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A Study on Direct Bonding of 3C-SiC Wafers Using PECVD Oxide
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Abstract

SiC direct bonding technology is very attractive for both SiCOI(SiC-on-insulator) electric devices
and SiC-MEMS applications because of its application possibility in harsh environements. This paper
presents on pre-bonding according to HF pre-treatment conditions in SiC wafer direct bonding using
PECVD oxide. The characteristics of bonded sample were measured under different bonding conditions
of HF concentration, and applied pressure. The 3C-SiC epitaxial films grown on Si(100) were
characterized by AFM and XPS, respectively. The bonding strength was evaluated by tensile strength
method. Components existed in the interlayer were analyzed by using FT-IR. The bond strength
depends on the HF pre-treatment condition before pre~bonding (Min : 5.3 kef/cf~Max : 155 kef/cr).

Key Words : 3C-SiC, SiCOIl, SIC-MEMS, XPS, AFM

1. M Eo

2 uF, 9B 59 AP FANE g,
WHRALAY, W3R A4, WAAEtY, 1A s, 2 AGE
T olyet 71AH EAe] Si ¥ GaAsrRux A
58 5L 2 T 4(SIC : Silicon Carbide)
7} FAHY BEAE 53], % BAAHEZ AL Tt
& H3e 242 Adsz oH1) 8, 300CTE
e 2EYd9qME Si AAZHNY TAR A
SOI(Si-on-insualton) &3t F2 AAY ALLAR
AHEH T ek o] Wil 200~300TC 2= YA
£ SOOIt SiC7t &4 ALeE Aelf, =g 300T
olate] R GHolME &F SiCaxrt 348 He

* EAUYsE daFd

= FAGEGE PRALPF Y WFlE2 Y 2T AT
(BAFA AT FHF A 69~191X], Fax: 051-
315-1592, E-mail : gschung@dongseo.ackr)

2 dAasd, 28 F43 wAg Si vlejaZHAlY
71¢ g9 AAMY SiC-MEMSEek7l 24 F5¢
2 iei2-3] :

Bulk(6H E¥ 4H) SiC71#& ZAAAFo] 9H 1,
2 A7 2 inch® A @59 3:7}belr). Polytype-
SICFoA Uy FAFRY 3C-SiCe ¥3a As
2 Ao Erbssiu, duAe] SiZjwel hetero-
epitaxialol oj¥ diddy Aol stedty, AR} &
ZIAH B4 E@ bulk SiCol 4§33 batch
process®) ¥ 71&9 Si foundaryE °14¥ F Sl
o}, 2y, 220X 9 heteroepitaxial 234F o
ol Sisl SiCutgt AAWAAMY & FHAFS
3C-Sicutete] e AFYE YFEo] 24 Aol
aA gojAti4]

E dFode AR, @& XA 44 iy
o 9 ¥Ae] f= HMDS(hexamethlyldisilane) &
single precursorZ Al-43le] APCVDYHO=Z SiZl#
Aol AF¥E 3C-SiCutge] AFAEE 4 € F7t
ok =8, SiCe Si FAWAMY & AYgLE £

- 164 -



a9 29 (a)= wet oxidation¥ F&g PECVD
e FAE Wide-scan § ZHoZ 2825 eVoll A
Jelde (1) €4293E Q) 30X o2 ol
(Ar") zEEHgez weg 24L& F 33§ gty
o #FzAdME YeguA get o gagars
Z2FA d7j9 2geld, el R4 L d&
B a7 FAEL SiO: el 2¥ B (©
£ 0 1s% Si 2p W3 E narrow scan¥ HLZ O s
peak?] Binding energy: 530 eV, Si 2p peak9)
Binding energyt 1025 ev® 4 yehith ol o
& 973 7e FYAHsl

2y 3¢ 7 3y wegde XYW AAVE
AFMe 2 BXNF Aolth. ¥ (a)& APCVDHe
2 4389 3C-SiC w9 gyuax2 RMSE 65.8A
ojt}, 18 (b)Y} ()& ZF 8J.08AF 867A2=
AEFAF 92 A detgde] vebgeh APy
Q) 2J)1AFE fHNE Wee) EUY AR S
Aol3tr} Hojoigt, 19 (d) CMP3FA ¥ ¥&#
Ed A&7 397A02 ALAHA Bde] 5@
S e deEde A

(c) (d)

23 3. 7 49 9 FWe AFM o)v] A,

Fig. 3 According to process sequence of surface
AFM image, respectively. (a) Surface of
3C-SiC on Si{(100), (b) Wet oxidation,
(c) PECVD oxidation, (d) After CMP
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Fig. 4. Surface roughness of PECVD oxide accor-
ding to HF concentration.

