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Development of new thin and relaxed high Ge content SiGe/Si(001) virtual substrates
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

Introduction |

A new type of thin and relaxed high Ge contents SiGe/Si(001) virtual substrate (VS) was proposed and
grown by SS-MBE on Si(001) substrate. Such VSs are of great interest for device application and fundamental
research. They can be used as a buffer for the growth of high hole mobility Ge quantum well (QW)
heterostructures which are applicable to fabrication of high performance SiGe hetero-MOSFETs and
MODFETSs. Since the new VS is relatively thin, compared to a typically used several pm thick SiGe/Si VS, its
thermal conductivity is less. This will result in better DC performance of SiGe hetero-MOSFET and -
MODFET due to minimization the effect of overheating.

Research results

The development of new thin and relaxed high Ge content SiGe virtual substrates was started in autumn
2004. It includes design of a new SiGe virtual substrates, MBE growth and characterization. In order to
determine the Ge composition in SiGe epilayers and state of relaxation, the samples were characterized by
high-resolution X-ray diffraction reciprocal space mapping and micro-Raman spectroscopy. Surface
morphology of grown samples was characterized by AFM. The total thickness of grown epilayers of
Sio34Geoss VS is below 100nm. It can be compared to a typically used 1-8 pm thick Sig34Geg 6¢/Si(001) VSs
grown by various techniques. The first successful results were presented at Fourth International Conference

on Silicon Epitaxy and Heterostructures ICSI-4 [1].

Future research plan
Continue the development of new thin and relaxed high Ge content SiGe VS.

2004-2005S years activity list

1) M. Myronov, N. Usami and Y. Shiraki “New approach for the growth of thin and relaxed SiGey¢s virtual
substrates” ICSI-4 (Fourth International Conference on Silicon Epitaxy and Heterostructures) May 23-26,
2005, Awaji Island, Hyogo, Japan, pp. 142-143.

2) M. Myronov and Y. Shiraki “Anneahng induced holes mobility enhancement in modulatlon doped SiGe
heterostructures grown by SS-MBE” 13" Euro-MBE Workshop, March 7-9 2005, Grindelwald, Sw1tzerland

pp. p63-p64.
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Enhancing the Light Emission from SiGe Quantum Structures using Photenic Crystals
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 of Si/Ge is enhanced greatly by the quantum confining effective. And microcavities based on
2-dimentional photonic crystals (PhCs) will be used to get better spectral purity, directionality, and Iuminescence yield.
This report gives a basic guideline for the research work in past half year, results obtained, and plan for the coming year.

2. Research Topics

@ Grow germanium self-assembled quantum dots and quantum wells on Silicon-on-Insulator (SOI); Optimising
the growth conditions to get better photoluminescence properties. Gas-source molecular bean epitaxy
(GS-MBE) and solid-source molecular bean epitaxy (SS-MBE) are used to grow the samples.

@ Design the optimal photonic crystal microcavity —structures based on numerical simulations.
Finite-difference-time-domain (FDTD) method and plane-wave-expansion (PLE) are used to get the optical
band structures of the PhCs and the resonation modes of the PhC microcavities.

@ Fabricating high quality 2-dimensianl photonic crystals. E-beam is used to patter the profile of photonic crystals.
Si02, the etching mask is growth by plasma enhanced chemical vapour deposition (PECVD). Inductively
coupled plasma (ICP) dry etching machine is used to etch out the structures.

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

3. Results

@  Aprocess procedure was proposed and optimised for 2-dimensional PhCs and microcavities.

@ OptiFDTD (OptiWAVE, Inc.) and BandSolve (Rsoft, Inc.) have been installed for numerical simulations of
PhCs. Some PhCs and microcavities including H1, H3, and H5 have been designed.

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

® We grown 8 samples using the GSMBE. 3-stacked self-assembled Ge quantum dos layers were grown on SOI

wafer. PL measurement shows that light emission from quantum dots was achieved at 40K. Comparisons with
Si wafer, the quality of the quantum dots on SOI wafer is same as on Si wafer.

4. Future Research Plan

@
(@]
€]

More numerical simulations will be done to design various optical microstructures based on PhCs.

More measurement and analysis will be done.

Multi-layer of self-assembled Ge quantum dots will be growth on SOI wafer using SS-MBE (VG Semicon
V80). Growth condition will be optimised to get high intensity, small self-assembled Ge quantum dots at low
temperatures.

Some more complicated structures will be fabricated. In order to get vertical optical resonation, distributed
bragg reflector (DBR) will be grown on grading virtual substrate with Ge QD layer embedded in.

In further research, in order to get Ge QDs with uniform size and distribution, e-beam lithography will be used
to pattern the substrate before growth the quantum dots. '
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Fig. 2. SEM photograph for cross
section of 3100°C-treated PBO fiber.

Fig.3. SEM photograph for exfoliated
graphite fibers prepared from PBO fibers.
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