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Enhancement of 2DHG conductivity and mobility in Ge QW SiGe heterostructures

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

The room-temperature two-dimensional hole gas
(2DHG) conductivity as high as 649.3 pS was
obtained by implementation of double-side
modulation doping (DS-MOD) of an 8 nm thick
strained-Ge quantum well in a SiGe
heterostructure. This conductivity is about three
times higher than that of the conventional SiGe
heterostructure with single-side modulation doping
(SS-MOD) (Fig. 1). While the low-temperature (T
= 3 K) mobility with DS-MOD is two times higher
than that with SS-MOD, the room-temperature
mobility of the two is practically the same,
suggesting that phonon scattering is the dominant
limiting mechanism at the device operating
temperatures.

1. M. Myronov, Y. Shiraki, T. Mouri and K.M. Itoh Applied
Physics Letters 90 (19), 192108, 2007.

2. M. Myronov, K. Sawano and Y. Shiraki Semiconductor Science
and Technology 22 pp.S63-567, 2007.

3. M. Myronov, K. Sawano and Y. Shiraki Applied Physics Letters
Vol. 88, 252115, 2006.

Ultra thin high Ge content, relaxed SiGe buffers grown by molecular beam epitaxy
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Fig. 1. The temperature dependence of
conductivities of 2DHG in DS-MOD (open circles)
and in SS-MOD (open squares) samples obtained by
the mobility spectrum analysis and the temperature
dependence of the averaged conductivity of the
whole heterostructures for DS-MOD (filled circles)
and in SS-MOD (filled squares) samples obtained
from the standard resistivity measurements.

on Si(001) and SOI(001) substrates

Epitaxial growth by variable-temperature
approach and structural characterization of relaxed,
ultra thin 50 nm thick, high Ge content Sij34Geg 66
epilayers on Si(001) substrate was demonstrated.
All epilayers are grown in a single process by
solid-source molecular beam epitaxy. Smooth
surface and full relaxation of Sig34Geoes epilayers
are achieved by introducing initial seeding layer,
with high density of point defects, grown at low-
temperature followed by the growth at rapidly
elevating substrate temperature. Variation of
growth temperature of Sip34Geoss seeding layer
from 50 up to 450 °C exhibits strong effect on
changes of surface morphology and appearance of
strain in the Sio34Geoes epilayers (Fig. 2). These
epilayers grown under optimum conditions can be
used as a buffer layer for the growth of
semiconductor heterostructures with high hole
mobility compressive strained SiGe or Ge
quantum wells.
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Fig. 2. Degree of relaxation (squares) and RMS
surface roughness (circles) of Sigz4Geges/LT-
Sip24Geg6/LT-S1/S1(001) samples as a function of
growth temperature of LT-Sij3,Geg ¢ layer.

1. M. Myronov and Y. Shiraki Japanese Journal of Applied Physics 46 (2) pp.721-725, 2007.
2. M. Myronov and Y. Shiraki Journal of Crystal Growth 301-302 pp315-318, 2007.
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Toward a silicon-based light source
E 4% (Jinsong Xia)

Silicon, the dominating materials in microelectronic field, in recent years, has attracting more
and more attention as an optical material in the photonics field due to the mature, low-cost and
large-scale process technology. The attractive vision of silicon-based optical device is the
hybid-integrated ‘elctro-optical superchips’, which include light emitters, modulators, optical
waveguide circuits,amplifiers, optical detectors and, latterly, intelligent electronic control circuits.

However, despite of its success as an electronic material, silicon is prevented from dominating
the photonics field by its indirect bandgap. Currently, as the initial step to a silicon-based light
source, we are working to enhance the light emission from Ge quantum dots by optical
microcavities. In our research, Ge self-assembled quantum dots are used as the light emitters.
The light emission efficiency from unprocessed Ge self-assembled quantum dots is lack of
efficiency and spectrum purity. In order to enhance the light emission from Ge dots further, we
combine the dots with photonic crystal (PhC) microcavities, and demonstrate the
room-temperature resonant light emission from Ge quantum dots in PhC microcavity for the first
time. Figure 1 shows the schematic structure of the PhC microcavity devices we have already
fabricated. The PhC microcavity, which provides in-plane optical confinement, is formed by
removing several air holes from the hexagonal Ilattice. Figure 2 shows the
micro-photoluminescence (u-PL) of the T6 microcavity. As shown in the figure, multiple strong
resonant peaks are observed at room-temperature, which is the first time for Ge quantum dots.
Compared with unprocessed quantum dots, the luminescence intensity is enhanced significantly
due to the Purcell effect. We also try to enhance the light emission from Ge quantum dots and
silicon itself by microdisk resonators. Enhanced room-temperature light emission from
crystalline silicon and Ge self quantum dots in microdisk is demonstrate.

® J. S. Xia, et al, “Strong resonant luminescence from Ge quantum dots in photonic crystal

microcavity at room temperature,” Appl. Phys. Lett. vol. 89, no. 20, Nov. 13, p.201102,
2006

® J. S. Xia, et al, “Observation of whispering-gallery modes in Si microdisks at room
temperature,” Appl. Phys. Lett. vol. 90, no. 14, p.141102, 2007

® Participating in 4 international and 2 domestic conferences.
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Fig. 1 The schematic structure of the fabricated Fig. 2 Room-temperature photoluminescence spectrum
PhC microcavity with Ge quantum dots. from PhC T6 microcavity with Ge dots.
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ABSTRACT:

The authors have developed a new generation hydrogen gas injector which may overcome the problems
brought about by the previous injectors activated hydraulically. The hydrogen gas injector is activated
electro-hydraulically by working fluid at 100 MPa fed by the common rail system developed for diesel
engines to open the needle valve of the injector. And the hydrogen gas at high pressure of 20 MPa in
the injector is directly injected into the combustion chamber.

