYE e oppmleel 88 5 9nkD olsl 2& njolamst 4B Bo)

FEHX, HHE BE B9 A4 gl therst
' S80] 7}=8 A2 AT o o) g A =
Correspondlng author : Eung Soo Kim A &&el 7hed TR 2R S8 Al 1“; Cu
E-mail : eskim@kyonggi.ac.kr U Ag AF3 AL FA AFo] 7MestESE 1000°C )
Tel : +82-31-249-9774 Fax : +82-31-249-9775 ale] o AAL T @ EHL}

—1190-



(1-x)BiNbO,-xCaNb,Og Az}i2=0] mojaEs f84 2 434 B4 1191

ntolag2 ot A A5 AEXEE WFe de o
qARo2 A 71A7L Abge] AREHE, A A3
glass 7HE #Hriske Wyelx, EA= sehadg S5
TS sk HelH, Alde EUEE e YA Ao

dylolth Y o]9} e WME = Ag
lassE 3 7bshe W B% 74 7hala, Hlgo] AA
ohlel, &4 2% A3t wig gipgojojr] nio)
} AA A2 *é LEg vEed M 44
02 3§93 Yvk? aEut R rlolaR

A A aE 1300°C o)A Be iﬂi&é 7+
uﬂ% o, o] 1000°C °J3tz W37] s &
Ag4 glass® H7H7F BaskAwh o] A% #AFe
) glass H7toll o3 ojxpate] Qo= Qs HH
Jol A AstHe wye R ek olo Hls),
Bi-Al Alzte]ie] e Whe 88738 7= Bi (mp.=835°C)
2 Q3 1000°C Axe] R LFHLTE zton, £S5
BiNbQ, AlEt92E Cu0-V,0,8 718 F3l 1000°C ©]
ato] A2olM e &2 A ¢ violmRd §AHE
4& veRde] R 5 91!:}.5’ 3 Bi-Al Algkee) u)
oAz fd EAe IS 8l Bi,0;-CaO-Nb,0sA 2]
A7t AAEYLH,” CaO-Nb,OsAE CaNb,0Op F o=
Qrgai nfojaRs FHEAHL vehdo] By Ht®
ole} 7+ Ajepelze] A 4 9 rlo)lazy RS
A3 tEo] AAl AFAFeke] A AAAL A 9
o] tEE FEE fd XY ¥ AFH Algpu 23k 4
& HUA7E Folok s, AF3 Agiel A7k &S
Axp= AW Zhcamber value)e] HsE F3) H7t 7k
3o},

meEtA B AfdMe CuO-V,0:41% 7MY we §§
HE e CuV,0q (mp.=650"C)S FH7Fske] 1000°C o]t
oA} AAF (1-x)BiNbO,-xCaNb,0, (0<x<1.0) Al
o 24 Wsle] W vlolmRn FHEAR RAEL, &
AA EFHAL 3 34 Hslg z&sgg. =
3 184 E(green sheeh)?] % 2A 2 Az FA W3}
o e XY #£& HAFAX-Y) 2 7 Zh(camber
value)d) WsE 2239 Y.

rulru

ZaAT= B

oQ

g

|

E;O:‘oo‘r“:
_n_.__zr_uIIE

e

' [ e CO R =T o LT a2 DV
de

S

2. Al

21 ABN= o &%

B A¥ME 2% EFE TEE BiL,0499.9%),
CaCO3(99.O%), Nb,05(99.9%)5 AH&-31 o, AlHe] A
ZE giHEQ AeE E3e ARSI T BiNbO,S}
CaNb,0, 8 ZAEE AFslo] THRTE Svi=slx oA
3} AEsvol A& AME-Ete 24A17 4 TS &
AzAT Az BT 300°Che) £ £57 747
BiNbO,&= 750°Col A 3A17F 13], CaNb,Og 1100°CoA 3

