
28 June - 3 July 2009, Singapore
Suntec Singapore International Convention & Exhibition Centre

Compound Semiconductor Photonics: 
Materials, Devices and IntegrationO

www.mrs.org.sg

International Conference on 
Materials for Advanced Technologies 2009

MATERIALS RESEARCH SOCIETIESMAM
TAA ERIALS RESEARCH SOCIETIES

INTERNATIONAL UNION OF

AND
ICMAT 2009

IUMRS - ICA 2009

International  Union of Materials Research Societies-
International Conference in Asia 2009





Symposium O

Compound Semiconductor Photonics: Materials, 
Devices and Integration

Chairs

Soo-Jin CHUA, National University of Singapore/Institute of Materials Research and Engineering, Singapore

Co-Chairs

Jung HAN, Yale University, USA
Hiromasa ITO, Tohoku University, Japan
Jinghua TENG, Institute of Materials Research and Engineering, Singapore
Aaron DANNER, National University of Singapore, Singapore

Correspondence

Jinghua TENG
Institute of Materials Research and Engineering (IMRE) 
3 Research Link
Singapore 117602
Email: jh-teng@imre.a-star.edu.sg 
Tel: (65) 68748590
Fax: (65) 68720785
 
Scope of Symposium

Photonics is a cross discipline between materials, devices, semiconductor processing and physical optics and has vast 
industry relevance. Semiconductors are the dominant materials used in photonics. In recent years continued progress in 
the research and development of new materials and devices has led to a better understanding of fundamental knowledge 
in electronic structures, carrier dynamics and electron-photon-phonon interactions. These have generated widespread 
applications in solid state lighting, imaging, displays, signal processing, chemical and biological sensing, surveillance, 
solar cells and wide band-width communications.

Symposium Topics

•	 Solid	state	lighting	including	GaN	and	ZnO	based	material	development	and	LED	fabrication	
•	 Semiconductor	lasers	including	edge	emitting	and	VCSEL	
•	 Solar	cells	
•	 Saturable	optical	amplifiers	and	absorbers	
•	 Novel	photonic	materials	and	devices	
•	 Heterogeneous	material	growth	
•	 III-V	compound	semiconductor	epitaxy	
•	 Self-assembled	and	patterned	nano-structured	material	growth	or	synthesis	
•	 Semiconductor	nanostructures	growth	including	quantum	dot,	wire,	well	and	other	quantum	confined	system	
•	 Metamaterials,	including	plasmonic	structures	
•	 Materials	and	engineered	structures	for	light	control	
•	 Photonic	crystals:	modeling,	fabrication,	characterization	and	device	application	
•	 Nano-photonics	including	nano-patterning-fabrication-device	
•	 Photonic	devices	and	integration	
•	 Microwave	and	Terahertz	photonics	
•	 Modeling	and	simulation	of	materials	and	devices	
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Abstracts

  A00007-00289 

The Deposition of ZnO Thin Film on Poly 
(propylene carbonate) (PPC) Substrate by DC-
Sputtering

Nidhal JANDOW;	Kamarulazizi	IBRAHIM 
School of Physics, Universiti Sains Malaysia, Penang, 
Malaysia

The	preparation	of	the	(ZnO)	thin	film	on	flexible	substrates	
is receiving more attention interest due to wide variety 
applications,	such	as	flexible	sensors	and	curved	detector	
arrays.		Therefore	the	deposition	of	the	ZnO	on	plastic	is	
becoming	 more	 interesting.	 In	 this	 work,	 the	 ZnO	 thin	
film	was	deposited	on	plastic	Poly	(propylene	carbonate)	
(PPC)	substrate	using	DC-sputtering	technique.		The	film	
thickness was measured to be about 0.8 µm.  The X-ray 
diffraction	data	reflect	the	formation	of	ZnO	thin	film	on	
plastic.	 The	 XRD	 spectra	 of	 all	 films	 show	 mainly	 the	
ZnO(002)	 diffraction	 peaks	 of	 hexagonal	 wurtzite	 type	
structure.	This	 indicates	 that	 all	 films	 grew	 along	 c-axis	
orientation,	perpendicular	to	the	substrates.	The	film	was	
an n-type semiconductor based on the results of Hall 
measurements.	 For	 more	 evidence,	 the	 PL	 technique	 is	
used	to	confirm	the	ZnO	deposition	film.

  A00031-02797 

Synthesis and Characterization of TiO2 Inverse 
Opals for Solar Cell Applications

Siva KARUTURI; Lijun LIU; L. T. SU; A. I. Y. TOK 
School of Materials Science and Engineering, Nanyang 
Technological University, Singapore

The potential of using photonic crystal structures for 
improving	 the	 efficiency	 and	 reliability	 of	 solar	 cell	
devices is being studied. The photonic band gap (PBG) 
properties of photonic crystal enable the precise control 
of electromagnetic wave properties. Among them, opal 
structure inversed with TiO2 is of considerable interest 
because of its high index of refraction to form the full 
photonic band gap. Ideal solar yield derived from the 
application of inverse opal photonic crystals can be 
realized	 when	 high	 quality	 templates	 are	 achieved.	 In	
this work, mono-dispersed, spherical silica particles were 
synthesized	 via	 the	 StÖber	 method.	 This	 involves	 the	
hydrolysis and polycondensation of tetraethylorthosilicate 
(TEOS).	The	size	and	size	distribution	are	controlled	by	the	
concentrations of reactants and reaction temperature. Lower 
TEOS and ammonia concentrations at higher temperatures 
produced	 smaller	 sized	 SiO2	 particles.	 The	 optimized	
technique	developed	is	simple	and	reproducible.	

The close-packed OPAL developed from SiO2 ethanol 
solution on glass slide were produced by vertical deposition 
self-assembly method. The opals were fabricated at 
different evaporation temperatures to evaluate the effect of 
the evaporation rate. Colloids with different concentration 
and different SiO2	 particle	 size	between	300	and	700nm	
were	used	to	determine	the	effect	on	the	film	properties.	

Performance of TiO2 inverse opal critically depends on 
precisely and accurately placed high dielectric material 
and	fabrication	of	these	optimized	structures	will	require	
a	 highly	 controllable	 infiltration	 method.	 Conventional	
chemical	bath	infiltrations	not	only	results	in	poor	filling	
fractions but also in the formation of nanoparticles which 
are not desirable to make perfect photonic crystals. Atomic 
layer deposition (ALD) holds promise for attaining inverse 
opals	with	filling	fractions	close	to	optimum.	Custom	built	
ALD	 facility	 is	 investigated	 for	 the	 infiltration	 of	 silica	
opals	 of	 different	 sphere	 sizes	 with	 different	 template	
thicknesses	 to	 optimize	 the	 structures	 for	 their	 photonic	
properties.	Inversion	is	done	with	2-5%	HF	by	etching	out	
the silica spheres followed by heat treatment to improve 
the refractive index of the as deposited TiO2.	Reflectivity	
and transmission properties of inverse opals showed that 
uniform	and	high	filling	rates	are	achieved	by	using	ALD. 

  A00042-00468 

Two-Dimensional Magneto-Electronic Transport 
in CdSe Single Quantum Wells

Pradip Kumar GHOSH1; Anup DEY1; Amit NATH2; 
Rajdeep RAY2 
1. Faculty of Engineering and Technology, Mody Institute 
of Technology and Science (Deemed University), Sikar, 
Rajasthan, India
2. Electronics and Communication Engineering, Dr. B. C. 
Roy Engineering College, Durgapur/West Bengal, India

Transport properties of two-dimensional electron gas in 
a	 single	 quantum	 well	 of	 CdSe	 are	 calculated	 over	 the	
temperature range of 4.2 to 40K in the framework of 
Fermi-Dirac statistics. A numerical iterative solution of the 
Boltzman	 transport	equation	 is	used	 to	evaluate	 the	Hall	
mobility	and	magnetoresistance	coefficient	by	considering	
the relevant scattering mechanisms. Calculations are carried 
out for a degenerate electron gas incorporating lattice 
scatterings due to acoustic mode coupling via deformation 
potential	 and	 piezoelectric	 interaction	 and	 background	
ionized	 impurities.	 The	 variation	 of	 the	 Hall	 mobility	
is studied with temperature, 2D carrier concentration, 
background	ionized	impurity	concentration,	channel	width,	
and	the	magnetic	field	in	the	classical	region.	The	mobility	
between 4.2 and 40K is primarily limited by the impurity 
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scattering.	 The	 parallel	 mode	 of	 piezoelectric	 scattering	
dominates over the longitudinal mode. The mobility is 
found to increase with increasing 2D carrier concentration 
and to decrease with increasing temperature. It decreases 
with increasing impurity concentration as expected. The 
magnetoresistance	 coefficient	 is	 also	 studied	 for	 the	
magnetic	field	ranging	from	0.001T	to	0.05T	and	is	found	
to	increase	with	increasing	magnetic	field.	Over	the	range	
of	 temperature	 and	 the	 magnetic	 field	 studied	 here,	 the	
magnetoresistance	 coefficient	 changes	 by	 two	 orders	 of	
magnitude and is higher for higher temperatures. 

  A00081-02146 

Effects of Interdiffusion on the Band Profiles of 
InGaAs/ InP Quantum Wells

Tapas DAS; Dipankar BISWAS 
Institute of Radio Physics and Electronics, University of 
Calcutta, Kolkata, India

Currently	InGaAs	/	InP	quantum	well	(QW)	structures	are	
being investigated for a variety of optoelectronic devices, 
for	operation	in	the	1.3-1.55	μm	wavelength	region.	

During epitaxial growth and fabrication of devices InGaAs 
/InP	 layers	 undergo	 several	 periods	 of	 high	 temperature	
thermal processing which may lead to interdiffusion of the 
elements	involved.	Band	profiles	of	the	quantum	structures	
change	due	to	intermixing	and	redistribution	of	the	III-V	
composition, leading to changes of the optical properties. 

The	 interdiffusion	 of	 InGaAs	 /InP	 QW	 structures	 is	
still a subject of active investigation. The nature of the 
interdiffusion	 mechanism	 in	 InGaAs	 /	 InP	 is	 not	 fully	
understood, and the effects of the interdiffusion on the 
energy	bands	profiles	require	further	investigations.	

Recently strange shift of photoluminescence (PL) peak of 
annealed	of	InGaAs	/InP	QW	of	10	nm	width	have	been	
reported. Initially the PL peak undergoes a blueshift that 
reaches a maximum, followed by a red shift towards the 
initial PL peak position. It is established through X-ray 
measurements	of	strain	that	initially	the	group	V	elements	
diffuse faster, which cause a blue shift and at a later stage 
the group III elements take over to cause the red shift. 
However on annealing the changes in the energy band 
profiles,	which	cause	these	shifts,	have	not	been	studied	or	
reported. At the initial stages of annealing, around 6500C, 
when	the	interdiffusion	of	group	V	elements	predominant	
compared to the group III elements, the interdiffusion 
takes place at a higher rate at the interfaces of the QW 
than that of the central portion of the QW. Due to this 
interdiffusion mechanism the band gap energy at the 
interfaces increases rapidly than the central portion of 
the QW leading to a parabolic well, resulting in a blue 
shift of lowest transition levels hence that of the PL peak 
energy. But when the diffusion of group III elements start 

to predominate the same parameters decrease resulting 
in back to back asymmetric triangular heterointerfaces at 
two edges with a lower band gap.  Transitions from such 
asymmetric triangular QWs result in a red shift of the 
PL peak energy. When annealing at higher temperatures 
around 900oC takes place, the diffusion constants of the 
elements are much higher, so interdiffusion takes place 
throughout	the	width	of	the	quantum	well.		In	such	a	case	
as may be seen from the phase diagram of InAs, GaAs, 
GaP and InP, no strain in introduced at the interfaces and 
the PL peak energy shifts monotonically towards the blue.

The paper will present a detailed study on the interdiffusion 
related	changes	of	the	energy	band	profiles,	to	explain	the	
strange shift of PL on annealing.

  A00107-00560 

Striking Information from the Photoluminescence 
of Annealed and Non Annealed III-V 
Nanostructures

Sanjib KABI1; Siddhartha PANDA1; Subindu KUMAR2; 
Dipankar BISWAS1 
1. Institute of Radio Physics and Electronics, University 
of Calcutta, Kolkata, India
2. Department of ECE, Siliguri Institute of Technology, 
Siliguri (West Bengal), India

Nanostructures	 of	 III-V	 compound	 semiconductors	 are	
being progressively used in electronic and optoelectronic 
nanodevices,	for	higher	mobilities,	higher	efficiencies	and	
low threshold currents.

Unusual and unexplained experimental photoluminescence 
(PL)	 spectra	 from	 annealed	 and	 nonannealed	 III-V	
nanostructures reported by various groups of researchers 
have been studied in depth. Explanations could be 
established	 through	 quantum	 mechanical	 models	 and	
concepts as necessary.

In this paper we present a brief review of the valuable 
information gathered from the necessary exercises.

There are a number of unexplained reports on the annealing 
of InXGa1−XAs/GaAs	 quantum	 dots(QDs),	 which	 show	
that; the initially observed PL spectra were very broad. 
After annealing, the PL peak undergoes a strong blueshift 
and full width at half maximum (FWHM) decreases very 
significantly,	while	there	is	an	increase	in	the	intensity.		

These phenomena could be successfully explained and 
published	considering	the	homogenization	of	composition	
of	QDs,	 through	quantum	mechanical	 (QM)	models	 and	
concepts. 

An interesting observation in the PL emissions from 
InxGa1-xN/GaN	 QW	 structures	 remained	 unexplained.	
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For successive annealing operations, the reported PL 
peak energies undergo primary red shift, followed by a 
blue shift unlike the monotonic change in the PL of other 
annealed	III-V	quantum	wells	(QWs).	For	explanations	it	
was accounted that, on annealing, the electron and hole 
levels decrease in energy as the effective well width 
increases. At the same time as the indium out diffuses 
the band gap of the well material increases. These two 
opposing	phenomena	contest	 and	determine	 the	final	PL	
peak position. Initially, due to the bowing parameter the 
former is larger than the latter which produces a red shift 
of the PL peak, as annealing progresses and the In mole 
fraction drops, the latter becomes greater than the former 
and the PL peak undergoes a blueshift. The explanations 
for this strange phenomenon could only be established 
and published when unusual higher order transitions were 
considered in the PL. 

To	 investigate	 of	 how	 the	 shape	 and	 sizes	 of	 QDs	 of	
InGaAs/GaAs	and	InGaN/GaN	affect	the	PL	on	annealing.	
QM	 computations	were	 carried	 on	 dots	 of	 various	 sizes	
and shapes namely pyramidal, truncated Pyramidal and 
lens shaped structures. From this exercises information of 
high value could be gathered and published .

A new formulation was introduced for the calculation of 
the	band	 lineup	of	 InGaN/GaN	heterostructures.	Several	
cycles of thermal annealing vary the composition of the 
nanostructures. These variations of composition leads to 
a	 significant	 change	 in	 the	 strain	 profile	 of	 the	material,	
which in turn changes the band line up position of the 
QWs.	 Thus	 the	 band	 offset	 ratio	 is	modified	 and	 hence	
the	 PL	 energy	 spectra	 changes	 significantly.	 The	 newly	
introduced calculations correlates the conduction band 
offset, valance band offset, band gap and strain at the 
interface.	Experimental	PL	data	of	annealed	InGaN/GaN	
QWs	could	be	fitted	and	published	within	2%	error	using	
these calculations. 

  A00107-00561 

Complexities in the Interpretation of the Optical 
Measurements on InGaN/GaN Quantum Wells of 
High Indium Content 

Sanjib KABI; Tapas DAS; Dipankar BISWAS 
Institute of Radio Physics and Electronics, University of 
Calcutta, Kolkata, India

Some of the important fundamental parameters of the 
InxGa1-xN/GaN	 heterostructures,	 namely	 the	 band	 gap	
of InN, band-offset ratio of InxGa1-xN/GaN	 and	 bowing	
parameter	 of	 InGaN	 are	 not	 firmly	 established.	 The	
controversy regarding the band gap of InN whether 0.7 
eV	or	1.95	eV,	which	started	quite	some	back,	is	still	very	
much in existence as appears from very recent reports.
These uncertainties lead to non-absolute interpretations of 

optical measurements on InxGa1-xN/GaN	 quantum	 wells	
(QWs).

InxGa1-xN/GaN	 QWs,	 grown	 on	 sapphire	 by	 different	
growth	 techniques	 suffer	 from	 large	 inhomogeneities	 in	
composition and well width. It has been reported, that 
the	 indium	concentration	 changes	 from	15%	 to	54	%	 in	
the growth of InxGa1-xN/GaN	 multiple	 quantum	 wells	
(MQWs).	The	fluctuations	of	composition	and	well	width	
take place in very short distances of the order of tens of 
nanometers.

During optical measurements the minimum diameter of 
the excitation beam may be of the order of a micrometer. 
Since the composition changes widely and the well width 
changes notably in very short distances as mentioned, the 
overall photoluminescence (PL) spectra generated from 
InxGa1-xN/GaN	 QWs	 are	 inevitably	 very	 broad,	 hence	
interpretation becomes complex. The PL peak energies 
have been calculated for different mole fractions of indium, 
for different reported bowing parameters and band gaps of 
InN	using	a	quantum	mechanical	model.              

We found that the variation of the PL peak energies from 
InxGa1-xN/GaN	 QWs	 of	 various	 well	 widths	 and	 mole	
fractions of indium for both the reported band gaps of 
InN	0.7	eV	and	1.95	eV	and	bowing	parameters	ranging	
from	1	eV	–5	eV,	was	very	large	to	make	the	PL	spectra	
very	broad	and	thus	the	uniqueness	of	the	interpretations	
is lost. Moreover as the In mole fraction increases the 
interpretation	 becomes	 more	 and	 more	 difficult,	 in	 the	
range 0.5 to 0.8 it is almost impossible because the change 
in PL peak energy with mole fraction becomes extremely 
small,	of	the	order	of	tens	of	meV.	

As a result the interpretation of optical measurements can 
be very complex and complicated. A particular measured 
absorption or emission energy may be associated with a 
large combination of well width and indium composition 
and bowing parameter. So depending on the concepts and 
knowledge of the working groups, a particular interpretation 
will emerge which may not be precise, accurate and 
absolute. A particular experimental PL or absorption data 
may be interpreted using various fundamental parameters 
and hence the reliability and absoluteness of interpretations 
of optical measurements on InxGa1-xN/GaN	QWs	 remain	
questionable.