An experiment was carried out concerning the injection flow rates affected by the injection crankangle
at two engine speeds such as 1000 and 3000 rpm, the temperature and pressure of the working fluid to
obtain the characteristics of the injector.

KEYWORDS : Hydrogen Gas Injector, Electro-hydraulic System, Common-Rail

In order to obtain altogether high thermal
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required. In diesel engine development, the Flow Control lﬂ Electric Magnet
common-rail type fuel injector is widely used to Upper Plate =

obtain both good engine performance and good Flow Gontrol. \ =3, Servo-valve
emission one successfully. Lomr ;lr;{: Working Fluid

In hydrogen fueled engine development, (Pressure:100 Map)

the common-rail type high pressure hydrogen
injector may be useful to obtain good engine and |
emission performances altoghether.

At Hydrogen Energy Research Center
(HERC), Musashi Institute of Technology in
Tokyo, the common-rail type high pressure
hydrogen injector was experimentally made and
the characteristics of the injector was obtained ‘|
experimentally. ; ,

b It wasy found from the results that the R !
common-rail system developed for diesel engines
is functionally applicable to hydrogen gas
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Fig. 1 Cross-Section View of Common-Rail
Type High Pressure Injector
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Engineering of TiO; and ZnO crystallization in solution
Yanfeng Gao

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

~ Synthesis of ceramics from an aqueous solution by partially mimicking the biomineralization
process is a promising approach for the growth at low temperatures through an environmentally
friendly manner, while it usually produces slightly crystallized or amorphous precipitates.
Crystalline ceramic powders and films with precise control of polymorphs, crystalline orientations,
sizes and morphologies are of technical importance to achieve a wide range of functions.
Investigations into the biomineralization mechanisms provide valuable considerations on the direct
synthesis and crystalline control of ceramic oxides in solutions.

In the absence of polymers, we have fabricated a rutile TiO; film from a peroxotitanate
aqueous solution by kinetically controlling the nucleation and growth. A highly transparent, crack-
free film about 2 zm in thickness with specific crystalline orientations along (101) and (002)
diffraction planes was successfully deposited on a SnO»: F (FTO)-covered glass substrate that was
soaked for a long period of time in a peroxotitanate aqueous solution with a low concentration with
respect to Ti(IV), and a low pH, but without any other additives. In the presence of a small amount
of soluble polymers, the deposition rate was significantly lowered compared to that in the absence of
polymers. Interestingly, XRD results showed that the deposits are anatase TiO, nanocrystals without
obvious crystallographic orientations. The existence of about 30% residue of carbon was also
confirmed, suggesting the formation of anatase/polymer hybrid composites. It seems that the
polymer stabilized the metastable anatase phase probably by controlling the surface energies. The
similar treatment was also effective on the crystallization of ZnO in solution. In this case, ZnO

crystals with different morphologies have been grown on substrates or in solution.

References:

1. Y.-F. Gao, M. Nagai, W.S. Seo, and K. Koumoto, “Template-free self-assembly of nanoporous
TiO; films”, J. Am. Ceram. Soc,90(3), 831-837 (2007).
2. Y.-F. Gao, M. Nagai, W.S. Seo, and K. Koumoto, “Thick transparent rutile TiO, films

crystallized in solution”, Langmuir 23(9), 4712 - 4714 (2007).
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The preparation and characterization of different photocatalysts through solution combustion
synthesis technique

Hai-qing Jiang, Koichi Kobayashi

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

Combustion synthesis (CS) has emerged as an important technique for the synthesis and
processing of advanced ceramics, catalysts, composites, alloys, intermetallics and nanomaterials.
Especially, the solution combustion synthesis (SCS) method of preparing oxide materials is a fairly
recent development technique. In recent years, this technique has been used to produce
homogeneous, very fine, crystalline powders. The combustion synthesis method takes advantage of
exothermic, fast and self-sustaining chemical reactions between metal salts and a suitable organic
fuel, such as citric acid, urea, hydrazides, malonic acid dihydrazide, tetra formal tris azine et al.
Since most of the heat required for the synthesis is supplied by the reaction itself, the mixture of the
reactants only needs heating up to a temperature that is significantly lower than the actual phase
formation temperature.

In our research work, we synthesized different photocatalysts, such as AgNbOs;, BiNbOy.et al,
through solution combustion technique. Citric acid was not only employed as chelating agent, but
also was applied as fuel. At the same time, ammonia solution, as well as a reagent to adjust pH, will
react with NO5 radical to form ammonium nitrate, which can be used as an oxidizer. The phase
structure of as-burnt powders was investigated through X-ray diffraction. The diffusion reflection
spectra of as-burnt powders were recorded through UV-VIS-IR spectrophotometer The morphology
were observed by scanning electron microscopy. And the photocataltysts properties were

investigated through photodegadation of methyl blue.
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