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1) H. Nohira, et al., ECS Transactions, Vol. 1, ( 2005) pp. 87-95.

2) M. Higuchi et al., ECS Transactions, Vol. 1, (2005) pp. 267-276.

3) Y. Hijikata, et al., Materials Science Forum Vols. 483-485 (2005) pp. 585-588.

4) T. Hattori, et al., Journal of Electron Spectroscopy and Related Phenomena 144-147 (2005) pp. 457-460.

5) Y. Takata, et al., Journal of Electron Spectroscopy and Related Phenomena 144-147 (2005) pp. 1063-1065.

6) S. Shinagawa et al., Microelectronic Engineering 80 (2005) pp. 98-101.

7) Y. Takata, et al., Detectors and Associated Equipment 547,(2005), pp. 50-55.
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Results of research activity for period April 2005 - March 2006
Dr M. Myronov

Research Center for Silicon Nano-Science, Advanced Research Laboratories,
Musashi Institute of Technology, 8-15-1 Todoroki, Setagaya-ku, Tokyo 158-0082, Japan

14 June 2006

Enhancement of hole mobility and carrier demsity in Ge quantum well of SiGe
heterostructure via implementation of double-sides modulation doping

A significant improvement of transport properties of 2DHG (two-dimensional hole gas) in the
strained Ge quantum well (QW) of SiGe heterostructure was obtained via implementation of
double-sides modulation doping from bottom and top sides of Ge QW. Around two times
enhancement of 2DHG Hall mobility up to 30,000 cm®V's? and sheet carrier density up to
1.9x10"2 cm? were obtained at 3 K. By employing this way of modulation doping hole’s wave
function was moved away from the interface towards the center of Ge QW that allowed
enhancement of hole mobility due to reduction of interface roughness scattering.

1. M. Myronov, K. Sawano and Y. Shiraki “Enhancement of hole mobility and carrier density
in Ge quantum well SiGe heterostructure via implementation of double-sides modulation
doping” Accepted to Applied Physics Letters.

2. ML Myronoev, K. Sawano and Y. Shiraki “Enhancement of holes conductance in Ge quantum
well of SiGe heterostructure via realization of double-sides modulation doping”. Submitted
to Semiconductor Science and Technology.

3. M. Myronov, K. Sawano and Y. Shiraki “Enhancement of Hole Mobility and Carrier
Density in Ge Quantum Well SiGe Heterostructure via Implementation of Double-Sides
Doping” The third International SiGe Technology and Device Meeting (ISTDM 2006) May
15-17, 2006, Princeton, New Jersey, USA, pp 100-101. (Poster)

4. A. Ulyanenkov, M. Myronov, Y. Shiraki, K. Saito “Investigation of strain, relaxation degree,
interface roughness and porosity of SiGe/Si MODFET heterostructures” E-MRS 2006, May

20 - June 2 2006, Nice, France(Poster).

Strain relaxation and surface morphology of ultra thin high Ge content SiGe epilayers

grown on Si(001) substrate :

A new approach to grow relaxed, ultra thin 50 nm thick, high Ge content Sip34Geo.ss
epilayers on Si(001) substrate is demonstrated. All epilayers are grown in a single process by
solid-source molecular beam epitaxy. Smooth surface and full relaxation of Sig34Geo s epilayers
are achieved by introducing initial amorphous seeding layer grown at low-temperature followed
by the growth at gradually changing substrate temperature. Variation of growth temperature of
seeding layer from 50 up to 450 °C exhibits strong effect on changes of surface morphology and
appearance of strain in the Sio3aGeogs epilayers. These epilayers grown under optimum
conditions can be used as a buffer layer for the growth of semiconductor heterostructures with

high mobility compressive strained.

1. M. Myrenov and Y. Shiraki “Strain relaxation and surface morphology of ultra thin high Ge
content SiGe epilayers grown on Si(001) substrate”. Submitted to Applied Physics Letfers.

