e
-
rr
i

7

Spin-on GlassE ©|&3F HZ|EF fgl9 AL HYE 334

gately)ee 7Ag s

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 conventional anodic

bonding and similar to that of wafer direct bonding.
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pyrex, Si-pyrex HIS F3sle] Aol TF A=
9 o]F As H 7S ERlsii. olF AE A
Al T Al AT ztoldl| o3t &S FoY]
AsiA Aeld E33AT7E Blssgt pyrex (7740)=
Aol ARSIt A8 AEW (Design of Experiment)
= o|&3l 7t Aol JF A= vA e dFE 4
slo] A3 ol A3 SOG €90 2AS du 33
Hrs HAssidoh JPF= B8 Avda SEML
2 WEste] H3He 54 o UE

o)

2.1 Ay

o4
o,
=
fo
rr
=
o

—
A=)
L
=
re

SOGE ol&3 HF
A oA wRE olgste] Fid] vREAIA SOG
SHe Azt Al ®
RCA1 A< ol&std EHAE
AIY7|E ol&dtd SOG §d& =X
o] T AlH-E st div] 9171

SOG €9 Az Al ¥ A7kl u}
7] 9ellA A 25ToA 193 493t
g SOG €9S Fvlety A% A=E
223} pyrex EHE RCA1 A= &4l
9 xe] AekEr](Si-OH) 9 HEs =9
A7) 1o A3 YrE Lol
=7+5 28It a8l SOG £ A%
o] &3lo] ©=¥I FTow AH e L(sol) AH

)
38
o
L
ich
=

oL

&

o, @
ol &
»

A

fu =
v Bl
ML oX
N o
fr 1,
o S

4

o
_O‘L
50
T

o
o o *

jel:gu&
S o
0 oY e N o [T

ol

;_E
(]
Huoﬂ__
ot N,

(o]
-

|

<Prep ion of 506 solutions>
= TEOS + MTES + Iso-propancl +
Water + HCI
= Reaction temperature: 257
= Reaction time: 4 days
<Surface treatment of specimensi
- RCAL Sior Glass Pressure Evaporation of
‘J'j_ solvent and water
<Spin coating* =
= Spin rate: 1000rpm S0G
= Acceleration lime: 9sec

<Fonding and annealing> |

Fig. 1 Overview of SOG bonding process
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etk AHES F77F ImmS) p type (100) 2
2 pyrex(7740)F ©|&3ta, A9 b 7=
22 10mmx10mmet  14mmx14mmE ol (dicing)
ato] A3 WAool 1em™t HEE Fig. 29 22 A
Al AlEE AR

~
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22 SOG =Mg dst7| <

o
1>
et

Ae)F3 pyrex A3l A3 SOG 2445 A1
98l Si-Si, pyrex-pyrexe] #& JI AP FAst
Atk SOG 492 TEOS(tetraethylorthosilicate, Si
(OCoHs)4), MTES(methyltriethylorthosilicate, CHsSi

L

(b) pyrex-pyrex

i1

(c) Si-pyrex

Fig. 2 Shear test specimens
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(OCoHs)3), ©laxZ=EdE (DI water), G4k 9] Table 1 Design of Experiment for selection of optimal

2310 Az }3 t}. MTESE SOQ &olo] 2= 7} SOG solution compositions
}\}\]7:]_ TJLOE] ]6‘]’1‘ @'QE ;}U:] TEOSQ} MTESﬂ— Experiment MTES |Isopropanol| Water HC1
B3 Eg=A % o4 < 41 (solvent) No.
& b 90 wEe Wane o £ o 1 1 1 1 1
AZRREE FPAel HuA| gonw @z F 2 ! 2 2 2
A A FRE AT BT F o gue s ’ ! ’ ’ ’
Bt BoEwkgel A2 AL&ETh Phe SOG 1 2 L 2 5
W5 YA primary particle)® =2 Uife] 7]F9] > 2 2 3 L
Aol G Fol FERe JAH Aol IFE 6 ’ ’ ! ’
Foh B ATE &4 3HS Acje] 41, A ! ° ! ° ’
13k AAEE IS F = Ph(2(isoelectric point) 8 5 2 ! i
olste] wEAGN AP FAsAt : ’ ’ ’ 1

