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A Eokl A d AHEEHI e Jeed 87
(welding), B.#°] 7 (brazing), < T # (soldering), 3 2}
(adhesive bonding) 8|1 7| AH 84 2 F(mechan-
ical fastening) S ©vFAZ(macro)ollA] wmlola=Z
(micro) +F9 A (oining)F ok A& o}
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= AREEF R A A¥rlezs 432
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A4z} F7)7F Ay st wepd o)H 4
A7tel Ex ZhAEojof 3, &9 F59 w4
WAl B4 1= F B(CNT: Carbon Nanotube)
E Wi g ALgstd wle F&3ittn Ha EHu
oth! CNTZ 328 7] 9sixe: FREL A
/1Mo g A4 ZlEo] ATHY, o] AT
NMe UxRFHES A7) dEHo 2 AdF3e= W
Ho) 7habA] e, &84 Z 5 (ohmic contact)
A Bld J% ¥(tunnel junction)& TEE WAS
A XS 9lc}. Fig. 134 Zo] &Y ¥ (single wall) &
& UrRFHY wAste dFEYY d7Es &
200k ) A7) Aggko] YEbRT? oj2id ¥ A
e mm’e] PAHE W] By HdEd 5
gow, ol wWadlE FHEO] FHoA HE3)
3 9d7] wEelth wEbA, B H& WA =H
ERdT FRES A7V A8 &4, &0, #
o] ~¥(pasting) Z1E/MLS Aoy, A=y AF
A& o]&3 pastingo] Ut AAAFENS] =4 (tin) & ©]
&3 £¥ L A9 AHEEHA R ok
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Fig. 1 Tapping-mode AFM image of a crossed SWNT
(single-walled carbon nanotube). Two SWNTs
can be seen spanning between the Cr/Au
electrodes

Fig. 2 An individual MWCNT mounted between two
opposing AFM tips, (A): SEM image, (B):
High-magnification of (A), (C) and (D): High
magnifications of top and lower AFM tips
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(mechanical manipulation)oll #3 AFoA] HAF
A} & 1] 7 (SEM, scanning electron microscope)] 34
9 Az (focused electron beam)©] B3} 2 (hydro-
carbon) L HES & & (deposition)*| A Fig. 29 Z
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olg|gt M-S ¥&3IW A U= A7) A=z}
329 AZE 7M53ic)

4

100 nm

(b

Fig. 3 Scanning electron microscopy images of a
nanotube junction before (a) and after (b)
soldering by deposition of armorphous carbon



i

cOJAIE  EAYETHHA A0 A3z

22 Lic{Ee| B& & (coalescent welding)

U7 B Alojo] A 2 Al(glue material)E A3}
A @5l MR aAEE YxeFrY HER AX
e AR AAE FHAVrtA & & dd 2L
A7 Y RFEEL 153 448 TRII2EN 4
& AABEAL Fig. 40148 2ol o] 7kx] A5
(crossbar, transistor)E FA A o} o]E A ®
© A8 g s A 32 Azt A}
4 7bssitta Ba Ha gkt

Fig. 4 Where single-walled nanotubes touch (a), an
electron beam creates defects, enabling both
cross bar (b) and transistor-like three-terminal

junctions (c)

(@)

(b)

HRTEM images of SWNT rope cross section
of ~15 nanotubes. (a) Starting bundle, and (b)
bunder after a few seconds of high-intensity
electron irradiation (1.25Mev) at 800°C

Fig. 5

3

Fig. 49 71x d7 239 &2l Fig 5& F2
AX @) 7 (transmission electron microscope, TEM)
W el A AP FAbe] ofa] s E F909 2719
YrFHEC 1719 YeFrz IAHE d4&
HAFu o, I FAHe FAHE AEHolA
3 A7} Fig 63 7}’

Fig. 6 Sequences of coalescence [side view (left) and
sectional view (right)] between two adjacent
(10,10) carbon nanotubes (diameter: 1.36nm)
into a unique single-walled tube of larger

diameter
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Fig. 72 Ge HYxooloig] 4% §34& RAF
I Ut ol & 98] Ge Vimsfolole) EHL M A
A A oF 1nme g4 BY vt Z®EL )

A3 gleh, g4 HF(carbon sheath)] 7]&A(porous
nature)@} Btetolgts B4 o2 Q) HEHFA &
T Ged gA n¥=o FHZFH(homo junction)S
FA gtk o]+ Fig. 83 Zo] YfFH Y FoA
FAY JefFerl dA45E FE3HA Y
B84 & o] 83 Ao 2 Wk Yx-9lo]ojg} Bt A
YeRHEHE ASE AME3E 98 71/ JAERE
e d 88 4 & Aotk
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Fig. 7 Two nanowire junctions formed through local
The nanoscale
welding occurs at 800-900°C, depending on
the diameter the
junctions are quenched and recrystallized after

welding between nanowires.
of the nanowires, and

welding

two
The
the
the
recrystallized at

Fig. 8 The TEM image sequence of linking

nanowires  within a  panotube.

temperature is kept at 850°C during
operation (A-E). After interconnection,
wire is and

540°C(F)

quenched
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Fig. 9 Atomic-bonding of copper
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10 Coalescent welding of crossed single-wall
(SWNT) or (MWNT) carbon
tubes induced by adaptive

Local

Fig.
multi-wall
nano- laser

pulses. time-dependent  excitation
heats a micro-size region of the nanotubes,
and enables controlled atomically-precise
of C bonds at the

pressured tube crossing (thin dashed lines)

restruct-urization
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3.EE I &4 YeFHE AFE3] 238 = 9]
=5 =971 uetH A oM, Fig. 129 2t} o] FX
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gAg ¢ A& Aotk T84y, nanowelding, Y33 A A5 49 Fig 29 30|th
nanosoldering 52 Y} :="3 %Al nanotube, nanowire, AAE AF3] F3F + Ude FAZE Fig 1334
nanopowder, nanoparticle 5 =719 YA 2L YA Z(laser-driven atomic pump)‘E o =
Heetaa s AX7A] olF, wiA|, 22 T = 7 AT HAER AP APEZEEH @4
A4S & = e =77 2aE sojvt dA o ‘4‘—‘5‘:’ g T3 979 55& T & IAF

w 579 ANE BE S AE A S5 E P
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deposit independent
metal electrodes

‘ attach carbon
‘ nanotubes

Fig. 11 Overview of the fabrication of carbon nano-
tube nanotweezer (Schematic illustrating the
of two

electrodes and the subsequent attachment of

deposition independent  metal

carbon nanotubes to these electrodes
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Fig. 12 Schematics of the nanomanipulator inside

SEM
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Fig. 13 Functional scheme of a nanotube-based atomic
pump

Fig. 139] Yal¢} %A}?‘S}—b]- shte] oA o
2 YxdAE fEstE FAE Fig 1494 B3
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AolH, #o|A e #84 ¥ (optical force)ol] ©]3}e]
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Substrate

Fig. 14 Laser guidance apparatus for nanosacle

particles
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gF o= ARG ol nanoelectronics® B 5
i, AARrzte] 7|7t A8l ot v A &b
Zte] wjXdZdolel Zx A HO] 1= (nanowire),
U5 H (nanotube) 59 U= 7]&0] adA
2 Aot YUYxHE ¥k ol vk /MFE X
g3t Ux Hassxe dAde 4y A7 3
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tiaiA 91539 Y. SEM-nanowelding> A AW 2]
a2y, A A A H3He-beam direct writing)
o} A Y 39 AW JMFEY E 718
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