a2y 5& HFAAE £99 ¥%(.0, 15 20,
25%)el @& PECVD d<E99 FT-IR spectrad
Jebd Aolth gurm o2 1500 cmlolate] JHL
¥ Sist oxided 9% FIE dguH, =3
10%0cm™ FHojAd F3sE F3GHe Siloxane
(Si-O-SDA#TF 2 stretching, 820 cm 'FH 9 o
792 bending, 450 cm'e FFF A= roc-
king ©] Yeh}= Aoz nmszm U9l 1600~
1800 cn'e) FYL F7F F£37)d 9 38
Jehith 3200~3500 cn'Abel o) e AgWAA
9 B2 9% E3}ojt} 3550 m ')A
peakE ME 542 %(hydrogen-bonded)® * 49
AH ¢ OH-group® W&ol 3650 e ' A9 peak
t EgHez $27YE o8 A9 AP OH-
group¥ wW&olth e 370 e lME @Y
OH-group #W & UelUE Zzeo|t{10]

Transmittance

400 1000 1600 2200 2800 3400 4000
Wavenumber(cm™)
HF %%o| ©& PECVD 4t3t9te| FT-IR
transmittance spectra.
FT-IR transmittance spectra of PECVD
oxide according to HF concentration.

a¥ 5.

Fig. 5.

- 165 -



27 24 - B

2.4 8

B Ao AgE 71Be Si(100)71%HA
heteroepitaxiald &g ©dd 3C-SiC¥rE Ze
handle?) %< wet oxidation®™ PECVDHo =2 AHQ
e ZZ AF 2 FHNZHI, active’]|BS
PECVD 4t3tetg 5% 3ich

a3 1L SiCOIF%4 3C-SiC 7199 AY¥HE
34 £A4 ot Handle 71®& 71¥ RCA ARF,
3C-Sicutetat MAwzke] ety A{YE oV
93 2000A 8 wet oxided AFAU F, wet oxide
o W& FIAE Zn, AXAA FF s
PECVDAEQSES 1 um ZFAUH7. ¥4, active
wafers 1 imm PECVD AA%E ZFFARAT I F,
Age 98 AHWE 1000C A2t CMP(chemical
mechanical polishing) 3¢ At AFATLE
g8 229 HdY ¥He] FE=E PN 4
# AHEE CMPEA S I7HE 948 104 g/crd, Table
2 Head® &X%%= 30 rpm, Slurry® silica(SiO2) 9}
14 wt%9 NH, OH(pH 108) & AH&siM 583
polishing S F3 A

£

Handle water

0 sio,
M ac-sic
a s

Deposition of 3C-SiC by APCVD

Handle wafer

Wat and PECVD Oxidation of handle wafer

Wet oxidation of active wafer

CMP of oxided surface
L I

Handle wafer
AW N
Active waler

Wafer bonding

a9 1. SiCOI +x4€ 3C-SiC71%¢ AHPY 34

M E.

Fig. 1. Process sequence of Direct Bonding for

SiCOl Structures.

27188 WA, CMPFAF HWUY EA4s=
Slurry® AA#7] 98 &% A¥ F, HCH
H0.2 E8% 293 HS0.8 H0: 8 E8E 89
d 1087 ¢xHos AAFT Fo AL 22 A
z3ct 28gn 271HEE Y8 HFS 08 44
9 %%(1.0, 15 20, 25 B2 JAFT LdodM 1E

 AAY a9t A4 §delH AAYY Samples
DI watero] rinsing3t 2, 719 W3 714 Ay
o 4% Ve o]2F°] UFE EAY F 3
E=E g 3BT 2V|1HY A28 de S IA A
z5A ¢ AydM 23S Fqch 271A
A Q7teE e 47 01, 05, 1.0 kg/cr® HFS ¥
= XNFEAY AskeFel wE 271HTHY
W3E Haydd.

HF Axg 237 U783 08 271398e
A% A¥71E B4 £, FT-IRZ HF A
o e 2/|3ed VuEde 4% dEE 2
AP

3. 4% o 1@

29 2= PECVDEAY 93 239 "a%e 3
#7242 XPSZ B4 Aol

?E
El
£
z
2
3
&
£
)
[&] *
600 500 400 00 200 100 )
Binding Energy (eV)
(a) Wide-scan
?g
3
g
=
z
3
$
£
537.5 532.5 627.8 522.5
Binding energy (8V)
(b) O 1s core level
?§
4
3
z
@
8
£

107.5 102.5 97.5 92.5
Binding energy {eV)

(¢) Si 2p core level
218 2. PECVD dd9e] XPS spectra.
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Fig. 6. Pre-boding strength according to HF pre-
treatment concentration.
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