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A Sudy on Nano-Motor of Giga-hertz level Resonance Characteristics
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ABSTRACT

We investigated a linear carbon nanotube motor serving as the key building block for nano-scale motion control by
using molecular dynamics simulations. This linear nano-motor, is based on the electrostatically telescoping multi-walled
carbon-nanotube with ultralow intershell diding friction, is controlled by the gate potential with the capacitance feedback
sensing. The resonant harmonic peaks are induced by the interference between the driving frequencies and its self-
frequency. The temperature is very important factor to operate this nanomotor.
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Fig. 1. The basic idea of linear nano-motor operation based
on MWCNT (a) Basic Elements (b) Simple Circuit
for linear CNT motor with feedback element.
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Fig. 2. The MD simulation results when initial displacement
is0, 5 10 A a temperature 1 K (a) CNT dis-
placement(b) FFT results from capacitance variation
() Amplitude and Phase angle form FFT results
when CNT displacements 5 A.

Fig. 3(@-(0= 1 KoM dy=0,3,5A < w MD Al
7+e] gh4po] W CNT M9 E 2o F ) Fig. 3(b)=
25V DC% 25 sn(wy) V ¢l ac Age] BF AlolE
o] FFEE 240tk dy=3A ¢l CNT HE0] A&

Aoz WMRsA g dy=5A 21 CNT HE

UAl= S 100 ps 3¢ H43] 74 gk
CNT ME W3}e] w7 542 dy=0A ¢

ALl CNT ME9] &5 dAuA= s2s)
vz} BpgE CNT| 2A g oA CNT AHE2
#(rocking) &2l o) AnlE T, wEhA] o
H] 28-S 788lH, CNT A 59 27 EAe
W= AdAgle] AR AN A4S vepdn
g AlolE ALS 25 sn(w,t) + 25V ©|t}.

n_ygolﬂ

=)
© e

A

= rlob ofnt

o ©

B
O N B f2 o k2

R=

101 V, = 2.5sin(o,t)+ 2.5 @d,=0A

P ANAVAWAWAWAWAWAY

-10

o b)dy=3A

-10
20

Displacement (A) or Voltage (V)
=

©d,=5A.

e

-20

0 200 400 600 800 1000
MD time (ps)

Fi

g. 3. CNT displacement depend on MD simulation time
a temperature 1 K (a) d,=0A (b) d,=3A (¢
d,=5.

Fig. 3o tist FFT 4] A3b= =71 9ol o
CNT ME W glet AfAE 2 HE 55 Fg. 49)-
At thek FFT Aot}

(a) CNT Displacement l (b) Capaitance

V, = 2.5sin(0,t) +2.5

Amplitude (arb. Unit)

1 02 [T 01 02
J(THz) J(THz)

Fig. 4. FFT andysis results from Fig. 3 data (@) CNT
shuttle displacement (b) variation of capacitance.

ONT ME @410 tha FFT Aol A 2% 3=
AN 2] 7 ght G ] AH e BE 35

=

Journal of KSDT Val. 9, No. 1, 2010



EH@‘]— FFT 7344——- oH ?3‘]'—— %‘ ‘zr“‘i]'“)l:g]' B]:“—’—SHE‘U&'
CNT M E atzlof] U3t FFT A3}e] 9a= ADAE
2 1R ch 7"»]— A —Q’ ] o

CNT E—°1 X}zﬂ TJ]‘TQ’]’ Z Ix)3ic), 2HE G5
7t Skl ukel, dAe & v E 7
25 Mol 25 Fu4t 27}
ool th. CNT HE9] capel
], cap-= AL CNT HE
A7) A R, o] gt lE-2 7t
lw*o}t} CNT *1 al
Fof 2% M A Hsly
eﬂ 3 CNT HE 4 A7r A
ofF] =¥ AWAHZ WHsl=Y
(extra fidd) &35 EZ3F3HCH7). ©]
(6)2F 7ol BET 4 Urt.

_,4
olr
o
=
L

i
=2
1m rN 41:—‘4

R ()
olX

F
s}

_<>|L

m N
M

2

m{o é
m

2
o

o

r“ Eh)
O oo —
(&3]

T

o

)

fr rle
o

A

e} 3L
33

)

i
iz
)

w
)

I
i
o
o
b b o Jo 21U fo

2=
2

I ooN 2 ol g oMl Ak N r

r10 j{‘—l‘ olﬂ l'm oH F—E l'm

j i® i9
/=1 "+l e " (6)

A7V 19} Iglges 22 5 AR, 1A WEd 9%
Be A, 336 9@ Wl ARe) 1EL
3, dondases 22t AFshe Sl CNTSF 24
A Atolo] B E ¥ A (R)E A5er2 o2 CNT
o} Alo|E S Alele] 7+Ad ols) F73ie)

42 E

2 =M e 5o A7160M 5 AoE
& Sle AR B WeRE BEHE A7k A
¥ DWCNT =E 9] 53 54& sf4sh7] ¢lste] &
A sqst AlEEeld S FdseH, o] A A9
CNT HEj= H7k vlziefs wpke] wilg- 22 A7)
HoR g Lgdhs U wa eRte] 7uks
FoL, ARAE 2 S mw A S 7R Al E A9 E
AHg-ske] $13] A7} 7he g AT 2 2%

WA TS 0] 7] &8s

] A 9d A|1%, 2010

¥} 13 CNT HE9] B2t Ful4ee} A4 14 A}
ole] ZHyel <f8ll f=Hom, FF Aol v o4

o] W SIell A ECNT REl9] Hg)E Ny 2713

S BAE T TS 300 KolA] MD AlEgo)|Ads 4

&3le] ONT HE £5& 32 2% Fudd o3 A

AEY =& 0|zt A3 CNT BEIE 25A17|=H)
- S23 8 AUS Slsisitt

rok

=

ik

1. K. Drexler, Molecular Machinery and Manufacturing
with Applications to Computation, Ph.D. Thesis, MIT,
1991.

2. R. Ragan and D. Lynch, “Inertia technology for the
future, Part X: Hemispherical resonator gyro,” IEE
Trans. Aerosp. Electron. Syst. Vol. AES-20, p. 432,
1984.

3. R. H. Baughman, C. Cui, A. A. Zakhidov, Z. Igbal,
J. N. Barisci, G M. Spinks, G G Wallace, A. Maz-
zoldi, D. De Rossi, A. G Rinzler, O. Jaschinski, S
Roth, and M. Kertesz, “ Carbon Nanotube Actuators,”
Science vol.284, no. 5418, pp.1340-1344, 1999.

4. J. Tersoff, “Modeling solid-state chemistry: Inter-
atomic potentials for multicomponent systems,” Phys.
Rev. B 38, pp.9902, 1988.

5. D. W. Brenner, “Empirical potentia for hydrocarbons
for use in simulating the chemical vapor deposition
of diamond films,” Phys. Rev. B 42, pp.9458-9471,
1990.

6. H. Ulbricht, G Moos, and T. Hertdl, “Interaction of
C60 with Carbon Nanotubes and Graphite,” Phys.
Rev. Lett. 90, 095501, 2003.

7. O. Wunnicke, “ Gate capacitance of back-gated nanow-

ire fidd-effect transistors,” Appl. Phys. Lett, 89,
083102, 2006.

Hed: 20104 12 1501 13} AAHY: 20104 19 28Y
23k A1 20109 29 17, AR A 20104 29 28



