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Abstract

In this paper, a rigorous three—dimensional Monte Carlo approach to simulate the sputter yield as
a function of the incident ion energy and the incident angle as well as the atomic ejection
distribution of the target is presented. The sputter yield of the target atom (Cu, Al) has been
calculated for the different species of the incident atoms with the incident energy range of 10 eV
~ 100 KeV, which coincides with the previously reported experimental results. According to the
simulation results, the calculated sputter yield tends to increase with the amount of the energy of
the incident atoms. OQur simulation revealed that the maximum sputter yield can be obtained for the
incident atom with 10 KeV for the heavy ion, while the maximum sputter yield for the light ion is
for the incident atoms with an energy less than 1 KeV. The sputter yield increases with angle of
incidence and seems to have the maximum value at 68° . For angular distributions of the sputtered
particle, the atoms in the direction normal to the surface increase with angle of incidence.
Furthermore, we has conducted the parallel computation on CRAY T3E supercomputer and built a
GUI(Graphic User Interface) system running the sputter simulator.
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Fig. 1. Overview of the sputter simulation: The

parameters of the ion and the target are set
in input stage. Afterwards, an atom
trajectory is calculated and a collision
cascade is processed.
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Fig. 2. Workflow of sputter simulator by parallel
processing: Once user define the species of
target, the pressure of chamber, the RF
power, and substrate temperature, our
simulator  starts the calculation. The
calculated results in each processing unit
are collected and post-processed for
graphics
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Fig. 3. GUI of sputter simulator planted at
INPROS: INPROS offers GUI, which enables
the user to interface the simulation system
just put the button. Then the simulator
calculates the 3D distribution of sputtered
atoms and demonstrates the calculation
result graphically.

23E GUI 25 B oAl g IN-
PROS®(INha PROcess Simulator)ell 7]4hg o]
Azt=lgien], FeleldE=st AAIHReal Time)2x
F3e wol B 5 JEE " sles AAE
ot m3k Al AdE GUI 28 f94 ==
Azdoa FEEglen], PC #7oze] /WU 4
8 Zol glrh. 2 3el4 Bimje}l o] ARAP} F
9l o]l digk Hre} ehllel] digt HRE 7153k
dslke Axel O el A E AEHo]H
£ tJEE(Default) 2 ¢4} o122 Ar', el Cud
Aoeta glow, el UAle] WE BRI E AR
BojEo)h Hrlsled, glal o]29] oux|d] wE 23
Elg, o]22] F4] Aol whE AFels, FelA W
ZEE B2 219 22 B¥s 9 33 £ET
AikE 3 928 Asshd 2] A 98 4

skt

(1197



62 TEIZLEE wA]o] o3 AnE & A4t g AT

. EtZ LS oA o] AR M2t aiF{U &

L 2% e7llollr o] {1z} 4zt 2l

2 AlEdeleldlde 5 5 Agvitt Azt
o|ti#|(Binding Energy)Z #&& %2 0219 oy
2|4 ZslA sk Az} ohd]e FES wke 9
27F Zde] AAp iR]elx Blold Aol ek o
VR 2 ZE{Vacancy)S A= B8 ofiuix)e}
2ol FAole dRlet AR AAREY oy &AL
3 ZZo 93t AleKNuclear Scattering)®] °3gko
2 e s 2F dUR] 43k odxte)l Az
9| FEE Mk ¥] B FE olluiA] &Ao] gl
g e A Seide ozt AxESE j)
2J24(Electronic Screening)3l=Hl, 54 o]} b4l
H4zb Alele] FE8 Sl o] olux|el AAl oA}
(Screening) =l w2 ZAFc) 3 x| He &
S o2 el A e FEo|3, o] Eell A
7 o) 23 AR] xR alzgkzbe] wlHn 9 w4
= dAYEE duEch ik Ax) o] g
Fae ol AR FEEX AR Qale] ¥ F
Al A= A=A 52 s 2 4 Stk
o]5 HRA FEE ZHn, Azlele] FEdi
Fo oAk AR WER] dw, oA oA A
tho] Fol@th AEd F 7K FF WAVES M2
F3H3lch wepr] REe ¥ FEeld Bdgql
Fo2 oURE Yx, Al AdsAgog Agxq
#o® oURE gA =k S5 B’ A7) AAY
F2 A wd Wxl ohE el 9ale) EElA
= F58A A4

YAEE # olF FE uliel W] Wslw 2E
< sk AN 249 2% 8]8 A Z(Free Flight
Path)2 olg3dl, 3} Az} oix] &4e) Axtz
AR} g ®) . A7) gl o)eEs qxe
< AAH ol3lR o7} "Iz AL glate] ¢x)s}
epfle] oo XY o Fesch ZE L v
5 e WA AnEE BEE EASAE

2. A4 #E{Collision Cascade) Y=

& 238 AlEefole]?] A#FE(Collision Cas-
cade) &I2]E-E 17 4ellre} Zo] i} o]t &
&3l A7 g)xHKnock-on Atom)7} e Wel|A
BEAY, R ibEle] o ol ARE saE 5
W2 w7k AGsle] ). & FEL ke qlA)