AlZE 28] stastla, Zhzt shaE BEe (- x)BleO4
xCaNb,Og (x=0.25, 0.50, 0.75)8] ZAWE A3l &
g8t & Azxsted 1000°CAIA 3417 a8t Cuv2
Ot CuO:V,0sE 1:18 &3H3 5. 500°CollM 5A17F
staslel e R skt 2hzb st4E BiNbO,,
CaNb,O, % (1-x)BiINbO,xCaNb,0g (x=0.25, 0.50, 0.75)
B CuV,065 08 wt% H71sled 24417H50r &2 &
& 9 A% £ Azl RFo] 10mmed E=E AR
ato] 700 kg/em’ .2 1x A 3 1450 kg/cmzi =9
AEsAth AEE AlEE 300°ChY $2 £EE 850
~1050°Col A} 3AI 75 243 & J@d"ﬂﬂ}

A Fo AAE 2 mukg A EA R E
3 AE T EX Y HEE #Es] g8t X-A 3
41 (D/Max-3C, Rigaku, Japan)S 33ttt &7 AlHE
UL & ASTM C373-728 o]&3td A3t 23
HE SiC AR (#800~ #1500)=2 <=2}H oz dnlst &
1L0ume o-ALO; BZE HE Andlz 223 AE 7|
2 AAg & AFd2EHT 200°C @2 2504 308
7+ Ao A (thermal etching)3tHA . A2 A1 He] AAY =
719} 23] A SRFE BEI] YA Arpdol
3] SEM(Jeol, JSM 820, Japan) ©]-&3ld ujxj2z2S
A5t Hakki®}t Coleman”oll 9J3] A= 2Z Kobayashi
©} Tanaka”7} 2% 3t resonant post methodS AHE3}e] 8
~10GHzo A mlelaz s A5 SR8, &
Ao LEAFTCHE cavityd V2.2 9~ 11 GHzol
Al 25~80°Ce] &= oA At

¢

_ijmzi_?ﬂ

22 7N 28 HEY
—'r:— TF ol fAA7E £ R ESAske B
T B e A d /A S os) A
(I)TqL o] ekl 3l

Kiy =3 VK (1)

A7 Ko B G850, VS Ke 42 A2
& A4 FoEES o, nd —l19A |
Alole] ghe zheth FAF E3EAe B 2%
el M2y ZA W 7] YR R 5 e, Case
18] A5 oz 5 o] uig® AFeo HE 7tsd)
A, 7 7 A (capacitor)’t HEZ ERjshe= A
o2 7PgE F en, n=1d A2 HQ)et Fef yEl
5 Qo

Kiyy=V, K +V:K, 2)

Case 25 F Ao] FYsp) LR 2% 4% sz,
5 279 AFAET AE2 Edske Aoz AT &
RoH, p=-19) A2 N3z 2o ek 4 ek

A)394 A 12.3(2002)



1192 i
{ Vi V,

S S A . 3

KAV ,K,L+,K2, ( )

Case 3% Case 4 212} 8hte] Aol WlEEAE ol F
3 ThE shue) Aol mjEY 2o E3tyo] EAbE AL,
MEYAYe| FPoz BEXste A A& stesn”
Case 394 n& 022 ZH3HA H5L, K& 1 +nlogkell &
HalA slo] 249} 7o) A=, Case 4= Maxwell 2
S REE A5t Zol ALtE.

LogK,, = VyLogK,+V,LogK, 4)
VmK,,,@+ 31% )+ VoKp
Ky = = (%)
v, (2 + Ko )+V
"3 3K,) P
AZNH V3 VyE 22 EY2sh Babe] 2]
Bgolm, K, Kyt 47 fEZ2g ¥R 2
depolt, £ dollA /1A EF HE W 7 =Y
off o} Alske FAYFE K,>Kpd W, Log(Ks/Kp)E

kst YERgRIT

¢

2.3. OBl E(green sheet) M= A £

=% A3 A &F A9 HsrE g 294
E= dutHQl Hol= AlAH(tape casting)HO.E | AH
alo} AxeI|TE. TUHE ARE 9T ol 24L
Table 13} 7Zrod, #714AFAZ PVB(Polyvinyl Butyral),
7}2:A| 2 DBP(Di-Butylphthalate)S AM23t513, 8vi2E
Net-2(99.9%)7 EFN(99.9%)S AHE3F .o, EabA|
2 fish oil& AHE-3FTE ShAE 0.5BiNDO,4-0.5CaNb,Of
o 0.8 wi%2| CuV,0s5 A7I3t Y8 2% dags) &
AL Loz 3l, BAAR fish oil H7lsly A==
o} FAg AMEsle 244 7HEt 1A B§ € R4S
, FF71AEA (PVB)2L 714A(DBPE H71ete] 20417
ot 23} Eghale] £elglE Az AzE &y
Bol 7)1F AAE 98 76 cmHgel Gl 2087+

