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Abstract

The LizAIB ,0¢ ceramic were prepared by using the conventional solid-state reaction method; these pellets were sintered at the temperature
range of 650-775C for 2 h in air. The X-ray powder diffraction pattern of the,AIB,Os ceramic sintered at 65C showed a single phase

which corresponded to the triclinic phase with a space grouplofthe crystallization of the ceramics was observed with increasing the
sintering temperatures from 650 to 7Z& The dielectric constant of thedAIB ,0O5 ceramic increased slightly from 4.2 to 5.4 as the sintering
temperatures were increased from 650 to %75vhereas th® x f value of the ceramic ranged from 12,460 to 20,448 GHz. The improvement

in the Q x f value is substantially related to the crystallization of thgAlB ,Os ceramic. The temperature coefficient of resonant frequency

of the ceramic showed the large negative values, ranging 880 to—201 ppm/ C. However, by the addition of 5wt% TiB compound, the

¢ value of the L3AIB ,Og ceramic was improved{= 10 ppm/C); a dielectric constant of 4.2 af@lx f value of 13,027 GHz were obtained

at the sintering temperature of 675.

© 2005 Elsevier Ltd. All rights reserved.
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1. Introduction Recently, Chen and co-work&meported the crystal struc-
ture of the L5AIB ,Og ceramic, which was produced at the

In low temperature sintered microwave dielectric ceram- sintering temperature of 65C. Therefore, the 15AIB 20g
ics, much attention has been paid to fabricate the multilayer ceramic is considered to be one of the attractive candidates for
microwave devices as a low temperature co-fired ceramic the LTCC material because of its low sintering temperature;
(LTCC); in this case, the sintering temperature of the the microwave dielectric properties of thezRiB,Og ce-
dielectric ceramics should be lower than the melting point ramic have not been reported to date. Thus, this paper focuses
of silver. In order to reduce the sintering temperature of on the development of a new LTCC material; the microwave
the microwave dielectric ceramics, there are many attemptsdielectric properties, crystal structure and microstructure of

such as the addition of 3, Bi2O3, CuO, V,05 and their  the LigAlB ,0g ceramic were investigated in this study.
composites as the sintering aif$. With the addition of a

sintering aid, however, the microwave dielectric properties

of low-temperature sintered ceramics lowered in comparison 2 Experimental method

with those of the ceramics without the addition of the

sintering aid because of the chemical reaction between these Tne starting materials used in this study were LiCO

ceramics and sintering aid. Thus, there is considerable inter-A| ,05 and HBG; powders with 99.9% purity; these powders
est in the development of new materials with low sintering \yere weighted on the basis of the stoichiometric proportion,

temperatures. and then mixed with acetone. A mixture of these powders
was calcined at 600C for 20 hin air, ground with a polyvinyl
* Corresponding author. alcohol and uniaxially pressed into the pellets with a pressure
E-mail addressakan@ccmfs.meijo-u.ac.jp (A. Kan). of 100 MPa. The differential thermal analysis (DTA) and
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thermogravimetry (TG) of the calcined powder were
preformed in order to clarify the thermal stability of the
LisAIB20Og ceramic. Subsequently, the samples were
sintered in the temperature range of 650—-725or 10 h in

air; the apparent density was measured with the Archimedes
method. The microwave dielectric properties of the samples
were evaluated by the Hakki and Coleman meth8dhe
temperature coefficient of resonant frequency was calculated
from the resonant frequencies obtained at the two tempera-
tures of 20 and 80C. The synthesized phases were identified
by using the X-ray powder diffraction (XRPD) with the Cu
Ka radiation in the 2 range of 10—-6Q The microstructure
observation and the qualitative and quantitative analyses
of elements in the grains were performed by using the
field emission electron microscopy (FE-SEM) and energy
dispersive X-ray analysis (EDX).

