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ABSTRACT

To develop mobile phone antenna modules, glass-ceramics composites that are 20~ 80 dielectric constant materials which has been
fabricated. The glass-ceramics composites were based in the BNT (BaO-Nd,0;-TiO,), and properties-a sintering and dielectric
property-were investigated in its composites according to the K,0-CaO-P,0s system glass frits. The prepared ceramics were sintered
at 900~ 1200°C with the glass frit contents ranging from 10 to 40 wt%. The shrinkage and relative density grew into increasing glass
frits and sintering temperature. Sintered composites showed the tendency that the dielectric constant (&) and quality factor (Qxf)
decreased in increasing glass frits and sintering temperature.

Key words : BaO-Nd,03-Ti0,, K,0-CaQ-P,0; glasses, Low temperature sintering, LTCC, Dielectric

1. M = = A, 282 Zto]g}o] E(cordierite)®t 72 AA 3 F

A gol At WF AHAEHE AERA= 2H § o

HAIA L] A2 FAIAS A2 2(LTCC, Low Tempera- 71%%4 8.4 (componentyE T3] HE T FHE
ture Cofired Ceramcis) &A= 712 A% Ag &5 ¥ S zte BE =, 7|88 ASRY £ 10~100 A= fF
AR FHE A3 F2 FHEFH AESHolojof s, AES 72ty RHEE 7Y ¢H3 Y #4& o
A, A4 AFA Ag, Ay, Cu 5 AF] AL 9 oo A&l B4R A2nde s FHTT FH =
3 1000°C olatell A AeaAo]l FFsdlor Bh'? A Aol gem, nlay we 2FLSE(1100~1300°0)F 3
= .3
o}
o]

0
o 2
s

[e]
SA2A APEse 25 71Be A W AAE 2o “ A= 299 R3E] 9718 550) ¢
& ARZ TRY & Ju, /1% AR2AE A5dY
2% Fo)7] 93 10 ol ARAEL 2E F9

2o} 5o FHAE EFS BFA, sl Ay *‘r’r‘ﬂ—"ﬂ"/}‘l} ET%"*UE’J zﬂZ/\] %‘H‘\_.u ﬂ(borosﬂlcate

27 AP HFFNAM wgate] Ao AAAE AP glass)e] 5L AL s8] 24 2 2FFH Tl
e B FTe WA ok AT B ez v

7 W a8 AAe EAo] ALaAR FEl-Al

Corresponding author : Won Ho Kang ’ _ ‘—_ w

E-mail : whkang@eku.edu e EgHo) ]z dgke] &3 ANkl A o)

Tel : +82-41-550-3532 Fax : +82-41-550-3530 AR o] FARA] et). AAEA FEle HE £

~954—

o

y X2




K,0-Ca0-P,054 §21-BNT(BaO-Nd,05-TiO)A Algfe) B3e) 42 o $H=4 955

2, QOISR DREET) B FE SARAT@E
Zk L 7ré}°é°lUr A frelel Hlé’H < A7 ARE
AN B 2E 88 B4 ol O A
glass-retal sealing applications, thick film paste, solid
stae batteries & B2 S8Fokl ti3 #4lo] AxHY
QL2 ke Bakel galo) wls) shebE Wl Aol
1, S0l s 2 SE7 A3 AgHolnt. whet
A #2742 PbO, Zn0O, ALO,, Fe,0, 53 7+& F&4¢
‘I’J 22 ol&slo 38k WS FHATIEE A7t
SR =

,g A7 E AAAE(K,0-Ca0-P,05)Al a5 e
2 3t P07t A& FB NS MEse A4S
g3t %E]E Azttt Azd Fedl sl P,0s
T3 M) G2 fel A B £ 2 42
58 WA HPTOEHN glass frite] Ao A
& felAgy 2gAe uE 9P FYsty
At £ d=%7F £31, AFHA Ag, Cu 59
TS 900°CollM FAl 28T & U3, 20~809 F
98¢ 2 el Aus B9AE AzskTA ST

Iupu

— 1z
= 3
J):/\

}
%

pn

Q.
s
o
—

-
¥
[e]
T

e

2. MEYH

Ao AR K,0-CaO-P,0Al Fra]e] S #
g f9ANe Eﬁ& vk Slt}h Fg. 1904 &

2
ek
0-Ca0-P,057¢] Elﬁ‘r

K. o FollM K08 Ca02] mol

# Glass
® Opaque
() Devitrification

22020 0.2 04 0.6 0.8

Fiz. 1. Glass formation region in ternary K,0-CaO-P,05 glass
system.