This paper is to discuss comprehensively the accuracy and 
reliability of the interpretations of optical measurements 
on InxGa1-xN/GaN	QWs,	which	will	be	of	importance	for	
researchers in this area.
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  A00108-03255 

Bandgap Engineering Based on BexZn1-xO Alloy 
Films Prepared by RF Magnetron Co-sputtering

Dae-Sung PARK1; Jung-Hyun KIM1; Ji-Hyun YU1; 
Tae-Su JOENG2; Chang-Joo YOUN1 
1. School of Semiconductor and Chemical Engineerting, 
Chonbuk National University, Jeonju, South Korea
2. Semiconductor Physics Research Center, Chonbuk 
National University, Jeonju, South Korea

Zinc	oxide	(ZnO)	 is	an	attractive	material	because	of	 its	
applicability	 for	blue	and	ultraviolet	 (UV)	 light-emitting	
diodes (LED) and laser diodes (LD). However, in order to 
be	used	in	these	applications,	the	quantum	well	structure	
with	ZnO	acting	as	an	active	layer	is	inevitably	required.	
Beryllium	 zinc	 oxide	 (BeZnO)	 is	 presently	 receiving	
attention	as	a	new	material	satisfying	such	a	requirement.	
For	 the	 quantum-well	 structure	 using	 BeZnO	 and	 ZnO,	
BeZnO	 can	 be	 utilized	 as	 the	 barrier	 layer	 while	 ZnO	
combined	as	a	well	layer.	Such	application	also	requires	a	
technique	of	bandgap	control	on	BeZnO.	Fortunately,	BeO	
is an oxide material with a hexagonal structure, similar to 
ZnO,	 and	 unlike	MgO,	which	 has	 a	 cubic	 structure.	 By	
modulating its Be composition, the bandgap energy can 
be	tuned	from	3.37	(ZnO)	to	10.6	eV	(BeO).	There	have	
been, however, few experimental studies on the bandgap 
engineering	of	this	alloyed	film.	In	this	work,	the	alloyed	
BeZnO	films	with	various	Be	concentrations	were	grown	
on the c-Al2O3 substrate at 400 oC by using RF magnetron 
co-sputtering	 technique.	 Thus,	 the	 properties	 on	 the	
grown	 BeZnO	 films	 were	 investigated	 through	 X-ray	
diffraction (XRD), atomic force microscopy (AFM), and 
transmittance measurements. Based on these properties, 
we	 discussed	 bandgap	 engineering	 on	 the	 BeZnO.	
According to the X-ray diffraction (XRD) patterns results 
the peak position of the (0 0 2) plane is linearly shifted 
to	the	higher	2θ	value	and	the	crystal	quality	of	the	films	
decrease with the increasing of Be concentration. With 
increasing Be concentration, the AFM analysis shows 
that	 the	 grain	 size	 as	well	 as	 the	 roughness	 of	 the	films	
constantly	increases	and	the	optical	band	gap	of	the	films	
is	in	the	range	from	3.07	to	4.54	eV.	These	results	suggest	
the higher concentration of incorporation of Be ions in the 
BexZn1-xO	alloy	films.	It	can	be	therefore,	suggested	from	
the observed results i.e., variation in the composition x 
is	important	for	required	crystal	growth	and	optical	band	
gap	 in	 the	 films	 for	 optoelectronic	 applications.	 These 
BexZn1-xO	alloy	films	may	be	useful	 in	developing	ZnO-
based optoelectronic devices. 

This work supported by the Korea Research Foundation Grant 
funded by the Korean Government. (KRF-2008-005-J00302)
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Study of Strain Effects in Multi-Quantum Well 
Structures of AlGaInP-based Light Emitting 
Diodes

Hwa-Sub OH1;2; Jee-Hue JOO1; Jin-Hong LEE1; 
Joon-Seop KWAK2; Jong-Hyeob BAEK1 
1. LED Device Team, Korea Photonics Technology 
Institute, Gwangju, South Korea
2. Department of Materials Science and Metallurgical 
Engineering, Sunchon National University, Sunchon, 
South Korea

We have investigated the effects of well strain on optical 
and	device	characteristics	of	AlGaInP-based	multi-quantum	
well (MQW) light-emitting diodes (LEDs) according to the 
variation of well strain and the corresponding change of well 
thickness in order to maintain the operating wavelengths. 
As the compressive well strain increased from +0.04 to 
+0.41%	 and	 the	 corresponding	well	 thickness	 decreased	
from 7.2 to 4.5 nm, the relative photoluminescence (PL) 
intensity increased from 1.0 to 1.21, and the radiative 
carrier lifetime measured from the time-resolved PL (TR 
PL) was shortened from 4.43 to 1.77 ns. The compressive 
well strain may cause the strain-induced heavy-hole-
assisted recombination process, followed by reduction 
of the radiative decay time due to a reduced effective-
heavy-hole mass. In addition, a thinner well thickness may 
enhance	the	spatial	carrier	confinement	in	the	well	regions,	
which greatly improved light output power of the LEDs.

  A00127-00416 

A Ridge Waveguide Quantum Well AlGaAs/GaAs 
Laser Design

Marziyeh	NAZARI 
Physics, Islamic Azad University, Tehran, Iran

An advanced structure of  laser diodes has been designed 
using the simulation software.Simulation results suggest 
that the thicknesses of SCH layers, inner cladding and 
outer cladding layers should be changed in order to give 
low	 loss,	 narrow	 far-field	 divergence	 angle	 and	 high	
confinement	 factor.	The	Thickness	of	 the	etch	stop	 layer	
is	optimized	to	give	the	required	effective	lateral	refractive	
index. At the end the channel width and ridge width are 
also	optimized	to	obtaine	single	lateral	mode.The		Single	
Quantum Well (SQW) laser chosen for studying is shown 
in	 figure	 1.	Table	 1	 shows	 the	 structure	 of	 the	 designed	
laser. The emission wavelength  of the   SQW laser was 
850.The aim of our study was three folds: (1) to provide 
the comprehensive analysis and calculations to design a 
ridge waveguide laser. In the simulations, the thicknesses 
of SCH layers, inner cladding layers and outer cladding 
layers	are	varied	in	order	to	observe	variations	of	far-field	
divergence	 and	 the	 total	 confinement	 factor	 as	 functions	
of layer thicknesses. Comparison among loss, narrow far-
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field	divergence	and	high	confinement	factor	are	made	to	
optimize	 layer	 thicknesses,	 (2)	The	 thickness	 of	 an	 etch	
stop	 layer	 is	 optimized	 to	 achieve	 the	 required	 lateral	
effective	refractive	index	difference,	and	also	the	far-field	
divergence of the ridge waveguide laser, (3) the channel 
width and ridge width are designed to maintain single 
lateral mode and low loss by using the three layer dielectric 
slab waveguide calculations.

The	details	of	simulation	using	WAVEGUIDE	software	are	
provided	in	the	following	figures.	Also	there	is	a	summary	
of the designed laser: 

Confinement	factor	(	):	0.01297672,	far	field	Divergence	angle:	26 
In ridge region: 3.372425, in wing regions: 3.37020

Conclusion: 
It is believed that our study might provide an accurate 
analytical approach to design ridge waveguide lasers. 
The width of the ridge region is obtained by calculation 
for single-lateral-TE-mode operation and we have 3.47 
micrometers for it which only mode can propagate which 
satisfies	 the	 minimum	 requirement	 for	 a	 perfect	 laser.	
The present results are also useful for the design of other 
equivalent	lasers.

  A00137-03802 

Exciton Wavefunction Coupled Surface Plasmon 
Resonance for Indium-doped p-ZnO Nanowires 
with Perforated Aluminum Circle Hole Arrays on 
Si Substrate

Chung-Yuan TSAI; Yi-Ping WANG; Jen-Cheng WANG; 
Tzer-En	NEE 
Institute of Electro-Optical Engineering and Department 
of Electronic Engineering, Chang Gung University, 
Kwei-Shan, Taiwan

Zinc	 oxide	 (ZnO)	 has	 attracted	 intensive	 research	 effort	
in	recent	years,	due	to	its	unique	properties	and	versatile	
applications.	 The	 design	 and	 control	 over	 size	 and	
morphology	 of	 nanometer-	 and	 micrometer-sized	 ZnO	
structures is a pressing matter of the moment to exploit 
novel properties and new phenomena arising from 
hierarchical	 structures.	 ZnO	 is	 a	 semiconductor	 with	 a	
wide	direct	band	gap	(3.37	eV)	and	a	large	exciton	binding	
energy	(60	meV),	the	latter	which	is	of	interest	for	a	variety	
of	optical	applications.	Besides,	ZnO	is	naturally	of	n-type	
conduction due to a large number of native defects, such 
as	 oxygen	 vacancies	 and	 zinc	 interstitials.	 Recently,	 the	
researches	 of	 ZnO	 electrical	 conductivities	 are	 focused	
on	the	synthesis	of	p-type	ZnO	using	various	 techniques	
and	dopants.	Although	doping	of	ZnO	can	provide	a	facile	
route	to	control	the	band	structures	and	induce	the	unique	
properties, there are still some issues that we have to 
overcome.

However, recent work on the conservation of surface 
plasmons and light through period perforated hole arrays 
has elucidated the propagation of surface plasmons. As 
the holes become smaller than the thickness of the metal 
film,	 flat	 dispersions	 and	 a	 little	 transmission	 intensities	
cause a transition from surface plasmon resonance (SPR) 
behavior to wavefunction. If the period of the pattern is 
appropriate,	 then	 the	 SPR	 can	 Bragg	 reflect	 and	 energy	
opens up in the SPR dispersion relation. In this paper 
we	design	SPR	dispersion	 relations	with	variously	 sized	
circle holes are measured to discuss the various surface 
charge	 displacements	 on	 periodic	 perforated	 Al	 film.	
The structural and optical characteristics of the solution-
grown	ZnO	nanowires	were	studied	using	field	emission	
scanning electron microscopy (SEM), X-ray diffraction 
(XRD) and various temperature photoluminescence (PL) 
measurements.

The	 SEM	 images	 show	 that	 the	 ZnO	 nanowires	 are	
hexagonal column shaped and stand perpendicularly on 
to the silicon substrate. From PL spectra, it is found that 
the	In-doped	ZnO	nanowires	have	a	blue	emission	at	425	
nm,	which	resulted	form	the	ZnO	band-to-band	transition	
with SPR coupling effect. Prior to the arrays of samples 
were annealed, a broad green emission centered at 500 
nm	was	observed,	which	is	attributed	to	ZnO	native	point	
defects. The relatively strong green band emission results 
from	the	radial	recombination	that	arises	from	the	ionized	
oxygen	vacancy.	Compare	the	p-ZnO	on	Si	substrate,	the	
enhancement	of	PL	intensity	for	p-ZnO	with	deposited	Al	
pattern	film	can	be	attributed	to	strong	coupling	interaction	
with SPR and exciton over a broad temperature range. 
These experimental results indicate that a perforated Al 
circle	hole	array	can	significantly	affect	carrier	confinement	
and	 enhance	 the	 quantum	 efficiency	 of	 indium-doped	
p-ZnO/Al	heterostructures	due	 to	 the	 interaction	of	SPR	
coupling	between	p-ZnO	nanowire	and	Al	film.	The	rate	
equation	models	are	invoked	to	corroborate	the	anomalous	
temperature behaviors. The temperature-dependent 
mechanism	 of	 ZnO	 band-to-band	 transition	 with	 SPR	
coupling effect will be discussed in detail as well.

  A00148-00306 

1D Photonic Crystal with Properties of Multiple 
Channel Filtering and Huge Optical Amplification

Yingjun GAO
Physical Department, Guangxi University, Guangxi, 
China

The characteristics of photonic forbidden band, gain 
and absorbing of 1D dual-periodical photonic crystal 
consisting of an imaginary part of dielectric layer are 
studied by using the method of optical transfer matrix. The 
investigation results show that photonic band gap (PBG) 
of this structure is wide and many transmission peaks 
appear in the PBG.. The transmission peaks get a large 
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gain if the imaginary part of dielectric constant is negative. 
With the increasing of the absolute value of the imaginary 
part,	 the	 gain	 of	 transmissivity	 is	 increasing	 firstly	 and	
then decreasing with wave length increasing, appearing a 
transmission apex. The transmission gain for transmission 
peaks is different according to the imaginary parts of 
dielectric constant. However, the transmission peaks 
are absorbed if the imaginary part of dielectric constant 
is positive. These results can be used to design a narrow 
band	filter	with	multi-channel	and	an	optical	amplification	
device synchronously.

  A00149-01137 

Analysis of Al Incorporation in GaSb Grown By 
MOCVD

Ari Handono RAMELAN1; Pepen ARIFIN2 
1. Research Center for Smart Materials, Department of 
Physics, Universitas Sebelas Maret, Surakarta, Indonesia
2. Department of Physics, Institut Teknologi Bandung, 
Bandung, Indonesia

Antimonide based compound semiconductors lattice 
matched to GaSb substrates have generated considerable 
interest. The energy band gaps not only cover a wide 
range,	from	1.58	eV	(AlGaSb)	to	0.3	eV	(InGaAsSb),	but	
are	also	nearly	equal	to	spin	orbit	splitting	of	the	valence	
band.  GaSb is a basic binary compound of the AlGaSb, 
InGaSb, and InGaAsSb compound semiconductors. 
InGaSb is a suitable material for microwave application 
due to its band structure in a particular range. The narrow 
energy gap of InGaAsSb is also useful for long wavelength 
photodevices. With regard too AlGaSb, it is a promising 
material for an avalanche photodiode (APD) due to its 
high value of the ratio of β/α , where β and α are the hole 
and	electron	ionization	coefficient,	respectively.	

AlGaSb	has	proven	to	be	a		much	more	difficult	material	to	
grow	by	MOCVD	than	GaSb.		The	reason	is	the	reactivity	
of Al, which forms strong bonds with carbon.  It is not 
surprising	then	that	frequently	the	MOCVD-grown	AlGaSb	
and AlSb have been reported to exhibit poor electronic and 
optical properties.  It was found that both the crystallinity 
and	electrical	quality	of	MOCVD	grown	AlxGa1-xSb were 
limited by carbon contamination from the TMAl material.  
Despite  some reports on the growth of GaSb and AlGaSb, 
only	little	data	is	available	on		variations	of	film	properties	
with growth conditions AlxGa1-xSb grown by metalorganic 
chemical	vapor	deposition	(MOCVD).		With	that	in	mind	
we	carried	out	atmospheric	pressure	MOCVD	growth	of	
GaSb and AlxGa1-xSb		and	characterized	the	film	properties.	
In this work, we present a study on the incorporation of 
Al	 on	 GaSb	 growth	 by	 MOCVD.	 TMAl,	 TMGa	 and	
TMSb	were	used	as	a	precursor	of	group	III	and	V,	with	
H2 as gas carrier. XRD and EDS were used to examine 
the	crystal	 structure	and	composition	of	 the	film.	EPMA	
measurements	has	been	performed	 to	analyze	 the	profile	
of Al on  the  AlxGa1-xSb		films.

  A00152-00634 

A Si-doped GaAs/AlGaAs Solar Cell on (311) A 
GaAs Substrate

Ong-arj TANGMETAJITAKUL; 
Supachok THAINOI; Somsak PANYAKEOW; 
Somchai RATANATHAMMAPHAN 
Semiconductor Device Research Laboratory (NanoTec 
Center of Excellence), Chulalongkorn University, 
Bangkok, Thailand

In	this	paper,	we	fabricated	Si-doped	p-n	junction	GaAs/
AlGaAs (with varying Al content 0.0-0.3) solar cells on 
(311)A n-dope GaAs substrates by molecular beam epitaxy.  
Due to the amphoteric properties of Si as a dopant in high-
index (311) to achieve p-type conducting in AlGaAs layers, 
we	used		low	V/III	beam-equivalent	pressure	(BEP)	ratio,	
whereas high BEP ratio, leads to n-type conducting. All 
samples were grown on n-type (311) A GaAs substrate in 
a conventional molecular beam epitaxy. A 1.2 µm n-type 
Si-doped GaAs was grown at 500 °C with growth rate 
of  0.4 µm/hour	and	BEP	V/III	ratio	of	48.	Next,	0.5	µm 
p-type Si-doped AlGaAs with growth rate of  0.8-1.1 µm/
hour	and	BEP	V/III	 ratio	of	10-15.	Then,	0.5	µm p-type 
Si-doped GaAs was grown at 600 °C with growth rate of 
0.8 µm/hour	and	BEP	V/III	ratio	of	15.	Finally,	the	ohmic	
contacts were formed by conventional evaporation of 1000 
A°	AuZn	 on	 the	 p-GaAs	 cap	 layer	 and	AuGe/Ni	 on	 the	
substrate	side.	We	have	confirmed	that	all	sample	are	p-n	
junction	 device	 and	 have	 doping	 concentration	 by	 C-V	
measurement. In this work, the Si-dopant conduction type 
of all samples was controlled by changing the III-group 
deposition rate with a constant of As4 pressure.

  A00173-01166 

Structural and Optical Properties of Well-Aligned 
ZnO Nanowires Grown on Buffer Layer for 
Photonic Applications

Wei Li ONG1; Andrew See Weng WONG2; 
Ghim Wei HO1 
1. Electrical and Computer Engineering, National 
University of Singapore, Singapore
2. Institute of Materials Research and Engineering, 
Singapore

Zinc	oxide	(ZnO),	with	its	wide	bandgap	(3.37eV)	and	high	
exciton	binding	energy	(60meV)	at	room	temperature,	is	a	
promising semiconductor material. One-dimensional (1D) 
nanostructures	such	as	ZnO	nanowires	have	good	crystal	
quality	 and	 unique	 photonic	 properties,	 thus	 attracting	
much attention as functional units in the fabrication 
of electromechanical, electronic, optoelectronic and 
electrochemical devices with nanoscale dimensions. The 
synthesis	 of	 an	 array	 of	 well-aligned	 ZnO	 nanowires	
has in turn become a topic of great interest because such 
architecture	is	a	necessary	step	in	realizing	nanophotonic	
devices such as light-emitting diodes and laser diodes.
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Various	 methods	 of	 synthesizing	 arrays	 of	 well-aligned	
1D	ZnO	nanostructures	have	been	reported.	These	include	
metal–organic	 source	 vapor	 deposition	methods,	 vapour	
transport and condensation methods, template methods, 
and buffer layer pre-coating methods. Growth of well-
aligned	ZnO	nanowires	on	Si	(111)	substrates	pre-coated	
with	a	ZnO	buffer	layer	is	presented	here.	The	as-grown	
ZnO	 nanowires	 are	 of	 uniform	 diameter	 and	 length.	
The	 synthesis	was	 carried	 out	 using	 a	 simple	 horizontal	
double-tube system via thermal evaporation of a mixture 
of	ZnO	and	graphite	powders.	X-Ray	Diffraction	(XRD)	
revealed a vertically-oriented growth of the well-
aligned nanowires in the [0001] direction on the silicon 
substrates due to the preferential orientation of the buffer 
layer.	 The	 ZnO	 buffer	 layer	 acts	 as	 the	 active	 nucleus	
for	 the	 growth	 of	 ZnO	 nanowires,	 thus	 determining	 the	
growth sites of the nanowires. Perfect hexagonal-faceted 
surfaces on the nanowires were observed from Scanning 
Electron	 Microscopy	 (SEM).	 Structural	 characterization	
by Transmission Electron Microscopy (TEM) showed 
that	 the	ZnO	nanowires	have	a	uniform	diameter	with	 a	
smooth surface topology throughout their lengths. The as-
synthesized	 products	 are	 single	 crystalline	with	wurtzite	
hexagonal phase as indicated by the High Resolution 
Transmission Electron Microscopy (HRTEM) and 
Selected Area Electron Diffraction (SAED) patterns. 
Optical	 properties	 of	 the	 ZnO	 nanowires	 were	 studied	
via room temperature photoluminescence measurements. 
The results exhibited a strong ultraviolet emission and a 
suppressed	green	emission,	affirming	the	presence	of	few	
defects in the product and the good optical properties of 
the	synthesized	nanowires.	

Presented here is an easy method to fabricate well-aligned 
ZnO	 nanowires,	 in	 which	 the	 growth	 process	 is	 easily	
controlled by the buffer layer. This allows the nanowires 
to be grown on substrates other than silicon, as long as 
a buffer layer is pre-coated on the substrate. This growth 
technique	would	be	highly	applicable	and	of	much	interest	
for direct integration in photonic devices.

