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Figure 1. Snapshot of atomic configuration
during Ar bombardment on Au(001)
surface with 10 keV incidence
energy.
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Figure 2. Atomic illustration of surface
evolution during ion

bombardment.
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Table 1. Parameters used in screening function.
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Figure 3. Schematic illustration of
the simulation geometry
on the (001) surface.

Ar1zke] Aust Pd sEHAM O] 298 5( Y )3 A
TE TFE(Y pgepo )= ARFSE7] 913, 1 ATl A= 7]
el B (001) WS Aeigion, Are] AF ke
[110] Wako R o]zl [100] kel thalr 459
7 (azimuthal angle, ¢)ol AL}, YA tishk ¥
sk& K] #18l = ZH(polar angle, ©)-& el T4
S 71207 0, 30, 45, 60, 75%2] A2 HesEigich
Ar A1) YAl el digk 7|akehAel 2kerert gl 3
of YRt ok A iAol tigk As-S AR 9130
0.5, 1.0, 71831 2.0 keV9] oA & A &3St Are] 9]
ApllUA] el e}  }519] 71 AR 7F 8] S
HEE 0.5, 1.0, 2.0 keVell ZH2} 32,000, 48,080, 12|31
108,00071] YA}= o]Foxl B}l 7|19 EHlskinh ¢
ARt o] wIX|A] g FEsE AgelA 2y HHOE Qo]
o] §AeIA ArdAkE SRR S § 7o R
Holz] §lolA= Axg FAsle] 2HEE PR Aot
Fom, HFHor 27 7|H Y% oz AEE e YAt
5 AE HRFE Bt 7 gl tigk a2 o]
Atke: 1,000 Fefste] A 79l digh H7 w5
AAE Foialom, olAdEol A2 ¥V, R Y, eieper L2
3L o]59] eakEM ZEHT ol ] AAE PAA
7= A% 7)%e] F7)%= 15.56x15.56%3.89 (nm’)<] =
719] Pd(001) 71%k& ARE3IS oM, QAL 21 52 785

Akel o) AR W FdskA BIQlTE iRk, F7HAQ

lo

Al

= A8A - ol

Ar AxR= o]H o] FEE Qlal 7|ve] Se] gt ¢
o]F] IARAIZAT
RE AR v 22 384 2o ® s E I
T7| BAZXNLE z ok yH3oERt A 859lom 7))
ol o}e) 352 AL, )
K 255 A= afolom, vpx|= 7] 251 300
5 Fol = $ 3HY st ARIAHA =S
slQitt. EAFsAS ARLeALE HAstelr] f1al time step’=
22} k] Wk Aol wEl 0.0015 1.0 femto—seconds
(fs)= Tkl WAz BE dxjel] tigh 914 R
10.0 fs it AsSic

=)
X
=
>

(o3
o
)
R

N
=
rlo
wW
(«)
(e)

m 23 2
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= UERd Aotk Au(001)9] -3, 0.5 keVolld=[el| A 4=
ZJAL A] 3.63 atoms/ion®] AugA7F 2HEH HE Ao
2 Yepsth oluAI7E 1.0 keVl 7359} 2.0 keVS 74
77} 559, 9.91 atoms/ion?] Y, ©] ZAFEATE o3l
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Table 2. Properties of Au, Pd predicted by EAM potentials employed in this study in comparison with
calculated(upper values) and experimental*(lower values) data.

Structure Mass(amu) Z aplA] E.,,leV] B[GPa] T, K]
4.08 3.93 166.7 1200
Au Fee 196.96 7 4.08 3.93 167 1337
3.89 3.91 195.4 1600
bd FCC 106.42 16 3.89 3.91 195 1828
* Ref. [30]
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Figure 4. Sputtering yields with respect to
incident energy and angle of Ar on
(@) Au and (b) Pd(001) surface.
Error bar denotes the standard
deviation of each case.
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to incident energy and angle of
Ar on (a) Au and (b) Pd(001)
surface. Error bar denotes the
standard deviation of each case.