Table 1. Chemical Composition of K;0-CaO-P,0s Glasses
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ratios 1:12 3 &, 40~60mol% P,0sS A7 M= A
g3ted UERASITE Table 19 AAE 22 extra pured
Al2Fo] CaCO4(Yakuri Pure Chemicals Co., 99.0%), H;PO,
(Daejung Chemicals & Matals Co., 85%), K,CO;(Junsei
Chemical Co., 99.5%)5 Z4USE A1&3t] fa] B
2 2% & X E SR A 224 g E o
71 93t wRk7|E o] g-3ted EFsITh Aozl &g
3] A2AZ F ¥m IR go] A7|2A

goll whet 1300°ColM 888 ol WAE AE o
]

Slatod 400°ColN 3087 FAI3H9.2H, 800°Cel A 60
2 3eE AN 4740 SEHEE 10°Cmin

e

o

A3H(T) B EHAAT()E S sIHT}. o
H e vhefidhg o] 83 284, 24479
“’/‘ 2 ojEgid d¥e T3l HEFJ=7 08
FHETL AZEAT. @ KCP6 49 74
GA fEle] w2 35 Aol 9sted &

Azshed ofeige] gol RAANT A

g -Nu 5'34“ flo

ml:l

Jo 2 mlwairzizig_%mr{m_\iw it
0
rz

T i
%

e
to

3kt

FreE Aty B3 AzE g Algte 25 BNT(BaO-
Nd,O5-TiO)A 7F-8-EZ(MBRT-90, Fuji Titanium Industry
Co., Ltd)yZ AM&-3lH o™, BNTA AHatw 2o Az ol
A (K,0-CaO-P,05)7] fr2] £8& 47t e drtgo =
stk A4S FA3] A8 AEAZ 10 wi%2]
PVA(Poly-Vinyl Alcohol) &8 1 wi% 743t &, £
e &7l Egn JEEs &vi2 ¥ z; A2
o}l B2 ARGl 24417 £ B TP
e —‘%%}8 100°C9] 7 }_7101]»\1 FE3) 1&%&
#100 mesh TEAZ A7IES E3) =Hss £
15mmye) YHE=E 1000 kg/cm ’o] ¢+
At A Mo 24 HIYFTYE A7)
FE 242900~ 1200°C, 100°C 7+2)7H4] 5°C/min®
£28 $23te 227HEet FA & ek 295}
At olFA AzE FL-ATY gAY AAUEE
Archimedes™ & o] &3t 2439, FWHL2He =
A ) A ee 2 (Dol gaf Axsiain

D=(W,+ W)(W,/D;+ W,/D,) )

A7, Wik Wos ZHZ BgiAlelA o] BNTA Aj2le]
3 29 FAMelW, D& D= 2 BNTA Aﬂa‘rmﬁr

29 dxo|r}. E3h, micrometerS ©]-&3t] AFHE)
AHY AEF Eo|E AFIH 2 24 A" Wd R

EUF £2F Ge XYRFE, TAYY $38 3
% 2528 o WPl BE £HE @ P

A 404 A 10 5(2003)



956 294 - o)gs

Fra-Ag BEAY S BAEA ARS 22
EZ st X4 IS AAEET XA SERA
7)(Shimadzu Co., XD-D1)¢] &4x12 74 30KV,
Cu target, 20=10~60deg., Scanning speed=4 deg/min=
At A9 AT T EE 9 AFAEE &
Zataz d A &, FARARE YA (SEM : ISM-5200,
JEOL, Japan)g ©]&3ted HAIsAT) #4454 L Hakki-
Coleman W3} 24 3317] W90 23) network analy-
ser(HP 8753E US.A)E ©|&38lo] nmlo]aZIH0.8 GHz~
2GHzE 9loA & ()t FdS4A (tan 6) FZATQXN)
*e S8

