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B & (R
Resonant Light emission from Ge dots in optical microcavities for current-injected

silicon-based light-emitting devices

Different silicon microcavities, including photonic crystal, microdisk, and microring resonators with Ge self-assembled
quantum dots were fabricated using molecular beam epitaxy (MBE), electron beam lithography (EBL), and reactive ion
etching. The devices were characterized by normal and time-resolved microphotoluminescence measurement shows that the
lifetime of excited carriers in T6 photonic crystal microcavities with Ge dots is around 1 ns which is much shorter than Ge
dots in unprocessed region (~30ns). And the measured lifetime of off-resonant emission is around 5 ns. The decreasing of
the carrier lifetime is attributed to Purcell effect. The Purcell effect is proved to exist in PhC cavity with Ge dots though
further experiments are needed to figure out the effect of the surface nonradiative recombination.

To take the advantages of simple structure and easy coupling to waveguide for light output, silicon microdisks with Ge
dots have been fabricated on silicon-on-insulator substrates. Strong resonant photoluminescence is observed in the
wavelength range from 1.2 to 1.6 pm in the microdisk at room temperature. Photoluminescence from Ge quantum dots is
significantly enhanced by the microdisks. Sharp resonant peaks corresponding to the whispering-gallery modes and broad
peaks corresponding to Fabry-Perot modes are observed and identified. The low-quality F-P modes are not useful and
consume part of the activated carriers. In order to remove F-P modes, silicon microring resonators with Ge quantum dots,
which are similar to microdisks, were fabricated on new SOI wafer with a 2-um-thick buried dioxide (BOX). In these
microring resonators, only multiple sharp resonant peaks corresponding to the whispering gallery modes are observed, and
no F-P modes were observed as shown in Fig. 1. The quality factors are in the range of 2000-3000 which is much higher
than the values we reported before (400-600). The increasing of quality factor is attributed to the increased buried dioxide
thickness, which leads a smaller coupling between the guiding slab and substrate.

Based on the results of microdisks and microrings with Ge dots, as an important step to final silicon-based light emitting
devices, Ge dots-embedded silicon microcavities with p-i-n junction for current injection were fabricated successfully as
shown in Fig. 2. Processes of MBE with doping, multiple EBL, dry etching, ion implantation, annealing, PECVD for SiO2,
wet etching, metal deposition, and metal lift-off were used in the fabrication process. Succeeding of the fabrication of
current-injected cavity devices is very important for the following research. The preliminary results of the p-i-n junctions
show a proper I-V curve. The optical measurement is under-going.
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2) Jinsong Xia and Yasuhiro Shiraki, “Light emission from Ge quantum dots in silicon microcavities,” SPIE Newsroom,
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Vista, Florida, USA.
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Nanostructured crystals: synthesis in solution and application
Yanfeng Gao and Masayuki Nagai

Musashi Institute of Technology, Advanced Research Laboratories, Tokyo 158-0082, Japan
*Current address: Shanghai Institute of Ceramics, Chinese Academy of Sciences, 1295 Dingxi,
Shanghai 200050, Email: yfgao@mail.sic.ac.cn, Fax: +86-21-5241-5270

We tried to purposely arrange the ZnO crystals of optimized morphologies with specific
orientations on the substrate through a solution-based bio-inspired route, which is one of attractive
research field for preparation of better ceramics through chemistry (Cryst. Growth Design 5, 1983
(2005)). We have obtained various ZnO nanostructures from nanorods, nanoplates to complex
architectures on both polymer and glass substrates pre-coated with transparent conductive oxide
layers.”” We have assembled DSSCs using a nanowire-structured ZnO film as photoelectrode, and
an improved overall conversion efficiency of about 1.7% has been obtained.' In addition, the
investigation of the aging effects on the preparation of ZnO crystals and films was also conducted.’
We have found that the morphology of ZnO films can be optimized by selecting appropriate
chemical environments including the types of chemical species and their concentrations.

For further understand the crystallization and growth process of ZnO, we used soluble
polymers to carefully control the morphology and crystalline properties. The role of polymers is
twofold: first, indiscriminating adsorption of Zn(II) ions onto the polymer surfaces, which leads to
the site-specific supersaturation with respect to the nucleation of ZnO, and secondarily,
morphological development by selective adsorption of polymers to specific crystallographic planes.
The former mainly occurs in the beginning of reactions, and the latter operates dominantly after the
formation of ZnO nuclei. All these findings represent a significant advance in the particular area of
materials chemistry.>*

Except ZnO, TiO; is also a target material we have been investigating for the applications in
DSSCs. In 2008, we reported for the first time the formation of anatase nanorods from a

peroxotitanate solution without using any organics (such as surfactants).’