3. Results and discussion

Fig. 1 shows the DTA and TG curves of thesldlB 20g
ceramic after calcining at 60C. In the temperature range
of 25-1000°C, the weight loss was not observed. An alter-
native, the DTA curve showed the endothermic peaks at the
temperatures of around 800 and 8&Das shown irFig. 1
According to the thermodynamic approach reported by Chen
and co-workers? it is considered that the endothermic peak
at 800°C implies the decomposition of the 4AIB >0g ce-
ramic into the LhAIBO4 anda-LiBO> ceramics. Moreover,
it is known that the LiAIBO 4 ceramic decomposes into the
B-LiBO2 ceramic and a liquid phase at the temperature of
around 850C; the endothermic reaction is observed at these
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Fig. 2. XRPD patterns of BAIB 20 ceramics sintered at the temperature
arrange of 650—775C for 10 h in air.

increasing the sintering temperatures from 650 to’t73he
crystallization of the phase is observed; it is found that the
crystallized phase is obtained at the sintering temperature of
775°C. At the sintering temperatures higher than 7€5the

temperatures. Therefore, from these results, it is consideredpresence of the secondary phases, i.e., thalBiO4 anda-

that the LgAIB 2Og ceramic is stable below the sintering tem-
perature of 800C.

The XRPD patterns of the AIB 20Og ceramic sintered at
the various temperatures for 10 h in air are showRim 2
At the sintering temperatures below 8@, the single phase
of the LizAIB2Og ceramic which has a triclinic structure
with the space group aP1’ was obtained. Moreover, with
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Fig. 1. DTA and TG curves of BAIB ,Og ceramics after calcining at 60C
for 20h in air.

LiBO, ceramics, were detected in the XRPD patterns of the
samples; therefore, this result is related to the decomposition
of the LizAIB 20 ceramic into the LLAIBO4 anda-LiBO»
ceramics which was observed from the DTA-TG curves of
the LizAIB2Og ceramic as mentioned above.

The relationship between the sintering temperature and
apparent density of the $AIB ,Og ceramic is shown ifrig. 3
as a function of sintering temperature. The remarkable dif-
ferences in the apparent density of the ceramics were not
observed with the increase in the sintering temperature; thus,
the effect of variations in the sintering temperature on appar-
ent density of the ceramics may be small. Thus, it was found
that the LgAIB 2Og ceramic could be sintered at the low sin-
tering temperatures ranging from 650 to 7%, which are
lower than the melting point of Ag; therefore, in this ceramic
the element of Ag can be used for the multilayer microwave
devices as a electrode material.

The sintering temperature dependence of the dielectric
constant and th&) x f values of the LiAIB,Og ceramic
is shown inFig. 4; the details on the microwave dielectric
properties of the ceramics are also listedTable 1 The
dielectric constants of the samples ranged from 4.2 to 5.4
with increasing the sintering temperatures from 650 to
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Fig. 3. Effect of sintering temperature on apparent density @fAIB ,0g
ceramics as a function of sintering temperature.
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Fig. 4. Sintering temperature dependence of dielectric constaatd qual-
ity factor (Q x f) of LizAIB ,Og ceramics.

775°C. Such ceramics with a low dielectric constant are
considered to be suitable for application in the multilayered
microwave devices as a dielectric substrate. Moreover,
comparing the dielectric constant of theRIB ,Og ceramic
with that of alumina-based LTCC material reported by Dai
et al.1! a lower dielectric constant was obtained in this
study. The influence of sintering temperature on @e f

Table 1
Microwave dielectric properties of §AIB ,Og ceramics sintered at various
temperatures

T(°C) f (GHz) &r Qx f(GHz) 75 (ppm/FC)
650 16.782 4.2 12460 —290
675 17.022 4.8 12360 —206
700 16.908 4.9 12609 —-201
725 16.779 5.1 12831 —208
750 18.031 4.8 18299 —247
775 17.369 5.4 20448 —244

