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ABSTRACT

The LTCCs (Low-Temperature Co-fired Ceramics) are very important for electronic industry to build smaller RF modules and
to fulfill the necessity for miniaturization of devices in wireless communication industry. The dielectric materials with sintering
temperature T, < 900°C are required. In this study, BaO-Nd,0;-TiO, (BNT : 20 ~40 wi%) for ceramic materials and La,03-B,O5-
TiO, (LBT : 80~ 60 wt%) for crystallizable glasses were used. The glass/ceramic composites were investigated for sintering
behavior, phase evaluation, densities, interface reaction and microwave dielectric properties. It was found that the addition LBT
glass frits significantly lowered the sintering temperature to below 900°C and the densification with increasing addition LBT glass
frits developed rapidly which was meant to be namely 90% of relative density. The sintered bodies exhibited applicable dielectric
properties, namely 15 for g, 10000 GHz for Q*f;. The results suggest that the composites have good potential as a new candidate
for LTCC materials.
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Fig. 1. Chemical compositions of Lay03-B,0;-TiO, glass
system (mol%).
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Table 1. DTA Resuits of LBT Glass Frits (G5, dsy=1.5, 6, 45 um, Bulk)

20La203 - 60B203 - 20T102 glass

dso (um) T, (C) T, (O T. (C) T, (O) T, (O
15 778 798
6 785 80
4s 657 722 %01 812 1043
Bulk 835 899

*T,: Glass transition temperature, T;: Littleton softening temperature, T : Onset point of crystallization,

T, : Peak crystallization temperature, T,,,: Melting temperature

g} AgAe] PMTERE FE3] Y8 SEM(FEG-SEM,
S-4300SE, HITACHI, Japan)g 3332w, A|He] 23
AEA-2 XRD(X-Ray Diffractometer, Philips, X'PERT)E
ytat.
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Fig. 3. Shrinkage of the ceramic and glass/ceramic (heating
rate : 10°C/min).

Fig. 2. SEM images of LBT glass (G5) frits, sintering at different temperatur es: (a) 730°C, (b) 750°C, and (c) 800°C.
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Fig. 4. Relative density of glass/ceramic (LBT glass + BNT
ceramic).
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Fig. 5. T; and T, from results of DTA in the mixture powder
(80 ~ 60 wt% glass frits and 40 ~ 20 wt% ceramic) and
the pure glass.
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Table 2. Crystal Phases of Glass/Ceramic Composites, Glass and Ceramic at Each Temperature

20La,0; - 60B,0; - 20TiOL80 wt%) LBT glass frit 20La,0; - 60B,0; - 20TiO, BaO - Nd,0; - STiO,
Crystal phases + BaO * Nd,O; - STiOx(20 wt%) BNT ceramic LBT glass BNT ceramic
(JCPDS card number) S > S 5 R S
750°C 800°C 850°C 800~890°C Temp.X-1350°C
BaNd,TiO:0,, (33-0166) )
LaB10, (73-1150) ° ® °® ®
LaBO; (76-1389) ) @
TiO, (76-0319) ) O

Unknown phase (@)

iMajor crystal phase, © : Intermediate crystal phase, O : Minor crystal phase

e R R
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Fig. 6. SEM morphology of 80LBT glass/20BNT ceramic composites as a function of firing temperature : (a) 750°C, (b) 800°C, and
(c) 850°C.

Table 3. Microwave Properties of LBT Glass/BNT Ceramic Composites at Different Sintering Temperatures

Composites Temperatare (°C) f, Loss BW Q*f,

P (Crystal phases) (GHz) (GHz) (MHz) & (GHz)

20L2,0; * 60B,0; + 20TiO(80 wt%) 750°C (LaB;0g + unknown) 7.8 33 10.8 13.5 6146
LBT glass frits 800°C (LaB;04+ LaBO; + TiO,) 75 2403 73 14.5 9118

+BaNd, Tis0,4(20 wt%) BNT ceramic  850°C (LaB;0g4+ LaBO;+ TiO,) 75 23.98 6.8 142 9852
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