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Effects of Wafer Cleaning and Heat Treatment
in Glass/Silicon Wafer Direct Bonding

DIEAM FHE, 247
{Hong-Seok Min’, Young-Chang Joo', and Oh-Sung Song”)

Abstract

We have investigated the effects of various wafers cleaning on glass/Si bonding using 4 inch Pyrex
glass wafers and 4 inch silicon wafers. The various wafer cleaning methods were examined;
SPM(sulfuric-peroxide mixture, HoSOs: H202=4:1, 120 T), RCA(company name, NHOH : H20z : H:0 =
1:1:5, 80 T), and combinations of those. The best room temperature bonding result was achieved
when wafers were cleaned by SPM followed by RCA cleaning. The minimum increase in surface
roughness measured by AFM(atomic force microscope) confirmed such results. During successive heat
treatments, the bonding strength was improved with increased annealing temperatures up to 400 T,
but debonding was observed at 450 T. The difference in thermal expansion coefficients between glass
and Si wafer led debonding. When annealed at fixed temperatures(300 and 400 C), bonding strength
was enhanced until 28 hours, but then decreased for further anneal. To find the cause of decrease in
bonding strength in excessively long annealing time, the ion distribution at Si surface was investigated
using SIMS(secondary ion mass spectrometry). lons such as sodium, which had been existed only in
glass before annealing, were found at Si surface for long annealed samples. Decrease in bonding
strength can be caused by the diffused sodium ions to pass the glass/Si interface. Therefore, maximum
bonding strength can be achieved when the cleaning procedure and the ion concentrations at interface
are optimized in glass/Si wafer direct bonding.
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Table 1. The compositions of Pyrex 7740 glass.

4 E | SiO: | BoOs | NaxO|AbOs| K20 |Fex0s| ete.

= 4

(%) 80.90|12.70| 4.00 | 2.30 | 0.04 | 0.03 | 0.03

E: 3 2. SPM MAF RCA AA4 Uy £ EA[7].
Table 2. Procedure and characteristics of SPM and RCA cleaning[7].

Cleaning Procedure Characteristics Drawback
Heavy organic,
HSO4H0:=4:1 metallic impurity removal .
SPM 120C, 10min . S04 residue
HzS04+H20; — Hz805+H0 Low rinse efficiency
D.I water rinse, 6 min H>SOs+Hydrocarbon —
CO2+2H20+H2504
Organic, metallic, impurity,
NHAOH:HZOZ:HZOZI:I:S particles removal
RCA 80T, 20 min Metal redeposition
2H202+C — CO24+2H:0 Micro-roughness
D.I. water rinse, 6 min M+H202 — MO+H:0
MO+4NH.OH — M(NH/OH)4
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Table 3. Sample species by cleaning methods.

Sample Glass wafer Silicon wafer
S1 RCA cleaning RCA cleaning
S 2 RCA cleaning SPM cleaning
S 3 RCA after SPM SPM cleaning
S 4 RCA after SPM | RCA after SPM
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Fig. 1. Si/glass bonding area in various cleaning solutions observed by optical camera photographing.
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