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Low Temperature Bonding Process of Silicon and Glass using Spin-on Glass
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Abstract

Low temperature bonding of the silicon and glass using the Spin-on Glass (SOG) has been conducted experimentally to
figure out the effects of the SOG solution composition and process variables on bond strength using the Design of
Experiment method. In order to achieve the high quality bond interface without crack, sufficient reaction time of the
optimal SOG solution composition is needed along with proper pressure and annealing temperature. The shear strength
under the optimal SOG solution composition and process condition was higher than that of conventlonal anodic
bonding and similar to that of wafer direct bonding,
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<Preparation of SOG solutions>
= TEOS + MTES + Iso-propanol +
Water + HCI
* Reaction temperature: 25T
* Reaction time: 4 days
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<Surface treatment of specimens>
= RCAl1 $i or Glass Pressure

Evaporation of

@ \ solvent and water
e

<Spin coating>
= Spin rate: 1000rpm
+ Acceleration time: 9sec

L1

[ <Bonding and annealing>

Fig. 1 Overview of SOG bonding process
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Fig. 2 Shear test specimens
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Table 1 Design of Experiment for selection of optimal
SOG solution compositions

Expt;\x;’)r.nent MTES |Isopropanol| Water HCI
1 1 1 1 1
2 1 2 2 2
3 1 3 3 3
4 2 1 2 3
5 2 2 3 1
6 2 3 1 2
7 3 1 3 2
8 3 2 1 3
9 3 3 2 1
pevel 1 (nx)lgvfatio) (nnlili)atio) (mo1e8ratio) 0.05N
Level 2 1.0 . 2.0 . 10 _ 0.1N
(mole ratio) | (mmole ratio) | (mole ratio)
Level 3 1.5 . 3.0 . 12 . 0.15N
(mole ratio) | (mole ratio) | (mole ratio)

Table 2 Design of Experiment for selection of
optimal bonding process conditions

Experiment No. Pressure Temperature
1 1 1
2 1 2
3 1 3
4 2 1
5 2 2
6 2 3
7 3 1
8 3 2
9 3 3
Level 1 29.4kPa 150C
Level 2 39.2kPa 175
Level 3 49 0kPa 200C
3 Z2n ¥
3.1 RCA1 M&H1} HhE AlZtel A&t

RCAI Al8& st HelE3 pyrex Fdo] 43t
of B AerE FAeA Hu B
Aehs7)(silanol group) & A% T3 FHo] A
sEEA B39 2ol ARER dasrE 348 4
A= HHo] Frkeith ol A APy =
AEMETS F7RTIER AY AEE e o
& 3t dEsvle 4EPlE AU 9o 4
2 oA A48E HA Ham, dasr)e dest
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=
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(a)

Fig. 3 Contact angle variation of surfaces of silicon and pyrex after surface treatment:
{a) before RCA1 cleaing, (b) after RCA1 cleaning, (c) 6 hours after RCA1 cleaning

7V E HE2bo] ZAAstAl Bk Fig. 3 RCAl
Aol A2l pyrex7| Y HEFZbo| vl TS
Uehdd. &zt 23 23 RCAL A% F A&y
pyrex ¥ 2% Aeksy] Ui} gobd H&zo] 7t
At AL A 4 g E=g RCAL AF Aol
£ AgFo] pyrexdl] vl ®EHo| Aeksrizt Aol A
Zz}o] AAT RCAL AF ¥ deksy] WEr} wobd
AE7o] o zoldn} Aoz <bgE pyrex EH
o] Azt vlmale] RCAL AR F AelE HHo
FAE Bk Ayt B3 44 wgsle] o g
Aehs7|E A4S el d9E FHe des
7] W%} Fol EW U7} A7) wjRe] 2FEo|
A 73 =HBg Fig. 3(c)dA EXRo] 7] FoA
6A1ZF A3 5 HelE 3] HZFZo] pyrexol Hliﬂ]
o ARt a3 =g RCAL AlF 3] s
o} upgal3lc},

Fig. 4(a)= SOG £9< vke Al 199 492
274 sl AY 48y 2= 44 49%kPa
150C2 13 3la, Table wujd gl A3 W9
ol b Si-Si JFE T F AY A= vn
gt Tefzoltt, 4Uzt FEs| ¥ SOG 89
AS 2t QEol adstA EgH TEOSS MTESS
AR ddERe Aite Pk doklsl ¢
7} 7kt E85Nked 93 3He AFET |
okt mEbA 493 vhEAIZl SOG &o] 193t
HSAIZl SOG £ vl3] w2 HE =g ze=r)
Fig. 4(b)¢} Fig. 4(c)E Fig. 4(a)9] A48 W3 9
3 Y 2Ho® A Si-Si A A1HY peel test

19
T3

576

[ —m— 1day reaction

—a— 4days reaction
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Mean of shear strengths (MPa)
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Fig. 4 Variation of shear strength and fractured
surface of Si Si bonding specimen with
respect to reaction time of SOG solution:
(a) shear strength variation, (b) fractured
surface of specimen with 1ldays reaction
time by peel test, (¢) fractured surface of
specimen with 4days reaction time by peel test
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Fig. 5 Effects of factors on bonding strength in experiment for selection of optimal SOG compositions:
(a) MTES, (b) iso propanol, (¢) water, (d) HCI concentration
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Fig. 6 Comparison of shear strengths between Si-
Si and pyrex-pyrex bonding specimens in
experiment for selection of optimal SOG
composition
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Fig. 7 Effects of factors on bonding strength in
experiment for selection of optimal process
condition: (a) pressure, (b) temperature

Fig. 8 Fractured surface of Si-Si bonding specimens
at 200C
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Fig. 9 Bonding surface of Si-pyrex bonding specimen
with respect to bonding temperature through

optical microscope: (a) 150C, (b) 175%C,

(c) 200C
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Fig. 12 Cross section SEM image of SOG bonding
specimens: (a) S-Si bonding, (b) Si-pyrex
bonding, (¢) pyrex-pyrex bonding
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Fig. 13 Fractured surface of specimens bonded at
150C

Fig. 14 Bonding surface of Si-pyrex bonding specimen
with crack and void
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