85



o
~
>,

i)

oy

>

23

T A o] A= A AT} el whet 455
AollA JJEH%k~ wolon 75%ol|A FA% UareS Bl

Holtk o7 v, o WSt} U 7leS Btk
9] T A9 AHaAE AR a1 69l

Bt Tk 9 62 Y, e & Y,y B UTORE A O]
], QAL e, Ziee] whe AAlE SR1E & olrk
a7 6 ()9 A5 SVIEAE AAAD Y, epo/ YVipe 7t
Ar o]2] QIAfellA], IAztE=e} A 4-59] gho.
= T FAHE Ao ekt Pde] 4§ (11
6 (b)) 2—39] k& Holw Aug] 7399} Zo] AAT ke
Zh= Alow etk o9k el v, 4,01 Y, Bt &
A=A RS @42 Ar, Ne, Xe Pr(111)] theFst
duAz FEAI AdlAE ElEglon, o A9
Y,cdepol Yo7t 173 AR e SASATH27].
3k Gades Sof 93iA] 12 AAS B8RS E3

o
745—5]] p= N ﬁJ,]- /\164 7{4.9]. 7(—1/\47510§ 01216}0

= A=

AT, O ¥V gepo/ Vi 7t ABETE O
2-5 A= HaFglrh28].

=
o

7}

oN & ru

—r’

¢

T T
@ Ry

g -k - 2.0keV Ar
Au(001)

o L L I I L I I L L
-0 L] 10 20 30 40 50 80 T0 80 -]

Incident Angle (degrees)
& T T T T T T T T T
(b) —m—0.5keV Ar
L - @ 1.0keV Ar
-k - 2.0keV Ar
Al Pd(001)
T
t% l----.?.':.-.:.—_:h:‘\
B==g---
> 2t A
%o 0 m M w7 w w
Incident Angle (degrees)

Figure 6. Ratio between redeposition and
sputter yields computed from
the results in Fig. 4 and 5. (a)

Au(001) and (b) Pd(001).
cselel Aol i) A Axke] 57} 2ujelA 5

86

A8A - ol gE

WA ) el oo e ela) AAEE wRe)
e A5 Aol ole) 242 Fsel o 1S A
o7 7"t o] 89 SF(negative deposition)

2, 2jEjel 7IukS T Qi )£ oA Aol B
& o] Bashhs AL vk o]aw xnz—ﬂ &3}

Aehs ol gslo] AHH o= Arg 357\]7] 741 aasy ng o}
Ak AR |lele] #A]eM ArglARE Pd(001) Rl
0.5 keVe] AUA 2 £23} 6050] O FES AHoH,
Hhgo] BubaL w5, v 1o]9] 91|l olojM Ardd
e AT R ANES SSivh o Ak Y

79 veht itk 29 7l vehd Pd71Re] A71= kR
A2 °F 16nm ©]™, 4,2002] Ar F= APkko] 28H o]
Fo] A HofE Flouh. 5ol vERt o] AL &
1 ejujshs, 27] 7]e] F9 x}g Aol sfgsh= 5
&7 ]Ii A0 7 M ke 913]9] Q1) &,
Ol Bol § Fiel sigHH, H2Mow s 2
IHH*SF Aotk 53], 27] %ilp_u}% B
A ‘XHpr off eJalir AT ZEelt :L% 7
(a)= AP Fol, oe] el FEolF &
o] & AL eI & Uk FrEAE, EA
QL] fzolE 7o 420009 FEC] 9 F
B8kl 27] FHET 22 $iXd] Hot e dAksel
O Ak ARE Pd 71982 159 3,200712] Pd
Az FAEo] 9la, 19 dellA RISl SAUA
Al Ar 1% A0 3719 PdgA ~H e w7] o
ol AXE A3} 12,600712] PddA7 ~9E € Aoz
o g = glek. of e, oF 3.95:9] Pd B}5L 7] 94
7t 7k flofAok AR, 17 791 E]1ESRo] sl
F& QAL AAe] ofd e 27] BHO o] Hr) &
ottt 19 7 (b)E 60129] ez AR Avfeld), 1
H 7 (@) "RIZA R, B2 9] dabse] 7] Rt

