Study on the Deformation Characteristics of Grain Boundary in
Nanolithography Process

Chanil Kim, Sangil Hyun, and Youngsuk Kim

Key Words :  Molecular Dynamics(+ A5 2 3), Nanolithography (= 2] 24~ 12} 9]), Grain Boundary
(27 "9 A)), Dislocation( 91)

Abstract

Large-scale molecular dynamics simulations are performed to verify the deformation characteristics of
grain boundaries in nanolithography process. The copper substrate made of 200,000 atoms is constructed by
two grains in different crystal orientations using dynamic relaxation method. The grain boundary is located in
the middle of the substrate with 45~135 degree angles. The plowing tip is made of diamond-like-carbon atoms
in a variety of shapes. In the simulations, the generation, propagation, and accumulation of dislocations are
observed inside the substrate. From the numerical results, we address the dynamic behavior of the grain
boundaries as well as the frictional characteristics in terms of the morphology of initial grain boundaries.
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Fig. 1 The Schematic view and the moving direction of
tool in the MD simulation
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Table 1 Computational parameters of M.D. simulation

Angle Number of Atom
(Degree) Substrate Tool GB.
45 201,839 3,901
90 201,762 3,358
135 201,666 15,238 3,890
-135 201,118 4,770
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(a) After relaxation
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Fig. 2 Snapshots of the deformation behavior at the top
surface for each process

A7 AL B 5 ok E3 YA A A9t
[
[}

[100] WaFo2 A vrbaA A7) ch(Step)e
a5 3l . Fig. 2-(c) M= Gy Aol

2 oA Bxae
SN B0 oIS} o] o8] WAT ANE
o] AAYASH w47 AAbolu.
ol @ Ane WAL Am el AAAFS
s Solsl 2 5 gleh Aol FEjetabe] wot

E
[
342 centro-symmetry parameter®<] kS 53}
2]

ojAL AA AE WHFY FH-AQ AR =h
AE SAeted & R ofYe}, AR}
TEHE T54d A3t - Z$(dislocation), A3
4l (stacking fault), 3 (surface) - &5 ol &
ATt

Fig. 3 =

daciels] 4 B o WRE
A Asglel AT A, sl AA
5 A4ge yed Aol 7 9%

symmetry parameter o] °]3l] 3 7}« Mo & FEE

Fig. 3 Right side views of dislocation movement and
grain boundary deformation

328



Aot A GAEL A, 54 ASAT,
A HAAE 22 ety 4545 5
17 9] A (partial dislocation loop) 2 =2 2ol 9t}
old EE AYEE FCCAR T SHwS<
{11139 At dot. FF7F A et
A9ls ZAHA FHog Huya A9t 2AH
A Abele] Mo ofsj A HAT HH-H o
2 AAs wEd. Zolo] A7 AA A}
Thar, Fopel S deiEel o A A
=g d9le dssiAd 2ARAE et olF
stAl €t olelgr HAFS Fstel A HA A
A 7F ol Al w W (pile-up) ZAHHAS] MPF2 HH
7HEst dn ey oA = AR EAE T
st A9le #EHA G T AT
AZ97A A9l Es oS 53T dsAgo] o
ojubar, 1E IsiA AAHAL 2= ®steh
Fig. 4 & 34 o] £5% 450,000fsoll A 274 HAl
o Wys dolr7] 98, ofeiFelA 2 17l
b el A g WYY AAFS A HAFHL
2 A4 gA 9 Wdge A4 9Ad FH9 A9}
¢l bAS Sal A7 B

olx = Wgow WyPsA A g wE)
A9 A3 BES Fste] AZHAE ]
E 7R dAke] JhgTE Ao =
= | A A
B-BL1H ¥ o] WAt} w3k 1§
Ao A=z 90 kel Tk %
BEE HAA "ok =S kA

o

ox 1

¢

o
oft
Aoy o> o

>

e ox o oo | 2

v 1o
o M
o r_E
2 ook
i

Fig. 4 Deformed shape of grain boundary at the final
stage (450,000fs)
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(d) -135 degree
Fig. 5 Deformation behavior of various angles between
grain boundary and lithographic direction

Sdeta vy A A JAE A dHE
o] gFo] sjAHER Qlste] FHoR bt
T EE LR 3FEHY o] #2 dde] ddE
< AAEA] WS gFsl vl Bats
= TS BEEY

Fig. 5= 2477 B&e 29 sisle o, &

T =

Uebd @ olt) Fig. 5-(a)~(c)= AR EACt x
Fo] thi= Z%vf 747F 45 &, 90 =, 135 &=
o] Wy FAola, (d)= AAEA H+Y 273
WRlE vrelS W ®wiY Aol oA A
dYA MY oA AFe AHE BE A
of oix AAHA FEAJA AHPES zEa,
YA 7} Yrolx|= wWgoa WyPs AS B
Atk (b)e] 90 =& A= x7)o] FAbo] 74 oF
A1 gagoloja] AR YA WyPo] A
A ek out g2 sielq #Ee 4 gl
AE, dAYE°] AAYAE #EI}E EHFS =
T AR

