J. of Korean Ind. & Eng. Chemistry,
Vol.8, No.3, June 1997, 395-402

Al2| 24l &ol 2 M5 £5 Hskn EH Morphology

=% = =
HEF-2o @ -du -y

T Pl
QIS HATAS, BIAN AT FBATY
(1979 19 69 3+, 19974 3é 20?——_3 A&

Effects on the Oxidation Rate with Silicon Orientation and Its Surface Morphology
Bup-Ju Jeon, In-Hwan Oh*, Tae-Hoon Lim*, and II-Hyun Jung

Dept. of Chem. Eng., Dan-kook Univ., Seoul 140-714, Korea
*Div. of Chem. Eng., Korea Institute of Science and Technology, Seoul 136-791, Korea
(Received January 6, 1997, Accepted March 20, 1997)

2 ¢ ECR %4 Egzuks AR ZAsige s T o7k A il distd AE Aswe Azxd 3
Deal-Grove(D-G) 29 # Wolters-Zegers-van Duynhoven (W-Z)E o] 23t A7t 2 o Sy wWas AHpgon
At et Astete] ¥ morphologye] A#HBAE FASIAT A& Aee] FAE Si(10003 Si(1ll) BT ¥ A|7ho]
& A99M dPHez Frtetd o B tel Auge] wel sehibg 5 M) Asee Eisis weA guzse
Gito] EE5DAZ 283t A& Frh%e] ga F3HUT D-GEEH W-ZRPeA #i 2 uteE T Si(100)RT}
Silile] o & #& 7] WEe wgExe 1139 o A Yegon o mde Ay gy 2 dxady. mw
morphology & 43} £=7 F7l8® A4 8go] dojux R A A Astete] g9 2Ert AP o, 7)o 9%
7h st AR A 2R vlelagw Fo) Frlele] 44 A dojuE A8 zdolN EW 2E: AL Al
aA vegy.

Abstract : The SiO; films were prepared by ECR(electron cyclotron resonance) plasma diffusion method, Deal-Grove model
and Wolters-Zegers-van Duynhoven model were used to estimate the oxidation rate which was correlated with surface
morphology for different orientation of Si(100) and Si(111). It was seen the SiO» thickness increased linearly with initial
oxidation time. But oxidation rate slightly decrease with oxidation time. It was also shown that the oxidation process was
controlled by the diffusion of the reactive species through the oxide layer rather than by the reaction rate at the oxide
interface. The similar time dependency has been observed for thermal and plasma oxidation of silicon. From D-G model and
W-Z model, the oxidation rate of Si(111) was 1.13 times greater than Si(100) because Si(111) had higher diffusion and
reaction rate, these models more closely fits the experimental data. The SiQy surface roughness was found to be uniform at
experimental conditions without etching although oxidation rate was increased, and to be nonuniform due to etching at
experimental condition with higher microwave power and closer substrate distance.
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Fig. 1. Schematic diagram of the ECR plasma system.
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Table 1. Typical Experimental Conditions of the Sili-
con Oxidation Using ECR Oxygen Plasma

Variables Ranges

Substrate temperature 225C
Pressure 25mTorr

O flow rate 5scem

0~10cm from lower magnetic

200~600 W
30~300 min

Susceptor distance
Microwave power

Oxidation time
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Fig. 2. X-ray photoelectron spectra of the SiO; film
prepared by ECR plasma dry oxidation for
different orientations of Si(100) and Si(111).
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Table 2. Comparison of Deal-Grove and Wolters-
Zegers-van Duynhoven Model Rate Con-
stants for ECR Plasma Oxidations

Model | Orientation |Bl zm¥hrl| Algm] |B/Algm/hr}| zIhr
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c o
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Fig. 3. Effect of oxidation time on the oxide thickness
for Si(100) and Si (111).

e B A o] ARG wet F 2do) gy
o2 SIS W APAYG Ao} HWHE 14~115
| A2 2 dX&9t. 18y S
(100) 71#e] A4 grgAIzke] A3gel) wet W-Z =24
o SAE W AP Ao WY
£ 10~123%°lx2 D-GEE A% 1.0~151 %= W-Z
Edo] ¢ & 4A&ES FQsA. 2z Sid11) V)
#ol AstFACE Si(100) 71T g Frhee AL
A& AAREFRAA Si(100) 71#ET Si(1l) 7%
Fdd SigAE 171 o EAsteg Asygo] ¢
A ey Si(111) 713 FdeA e Fato] Si(100)7)
#HY 7Z7]) giols W-Z2d3 D-GEYUZRE o
S BEE, $A f3 &5 A5 g vastd 3§
A Az YA s

w
w
- >
o
J|'>

T2} M morphology

z *EE%‘ ZORRE 4L dslute FA9 A3 &
%7b E¥ morphologyel A& S Aw B gt
Fig. 4 R 55 Asi=e dAsl7) A9 Az 79z
Astete A § Ahslete] 9 morphology e 39
7] 93t = FdY 1 mx1mE sty Ued
JYo2AM YES AEZ 7189 99 AN Abgut
EU7A 9 EFolE Yehdd. Ague 84z A9
= A¥ AR Si(100) 2 Si(111)71% EwWel AFM
4 Z#AE Fig 4 (), b)) Y. Fig 4 (a),
(b)ell b Si(100) 71 %9 EW r. m. 2T HF
ZE gL 77+ 13, 10Alx Si(111) 719 A% 10
83A%2 Si(111) 71#e] o FYstdc). Abghuete &4

B

P

’

J. of Korean Ind. & Eng. Chemistry, Vol.8. No.3, 1997



Fig. 4. AFM images of bare silicon for different
orientations (a) Si (100) and (b) Si (111).
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Fig. 5. AFM images of silicon oxide films prepared
by ECR plasma oxidation for (a) Si(100) and
(b) Si(111) when microwave power was 600
W and distance was 0cm.
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