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ABSTRACT

Effect of glass addition on the low-temperature sintering and microwave dielectric properties of BaTi Op-based ceramics were

studied to develop the materials for the functional substrate of low-temperature co-fired ceramics. When 10 wt% of glass was added,
sufficient densification was obtained and the relative density more than 98% was reached at the sintering temperature of 875°C. The
microwave dielectric properties were k=32, Q*f=9000 GHz, =10 ppm/°C. As the amount of glass increased, phase decompositions

from BaTiyOg to BaTisO;; and Ba,Ti3035 was observed.
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Fig. 1. Effect of glass addition on the dilatometric shrinkage
curves of MWEF-38 ceramics: (a) 0 wt%, (b) 5 wt%,
(c) 7wt%, and (d) 10 wt% of glass added. (Heating
rate : 5°C/min.).
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Fig. 2. Effects of glass contents and sintering temperature on
the sintering behavior of MWF-38 ceramics: (a) linear
shrinkage, (b) bulk density, and (c) relative density.
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Fig. 3. Back-scattered electron images of MWF-38 ceramics
with 10 wt% of glass sintered at 875°C for 2 h.
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Fig. 4. Back-scattered electron images of MWF-38 ceramics
with 10 wt% of glass sintered at 925°C for 2 h.
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Fig. 5. X-ray powder diffraction patterns of (a) glass frit heat-
treated at 875°C for 2h, (b) MWF-38 ceramics
powders, (¢c) MWF-38 ceramics heat-treated at 1350°C
for 2 h, and (d) MWF-38 ceramics with 10 wt% of glass
frit heat-treated at 875°C for 2h. (A: BaTi Oy, B:
BaTisO,,, C: BayTi 303, D: Li,SiO;, E: Li,B,0,, T:
Ti0O,, X: unknown).

Fig. 6. A back-scattered electron image of MWF-38 ceramics
with 10 wt% of glass contents sintered at 950°C for 2 h.

Table 1. EPMA Results of the Positions Marked in Fig. 6

Position Element Atomic % Phase

B 16.2

A : BaTisO,,
Ti 83.8
Ba 49.0

B BaZrO,
Zr 51.0 ;
Bs 8.5

o 4 BaTiO,,
Ti 427
Si 48.8 Glass
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Fig. 7. Effects of glass contents and sintering temperature on
the dielectric constant (k) of MWF-38 ceramics.
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Fig. 8. Effects of glass contents and sintering temperature on
the quality factor (Qxf) of MWF-38 ceramics.
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Fig. 9. Effects of glass contents and sintering temperature on
the temperature coefficient of resonant frequency (1) of
MWE-38 ceramics.



BaTi,OA Alzpa)29] 2247 Yl vjo|azyl S5 177

Fig. 9ol= fr2l T ES] 3oy ¥ &% Wiz m&
FFoE EEA T WskE vellith 8 ZE
o] FrteFo] FUVERE FRFIFY S2AFE 0 ppny/
Cs' o= Hash wolAE BES Vet MWE-
38 dlgpiiet fe] ZelEl] FAFuy LuATE ¢
7zt A8 ¥ Ad, £4 MWE-38 Algte) o] LxAla:
= dppm/Col, A& A AR AR fE ZIE
o] 2LAFE 86 ppm/'CE SHHAULH weh 2o 2

<

715 e 2 R TelEe] Y] Fues B
Falel LEAFE ol Aoz BaRch 2y 2%
Al FAFR LEATE AAGo o Fo] ohd

¢
e er FHgEQdedl, ol AEdlAl A€ BaTisO),
Ba, (1304, BaZrO; 59 oladEe] FAFISF 2k
Aol ofske u]z] Aoz _th;_]-%r;]. S8 ZIE7} 7T wi%
730l Hls ALolA] A
§ BRSBTS AR o

[e)
=
Ev_o1 }\_] 5\—75]?:5_]: 78"?__ }:)P%SHE Ag%é\&l Ba4Ti]3030 0]
A}
(o]

= hES
o frel ZIEZF 10wi% H7H Aol Be 2
9 1 T

=4
o4 7~ 11 ppm/Ce] g8 FAFAF LEASE U
Ehu Atk
4.2 E

s 8 MWE-38 Algle]2=ofl dfsled lithium-borosilicate7)
fre ZIZEE 10wi% 7o EA &4 255 1350°C
o4 875°Cx W& 4 U} of W, A= 98% ©

A B e, ulolaR ) FHAEAS §H8 32, B
A4 9000 GHz, 3-ZFv 2= A5 IOppm/() 4 A=A
Bby U A8 MWE38 Algbeas dAE] 229 A4l
o] '3?1Ti409}?}34' Aol TiO, sdeto]l AL a2y
A A7 AR AFRE lithium-borosilicate Al F-2) =g
Eo H7IZ {18t BaTi,Oy8¢] BaTisO, "33 Ba,Ti;;05

L

o>‘l

Fo o] ARl Satol wAEoM, U4EA Azt Ba
o]£ o] Zr0,9} Wh-5le] BazrOyd S FAahe Aw Al
@ - A

2ol 2

P oA Beleitel 2147 ZEE AT
o) AEQ AN YN ENEAI R Ay) A
de= TE(E&]AAHqD}~

REFERENCES

I. R. R. Tummala, “Ceramic and Glass-ceramics Packaging in
the 1990s,” J. Am. Ceram. Soc., 74 [5] 895-908 (1939).

2. H. T. Sawhill, “Materials Compatibility and Cosintering
Aspects of Shrinkage Control in Low-temperature Cofired
Ceramic Packages,” Ceram. Tran., 26 307-19 (1987).

3. T. Takada, S. F. Wang, S. Yoshikawa, S.-J. Jang, and R. E.
Newnham, “Effect of Glass Additions on (Zr,Sn)TiO, for
Microwave Applications,” J. Am. Ceram Soc., 77 [9] 2485-
88 (1994).

4. T. Takada, S. F. Wang, S. Yoshikawa, S. J. Jang, and R. E.
Newnham, “Effect of Glass Additions on BaO-TiO,-WO;
Microwave Ceramics,” J. Am. Ceram Soc., 77 [7] 1909-16
(1994).

5. C. F Yang, “The Microwave Characteristics of Glass-
BaTi Oy Ceramic,” Jpn. J. Appl. Phys., 38 3576-79 (1999).

6. B. W. Hakki and P. D. Coleman, “A Dielectric Resonator
Method of Measuring Inductive Capacities in the Millimeter
Wave Range,” IRE Microwave Theor. Tech., MTT-8 402-10
(1960).

7. D.J. Masse, R. A. Purcel, D. W. Readey, E. A. Maguire, and
C. P. Hartwig, “A New Low Loss High-K Temperature
Compensated for Microwave Application,” Proc. IEEE, 59
[11] 1628-29 (1971).

8. H. M. O'Bryan, Jr. and J. Thomson, Jr., “Phase Equilibria in
the TiO,-rich Region of the System BaO-TiO,,” J. Am.
Ceram. Soc., 57 [12] 522-26 (1974).

9. V. E. Tillmanns, “Die Kristallstruktur Von BaTisO,;,” Acta.
Cryst., B25 1444-52 (1969).

A 404 #) 2 $.(2003)