References:

[1] Y.-F. Gao, M. Nagai, T.-C. Chang and J.-J. Shyue, Cryst. Growth Des., 7(12), 2467 -
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Preparations of BiVO, crystallites and BiVO,-based semiconductor composite photocatalysts
Hai-qing Jiang and Koichi Kobayashi, et al.

Advanced Research Laboratories, Musashi Institute of Technology, Tokyo 158-0082, Japan

In the last year, BiVO, crystallites, one of visible light driven photocatalysts, were synthesized
by the solution combustion synthesis (SCS) method in our experiment. For improving of
photocatalytic activities of BiVO, crystallites, BiVO,-based semiconductor composites, such as
CuO/BiVO, and V,0s/BiVO, were also prepared by the impregnation technique and the SCS
method, respectively. X-ray diffraction, X-ray photoelectron spectroscopy, field-emission scan
electron microscopy and UV-visible diffusion reflectance spectra were used to identify the physical
properties and photophysical properties of pure BiVO, and BiVO4-based semiconductor composite
photocatalysts. The photocatalytic activities were measured through the degradation of methylene
blue solution under UV-vis light irradiation. The results reveal that the photocatalytic activity of
BiVO; crystallites is significantly enhanced after loading the second semiconductors.

Herein, our research works are summarized as follows:

(1) BiVO, crystallites were synthesized by the SCS method. The relationship between the
photocatalytic activities and the synthesis parameters is systematically investigated. The Zeta
potentials of BiVO, crystallites in the methylene blue solution at different pH values are
investigated to identify the relationship between the photocatalytic activities and the pH values
of solution.

(2) CuO/BiVO, composite photocatalysts were prepared by solution combustion synthesis method
and impregnation technique. The band gap absorption edge of CuO/BiVO, crystallites are
determined to be 527 nm, corresponding to band gap energy of 2.46 ¢V. The photocatalytic
activities results indicate that CuO/BiVO, crystallites exhibit the enhanced photocatalytic
properties for degradation of methylene blue under visible-light (A>420nm). The 2 wt%
CuO/BiVO, sample annealed at 300 °C for 4 h exhibits the best photocatalytic degradation
activities.

(3) V,05/BiVO, composite photocatalysts were syntheszied by the one step SCS method. The
photocatalytic activities results indicate that V,0s/BiVO,4 composite photocatalysts exhibit the
enhanced photocatalytic properties for the degradation of MB under UV-vis region (A>320nm).
The 9mol% V,0s/BiVO, composite annealed at 500 °C for 4 h exhibits the best photocatalytic
degradation activities.
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Post buckling stability of shear bending columns with
moving boundary conditions

I Nishimura
Department of Architecture, Musashi Institute of Technology, Tamazutsumi 1-chome
28-1, Setagaya-ku, Tokyo 158-8557, Japan

Email: isao@a00.itscom.net
SUMMARY

This research project focuses on the discussion of the effect of geometrical nonlinearity
associated with the load supporting mechanism of shear bending columns such as laminated
rubber bearings used for base isolation method in civil engineering. Although their post buckling
behavior is one of the key issues for performance evaluation of base isolated civil structures,
relatively small attention has been paid to this problem. One of the main reasons for this
unattended problem is that the linear Haringx model is good enough to explain the laboratory
test results. We are satisfied with the model, especially because it could linearly explain the
buckling load of laminated rubber bearings even under large deformed conditions. It is true that
the linear buckling load that was derived from the Haringx model shows a good agreement with
experimentally observed results, but the response displacement of those bearings would be in a
highly nonlinear state under extremely large earthquake ground motions. Why could linear
Haringx model explain the buckling load even under a large deformed condition? Although this
is the author’s simple motivation to start this investigation, there have been discovered rather
complicated nonlinear phenomena behind the apparent simplicity. The author eventually found
that the nonlinearity of the differential equation and the moving boundary condition could cancel
each other under a certain condition. As a result the eigen-value of the associated stability
equation could be constant in a relatively large deformed state, which means the buckling load is
constant regardless of large deformation. In the long run, the author successfully obtained the
closed form solution of the post buckling behavior of a shear-bending column under a critical
load. The results are expressed in terms of Jacobi’s elliptic integrals. This theoretical discovery
shows a possibility to enhance the stability of the slender rubber bearings, which enabled us to
develop the new rubber bearings that could support small structures such as residential houses
base isolated by them. Based on this theoretical formation the author successfully improved the
stability of the rubber bearings, especially suitable for base-isolated houses against large
earthquakes. Attached paper explains the theoretical formation followed by the experimental
verification and closed by some comments on the future applications.
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