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The simulation of tensile and bonding process in nano-size

S. J. Park(Precision Mechanical. Eng. Dept. HYU), S. H. Rhee(Mechanical Eng. Dept., HYU)

ABSTRACT

Recently, the research of the nano technology has been done on a lot of area over the world. Especially, the interest of

them is much higher for semiconductor companies and other super accuracy processing area. In this thesis, we have

approached the characteristic of the tensile and bonding of copper, frequently used to nano wires, by molecular dynamics
simulation. And the simulation was done by EAM, Embedded Atom Method which has the most highest accuracy for metal.

Then the feature of copper at atom space is understood through the simulation of nano wire.
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gk(Molecular Dynamics) , EAM(Embedded Atom Method), # #}%] 8H(Molecular Mechanics),
H (Finite Difference Method)

ol WRF A9 BE HopollM £z 3 Ag
o} & A5 AL o

QA TEHE AHRS TR HAEE v F
Aol FQ8A AMEFHT Yo qdFE ] Unw
A, Y= 3 (nano contact)yF-ol A& AMEE Aol
FAEES ] dsiA oldole Fo I ATt

EEelsdn Telo] thsAl= Mehrez 9 Ciraci 9
Aotk Mehrez 9 Ciraci & 22 WS
A&3te] T Yk =9 3 E(yielding)d ¥
(rupture) 2 Z o] &7 £ L(stretch velocity)oll whahbA]
AFEAT. T 259 AT AMEE Ve =
Ae 12 &8 BAY dAER FHE 5 44F
o7 FAFo dojA T Yx B #4E H
< ol#E7])d T3] Ko £ FE yw
ol #% AlEdold ATE TS ARA &U

.
o

ol [

Z

&

.

et B AT E AFAA AEEAY o
MHY B 5AT AFel4E AEEA
ool glold umA 2 dA@hn Ui
Murray $ Baskesl ol s 1983 o =

=

EAM(Embedded Atom Method)& o] &38to] 2] 9



22 B9 AE
del A7 T AFFE FHUY, A 4G
T 9AF=AE BAST B e

Ao Azt 2 dAEAE ol
2. Embedded Atom Method 2t £X}l52{ %}
2.1 22X} &t

A AL #249 iz E B2 2o o
g g4z BdEste ol B4 dgteME £
Ag FAstE UARAE Alole] "AF A g 1A
Al ol#9}, Ay AFsA @i de HAAE Al
olg] '‘wre|2¥t~ 3§ (van der Waals force)'& A}
B3] 2z2k9] AUxE Alaks) AT,

AAE Aol A uiAe dAWY BE 2
of g AFFGouA e} Az oF oA,
B2z 9% YA, agn vtdads J3
Ago U et 7lEl o ux] 2 FAigT)

2.2 EAM(Embedded Atom Method)

QoA BEAAsrs ol gdto] AR AlAF HA
o ¥ UAE FIte WHE 2R A
ghoaukAel 77|, §7] stEEFAAE EA F5
ARFZE e B4 dsiMe fed A%
A HghE ol &3 HAe xiAE AUA ALt v
HE T Murray 9 Baskesl ol ]3] 1983 1dof w3l g
EAM(Embedded Atom Method)& ©]-&3F ol L x] A AL
ol o&e Aol LA Urh

EAM ¢ 7]123¢ jde FEAFOR o] 2ol
N Edde AR FEAY EAEA Hed o
Azte] FMEE QAR Al ro ue W)
o] AAYL EAQFdozH FLAYo] olFoiz
A Hlu FE£ATY E3U fee U bee, hee 59 7+
2t AFT2E olF W ARt vt Havt
s o] 727 WEo Hym st oAl 1 HE
2 soptale ol wAgE Aol

Embedded-atom method o} 4] A A lUX 2 Ak
& e ok

1 -
Elr)l =5 Z (r;l)+zF('0’) ( 1)
i ¢
4714 V(r) e 42 45 284 olyxeln
defe ohsa 2

V(r)y=E {exp2a(r-r)]+2expFa(r—r)]} @

1183

T AALE( )Y W wg AxFEA oy
Aol M BE(p)E d9A H Fdd dasol
EAqste FEHA gEEA OEI go] xdol
#@4,

p(r)={aexp[-fi(r — r3)]+ exp[~ B> (r — ra)]}
(3

p.=>.p(r) @
Ji
A7 AAREE ANG 0 AT FHHE 2
Aol Felolmz Teo AY TE fee TEANA
a7 7 A% 3 AALEE otaje A Zo] |
2 EpEsshe e Bastt

