Journal of Korean Powder Metallurgy Institute
Vol. 16, No. 2, 2009
DOI: 10.4150/KPMI1.2009.16.2.138

Lt=HUE0|HE 0|88 Lo ST}

- otxjE -

AEfiede - o|Zduh’

Applications of Nanomanipulator in Nanowires

Sang-Won Yoon, Jong-Hyun Seo, Jae-Pyoung Ahn*, Tae-Yeon Seong’ and Kon-Bae Lee’
Nano Materials Analysis Center, Korea Institute of Science and Technology,
Hawolkok-dong, Sungbuk-ku, Seoul 130-650, Korea
“Department of Materials Science and Engineering, Korea University, Seoul 136-713, Korea
bSchool of Advanced Materials Engineering, Kookmin University, Seoul, 136-702, Korea
(Received February 18, 2009; Revised March 20, 2009; Accepted April 2, 2009)

Abstract The combination of focused ion beam (FIB) and 4 point probe nanomanipulator could make various

nano manufacturing and electrical measurements possible. In this study, we manufactured individual ZnO nanow-

ire devices and measured those electrical properties. In addition, tensile experiments of metallic Au and Pd

nanowires was performed by the same directional alignment of two nanomanipulators and a nanowire. It was con-

firmed from I-V curves that Ohmic contact is formed between electrodes and nanomanipulators, which is able to

directly measure the elelctrical properties of a nanowire itself. In the mechanical tensile test, Au and Pd nanowires

showed a totally different fracture behavior except the realignment from <110> to <002>. The deformation until

the fracture was governed by twin for Au and by slip for Pd nanowires, respectively. The crystallographic rela-

tionship and fracture mechanism was discussed by TEM observations.
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Fig. 1. A photograph of dual beam FIB (a) and a nanomanipulator set attached in FIB (b).
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Fig. 2. Schematic diagrams (a, b) and SEM images (c, d) of nano tensile tester in FIB.
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Fig. 3. A direct contact image of single ZnO nanowire and 4 point probe nanomanipulator (a) and a I-V curve obtained

from the direct measurement (b).
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Fig. 4. The specific resistances with the RTA temperature
of single ZnO nanowire calculated from I-V curves mea-
sured by 4 point probe nanomanipulator.
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Fig. 5. A SEM image of a selected ZnO nanowire (a), a welding feature between the nanomanipulator and ZnO nanowire,
where the Pt deposition was used (b), the ZnO nanowire aligned on electrodes after lift-out (c), and finally a single ZnO

nanowire device.
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Fig. 6. A typical TEM image of Au nanowire and its crystallographic characterization confirmed by TEM observations.
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Fig. 7. TEM micrographs showing the failure behavior of a Au nanowire. In particular, Fig. 7(d) reveals the fracture tip of
the Au nanowire, where the slip deformation is clearly observed on the surface.

o] QAE 7)ol A (twin)e] Au v
of AAH oz Y= 17 7(b, cplA A=
{111}<112> -5 Ao o= {111} $15 <112>
HEke 2 AurbEA ARERSS o 5 Sdet6]. ¢
Hbg o= slgol ¥l Aud| W3 &3 93 Al
== AR odex Qlu17]. ek £ AlgeA
= A Au viAleA s e A

o] I3t EAJolal A varAded] $o] Al
A vheale] A2 A os g
Aol ol Au veAle] ZAe] FRAE} ojm
54 AANA mm= SEAEA Yaeel] o1 &
Ho] AFH T 7] (necking) AL HeolA =}
veAle] A o] ZhashHA o o) QA §HE 4
43 4 QA HE <110> 28 7T g YA

Vol. 16, No. 2, 2009



144 A -

No defect (110) axis

Cross-slip

Fig. 8. TEM micrographs showing the failure behavior of a Pd nanowire, (a) <002> rotation after the fracture, (b) cross-slip
behavior at the orientation with <002> axis, (c) the another counter part of the fractured Pd nanowire, and (d) a selected
area diffraction (SAD) pattern of Fig (a, b), showing the reorientation toward <002> axis.
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