  A00175-02706 

Methodology for Submicron Study of Effective 
Lateral Resolution of Quantum Well Intermixing

 
Chee Wei LEE1; Yicheng LAI1; Yingyan HUANG2; 
Seng Tiong HO1;2 
1. Nanophotonic and Electrophotonic Integration, 
Data Storage Institute, Singapore
2. Department of Electrical Engineering and Computer 
Science, Northwestern University, Evanston/IL, 
United States

Over	the	years,	quantum	well	intermixing	(QWI)	techniques	
have developed into an industrial tool instead of purely 
academic interest due to its versatility and simplicity in 

post-growth material bandgap manipulation. The various 
techniques	of	QWI,	such	as	vacancy-enhanced	disordering	
(VED),	 ion-implantation-induced	 intermixing	 and	 laser-
assisted disordering have been investigated in many 
laboratories.	These	techniques	involve	defects	generation	
and followed by high temperature (>600°C) annealing 
that promotes the inter-diffusion of elements between the 
quantum	 wells	 and	 quantum	 well	 barriers.	 This	 in	 turn	
changes	the	bandgap	of	quantum	well.	In	literature,	studies	
have been focused on the inter-diffusion along the axis 
perpendicular	to	the	quantum	well	plane,	which	is	the	main	
contributor of the bandgap shifting. No extensive study is 
done on the lateral (in-plane) resolution of QWI. However, 
the extent of lateral inter-diffusion is of interest to us, as 
it	 determines	 the	 scale	 of	miniaturization	 for	 integration	
of active and passive bandgap devices. This is essential 
because photonic integrated circuits have progressed from 
micrometer scale into nanometer scale in recent years. 
In this paper, we propose a straightforward method to 
experimentally deduce the lateral resolution of the QWI. 
This method involves measurement of insertion losses 
from array of uniform submicron waveguides fabricated 
at some distances, in range of submicron to micrometer, 
from the QWI region. The method enables us to obtain the 
lateral resolution of QWI down to submicron precision, 
which is only possible with a nano-photoluminescene 
system that is not available nowadays. The fabrication of 
the test structures is highly dependent on the submicron 
patterning and the overlay accuracy of electron-beam 
lithography. Experimental results will be presented in this 
paper.

  A00196-00627 

InGaAs Ring-shaped Nanostructures Grown by 
Droplet Epitaxy

Naraporn PANKAOW; Somsak PANYAKEOW; 
Somchai RATANATHAMMAPHAN 
Semiconductor Device Research Laboratory (NanoTec 
Center of Excellence), Chulalongkorn University, 
Bangkok, Thailand

We have fabricated InGaAs ring-shaped nanostructures by 
droplet	 epitaxy	 technique	 using	molecular-beam	 epitaxy	
(MBE). The effect of InGa amount on InGaAs ring-shaped 
nanostructures was investigated. All samples were grown 
by RIBER 32P molecular-beam epitaxy system on GaAs 
(100) substrates.  After removal of the native oxide by 
heating the substrate to 600°C under As4 beam until the 
streak	reflection	high-energy	electron	diffraction	(RHEED)	
pattern appeared, 300nm undoped GaAs buffer layer was 
grown at 580°C. Next, the substrate temperature was 
decreased to 530°C without As4	 beam	flux	 and	 hold	 for	
10 minutes in order to eliminate exceeded As atoms from 
the surface. Then, the substrate temperature was cooled 
down to 210°C without As4	beam	flux.	Subsequently,	we	
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have varied the droplet forming conditions by varying 
In0.5Ga0.5 droplet amount deposited between 2 ML to 5 ML 
(an	equivalent	amount	of	In0.5Ga0.5As when As is supplied) 
with	 deposition	 rate	 of	 1	 ML/s.	 Finally,	 the	 droplets	
were exposed to As4	flux	of	6-7	x	10

-6 torr at 180°C and 
crystallized	 to	 InGaAs	 quantum	 rings.	After	 the	 growth	
was	 finished,	 all	 the	 samples	 were	 examined	 by	AFM.	
For PL measurement, another set of sample was grown 
repeatedly under selected condition with an additional 
100 nm GaAs cap layer by migration-enhanced epitaxy at 
300°C and annealing at 400°C. 

The experiment result, it was found that increasing 
In0.5Ga0.5 droplet amount from 2 ML to 5 ML resulted in 
the ring higher inner height and outer height. The inner 
height was increased from 1.6 nm to 5.4 nm and the outer 
height was increased from 1.0 nm to 2.9 nm. The ring 
outer diameter was also increased from 155 nm to 161 nm 
when increasing In0.5Ga0.5 amount to 2-3 ML. However, 
the ring diameter turned to decrease to 119 nm - 130 nm 
when increasing In0.5Ga0.5 amount to 4-5 ML. The density 
of InGaAs rings is increased from 0.8 ×108 cm-2 to 5.5 × 
108 cm-2 while increasing In0.5Ga0.5 amount. The PL spectra 
at 77 K of the InGaAs rings grown by droplet epitaxy at 
210oC with 3 ML In0.5Ga0.5 was observed. The PL peak 
is	 950	 nm	 (1.30	 eV)	with	 respective	 FWHM	of	 50	 nm.	
PL results for other droplet forming conditions will be 
reported in the conference. 

  A00233-00566 

Mesoporous Titanium Dioxide Film for Solar Cell 
Application

Shweta AGARWALA1; Ghim Wei HO1; 
Goutam Kumar DALAPATI2; Andrew See Weng WONG2 
1. Department of Electrical and Computer Engineering, 
National University of Singapore, Singapore
2. Institute of Materials Research and Engineering, 
Singapore

Titanium dioxide (TiO2) is a well known n-type 
inorganic metal oxide semiconductor. It is widely used 
in photocatalysts, gas sensors and electrochromic devices 
because it is cheap, abundant, non-toxic, biocompatible 
and has extraordinary optical and electrical properties. It 
has also been demonstrated as successfully material for 
solar cells, as it is transparent to visible light and has high 
refractive index. Crystalline phase, pore structure and 
morphology	 of	 titanium	 dioxide	 have	 influence	 on	 the	
solar cell to be constructed, and have shown to enhance 
the	 solar	 cell	 efficiency.	 	 Electrical	 properties	 of	 the	
synthesized	morphology	are	also	quite	 important	criteria	
for their selection in solar cells.

The fabrication of dip-coated mesoporous titanium 
dioxide	 film	 through	 evaporation	 induced	 self	 assembly	
(EISA) has been reported here. The solution was made 

with titanium ethoxide as titanium precursor and triblock 
copolymer Pluronic P123 as the template. This was then 
coated on Si (100) substrate and the remaining solution 
was	dried	into	powder.	The	film	and	the	powder	were	then	
annealed	at	430	°C	for	15	min.	The	 technique	presented	
here is an economical and fast way to prepare mesoporous 
nanophase titanium dioxide. The structural and electrical 
characteristics	of	the	films	were	investigated.	These	crack	
free	films	exhibit	well	ordered	microstructure,	as	observed	
under transmission electron microscope (TEM) and good 
crystallinity as revealed by x-ray diffraction (XRD). 

Nitrogen	adsorption	data	was	collected	for	the	synthesized	
mesoporous	 titanium	 powder.	The	 pore	 size	 distribution	
was modeled using the BJH method and was in the range 
of	20-45	Å	with	pore	volume	of	 about	0.308	cc/g.	BET	
surface area was calculated to be 185.552 m2/g	 for	 this	
sample.

Electrical properties were studied by current-voltage 
measurements, capacitance-voltage measurements, four 
point probe and Hall measurements. The trend of current 
both in dark and in light was observed with both high and 
low	 frequency	 capacitance-voltage	 characteristics.	 The	
resistivity	was	measured	as	a	function	of	the	film	thickness,	
and	the	data	obtained	indicates	that	the	films	have	a	high	
resistance and are n-type semiconductors.

The higher surface area reported here will lead to better 
absorption	of	sunlight.	Use	of	a	nanostructured	titania	film	
should increase the charge separation yield and decrease 
the	number	of	available	percolation	paths.	These	findings	
will help better understand the electrical behavior of 
mesoporous	titanium	dioxide,	so	they	can	be	better	utilized	
for solar cell applications.

  A00246-00464 

Photoluminescence and Phonon Properties of 
β-FeSi2 Nanocrystals Precipitated in Si

Yoshihito MAEDA1; Yusuke HIRAIWA1; 
Yoshikazu	TERAI2 
1. Department of Energy Science and Technology, Kyoto 
University, Kyoto, Japan
2. Department of Engineering, Osaka University, Osaka, 
Japan

We have investigated photoluminescence (PL) and phonon 
properties of β-FeSi2 nanocrystals (nc-FeSi2) precipitated 
in a Si crystal matrix. The nc-FeSi2 precipitated in Si(100) 
substrates was formed by ion-beam synthesis (IBS). The 
IBS consists of the following steps, (1) ion implantation 
of 56Fe+ ions into the Si substrate carried out under the 
conditions	 of	 200	 keV	 of	 the	 implantation	 energy	 and	
1017	 ions/cm2	of	the	dose	and	(2)	the	subsequent	thermal	
anneal at 600-900 °C.  High resolution TEM observations 
revealed that nc-FeSi2  precipitated in the Si matrix made 
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very coherent interfaces with a crystal plane orientation 
of nc-FeSi2	(202)	or(220)//Si	(111).	The	average	size	was	
4-13 nm in a typical sample annealed at 800 °C for 2 h. 
The PL spectrum from nc-FeSi2 was observed at 0.805-
0.803eV	 and	 at	 10	 K.	 The	 PL	 asigned	 as	 the	 intrinsic	
A-band emission from the nc-FeSi2 was much stronger 
than	 PLs	 from	films	with	 the	 large	 sized	 precipitates	 of	
β-FeSi2. These results awaken us expectations of the 
presence of a PL enhancement in nc-FeSi2. One of possible 
mechanisms	may	 be	 a	weak	 confinement	 of	 excitons	 in	
several	ten	nanometer	sized	nc-FeSi2. The absorption edge 
due	to	exciton	was	confirmed	below	the	indirect	interband	
absorption edge. A phonon absorption or emission 
process is crucial in such an indirect process of exciton. 
Infrared (IR) absorption and Raman measurements 
revealed that the nc-FeSi2 had three characteristic lines 
at 330, 360, and 440 cm-1, while the bulk single crystal 
had two strong lines near 310 cm-1. The IR spectrum of 
polycrystalline β-FeSi2with	 large	 sized	 precipitates	 had	
an intermediated spectrum between them. Furthermore, 
we observed a clear exclusive rule between the IR and 
Raman active modes. This suggests that conservation of 
crystal symmetry is maintained in the nc-FeSi2. Therefore, 
the phonon property observed in the nc-FeSi2 may be 
attributed	to	polarization	coupled	with	different	polaritons.	
Calculations of lattice dynamics suggest that the three 
lines in nc-FeSi2 arise	from	dominant	polarization	mainly	
along the c-axis of β-FeSi2.	We	infer	from	this	finding	that	
a	radiative	efficiency	due	to	dissociation	of	excitons	may	
be enhanced by these high energy phonons or different 
dispersion in nc-FeSi2 more than in the bulk crystal or 
large	sized	precipitates.	
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Synthesis and Characterization of ZnS 
Nanocrystallies Embedded in Mesoporous Silica 
Glasses by Sol-gel Process

Vorrada	LORYUENYONG1;2; Suchewin PIMPA1; 
Nalintip CHANGSARN1; Hathaichanok PROMSON1 
1. Materials Science and Engineering, Silpakorn 
University, Nakorn Pathom, Thailand
2. National Center of Excellence for Petroleum, 
Petrochemicals and Advanced Materials, Bangkok, 
Thailand

Zinc	sulfide	(ZnS)	is	a	wide,	direct	bandgap	semiconductor	
with a high refractive index and a superior transmittance. 
Over the past decades, considerable efforts have been 
emphasized	 on	 the	 synthesis	 of	 ZnS	 as	 well	 as	 doped-
ZnS	 nanoparticles	 because	 of	 their	 unique	 properties	
and potential applications for optoelectronics. This 
includes	 the	control	of	ZnS	particle	 size	with	 the	use	of	
mesoporous materials as a host for the encapsulation of 

ZnS	nanoparticles.	Various	types	of	mesoporous	structures	
for the synthesis of semiconductor nanoparticles have been 
recently reported in the literature. 

In	the	first	part	of	this	study,	ZnS	micro-	and	nanoparticles	
were	successfully	synthesized	by	a	simple	chemical	method.	
The	method	involves	the	preparation	of	aqueous	solutions	
containing	zinc	acetate	and	thiourea	(CS(NH2)2) as source 
materials	 for	 zinc	 and	 sulfur	 components,	 respectively.	
Either trisodium citrate or ethylenediaminetetraacetic acid 
(EDTA) was used as a complexing agent. The effects of 
drying condition, reaction temperature, and the types of 
complexing	agents	on	the	properties	of	ZnS	particles	were	
discussed in details. The results indicated that the bandgap 
and	crystallite	 size	of	 the	ZnS	particles	 could	be	altered	
due	to	the	quantum	size	effect.

The	 nanocrystallizes	 of	 ZnS	 were	 then	 controlled	 with	
the use of mesoporous silica glasses as an embedded 
structure.	The	salt	solution	of	zinc	acetate	was	mixed	with	
silica	 sols	 to	 form	 nano-ZnS	 embedded	 silica	 glasses.	
Silica sols were prepared by sol-gel method using tetra-
ethylorthosilicate (TEOS) as a silica source. The TEM 
images	of	as-synthesized	samples	showed	small	aggregates	
of	ZnS	nanoparticles	with	a	nearly	spherical	morphology	
inside hollow-silica nanotubes. Optical absorption, 
photoluminescence (PL), XRD, SEM and FTIR analysis 
will also be reported in this study.  

  A00255-01905 

Native Oxidation of Al-containing Epitaxy for 
Application in III-V to Si Heterogeneous Electronic-
Photonic Integrations

Ter-Hoe LOH; Ya-Dong WANG; Chee-Wei LEE; 
Seng-Tiong HO 
Optical Materials and Systems, Data Storage Institute, 
Singapore

Nano-optoelectronics integrated circuits which employ 
heterogeneous	integration	of	Al-containing	InP-based	III-V	
epitaxy	to	Si	passive	waveguides,	may	potentially	benefit	
from native oxidation Al in the epitaxy. Native oxides of 
Al in the epitaxies, functioned as micron-scale optical and 
current	 confinement,	 have	 led	 to	 dramatic	 improvement	
in vertical cavity and stripe edge-emitting diode-
lasers.	 Oxidation	 of	Al	 in	 InAlAs/InGaAs	 metal-oxide-
semiconductor	 field	 effect	 transistor	 has	 also	 functioned	
as gate insulation. Recently, native oxide of Al in AlGaAs-
based micro-pillar resonances arising from whispering 
gallery mode(s) which traverses along the circumference 
of the pillar, has enabled an order of magnitude increase in 
the	quality	(Q)	factor	of	the	resonator	to	~2x104.

Native	 oxidations	 of	 Al	 in	 AlGaAs/GaAs	 and	 InAlAs/
InP by wet oxidation have been well studied and its 
benefits	have	been	reported.	However,	oxidation	of	Al	in	
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AlInGaAs	quarternary	has	not	been	well	studied.		In	this	
work, we report on the wet oxidation of AlInGaAs on InP 
with	Al	composition	of	~0.3	in	the	context	of	AlInGaAs/
InP epitaxy bonded to Si. Bandgap energies of AlInGaAs 
(lattice-matched to InP) can be varied between 0.85µm 
to 1.63µm by varying relative composition of Al and 
Ga. Preparation of AlInGaAs is also easier due to only 
one	 group-V	 element,	 i.e.	As.	 Furthermore,	 the	 fraction	
of conduction-band-offset to the bandgap energy is more 
than	 70%	 making	 it	 ideal	 material	 for	 optoelectronic	
devices in optical communications. Possible mechanism 
is	that	group-V	atoms	desorbed	in	the	form	of	AsH3 during 
oxidation. Al oxide forms with higher probability due 
to its higher oxidation potential compared to In and Ga. 
The temporal dependence of lateral oxidation depth with 
various temperatures of 480ºC, 500ºC and 525ºC in wet 
oxidation environment will be reported. The geometry 
of	 the	 oxidation	 fronts	 in	 circular	 and	 square	 mesas	 of	
AlInGaAs with its effect on photoluminescence are 
investigated.

  A00275-00738 

Designing Distributed Bragg Reflectors for Short-
Cavity Edge Emitting Quantum Dot Lasers by 
Transfer Matrix Method and FDTD

Chongyang LIU; Soon Fatt YOON; Rui WANG; 
Qi CAO; Hanxue ZHAO 
School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore

There has been intense research to achieve high-performance 
quantum	 dot	 (QD)	 lasers	 for	 telecom	 applications.	
However, the limited surface density, normally in the order 
of 1010 cm-2, limits the available maximum ground state 
(GS) optical gain in a QD diode laser. When the QD laser 
cavity length is reduced, excited state (ES) lasing occurs, 
which is not desirable for most of the practical application. 
Currently, the shortest cavity length of QD laser, which can 
maintain	GS	lasing,	is	~	611	µm, obtained by the authors’ 
group. However, this is still much longer than that of the 
conventional	 quantum	 well	 (QW)	 laser.	 Furthermore,	
two state lasing (GS + ES) has been observed in our 
short cavity QD lasers, which is not suitable in practical 
application.	With	high	reflectivity	(HR)	facet,	the	required	
modal gain for lasing is reduced, and therefore, the QD 
laser cavity length can also be reduced. HR mirror can be 
realized	by	conventional	multilayer	dielectric	mirror	facet	
coating. However, normally, the HR coating has large high 
reflection	window	(~100	to	200	nm).	Namely,	it	is	also	HR	
coating for the ES state, since the distance between the 
ES and GS wavelength in QD structure is usually below 
100 nm. Therefore, ES lasing is still not suppressed even 
with conventional facet coating. Hence, a DBR which can 
enhance	the	reflectivity	of	GS	lasing	while,	simultaneously,	
increase the transmission of ES lasing would be greatly 
desired for QD laser application. 

In this paper, in reference to our previous as-cleaved 
QD Fabry Perot (FP) laser results, we present the design 
of	 deeply	 etched	 semiconductor/air	 distributed	 Bragg	
reflectors	 (DBRs)	 for	 short-cavity	 QD	 lasers	 with	 GS	
lasing.	 The	 etched	 semiconductor/air	 DBRs	 have	 the	
advantage	of	high	refractive	 index	contrast	 (~3.5:1),	and	
more compatible to photonic integration circuits (PIC) 
process.	There	are	several	successful	examples	in	realizing	
short cavity QW lasers, however, there is not any report on 
the DBR design for QD laser yet. Considering the ease in 
the fabrication, the third-order DBR is adopted. The design 
has been based on the transfer matrix method (TMM) and 
the	result	has	also	been	verified	by	the	more	numerically	
rigorous Finite-difference time-domain (FDTD) method. 
In the design, we varied the semiconductor gap in the range 
from constructively for GS lasing state to destructively for 
ES lasing state. We then choose the best trade-off value. 
With	the	optimized	DBRs,	high	reflectivity	of	GS	lasing	
state	 is	 up	 to	 97.5%,	while	 the	 reflectivity	 of	 ES	 lasing	
state	 is	 only	 ~22%.	Since	 for	 as-cleaved	 laser,	 the	 facet	
reflectivity	 is	 ~32%,	 therefore,	 we	 believe,	 with	 such	
DBR	 configuration,	 we	 can	 have	 increased	 reflectivity	
for GS lasing state while increased transmission for ES 
state. Accordingly, the cavity length of the QD laser can 
be	reduced	to	half	of	the	as-cleaved	laser	length,	namely,	~	
300 µm, while the ES lasing would be suppressed since the 
increased facet transmission at ES lasing wavelength.

