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Recently, alumina/glass composites have been applied as a substrate material for hybrid IC and LI multi-chip
packaging. In this study, the characterization of sodium borosilicate glasses containing NaF and AlF, and the pre-
paration of the resulted glass/alumina composites have been examined and the effects of the addition of fluorides
on the thermal and dielectric properties of the sintered composites have been studied. The sintering temperature
of specitnens was lowered by ahout 100-150°C hy the addition of fluorine compared with the specimens without flu-
orine. The specimens containing fluorine showed slightly lower dielectric constants than those of the specimens

without fluorine.
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1. Introduction

ubstrate material using glass/ceramic composites™®

has been studied because it can be sintered at low
temperature and its properties can be modified to suit
the operating device environment.*” However, few sys-
tematic researches for improving its properties by chang-
ing the hase glass composition have been studied. This
study was based on the theory'™® that "fluoride addition
is effective in lowering the dielectric constant”.

In this study, the possibility of using glasses con-
taining NaF and AlF; as the starting material for low-
sintering-temperature substrates is examined from the
viewpoints of the loss characeristics of each fluoride for
heat-treatment, the effects of the addition of fluorides on
the structural characteristics of the glasses, and the ther-
mal and dielectric properties of the sintered composites.

The glass/alumina sintered composite was prepared
from sodium borosilicate glass powder containing flu-
orides such as AlF, and NaF and AlQ, powder. The ef-
fects of additives on the properties have been mainly ex-
amined in the later part of this paper.

II. Experimental Procedure

1. Preparation of glass and glass/alumina sini-
ered composites
o-alumina powder (particle size ; below § mm) with
purity of over 99.7% and sodium borosilicate glass powd-
er containing fluoride (WaF, AlF;) were used as starting
materials. The compositions of base glass used in this
study, and F/8i and Na/Si for each glass composition are
also listed in Table, 1.
NaF was added by substituting the equal molar
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amount of Na;0 in a glass while an extra amount of AlF,
was added 5-10% to a base glass with a prescribed com-
position. Each glass batch was melted by heating in a
upright type electric furnace at 1200°C for 1hr under ni-
trogen gas flow (200 cc/min). Thin flakes were obtained
by quenching the melt with a twin roller, and they were
crushed into fine powder under 10 pm. A sintered speci-
men without fluoride was prepared, and its properties
such, as dielectric constant and sintering temperature
were compared to those for fluoride-added specimens.
Both powders were mixed at a weight ratio of 1:1, press-
ed into the shape of pellets of 20 mmin diameter and ap-
proximately 1.5 mm thick with a pressure of 450 Kgem®.
In order to obtain the glass/alumina sintered composities,
the specimens were heat treated at 5°C/min for lhr at
temperatures ranging from 600°C to B00°C in air or ni-
trogen atmosphere,

2. Measurements

In order to meagure the sintering temperature of gint-
ered hodies, apparent and bulk density of the sintered ho-
dies®'™ were examined. In this study, we defined sint-
ering temperature as the temperature that the apparent
density agrees with the bulic density, that is to say, open
pores become extinct. Crystalline phases were identified
by X-ray diffractometry using Ni filtered Cu Ko ra-
diation. Thermal expansion rate and dielectric constant
were investigated as typical properties. Rectangular bars
(5% 10~15% 1.5 mm) cut from disk-like sintered hodies
were gubject to thermal expansion measurement. Au elec-
trodes (10 mm in diameter) were attached to each face of
peliets, and C was measured at 1 MHz by an LF im-
pedance analyzer (4123 A, Hewlettparkard Litd ), and
the dielectric constants were caleulated from C using e=



June, 1995

(C x> d)f(g, > B) equation.”

Residual flucrine was analyzed for the glasses and the
glass/alumina sintered bodies in which four kinds of
glass compogitions (Sample No.1,2,3,7) were selected
from those showed in Table 1. Quantitative analysis was
conducted by EPMA (Shimadzu Co. EPMA-870 Q). The
acceleration voltage was 20 kV, and the holding time for
each spot was 5 min, The X-ray intensity was corrected
by the ZAF1 method."" BaF, was used as a standard
material in this measurement,

II1. Results

1. Compaosition of glass and properties of glass/
alumina sinfered compuosites
Eleven types of glass compositions were used in the
present study. Seven were added with NaF by sub-
stituting the Na,(J. The other four were added with an
extra amount of AlF, up to 5 or 10 wt%. The resuliant
glass /alumina sintered bodies could be classified as to

Table 1. Classification of Sodium Borogilicate (Glasses Con-
taining Fluorides

Glass Composition
F/Si(Na/Si)
510y B0, Na,O: NaF, AfF,

Bample No.

