[ #] ¥ZAHagsA
Korean Journal of Materials Research
Vol. 8, No. 10 (1998)

Direct Wafer Bonding®sell €13} InP 7}23} SisN./InP2] A3FEA

AR /\]‘_g_/g] . o];ﬂ%* - FHolzx
mcidtw FaojE N e FEFES
ety e

The Characteristics of the Direct Wafer Bonding between InP Wafers and Si;N./InP

Sun-Woon Kim, Dong-Suk Shin, Jeong-Y ong Lee* and In-Hoon Choi
Division of Materials Science & Engineering, Korea University, Seoul 136-701
* Department of Materials Science & Engineering, KAIST, Daejon 305- 701

(199843 64 154 ¥h§, 19981 84 4 HFFAHL 5

£  n-InP (001) 7]5434 PECVD®¥ o 2 SiN,(200 nm) 9e] A= InP 7]#2}o]9 direct wafer bonding & ¥435}9]
L F 1B HEAZE o o] Alole] HEHe) 2 J}E F= W AHE A2 2N AFME FHA EA3k. InP
B 50% EA SYo °ll7zlﬁP?a—a— A&7}to} 5°, RMS roughnesse 1.54 A °lglch. SiN& stR oty Yo B oA
< o RMS roughness7} 3.11 A °|git}d. InP 7123} SiN,/InP & ztzt 50% B4t 3t ot wujold oo oA F AEA
Ae o A9 279 27) A9 E BAY 5 U YAH o2 AgE AWE 580C-680T, 141215t F4 £91719 Ax
907114 dxjelstgdct. SAT (Scanning Acoustic Tomography) &4 o2 5 7|3 Alo]o] A¥edR-E Fl3gich. shear
force2 &g InP 7|27 SiN/InP Alele) A= SiN/InP A A3HutF F715sict. TEMI AESE o] &84 di-
rect wafer bonding A"} PECVD AH& BA43tgch.
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Abstract The direct wafer bonding between n-InP(001) wafer and the Si,N,(200 nm) film grown on the InP wafer
by PECVD method was investigated. The surface states of InP wafer and Si;N./InP which strongly depend upon the
direct wafer bonding strength between them when they are brought into contact, were characterized by the contact
angle measurement technique and atomic force microscopy. When InP wafer was etched by 50% HF, contact angle
was 5° and RMS roughness was 1.54 A. When Si:N, was etched by ammonia solution, RMS roughness was 3.11 A.
The considerable amount of initial bonding strength between InP wafer and Si:N./InP was observed when the two
wafer was contacted after the etching process by 50% HF and ammonia solution respectively. The bonded specimen
was heat treated in H; or N; ambient at the temperature of 580°C-680C for 1hr. The bonding state was confirmed by
SAT(Scannig Acoustic Tomography). The bonding strength was measured by shear force measurement of Si:N./InP
to InP wafer increased up to the same level of PECVD interface. The direct wafer bonding interface and Si:N./InP
PECVD interface were chracterized by TEM and AES.
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Fig. 1. Schematic diagram of a liquid drop on a surface, and
forces acting at the line of three phase contact.
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Fig. 2. Schematic cross-sectional view of the graphite fixture
for direct wafer bonding.
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Fig. 3. Schematic diagram showing the method of bonding
strength measurement.
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Table 1. The measured RMS roughness of SisN./InP sur-
face. (etching time 40 sec)

sample RMS roughness| Average roughness
water 3.00 243
NH.OH 311 2.48
RCA(NH,OH:H.0:H.0
=1.1:5) 3.46 2.67
RCA(NH,OH:H.C-H.O
=0.5:15) 3.36 2.70
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Fig. 4. Mean values of the measured RMS roughness of InP
(001) surface vs. HF concentration. (etching time - 30 sec)
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Fig. 5. Contact angle measurements of InP after etching proc-
ess by various HF concentration. Etching time 30 sec, 4.54 £,
Reproducibility +2°, A=0.0001247(m*/m]})>, 7wv=72.14 m]
(water at 25°C).
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Fig. 6. Dependence of bonding strength on treatment tempera-
ture and surface treatment.
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Fig. 7. Optical microscopic photographs of InP substrate surfaces. (a) 650°C, 10% HF, 1°C/sec, (b) 680°C, 50% HF, 1°C/sec



894 DIFAEEHA AU A 105 (1998)

RS?WZ)?& (b )

Fig. 9. Optical microscopic photographs of substrate surfaces in InP-Si.N./Si direct wafer bonding. (680°C, 10% HF, 1°C/min) (a)

InP (b) Si:N./Si

Fig. 10. The SAT images of direct wafer bonding. (a) InP-SisN./InP interface (b) InP-Si:N/Si interface.
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Fig. 11. AES depth profiles of direct wafer bonding interfaces.
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Fig. 12. A model of the direct wafer bonding process.
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Fig. 13. Cross—sectional TEM images of PECVD and direct wafer bonding interfaces (a) Si:N,
/InP interface. (b) direct wafer bonding interface.
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