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Si-to-Si Electrostatic Bonding using LSG Film as an Interlayer
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Abstract - Si-to-Si electrostatic bonding was carried out by employing LSG interlayer instead of conventional Corning #7740
interlayer in order to improve bonding properties. The surface roughness and dielectric breakdown field of the LSG interlayers
deposited on Si substrates were investigated. Also, the bonding interface, bonding strength and bonding mechanism were

discussed for the electrostatically-bonded Si-Si wafer pairs having LSG interlayers.
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Table 1 Deposition condition of LSG interlayer on Si
Substrate
E-beam evaporation
Method (model : Edward FL 400)
power 6, 000W
Working pressure 2x10” Torr
Substrate Silicon wafer
substrate temperature 200C
deposition rate 5 A/sec
Thickness 1. 5¢m
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Table 2 Surface roughness of e-beam evaporated LSG
according to the mixture ratio of Li:O and SiO»

powder

Concentration of |\ p (o v | RS | Median | Ave.
120

0% 327.0 40.0 214.0 30.0

1.3 % 196.0 18.0 118.0 13.0

1.7 % 26.0 3.0 12.0 2.3

L 3.0 % 37.0 4.6 18.0 3.6
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Fig. 1 Set-up for Si-Si electrostatic bonding
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Fig. 2 Surface roughness of the bare- and LSG-coated Si
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Fig. 3 SEM cross-sectional view of LSG fim deposited
on Si substrate
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Fig. 4 Dielectric breakdown field for the Pyrex(a) and
LSG(b) fiims
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Fig. 5 Current variation measured during electrostatic
bonding process
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Fig. 6 SEM cross-sectional view of perfectly-bonded
region (ab) and de-bonded region(c) for the bonded

Si-Si structure

AY WIS 2 oo 7odste o|REQ] A% oldfsty]
2is) LSG =ho thyt SIMS E4-& AX|Fch 2§l 7(a)& Si
718t Aol Z28 1SG ol oigt SIMS £ AE, Li, K, Na
So] ol2sr} sHedt HAEI ¥A Si, SioH, 0 Fol E&H
2 9ch 28 7(b)= AP F AY AdoA 2el” L6 ¢4
2o Az sld-Ag Adslell siLi, K, Na Fo| o]
23 Bog ooy HY AW F2o] ofF ojEd o
3 2y godo] &S B o £ vk 53] Li o]29
2y Axy} Al om, sputtering rate’} ¢F 100A/minYd S

674

Y o Y Ao &2 150072000A =2 £t o]
¢} o] ISG interlayer® o}8%t Si-si A & Iyl BF
Li, K, Na ¢x}e] ol23} gl ojFo] abZ FY Adode] FA
g o olof] ZAY Y AYL F2 HFILIELE 1Y ¢

olom sl Lig o3t @ olFo] S LgTrin ¥ 4
ol
10" — 0 ——
ALl —m— 8} b Li —a— S8
e K 5. - SiOH —e—K + SIiOH
wh ~—»— Na& o wl —w— N& o
E“‘ w '"“"“&;x 4
‘g Mwm g ;%\"‘*“‘"‘“\*"ﬂm.kw
Q S ]

»
Ww y ’ E
y
14

y

PT - " N M o b S
o W 0 0 2 o« M o 1

Sputter Time (min) Sputter Time (min)

{(a) (b)
" 7 Si ZiE Mol SXE LSG Ya) ¥ FY € I F
22|l LSG 2ol Wit SIMS Zol 24 &dx}
Fig. 7 SIMS depth profiles of LSG film deposited on Si
substrate(a) and LSG film(b) de-bonded after
electrostatic bonding(b)
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