No.l 60 30 ] b - 0.17(0.33) *3

No2 70 15 76 175 0.21(0.43) =4
Nod 60 20 10 10 - 0.33(0.67) *4
*1 No4 50 30 10 10 0.40(0.80) *4
No&t 60 15 125 125 0.42(0.83) *b

NoB 60 10 16 15 -
No.7 40 40 10 10 -

0.50(1.000 *5
0.50(1.00) *4

No& 60 30 16 - 5 0250033
xg No8 60 30 10 - 10 0.50(0.33)
Nel0 40 40 20 - 5  0.38(1.00)
Nall 40 40 20 - 10 0.75(1.00)

*1: NaF added compositions

*2 . ATF3 added compositions

*#3 : The compositions on the minimum curver of thermal ex-
pansion coefficient,

*4: The compositions on the minimum curver of chemical
duability and TT

*#5 : The compsitions are unrelated “3 and ~4
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whether or not they precipitated nepheline (Na,J-ALQO,-
2810;), which can be ascribed to the composition of the
raw material (Fig. 1). The properties of glass and glass/
alumina sintered hodies were listed in Table 2 and 3,
With respect tc dielectric constant and thermal ex-
pansion coefficient, relative values are normalized by the
aluming values. In accordance with thiz result, the
change of glass composition is one of the effective factor
on the crystalline phase formation during heat-treat-
ment and the change in dielectric and thermal pro-
perties of the composites.

2. Quantitative analysis of fluorine

It is expected that the fluorine was evaporated during
glass melting and sintering process. The amount of flu-
orine in the glass and glass/alumina sintered hody was
analyzed by EPMA measurement. In order to control the
gvaporation loss of fluorine, all the glass containing flu-
oride were prepared in nitrogen atmosphere,

On the other hand, the effect of preparation of at-
mosphere on the residual fluorine was investigated us-"
ing sintered composities prepared in both air and ni-
trogen gas. The specific value (the ratio of F to Si in
male%s), the amount of residual fluorine which obtained
by EPMA measurement, is shown in Figs. 2 and 3. Ac-
cording to this result, the loss in fluorine could be con-
trolled to a certain extent by the sintering atmosphere.

® -AlLO,
m :Nepheline(Na,0-Al,0,2510,)
408i0,40B,0,10Na,010Na,F, + Al,O;

Intensity (a.u)

20 30 40 50 80 yo

26/degree

Fig, 1. XRD patterns of the sodium horosilicate plasses/Alu-
mina sintered campaosites cantaining NaF.,

Table 2. Properties of Sodium Borosilicate Glasses/AlD4(1:1) Sintered Composites Containing NaF

lass iti interi ;
Glass Compositions Grystallines Smtermgv1 Rela?twe v, £ o
80, B.O, Na,Q NagF, temp, (°C) " Density(%)
60 30 5 5 None 750 82.0 11.2 0.64 0.83
40 40 10 10 None 600 88.6 146 0,41 1.13
60 10 i5 15 Nepheline 700 832 7.4 (.62 0.91
60 15 12.5 12,5 Nepheline 700 817 9.3 0.54 0.84

*1: The temperature when apparenl density and bulk density are equalized

#2 . Shrinkage
*3, *4 - Caleulated from Al,O,=1
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Table 3. Properties of Sodium Borosilicate (lasses/Al,0,(1:1) Sintered Composiles Containing NaF,
'Glass Compositions Sinteri Relati , . .
Crystallines R 7. e o

Si0, B.O, Na,0 Na,F, temp. ("C} " Density(%)