2. M. Myronov and Y. Shiraki “Strain relaxation and surface morphology of 50 nm thick
SiGeoes epilayers grown on Si(001) substrate” European Materials Research Society 2006
conference (E-MRS 2006), May 29 - June 2 2006, Nice, France (Oral).
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[1] K. Sawano et al., Materials Science in Semiconductor Processing 8, 177 (2005). [2] K. Sawano et al., Jpn. J.
Appl. Phys. 44, L1316 (2005). [3] K. Sawano et al., Jpn. J. Appl. Phys. 44, L1320 (2005). [4] K. Sawano et al.,
Appl. Phys. Lett. 87, 192102 (2005). [5] K. Sawano et al., Jpn. J. Appl. Phys. 44, 8445 (2005).
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Fig. 1: STM image of the SiGe pn junction. Fig. 2: I-Vs characteristics of the n —type,

p-type, and depletion regions.
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Light Emission from Ge Quantum Dots Embedded in Photonic Crystals Cavities
Advanced Research Laboratories

Jinsong Xia

1. Introduction
Quantum structures based on Si/Ge material are attracting more and more attention due to their high potential for

making cost-effective devices on Si substrates, which realize Si-based optoelectronics circuits. The low possibility of
radiative recombination due to the indirect bandgap is enhanced greatly by the quantum confining. Microcavity based on
2-dimentional photonic crystals (PhCs) will be used to get better spectral purity, directionality, and luminescence yield.
This page gives a basic guideline for the research work in past year, results obtained.

2. Research Topics

®  Grow germanium self-assembled quantum dots on Silicon-on-Insulator (SOI) using Gas-source molecular bean
epitaxy (GS-MBE) and solid-source molecular bean epitaxy (SS-MBE).

©  Numerical simulations of photonic crystal structures.

© Design and fabricating of high quality 2-dimensianl photonic crystals using E-beam lithography and
inductively coupled plasma (ICP) etching.

©  Photoluminescence (PL), AFM, X-ray diffraction, SEM, and TEM etc are used to get optical, morphological,
and lattice information of the fabricated structures.

3. Results

@ The PL system was rebuilt. A new control system was set up. We coded new software for the system.

®  High quality Ge self-assembled quantum dots were grown on SOI wafer using GS-MBE.

@  High quality 2D photonic crystal slab was fabricated by optimised fabrication procedure (Fig.1).

©® Based on numerical simulations, different kinds of PhC microcavities have been designed and fabricated.

® A 100-fold increasing of the luminescence at 1.32um from the QDs embedded in PhC cavity was obtained.

Figl (a) schematic structure of the

devices, and (b) SEM image of H2 cavity

Strong resonation peaks were also observed (Fig.2). The quality factor of 470 was measured at 1.46pum, which
was highest ever reported.
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Fig.2 PL from H2 cavity and reference from

pattern free region.
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[1] K. Maeda, H. Hamanaka, K.Ogiwara, Int.J. PIXE 6(1996)97.
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Preparation and evaluation of dye-sensitized solar cells using metal oxide/PEDOT-PSS composites as counter electrode materials
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Nanostructured ZnO photoelectrodes

Yanfeng Gao and Masayuki Nagai
Musashi Institute of Technology, Advanced Research Laboratories, Tokyo 158-0082,
Japan
Email: yfgao@sc.musashi-tech.ac jp, Fax: +81-3-5706-3259

7ZnO is a candidate for the photoelectrode materials in dye-sensitized solar cells
(DSSCs). Different from classical thin-film cells where light is absorbed by a
semiconductor layer, light irradiated onto DSSCs is absorbed by dye molecules which
are pre-adsorbed on the surfaces of transparent semiconductors with high porosity, such
as Ti0,, ZnO and SnO,. Oxide photoelectrodes in these cells act as a support for dye
adsorption and also a route for electron transportation. The essential requirements for
the semiconductor layer are as follows: (1) high crystallinity permitting high efficiency
of electron mobility; (2) large surface areas enabling to increase dye adsorption; (3)
good adherence to the substrate; (4) appropriate thicknesses; and (5) flat surfaces.

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 these films, and an overall conversion efficiency about 0.7% has been
obtained. Present study is focused on improving the cell performance by detailed control
of morphology and improving the adherence of the film to substrate along with the conductivity.
We hope that the effort we are making in this study may contribute to develop a low-cost,

simple process for the fabrication of dye-sensitized solar cells.
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