TEOSY &2 4mlz 1gsta, 34 W4l &=9) pevel 1 (molgfatio) (rvle vtio) | (ol atio) | 0-08N
gde S0 8oe 24T AP AN A4 [Leaz | 10 | 20 | 10| ox
150°C 9} 49kPaz TAFTH oju] AHeE &% Alo] — (molf r5at10) (mol;- Batlo) (mole1 ;atlo)
2 F4% 2% ¥glo| ogt #E EAE =ol7] 4 (mole ratio) | (mole ratio) | (mole ratio) 0.15N
3 2 dAE ARESIATE 80TAA 2417t Bk fA]E
o] SOG Wiel EAlste &vlE 2811713, 150CT7 Table 2 Design of Experiment for selection of
2] 7Fdsle] 3AI7F ZoF 9x]Ele] AT optimal bonding process conditions

TEOS/] oc} o] E@QS&—OAE—E SOG &% 3/] Zﬂoi Ql Experiment No. Pressure Temperature
A= MTES, o|2Z23E, &, dike] sxol 4710 1 1 1
2 2 Ao} AR Alolo] ws AHgo] gitkn Al 2 . )
o] MINITAB 142 |83l 1o(3") HmidES 24 3 1 3
s, BRI olgslel 2 Ak A Aol y 2 1
VAE Qe BN, Aol AHeE Amie 5 2 2
e Table 13 2t} 7F Alof Azl #A3 55 3 6 2 3
FEoR ofal W] A Fdste] Si-Si, pyrex- 7 3 1
pyrex A Ae] AL A, 7} L 5 ; 2
TEOSA et ¥ & 5ota, Aqke F7H4o= ¥ 9 3 3
of FA] @3 ol gAste] ARSI Level 1 29.4kPa 150C

03 T H R 5=|7<-I §|-§ 0|8|— R Level 2 39.2kPa 175C

© oo BT HTHEE TIe BHE =8 Level 3 49.0kPa 200C

o AdelA AAe A2 pyrexd ol A3t
HAo x4 o]&ste] Si-Si, Si-pyrex, pyrex- 3. &
pyrex Adtd] Bat T tﬂ/\(gc ?}eﬂ )ell EH?‘SF 3"4 31 RCA1 MM T} HF2 A|Zhe| st

= RCA1 A< sk Ael23 pyrex
o] ERMgst Agste A5 , 3
Ael=7] (silanol group) & dAJ3HCh w3 ®H]
steA W 227 AR ER debsrls 9

A= WHo] Fsitt. olgg Ade HiE

—u

AHEE Al EE = Table 294 2tk 2k Alo] ] TR : - "
BE FES 35FOR S ONY AL sl DoTAlE MR A dws vle
Si-Si, Si-pyrex, pyrex-pyrex #3 AlHe] AT &2 gt Aebksrle FEEIE AYa o] F
e Ago 9ar A4S wA Hu, Aeksr)e] "Wert
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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 RCAl cleaning

S7VErE FE54o| Aas ¥ Fig. 32 RCAL
Aol Ael2F} pyrex7|#e] HEZo| Al TS
vehdth, A&7 24 23 RCAL A F A
FH 25 deksr] Wrrt mobx &7l 2

& #8918 = 9y’ wF RCAL A% Aol

o] pyrexd] el EHe] d2ks7]7F Aol A
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S P witeltt A2 xWe ks
ol W A7 7] wEe] EEo]
HEZ Fig. 3(c)dlA EXo| 7] FelA
I 5 A2 FHO HF7to] pyrexol Hl3|
ol AXT. a22E RCAL A% AFd Histe A
o] ulE=]ait,

Fig. 4(a)& SOG €9& W A7 1493 44=
t2A FHete] 7 HEY =5 247 49%kPan
150C% 233laL, Table
_9_°ﬂ E}EW Si-Si % H u%

o agzo|th. 4YU7t FE3
785 2 Qo] ddatAl 3= TEOSSH MTESS]
VRt A RR Agte dAshe *a‘?/}iﬂ«l T
7} ket &Rl el FAE = AEAEd
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HESAIZL SOG &0l ®
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G —m— lday reaction

A — ddays reaction

Mean of shear strengths (MPa)

NAAL

0 1 2 3 i 5 G 7 8 9 10
Experiment No.

