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Abstract: With trend of the miniaturization and the high-functionalizing of mobile communication system, low-loss
microwave dielectric materials are widely used for high frequency communication components. These dielectric
materials should be co-sintered with highly electric-conducting metal such as silver or copper for high-frequency
and thick film process application. Sintering temperature of Ca[(Li;sNbas)i«Tix]Os.4, which has excellent dielectric
properties such as ¢, above 40, quality factor (Q-f;) above 16,000 GHz, and TCF (temperature coefficient of
resonant frequency) of -20~-10 ppm/TC, is reported as high as 1,175C, so it could not be co-sintered with silver
or copper. Therefore in this study, low-temperature melting glasses of Zn-B-O and Zn-B-Si-O systems were added
to Ca[(LiisNba;3)osTio2]0s.5 to lower its sintering temperature under 900°C without losing excellency of dielectric
properties. With 15 weight % of Zn-B-Si-O glass and sintered at 8757, specimen showed density of 4.11 g/em’, ¢
. of 40.1, Q-fy of 4,869 GHz, and TCF of -5.9 ppm/C. With 15 weight % of Zn-B-O glass and sintered at 87
5C, specimen showed density of 4.14 g/em®, ¢, of 40.4, Q-f, of 7,059 GHz, and TCF of -0.92 ppm/C.
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co-fired ceramics)

1. M E BIt71550] QFE|HA] filter, diplexer, multiplexer

S3} e RF BEES0] Ago] Zvtstn ot [1,2].
I Ala gFoeRle) nase) wEst A oe) ol &
st e oiejolA gEeA S4o] 9435 LTCC A7t
275 oo, REAdE AL 4 A uYw
a. Corresponding author; ydh7@kicet.re.kr ARY %R}é o] %l‘ﬂﬂﬂ ot} LTCC A7j2 ﬁ%ﬂ 7]

Copyright ©2016 KIEEME. All rights reserved. Aol Ag/Cud =t FA|A/Jo] o]FojX|of stug
This is an Open-Access article distributed under the terms of the Creative Commons o = —

Attribution Non-Commercial License  (http://creativecommons.org/licenses/by-nc/3.0) 850~900 Coﬂ }\1 —/1\—-}?-)] O] 7 }%0}04 O]: E’JUF [3] 1 %C‘)_}
which permits unrestricted non-commercial use, distribution, and reproduction in any

medium, provided the original work is properly cited. 7]% ixﬂi K—]‘%Q 7] '(I)"] 6H }\1 ‘lgrﬁ“%‘ 8 O] 6]'9‘] 7\-1 ‘lgrﬁ

ol F&Al AIde T me} o] FE Al Y
ol Etgold & g Atedds A




782 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 29, No. 12, pp. 781-785, December 2016: C.-S. In et al.

oM 943 2USHS TN AT AxTA A
b 2 olgojmout [45], nET g M5
Be| 5o RFo] ME] YL SHE 20 ol

o] AEA A7 Q5 Qltt.

[Ca(Lil/gNdz/3)17XTix]0375 (0.5=x>0)
] 40 ooz =1 FAAS7F 14,000 o]
£5tH ZAFoo ALY =102 ¢
qloll6] RFRE0 2 ago] 7153t 4xfolct.
[Ca(Lii/sNdy/3)1«Tix]Og-s= 950°COflA] §
0°ColA 47do] o]Fojx]m2 LTCC
AsliME 24LES W Wadt Itk 44

z7] 9SiME AgA eka AL mecel gl
[

g
o
rl
Jo
2

WM G L2 Ho o

lo
tu

()

0l
o
oX.

P o
=

bu ron
i) ol
ofo 1

rfo

i

W~ m o
o

T o

8. meH dxF 2718 Eole gHsol Ao [7.8].
ol2et WHSoA Aed Z=HAE Fists ol
7P mapAQl ez A ok [9 et
[Ca(LiisNdz/3)1+TixlOss 2740l B,0s, Bi20s& ZA7}st
© Al=7F o]FolF oLt 900°C ol dolA A/go] o]F
ot 2 dFoM= Aed =<ta 2442 AUIstd
AlEeste AP gHeR 242=S HFIA
sttt [Ca(LiisNdys)o2TioslOsss /4ot D=
FEt = A 2229 Zn-B-O (ZB)% Zn-B-

Si-O (ZBS) 2225 A24AZ28 H7/INZ CLNT =
Jol 7tetol 428 § 22UE, XRD X O4TE
g wPalgon, 573to]

ofo]32mt SHEANS
LTCC A2 A& 7H54S SHlstoict.