3. &3 W &

K,09 Ca02] mol ratios 1:1% 39 40-60 mol%2)
23t 999 U= POs A st Aze ZH/E
o tigt g Holexe} Az ¥ EHIATE Fig. 2
o Yepligith P,0s8 &&o] F7HE4E f8 Hol2E
2 Agleew ALFE o|Fd, dR AT Hadt

o] g2 AkshEe] SollmE} JAFA fE HEe 2
AL PA3= P-0-P A2FE 9 A719} polymeric chain
structure Wl-=ol2tal AFE M, 2pFol| Kl A3 A
< 948 ternary phosphate glass T2 F7HEAo] HQ

—— 1 180
4404 g I 3
L5 2
420 1 o ——Tg | | =
400 ® =—Ts - 17.0 i}
—~ 1 — @ q L &_:q
1 380 1 n - 165 @
;360 - ' o
g - 160 §
G 340 ° B
= 4 c

L 155
320 - | g
300 - ® L5009
‘ £
280 1 - 145 5

[w]

260 E

T M T M ] T T 14-0

40 45 50 55 60

P,0O5 contents

Fig. 2. Thermal properties (7,, T;, and CTE) as a function of
P 205 (mol%)

Table 2. Composition and Properties of MBRT-90
BaTiO3+Ndy(TiO3);+Biy(TiOs),

Chemical formula

BaTiO; 25 wt%
Ineredi ol Ndy(TiO3), 59 wt%
gredients-typic Biy(TiOs); 15 wi%
values
MnO,, Al,Os, SiO, max. 1 wt%
H,O max. 0.2 wt%
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Fig. 3. XRD patterns of MBRT-90 (a) powder and MBRT-90
sintered at (b) 900°C, and (c) 1200°C.
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Fig. 4. Relative densities of BNT ceramics with different K,0-CaO-P,05 glasses content sintered at various temperature : (a) KCP4

nd (b) KCP5.
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Fiy:. 8. Shrinkages of BNT ceramics with different KCP4 glass content sintered at various temperature : (a) in X-Y direction and (b) in

Z direction.
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Fiz. 6. Shrinkages of BNT ceramics with different KCP5 glass content sintered at various temperature : (a) in X-Y direction and (b) in
Z direction.

E]W o
E7hsE

w A3

2o XE 1000~ 1100°C F-ZolA 24FZ=Ee

9t} KCP4 &2 ZTE-S 10 wt%2t 20 wi%s
ZA$-ols 1100~ 1200°C F2ZodlA A2AFE=E0)
=7, S8 ZE Mol 30 wi% ©l

77t

ZA3S el = AT KCP5 FdH2 =yl Hrbe
S 10~40 wi% 2.2 H3IA S u, 1000~ 1100°C F-<of
A aFeEEC] F4°%] S/ e € A 2
1}, KCP42} KCP5 =& =yle] H7beko] 40 wi%,

o =l

A 40 A 10 3.(2003)




958 234 - o8 -

1200°C F2oA = Adidxe}
© AWz 53 22 oE 89l
%D}‘ZZ)

Fig. 791X 900°ColA 443 MBRT-90 powder, 1]
I KCP49} KCP5Y 53 Z&H 9 HI/VES 10~40 wi%=
H7tste] 900°CAA 24175t 424 E %ﬂ%é-ﬂla}‘%‘é
A9 XA 34 e YERAIT. BNTA Mgkd
2E BaNd,Tis0,8 @Yol R o} K,0-CaO-P,04 &
Bz o] H7iEol wekAl BaNd,Tis0,,9 5 927}
Z2EE AZE 38 9| S, A2 Aol A4dd A
S 2 F Uo o] A2 3 ¥ JCPDS No. 22-

=
fo
o O
of
09‘_',*“>‘
5 &
3
> :
b o

® BaNd:TisQ14

B KCaNd(POa)2
. 1Ll m G e (0) 40 Wi%
A | (d) 30 wi%
h (c) 20 wt%
l (b) 10 wt%

° (a) MBRT-90 powed
Y ° [ Y [ [ ]

1 - | I— i a 1 1 N .

10 20 30 40 50 60
20 (deg.)

Intensity (kcps)
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Fig. 8. SEM images of MBRT-90 sintered at 1100°C with
different K,0-CaO-P,0Os glasses content : (a) 10 wt%
KCP4 glass, (b) 30 wt% KCP4 glass, (c) 10 wt% KCPS5
glass, and (d) 30 wt% KCP5 glass.
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