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Abstract: The mechanism of thin-film formation by Ionized Cluster Beam Deposition(ICBD) was investigated. A simula-
tion program based on the Monte-Carlo method was developed in order to investigate the effects of the acceleration voltage,
substrate temperature, activation energy for the surface migration, and critical nuclei size on grain size and surface rough-
ness. Studies of the effect of kinetic energy of clusters on the film formation processes revealed that high acceleration volt-
age enhanced the surface-migration of adatoms and made it easier for an epitaxial film to be formed. The relaxation time of
kinetic energy of adatoms increased with the substrate temperature, which in turn increased the grain size of the crystalline
film. This effect was more clearly distinguished when the critical nuclei size was large. The surface-migration activation en-
ergy was found to affect the interaction between the adatoms and the substrate and thus the relaxation time of kinetic ener-
gy- Investigations of the surface roughness revealed that the acceleration voltage, the substrate temperature, and the surface
-migration activation energy exerted a collective effect on the morphology of the film surface.
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Fig. 1. A typical ICBD system.
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Fig. 3. Schematic diagram of the problem domain.
(a) Top View, (b) Side View.
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Fig. 5. Grain boundaries as a function of acceleration
voltage. (n*=10, E,=0.1 eV, T,=373K)
(a) Acc=0kV (b) Acc=4kV (c) Acc=8kV
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Fig. 7. Grain boundaries as a function of substrate
temperature. (Acc=8kV, E,=0.1eV, n*=10)
(a) T,=373K (b) T.=673K (c) T,.=973K
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Fig. 8. Grain size distribution as a function of sub-
strate temperature.
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Fig. 9. Grain boundaries as a function of E,. (Acc=
8kV, T,.=673K, n*=10)
(a) E.=0.3eV (b) E,=0.2¢V (¢) E.=0.1eV
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Fig. 10. Grain size distribution as a function of sur-

face migration activation energy.
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a

7b ogl7] wlEolth. &, n*7} 100)43el A¢E= F
Mol datEoe] mojw tha] Eelg 4 9l7] uEo
F 70 At Bodx obAE L o]FE= n*vt 2
of A%BY L YAslo islandg WE= EFEO|
Aoz Hojr}. o)2fd AL n*rt Friee
E te FoAA vehddd geid oA @ =27
o wel FAM=E e AAo] IA WPS & &
ot} Fig. 12288 oA & =77} ALLE qdzt
o HAF =27t F43 ALE e £ gl

4.5, 2H HETo| v}

Fig. 13& Nhell @ %4 HEz o H3s Bal
Zolct. o] 274 o A1gk Nhi T} 673K, E,o]
0.3¢] Aol 7F&Aske] 1kVolstd wof 22 e
olth. 2™ A (a) FAEI} YRS dHe
38 £ e ALY FEF AUAE A Es
47t %%’fﬂ dofuta] efol T HEEI} B 9
o] AR Afolm, ()& FEF U sto
F22HY 3‘47P Agz o g
4 AAste] 29 H2e7} 3

oml —9—
o,
o
fru
4
)
o

& ool 98 AP
ot N A5 gesd v, 59
oI5 BAT oA uldshe

AHZYE SHEAY, TlBeE, Ed °I
A} sete) PRee] Egdew

o A 7T #F dF 471
k.
5.4 B

B 7oA ICBDe| 9Jg 1} %* 37178 49
3l7] $13te] Monte-Carlotdl] & =
239¢ APsgch 2esH9 £FA
9 e%, 283 FY~HE FAtL Qe 3 *}
7)1%3te) Qo] gYake] EolF&ES} #3
Ae g dob¥ F de 2l st
ARG Z7Hst 2 T FPr o) ¥

¥
.ﬂ“~

o $FAUAT 3715
%ol

T ARAo R QIAte] EolFo] ZehEel AH SR
o Z7PE AAe] #EHeH, ol o]v] Bud
APARNEI dAstn doH1-4] 7B &7}
EAY 9lzte} 7]gate] 9 c}l 2k g3o] AL4E 9

Ao} 7ol ) npAA gL 4 ER QY &5
A £AEE7F =22, ol A hopping 3%
£ 37H1A Z2AJAE ZATE ¢+ A n*
7} F45 islands ¥A37]RdE islande] #2=
5ol wotx AAYAY Ayt AAd. =%, 7t
£A43 JlHeert 21, E,o] 2HE4E JL‘I‘ 33%
= FaAEs A 4 it
H AR ALY ole] 7iddgl, sjHex, ol
243 Yz, 2z A 71& 2449 s
land A2 5o WstE & $ 9lew, o] An}
= d3ts 549 9g Ay 43 3= ICBDH
A A 27 =3 9 AR ol4d £
ZHojot.

°Pﬁ
J%
[JJ

Z A

& 19949 Fete Aty TRAA
+ 04 E 0330)d7n]el 9f5to] A7H AR

)]

gl

Ho
ok

1. T. Takagi, “lonized-Cluster Beam Deposition
and Epitaxy”, Noyes, N.J.(1988).

2. T. Takag, I. Yamada, and A. Sasaki, Thin Solid
Films, 39, 207(1976).

3. T. Takagi, I. Yamada, K, Matsubara, and H.

J. of Korean Ind. & Eng. Chemistry, Vol.7, No.3, 1996



472

4

(2l

oo

10

11

L
[

4

AX W .o AE - FA
Takaoka, Thin Solid Films, 45, 318(1978).
. L. Yamada, F. W. Saris, T. Takagi, K.

Matsubara, H. Takaoka, and S. Ishiyama, Jpn.
J. Appl. Phys., 19, 181(1980).
. T. Takagi, Thin Solid Films, 92, 1(1982).

13.
14.

. H. Hsich and R. S. Averback, Phys. Rev., B42,

5365(1990).

. H. Hsieh and R. S. Averback, Nucl. Instr. Meth.,
B59/60, 103(1991).

. K. H. Muler, J. Appl. Phys., 61, 2516(1987).

. L. Yamada, H. Inokawa, and T. Takagi, Thin
Solid Films, 124, 179(1985).

. R. S. Berry, S. A. Rice, and J. Ross, “Physical
Chemistry,” p.1101, John Wiley & Sons(1980).

. K. Bindel, “Monte Carlo Methods in Statistical
Physics,” p.150, Springer-Verlag Heidelberg, N.

33k, A 74 A 33, 1996

15.
16.
17.
18.

19.

20.

d4- A4

.29

Y.(1979).

. Kittel, “Introduction to Solid State Physics,” p.

646, John Wiley & sons(1971).

M. J. Stowell, Thin Solid Films, 21, 697(1973).
V. N. E. Robinson, and J. L. Robins, Thin Solid
Films, 20, 155(1974).

J. A. Venables, Phil. Mag., 27, 697(1973).

H. Poppa, J. Appl. Phys., 38, 3882(1967).

B. Lewis, Thin Solid Films, 2, 353(1968).

T. Takagi, I. Yamada, M. Kunori, and S.
Kobiyama, Proc. 2nd Int. Conf. Ion Sources, Vi-
enna, p.790(1972).

T. Takagi, I. Yamada, and A. Sasaki, Vac. Sci.
Technol., 12, 1128(1975).

I. Yamada, H. Inokawa, and T. Takagi, J. Appl.
Phys., 56, 2746(1984).