T: sintering temperaturé;resonant frequency;: dielectric constanQ x f,
quality factor;z;: temperature coefficient of resonant frequency.
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values of the ceramics is also shownFig. 4 as a function

of sintering temperature. TH@ x f values of the L4AIB 2,Og
ceramic slightly increased from 12,460 to 20,500 GHz with
increasing the sintering temperatures from 650 to 75
thus, the sintering temperature dependenc® off value
was recognized. The§gx fvalues obtained in this study are
higher than those of alumina-based LTCC matefg+E00

at 2 GHz and sintering temperature of 845.11 The im-
provement in th& x f value which depends on the sintering
temperature is related to the crystallization of thgAlB ,Og
ceramic which is observed in the XRPD patterns as shown in
Fig. 2 the relationship between the improvement inGhe f
value and the crystallization which relates to the morpholog-
ical changes in the ceramic can be investigated in terms of
the FE-SEM observatioifig. 5shows the surface FE-SEM
micrographs of the I5iAIB 2O ceramics sintered at 650 and
775°C for 10 h in air. When comparing the microstructure of
ceramics sintered at 63C with that of the sample sintered at
775°C, the grain growth of the microstructure was observed
with an increase in the sintering temperature; the formation
of a secondary phase in the ceramics was not observed from
the EDX result as well as the XRPD analysis. Thus, it is

(b) 775°C

Fig. 5. FE-SEM photographs of 3AIB,0g ceramics sintered at 650 and
775°C for 10 hin air.
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Fig. 6. Variations in temperature coefficient of resonant frequengyof
LizAlB»0g ceramics as a function of sintering temperature.

considered that the improvement in tQex f value is due
to the morphological change in the crystallization of the
ceramics.

As for the variations in the temperature coefficient of res-
onant frequency, thes values of the ceramics exhibited the
large negative values, ranging fros290 to—201 ppm/rC
as shown irFig. 6, a near zera; value is required for the
commercial applications. Thus, in order to improve the
value of the ceramic, the addition of TiB compound was per-
formed in this study; the AIB 2,Og ceramic with 5 wt% TiB
addition was sintered at the temperature of 8Z%or 10h in
air. The XRPD pattern of the BAIB ,Og ceramic with 5 wt%
TiB addition exhibited the unknown phases which arose from
the chemical reaction between theAIB ,Og and TiB com-
pounds, Although the; value of the ceramic was improved
by the TiB addition. From the results of EDX analyses in the

Fig. 7. FE-SEM photograph of bAIB 20 ceramic with 5 wt% TiB addition
sintered at 675C for 10 h in air.
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microstructure of the samples as showRiig. 7, the presence

of Ti in the grain marked a& was not observed, whereas the
concentration of Ti in the grain marké®lwas analyzed to

be approximately 8.7 at%; the presence of Ti rich phase was
observed in the microstructure. As a result, thgAlB ,Og
ceramic with 5wt% TiB addition sintered at 676 has a di-
electric constant of 4.2 and@x f value of 13,027 GHz with

ar; value of 10 ppm?C; thus, the microwave dielectric prop-
erties of the L4AIB ,0g ceramic with 5 wt% TiB addition are
considered to be appropriate as a LTCC material.

4, Conclusions

The Microwave dielectric properties of thesldlB >0g
ceramic were investigated to develop a new low temperature
co-fired ceramic for use in the multilayer microwave devices.
The LizAIB,0Og ceramics were sintered in the temperature
range of 650-775C; from the XRPD analysis, it was found
that the crystallization of the ceramic occurred with increas-
ing the sintering temperatures from 650 to 775 As for the
microwave dielectric properties of the ceramics, the dielec-
tric constant of the LgAIBOg ceramic ranged from 4.2 to
5.4, whereas th@ x f value of the ceramic increased from
12,460 to 20,500 GHz with an increase in the sintering tem-
perature; it is considered that the increase inGhef value
of the ceramic closely relates to the crystallization of the
ceramic. Thus, in this system, it was found that a low di-
electric constant with a higQ x f value was obtained at the
low sintering temperatures; these dielectric properties of the
ceramic were considered to be suitable for use as a LTCC
material, though the temperature coefficient of resonant fre-
quency of the ceramics exhibited the large negative values
ranging from—290 to—201 ppm/C. Moreover, in the case
of TiB addition, ther; value of 10 ppm/C was obtained
in the ceramic at the sintering temperature of 6Z5the
Q x fand dielectric constant values were 13,027 GHzand 4.2,
respectively.
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