  A00275-00745 

Comparison of Optical Properties from GaAs-
based 1.3 µm InAs Quantum Dot Lasers and 
InGaAsN Quantum Well Lasers

Chongyang LIU; Soon Fatt YOON; Rui WANG; 
Qi CAO; Hanxue ZHAO 
School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore

Recently, there has been considerable research interest 
in	 GaAs-based	 material	 for	 realizing	 low-cost,	 high-
performance	and	high-temperature	laser	diodes	in	the	1.3	μm	
wavelength regime for telecom applications. Two methods 
to	realize	1.3	µm light emission have been demonstrated. 
One	approach	is	to	use	self-assembled	In(Ga)As	quantum	
dots (QDs) in the active region. Another is to use the dilute 
nitride	InGaAsN	quantum	well	(QW)	laser	structure.	So	far,	
lasers	based	on	both	In(Ga)As/GaAs	QDs	and	InGaAsN/
GaAs	 QWs	 have	 shown	 significant	 improvement	 and	
presented state-of-the-art device performance. QD lasers, 
with	three-dimensional	carrier	confinement, are anticipated 
to have many advantages over their QW counterparts, 
such as decreased transparency current density, increased 
differential gain, high characteristic temperature, and 
largely extended emission wavelength. However, QD laser 
structures	also	suffered	from	non-uniformity	of	QD	size	and	
low surface QD density, resulting in undesired transition 
from ground state (GS) lasing to excited state (ES) lasing 
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at high temperature or reduced laser cavity length. In order 
to understand the respective advantages and drawbacks 
of GaAs-based QD and QW structures, as a feedback 
for better material and device improvement, researchers 
are interested in comparing the optical properties and 
device characteristics from QD and QW laser structures. 
However, till now, there is few papers compare the optical 
properties and laser characteristics of GaAs-based QD and 
QW telecom lasers. 

In this paper, we compared the optical properties and lasing 
characteristics	from	both	GaAs-based	InAs/InGaAs/GaAs	
10-layer QD lasers and InGaAsN triple QW (TQW) lasers 
in terms of optical property and lasing characteristics. 
In order to better understand the device characteristics 
at working condition, high temperature (20 to 100 ºC) 
photoluminescence (PL) has been performed on both 
QD and InGaAsN laser structures. A two nonradiative 
recombination mechanisms model was presented to 
interpret the PL emission behavior over the experiment 
temperature range on both QD and QW laser structures. 
Their respective nonradiative recombination channel has 
been	 analyzed.	 Especially,	 for	 QD	 laser	 structure,	 the	
temperature-dependent PL from ES state and GS state and 
its impact on the device performance has been studied. 
Using above laser structures, InAs QD and InGaAsN QW 
ridge waveguide (RWG) lasers have been fabricated with 
pulsed anodic oxidation (PAO) method. The contact ridge 
width is 4 µm for both the QD and QW lasers. Individual 
InAs QD lasers and InGaAsN laser (without facet coating) 
were measured of laser output power (P) vs. injection 
current (I) (P-I) characteristics under continuous wave 
(CW) operation at different temperature from 20 to 100 ºC. 
Based on above PL measurement and device characteristics, 
temperature-dependent lasing characteristics have been 
analyzed	 and	 compared	 on	 the	 InAs	 QD	 and	 InGaAsN	
QW lasers.

  A00282-00628 

Effect of Substrate Temperature on In0.15Ga0.85As/
GaAs (001) Nanohole Templates Grown by Droplet 
Molecular Beam Epitaxy

Poonyasiri BOONPENG; Somsak PANYAKEOW; 
Somchai RATANATHAMMAPHAN 
Semiconductor Device Research Laboratory (NanoTec 
Center of Excellence), Chulalongkorn University, 
Bangkok, Thailand

This article reports on the fabrication of self-assembled 
In0.15Ga0.85As nanohole templates on GaAs (001) substrates 
grown by droplet epitaxy using molecular beam epitaxy. 
The effect of substrate temperature was investigated. We 
prepare nanohole templates with 20 ML In-Ga (15:85) 
droplet at various substrate temperature (300-390ºC) and 
droplet	growth	rate	of	1ML/s.	Arsenic	flux	(7-8×10-6 Torr) 
is	then	exposed	for	InGaAs	crystallization	at	200ºC	for	5	

minutes. During droplet epitaxy at high value of droplet 
thickness and high temperature, out-diffusion from the 
centre of droplets occurs under anisotropic stain. This 
leads to nanohole template structures having non-uniform 
nanohole	stripes	and	square-shaped	nanohole.	The	surface	
morphology of In0.15Ga0.85As nanohole templates were 
examined by atomic force microscopy (AFM). The results 
show the dependence of density (1.4⋅109- 4.8⋅108 cm-2), 
depth (4.8-3.79 nm), and inner dimension (73-79 nm) of 
nanohole templates on the substrate temperature. This 
growth	technique	is	simple	and	flexible.	It	does	not	require	
additional complicated substrate processing and has a 
potential	 in	 developing	 quantum	 dots	 and	 quantum	 dot	
molecules	for	quantum	computation	applications.

  A00298-00545 

Preparation of Metal Nanoparticle Films 
through a Chemical Reduction Process at Low 
Temperature and their Application

Kuan SUN; Benhu FAN; Hui Jing ORE; 
Jianyong OUYANG 
Materials Science & Engineering, National University of 
Singapore, Singapore

Metal	 thin	films	have	many	 important	applications,	such	
as in electronic devices and catalysis. Thermal deposition, 
pyrolysis and electrochemical deposition are the 
conventional	ways	to	prepare	a	metal	thin	film	on	various	
substrates, but they either proceed at high temperature or 
require	 special	 equipments.	 It	 has	 been	 proposed	 that	 a	
metal	film	prepared	through	a	chemical	reduction	of	salt	
in	 solution	can	be	 the	most	efficient	way.	However,	 few	
literature	has	reported	the	preparation	of	a	high-quality	film	
through such a method. Here, we reported the preparation 
of	 shiny	 continuous	 metal	 thin	 films	 via	 a	 chemical	
reduction route at relatively low temperature. Experimental 
factors	 affecting	 the	 film	 quality	 were	 investigated.	
Characterization	reveals	the	metal	film	comprises	densely	
assembled metal nanoparticles. We also studied electronic 
devices,	such	as	dye-sensitized	solar	cells	using	the	metal	
thin	films	prepared	by	such	a	low	temperature	route.	The	
device performance is comparable to the ones with metal 
thin	 films	 fabricated	 by	 the	 conventional	 methods.	 This	
low	temperature	route	provides	an	efficient	and	low-cost	
way	 to	 fabricate	 metal	 films,	 particularly	 important	 for	
depositing	metal	films	on	plastic	substrate,	which	can	not	
sustain a high temperature process. 
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A Si-Based Al/AlN/Si MIS Device and its Photo 
Responsivity

Ming Chang SHIH; Sheng Tsung CHEN; Su WEI CHUN 
Department of Electrical Engineering, National 
University of Kaohsiung, Kaohsiung, Taiwan

We	 present	 the	 fabrication	 of	 a	 silicone	 based	 metal–
insulator–semiconductor	 (MIS)	 device	 using	 aluminum	
nitride (AlN) as the dielectric layer and its characteristics 
of photo-responsivity.  Pulse laser deposition was used to 
deposit AlN dielectric layer with good surface morphology 
and	 interface	properties.	 	Capacitance	v.s.	voltage	 (C-V)	
and	 current	 v.s.	 voltage	 (I-V)	 measurements	 were	 used	
to	 characterize	 the	 electro-optic	 properties	 of	 the	 MIS	
devices	fabricated.	 	A	photo-responsivity	of	0.75	A/W	at	
750 nm was achieved of a MIS device with a 9.8 nm thick 
AlN dielectric layer.  In additio, measurements of photo 
sensitivity of MIS devices with various thickness of the 
AlN dielectric layer had been performed.  It was found 
that the thinner the AlN dielectric layer of the MIS device 
the higher the photo-current would be, and  the stability of 
the photo-current of the MIS devices could be effectively 
improved by thermal annealing the AlN dielectric layer at 
650 oC.

  A00321-00668 

Solitons Emission from a Semiconductor Circular 
Ring Resonator

Wei Chun SU; Ming Chang SHIH 
Department of Electrical Engineering, National 
University of Kaohsiung, Kaohsiung, Taiwan

We report the observation of solitons emission from 
a semiconductor circular ring laser with a Y-junction 
coupler.  The ridge waveguide circular ring laser device 
is	 fabricated	 on	 an	 MOCVD	 grown	 InGaAlP	 multiple	
quantum	wells	laser	structure.		A	photon	driven	UV	laser	
assisted cryogenic etching has been used to achieve etching 
a waveguide structure with low damage and good optical 
property.  Instead of the emission from the Y-junction 
coupling branch of the circular ring laser, we also observed 
the	 propagation	 of	 a	 lateral	 confined	 field	 through	 the	
non-waveguide region of the circular ring resonator.  It 
is	believed	 that	 the	 later	 confinement	of	 the	propagation	
through the non-waveguide region is contributed to the 
nonlinear change of the index of refraction due to photo-
refractive and electro-optic effects.  The output spectrum 
of the emission at the Y-junction coupler is single mode, 
and the threshold of the L-I curve at the Y-junction is 88 
mA (Jth=	 967	 A/cm

2)	 and	 external	 quantum	 efficiency	
ηext=	33	mW/A	of	 a	 ring	 resonator	 of	 200	μm diameter. 
However, the spectrum of solitons emission through 
the non-waveguide region is multi-modes with lower 
threshold	value	and	higher	quantum	efficient	with	respect	

to the emission at Y-junction coupler.  It is believed that 
the feed back coupling of the circular ring resonator from 
the Y-junction plays an important role to the emission 
of solitons.  It shows that the circular ring resonator 
can actively excite solitons emission which provides an 
alternative channel to light wave control and switching in 
an integrated optoelectronic system.

  A00330-00610 

Growth of p-type Zinc Oxide Film in Aqueous 
Solution

Chuan Beng TAY; Soo Jin CHUA 
Department of Electrical and Computer Engineering, 
National University of Singapore, Singapore

The	 potential	 of	 zinc	 oxide	 (ZnO)	 for	 optoelectronic	
applications	hinges	upon	the	availability	of	p-type	ZnO.	To	
date,	reported	p-type	ZnO	has	been	grown	using	molecular	
beam epitaxy and pulsed laser deposition. 

Here,	we	report	on	the	growth	of	p-type	zinc	oxide	(ZnO)	
film	 in	 aqueous	 solution	 at	 low	 growth	 temperatures	
(85°C).	 p-Doping	 in	 ZnO	 films	 was	 achieved	 using	
group	 I	 elements	 as	 dopants.	The	film	 can	 be	 grown	on	
any substrate using a pre-coating step. Hall measurement 
data shows that as-grown hole concentrations depend on 
the dopant concentration in the solution and range from 
3.7 x 1014 to 3.8 x 1017 cm-3.

We also report on the fabrication and the electrical 
characteristics of a p-n homojunction that was formed 
by	growing	the	p-ZnO	film	on	a	top	of	an	unintentionally	
doped	n-type	ZnO	film.	Ohmic	contacts	were	formed	using	
Ni/Au	and	Al/Pt	on	the	p	and	n-ZnO	layers	respectively.

  A00337-02020 

Dependency of In Thickness on the Properties of 
Self-assembled InP Ring-shape Nanostructures 
Grown by Droplet Molecular Beam Epitaxy

Wipakorn JEVASUWAN; Somsak PANYAKEOW; 
Somchai RATANATHAMMAPHAN 
Electrical Engineering, Chulalongkorn University, 
Bangkok, Thailand

The self-assembled InP ring-shape nanostructures were 
grown on In0.49Ga0.51P layers by RIBER 32P solid-source 
molecular	beam	epitaxy	using	droplet	epitaxy	technique. 
All samples were prepared on GaAs (100) substrates. A 
GaP decomposition cell was used as a phosphorus beam 
source for InP ring-shape nanostructures and InGaP layers 
growth. Prior to main growth, surface oxide desorption was 
done under As4	 flux	 pressure	 of	 6×10

-6 Torr at substrate 
temperature of 610 °C for 15 minutes. Then, a 300-nm-
thick	GaAs	buffer	layer	was	first	grown	with	a	growth	rate	



24     Symposium O - Compound Semiconductor Photonics: Materials, Devices and Integration

of	0.5	ML/s.	This	was	followed	by	the	growth	of	200-nm-
thick In0.49Ga0.51P layer at substrate temperature of 470 °C 
with	a	growth	 rate	of	0.5	ML/s.	After	 that,	 the	 substrate	
temperature was reduced to 250 °C without P2 beam to 
minimize	 the	 excess	 phosphorus	 on	 the	 surface.	 Before	
depositing In, we reduced the background pressure of 
the growth chamber to less than 10-9	Torr	to	minimize	the	
initial interaction between In and phosphorus during the In 
deposition. To investigate the effect of In thickness, different 
In thickness of 1.6, 3.2 and 4.8 ML were deposited at same 
In	deposition	rate	of	1.6	ML/s.	Finally,	crystallization	was	
done at substrate temperature 200 °C under 4×10-6 Torr 
of P2 beam for 5 minutes. For Photoluminescence (PL) 
measurement, a 2-step 100-nm-thick In0.49Ga0.51P capping 
layer	was	grown	after	crystallization.	First,	a	10-nm-thick	
In0.49Ga0.51P was grown by migration enhanced epitexy 
technique	 at	 300	 °C	 with	 0.5	ML/cycle,	 then	 a	 90-nm-
thick In0.49Ga0.51P was grown by conventional epitaxy 
growth	 at	 470	 °C	 with	 0.5	 ML/s.	 Dependence	 of	 the	
surface morphology on the In thickness was examined by 
ex-situ atomic force microscopy. The density of InP ring-
shape nanostructures is in the range of 0.8-1.1×108 cm-2. 
The density, average diameter and average height increase 
while increasing the indium thickness. PL spectra of 
InP ring-shape nanostructures were observed at room 
temperature using micro-PL system with a 532 nm laser 
at 150 mW and CCD detector. PL peaks show at 1.72, 
1.65	and	1.63	eV	with	FWHM	86,	60	and	59	meV	at	In	
thickness of 1.6, 3.2 and 4.8 ML respectively. 

  A00369-00678 

Ultrafast Optical Studies in Transition-Metal-
Doped ZnO Nanowires

Guo	Zhong	XING; Ali Sucipto TAN; 
Michael KURNIAWAN; Edbert Jarvis SIE; 
Dan Dan WANG; Fa Xin ZANG;	Zhi	Peng	WEI; 
Cheng Hon Alfred HUAN; Tom WU;	Tze	Chien	SUM 
Division of Physics and Applied Physics, Nanyang 
Technological University, Singapore

One dimensional (1D) oxide nanostructures such as 
nanowires are strategically important for both basic 
science and technological applications. These emerging 
nanomaterials have demonstrated superb physical 
properties.	 In	 particular,	 ZnO	 nanowires	 are	 promising	
as building blocks in optoelectronic and transparent 
electronics, and doping with transition metals can result 
in ferromagnetism. We report on the synthesis of different 
kinds	 of	 1D	 oxide	 nanostructures	 such	 as	 ZnO,	 In2O3 
and their doped counterparts. Their physical properties 
have been measured systematically and they show great 
potential applications in electronics and spintronics. We 
report on the ultrafast optical and magneto-optical studies 
performed	on	ZnO	nanowires	and	their	doped	counterparts	
to investigate the carrier dynamics and try to correlate 
with the ferromagnetism. This research could be applied 

to develop rational synthesis for novel nanowire-based 
electronics and spintronics. 

  A00399-01209 

Properties of Dilute InPN Alloys Grown by Liquid 
Phase Epitaxy

Tushar Dhabal DAS1; Sunanda DHAR1; 
Brij Mohan ARORA2 
1. Department of Electronic Science, University of 
Calcutta, Kolkata, India
2. Department of Condensed Matter Physics & Material 
Science, Tata Institute of Fundamental Research, 
Mumbai, India

The	 N	 incorporation	 behavior	 in	 InP	 grown	 by	 liquid	
phase epitaxy (LPE) using polycrystalline InN powder 
as a source of N has been investigated. Growth was done 
by	 conventional	 horizontal	 sliding	 boat	 LPE	 technique	
using a melt composed of high purity In saturated with 
undoped polycrystalline InP to which little amounts of 
InN powder is added. High resolution X-ray diffraction 
(HRXRD) measurements, done on the layers indicated two 
clear peaks, one due to the layer and the other due to the 
substrate. Angular separation between the peaks is used to 
compute the resultant nitrogen content in the grown layers. 
Low temperature photoluminescence measurements, done 
on the layers, exhibited sharp bound exciton and donor-
acceptor lines. Optical absorption measurements reveal that 
the band gap energy of InP1-xNx decreases resulting in band-
gap bowing. Our results indicate that a maximum amount 
of	 0.2%	 nitrogen	 has	 been	 incorporated	 in	 the	 material	
with a band gap lowering consistent with expectations. 
The observed bandgap reduction in room temperature 
absorption as a function of nitrogen concentration is in 
agreement with the predictions of the band anticrossing 
(BAC) model. 

The work was done under a research project awarded through 
the `University with Potential for Excellence` of the University 
of Calcutta.
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  A00403-00783 

Size and Composition Effects on Bandgap 
Energies in Semiconductor Nanoalloys

Chun Cheng YANG; Sean LI 
School of Materials Science and Engineering, The 
University of New South Wales, New South Wales, 
Australia

Semiconductor nanoalloys have luminescent properties 
comparable to or even better than the best-reported binary 
semiconductor nanocrystals and they are the promising 
materials for optoelectronic devices.  In this work, a 
nanothermodynamic model was developed to describe the 
bandgap	energies	of	alloyed	semiconductor	quantum	dots	
with	respect	to	the	size	and	composition	effects.		The	results	
indicate:	 (1)	 that	both	 size	and	composition	are	 intrinsic	
factors that dominate the variation of bandgap energy in the 
strong	quantum	confinement	regime;	(2)	that	the	bandgap	
energy	increases	with	decreasing	the	quantum	dots	size	for	
alloyed semiconductors; and (3) that the composition effect 
on the bandgap energy are substantial, having a nonlinear 
(bowing)	relationship	in	nanosized	semiconductor	alloys.		
The	 accuracy	 of	 the	 developed	model	was	 verified	with	
the	reported	experimental	data.		The	findings	of	this	study	
provide new insights into the fundamental understanding 
of high-performance nanostructural semiconductor alloys 
toward application in optoelectronic devices.

  A00440-00824 

Fabrication of Large Area Patterned Porous 
Silicon Distributed Bragg Reflectors

Mangaiyarkarasi DHARMALINGAM; Mark BREESE; 
Yueh Seng Isaac OW 
Department of Physics, National University of Singapore, 
Singapore

The	 ability	 to	 fabricate	 porous	 silicon	 Bragg	 reflectors	
patterned on a micrometer lateral scale over large areas 
of	 several	 square	 centimeters	 is	 demonstrated.	 This	
fabrication process is made possible by a novel projection 
system	involving	a	megavolt	accelerator	and	a	quadrupole	
lens	 system.	 The	 quodrapole	 lens	 projects	 a	 uniform	
distribution	of	energetic	ions	(MeV)	over	a	silicon	wafer	
surface, which is coated with a multilevel photoresist 
mask. After the irradiation, electrochemical anodisation 
of silicon is carried out and this enables the rapid 
production of high-density arrays of a variety of optical 
and photonic components in silicon such as waveguides 
and optical microcavities for applications in high-
definition	reflective	displays	and	optical	communications.

