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Abstract Linear annealing method was developed to increase the bond strength of Si wafer pair mated at room tem-
perature instead of conventional furnace annealing method. It has been known that the interval of the two mating
wafer surfaces decreases and the density of gaseous phases generated at the interface increases with increase in an-
nealing temperature. The new annealing method consisting of one heat source and a light reflecting mirror used these
two phenomena and was applied te Si| Si and Si | $10./St bonding. The bonding interface observed directly by using
IR camera and HRTEM showed clear bonding interface without any unbonded areas except the area generated by the
dusts inserted into the mating interface at the room temperature. Crack opening method and direct tensile test was ap-
plied to measure the bond strength. The two methods showed similar results. The bond strength increased continusus-
ly with the increase of annealing temperature.
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Fig. 1. A schematic illustration of Linear Annealing Equip-
ment, One halogen lamp and a hemi-elliptic mirror reflector
around the lamp with a moving system
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Fig. 2. Bonding strength measurement of SCI wafers (a) razor-
blade crack opening method (b) direct tensile test
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Fig. 3. Various tensile test methods {a) B. M ller and A. Stoffel'®
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Fig. 4. Results of IR camera observation of Si| | Si wafer pair
after linear annealing process (a) 230°C annealed (b) 400 an-
neated (¢) 980°C annealed
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Fig. 5. Results of IR camera observation of Si|| Si0./Si wafer
pair after linear annealing process (a) 230°C annealed (b) 400°C
annealed (c) 980°C annealed
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Fig. 6. HRTEM results of 5i-Si bonded interface annealed at
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Fig. 7. Series of IR images showing constant crack length not
related with blade inserted depth.
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Fig. 8. Results of surface energy measured by Razor-blade
crack opening method (a) Si | $i bonding pair (b) Si [ SiC./Si
bonding pair
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Fig. 9. Bonding strength measured by tensile test (a) Si| Si
bonding pair (b} Si | 5i0./Si bonding pair

e Feotele duc P Auaely FEaH o
stz Aeeld dAe) g dels ARD WL AL
“epu ik

4828

2 Gy 71AA Ao 3 B e g
2 g &7 gt FldEE 7Rl LeTuE A
= Ay dajlge Mt e sl 3y il
Heshsdch P1ghe) %2 Sif sizh il Si0/Sigx, 4
AT o Abde AL 27 A9 2N e 9
U d9E ASsine 2 Sy ALrd )
g geue el =% Crack opening W& 2l
AA PP L ol fsle] HY AEE AT A 7|29 2y
daa)y ] 749 vlArtA R dAe £29 Aol we}
A3 7A=rt F71ET, 700C ol 228 247 2 7
e A e EAYUE ALY T g ARE 2 4%

ZEE R = ¥ A== 8181 el Sif
Si0./Si &% e] 2% v|%:¥ g vehigich,

are =2

£ A7PE X BATY 20008E NIATEAEA}
o Ao 2 S giguict. olol =i,

H2IDEH

1. J.B. Lasky, Appl. Phys. Lett. Vol. 48, 78 (1986).

2. M. Shimbo, K. Furukawa, K. Fukuda, K. Tanzawa,
J. Appl. Phys. Vol. 60(8), 2987 (1986).

3. K.Izumi, MRS Bulletin, Vol. 23, No. 12, 20 (1998).

4. K. Mitani, V. Lehmann, R. Stengl, D. Feijoo, U.
Gosele, and H. Z. Massoud, Jpn. J. Appl. Phys., Vol
30, No. 4,615 (1991),

5. U. Gosele, H. Stenzel, T. Martini, J. Steinkirchner,
D. Conrad, and XK. Scheerschmidt;, Appl. Phys.
Lett., 67, 3614 (1995).

6. @-Y. Tong, W.J. Kim, T.H. Lee, and U. Gosele,
Electrochem. & Solid-State Lett., 65, 1572 (1994).

7. G. Kissinger and \W. Kissinger, Sens. Actuators, A,
36, 149 (1993).

8. B.K. Ju, M.H. Oh, and K.H. Tchah, J. Mat. Sci,, 29
(1993) .

9, T. Martini, J. Steinkirchner, and U. Gosele, J.
Electrochem. Soc., Vaol. 144, No. 1, 354 (1997},

10. B Muller, and A. Stoffel, J. Micromech. Microeng.
Vol 1, 161 (1991).

11. F. Pigeon, B. Biasse, and M. Zussy, Electronics Let-
ters, Vol. 31, No. 10, 792 (1995).

12, T. Abe, K. Sunagawa, A. Uchiyama, K. Y oshizawa,
and Y. Nakazato, Jpn. J. Appl. Phys., Vol. 32, 334
(1993).

13. W.P. Maszara, G. Goetz, A. Caviglia, J. B.
McKitterick, J. Appl. Phys. Vol. 64, No. 10, 4943
{1988} .

14. W.P. Maszara, B.-L. Jiang, H. Baumgart, and G.A.
Rozgonyi, J. Apph. Phys. Vol. 69, No. 1, 257 (1991).

16, R. Stengl, K.-Y. Ahn, and U, Gosele, Jpn. J. Appl.
Phys., 27, L2364 (1988).

16. @.-Y. Tong, and U. Gosele, Semiconductor Wafer
Bonding : Science and Technology, pp. 107, John
Wiley and Sons. Inc. U.S.A.{1999},

17. R. Stengl, T. Tan, and U. Gosele, Jpn. J. Appl
Phys. Vol. 28, No. 10, 969 (1989).

18. P.P. Gillis, and J.J. Gilman, J. Appl. Phys., Vol. 35,
No. 3, 647 (1964).



