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Relationship between Adsorption of Organic Carbon and
Growth of Native Oxideon S Wafer

Naoya KAWAMOTO  Dept. of Eledtricd and Eletronic Eng.
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To invedigate the adsorption mechaniam of organic carbon on S surface, S surface was examined by
AFM and XPS, &fter dipping into the water which contains the organic carbon. The messurement data.of Raindicates
thet the geometricaly uneven surface such asthe step or microfacet does not serve as the dominant adsorption site for
the organic carbon. The mesured data of C,g5 and the thickness of the native oxide srongly indicates that the
adsorption of the organic carbon has the dose rdationship with the naive oxide growth. For the adsorption

mechaniam of the organic carbon, new mode which assumes the fie d-enhancement due to the Coulomb' s force was
discussed.
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ULSI: ultralarge scale
integrated circuit Si 3 11)

Si 100
111

(native oxide)

D Si
Si
Si (100) Cue Oss
2 ULSI Oss



38 (130)

Si T0C=730.9ppb
Si(100), (111) 200
400
3
2.
HF Si
p  Si(100),(111)
1 30 HF 0 60
Si
Si
10 HF 10
P Si(100) 9
12[Q con] p Si11)@ 5[Q cn])
N Si(100) 0.007 0.017[Q cn]
0 60
0.5 HF
/Si
/Si
Si

Vol.50 No.2 (2000)

CH;3
1
CH,-(-OCH,-CH-),;-(OCH,CH,),,-OH
| CH,3
1
CH-(-OCH,-CH-)m;-(OCH,CH,),,;-OH
| CH;

1
CH~(~OCH,;~CH-)ns~(OCH,CH,)5-OH

Propylen oxide Ethylene oxide

Fig.1 Structure of Polyethelpolyole

TOC : total organic carbon 5ppb

F-244 R[(AO),H]

Fig.1

NMR  nuclear magnetic

resonance

Si
AFM : atomic force microscopy
Ra average roughness
X
XPS : X-ray photoelectron
spectroscopy
Sip Cis O Siyp

Sio, )



0 Si(100) T

LA S(111) o T
0.3 .
£ ]
=02 o S

&
0.1¢ il

10 20 30
HF Concentration (%)

Fig. (a) Relationship between average roughness Ra

and HF concentration

0. S

| O Si(100) |

A Si(111) T

03 f
E

\50.27 A
hd

0.1- i

10~ 20 =~ 30

Time (min)

Fig.2 (b) Relationship between average roughness Ra

and HF dipping time
N 0
doy =N o) COSH Ingﬁﬂﬂi o1
S [/
k Sio, Si Nox » Nsi
ANo=25[ 1 A =23[ 1
k=2.086 Ng Sip

Nox Sip

(131) 39

3.
3.1HF Si
Fig.2(a) Si HF
Fig.2(b) Si
HF
HF HF 1
10 Ra
Ra
1 30
HF
Ra
HF 1 30
Figs.3(a),(b) HF
0.27nm,0.31nm Ra (100)
0.219nm (111)
0.20nm
Ra
(monolayer)
100 0.54nm 111
0.62nm
Ra 3
(dangling
bond)
HF



40 (132

® Siatom
* Hydrogen atom
3.2
- 0.27
/Si .o nmo
Fig.4
Si Ra .
(001) Si(100)
ts 110
1 10ppm
R Fig. (a)Atomic structure on Si(100) surface
a
Ra TOC b
- 0.31nm
p-Si(100),(111)
Si(111
Si (111) (111)
T—>(112)
Fig. (b) Atomic structure on Si(111) surface
AFM
TOC  1ppm  10ppm 0.2 P-S(100) O
i n*-Si(100) @
Ra 0.05nm Si E o i psin) &
Ra 2 3 g0l y v p'-Si(100) ¥
0.1 0.15nm 1 g Rinse time = 5min-
D.O. = 8.13ppm
Si Si ‘ RIAOM
0 5 10
T.0.C. ppm
R Fig. Relationship between average roughness Ra
a
si of native oxide surface and TOC concentration
i
O. T T T T T T T
@® Native Oxide
0 A Interface of Si/Native Oxide
-Si(100) Ra TOC E N . . .
597 e
hd
0. p-Si(111)
/Si ‘ ‘ ‘ TAO.C.:‘lppm |
10 20 30 40 50 60
Time (min)
Fig.
Fig.5

