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Direct Bonding of GOI Wafers with High Annealing Temperatures
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Abstract A direct wafer bondimg process necsssnry for Gads-on-mmgulater (GO fabiseation with high thernaal
amenling temperatures was studied by wsing PECVD oxides between gallium arzenide and salicon wafers, Tn
order to apply some wmiform pressure on mitially-hondsd wafer pairs. a graphite sample holder was wsed for
wafer bonding, Alse. a tool for mensuring the tengile foress was fabricated to mepsure the wafer bonding
strengths of both mitially-bonded and thermally-anmealed samples. GadwSi0wSi wafery with 0.5-um-thick
FECYD exides were amnealed from 100°C to 600AC, Maximum bondig strengths of about 84 N were obtamed
m the amealing temperature range of 400-500°C, The bonded waftry were not separated up to 600°C. As a
retlt. the GOT wafers with high ammenling temperatures were demongtrated for the fimst time,

Key words  Gais-om-Tngulater GO, Wafer direct bonding. PECVD cxide. Bonding strength.

1. M £
Rk Fhel Bl 715 ARl shbe] el T
el Fd 475 Soplockecironic intcgrated circuils:

OFEICsy= w2

alA, ] 4.]—/{-]) ;}_‘—_{;] i 1114_;-1 cq] J-A-]

"‘JPLO 32 "?} FAE grHEA AriE 7 Sl 4ol
Job, ol¥l o dlFe] A2l Tl A X (monolithic
mtcyahon}u_-J opLEl ©1F A thybrid intcgrationyl]

¥ GIsb Shale] @aie]T 9ok

A elmpubale] 7 pakss) 7]uke] AaRest 7o)
&8 745l olmabeke: MOCYDNmetal organic chemical
vapor depositiony, MBE(molegular beam epitaxyy S

CBE(chemical beam epitaxy)®t 7o) @ % o=y

Aﬂ 7]1—1404] 2]l A—'I.;(l-j-] s 011:_]_ :Lp]_z] %-inp']:'o]
AL Rl AR FE AN F1ERE bunkjeine AA 4

7187 Added A sclective anca growth; SAG) HHE
w0l gloh Ttk g 438 o o] 4vbat emad
4 #Ao] Hae}7] dFe] Fuldoln Agiiko] Al
= thdol gich

shudel] 714k 2l WA gRe whakel Fl4ka} of
O A4 RE 4 rww E U PAAY o
A Aol olaE it o B A4}

“E-Mail 1 by 7i@kisnee ke

b2 & 78S A Hibshe solAd Hi s iron
water bonding tochnology s ol £-6ked S 71 4= i},
=, H A GaAs 71310 BAFes) O R S 71

T 5 G A webs Al el GaAs 7l
ol A7l GaAs uhepo] §i 71¥k flefl WA

GaAs-on-Insulavor ¢GOI)y $lo]H 7k A &HETh

GOl 9101 Sman-cut 7147 S8 Fdo] S
AFZTAST TAPch T E ol A DAL ok o
L GaAset SioNolAvE AW ALE CadsSish GaAs/
SiO¥Si S1olAs] WP WTALES 47 ol
T HgEE T C oM GHE] |
o BEE GaAssh il Qe LTE GOl
slolAe shvA] it 161 Ohmic #Zo] 2
Al 380-4500Ce] gl E] gﬂ o o8 2 g} o]

-3z

EAIE a7 gl 2 Bl 4000 o)4Fe] 9D
2ol YRR GO Aol 2207 B Gaaw
Si0¥S AlZ T ske] ¢ Takedt)

2. AH wH

GOl sllolA7} A7) fleiM e el 213 el 7]
o] DAy TR Aabele gakak (hermal O‘RldaLIOI]]
Z4." PECYDE o] 83kd GaAs 71¥12] AFaile) 2
z‘ﬂ_ l—,‘_,v.ﬂg] Ji.f,:]_p_]l-o] a_'M-'Il; A]_’j I —!% # 01%51

'I_



o] F94E Fo] EEHE €A #Xé, Fag et g
e FaE ook @tk Fig. 12 GOI
2l =oltk. GOl ¢lo|se] AzgH 7]
% 7}8d GaAs9t Si gle)HSo] A AHIHE ¢ ]
¥ A%(wafer bonding) ZAHE0] B Ao|A A3 4

8

Hibol AHeE ©EA AE=
2Q1x19] ¥ GaAs 9ol ¢ H)
12~18 Q2+ cmolfﬂ. A8l (100)3] p-type] 2
i o)y o)t Aol AR HFel e GOl
AEEE A7) 2814 PECYVDE ©|§-3}
Eo) 44 FA9] SimNS ®BEE Si0,
SEE L, FA S0, vk 7] flEid E 4
do] 3 uY wak Aa)= wue] Mol A
shek Bl FAE Sio, AsteE vhET) 98] dikset
o] F4] Ao AEgict. 128 F4tskE (thermal
oxidation furnace)s ©|-8-3le] Fitsldto] A=) £
ZAEE oW AAEA Bxd v Uk
A ol JEE ALAE AvisEa AFg AE
AolHEo] 2ol HEA glo] AEHUE W, M2
van der Waals gl o] =472l <lgoz Hilee
a;})\}.# 1:!1—?5}1“4_ ] ]5‘1] 211—1 xt-llslg ]°H PECVD 2l3
ULJ+ Oﬂ/\}g}tﬂ—o] 63)\41%_ 7_11-7}-_4 }\]Eb [q_ll_t_b‘}— ]
el B e TCE(trlchloroethylene) oA E, HErE& o83
o] 27) A" F ol (18 MQ)i WSEEA A=

W3, A 7HAE 088kl o] Az =ik A

(100)

0 3 o
o2
[
w2

¢

o
Y
)
IS

s Q
>

=)
£
N

E!
o

R EXE
i
ox, ©

i‘l

W o ow

1 Si-Wafer

B e Water

ﬁ Ton implantation (H,* ions) ﬂ $i0, Oxidation

Si-Wafer

B Direct Wafer bonding

Si-Wafer

I 1 cMP Polishing

$i- Wafer
D New GOI wafer

Si-Wafer

Fig. 1. Schematic diagram of fabrication process for GOI
wafers.
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Fig. 2. Photograph of the graphite sample holder for
semiconductor wafer bonding.
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Fig. 3. (a) Schematic diagram showing the method of
bonding-strength measurement. (b) Photograph of the tool
for measuring tensile forces.
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Fig. 4. Dependence of formation conditions of PECVD oxide
crack on the thickness of PECVD oxide layer and annealing
temperature.
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Fig. 5. Dependence of bonding strength on annealing
temperature of GaAs/SiO,/Si wafers.
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