  A00453-00886 

Ab initio Calculation of Lattice Relaxation around 
Ga in CdTe: Evidence of the DX and A Centers

Vasil	KOTESKI1;	Heinz-Eberhard	MAHNKE2; 
Jelena BELOSEVIC-CAVOR1; Petro FOCHUK3 
1. Institute of Nuclear Sciences Vinca, Belgrade, Serbia
2. The Helmholtz Centre Berlin for Materials and Energy, 
Berlin, Germany
3. Chernivtsi National University, Chernivtsi, Ukraine

The lattice relaxation around Ga in CdTe is investigated by 
means of the density functional theory calculations using 
augmented plane waves plus local orbitals (APW+lo) 
method. In addition, the calculations are done for DX 
and A centers in CdTe. The calculated results are in good 
agreement with the experimental data obtained from 
X-ray absorption spectroscopy and allow experimental 
identification	of	the	DX	and	A	center	structures	in	CdTe.

  A00465-04335 

Characterization of Anomalous Temperature-
dependent Berthelot-type Behaviors in the 
Disordered InGaN/GaN Multiple Quantum Well 
Heterosystems

Chung-Yuan TSAI1;2; Jen-Cheng WANG1;2; 
Hui-Tang SHEN1;2;	Tzer-En	NEE1;2 
1. Institute of Electro-Optical Engineering, Chang Gung 
University, Tao-Yuan, Taiwan
2. Department of Electronic Engineering, Chang Gung 
University, Tao-Yuan, Taiwan

The origins of disordered-related properties in nitride-based 
semiconductors have received more attention in recent 
years. Recently, the Berthelot-type microscopic model has 
been	successfully	proposed	to	characterize	the	anomalous	
temperature-dependent behaviors in many disordered 
systems,	such	as	polycrystalline	InP	thin	films,	porous	Si	
semiconductors,	CdS	nanocrystalline	thin	films,	and	GaN-
based heterostructures. We systemically investigated the 
abnormal temperature-dependent characteristics of the 
InGaN disordering microstructure.

To examine the optical and electrical property degree 
of disorder, the experimentally observed temperature 
dependence of the photon energy and the electrical 
conductance was contingent on the Berthelot-type 
dynamical	mechanisms	in	InGaN/GaN	heterosystems	with	
InGaN/GaN	and	GaN	barrier.	From	the	photoluminescence	
excitation	 experimental	 findings,	 a	 contribution	 to	 the	
lowering of the energy gap values is presumably due to 
the structural disorder present in InGaN herterostructure, 
which results in band tails and defect states in the 
forbidden gap. To elucidate the correlation between carrier 
transport and electrical characteristics in the disordered 
system, we performed electrical conductivity over 
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the broad temperature range. The augmentation in the 
InGaN crystallite-barriers may lead to tailor the effective 
heterobarrier	configuration	for	excitons	and	 the	effective	
refractive	 index	profile	 for	optical	waves	 in	 InGaN/GaN	
nanostructures, implying a larger extent of the carrier 
wavefunction and a high Berthelot temperature, resulting 
in the inhibition of carrier leakage and enhancement of 
carrier	confinement.

We found that the higher the carrier-hopping-related 
temperature, the higher the degree of crystalline 
randomization	 on	 GaN-based	 heterosystems,	 due	 to	
the	 increase	 in	 the	 incorporation	 of	 indium	 and/or	
aluminum atoms in nanostructures. Due to a higher 
degree of disorder, not only increase the carrier tunneling 
probability	 but	 also	 reduce	 the	 confinement	 ability	 in	
nanocrystallines	 having	 smaller	 grain	 size.	 Therefore,	
we observed that augmenting the degree of disorder, 
which leads to the shrink of static carrier wavefunction, 
but	 also	 to	 the	 reduction	 of	 carrier	 localization	 effects.

  A00496-00911 

Nature of Surface States and Dislocations on 
Non-Polar GaN(1-100) Surfaces Investigated by 
Scanning Tunneling Microscopy

Philip EBERT1; Holger EISELE2; Lena IVANOVA2; 
Svetlana BORISOVA1; Mario DäHNE2 
1. Institut für Festkörperforschung, Forschungszentrum 
Jülich GmbH, Jülich, Germany
2. Institut für Festkörperphysik, Technische Universität 
Berlin, Berlin, Germany

Group-III nitrides are the materials of choice for 
optoelectronic devices in the green to ultraviolet wavelength 
range.	Recently,	the	question	arose,	whether	the	growth	of	
GaN based devices could be improved by switching from 
the polar (0001) surface to the non-polar ones. For non-
polar GaN surfaces only little is known about the exact 
energetic positions of surface states, and thus their possible 
influence	 on	 the	 Fermi	 level.	 Furthermore,	 GaN	 still	
suffers from high dislocation densities, far above that of 
zincblende	type	III-V	semiconductor	crystals.	Dislocations	
are detrimental for optoelectronic applications of GaN, 
because dislocations act as non-radiative recombination 
centers.

Therefore we investigated the GaN(1-100) surface by 
scanning tunneling microscopy (STM) and spectroscopy 
(STS). We were able to identify the energetic positions of 
the intrinsic surface states and the Fermi level. We found 
that	 both,	 the	 filled	 N-derived	 and	 empty	 Ga-derived	
dangling bond states are outside the fundamental band 
gap,	the	latter	one	being	0.1	–	0.2	eV	above	the	conduction	
band	minimum.	The	observed	band	gap	 is	3.4	±	0.2	eV,	
in agreement with the nominal value from the bulk. The 
observed	 Fermi	 level	 pinning	 of	 about	 1.0	 eV	 below	

the conduction band edge is attributed to a high defect 
density at the surface, but not to intrinsic surface states. 
It is concluded that for defect free GaN(1-100) surfaces 
the Fermi level is unpinned and determined by the bulk 
doping. Using the spectroscopy data, we illustrate the 
interpretation of atomically resolved STM images.

Furthermore, at large scan range STM images we were 
able	 identify	 dislocations,	 forming	 localized	 bunches	
of entangled non-parallel dislocation lines. Within 
these bunches the dislocation density reached values of 
1.2 × 108 cm-2. We investigated the type, spatial distribution, 
the projected line direction, and the electronic properties of 
these dislocations in the n-type GaN. Two dislocation types 
were found, uncharged perfect dislocations with a/3{11-
20} Burgers vectors and negatively charged Shockley 
partials with an a/3{1-100}	Burgers	vector	and	a	related	
intrinsic type-2 stacking fault. This stacking fault could 
be	 identified	 as	 …ABABCACA…	 stacking	 sequence,	
thus inserting one monolayer of cubic GaN within the 
wurtzite	crystal.	The	charges	of	the	different	dislocations	
are traced to different charge transfer levels associated to 
the particular core structure.

This work was supported by the DFG.

  A00496-05042 

The Role of Strain on the 2D→3D and Quantum 
Dot→Quantum Ring Phase Transitions 
during Growth of InAs/GaAs and GaSb/GaAs 
Nanostructures

Holger EISELE; Rainer TIMM; Andrea LENZ; 
Lena IVANOVA; Mario DäHNE 
Institut für Festkörperphysik, Technische Universität 
Berlin, Berlin, Germany

InAs/GaAs	based	semiconductor	nanostructures	developed	
to the materials of choice of infrared optoelectronic 
devices	 with	 excellent	 performance,	 while	 GaSb/GaAs	
nanostructures are most promising for future data storage 
applications.	 The	 different	 application	 fields	 of	 both	
systems originate from their different electronic band 
alignment,	being	type-I	for	InAs/GaAs	and	type-II	for	GaSb/
GaAs. Despite the electronic properties, their structural 
parameters, as e.g. the lattice mismatch and the stiffness 
constants, are similar, suggesting also a similar behavior 
in the Stranski-Krastanov growth mode and during the 
further	capping	requisite	for	device	applications.	While	the	
growth	process	of	InAs/GaAs	is	understood	widely	and	the	
critical parameters for structural phase transitions are in a 
close	 range,	up	 to	now	 for	 the	GaSb/GaAs	 system	 large	
differences of e.g. the critical thickness for the 2D→3D 
phase transition are reported, ranging from 0.5 up to 4 
monolayers (ML) of pure GaSb.
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We investigated both systems insensitively by cross-
sectional scanning tunneling microscopy, to study their 
spatial structure with atomic resolution as it appears after 
capping by the matrix material. From these experiments 
on samples grown with different growth parameters such 
as	the	temperature,	growth	rate,	V/III	flux	ratio,	conditions	
of growth interruption, and the growth method, we are able 
to illustrate a comprehensive scheme of the growth itself 
and of the material redistribution and segregation during 
its different stages.
 
While the critical thickness of the 2D→3D phase transition 
in	InAs/GaAs	is	of	about	1.7	ML,	we	could	determine	it	for	
GaSb/GaAs	between	1.0	and	1.5	ML	of	pure	GaSb	material	
deposited on GaAs(001), more or less independent of the 
applied	 growth	 conditions.	 This	 experimental	 finding	 is	
supported by strain energy calculations of the wetting layer 
before	quantum	dot	(QD)	evolution.	A	34%	higher	strain	
energy	results	for	GaSb/GaAs	compared	with	InAs/GaAs,	
even if the lattice mismatch and the stiffness constants of 
both systems vary only little. From the strain energies a 
theoretical	critical	thickness	for	the	GaSb/GaAs	system	of	
1.2 ML is derived, which may be slightly higher taking 
different surface energies into account.

Furthermore,	 a	 transition	 from	 QD	 into	 quantum	 rings	
(QR)	was	up	to	now	only	known	for	InAs/GaAs.	It	occurs	
after capping of the InAs QD with a thin (up to 5 nm) GaAs 
layer	 in	 a	 subsequent	 growth	 interruption,	 allowing	 the	
system to rearrange its material. This process is explained 
by the additional strain applied by the capping layer and 
an eruption of InAs from the highest strained area within 
the QD, its center. The erupted material forms a kind of 
second wetting layer within the matrix above the QD. Due 
to	the	higher	strain	energy	in	the	GaSb/GaAs	system,	the	
QD→QR transition occurs already for lower amounts 
of deposited material, and may even occur for lager QD 
already before capping and without growth interruption.
  
This work was supported by the DFG and the Alexander-von-
Humboldt-Foundation.

  A00502-00922 

Synthesis of Conductive Polymer via Chemical 
Reduction of Graphite Oxide for Enhanced 
Conductivity

Sang-Myung LIM; Kyeong K. LEE; EunHee LIM; 
Sungkoo LEE 
Green Functional Technology Group, Korea Institute of 
Industrial Technology, Chungnam, South Korea

Two-dimensional conductor graphene have recently 
attracted attention due to in-plane mechanical, thermal, and 
electronic properties as well as its applications in future 
optoelectronic devices. Graphene sheets were produced by 
chemical reduction of exfoliated graphite oxides. But in the 
process	of	reduction,	reduced	graphite	flakes	agglomerate	

and eventually precipitate. This precipitated graphite 
flakes	could	not	be	 re-dispersed	by	 sonification	 in	water	
containing	surfactants.	In	this	study,	we	synthesized	stable	
aqueous	dispersions	of	polymer-coated	graphite	sheets	via	
reduction of graphite oxide in the solution of conductive 
polymer,	 poly(4-styrenesulfonic	 acid)	 and	 Nafion.	 The	
obtained graphite, coated with conductive polymer, had 
been	 characterized	 by	 FT-IR	 spectroscopy,	 UV-Vis,	
Thermogravimetric analysis (TGA), conductivity and 
High Resolution X-ray Diffractomer (HR-XRD). We also 
observed	the	conductivity	of	PEDOT/PSS	with	polymer-
coated	graphite	sheets.	The	conductivity	of	PEDOT/PSS	
films	with	graphite	sheets	were	improved	to	10s/cm	more.

Acknowledgments: 
graphite oxide, reduction, conducting polymer, grapheme, 
hydrophilic, Nafion, Polystyrenesulfonate

  A00523-00954 

Synthesis of New Methanofullerenes and Their 
Use in Poly(3-hexylthiophene)-based Solar Cells

Kuen-Jang HUANG1; Hung-Wei LIU1; Ming-Dao 
WANG1;	Tzu-Yu	HUANG1; Syang-Peng RWEI1; Leeyih 
WANG2 
1. Institute of Organic and Polymeric Materials, National 
Taipei University of Technology, Taipei, Taiwan
2. Center for Condensed Matter Sciences, National 
Taiwan University, Taipei, Taiwan

Buckminsterfullerene (C60) has been widely used as 
excellent electron acceptor in organic solar cells. However, 
its minimal solubility in organic solvents necessitates 
derivatization	to	have	good	compatibility	with	donor-type	
conjugated polymers to achieve favorable morphology. 

There	 are	 several	 common	 pathways	 to	 functionalize	
C60	with	 solubilizing	moieties.	Bingel-Hirsch	 reaction	 is	
one of the most convenient routes to produce C60-based 
molecules. In Bingel-Hirsch reaction, C60 dicarboxylate 
can be prepared with very high yield in few synthetic 
steps. Therefore, Bingel-Hirsch reaction was employed 
to	synthesize	a	series	of	novel	soluble	methanofullerenes	
bearing	 different	 substitutions,	 including	 dibenzyl-1,2-
methano[60]fullerene-61,61- dicarboxylate (DBMDC), 
bis(4-ethylbenzyl)-1,2-methano[60]fullerene-61,61-	
dicarboxylate (BEBMDC), bis(4-tert-butylbenzyl)-1,2-
methano[60]fullerene-61,61- dicarboxylate (BtBBMDC), 
(n-butyl-2-thiophenylmethyl)-1,2-methano[60]fullerene- 
61,61 dicarboxylate (BTMMDC). The molecular structure 
of	these	novel	fullerene	derivatives	was	characterized	by	
1H NMR, 13C NMR, elemental analysis (EA) and MALDI-
TOF	 MS	 techniques.	 UV-vis	 and	 cyclic	 voltammetey	
(CV)	 techniques	 were	 employed	 to	 determine	 their	
bandgaps, HOMO and LUMO energy levels. An apparent 
photoluminescence	 quenching	 of	 P3HT	 was	 observed	
after mixing it with these new fullerene derivatives, 
indicating an effective charge transfer from P3HT to 
methanofullerene. Moreover, TEM images indicated that 
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the alkyl moieties have great effect on the morphology 
of	 P3HT/	 methanofullerenes	 composite	 films.	 Very	
interestingly,	 a	 very	 low	 loading	 of	 around	 30	 wt%	 of	
methanofullerene	in	composite	was	required	in	our	system	
to	optimize	the	photovoltaic	performance	of	a	cell	with	a	
structure	of	ITO/PEDOT:PSS/P3HT:methanofullerene/Ca/
Al,	thus	significantly	cutting	down	the	cost	of	the	material.	
The effect of molecular structure of methanofullerene on 
the cell performance will be also presented.

  A00527-00958 

Effect of Thermal Annealing on Phospor-doped 
ZnO Grown on Sapphire by Pulsed Laser 
Deposition

Deny SENTOSA; Shi Jie WANG; Lai Mun WONG; 
Yew	Von	LIM; Ten It WONG 
Material Growth, Institute of Materials Research and 
Engineering, Singapore

In this study, rapid thermal annealing (RTA) of Phospor-
doped	 ZnO	 grown	 sapphire	 substrate	 at	 different	
temperatures was performed and their PL performance 
with different annealing temperatures was investigated. 
Parts	 of	 the	 sample	 with	 weak	 ZnO	 PL	 emission	 were	
thermal annealed under nitrogen or oxygen ambient gas. 
The	 ZnO	 PL	 emission	 appeared	 after	 thermal	 annealing	
and the intensity increased with annealing temperatures. 
The oxygen vacancy peak (defect related peak) was 
eliminated further with thermal annealing under oxygen 
than	nitrogen	 ambient	 gas.	The	ZnO	peak	 emission	was	
also blue shifted after thermal annealing. It is found that 
samples annealed at temperature of 800 °C had the highest 
ZnO	peak	intensity.	

  A00563-01030 

Investigation on Polypyrrole /TiO2 Composite 
Electrode for Dye-sensitized Solar Cell

Mingqi	GAO; Xianfeng DU; Youlong XU; Yang BAI 
School of Electronic and Information Engineering, Xi’an 
Jiaotong University, Shaanxi, China

The photo-anode composite electrodes of solar cells were 
prepared	 by	 synthesizing	 polypyrrole	 (PPy)	 films	 on	
indium-tin oxide (ITO) substrates coated with titanium 
dioxide (TiO2)	 microporous	 films	 using	 electrochemical	
polymerization	method,	in	which	the	PPy	was	considered	
as	 a	 kind	 of	 sensitizer	 (dye)	 to	 TiO2. The solar cells 
gave	 open-circuit	 voltage	 (Voc)	 of	 0.52	 V,	 short-circuit	
photocurrent density (Isc) of 2.7 mA·cm-2,	fill	factor	(ff)	of	
0.24 when the intensity of the import light was on average 
of 1mW·cm-2. Their properties were comparable with 
those	of	the	dye-sensitized	solar	cells	(DSCs)	based	on	cis-
di(thiocyanato)-N,N’-bis(2,2’-bipyridyl-4-carboxylate-4’-
tetrabutyl ammonium carboxylate) ruthenium (II) (N719) 

as the dye. Thus, the PPy is expected to be a promising 
substitute to the traditional dye and be potential in practical 
applyment.

  A00607-01105 

Effect of Annealing on Structural and Optical 
Properties of ZnO Crystals Grown on InP/c-
sapphire Substrate by RF-magnetron Sputtering

Hongfei LIU1; Soojin CHUA1; Guangxia HU2; 
Hao GONG2 
1. Institute of Materials Research and Engineering, 
Singapore
2. Department of Materials Science and Engineering, 
National University of Singapore, Singapore

Submicron	 ZnO	 crystals	 have	 been	 grown	 on	 InP/c-
sapphire	 substrate	 by	 employing	 a	 radio-frequency	
magnetron sputtering reactor. Scanning-electron 
microscopy, x-ray diffraction, resonant Raman scattering, 
and low- and room-temperature photoluminescence are 
used	 to	 characterize	 the	 evolutions	 of	 the	 structural	 and	
optical	 properties	 of	 the	 grown	 ZnO	 upon	 post-growth	
thermal annealing. For a short-time annealing (tann	≤	100	
mins)	at	a	certain	temperature,	the	ZnO	crystallites	tend	to	
coalesce each other, together with c-axis re-orientate to the 
surface normal direction of the substrate. A further increase 
of tann	 to	180	mins	 led	 to	a	re-growth	of	ZnO	submicron	
rods with apparent separations formed in between. A1(LO) 
and a surface optical (SO) phonon  have been observed at 
573.2 and 457.5 cm-1, respectively. When tann is increased, 
the A1(LO)	is	red	shifted	by	five	wavenumbers	while	the	
SO mode is blue shifted by up to 21 cm-1. The intensity 
reduction of A1(LO) and the blue shift of the SO mode 
provide	clear	evidence	for	the	surface	passivation	of	ZnO	
during	annealing.	The	surface	passivation,	as	confirmed	by	
photoluminescence measurements, is mainly via defects 
removal	from	the	ZnO	crystals	in	the	vicinity	of	the	surface	
as	well	as	In	and/or	P	atoms	diffusion	into	the	ZnO	surface	
layers from the InP intermediate layer.

