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Fig. 1. Picked CNT and its molecular dynamic model; (a) SEM images of CNT and AFM cantilever; (b) side view; (c) front view;

(d) vdW energy reduction.
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Fig. 2. Energy changing at the interface of CNT and gold durface: (a) Total energy; (b) potential energy; (c) internal energy;

(d) kinetic energy.
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Table 1.
CNT and gold surface before and after collapse.

The energy components of multi-walled
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Fig. 3. Contact model between CNT and metal surface:

(a) Horizontal contact; (b) vertical contact.

A S T 1 # 22 BE Bl 49 K A5 5 46 s = 1 LUK
A Al T 10 S8 O R 2 42 ik B AR AR AR
JE B A2 B B RS, —FRARMEA ] 9250 )7
B E AR R RS RE, 1T 731-3h 12707k BE
i FAEAT) A3 2 ik 1] B2 % 0 8 0 11 ) Bl A KA 4
T [FDARY 25 55 B2 ) S0 . 214 1 P 2 R T8 e
I, YO FCHITRE AR VS, Z2RERR K TR
MEFE LR R R AR AIE (K] 4(a) MK 4(d)),
I IS A L H- S BB Tt B I 1) e RS B
RBRRAR S TR, RE R AEHFAEZY 0.7 Mcal/mol 4
AR IR (K 4(g)). MBS /N T IZ

106101-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 10 (2021)

106101

(a)

()

-~ 0.80 -~ 1.0 —~ —1—
T T, (h) T, ()
e} e} e}
g 075 £ osf B
g g g -2
z 0 g2, 2
~ ~ I ~
E 0.65 é};é g’é 3
E=N m T
E; 0.60 ﬁ —051 g
2 0.55 . 2 1.0 . 2 4 .
0 50 100 0 50 100 0 50 100
) /ps i8] / ps i) /ps

4 BRAOKE HEREEAFRIIARREE T 1Y A Al A SR FLHRE2E  FIARIIEE: (a) 1.1999 nm; (b) 0.9489 nm; (c) 0.1378 nm;
AN : (d) 1.16 nm; (e) 0.3081 nm; (£) 0.2933 nm; 578 FLE- W AE2E: (g) 1.1999 nm; (b) 0.9489 nm; (c) 0.1378 nm

Fig. 4. Contact configuration and Van der Waals energy of CNT with different initial gap: (a) Initial separate gap of 1.1999 nm;
(b) 0.9489 nm; (c) 0.1378 nm; (d) final gap of 1.16 nm; (e) 0.3081 nm; (f) 0.2933 nm; Van der Waals energy at distance of

(g) 1.1999 nm; (b) 0.9489 nm; (c) 0.1378 nm.
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Table 2. VDW energy of multi-walled CNT and

gold surface at different original distance.
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Table 3.  VDW energy of MWCNT and gold surface with different metal, contact length and model.
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(a) 1 (c) 5R; (e) 19; VETETLHTRE2ZH: () 41;

Fig. 5. Contact behavior and VAW energy reduction of three-walled CNT on different metal: (a) Pt; (c¢) Al; (¢) W; VAW energy re-

duction contacting with different metal: (d) Pt; (e) Al; (f) W.
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Fig. 6. Contact behavior and VAW energy reduction with different contact length. Contact behavior: (a) 2.46 nm; (b) 3.689 nm;
(c) 4.919 nm; and VAW energy reduction under contact length: (d) 2.46 nm; (e) 3.689 nm; (f) 4.919 nm.
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Fig. 7. Contact behavior in vertical contact and VAW energy reduction: (a) 2 open ends; (b) capped and open end; (c) 2 capped
ends; VAW energy reduction with: (d) 2 open ends; (e) capped and open end; (f) 2 capped ends.
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Fig. 8. Concentration profile of initial and collapsed capped-ends three-walled CNT: (a) xz plane; (b) z; (c) yz plane; (d) y; (e) zz
plane; (f) 2.
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Fig. 9. Concentration profile of initial and collapsed open-ends three-walled CNT: (a) zz plane; (b) z; (c) yz plane; (d) y; (e) =z

plane; (f) 2.
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Table 4.  Contacting distance of outmost layer of
MWCNT with gold surface.
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Fig. 10. Three-walled capped-ends CNTFET: (a) Molecular dynamic modeling of CNTFET; (b) front view; (c) side view; (d) top view.
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Fig. 11. Three-walled open-ends CNTFET: (a) Molecular dynamic modeling of CNTFET; (b) front view; (c) side view; (d) top view.
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Fig. 12. Single-walled open-ends CNTFET: (a) Molecular dynamic modeling of CNTFET; (b) front view; (c) side view; (d) top

view.
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Fig. 13. Interface configuration and Van der Waals energy of CNTs contacting with palladium: (a) Single-walled open-ends CNT;
(b) single-walled closed-ends CNT; (c) three-walled open-ends CNT; Van der Waals energy of (d) single-walled open-ends CNT;

(e) single-walled closed-ends CNT; (f) three-walled open-ends CNT.
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Abstract

The interfacial contact configuration and contact intensity between carbon nanotube and metal surface
play an important role in the electrical performance of carbon nanotube field effect transistors and nanoscale
carbon nanotube robotic manipulation. In this paper, we investigate numerically the contact configuration and
the contact intensity between multiwall carbon nanotube with open ends or capped ends and various metal
surfaces in carbon nanotube field effect transistor assembly by the molecular dynamics simulation. The
simulation results show that the change in the position and shape of multiwall carbon nanotube on the metal
surface are mainly due to the decrease of van der Waals energy reduction: the decrement of van der Waals
energy is converted into the internal energy and kinetic energy of carbon nanotubes. Moreover, the binding
energy between multiwall carbon nanotube and metal surface is negative, which indicates that multiwall carbon
nanotube adheres to the metal surface. In addition, the contact intensity of multiwall carbon nanotube in
horizontally contacting metal surface is influenced by initial distance, contact length and metal materials. The
final equilibrium distance is around ~0.3 nm when the initial distance is less than ~1 nm. And the contact
intensity increases with the augment of contact length between carbon nanotube and metal. The contact
intensity between platinum and carbon nanotube is larger than that between tungsten and aluminum, therefore,
platinum-coated probe is generally utilized for picking carbon nanotube up. The contact intensity of the carbon
nanotubes with the open ends and closed ends in the vertical contact with the metal surface are both lower than
those in the horizontal contact. The interfacial contact configuration of carbon nanotube and metal materials
mainly include the displacement and geometric deformation of carbon nanotube. The displacement and
geometric deformation of multiwall carbon nanotube with open ends on the metal surface finally result in its
radial nanoscale ribbon structure. But the closed-end three-wall carbon nanotube has the small axial geometric
deformation through comparing the concentration profiles between the initial carbon nanotube and the
collapsed carbon nanotube. In a carbon nanotube field effect transistor, the collapsed multiwall carbon nanotube
forms the ribbon structure like a single wall carbon nanotube. And the distance between carbon nanotube walls
and between the outermost carbon nanotube wall and the metal electrode are both about ~0.34 nm. The atomic
scale spacing ensures that electrons tunnel from the metal to the outermost carbon nanotube wall and migrate

radially between the inner carbon nanotube walls.
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