(b)

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, (c¢) fractured surface of
specimen with 4days reaction time by peel test
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Fo) sk AZloleh wkg Albe] 19091 A% 7t 4 MTESE SOG £o] #7k)% olf MTESS )
ol #dshA £3HA &x kv S8 @4 wkevI WEr(CHy) 7F S FAERe R o] Foixl 4
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Fig. 58 374 @59 4% 497 4% exs 424 T 534
A9kPaZ} 150CT2 wAskn B# 7gg olgale]  CIAEERES Fig. 5b)t feol olAZ2aid: THOS
4 ASIUA MIES, olAZERE, ¥, 909l il o BIZF OIS FUAN el BN AW
Si-Sio} pyrex-pyrex A Awe] mXE g B AR K 39TelM M wE A dEE %
Mg Azbolth. SNH|(signal to noise ratio)s g Tt ZRIYIIE ol&dtd SOG &= Al =
A3l Wal Lxol W E)d] U Aojelae]  EeheHl olaEudge] go] FIFE SOG £
A el Dol AR, Sk o o ASHE A A Rl £ 06 ABE
olElZt A Ameln, of e B4E Fe oy By o) Fska Adapl Y] AF P Sk
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o o— Pvrex—Pyrex . Pyrex—Pyrex
= 50 = 46 |
.:; 18 | =
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; 12 ;
;v o o a3 ‘
38 42 1 - T 1
0 1 2 0 1 2 3 i
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(a) (b)
" —a—SiSi 18 — s Si-Si
) . Pyrex=Pyrex ' - Pyrex—Pyrex
16 -
=) T 46
'Zé: 15 é 45
E 44 4 - /': 14 4 .
& . :: 43 N
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g g 42 N
T 42 = B
2 41 .
41 ‘ . 40 , . )
0 1 2 3 0 1 2 3 1
Water level HCI level

(¢)

(d)

Fig. 5 Effects of factors on bonding strength in experiment for selection of optimal SOG compositions:

(a) MTES, (b) iso propanol,
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Mean of shear strengths (MPa)

Experiment No.

Fig. 6 Comparison of shear strengths between Si-
Si and pyrex-pyrex bonding specimens in
experiment for selection of optimal SOG
composition

°olg & 4 o} Si-Si9} pyrex—pyrex Hgt
& ZbzF A A A= 5.04MPagt 3.40MPac]t},

3L

3] Table 29 2w ol
H3 2xo] HAZE gt
Fig. 7& A 7IHE o]8st] Ao <zt A
o plAlE s FAgE ag=Zolt}. o] FotE
FE Fig. 7(@)% % Si-pyrex, pyrex-
pyrex A AlE EF {3 A= vi SUlehs A
g2 Helg stEo] IS AAFIHY T o3 =

)

— .

o 1 H
o] AEAANS 5] Hu, HY 2714 FAE
7182 AASI 7] wiEed "3 Adert SR s
AR EHO| g 22 EE - (asperity) ol SOG £<]
AE7F Lol 714" A¥Hmechanical interlocking)
9 AZ22ES PAshe WA S7MA HEd=rt
Z7laeP?,

A=t S7HSE Fig. 7(b)eF 2ol Si-Si, Si-
pyrex, pyrex-pyrex H@ Al 2T J A= 4
23}, Si-Si, pyrex-pyrex A8 2L % AR
Agel A5 Al Aol FIAAIF Aol7t §lof &=
7t S7VEFE BEENRSo] fAse] HE Aot
71 Aoz dEHtt a3y dddy 2t $UkE
FE S0GY % $7F SOGSH AlH Alolo] dsiiA
4= afo] 2 g 7Y eoz A8 Sipyrex H
ol vlsl HA|NF Fig. 83} o] &ge] o] A3}
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—=— Si-5i
19 —a— Pyrex—Pyrex

—&— Si-Pyrex

4f: .\'/‘

45

Mean of SN ratios (db)

44

43

Pressure level

(a)