  A00634-01152 

Effective Chanel Length Degradation in 
Submicron LDD NMOSFETs Under Hot-Carrier 
Stressing

Anucha RUANGPHANIT1; 
Nopphon PHONGPHANCHANTHRA1;2; 
Rangsan MUANGHLUA2 
1. National Electronics and Computer Technology Center, 
Thailand
2. Electrical, King Mongkut’s Institute of Technology 
Ladkrabang, Thailand

In this paper, a NMOSFETs having 25 nm gate oxide 
thickness of 0.8 µm CMOS technology of TMEC were 
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used to investigate the effect of the effective channel length 
degradation due to hot carrier stressing. The effective 
channel length of submicron LDD NMOSFETs under hot 
carrier stressing was measured at the stress time varying 
from	zero	to	70000	seconds.	It	is	shown	that	the	effective	
channel length was increased with time. This is caused by 
charges trapping in the oxide during stress. The increased 
of effective channel length (∆Leff ) is  increased sharply as 
the gate channel length decrease.

  A00669-02150 

Compact Silicon Electro-optic Modulator Based 
on a Cross Waveguide Resonator

Maoqing	XIN1; Aaron DANNER1;2; Ching Eng PNG2; 
Soon Thor LIM2 
1. Department of Electrical and Computer Engineering, 
National University of Singapore, Singapore
2. Institute of High Performance Computing, Agency of 
Science, Technology and Research, Singapore

A	 cross-waveguide	 resonator	 structure,	 only	 4	 μm	 long,	
is proposed for silicon optical modulators. According to 
FDTD and electrical simulations, the modulation speed 
hits	2.4	GHz	at	a	low	power	consumption	of	3.71	mW.		

The optical model of the device is based on a cross 
waveguide resonator, where two identical 1-D 
subwavelength	Fabry-Perot	(FP)	resonators	are	configured	
perpendicular to each other and therefore a microcavity 
is formed at the central intersection. The Bragg mirrors 
in each FP resonator are achieved by etching periodic air 
holes into the silicon ridge waveguides, which are built on 
a	silicon-on-insulator	wafer.	A	localized	mode	is	allowed	
into the original photonic bandgap and it corresponds to a 
resonance peak in the transmission spectrum. To make the 
device active, two opposite branches are partially doped to 
be p+ and n+ regions respectively so that a transverse p-i-n 
diode	 is	embedded	 into	 the	cross	waveguide.	Significant	
ON/OFF	 contrast	 is	 achieved	 by	 peak	 shift	 due	 to	 the	
carrier injection based refractive index (RI) perturbation 
under an external voltage bias. The strength of our structure 
compared to single FP resonator design is the improved 
carrier	 injection	 efficiency,	 which,	 in	 turn,	 results	 in	 a	
much higher modulation speed.

In this work, a 3-D FDTD simulator is employed to predict 
transmission spectra of the cross waveguide resonator 
and a 2-D electrical simulator from ATLAS device 
simulation package is used to predict both static and 
transient behaviors of the free carriers. Firstly, the doping 
concentrations of p+ and n+ regions have been studied 
from 1019 to 1020/cm3 at the step of 1019/cm3 and it is shown 
that for the same index perturbation, the bias voltage and 
the	corresponding	current	flow	decrease	with	the	increase	
of doping concentration. However, the amplitude of 
the resonance peak decreases as a tradeoff.  For further 

modeling of the device, the doping concentration is kept at 
4×1019/cm3 in order to suppress thermal-optic competition 
due to excessive power consumption, while still keeping 
free carrier absorption acceptable.

Statically, the resonance peak shifts and the corresponding 
modulation depth increases with the increase of bias 
voltage.	Dynamically,	the	rise	time	is	defined	as	the	time	
interval	during	which	RI	perturbation	increases	from	10%	
to	90%	of	its	maximum	value	and	fall	 time	is	defined	in	
a similar way. It is shown that the top modulation speed 
hits	2.4	GHz	(rise	time	0.27	ns	and	fall	time	0.15	ns)	with	
modulation depth 4.3 dB when the diode is biased at 1.34 
V,	where	the	power	consumption	is	3.71	mW	and	similar	
to that of the single FP resonator devices.  

To conclude, we proposed a compact Si electro-
optic modulator which is based on a cross waveguide 
resonator.	 A	 top	 modulation	 speed,	 2.4	 GHz,	 at	 a	 low	
power consumption of 3.71 mW is achieved. The device 
dimensions	and	structural	modifications	can	be	studied	for	
further improvement of device performances. 

  A00699-01256 

Chlorine-assisted Size-controlled Synthesis and 
Tunable Photoluminescence in Cr-doped Silica 
Nanospheres

Dandan WANG;	Guozhong	XING; Tom WU 
Division of Physics and Applied Physics, Nanyang 
Technological University, Singapore

Silicon dioxide, or silica, is one of the most important 
insulators, besides electronic applications, silica also 
poses as one of the promising visible light emitting 
materials. After being doped with transition metal ions, 
in particular, chromium, silica has been exploited for 
potential applications in solid-state lasers, display and other 
technologies, due to their favorable absorption and emission 
properties. We report on the synthesis of Cr-doped silica 
nanospheres (NS) on Si substrates with a vapor transport 
method. The diameter and the oxygen concentration of NS 
can be tuned by the oxygen content in the carrying gas, 
which also affect the position and intensity of the blue and 
red emission bands in the photoluminescence spectra. This 
chlorine-assisted synthesis and the associated controls 
on	size,	doping,	oxygen	deficiency	and	optical	properties	
of the silica NS may help to pave the way for potential 
technological applications.
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Magneto-tuning of Defect Modes in One 
Dimensional Photonic Crystals 

Ali SOLTANI	VALA1;2; Jamal BARVESTANI1; 
Manouchehr KALAFI1;2 
1. Physics department, University of Tabriz, Tabriz, Iran
2. Research Institute for Applied Physics and Astronomy, 
University of Tabriz, Tabriz, Iran

Since tunability is essential component in electro-
optic devices, recently much attention has been given 
to tunability in photonic crystal (PC) structures. It is 
important	 to	 realize	 tunable	 defect	 mode,	 that	 is,	 to	
control	 the	 frequency	position	 of	 the	modes	 in	 photonic	
band gap (PBG) region. To obtain a tunable mode, the 
dielectric constant, or the magnetic permeability, of the 
constituent defect material must depend on some external 
parameters	 such	 as	 the	 static	 electric	 or	magnetic	fields.	
It was shown that the position and the width of a PBG 
can	be	tuned	by	applying	an	external	magnetic	field	to	PC	
constructed	with	ferrites.	The	localized	photonic	state	in	a	
defect layer can be used in photonic band-edge lasers and 
recently tunable-defect-mode laser has been proposed by 
Ozaki.	For	two	dimensional	PC,	we	have	recently	reported	
tuning	 of	 cavity	modes	 formed	with	 liquid	 crystal	 (LC)	
inclusion that the mode could be effectively controlled by 
varying the alignment of the LC directors. In this work, we 
consider a one dimensional PC in which the constitutive 
materials are dielectric while the defect layer is composed 
of	ferrite	material	and	is	under	the	influence	of	an	external	
magnetic	 field	 (EMF).	Most	 of	 reports	 published	 in	 the	
literatures are devoted on the enhancement in Faraday 
rotation while in here we will present our numerical results 
on the tunability of defect modes for both in-plane and out 
of plane propagations.

By	considering	TM	polarization	and	assuming	the	direction	
of	EMF	parallel	with	the	electric	field	of	electromagnetic	
field,	the	magnetic	field	of	the	mode	is	perpendicular	to	the	
EMF and thus it induces a precession of magnetic dipole 
around	the	EMF	at	the	mode	frequency.	Thus,	permeability	
of	the	ferrite	will	be	a	function	of	frequency,	the	saturation	
magnetization	 of	 ferrite	 and	 the	 strength	 of	 the	 applied	
field.	We	have	applied	the	plane	wave	expansion	method	
in different way compare to that one reported by Kee et al 
and	obtained	the	generalized	eigenvalue	problem	(GEP).	
In order to obtain the defect modes, the supercell and 
root	 finding	methods	 have	 been	 used	 to	 solve	 the	GEP.	
It is shown that the defect modes inside the PBG vary 
remarkably	with	respect	to	the	external	magnetic	field.

  A00715-01274 

Investigation of White LED Performance with 
Multi-Layer Phosphors

Yiting ZHU; Nadarajah NARENDRAN 
Lighting Research Center, Rensselaer Polytechnic 
Institute, New York, United States

Solid-state lighting (SSL) holds the promise of addressing 
the rapidly increasing need for energy conservation. 
Phosphor-converted, indium gallium nitride (InGaN)-
based white light-emitting diodes (LEDs) have advanced 
to a stage where they can effectively compete with some 
traditional energy-hungry light sources in certain lighting 
applications. However, challenges remain for white LEDs 
to	reach	the	200	lumen-per-watt	luminous	efficacy	target	
set by the industry. During the past several years, a number 
of researchers around the globe have been investigating 
various downconversion materials and their placement 
within	 the	 LED	 package—specifically	 moving	 the	
phosphor away from the semiconductor chip—to improve 
light extraction from the white LED package. While light 
output	 and	 luminous	 efficacy	 improvements	 are	 still	
needed, there is also a need for improvement in color 
properties, particularly color rendering and the appearance 
of white light. Mixing yellow or green phosphors with red 
phosphors	is	one	way	to	address	the	color	deficiencies	in	
white LEDs. 

In some of our past publications, we have shown that the 
optical and geometric properties of the phosphor medium 
affect light extraction and the color properties of white 
LEDs. In the study presented in this manuscript, we will 
show results of an investigation that was carried out to 
understand	 how	 different	 phosphor	 configurations	 affect	
the	final	performance	of	the	white	LED	package	in	terms	
of light output and color properties, including multiple 
phosphors	layered	in	specific	order,	the	mean-free-path	of	
phosphor particles, and the geometry of the optics between 
the chip and the phosphor layer. This is a two-part study 
in	which	optical	ray-tracing	analysis	is	conducted	first	to	
optimize	 the	white	LED	package	performance,	 and	 then	
a laboratory experiment is conducted to validate the ray-
tracing analysis. The results of this study will be useful 
to the solid-state lighting industry to further improve the 
performance of white LED packages.
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Silicon Waveguide Fabrication Using Direct 
Proton Beam Writing
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Singapore, Singapore
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Silicon photonics is experiencing a dramatic increase in 
interest due to emerging application areas and several 
breakthroughs in device and technology development. 
Most conventional waveguides in silicon photonics are 
fabricated on silicon-on-insulator (SOI) material system in 
the form rib or strip waveguide.  

In this work, we describe the fabrication of various forms of 
strip, channel and free-standing waveguides in bulk silicon 
using proton beam irradiation and electrochemical etching. 
This	process	is	compatible	with	Full	Isolation	by	oxidized	
porous silicon (FIPOS), which has already been used in 
microelectronics technology for device isolation. Here, 
a	finely	focused	beam	is	used	to	create	localized	lines	of	
high resistivity in silicon, which is prevented from etching 
during	 subsequent	 anodization.	 The	 resultant	 structure	
consists of a silicon core that is optically isolated by the 
porous silicon cladding. High refractive index is achieved 
between	the	core	and	cladding,	allowing	micrometer	sized	
bends and compact devices to be fabricated on a single 
chip. By reducing the surface roughness down to 3.1 nm 
through oxidation, we demonstrate the ability to produce 
low	 loss	 silicon	waveguide	about	1.1	dB/cm	 in	both	TE	
and	TM	polarizations.	This	opens	up	new	opportunities	for	
silicon-based optoelectronics applications since expensive 
SOI substrate is not needed and fewer processing steps are 
required. 
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Optical Absorption, Photoluminescence and 
Third Order Two-Photon Nonlinear Absorption 
Coefficient Studies in Quantum Dots of CdSxSe1-x 
Grown in Borosilicate Glass Matrix
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Abhishek VERMA1; Praveen Kant PANDEY1; 
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Quantum dots (QDs) of CdSxSe1-x have been developed 
in borosilicate glass matrix using two-step annealing 
technique.	The	temperature	of	the	first	step	is	kept	below	
glass transition temperature so that only nucleation occurs 
and	the	crystallization	process	of	QDs	is	insignificant.	After	
enough nucleation has taken place, the temperature of the 
furnace is raised to above glass transition temperature so that 
the	process	of	nucleation	is	insignificant	and	crystallization	
of	QDs	occurs.	QDs	of	various	sizes	varying	from	2	to	5	nm	
are fabricated by controlling the temperature and duration 
of	annealing	.	The	size	of	QDs	was	estimated	by	comparing	
the observed absorption spectrum with the Effective 
Medium Theory. The QDs are characterised by measuring 
optical	absorption	 in	 the	 range	1.5	 to	3.1	eV.	 It	 is	 found	
that	the	absorption	coefficient	increases	with	the	increase	
in	 the	 selenium	 content	 and	 the	 first	 exciton	 absorption	
peak	 shows	 red	 shift	 of	 0.41	 eV	as	 the	 concentration	of	
selenium	increases	from	10	to	90	%.	These	observations	
are attributed to the fact that selenium has higher atomic 
size	(0.198	nm)	as	compared	to	sulfur	(0.184	nm)	resulting	
in a red shift of the excitonic peak and higher absorption 
coefficient	 in	 selenium	 rich	 samples.	Photoluminescence	
(PL) measurements have been made with excitation energy 
of	2.5	eV.	Here	also	the	PL	peak		shows	a	red	shift	with	an	
increase of selenium concentration. Samples having higher 
concentration of sulfur are found to have higher PL peak 
intensity.	The	large	difference	between	energy	of	the	first	
excitonic peak and the PL peak cannot be due to Stokes 
shift, and therefore the origin of PL cannot be due to band 
edge recombination but is due to shallow traps produced 
by sulfur vacancies. This is the reason that the PL peak 
intensity is found to increase in sulfur rich samples. The 
third order two-photon nonlinear absorption (β(3)) has also 
been studied in these QDs using femtosecond laser and 
open	aperture	Z-scan	technique	up	to	laser	intensities	of	<	
5	GW/cm2. The variation of β(3) is found to be independent 
of	intensity	showing	that	the	fifth	order	nonlinear	effects	
are	absent.	For	a	given	size	of	QDs	the	value	of	β(3) is found 
to be higher for sulfur rich samples as compared to that for 
selenium rich samples. This is attributed to the presence of 
the shallow traps in sulfur rich samples. The value of β(3) is 
also	found	to	increase	with	the	size	of	QDs.	However,	the	
rate of increase of β(3) with the increase of average radii is 
found to be higher for sulfur rich samples. 
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Atomic and Electronic Structures at ZnO and ZrO2 
Interface for Transparent Thin-film Transistors

Shijie WANG 
Institute of Materials Research and Engineering, 
Singapore

Transparent	 ZnO	 based	 thin	 film	 transistors	 (TFTs)	
have received intensive interest due to their potential of 
replacing hydrogenated amorphous or polycrystalline 
silicon	 (a-Si:H	 or	 poly-Si)	TFTs.	 Zinc	 oxide	 (ZnO)	 is	 a	
transparent compound semiconductor with a wide band 
gap	 (3.37	 eV)	which	 can	 be	 grown	 as	 a	 polycrystalline	
film	at	low	or	even	room	temperature.	ZnO	is,	therefore,	
considered to be an ideal material for serving as the channel 
layer	in	transparent	and	flexible	TFTs.	To	reduce	ZnO-TFTs	
switching	voltage,	high-k	gate	dielectrics	 for	ZnO-based	
TFTs have received increasing attention because of higher 
capacitance	value	obtained.	However,	as	both	of	ZnO	and	
high-k gate dielectrics have wide band gaps, the band 
alignment at the interface, a critical parameter to determine 
the performance of TFT, need to be well understood and 
should be exactly controlled.  In this presentation, we report 
on	the	studies	of	atomic	and	electronic	structures	at	ZnO	
and	 ZrO2 interface. The epitaxial heterostructures were 
grown by laser molecular beam epitaxy and the interface 
atomic structure was determined by using high-resolution 
transmission electron microscopy (HRTEM). The band 
alignment related issues for high-k	gate	stacks	ZrO2 layer 
on	ZnO	have	been	discussed	and	the	band	engineering	has	
been	studied	by	combinational	characterization	of	in-situ	
x-ray photoemission spectroscopy (XPS), HRTEM and 
first-principles	 calculations	 based	 on	 density	 functional	
theory (DFT). The results show that band alignments at 
ZnO/high-κ interfaces obtained from XPS and calculations 
are well agreement and can be engineered to satisfy the 
application for TFT devices through the interface structure-
control.  
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InGaAsP Superluminescent Device Based on 
Plasma Exposure Enhanced Quantum Well 
Intermixing

Yicen LI1; Shuh Ying LEE1; Ting MEI1; Jing Hua TENG2 
1. School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore
2. Institute of Materials Research and Engineering, 
Singapore

For decades, Quantum Well Intermixing (QWI), as a 
technology	of	realizing	multi-bandgap	on	a	single	chip,	has	
been intensively investigated for the monolithic photonic 
integrated circuit (PIC). Among varies QWI methods, 
Plasma Exposure Enhanced QWI has been proved to be 
one of the promising post-growth processes, which are 

able to achieve large shift of bandgap energy with excellent 
material	quality	preservation.

A butt-jointed two-section superluminesent device 
is	 fabricated	 on	 InGaAsP/InP	 multiple	 quantum	 well	
structure. The front section functions as a superluminesent 
diode (SLD), followed is the rear section acting as a 
semiconductor	 optical	 amplifier	 (SOA)	with	 a	 tilted	 and	
tapered	 ridge	 waveguide.	 By	 optimizing	 the	 Inductive	
Coupled Plasma (ICP) and Rapid Thermal Annealing 
(RTA) process, a blue shift of peak wavelength is got on the 
SOA waveguide. This active-passive integration ensures 
that SOA section is transparent for the light emitted from 
the SLD section, and improves the performance of the 
waveguide device. L-I curve, emission spectrum, and the 
far	field	pattern	are	provided.	It	shows	that,	compared	with	
the device of the same design but without intermixing, a 
more	 expanded	 flat-top	 emission	 spectrum	 and	 a	 larger	
output power can be achieved under the same injection 
level.

This work was supported by the Singapore National Research 
Foundation under CRP Award No. NRF-G-CRP 2007-01.
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Inductively-coupled Argon Plasma-enhanced 
Quantum Well/Dot Intermixing: a Promising 
Post-growth Processing Technique for Photonic 
Integration

Ting MEI 
School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore

Quantum	well	 intermixing	 (QWI)	 techniques	 have	 been	
extensively	 studied	 for	 ternary	 (e.g.	AlGaAs/GaAs)	 and	
quaternary	 (e.g.	 InGaAs(P)/InP)	 quantum	 well	 (QW)	
material systems, whereas the latter has been paid more 
attention for applications at the 1.55 µm communication 
wavelength.		Technically,	the	challenge	for	InGaAs(P)/InP	
QWI	lies	in	fighting	the	material’s	poor	thermal	stability	
to	obtain	a	sufficiently	large	bandgap	shift	against	a	small	
thermal	 shift	 and	 avoiding	material	 quality	 degradation.	
It is also challenging to understand the complicated 
phenomena observed in experiments due to the concurrent 
intermixing	on	both	group	III	and	V	sublattices,	for	which	
two diffusion lengths (i.e. LV and LIII) need to be determined 
quantitatively.	

