2008
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Abstract

Single crystalline copper nanowires are subjected to bending tests using molecular dynamics simulations
and the embedded atom method. To observe behaviors of nanowire, bending tests are performed for various
rates of deflection and different boundary conditions: fixed-free and fixed-fixed. When the deflection of
nanowire becomes large, twinnings and dislocations appear, and <100> crystal structure transforms to <110>.
At high rates, phase transformation occurs in whole nanowire. But, at low rates, atomic structure changes to
<110> phase partially. The final deformed structures are affected by the rate of deflection and boundary
conditions. These effects can be important design parameters at nanoscale.
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Fig. 1 The initial atomic configuration of 216.9nm x
2.17nm x 2.17nm Cu nanowires with two
different boundary conditions: (a) fixed-free end,
(b) fixed-fixed end
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Fig. 2 The bending process of nanowire with two
different boundary conditions: (a) fixed-free end,
(b) fixed-fixed end
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(c) at 19.63ns (deflection = 6.829 nm)

(d) at 19.71ns (deflection = 6.858 nm)

Fig. 3 The atomic configurations of fixed-free
nanowire with rate of deflection, 0.357 nm/ns: (a)
maximum deflection without dislocation, (b) beginning
of <100> —<110> phase transformation, (c)
propagation of <110> phase, (d) wholy transformed
<110> phase
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Fig. 4 The EAM pair energy of fixed-free nanowire
with various rate of deflection (deflection/time). The pair
energy drop down when phase transformation begin.

(a) at 73.4ns (deflection = 6.506 nm)

(b) at 73.49ns (deflection = 6.514 nm)

(c) at 74.0ns (deflection = 6.560 nm)

Fig. 5 The atomic configurations of fixed-free
nanowire with rate of deflection, 0.0893 nm/ns: (a)
beginning of <100> —<110> phase transformation, (b)
propagation of <110> phase, (c) partly transformed
<110> phase
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(a) at5.5ns (deflection = 1.785 nm)

(@) at 177.95ns (deflection = 6.335 nm)

(b-1) at 8.05ns (deflection = 2.695 nm) : front view

(b) at 178.05ns (deflection = 6.339 nm)

(b-2) at 8.05ns: bottom view
Fig. 7 The atomic configurations of fixed-fixed
nanowire with rate of deflection 0.357 nm/ns: (a)
maximum deflection without dislocation, (b) <110>
phase at center of nanowire.
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Fig. 8 The EAM pair energy of fixed-fixed nanowire
with various rate of deflection. The pair energy increase
with bending process and drop down when phase
transformation begin.
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(@) front view

(b) bottom view
Fig. 9 The atomic configurations of fixed-fixed
nanowire at 16.3ns (deflection = 2.820nm) with rate of
deflection, 0.179 nm/ns. <110> phase at center of
nanowire.

(@) front view

(b) bottom view
Fig. 10 The atomic configurations of fixed-fixed
nanowire at 30.78ns (deflection = 2.702nm) with rate of
deflection, 0.0893 nm/ns.

Aol Awso] Ao Ade] Ayl
A9l Wasl Aol g, WP g = fA4e

= [—

SA T dmetelold] wI AFS AR
Abeteith wRle] WA A9, G, FHE
ol el Ha, s 2t vieohelo] ¢
35, Aol W] FFo] Jhsstnr, #3 £k
of wel FREFe] Asp el depAwEA 4zt
te FHE 2 "o dFol B A" 4§
e ¥ Sx7F WdE P & IS FH4
Eaklth & 54 s vE vesrle A
Aol i Az MY S Sk B
e W 24 @A 8% AN Feen
g v

032

03r miree )

—&— fixed-fixed

o

]

=]
T

max. deflection ratio
[=] [=3
N ]
N =
;

b
[
T

o
@
T

0.05 0.1 0.15 02 025 03 035 04
deflection rate (nm/s)

Fig. 11 The maximum deflection ratio to the length of
nanowire increases as rate of deflection increases.
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