(1198)

W

= e Rl 58 dor|m ol o] ol
2= sEch olu MAE R FEE oY)
= 4AE 1349 2E YA Primary Knock- on
Atom: PKA)E AHeJdla, PKAS FEZ oiA|Z2
e (JxE 23FHel FE YAKSecondary Knock-
on Atom: SKA)2} A= gk

@ Recoil Number(0)

Recoil Number]1}
®
I \\
/
(3
Recol} Numher[z},
\
/o
II I‘r,
/o
4
Recoil Numbrr[fﬂ‘

by
( ) Recoll Number{1]

P
{ ) Recoil Number{2]

@ primary Knock oo Aten Py

s e 0 0

Recoi} Nnmbcr[l]‘ {‘J Secondary Knack-ant Atom {SKAY

VAN
// Ay
/ \
/ Y
¥ .
. ( _J Recolt Numberfi}
Recoil Nnmber(i+1]

i sputter or stop
foto Recoll Number[i]

37 4. lARE o] 23} el Axpzke] o) FE AL
1449 5 ARHPKAIE bl ol 2
Adel 25 YAHSKA)S A5A 2Ee
ol e gic}

Fig. 4. The scheme of the collision cascade process
shows that the primary knock-on atom
marked black circle(PKA)  successively
collide with the secondary knock-on atom
marked white circle(SKA) in the target.
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The bird’s eyes view of three-dimensional
angular distributions of target atoms for Ar’
ion with fixed incident energy of 1 KeV:
Figure (a) revealed that the maximum
ejection occurred at 45° from the axis, and
no phi dependence was observed In the
meanwhile, figure (b) revealed that the
maximum ejection occurs at 507 from the
axis in the opposite direction

Fig. 6.

olejat HA AL
A% zh= Ar'

slgro 2 3ol 1 KeVel o]
o1£8) Folol gt Cu 9AHe] 3349



64 27 PAo) 3 2slElg Aol DY AT BRR 5
P4 2EE 3% 6ol EASKYCh 2% 69 () B Fsbll ek
def) pHo2 ajsh oleel i B WA & |
55 el (s 45 9 o2 e ol B E .
ek ebl QAke) 3XA $EE vhehich w3 ‘
Y@ I x-y FHe A FHe TAsk, e e |
YL ojeo] YAEE AWE vehdek old, 94 3 .
N BERAS Aelrh Y o= HEHE 4 S04 *smiien
B4 g7t fe B AgHelEe st s &} o Fxwetios ]
£ ulsh Rol, 27 69 (@elAlE Bl Ha) 7 § | s
Ak BEE melw, mwl HAl wElo] dia Akt 107} L Gt 3
45" ¥2eI 71 e E2E dehieh o) o, e
23 69] ()& ol AYe] i) WP sy we 107 Lot st
S gAel $EE wglon), B B HA ek e
’ Incident Energy
Wl 507 o ZER wEEE el b Bes o (a)
& Qlsiek ,
10 —rrrT—rrrrey vy
2. A} o] eluixlel] mE 2slEld $E A A
2 EFelAE 29E gloR qakshe o] o o' ,
UAsh E5el wle ofe] sl el aoE g 2 o 2 e
drtem wales AXtslgich A9 S w9 i) g 'y 1
olgo] tig ebl W ake) Sz Aolgh 2l 5 * Simiaton
B 2E Cu Al AHSIT, slashe oot 3 2 F . Exverimenal ety 3
(B)ol Lo Ar', A1 H'E A143ie] 7 e * Chmanateanse
7} Agelold siick At o9 iAlE 10 eV il ‘
ollx] 100 KeV7HA] sasloled] o]29] o7} # I T

AFE 252 % Al A8HRecoil)©] oA BZ A
ARE $18F 3 AlZle) Z|slER S8kl Hok

a8 7E SHeR QAKE Ar ol oAl
gt el Ae) Aseigd hepdch 2 Azl

ouiAle] el
A% Az ksl
of vehd ZmEEe b ol el ssEE 3
Fgel "k INE AT YAk olee B
WA} $ES ok of ), o2 A oA A
g 2 A X A o AL oiAE o
3 e AR $5E ARtk Ae] A7 o]
Be} 2 oUAE B gl Ak O Bl WAt
e A 5 A Wek 2 =) AL s
o vhehd wlsh o] i} olee] oixrt AdTE
Sl s qlAe] $EE gelaldh ol
A7} Aol we} SR g AR 7
AA Az, A4 FE B deloz AsiEisel

evele), 7A7te] Asjold 54 ol

o}-2-2] M= 1007He]=, ZH4

(1200)

10' 10 10° 10* 10° 10*
Incident Energy
(b)
08l 7. AR glalsle Ar o9 iR [eV ]
o gk e Uzl AHEE [#ion] HE
2 wolFE 23 (@ Cu HAd Arol YA
= AS gAF uR) W) E A)Eg
9] oAs HoFx 9lch o] 10 KeV
o o FHoizks velin ol A9l dX
& o 7 9lrk () Al A
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