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A Study for Wettability of Silicate Glasses on Silicon Nitride
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Abstract

For the accumulation of a fundamental knowledge about the behavior of glass solder during the joining of ceramics,
the wettability of solder on silicon nitride have been measured by sessile drop method. SiO,-MgO-ALO; glass solder
and oxynitride glass solders were selected as examples while silicon nitride which were used as substrates. Contact
angle of solder on silicon nitride didn't decrease with time at high nitrogen content in the solder, but low nitrogen
content in solders have the time-dependent property. Reason which contact angle of low nitrogen content in solders
decrease on silicon nitride was that diffusion of nitrogen take place between solder and silicon nitride.
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Table 1 Chemical compositions of SisN4 ceramics
used in the experiments

SisN4 Al2O3 MgO Ca0
wt% 92 5.0 2.5 0.4

Composition

Table 2 Chemical compositions(wt%) of solders in
batch conditions

Solder | SiOg | SisNs | Al2Os | MgO | ZrO2 | N
ON-0 49 0 24 20 7 0
ON-1 | 445 | 4.5 24 20 7 1.76
ON-2 40 9 24 20 7 | 3.50

Table 3 Analyzed chemical compositions of solders

Analyzed chemical compostion (wt%)
Solder

Si Al Mg Zr O N
ON-01] 22.26 | 13.22 | 12.45| 5.01 | 47.06 0
ON-1121.67|14.49| 12.80| 5.62 | 44.01| 1.41
ON-2|22.43(13.14|11.94{ 547 | 43.97 | 3.05
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Fig. 1 Schematic diagram of experimental apparatus
for sessile drop method.
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Fig. 2 Contact angle of silicate glass solders on silicon

nitride as a function of temperature
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Fig. 3 Contact angle of silicate glass solders on silicon
nitride as a function of time
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Table 4 Surface tension and work of adhesion of solders

as a funtion of nitrogen content in the glass
at 1300TC

Physical property ON-0 | ON-1 | ON-2

Surface tension (dyne/em) | 382 393 417

Work of adhesion 290 198 159
(dyne/cm)

Table 5 Average coefficient of thermal expansion of
glasses and SisNa

Average coefficient of thermal expansion
(@ x107/C)

50~200|50~400|50~600|50~800| 50~1000
ON-0 36.0 | 40.8 1+ 432 | 47.0 -
ON-1 31.4 36.9 38.4 | 415 -
ON-2 26.5 31.0 32.3 35.0 -
SizNg 277 30.4 32.4 | 339 35.0

Solder
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Fig. 5 Microstructure of SisNg / solder interface
region as a function of nitrogen content in
the glass (1500C, 20min.)
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Table 6 Nitrogen content in the interface as a
funtion of temperature

Inital Temperature {TC)
Solder

content 1300 1400 1500
ON-0 0 0.41 1.32 1.43
ON-1 1.41 1.64 2.16 2.39
ON-2 3.05 3.14 3.21 3.33
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Fig. 6 Chemical composition of interface as a function
of temperature using oxide glass
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