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Abstract

The traditional silicon-glass substrate wafer bonding process has anode bonding, but anode bonding
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requires glass wafers with high alkali metal oxide content, and the process requires the applica-
tion of electric field and high temperature heating. High temperature and high pressure will cause
large bonding residual stress, resulting in device structure changes or performance attenuation,
which has great limitations for semiconductor device applications. In this paper, a low-temperature
bonding process for silica-glass heterogeneous materials as substrate was designed in detail. By de-
positing oxide film on glass substrate, hydrogen bond was formed between the interfaces during
pre-bonding, which was converted into covalent bond after subsequent annealing. Finally, the
bonding interface of the final product was uniform and transparent, the hole defect rate of the
bonding interface was less than 5%, and the bonding force was greater than 1.8 J/m?2. The realization
of permanent bonding of silicon-glass wafer greatly increases the application range of silicon-glass
bonding technology.
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Figure 1. Principle for fusion bonding of silicon-glass
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Figure 2. Flow chart of fusion bonding
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Figure 3. Process effect after trimming
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Figure 4. Diagram of surface quality of silicon wafer after bonding
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Figure 5. Bond force test curve of 12” bonding wafer with (without) plasma treatment
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Table 1. Measurement results of wafer bonding force

1. W - ERREEMRRERESNNELER

FrE 1(90 ) L8 2 (180 &) RE 3 (270 ) S
s BOER mamy  PENE gamy RORR gempy  wemm
1 15.6 1.91 15 2.23 15.6 1.91 2.01
2 22.03 2.03 22.03 2.03 22.03 2.03 2.03
3 20.4 2.75 21.22 2.35 21.22 2.35 2.48
4 22.03 2.03 22.03 2.03 22.03 2.03 2.03
5 21.22 2.35 21.22 2.35 21.22 2.35 2.35
6 21.22 2.35 21.22 2.35 22.03 2.03 2.24
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Table 2. Measurement results of wafer bonding force of Pair 1
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Table 3. Measurement results of wafer bonding hole defects
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1 1.64E+06 1.21E+04 99.99%
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3 0 0 100%
4 1.97E+06 8.00E+03 99.99%
5 8.51E+05 1.84E+04 100.00%
6 4.32E+07 2.31E+06 99.76%

Figure 6. The bond outlived the substrate in the cracking test
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