We have successfully developed Inductively-coupled 
argon	 plasma-enhanced	 quantum	 well/dot	 intermixing	
(Ar-ICP	 QWI/QDI)	 that	 presents	 a	 bandgap	 blue	 shift	
greater than 100 nm against a thermal shift less than 10 
nm.	The	material	quality	degradation	has	been	completely	
avoided	 as	 proven.	 We	 have	 developed	 the	 polarized	
photoluminescence test as a convenient approach to 
the	 quantitative	 characterization	 of	 diffusion	 lengths	 in	
two sublattices. It has been discovered that preferential 
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sputtering	and	built-in	electric	field	near	 the	surface	due	
to	Fermi	level	pinning	play	important	roles	and	influence	
the ultimate intermixing behavior.  The defect densities 
and drift in interdiffusion can be controlled in experiments 
such that not only blue shift but also red shift can be 
observed	for	the	same	QW	structure.	The	optimized	results	
have presented a 180 nm blue shift and a 90 nm red shift. 
Red	shift	has	not	been	realized	in	other	techniques	so	far	
as from published reports.

The	 Ar-ICP	 QWI	 technique	 has	 been	 applied	 for	
photonic integration. Passive-active integrated devices 
like waveguide +modulator and active-active integrated 
devices like superluminescent light emitting device have 
been investigated.

This work was supported by the Singapore National Research 
Foundation under CRP Award No. NRF-G-CRP 2007-01.
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Fabrication of Iron Silicide Photonic Crystals and 
Properties of Light Propagation
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An	iron	silicide	system	including	semiconducting	β-FeSi2, 
Kondo insulator FeSi and ferromagnetic Heusler alloy Fe3Si 
can be expected some attractive and valuable functions in 
photonic devices such as photonic crystals, light emitting 
diode, magneto-optical effect devices etc. For example, 
semiconducting	 β-FeSi2 has a higher refractive index at 
a near IR region than Ge and Si. This optical property is 
important for Si based photonic crystal technology. We 
have succeeded in fabrication of two-dimensional (2D) 
photonic	 crystals	 (PC)	of	 β-FeSi2 which are designed to 
have their photonic band gaps neat 1.55mm. Beta-FeSi2 
and	 FeSi	 films	 were	 able	 to	 be	 etched	 by	 neutral	 loop	
discharge reactive ion etching  (NLD-RIE) which used a 
Si process gas (SF6+Ar) system. However, the etch rate 
became	small	with	 increasing	the	Fe	content	 in	 the	film.	
From this behavior depending on the Fe content we can 
estimate that the NLD-RIE process consists of both a 
physical	process	due	to	impact	of	ionized	Ar	to	Fe	atoms	
at	 the	 surface	 of	 silicide	 films	 and	 chemical	 reactions	
between Si atoms at the surface and the SF6 gas. The 
2D-PC	 of	 semiconducting	 β-FeSi2 was fabricated and 
showed	 reflection	maximum	 bands	 at	 wavelength	 range	
corresponding to the photonic band for incident light from 
every in-plane angle. The ferromagnetic Fe-rich compound 
Fe3Si	film	could	not	be	etched	directly	even	by	the	NLD-
RIE, but the PC consisting of Fe3Si columns in air or air 
columns in Fe3Si toward magneto-optical functions in the 
PCs could be fabricated by a novel process (self lift-off 

process) which we proposed. The high refractive index 
materials	 like	 β-FeSi2	 and	 FeSi	 cause	 a	 large	 reflection	
loss of light at the incident interfaces of waveguides in 
the PCs. We proposed a new idea to reduce the loss of 
light propagation. The idea is a characteristic PC structure 
(called a conjugated PC structure) in which different 
photonic patterns are fabricated at the incident interface 
and they have common photonic band-gap against the 
wavelength	of	propagating	light.	Using	a	finite	differential	
time domain (FDTD) analysis, we found one of promising 
slab type conjugated photonic structures with a low loss 
at the incidence, which consists of triangle lattices of 
silicides	columns	and	air	columns	in	silicide	films.	In	fact,	
we fabricated the slab-type conjugated structure adapted 
to waveguides and evaluated the light loss of the incident 
light using a light scattering detection method. We could 
confirm	 large	 reduction	 of	 the	 loss	 at	 the	 conjugated	
photonic structure. 
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Raman Investigations of GaAsN Phase Formed 
by N Ion Implantation and Pulse Laser Annealing
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Nitrogen	incorporation	in	III-V	semiconductors	generally	
leads to spinodal phase separation and spontaneous 
ordering. Nitriding with high dose nitrogen ion-
implantation followed by pulse laser annealing (PLA) 
is an attractive method to create GaNAs phase in GaAs 
with	high	activation	efficiency.	We	report	implantation	of	
N+ ion with doses from 2.5x1016 to 2.5x1017cm-2 at 100 
KeV	 into	 semi-insulating	GaAs	wafers	 to	 synthesize	 the	
GaAsN compound. Pulsed Nd:Yag laser annealing at 532 
nm have been performed to remove implantation-induced 
damage and to increase the N+ incorporation at As sites. 
X-ray diffraction (XRD) analysis shows the hexagonal 
GaN phase formation. The effect of ion dose and laser 
energy	density	on	the	optical	and	crystalline	quality	of	the	
synthesized	film	has	been	investigated.	Raman	spectrum	of	
laser annealed GaAsN shows TO and LO phonon modes 
of	GaAs	and	a	localized	vibrational	mode	of	N	at	473	cm-1. 
The	observed	localized	mode	frequency	is	consistent	with	
theoretical calculations. Furthermore, the optical band 
gap	 and	 the	 nitrogen	 activation	 efficiency	 are	 estimated	
from the photoluminescence and Raman spectroscopy 
measurements and compared with epitaxial grown GaAsN 
flms.	
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  A00815-02309 

Multilayered Structures of Doped and Undoped 
ZnO

Saraswathi CHIRAKKARA; Saluru Babu KRUPANIDHI 
Materials Research Center, Indian Institute of Science, 
Banglore, India

Zinc	 Oxide	 is	 a	 wide	 band	 gap	 semiconductor	 material	
with	a	 large	exciton	binding	energy	of	 	60meV.	Because	
of	 its	high	exciton	binding	energy,	Zinc	Oxide	is	able	 to	
give	 efficient	 excitonic	 emission	 at	 room	 temperature.	
These	 properties	 make	 Zinc	 Oxide	 a	 good	 potential	
candidate for wide range of applications especially for 
optoelectronic	 devices.	 Thin	 films	 of	 ZnO,	 Li	 doped	
ZnO	 (Zn(1-x) Li x O	(ZLO))	and	ZnO/	Zn(1-x) Li x O	(ZnO/
ZLO)	multilayers	were	grown	on	a	p-type	silicon	substrate	
by	 pulsed	 laser	 deposition	 (PLD)	 technique	 and	 the	 Li	
doped	ZnO	targets	were	prepared	by	solid	state	reaction.	
Structural studies were done by X- ray diffraction (XRD) 
technique,	 morphological	 studies	 were	 carried	 out	 by	
Scanning Electron Microscopy (SEM) and Atomic Force 
Microscopy (AFM) and the optical studies were carried 
out by spectrophotometer and photoluminescence (PL) 
spectroscopy. 

All	the	films	are	highly	crystalline	and	show	high	orientation	
along the (002) axis. From the SEM and AFM images, we 
could	reveal	that	the	films	are	smooth	and	uniform	and	the	
particle	size	were	found	to	be	40	nm	and	rms	roughness	
were found to be around 5nm and also we could infer 
that	 the	 Li	 doping	 reduces	 the	 particle	 size.	 More	 than	
80%	of	 transmittance	was	 shown	by	 all	 the	films	which	
were grown on corning glass and optical band gap were 
calculated	as	3.14eV,	3.21eV	and	3.165eV	respectively.	By	
PL	spectroscopy	an	efficient	blue	emission	was	observed	
in	all	films	which	were	grown	on	silicon	(100)	substrate	
and	were	confirmed	by	chromaticity	diagram.	A	change	in	
optical band gap was observed from both spectrophotometer 
spectroscopy and photoluminescence spectroscopy due 
to the Li incorporation. PL measurements at different 
temperatures reveal that the PL emission intensity of 
multilayers was weakly dependent on temperature as 
compared	to	ZnO	and	Zn (1-x) Li x O	thin	film.	In	the	case	of	
multilayer the shift in peak energy with temperature was 
absent.	This	work	is	been	further	carried	to	fabricate	ZnO	
based blue LEDs with Li doping. 

  A00819-01427 

Enhancement of Forward Emission in ZnO Thin 
Films by Pt Nano-pattern

Kewei LIU1; Yundi TANG1; Chunxiao CONG1; 
Tze-Chien	SUM1; Alfred C. H. HUAN1; 
Ze-Xiang	SHEN1; Li WANG2; Fengyi JIANG2; 
Xiaowei SUN3; Handong SUN1 
1. Division of Physics and Applied Physics, Nanyang 
Technological University, Singapore
2. Education Minister Engineering Research Centre 
of Luminescence Materials and Devices, Nanchang 
University, Jiangxi, China
3. School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore

Since metal electrode is invariably used for injecting carriers 
into semiconductor, surface plasmons (sp) arising from 
metal/semiconductor	interface	could	become	an	effective	
way	 to	 increase	 the	emission	efficiency	of	 light	emitting	
diode. Several groundbreaking works have demonstrated 
that surface plasmons can also be used for enhancing the 
emission of organic and inorganic semiconductors by more 
than one order magnitude. In our work, we present the 
remarkably enhanced top emission of band edge transition 
from	Pt	nano-pattern	capped	ZnO.	ZnO	films	were	deposited	
on c-face sapphire substrates by low pressure metal organic 
chemical vapor deposition at 650 oC.	The	thickness	of	ZnO	
film	is	around	1	μm	and	the	sample	is	highly	oriented	in	
c-axis. A monolayer of highly ordered polystyrene (PS) 
spheres (500 nm in diameter) was self-assembled on 
water surface which was then lifted off using as prepared 
ZnO-Sapphire.	Metal	Pt	was	subsequently	infiltrated	into	
the	monolayer	PS/ZnO-sapphire	template	by	a	sputtering	
system at room temperature. After sputtering, the PS 
spheres were carefully removed by chloroform dissolving 
for 30 seconds in an ultrasonic bath. Static PL spectra were 
performed in a conventional backscattering geometry with 
the 325 nm line of CW power of 15 mW from a He-Cd 
laser as the excitation source. We were able to enhance the 
bandgap	emission	of	ZnO	by	incorporating	Pt	nano-pattern	
(12-fold)	 and	 Pt	 film	 (2-fold).	 These	 enhancements	 are	
mainly caused by the cross-coupling between spontaneous 
recombination	in	ZnO	and	surface	plasmons	arising	from	
Pt	 interfaces.	Meanwhile,	 the	 surface	modification	by	Pt	
may be another reason for these enhancements. Further 
time-resolved PL decay results indicated that the surface 
modification	 by	 Pt	 can	 largely	 reduce	 the	 nonradiative	
recombination rate. Meanwhile, Pt nano-pattern structure 
can highly effectively extract SP energy into light. These 
experiment results may pave a promising way to enhance 
the	top-surface	emission	of	ZnO-based	LED.
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  A00866-01503 

Lab to fab: Towards Process Control of Nitride 
LED Structures by X-ray Scattering Methods

Joachim WOITOK 
PANalytcial B.V., Almelo, Netherlands

In	order	to	fulfill	the	increasing	demand	for	high-brightness	
light emitting diodes (LEDs) we currently see a steady 
ramp up of their mass production around the globe. Over 
the past years the manufacturers have constantly increased 
the luminosity and were able to decrease unit cost due to a 
continuous and ongoing research. Among others, the focus 
was	on	improving	the	layer	quality,	wafer	uniformity	and	
reproducibility of the epitaxial growth process. 

Tolerances on the alloy composition, the thickness and the 
interface	quality	are	tight.	Thus	a	characterization	method	
is	 required	 that	 is	 accurate,	 precise,	 suitable	 for	 wafer	
mapping	 and	 fast.	 No	 single	 technique	 can	 fulfill	 all	 of	
the	above	requirements	–	and	a	combination	of	analytical	
tools	is	applied	for	full	characterization.

High-resolution X-ray diffraction (XRD) plays an important 
role.	It	has	been	extensively	used	to	characterize	GaN	based	
structures during their research and development phase 
but,	until	recently,	it	was	considered	too	difficult	and	time	
consuming for use in a production environment. However, 
the improved performance of current laboratory XRD 
equipment	 plus	 recent	 advances	 in	 analytical	 software	
allow fast and reliable determination of the important 
parameters	 of	 single	 layers	 as	well	 as	multiple	 quantum	
well structures based on nitrides. XRD process control 
tools are currently used in a number of GaN fab lines.

While the production of GaN light emitters is dominated 
by c-plane material non-polar and semi-polar orientations 
were recently successfully demonstrated.  

This paper will focus on the current status of available 
XRD	solutions	for	the	characterization	of	nitride	structures	
- c-plane as well as m-plane. The information content of 
the	applied	XRD	techniques	will	be	illustrated	and	ongoing	
new developments will be discussed. 

  A00904-01586 

Effect of Thickness of GaP Ultra-thin Insertion 
Layer on the Structural and Optical Propeties of 
InP Quantum Dots

Soe Soe HAN; Somsak PANYAKEOW; 
Somchai RATANATHAMMAPHAN 
Electrical Engineering, Chulalongkorn University, 
Bangkok, Thailand

A systematic study of thickness of GaP insertion layers on 
the structural and optical properties of InP was investigated. 

All samples were grown by conventional solid-source 
molecular beam epitaxy. A GaP decomposition cell was 
used as P2 source for P-based materials. All samples 
were grown on (100) GaAs substrates. After removal 
of native oxide by heating the substrate under As4 at 
600°C	 until	 the	 streaky	 reflection	 high	 energy	 electron	
diffraction (RHEED) pattern appeared. A 300 nm GaAs 
buffer was grown at 600°C and followed by a 200 nm 
In0.48Ga0.52P grown at 480°C. GaP insertion layers was 
grown and the thickness of GaP thickness were 0, 1, 2, 3, 
and	 4	monolayers.	Then,	 InP	 quantum	dots	were	 grown	
with	a	constant	growth	of	0.5	monolayer/second.	Finally,	
an In0.48Ga0.52P capping layer with a thickness of 100 
nm was grown. We also prepared the samples without 
capping layer for observation of surface morphology by 
atomic force microscope (AFM). Photoluminescence (PL) 
of capped structure was determined by 630 nm line InGaP 
laser diode at room temperature and R636 Hamamatsu 
photomultipier. The AFM results show the density of 
InP	 quantum	 dots	 increased	 which	 depended	 on	 the	
thickness of GaP layers. The FWHM from the PL results 
corresponded	to	the	size	distribution	of	InP	quantum	dots	
in each condition. 

  A00923-01619 

Growth and Chemical Surface Modification of 
SnO2-based Nanorod Arrays

Hui HUANG; Chiew Keat LIM; Hua GONG; 
Ooi Kiang TAN 
School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore

In this work, SnO2 nanorod arrays have been deposited 
on glass and ITO glass substrates by inductively coupled 
plasma-enhanced chemical vapor deposition without any 
high temperature treatment or additional catalysis. The 
SnO2 nanorods are connected at the root with a very thin 
seed layer on the substrate. The SnO2 nanorods have a high 
spatial distribution density and large surface area. It was 
found that the morphology, conductivity and seed layers of 
the substrates have remarkable effects on the morphology 
of the nanorods. SnO2 nanorods with tunable nanostructures 
including nanoneedle, nanotube and nanocolumn structures 
can be grown by changing the conductivity of the glass 
substrates or patterning the glass substrates with various 
seed layers. The growth mechanism of the nanorods with 
tunable microstructures was proposed based on close TEM 
observations. In addition, the surface of the SnO2 nanorods 
was	modified	and	core-sheath	nanostrutures	of	SnO2-ZnO	
and SnO2-TiO2 were deposited. The optical properties of 
the SnO2-based nanostructures were studied. 
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  A00953-01672 

Determination of Electron Trap Density in Dilute 
Nitride GaNAs and InGaNAs Semiconductors

Hosein ESHGHI; Mohsen AMERI 
Physics, Shahrood University of Technology, Shahrood, 
Iran

The reported experimental data corresponding to the 
measured electron concentration vs. nitrogen mole 
fraction (x) in the Si doped dilute nitride GaNxAs1-x and 
InGaNxAs1-x	 (x	 <	 2%)	 semiconductors	which	 are	 grown	
by MBE method under similar conditions show that: 
(1) for any given x the electron concentration is bigger 
in samples containing In atoms than those without In; 
(2) as x increases, the electron concentration decreases with 
a nearly similar rate in both groups. Our calculations, based 
on charge neutrality condition and Fermi-Dirac statistics, 
show the presence of a higher trap density, due to N-atoms, 
especially in GaNAs samples. These results are consistent 
with the model of more nitrogen cluster formation around 
Ga sites in GaNAs compare to InGaNAs samples. Also our 
results show that the electron trap density tends toward a 
saturation value of 1018 cm-3	for	materials	with	x	>	2%.

  A00978-01706 

Negative and Positive Magnetoresistivity 
Behaviours at Very Low Temperatures 
with Magnetic Fields in Insulating CdSe 
Semiconductors

Abdelhamid EL KAAOUACHI1; Rachid ABDIA1; 
Abdelhakim NAFIDI1; Gerard BISKUPSKI2; 
Jamal HEMINE3 
1. Physics, University Ibn Zohr, Agadir, Morocco
2. Physics, University of Sciences and Technology of 
LilleI LSH, Villeneuve d’Asq, France
3. Physics, University of Sciences and Technology of 
Mohammadia, Mohammadia, Morocco

Experimental	 results	 are	 reported	 on	 field	 positive	 and	
negative magnetoresistivity in two insulating CdSe samples 
in which range hopping occurs at low temperatures. 
Positive magnetoresistivity (PMR) associated with 
Variable	 Range	 Hopping	 conduction	 has	 been	 observed	
in CdSe sample referenced (i). Experimental data are 
tentatively compared with available theoretical models in 
the insulating regime. In the CdSe sample referenced (ii), 
the magnetoresistivity is found to be negative (NMR) in a 
wide range of low temperature (1.5-7 K) and in the range 
of	moderate	magnetic	fields	(0	–	2.1T)	As	theories	based	
on	quantum	interference	effects	are	only	valid	for	very	low	
magnetic	 fields	 (B <	 0.1	T),	we	made	 tentative	 analysis	
with	a	model	of	localized	magnetic	moments.	The	NMR	
is	quite	well	approximated	by	a	Langevin	function	with	an	
effective	magnetic	moment		is	equal	to	the	bohr	magneton		
mulriplied by a factor n with n = 11.