2 ool o T

Table 1. Composition of Slurry

Composition (wt%)

Component Sheet 1 (Particle Sheet 2 (Particle
Size : 1.19 um) Size : 1.19 ym)
BiNbO,+ 0.8 wt%
Cquéé powder 64.9 60.99
PVB 395 439
DBP 2.64 2.93
Toluene 17.11 19.01
Ethanol 1141 12.68
Fish oil 0.4 wt%
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3.1. (1-X)BiNDO,-xCaNb,OgZil2] DIo| 220t KM S 4
Fig. 191 CuV,042 0.8 wt% 7}5kd 850~ 1100°Co A1

* BINbO, (Orthorhombic)
= CaNb,0,

(Sintered at 1050°C 3 h)
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Fig, 1. X-ray diffraction patterns of (1-x)BiNbO4-xCaNb,0¢
specimens with 0.8 wt% CuV,Oy sintered from 850°C
to 1050°C for 3h : (a) x=0.0, (b) x=0.25, (¢) x=0.5, (d)
x=0.75 and (e) x=1.0.
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Fig. 2. SEM micrographs of (1-x)BiNbO,-xCaNb,04 specimens
with 0.8 wi% CuV,0 sintered at 1000°C for 3 h:
(a) x=0.25, (b) x=0.5 and (¢} x=0.75.
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Fig. 3. Apparent density of (1-x)BiNbO,-xCaNb,Oy specimens
with 0.8 wi% CuV,0, sintered from 850°C to 1050°C
for 3 h.
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Fig. 4. Microwave dielectric properties of (1-x)BiNbO,-
xCaNb,Og specimens with 0.8 wt% CuV,0q sintered
from 950°C to 1050°C for 3 h.
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Fig. 5. Comparison of dielectric constant (K) of (1-x)BiNbO,-
xCaNb,O¢ specimens with 0.8 wt% CuV,04 obtained
from measured and calculated by dielectric mixing rule
inCase 1 ~ 4,
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Fig. 6. TCF of (1-x)BiNbO,-xCaNDb,0y specimens with 0.8 wt%
CuV,0q sintered from 850°C to 1050°C for 3 h.
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2. Physical Properties of BiNbO, and 0.5BiNbQ,4-0.5CaNb,O¢ with 0.8 wt% CuV,0, Mulitilayers

Composition and Condition

BiNbO, + 0.8 wt% CuV,0y

0.5BINDO,-0.5CaNb,0¢ + 0.8 wt% CuV-Og

Physical Properties Sheet 1 Sheet 2 Sintered at 850°C/20 min.  Sintered at 900°C/20 min.
X 18.8 209 17.1 18.3
Shrinkage (%) Y 19.8 23.25 17.8 19.1
A (X-Y) 5.05 10.1 39 4.1
Sintered Density (g/cmy) 5.24 6.57 5.33 5.59
Relative Density (%) 71.6 90 86.9 91.2
Camber Value 0.049 0.083 0.011 0.03
32 MI-MY2 SA LW &Y 5ol WAl W7 F7bge] AL sheet 19 A X-Y
A~ O
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CV) % 0.5BiNb0O,-0.5CaNb,0 (BN-CN-CV) ¥ E 9]
Ag AFE st BAl 2438 ﬁéiﬂiﬂ 224 B4
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Fig. 7. Line profile of Ag across the interface between ceramic and electrod with various multilayers sintered at various temperature:
(a) BiNbO, at 850°C, 0.5BiNbQ,-CaNb,O at (b) 850°C, (c) 875°C and (d) 900°C.
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