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Fig. 1. Micro-nano manipulation system: (a) Micro-nano manipulation stage; (b) AFM probe; (c) tungsten probe; (d) CNTs sample.
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Table 1. Performance parameters of micro-nano

operating unit.
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Fig. 2. Schematic diagram of mechanics during contact.
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Fig. 3. Horizontal contact of AFM probe and CNT.
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Fig. 4. Circuit for CNT cutting and conductivity measure-

ment.
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e —

10.0 pm 10.0 pm

(a), (d) Ly = 4.10 pm; (b), (e) Ly = 6.41 pm; (c), (f) Ly = 8.24 pm

Fig. 5. Bending deformation of CNT with same L; (15 pm) and different Ls: (a), (d) Ly = 4.10 pm; (b), (e) Ly = 6.41 pm; (c), (f) Ly =

8.24 pm.
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h AFM 4541, 7T LK CNT W AFM 4541 5%
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R AT I A

PEFE R 8(a) AT /R B CNT 1R A HRMENT 4, 5
i AFM #4230 & CNT Kt F 7. fff AFM 45
EFLA T pm WA EENT 2 J7 ) ) s 8, e AR E)
& 8(a) A 8(b) Fin CNT A i T A AR A5
1E, I ONT & 28 585 & AR S . X W i) 4

Bl 6 CONTs RAREH 53 AF
Fig. 6. Position of CNTs and probes.
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Fig. 7. Stretching of CNT with AFM probe.
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AFM 5488 8h, R0 P9 B2tk S an & 7(b) fr
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JEAE SEM A {6 5 A7 R TR 3 e, T AR 4 XL
R E, MO8 AFM 54T &, S LR
2RV B s, AT AFM #8%H 5 CNT
HREB AL T[] — 7K i B2, P CNT B = # 0 2
B, WE 8(d) iR, CNT i &% 5E /. 18
ONT Fifi 2= /KF HERASR, o LM SEM 14
HEENE ONT 5 AFM #4HE M 1K, IF
L JH EE CNT B 28 3043 14 K B 5 o die 28 48 L
KIE.

10.0 pm

B8 MG L £ 2240 by

Fig. 8. Contact detection and position judgment.

CNT 3 H ) B0 S2 56 4 /& 9 Bz, B D0
PLE K PR E SR B s = U1 R s wi ], IF:
MRS ONT 424, ani& 9(a) Fras. H PIAR A2 4t
fifi F B AR SR N EHRANE AR AR A A R 0 T, R
AIREHEE CNT L U)FES I iR UK B i 22, A
YRS 00 U R S Al R 1 oum. S
CNT #efil e, 7E8 5T i n— A2 0E 38 m i)
FL PR 10 S5 L S R A L AR fk . SEML I L TR 2
XoF FEL B P P L s S T B, PR b A R
KMT SEM B RAZIIRE, XF ONT PR ZS @it f
LA K T, 4 H B A H G RN S O B B
CNT B &¢I, aniE 9(b) . AR 5256 5 B
Lo E 14 pm, Frig e CNT B2 i K B R
14.6 pm, FAHUSBETR 20 0.6 pm.

14.ps0

10.0 pm

B9 CNTHI&HIZR (a) 845 CNT #fil; (b) ONT
Fig. 9. Cutting process: (a) Contact of probes and CNT;
(b) CNT’s breakdown.
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R? 4 0.98974, 58227 FIk 6.73692. MALA R
ATRLAE W (10) e T 1) =X, W HAR CNT #Y
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PR (10) TR L 2 SRk A S5 RN
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a RN 0.6605, M Fest a2 i) I M R I~
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PAR ) B [ 2RO B R, Z 1K 0.03509 M.
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—*— Jri I- Vil £&
80F — PIEHZ
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IR /nA
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HE/V

Bl 10 CONT By FVEUE K4 il 28
Fig. 10. -V data of CNT and fitting curve.
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Fig. 11. IV data of CNT bundle and fitting curves.
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Length-controllable picking method and conductivity
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Abstract

In this paper, a length-controllable picking-up method of carbon nanotubes (CNTSs) is proposed and the
electrical performance data utilized for the conductivity analysis of CNT are also obtained. The micro-nano-
operation system inside scanning electron microscope (SEM) is composed of 4 manipulation units each with
3 degrees of freedom, which is driven by piezoelectric ceramics and flexure hinges. In this micro manipulation
system, an atomic force microscope (AFM) probe is used as the end effector to adjust the spatial pose of the
CNT based on van der Waals force and two tungsten needles are used to cut the CNT from the target length
and to measure the I-V characteristic data simultaneously. At first, the AFM probe is moved in the z direction
to approach to the CNT until the end of the CNT is adsorbed onto the surface of the AFM probe. And then the
AFM probe moves alternately in the z and z direction in order to stretch the CNT into a horizontal straight
line, only in this way can the length of the CNT be measured accurately and can the cutting position be
determined. Two tungsten needles cleaned by using hydrofluoric acid to remove the oxide layer are controlled to
contact both sides of the cutting position on CNT and connected to the TECK 2280S power supply through the
electric cabinet to apply a gradually increasing DC voltage, and the current in the circuit is measured and
recorded by the TECK DMMT7510 until the current abruptly changes to zero which indicates that the CNT
between the tungsten needles has been cut off. The stress of the CNT in contact with the tungsten needles and
the AFM probe are analyzed. The modeling of van der Waals force between AFM probe and CNT which can
influence the pick-up length error caused by the deformation of CNT under the force of tungsten needles is
completed. It is found that the contact length of them and the pick-up length error decrease while the van der
Waals force between the AFM probe and CNT increases. The circuit models for contact between the tungsten
needles and three operating objects, such as semiconducting CNT, metallic CNT and CNT bundle, are also
established. In addition, the I-V characteristic equations of circuit model which can be used to fit the I-V data
are derived separately. The CNT pick-up experiment is carried out and the results demonstrate that the
proposed picking method can control the length of CNT effectively, but the conductivity of CNT can also be
judged by fitting the I-V obtained experiment data through the derived I-V characteristic equations.
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