> o)

p=E——  ©
> po(r,)
i
@M, D p () & fee ARTZ A o) 2t

J#i
A ARDE9 Fh
of Hg SR Fol thgel ARNAY o
A& AHRT
Ax Wy U F & gew 2o 549 4
011;}._

- 1 - 4 -
Fp=F + F(p-l'+2 4,000 ©
n=t
g ae p<lom p>1e thew 2ok
| - -
F°+5F2(p—1)2+q,(p~1)3+Q(p—1)4

F(p)= -
1+Q (-l

4 e FEARY BUHA AL Jlz
sted WA® Aolth il FAoIM mE o 7}
Aol A% @A oA AxBE, Den At
T AYE 4% AnFdds Re ¢+ Yok
AT A% W4 AL AAAT e Folch



gt ofule 71 71 E A Q] He|= Lagrangian &%

A4 Aok,
d .
—(0L10q,) - (8L10g,)=0 ®

o374} Lagrangian &5 L(q,q,) = A &%
Azl Kok Hd vz V2 Ao Hn
L=K-V )
dutstd 2E g, o 239 A} =5 g,
o gepolth 2@ 28 r, 2eln Ko Vo &
WA FoEM N Mo dAER FAHE AE 1
2l gote @) vhgI Ze] ®rh

mri=f (10

SolN m = Ax1e] Repoln

£, =VL==-VV apn

& Ao A% THA viAE P Folth

o] He EF B4 i o vAE Yo T £ 024
gael 2 3o 488 & ek

2.4 F3kxIO|YH

AodAl FEFGHoR Fa AujE FAHAEY
#qE TFale BEHA WHHe /T Aol WH
(Finite Difference Method)©] th. 24 9] Ayt 7l
2 AZE fllA FolZ dRAEY] ARG £E, ¥
o g2 FHEHGA AEE B R AEry
Y gholl M g = r(t+H) M gAE9
Hf‘lg} FE F& Yol w Aotk FHAA
< gAY o EE Falof gl

SEWAAY AAE W¥E F oM @ol

ARE s e B Verlet[1967]9] @13l A &o =
¢t=| 3 Strormer[1971]0 98t} AFEE Verlet &l
g Folch of W& 2 A ulRWAA gk F 3
Aol a8 it dmeFZoln dAAe A r(t)
Bt k& a(t), aEln F &% HAL 94
r(t—o)

of 2 7|28 Eub & w33 v ¥ e o
A v+ T rt-&) & 49 HA rt) ol
tislo] 7242k Taylor S 51

F(t+ ) =r(t)+ & v(t) +—;—§t2 a(t) +...

|

ol
—r

rit=a)y=r(@t)y—-atv(t)+ —;—&‘2 a(t)—...

1184

of 58 o] £ A& Az Hatd Fashd o

F(t+ &) =—r(t =)+ 2r() + &> a(t) (12)
Aol A& dA HH BN 7T 2 F
WAL o3l Fl&RE Fad Y1 o vhE
S8 9 N ol B ANE FHY + o
o},
31 &%
Bogge § ANE Adstd s A%
Adoln e st A A9l
3.1.1 oi&

QUG A Heh
slelel agsh ok AFAWE AAsted weld
oo AE Yol A& FaA kgt Bt

ARPZE 10X £ 0002325m/s

[ik:3

045+

0.4 H

035
/A g3t
0251
02r

015

0tf

21,3

strain,

Fig .1 Force per length by strain (v=0.002325m/s)

o ARPE 1105 S 0.00463m/s
.7 T

08} 1

051

AN/A B4
/'/.J\
= N \\
az2p d\\/d -‘
o
. N
% 0 400 6% 800 1000 1200

strain

Fig .2 Force per length by strain (v=0.00463m/s)
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Fig .3 Force per length by strain (v=0.00926m/s)
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Fig .4 Force per length by strain (v=0.002325m/s)
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