80 30 10 53 None 760 87.6 26.5 0.75 1.02

60 30 10 10 None 650 87.4 31.1 0.74 1.02

40 40 20 5 None 600 89.7 204 0.94 1.28

40 40 20 10 None 600 84.5 40.6 0.69 1.21

“1: The temperature when apparent density and bulk density are equalized

“2 : Bhrinkage
*4, *4: Caleulated from AlO,=1

58 2.5
4} 65.9% 12
‘:—\ > *'_/\
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Fig. 2. The guantitative analysis of the residual fluorine aft-
er heat-treatment for sintered composites containing NaF,

o : 408i0,40B,0;10Na,010Na,F,;

o T08i0,158,0,7.6na,07 5N a,F,

A : Raw materials, B: Glass

C: (Nass/ALO:{in Ny, D : Mass/Al,0, (in Air)

! - Raw materials
— 6 10AIFs Glass
) St i 7] Glass/Alumina
T 4 7AIF3
w
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Fig. 8. The quantitative analysis of the vesidual fluorine after
the heat-treatment for glasses and glass (60Si0:30B,0:10Na,0)
Alumina sintered composites containing AJF;.

IV. Discussion

1. Change in crystal phase and thermal expan-
sion rate depending on the glass composition
(B/Na and Na/Si ratio)}

(1) Segregation of crystalline phase depending on the

glass composition

From the results of XRD analysis, glass composition is

divided into two types, with and without nepheline segre-
gation depending on the B/Na ratio.

1) Glass composition without nepheline crystal

Only ©-AL0, was seen in XBD profile when the
amount of B.0. was larger than Na,0 at glass com-
position (B/Na = 1). This can be ascribed te the sof-
tening (Softening point ; approximately 520-600°C) of
glass instead of crystallization.

2) Glass composition with nepheline crystal

Nepheline phase was formed in composite when the
amount of B.0,; was less than that of Na,QO (B/Na < 1).
The reacticn between glass component (8i0;, Na.0) and
AlLO; particle was thought to bring about nepheline ery-
stal.

(2) Change in thermal expansion rate depending on
the glass composition

In B/Na > 1 composition range, the thermal expansion
rate substantially changes according to Na/Si ratio or
the amownt of alkaline. For example, the thermal ex-
pangion rate (1.13) of the composite using No,7 glass (Na/
Si=1.0% is larger than that (0.83) of the composite using
No.1 glass. This can be ascribed to the increase in ionic
bond rather than covalent bond in the glass according to
the addition of alkaline modifier.

In BMa <1 composition range, nepheline phase in-
creaged with a increase in Na,0 amount in the glass
phase, Similar to the composition range in which no
nepheline phase appears, as described before, the ther-
mal expangion rate was dependent on glass composition
(Na/Si). In other words, the thermal expansion rate (0.91)
of the compogsite using No.6 glass (Na/Si=1.00 was larger
than that (0.84) using No.5 glass.

2, Change in properties depending on F/Si in glass

{1) The evaporation of fluorine

Quantitative analysiz on the glass/alumina sintered bo-
dies was conducted by EPMA. The results were as fol-
lows. The residual fluorine in the sintered body treated
in nitrogen atmosphere was 3 or 5 times as large as that
treated in air. The residual amount of fluorine also de-
pended on the types of additive fluorine (NaF, AlF;). The
fluorine loss of AlF:-added samples was expected to be
lowered than that of samples with NaF, because the va-
por pressure of the latier is higher than that of the form-
er (the later I mmHg at 1177°C, the former 1 mmHg at
1238°C). The residual rate of fluorine in NaF-added com-
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posite sintered body was approximately 10 times larger
than that added with AlF; (before sintering the former
was over 4 times larger than the latter). These results
can not be explained by the difference in vapor pressure
between AlF; and NaF.

Anather explanation on these results can be made as fol-
lows. A glass component ion (A"} increases when added
AlF;, while a glass modifier ion (Na') increases when dop-
ed with NaF. This is the most substantial difference
between AlF-added glass and NaF-added glass. In NaF-
added glass, the cation Na') introduced by NaF would pro-
mote the formation of terminal oxygen as well as ionic
bond. The anion (F) apart from the cation (Na") would con-
nect with Si forming the glass network, which would
result in a more stable glass network. In AlF-added sam-
ple, the doped cation (Al*) substitute the network Si*. The
resultant Si* connected with the anion (3F) derived from
AlF,, forming SiF, with high vapor pressure (-144.0°C).
This result can be explained by the evaporation of SiF..
This explanation on the loss mechanism of fluorine from
glass structure is summarized in Fig. 4 and this is also
thought to interpret the anomalous residual fluorine by

| o
O A% o dio
v |
~0 - Si—0— i
i F /Na +F
Q/Si ¥ 4F - Na
—0—A0-— °
o —0—Si—0—
| :

Fig. 4. Assumptive explanation on the loss mechanism of
each fluorine from glass inter structure.
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Fig. 5. Comparison in sintering temperature of sodium horo-

silicale glasses/alumina composites with or without NaF.