Relationship between Ra on native oxide

surface and interface of Si/native oxide and rinse
time
Vol.50 No.2 (2000)



/Si
Ra
/Si
5 60 Ra
5
Ra
Si
12)
HF
Si
/Si
HF Si
3.3 Si
Fig.6
n*(100)

Si  n'-Si(100)
Si(100)

60

Ra

Ra

XPS

+

n_

(133) 41

—~q. DipTime=60min R B:ggg% i
- @ n+Si(100)
@ A n+Si(111)
g |&— e ——&
g 5 [
© 2 A
§=)
x
O

Il | Il

0 5

T.0.C.(ppm)

Fig.6 Relationship between oxide thickness and

TOC concentration
Water |\ n* - Si(100)
)
P Native oxide

(0 1 monolaver)

ettt 4

O,+e -0,

Fig.

Model of field-enhanced oxidation

Ref. T.Yasaka, M.Takakura, S.Miyazaki and

M.Hirose, Mat. Res. Symp. Proc., vol.222, 1991,

pp225-230.
13)
n*-Si (100)

Y Fig.7

O,+e”

02_
Si
Si



2 (134)

Fig.6

Si (100)

Fig.4

p*-Si(100)
Fermi-energy
band

n*-Si (100)

TOC

p'-Si(100) Ra

valence
0.07eV

Cis

n*-Si(100) <n*-Si(111)<p-Si(100)

Si

Fig.8 Cis
Cis
p-Si(111)

Si
Cis
Fig.9 Cis
Cis
1

Vol.50 No.2 (2000)

Fig.

—~ T T T

=2 o
S 30000 g ! -
5 ® .

2 oA e

B YAN

5 25000-° o -
= ) p-Si(100)
z i
é’ 20000 2 n+Si(L11) |
- Dip Time = 60 min
b O Il | 1

O 10

5
T.0.C (ppm)

Fig.8 Relationship between C 4 integral intensity

and TOC concentration

=235000— . .

_§ Dip Time = 60min o _a

530000~ ®d e -

@ O .

5 A i

E25000- oo i

ﬁ - .

T O p-Si(100)

o} A p-Si(111)

£ 20000 ® 1+5(100) ]

& A n+Si(111)
1 1 1

o
N

4 6
Oxide Thickness( )

Fig.9 Relationship between native oxide

thickness and C,g integral intensity

AFM



Si
3.4
Fig.10 n-Si
Si Si
Si
Cc-0
Si
Si
Si
Si
Si
Si
p-Si
0.2eV

(135)

Coulomb’s force

N Ec
S b E _D
S Ee
Covalent bond
N Ev
Native Oxide Si

Fig.10 Adsorption model of organic carbon

under the field-enhanced oxidation

HF

Si TOC



44 (136)

Si
C-0
Si

Si/
Debye length

1)H.Abe, F.Kiyosumi, K.Yoshioka and M.Ino:
IEDM Tech. Dig., 1985, p372.

2)N.Matsuo and Y.Hirofuji,
Ext.Abs.Int.Conf.SSDM. 1986, p.41.: Y.Hirofuji
and N.Matsuo, J.Vac.Sci.Technol, B5 (1987) 10.

3)N.Matsuo, T.Miyoshi,
J.Appl.Phys. 80 (1996) 4137.

4)N.Matsuo and T.Miyoshi, Applied Surface
Science 177 (1997) 103.

5) , 40 (1997) 773.

K.Kagawa and

Vol.50 No.2 (2000)

6) 58
No.2,

(1997) 726.

7)N.Matsuo, N.Kawamoto and T.Miyoshi,

Jpn.J.Appl. Phys., 37 (1998) 4328.

8) :
1998 :
(1998)Cp-3.
9)
46
No.2, (1999) 852.
10)
1999
, (1999) 71.
11)

, 99 (1999) 37.
12)C.Okada, H.Kobayashi, |.Takahashi, JRyuta
and T.Shingyoji. Jon.JAppl.Phys, 32 (1993)
1031.
13)N.Cabrera and N.F.Mott, Rep.Progr.Phys., 12
(1948)163.
14)T.Yasaka, M.Takakura, SMiyazaki and
M.Hirose, Proc. of Material Reserch Symp.
Spring Meet., 222 (1991) 225.

11 11 30