2 Ao A= LT CaCO3(99%), LixCO3(99%),
NDb,05(99.9%), Ti05(99.9%)S &gz 3oy,
Cal[(Li1/3Nbz/3)0.8Tio.2]03-5 (CLNT) Z/JAlo]] o5l =
Aoz AFsto A23dyot 3 oS &Uuil= st
of 24A13F 2 Bttt e §

Zn-B-OA =2t& meHS 1245 &3]
sto] Hig =7k got 900~1,100°C =0l A
o

w -[Ol‘
)
<
to
rle
2
>
N
N
>,
&
()
A
o
ot
i
i
r—E
av]
<
™

gt AAE AJHEA
A 3R 71(D/MAX2500,
Mac Sci. Co. Ltd., Japan)g Agstgion, AZAH
AlH O] t|Ntx= FE-SEM (JSM 6700F, Jeol, Japan)
1 TEMZ o]&sto] WAt AlHe AZddUe+
Archimedes ¥2]S 0|83t ASTM-20 Hfwo] 2J3f
=751t nfo]a 20} §XMEA-L Network Analyzer
(8720ES, Agilent Technologies)E& ARg-5to] 50 MHz~20
GHz H9jollA FH74dsilct. ufojl52n fAS/d2 F
PrATS 0|85t Hakki-Coleman® [10]5 ©]&
sty BAsIR e, 35T A4 ()= 25~85C
WelolA 5451t

10
1T
ox

S

3. @3 ¥ uF

O3 12 CLNTo| ZBSet ZB Z2tA 5 10~20 wt%
A7tsto] 875°CollAl 2A1RF A7 AlHe] XRD mfH
S UERJ9It CaTiOsot &L orthorhombic LAQ1
CLNTZ zAto =z st 9Jon LiNbO; A9 o3&
| WEE AT F7tEl= ZBSet ZB ZetA o wE)
of T2 XRD mso] wish 19100, CLNTo] ZBS
= 20 wt% A7ist 49 ZB ZEtAE Avist 4Lt
+ 29 CLNT o= A7|7} 2ol AE & & Ao

T3 2% CLNT x40 ZBet ZBS Z2tA5 10~20
wt% 7g7Foto] 850~975°CollA AZASH AlHe U S
UERA St CLNTof ZBet ZBS Z2tAE 10 wi% A
71t Aol 950°ColA AZsRg o 247 4.13,
4.08% 7V =2 YE3S YEQIY. ZBet ZBS =
Z}AE 15 wt%el 20 wt% A7ISE He= 875°CofA
g Rt AAES BT ZBeE ZBS 22tAE 15
wt% A7RE Fdfole deghe 247 4123 4112
UEtHlew, 20 wt% A7bstRs o d=ite 242
4.161t 4.145 eIt CLNTO| ZBe} ZBS ZetA
£ 10 wt% A7igh Fol vls A7tEe ks FFF
& ZBe}t ZBS Z2tAE 15, 20 wt%zE Z71shof| ot

O



A7) A A 58 8] e A,

Intensity (arb.unit)
[

o la |
E {

- & .
> S S_Q o ~
1= S‘JLsyg sElEFs s 3
(@)
T T T T T
10 20 30 40 50 60 70
Cu Ka (26)

Fig. 1. XRD patterns of Ca[(Li;3Nba;3)osTio2]Os5 specimens
sintered at 875C for 2 hours with Zn-B-Si-O: (a) 10 wt%, (b)
15 wt%, (c) 20 wt%, and Zn-B-O: (d) 10 wt%, (e) 15 wt%,

) 20 wt%.
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Fig. 2. Bulk dCIlSity of Ca[(Li1/3Nb2/3)0,gTi0A2]03_5
sintered with Zn-B-O and Zn-B-Si-O at various temperature

specimens

for 2 hours.
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Fig. 3. Microstructure of Ca[(Li1/3Nb2/3)0_8Ti0_2]03_o\

specimens
sintered at 950C (a) and (d) 875C, (b) and (c) for 2 hours:
(a) 10 wt%, (b) 15 wt%, and (c¢) 20 wt% Zn-B-O, and (d) 10
wt%, (e) 15 wt%, and (f) 20 wt% Zn-B-Si-O.
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EDS results (wt%)

No. Ca Nb Ti Zn Si (0]
Spectrum 1 2296 3194 243 6.75 35.90
Spectrum 2 20.87 36.69 1.00 5.79 35.63
@ Spectrum 3 27.78 3240 322 7.52 34.06
Spectrum 4 31.32 32.14 36.52
Spectrum 1 24.23 33.38 023 42.13
) Spectrum 2 25.88 35.61 021 38.29
Spectrum 3 27.86 35.890 238 4.90 28.95
Spectrum 4 2622 2659 2.11 7.11 37.93

Fig. 4. TEM images and EDS results for Ca[(Li;3Nbas)os
Tip2]Os.5 specimens sintered with (a) 15 wt% Zn-B-O and (b)
15 wt% Zn-B-Si-O. Specimens were sintered at 875C for 2
hours.
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Fig. 5. Dielectric constant (¢.) of Ca[(LiisNb2s3)osTio2]Os.4
sintered with Zn-B-O and Zn-B-Si-O for various amount of
added glasses after sintering at 950C (10 wt%), 875C (15,
20 wt%) for 2 hours.
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Flg. 6. Quality factor (Qfo) Of Ca[(Li1/3Nb2/3)0_gTi0_2]O3_5

sintered with Zn-B-O and Zn-B-Si-O for various amount of
added glasses after sintering at 950C (10 wt%), 875C (15,
20 wt%) for 2 hours.
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Fig. 7. TCF of Ca[(Lil/ngz/g)o.gTio,z]03,(‘; sintered with Zn-B-O
and Zn-B-Si-O for various amount of added glasses after
sintering at 950C (10 wt%), 875C (15, 20 wt%) for 2 hours.
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