"1 : The temp. when appareni density and bulk densily are
equalized

*2: See Fig. 1
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EPMA to some extent.

2} Properties of samples with different types of flu-
orine

Based on the guantitative analysis of fluerine, the el
fect of fluoride addition on the properties of sintered com-
posite was examined. The sintering temperature can be
lowered by 100-150°C with NaF addition. Fig. 5 shows
the comparison in sintering temperature of composites
with or without NaF. Fig. 6 illustrates the difference in
dielectric constant between samples with or without NaF.
On the whole, the dielectric constant of fluorine con-
taining satmples was lower than that of non-added sam-
ples. This can be ascribed to residual flucrine or an in-
crease in porosity due to the evaporation of predicts
reacted with the glass component such as SiF, The
results are shown in Fig. 7. Fig. 7 illustrates the
changes in dielectric constant and density of No.l plass/
alumina =intered composites with sintering temperature.
Sintered body became devse when heated at -around
700°C at which the dielectric eonstant also exhibited a
high value. A further increase in heating temperature

[ 1: No Addition
B - Addition

W h OO ~N®O

Dielectric Constant*1

4 5 6 7
Sample No.2

2 3

Fig. 6. Comparison in dielectric constanl of sodium baro-
silicate glasses/Al,O; composites with or without NaF.
“1: Normalized to Al;04(=1)

‘2 : Bee Fig. 1
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Fig. 7. The changes of diwelectric constant and density of
NaF containing No 1 containing No. 1 glass/alumina sint-
ered composites with heat treatment temperature.
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lead to a decrease in dielectric constant. This trend al-
most corresponded to the change in density. Accordingly,
the dieleetric constant is thought to be dependent on the
pores existing in the sintered body.

The difference in dielectric constant depending on do-
pants NaF or AlF; will be discussed. For example, the
dielectric constants chtained for composite sintered ho-
dies using No.6 glass (F/Si=0.50) and No.9 glass (F/Si=
0.50) were 0.62 and 0.74, respectively. Accordingly, this
discrepaney in dielectric constant in spite of the same F/
31 ratio in glass can be ascribed to the difference in resi-
dual fluorine (approximately 20% in the former, 1% in
the latter). As described in section 4-2, the amount of
residual fluorine is different between NaF added system
and AlF; added system, That is, the NaF added system
containing considerable amount of fluorine exhibited low-
er dieleetric congtant. In other waords, the dielectric con-
stant in the present system can be controlled by chang-
ing the fluorine amount in sintered bodies.

V. Summary

Glass/ceramics sintered composites were fabricated us-
ing alumina and sodium barosilicate glass containing flu-
oride. The results are as follows,

1) Glags composition such as B0, or Na,0O sub-
stantially affect the nepheline segregation and pro-
perties. When the amount of Na,O was larger than that
of B0, (B/Na) in glass, nephelineg was formed from the
glass composite (Na,O, NaF or 8i0,} and AlLQ;. The ther-
mal expansion rate increased with Na/Si ratio.

2) The amount of residual fluorine was larger in the
sample prepared in a nitrogen atmosphere than that in
air. The types of fluoride in the starting material alse af-
fected the residual amount, Although the F- from NaF
connected to the Si in the glass network, resulting in a
stable glass structure, the F- from AlF, reacted with Si*
substituted by Al*. The resultant SiF, was lost by eva-
poration.

3) The sintering temperature of specimens was low-
ered by about 100-150°C by the addition of fluorine com-
pared with the specimens without fluorine. The speci-
mens containing fluorine showed slightly lower dielectric
congtants than those of the specimens without fluorine,
This can be ascribed to the increase in porosity due to
the evaporation of SiF, formed between fluorine and
glass component,
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