& A el g E*g A Sl 1o, o

[e]
> N

[‘LﬂQ_IZo

=13
5

N ]I_z
ke 4‘*' =
b

l‘
W

A 7

D}

[¢]

e
éw~

iy
1[‘ rlo
ot
ol

o,

Moo L

) o o

1 jinSs
>
>,
UE

e

ra

4

2 4 o
;3
2
g

2 e
oo

opIe, 9] 2E 13 A 7
o] 7heel, et 3l Al WA
o AFE A A7 s F Qioln] iﬁa

& AFASA ok BolA Akl

© ox
w 2or
o
i ok
Rl oox
o

IS )
ol oX
o =
N
ﬁlﬁ
o

r*O
T

Journal of the Korean Vacuum Society 17(2), 2008



Arel F=ol 93 Au, Pd(001) EHOIA A5 azte] Eaksost o+

+0.5I\1L
t t
Ini. Surf.

-2.5ML

(a) Normal Incidence

(b)60°

Figure 7. Atomic configurations after
4,200 (=1.73xX1015 ions/cm2)
Ar bombardments on Pd(001)
surface (15.56 < 15.56 nm2).
Color depth denotes the
height. (a) normal, (b) 60°
incident angle.
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H S S 5 Qe o) A eRE 2 oA

ATH29]. o]efst A2 3l Bradley—Harper o]0l A

-

&% A} dA|sh= Flo|Awk, W siElo] 1 /el

£ A7) zfolel] osiMnt PAEE Aol ofEt
g EHHET} o] Fol= 252 dAEol o) & o
k= Holl A Bradley—Harper ©]&3} E2]% 7]¢do]
thEr}, o] Al AF7hA] Ante] o Azt
P ~HHY A9 Ao} AAE BHORE Eehv=
SElo] moks AX sk Zlo] A7k At Bt AlSAE
A7Ee] T8 TS = AS wHe] HolFaL Ak

v 2 &

s 8 HARALE o &ato] 2HEIR 4] o]
= 5 el Pt 1SR Sue) widekes Al
adfel el A=Al Akks: FsIglth ArdAE Aust
Pd(001) 3EHel vheFgh SIAtlUA, AR e wht Z=
7ﬁ5— BAterom, Aste] SAA A2E Bl Y, i0p0

Y, o vl AAIE 3u) FARE Suf o] A=l e
017/_1% Ar o]29] Aol dAFGE=S} Adtglo] Bl
Agel whet dAGsH epdth AEA9 S5 AL F
3l], Zto] W FEo] WA o] Fol ke 27] ¥ ol o]
Fow ol e dAFse] EAgS ERlslon, Bl
el v sRle] BeF 9l el ASE At ml
G T8 A4S sk BloR IR o] A= A7
Aol 71HkS: a1 9d= 39 kinetic theoriesh= T
FHellA e el o3 Fdu = FHdES 7lesiof
Sth= s onlgitt
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Molecular dynamics study of redeposition effect by Ar ion
bombardments on Au, Pd(001)
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Atomic behavior during ion beam sputtering was investigated by using classical molecular
dynamics simulation. When Ar ion bombards on Au and Pd(001) surface with various
incidence energies and angles, some atoms which gained substantial energy by impacting
Ar ion were sputtered out and, simultaneously, others were landed on the surface as if surface
atoms were redeposited. It was observed that the redeposited atoms are five times for Au
and three times for Pd as many as sputtered atoms irrespective of both incidence energy
and angle. From sequential ion bombarding calculations, contrary to the conventional concepts
which have described the mechanism of surface pattern formation based only on the erosion
theory, the redeposition atoms were turned out to play a significant role in forming the surface
patterns.

Keywords: molecular dynamics, ion beam sputtering, surface structure

* [E-mail] spkim@Kist.re.kr

ak3)%] 17(2), 2008

89