Fig. 6> 135 &= ZAHAE 2te EdolA i



0.8 T

Before GB zone
- GB zone
After GB zone
77777 Ave. before GB
06 Ave. GB
Ave. after GB
04—

Friction coefficient, p

=

0.237

o
—_—
_

0.2 1 | 1 | 1 | 1 | 1
200000 250000 300000 350000 400000

Time step [fs]
Fig. 6 Plot of friction coefficient during
nanolithography process of 135 degree

450000

Ty I EQke] mpEAgre] WEE BojEnh
AARA ol F99 2AH
AHA ol F dHem o,
b Fol Al des AAte
Hoklol AAHA A=
dlHeR =2 AUAE 7HxaL 7] wiZel 2
& Jork WMol ket wEktA A YA
Hie) shEd AdidoR tgE AF g vE)
SA UEstY 7 G9ER ssoRiE et
Qv Alae 2z agoA] Bolx= Ax 7ol
0.237, 0.218, 0.196 o %S AT T AR Y
AL A o, vpEE2 O WEFo] Fol= &
etal vhEAFe] g AA WA et o] 2
HEEE v s AAEAe] dFde
7l Bobs AAwele 9FE ¢

3 ol Mo e a2t v
A a3t 59 vpEAe] Al gt

[e)
Ae &3k

mlo
T

e
oo

]o

>'_\L
te i
52
)

KR
=

ﬂH> —\;
m& rlr

o ¥

N rlr

RN

L ood

fr ot -

4 2=
B aTdAE BAELSe o83 o
g Aae vrgrady 34S sy
3}, erel Aete}, gy dswE IS
o}—Oq O]—X]— O]"‘l“/] XJH/] }:ﬂ—}\g‘b} de“q’, ﬁaxé%

el ALlel HH3 AAYAZRTEH] WEo @
e aza] ®Wokr) w3k 45~135 =of vhokd AA
HAE AAste] glaads] A A HA
Uy AsS 724, oyA A SHaA =44

2 A= 2005 I AHEY Aoz skl

Aol %] ) (KRF-2005-042-C00037)  <1-1-H] <}
BK21 Ab Al o] Al Wl R EASFH TR
EE AY2E AHFE ARES ALl FA A=

]QEH $8Y wSdd gEaggdAdaas A =

Ay

ikl

P

o
o

(1) M. Verbeek, R. White, and M. Klos, 2002, “High-
precision Mask Repair using Nanomachining”, Proc.
18™ European Conference on Mask Technology for
Integrated Circuits and Microcomponents, Vol. 4764,
pp. 210~217.

(2) T. Inamura, N. Takezawa, and Y. Kumaki, 1993
“Mechanics and Energy Dissipation in Nanoscale
Cutting”, Annals of the CIRP, Vol. 42, No. 1, pp.
79~82

(3) R. Komanduri, N. Chandrasekaran, and L. M. Raff,
1998, “Effect of tool geometry in nanometric cutting:
a molecular dynamics simulation approach”, Wear,
\Vol. 219, No. 1, pp. 84~97

(4) Young-suk Kim, Kyoung-Hoan Na, Chan-ll Kim,
and Jun-young Park, 2005, “Molecular dynamic study
for nanopatterning Using Atomic Force Microscopy”,
Metallurgical and Materials Transactions A, Vol. 36,
No. 1, pp. 169~176

(5) D. Mulliah, S. D. Kenny, and Roger Smith, 2004,
“Modeling of Stick-slip Phenomena Using Molecular
Dynamics”, Physical Review B, Vol. 69, No. 20, pp.
205407-1~8

(6) Sukky Jun, Youngmin Lee, Sung Youb Kim, and
Seyoung Im, 2004, “Large-scale Molecular Dynamics
Simulations of Al(111) Nanoscratching”,
Nanotechnology, Vol. 15, No. 9, pp.1169~1174

(7) V. Yamakov, D. Wolf, S. R. Phillpot, and H. Gleiter,
2002, “Deformation Twinning in Nanocrystalline Al

330



by Molecular Dynamics Simulation”, Acta Materialia,
\ol. 50, No. 20, pp. 5005~5020

(8) D. Feichtinger, P. M. Derlet, and H. Van
Swygenhoven, 2003, “Atomistic Simulations of
Spherical Indentations in Nanocrystalline Gold”,
Physical Review B, Vol. 67, No. 2, pp. 024113-1~4
(9) http://lammps.sandia.gov

(10) Cynthia L. Kelchner, S. J. Plimpton, and J. C.
Hamilton, 1998, “Dislocation nucleation and defect
structure during surface indentation”, Physical Review
B, \Vol. 58, No. 17, pp. 11085-1~4

(11) B.J. Pestman, J. Th. M. De Hosson, V. Vitek, and F.

W. Schapink, 1991, “Interaction between lattice
dislocations and grain boundaries in f.c.c. and ordered
compounds: a computer simulation”, Mhilosophical
Magazine A, Vol. 64, No. 4, pp. 951~969

(12) Helena Van Swygenhoven, 2002, “Grain
Boundaries and Dislocations”, Science, Vol. 296, pp.
66~67

331


http://lammps.sandia.gov/



