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ARTICLE INFORMATION ABSTRACT

With the rapid progress of nanotechnology, application of nano-scale materials has been extensively
increased. Due to increase of surface effects at small sizes, the classical theories are not capable of
modeling nano-scale systems. On the other hand, more accurate methods at small sizes are based on the
quantum and atomistic models which are too time consuming, and hence using these methods is limited
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to very small sizes for a short period of time. In this research coarse-graining models for accelerating
molecular dynamics simulations for the analysis of silicon structures are proposed. In this technique,
after assigning a proper map between beads of the coarse-grained model and atoms of the main
structure, the system parameters are modified in a scheme in which the original model and the coarse-
grained models have the same physical properties. By using various static and dynamic simulations and
evaluating the size effect, the accuracy and speed of the proposed model is examined. The error of this
CG model for investigating the Young modulus, longitudinal and transversal vibration is less than 5
percent, while it is about 8 times faster than AA model.
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Fig. 1 Bulk bead and nearby Coarse-Grained beads and All-Atom
atoms
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Fig. 5 Bulk bead in the second FCC structure and nearby Coarse-
Grained beads and All-Atom atoms
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Fig. 2 Surface bead and nearby Coarse-Grained beads and All-Atom
atoms
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Fig. 3 Edge bead and nearby Coarse-Grained beads and All-Atom
atoms
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Fig. 8 Corner bead in the second FCC structure and nearby Coarse-
Grained beads and All-Atom atoms
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Fig. 6 Surface bead in the second FCC structure and nearby Coarse-
Grained beads and All-Atom atoms
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Fig. 7 Edge bead in the second FCC structure and nearby Coarse-
Grained beads and All-Atom atoms
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Fig. 10 Young modulus error with respect to length for a silicon
nanowire with 10a thickness
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Fig. 11 Young modulus error with respect to thickness for a silicon
nanowire with length which is five times bigger than thickness

ol S gl cealins Sl oy Sl e Al sllas 11 S
s pln 5 Jsb b G55k

4 oploits 17 0995 1396 Hu5 (o owe Suilfo wise

3Gz bl @ bgye 4 Jgazr L1y jull @ by 3 Jgax aigd o
el Cag ol & bg2je 5 Joor

SVl g (538 Johe Gl laojluil (gl Cond cnl o
Sype a4 pn bl pled g awlbiidys Jue ln g dpdes drle
Vgl oo dmlie 42 sla Jgur

ploi Jaw aiile I oole SIb b lid ) wilgs so (m9may allocid s Joe
S sl

S Jgoo drmilno (gl (3 lwdanis -2-3

5 S e Jety 50 ) oslizd L lgse 1y Sy

5 e ol S & it S mh ek (nl Sl oS Al

33,5 (oo dmilons b 255 ol (slp o 9ly  Jenilly (651 Sy

S et (14) dall) Gl on> wly p Jennsliy (6551 99500 U

= = Ee? (14)
el (oo )3 39290 slaosls p b cnl e Jl38le 5 5l oslinul L

Shoslaiul b ceend ol o 0l dacile Kb Jode Jlade U 0o S e

Ol €80 (e B ogd so ails y Kb Jgde dlone 4y oalsdll )l gla Jus

B ein 990 (S8 plogl (Sl JB8, pite 0 ladas

Sl Jgde osls cpl 5 (sgapes gimmie S ol Gaodal b e 0,5

D 0 oa)j] Cawddy

o3lail (gl @il plas g alloulys Jow 59 glp (JSWLES) Cp polie 3 Jgux
calize slo ol
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model with various unit cells

20 10 6 &35 Jsbo o3l
(8 lass)

151.4 151.4 151.4 ol ples Jos
151.4 151.4 151.4 wlocad,s Jow
0 0 0 (%) (o slaz>

o3l sl ol ples g alocdys oo g0 gl (JKWLES) Cpp polis 4 Jguo

e slo Jobos
Table 4 C,, (GPa) values for Coarse-Grained model and All-Atom
model with various unit cells

20 10 6 &35y Jobes o3l
(8 olass)

76.4 76.4 76.4 ol plas Jow
76.4 76.4 76.4 alocad e Jaa
0 0 0 (%) oo sl

ol sl ol ples 5 Aoy Jas 55 slp (JSWbKS) Cag polie 5 Jgox

e slo Jobos
Table 5 C,, (GPa) value for Coarse-Grained model and All-Atom
model with various unit cell

20 10 6 S o ek o3l

(8l olaws)

56.4 56.4 56.4 ol ples Jow

56.4 56.4 56.4 alocls s Jae

0 0 0 ) (o sl
272


https://dorl.net/dor/20.1001.1.10275940.1396.17.4.37.3
https://mme.modares.ac.ir/article-15-6183-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-19 ]

[ DOR: 20.1001.1.10275940.1396.17.4.37.3 ]

J9231U3 Lgs 9 SIUS Ylslms aws

P95l Sl alwel s )w I e (J9Nge Suolivd dsldcudbys by Sia &Sl

Gl T T T T T E
g at ]
S
5]
> * * *

c
[
=]
B o :
[
—_—— CG1
1r —— CGz b
—— CG3
0 r r r r r
40 50 60 70 80 90 100

Length (lattice)

Fig. 12 Natural frequency of longitudinal vibration error with respect to
length for a silicon nanowire with 10a thickness
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Fig. 15 The effect of scaling factor on natural frequency of longitudinal
vibration of various silicon nanowires
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Fig. 14 The effect of thickness on natural frequency of longitudinal
vibration of various silicon nanowires with 100a length
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length for a silicon nanowire with 18a thickness
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Fig. 19 Natural frequency of transverse vibration error with respect to
length for a silicon nanowire with length which is ten times bigger than
thickness
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Fig. 16 The effect of thickness on natural frequency of transverse
vibration of various silicon nanowires with 100a length
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