Nanostructure analysis of capped semiconductor nanodots by GI-SAXS
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Abstract : Nanostructure of Ge nanodots capped with Si layer and their evolution during short
annealing have been examined by using grazing-incidence small-angle scattering (GI-SAXS). The
nanodot samples were prepared at IMR. GI-SAXS result suggested that a short time annealing even
at 600 C completely destroy nanodot structure, while a continuous shift of PL peak was observed up
to 700 C.
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Developmental Study on New Functional Nanocluster Materials

—Debundling of carbon nanotubes—
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Abstract: We study the way of debundling of carbon nanotube by addition of various kinds of amines.
The addition of amines to THF makes debundling in the solvent. But when the solvent was
evaporated, again bundling seems to be accelerated and this is the future important issue for
debundling of CNTs.
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Fig.1. SEM image of bundled CNTs with addition of
TEA. Most of CNTs are still bundled.
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Fig.2. TEM image of a single CNT embedded into the
bundle of CNT with addition of TEA. Although single
CNT was found at the bridge site between top and
bottom, the most of remaining CNTs form bundle.
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tert-butylaime(TBA) I 75 LUT- & &(Fig.3) D T R /LF —% K DT,

F
"‘E SA Fig.3.Energetically favorable orientations of TBA molecule
regarding Z(10,0) (/ef?) and A(6,6) (right) SWNT, obtained by the

‘%\ é optimization of the starting configuration D. Atom colors:

grey—carbon,  white—hydrogen,  black—nitrogen.  Styles:
TBA—ball and stick, SWNT—only stick.
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Fig.4. Same as Fig.3, top view. The nanotube axes are
horizontal. Only amine group with adjacent carbon atom
are shown for TBA. N—CZ(10 0)dis.tances (clockwise, starting

from the right most carbon atom): 3.13,3.35,3.38,3.19,3.31
\ {/' 1 and 3.28 A° . AN-C distances (clockwise, starting from the

o A6,6)

«_°>:<-— /f#\ upper most carbon atom): 3.26,3.15,3.27,3.49,3.27 and 3.15 A".
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Fig.5. Contour plot of the total charge densities of TBA
molecule adsorbed at Z(10,0) (/ef?) and A(6,6) (right) SWNT.
The TBA-SWNT system is cut perpendicular to the
nanotube axis at the position of the nitrogen atom.
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1. BEHiZ

This project was aimed at joint development of thin film growth and analysis equipment between the research
groups at ISSP in Kashiwa and IMR in Sendai. Our research groups have long-standing cooperation in this area
and we have been able to continue joint development and research in this area during the past year thanks to the
financial support from IMR. Specifically, we have continued our work on scanning RHEED characterization
equipment for parallel thin film synthesis and the design of advanced thin film growth chambers. On the
materials side, we have continued work on understanding the transport behavior of thin film interfaces. While
work has continued at ISSP on understanding the surface structure of SrTiOs crystals, the IMR group has
focused on LaAlQs. this materials are complementary, since large charge transfer effects are expected in the
titanate system but not in the aluminates.

2. WA

During the past year we have concluded a number of mutual visits for discussions, and mini workshops at IMR.
We have recently installed a new electron diffraction system at IMR and are in the process of developing
necessary software. We have continued discussions and designs on applications of laser heating for thin film
studies. Both laboratories use a number of different laser heating systems and we are actively consulting on
understanding the performance and usability issues of this new materials processing technique.

3. WRERRE

As a result of this joint research project we developed a new compact scanning-beam electron diffraction system
and installed it in a thin film growth chamber at IMR. This system allows the user to grow several samples in
parallel during a single experiment, therefore greatly increasing the efficiency of thin film growth experiments.
In addition to scanning the electron beam over a sample surface, it is also possible to scan over a range of incident
angles in order to measure real-time rocking curves of oxide surfaces.

Our discussions on the electronic properties of oxide interfaces have resulted in the development of oxide
field-effect devices using various types of film interfaces at the transistor channel layer. We have developed an
understanding of how charge redistribution at the interfaces can cause the interface between to insulating oxides
to become metallic. We have also analyzed the transport behavior of such metallic interfaces and, in particular,
analyzed the charge trapping mechanism at oxide interfaces.

4. £ ¢

We have developed a new version of a scanning-beam electron diffraction instrument for in situ film growth
monitoring and studied the transport properties of metallic layers that appear at the interfaces of
heterostructures consisting of otherwise insulating films.
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Fig.1 (a) Magnetization curve at 10K, and (b) electrical resistance of the present AF/FIS/F layer.
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