— w SIS

—8a— Pyrex—Pyrex

—a— Si-Pyrex

Mean of SN ratios(db)

T T

Temperature level

(b)
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 200

of AY Zwrt 229y Si-pyrex W 2
ol Am A B¢ 2=t TS Al I
AT Aol ofell d-&o] T7ksto] el #d
o] Aol Y Fw=rh gt Table 29 34
231 oA ‘Qf%‘ﬂ exd % HY A=e) WiE

Hwa By A3 e A3 2% s uzsiA ¥
§]_zﬂ-.§. o} 2~ O]E}

Fig. 9% A ¢#o] 3% 49kPad W e £
o] Mz} Si-pyrex 3 AlA] HIHE Fshdn

[e]
ol-gsted #FE ARKlolth. ¥ 2=7b 1% 1501
dME wHo] HolA] ARt 2% 175TCA dLo
WAPE 7] AlRtele] 39F 200CE W A9 o o2

O 3 dp H
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Micro crack

Micro crack

(c)

Fig. 9 Bonding surface of Si-pyrex bonding specimen
with respect to bonding temperature through
optical microscope: (a) 150C, (b) 175T,
(c) 200C

A 2= ot A3 A= ko] shgddl vl
Ang ¢S 35T 49kPaR 13w, Lo mE
A Adre] WstE FUer Adide A3E Fig.
109 YeRIS. A = 150T7HE e Lxrt
S/HEFE ESE5go] ElA ASAATES Bl
PR {3 A=t S7FEAIRE 150 ColdellA =
eE7t S7HEFE SisF pyrex 2 SOG HEEI A
A Atole] FEFA T ztoldl| ogt g8 F7f &
o] Fel ot F7IY s, 18l SOG 99| F
Fo o3 2R &8 IR & " A=t A
E‘r P a8B2 Si-Si, Si-pyrex, pyrex-pyrex A%

T 77E Yol b 39 49.0kPa, HE &&=
F 150CY o 7 =2 AP A=E S Je=
FHE
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Pyrex | vrex

Mean of shear strengths (MPa)

0

75 IhU 125 I:TrU IIT.) ZEJO
Temperature ('C)
Fig. 10 Result of additional experiment to investigate
the effect of bonding temperature on bon

ding strength

—8— Pyrex—Pyrex
#— Si-Pyrex
5 —a&— 5i-5i

Mean of shear strengths (MPa)

Experiment No.

Fig. 11 Comparison of shear strengths among Si-
Si, Si-pyrex and pyrex-pyrex bonding
specimens in experiment for selection of
optimal process condition
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2 3 Si mHel Heks77) pyrex RHET 7] u
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A BT 34 %7k 150Cede] W 257t 371
WA Sigt pyrex, SOG HEEZ AlH Atele] @33
A zbelel] ofgh A& F7ket &uje] Fido| ofgh
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Ak Si-Si AH AR Ao Ad A== 5.04
MPa, Si-pyrex A3 Al#He FHd A4 A=E 2.5
MPa, pyrex-pyrex 83 Al Ho Adt FeEe 3.4
MPacolt}. o]¢} 2 Hero] HY Aee Si-pyrex

k= Aol AF A= 0.5MPal?dl vlgle] =1, =
gtzn} AElsle] 400CAA Si-Si dlold F3 He
3 AHe] o 2w 10MPa'? 2 v)ssi).

Fig. 12& 93 49.0kPa, 3% 2% 150TCalA

&
o
H

g3 Al gre] SEM ARlelth SOG HEh #9
wrlE R Fdskm A

glol 4 datA G0 9l

(b)

Pyrex

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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A A 25 JHY A=rt ol 78] AAle 84

O] Joykom @@l?—% T4 glo] #dstA SOG7H
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Fig. 14= 200 Coﬂfﬂ Si-pyrex A% Al FAE
T O FH A" wEe Fskdn ARl
Suhire] Bdof shd o]F Az HF Al L=
g8 A9 & ‘T{roﬂ AzE 'Y

JH:’lﬁl—Oio]

TREWCES

] AlH E doEE HZo
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(furnace) 9] #4718 #Foly

A | ‘
il ugﬂ iy '
2o 10l b - ok d

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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