NANOMANIPULATOR FOR IN-SITU SEM EXPERIMENTS
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Nanometric objects are considered a fundamentaegdi@r the construction of future high-technologyvides due their
new and unexpected physical and chemical propeAidsough many applications require the positignef individual
nanobjects selectively at well-defined positionsaofievice, this addressing issue remains still opena way to
overcome this difficulty, many reports have exgmditmolecular recognition inside liquids [1]; in &@st, physical
manipulation is quite unexplored and, in fact, fmgress is rather slow. Most experiments explofinysical
manipulation have used atomic force microscopy (AHR], but this approach does not allow the simmsiaus
manipulation and observation. In contrast, electmoaroscopy techniques display the necessary $pasalution to
see and manipulate nanosystems during in situ Expats.

In this work, we report the development and apgilicaof an inexpensive two probe tip nanomanipuldto in situ
experiments in a Scanning Electron Microscope (SEM)e system is based on simple mechanics and ésiv-c
materials and, it has been tested inside a FEG-GEW-6330F). The manipulator includes two kindsmmfvements:
coarse, with mm range and submicron precision,faueg with micron range and few nanometers of miea. Coarse
displacements are based on parallel guiding spriaghanics [3] which include no mobile parts so tHeynot require
lubrication. Fine movements are based on piezaaegliements [4], responsible for a precise thnas-enovement of
both probe tips. The sample is located on a tréh & large movement range (15 mm), which allowes d@halysis of
many samples during the same experiment. The tebeptips have independent electrical supplieswatig a wide
spectrum of nanomanipulation and nanocharactesizagkperiments, as for example to measure cur@mdsapply
voltages.

The system has been used for different kinds aftun-experiments, such as: a) fabricating high etspio AFM tips
based on multi-walled carbon nanotubes; b) cotigctinoving and positioning semiconductor nanow(s8s200 nm in
diameter, microns in length) on pre-defined eleefrcontacts or special sample sites; ¢) measetagjrical properties
of nanowires inside the microscope. Briefly, ousulés demonstrate that the physical manipulatiomn dalenty of
opportunities for applications in the bottom-up &g@eh to nanotechnology.

References:

[1] D. Zanchet, C. M. Micheel, W. J. Parak, D. Gasiand A. P. Alivisatos, Nano Lett., 32-35, 1 (20

[2] M. R. Falvo, G. J. Clary, R. M. Taylor I, V.ig F. P. Brooks Jr, S. Washburn and R. Superfifsure, 582-584,
389 (1997).

[3] L. L. Howell, Compliant Mechanism@NViley-Interscience, New York, 2001).

[4] D. Nakabayashi, P. C. Silva, J. C. Gonzalez,Rédrigues and D. Ugarte, Microscopy and Microayali doi:
10.1017/S1431927606060338 (2006).



Figure 1: Nanomanipulator with two-tip probes. Hase diameter is 13 cm.

Figure 2 - InP Nanowire (diam. 250 nm, length 15) jpwsitioned between two gold contacts fabricatgdtical
lithography inset, low mag image of the contact$e two tips used for the nanomanipulation can bésased to
directly study the electrical behavior of the NVgidre the microscope.