  A00981-01733 

Liquid Phase Epitaxial Growth of Dilute InAsN 
Layers from Bi Solvents

Martin DE LA MARE1; Tushar Dhabal DAS2; 
Sunanda DHAR2; Anthony KRIER1 
1. Department of Physics, Lancaster University, United 
Kingdom
2. Department of Electronic Science, University of 
Calcutta, India

The narrow gap dilute nitride InAsN is a highly promising 
material	 for	 the	 realization	 of	 sources	 for	 mid-infrared	
optoelectronic applications. Both Molecular beam epitaxy 
(MBE)	and	metalorganic	vapour	phase	epitaxy	(MOVPE)	
have been used to grow this material. However,  recently 
we	have	successfully	used	liquid	phase	epitaxy	(LPE)	to	
grow	InAsN	layers	containing	up	to	0.5%	nitrogen,	from	
a melt containing minute amounts of polycrystalline InN. 
Here we describe our work on the growth of InAsN layers 
by LPE using Bi as a neutral solvent which resulted in 
enhanced nitrogen incorporation in the grown layers.

The	InAsN	layers	were	grown	in	a	conventional	horizontal	
sliding	 boat	 LPE	 reactor.	 Pure	 indium	 metal	 99.9999%	
was used for the growth and the etch melts which were 
loaded into adjacent wells of the graphite sliding boat 
and baked at 720oC for 20hrs under Pd-diffused hydrogen 
flow.	A	clean	undoped	InAs	wafer	was	used	as	a	sacrificial	
substrate and placed below one of the In charges at 490oC 
for 1hr to saturate it completely with arsenic. The growth 
melt was then removed away from the saturating wafer and 
baked at 650oC for 20hrs. The system was then cooled and 
a (100) n+ InAs substrate was loaded into the appropriate 
recess on the boat and polycrystalline InN powder, up 
to	6%,	was	added	to	 the	growth	melt.	To	initiate	growth	
the temperature of the furnace was raised to 650oC and 
was held there for 1 hr to dissolve the InN charge into the 
growth melt. The temperature was then slowly reduced 
down	to	the	melt	liquidus	temperature	and	a	cooling	ramp	
of 0.2oC per minute was applied to induce supersaturation 
the melt back down to the growth temperature. Growth was 
carried out  for times varying from 10-60mins. The grown 
layers were smooth and shiny as observed by the  naked 
eye and did not show any line defects under a Nomarski 
interference contrast microscope. Double crystal x-ray 
diffraction measurements revealed two distinct peaks, one 
due to the substrate and the other due to the epitaxial layer. 
From the angular separation of the peaks we estimated a 
nitrogen	content	of		>1%		in	the	layers.

The 4K photoluminescence emission spectrum of a typical 
InAsN layer showed two prominent peaks at 0.422 and 
0.409eV	which	may	be	attributed	to	a	neutral	donor	level	
to valence band and neutral donor to neutral acceptor level 
transitions, respectively. The expected red shift of the PL 
peak energy, due to nitrogen was, was however, not observed 
which is attributed to the  Moss-Burstein effect in InAs. 
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For	 the	 0.422eV	 transition,	 we	 observed	 an	 anomalous	
increase in PL intensity with increasing temperature up 
to 40K. We further observed that as the nitrogen content 
in the material is increased, a single prominent peak at 
0.412eV	 with	 a	 full-width-half-maximum	 of	 16meV	 is	
obtained.		In	all	samples	we	find	a	comparatively	weaker	
peak	at	0.38eV	which	is	usually	associated	with	acceptor	
defects in the material.

  A00981-01774 

Growth and Characterisation of InAsN Dilute 
Nitride Semiconductor Alloys for the Mid-infrared 
Spectral Range

Martin DE LA MARE1; Qian-Dong ZHUANG1; 
Sunanda DHAR2; Anthony KRIER1 
1. Department of Physics, Lancaster University, 
Lancaster, United Kingdom
2. Department of Electronic Science, University of 
Calcutta, Kolkata, India

The	 addition	 of	 small	 amounts	 (<1	%)	 of	 nitrogen	 into	
III-V	compound	semiconductors	such	as	GaAs	and	InAs	
has been found to substantially reduce the energy band 
gap, giving rise to interesting new fundamental physics 
and holding great potential for the development of novel 
devices.	More	specifically,	the	InAsN	“dilute	nitride”	alloys	
could be particularly useful in tailoring optoelectronic 
devices for the technologically important mid-infrared 
spectral range (3-5 µm). Light-emitting diodes, lasers and 
photodetectors operating in this wavelength range could be 
used in many applications including; optical gas detection, 
medical diagnostics, atmospheric pollution monitoring 
and	 free-space	 communications.	 The	 unique	 properties	
of N can help to alleviate the competing recombination 
mechanisms	which	reduce	the	quantum	efficiency	of	mid-
infrared light sources and detectors, and so InAsN alloys 
are important for both fundamental and applied research. 
In this work we are concerned with the epitaxial growth 
and characterisation of these novel InAsN materials in 
the form of bulk alloys on InAs and GaAs substrates. 
Furthermore, we have successfully obtained mid-infrared 
light emission from InAsN grown directly on GaAs for the 
first	time.

The	bulk	InAsN	epitaxial	layers	~1µm in thickness were 
grown by solid source molecular beam epitaxy (MBE) 
using	a	radio	frequency	nitrogen	plasma	source.	MBE	is	
an	ultra	high	vacuum	semiconductor	deposition	technique	
enabling precise control over material growth, layer 
thickness and composition. Nitrogen incorporation was 
controlled by systematic variation of the growth rates and 
plasma settings. The structural properties of the resulting 
material were studied using electron microscopy and 
the nitrogen concentration in the InAsN epilayers was 
determined using high resolution double crystal x-ray 
diffraction. Photoluminescence measurements were made 

over	 the	 range	 from	 4–300	 K	 to	 investigate	 the	 InAsN	
optical properties.
 
Using careful optimisation of the MBE growth conditions 
we successfully obtained InAsN layers containing up to 
1%	N	when	 growth	was	 carried	 out	 on	 InAs	 substrates.	
These layers exhibited bright photoluminescence emission 
extending across the mid-infrared spectral range, with the 
emission peak wavelength corresponding to the amount 
of N incorporated into the alloy. Detailed analysis of 
the emission spectra was undertaken and allowed the 
identification	 of	 the	 dominant	 radiative	 transitions.	 The	
addition of nitrogen also produces a long low energy tail 
in the spectrum which we attributed to localised states 
arising from the inhomogeneous distribution of nitrogen 
in the material. 

InNAs epitaxial layers were also grown directly on GaAs. 
Although InAs can be grown on GaAs using MBE the large 
lattice	mismatch	 (~6%)	 normally	 leads	 to	 InAs	 of	 poor	
optical	quality	and	the	addition	of	N	would	be	expected	to	
further degrade the material. However, here we report the 
first	observation	of	mid-infrared	photoluminescence	from	
the direct growth of InAsN onto GaAs substrates by MBE. 
Furthermore, the addition of N to the InAs substantially 
improved the photoluminescence emission intensity and 
reduced the spectral line-width. These results are rather 
encouraging for the future development of mid-infrared 
optoelectronic devices.

  A01003-01757 

Characterization of p Type ZnO Thin Films Grown 
by Pulsed Filtered Cathodic Vacuum Arc System

Hamide KAVAK; Necdet H. ERDOGAN; 
Kamuran KARA; Havva YANIS;	Zeynep	BAZ; 
Ramazan	ESEN 
Physics Department, Cukurova University, Turkey

Zinc	oxide,	ZnO,	 is	a	wide-bandgap	semiconductor	with	
hexagonal	crystal	structure	(wurtzite	type).	ZnO	has	been	
applied in many practical devices such as transparent 
conducting electrodes in solar cells, surface acoustic wave 
devices, optical waveguides, and chemical (gas) sensors. 
The	 growth	 of	 high	 quality	 n-type	 ZnO	 films	 has	 been	
available	for	many	years.	The	development	of	good	quality	
p-type conduction with low resistivty is more recent and is 
difficult	to	achieve.	The	most	successful	acceptor	dopants	
have	been	the	group	V	elements.	

The transparent, conductive and very precise thickness 
controlled	 p-type	 semiconducting	 ZnO	 thin	 films	 are	
prepared	by	pulsed	filtered	cathodic	vacuum	arc	deposition	
(PFCVAD)	 method.	 Structural,	 optical	 and	 electrical	
properties	of	these	films	are	investigated.	
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Transparent	 p-type	 ZnO	 thin	 films	 were	 produced	 by	
oxidation	of	PFCVAD	deposited	zinc	nitride.		Zinc	nitride	
thin	 films	 were	 deposited	 with	 various	 thicknesses	 and	
under different oxygen pressures on glass  substrates. 
Zinc	 nitride	 thin	 films,	 which	 were	 deposited	 at	 room	
temperatures, were amorphous and the optical transmission 
was	below	70%.	For	oxidation	zinc	nitride,	the	sample	was	
annealed in air starting from 350 °C up to 550 °C for one 
hour	duration.	XRD	pattern	of	these	films	have	diffraction	
peaks with (100), (101) and (110) orientations.  These 
XRD	patterns	imply	that	zinc	nitride	thin	films	converted	
to	zinc	oxide	thin	films	with	the	same	hexagonal	crystalline	
structures	of	ZnO.	The	optical	measurements	were	made	at	
each	 temperatures	 and	 the	 optical	 transmissions	 of	 ZnO	
thin	films	were	over	90%	in	visible	range	after	annealing	
over 350 °C.	By	oxidation	zinc	nitride	the	film	converted	
to	p-type	zinc	oxide	and	the	film	became	more	transparent.	
During the oxidation process at each temperature Hall 
measurements were made to determine carrier type, 
carrier concentration, mobility and resistivity. Hall effect 
measurements	 indicated	 that	ZnO	films	were	p-type	and	
the highest carrier concentration of 1.08x1018 cm-3 and 
mobility of 93.53 cm2/Vs.	 Hall	 effect	 measurements	
proved that after annealing at 350 °C up to 500 °C	the	film	
was p-type. By increasing the oxidation temperature over 
550 °C	the	ZnO	 thin	films	 turned	 into	n-type	due	 to	 the	
lack	of	N	atoms	in	the	film.	

The	good	quality	n	and	p-type	ZnO	thin	films	were	used	
to	produce	hetero-structures.	P-type	ZnO	deposited	on	the	
n-type Si substrate and indium was evaporated as metal 
contacts	(n-p).	On	the	other	hand	n-type	ZnO	deposited	on	
p-type Si substrate for p-n structure. Both structures have 
shown	good	diode	output	(I-V)	characteristic.

  A01033-01802 

Transmission Electron Microscope Study of 
Interdiffused InAs/InAlGaAs Quantum-dash-in-
well Structure

Vitchanetra	HONGPINYO; Shohei NAKAHARA; 
DongNing WANG; BoonSiew OOI; James C. HWANG 
Electrical and Computer Engineering Department, 
Lehigh University, Bethlehem/PA, United States

Optoelectronic	 devices	 based	 on	 quantum-dot	 (QD)	 and	
quantum-dash	(Qdash)	structures	have	advantages	over	the	
quantum-well	structure	in	terms	of	low	threshold	current,	
low	temperature	sensitivity,	high	quantum	efficiency,	low	
chirp	 and	 high	 modulation	 frequency.	 Recently,	 several	
intermixing	or	interdiffusion	techniques	include	impurity-
free	 vacancy	 diffusion	 (IFVD)	 and	 impurity	 induced	
disordering (IID) have been successfully employed to trim 
the	emission	wavelength	and	to	improve	the	quality	of	the	
QD and Qdash devices. The preservation of the material 
quality	 of	 the	 high	 strain	 quantum	 nanostructures	 after	
intermixing	 is	of	great	 importance.	To	date,	 the	qualities	

of	 the	 interdiffused	 QD/Qdash	 structures	 have	 been	
primarily	 evaluated	 using	 spectroscopy	 techniques	 such	
as photoluminescence (PL) and from the active device 
characteristics. 

In this paper, we report on the study of the interdiffused 
InAs/InAlGaAs	 Qdash	 structure	 using	 transmission	
electron	microscopy	 (TEM)	 technique.	The	 interdiffused	
sample	was	bandgap	tuned	by	208	nm	(111	meV)	using	the	
IFVD	technique.	Qdashes	with	large	lateral	size	dispersion	
ranging from 12.38 nm to 27.23 nm have been measured 
from the as-grown sample. This result explains the 
relatively broad spectra width of 94 nm at 1638 nm peak 
wavelength	observed	under	excitation	density	of	500	W/
cm2 at 77 K PL measurements. Compared to the as-grown 
sample, the interdiffused structure shows a substantial 
increase	of	the	Qdash	lateral	size	and	a	less	distinct	Qdash	
interface.	 The	 interdiffused	 structure	 also	 yields	 ~	 1.6	
times higher PL intensity than the as-grown sample. By 
cross examining the TEM images and the PL signals, we 
conclude	that	the	quality	of	the	InAs/InGaAlAs	Qdash	is	
significantly	enhanced	after	interdiffusion.	

  A01067-01852 

Implementation of SiO2 Film Containing Si 
Nanocrystals as Anti Reflective Layer for Blu-ray 
Si Photodetector Application

Eunice Shing Mei GOH1; Tu Pei CHEN1; 
Chang Qing SUN1; Liang DING1; Yang LIU2 
1. School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore
2. State Key Laboratory of Electronic Thin Films and 
Integrated Devices, University of Electronic Science and 
Technology of China, Chengdu, China

Blu-ray Si photodetector was implemented to detect optical 
signals at 405 nm wavelength. However, light loss happens 
due	to	the	reflection	on	the	surface	of	detector.	To	reduce	
the	reflection,	SiO2	film	which	is	a	common	candidate	of	
anti-reflective	 layer,	 can	 be	 used	 but	 the	 transmittance	
and	reflectance	can	only	be	optimized	to	about	56.7%	and	
43.3%,	respectively.	Other	materials	such	as	Ta2O5,	ZnS,	
MgF2, TiO2, CeO2 and Al2O3 are popularly used as the anti-
reflective	coating	for	silicon	solar	cells.	However,	they	are	
not suitable for the Si photodetectors as they are not fully 
compatible with the Si fabrication processes. 

In	this	work,	we	propose	a	novel	anti-reflective	coating	for	
blu ray Si photodetector application based on Si nanocrystals 
(nc-Si)	embedded	in	SiO2	thin	film.	With	the	inclusion	of	
the	nc-Si,	the	transmittance	and	reflectance	of	the	thin	film	
are calculated as functions of the nc-Si volume fraction and 
the SiO2 thickness. We found that by using nc-Si volume 
fraction	of	45%	and	the	nc-Si/	SiO2 layer thickness of 43 
nm,	a	supreme	anti-reflective	performance	in	terms	of	a	low	
surface	reflectance	of	0.81%	and	a	high	light	transmittance	
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of	95.82%	can	be	demonstrated	at	405nm	wavelength.	The	
significant	improvement	as	compared	to	the	conventional	
pure SiO2	coating	is	due	to	the	modification	of	the	effective	
dielectric	functions	of	the	nc-Si/	SiO2	film.	The	synthesis	
of	 this	 nc-Si	 based	 anti-reflective	 coating	 can	 be	 easily	
achieved by a Si-compatible process such as low pressure 
chemical	 vapor	 deposition	 (LPCVD),	 plasma	 enhanced	
chemical	 vapor	 deposition	 (PECVD),	 sputtering	 and	 Si	
ion	 implantation.	The	 Si-compatible	 synthesis	 technique	
and excellent performance in terms of high transmittance 
and	low	reflectance	make	our	proposed	nc-Si	based	anti-
reflective	coating	a	promising	candidate	for	the	blu-ray	Si	
photodetector.

  A01076-03488 

Effects of O2 Gas Plasma Pretreatment on ZnO 
Thin Film Grown by Atomic Layer Deposition

Chang-Mi SHIN1; Jaeyeop LEE1; Joohoi HEO1; 
Joohyun PARK1; Chorong KIM1; hyukhyun RYU1; 
Ji-Ho CHANG2; Won-Jae LEE3 
1. Nano Systems Engineering, Center for Nano 
Manufacturing Inje University, Gyeongnam, South Korea
2. Major of Nano Semiconductor, Korea Maritime 
University, Busan, South Korea
3. Nano Engineering, Dong-Eui University, Busan, South 
Korea

Recently,	 ZnO	 have	 been	 mainly	 studied	 in	 transparent	
device	field	because	it	has	many	advantages	including	low	
cost,	low	resistance,	wide	direct	band	gap	of	3.37eV	and	
high	exciton	binding	energy	of	60meV,	and	so	on.	

In this experiment, the effects of O2 gas plasma 
pretreatment	on	flexible	transparent	PES	substrate	before	
the	 growth	 of	ZnO	 thin	 film	by	 atomic	 layer	 deposition	
(ALD)	 method	 were	 studied.	 DEZn	 was	 used	 as	 zinc	
source, and O2 and H2O were used as oxygen source. 
For O2 gas plasma pretreatment study, various O2 gas 
plasma powers were used from 0 to 200W with different 
ZnO	 growth	 temperatures	 from	 100	 to	 250oC. The PES 
substrate surface became rougher with increase of O2 gas 
plasma	power.	In	ZnO	growth	using	O2 oxidant case, we 
found that (002) peak in XRD was not appeared at 100oC 
of	growth	temperature	due	to	insufficient	thermal	energy	
for	 ZnO	 growth.	However,	 it	was	 appeared	 from	 150oC 
with increased thermal energy. And intensity of (002) peak 
became stronger with increase of growth temperature. 
However, 100W of O2 gas plasma pretreatment power was 
necessary	to	have	(002)	peak	at	ZnO	growth	temperature	
of 150oC while no pretreatment was necessary at 250oC 
which was the highest growth temperature in this study. In 
ZnO	grown	by	H2O oxidant case, (002) peak was appeared 
at all growth temperatures from 100 to 250oC and it 
became also stronger with increase of growth temperature. 
The	intensity	of	(002)	peaks	was	weaker	than	that	of	ZnO	
grown by O2 oxidant.  

The morphology, structural and optical properties were 
investigated by atomic force microscopy (AFM), scanning 
electron microscopy (SEM), x-ray diffraction (XRD) and 
photoluminescence (PL) measurements, respectively. 

This work was supported by the Korea Science and Engineering 
Foundation (KOSEF) grant funded by the Korea government 
(MOEST) (No. R01-2007-000-20580-0)
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High Aspect Ratio Metamaterials for Enhanced 
Tunability and Sensitivity

Sher-Yi CHIAM1; Mohammed BAHOU2; 
Herbert O. MOSER2; Ranjan SINGH3;	Jianqiang	GU3; 
Weili ZHANG3; Andrew A. BETTIOL1 
1. Department of Physics, National University of 
Singapore, Singapore
2. Singapore Synchrotron Light Source, Singapore
3. Department of Electrical and Computer Engineering, 
Oklahoma State University, Stillwater, United States

We will report the latest results from high aspect ratio 
metamaterials. We fabricated metallic Split Ring (SRRs) 
and Split Cylinders Resonators (SCRs) using a writing 
technique	based	on	a	focused	proton	beam,	allowing	high	
aspect ratios and vertical sidewalls. These metamaterials 
were	 characterized	 in	 the	 Terahertz	 regime	 using	 Time	
Domain	Spectroscopy	(THz-TDS)	and	the	Mid	Infra-Red	
(MIR) using Fourier Transform Infra-Red Spectroscopy. 
They were also modeled using the Microwave StudioTM 
software. 

Recently there has been keen interest on the fabrication 
of 3-dimensional metamaterials, as well as on practical 
applications for metamaterials. For example, studies on 
the	 use	 of	 SRRs	 and	 Frequency	 Selective	 Surfaces	 for	
terahertz	sensing	of	biological	and	chemical	samples	have	
been conducted. The fabrication of stacked, as well as 3-D 
metamaterials has also been demonstrated. 

We	 utilize	 a	 lithography	 technique	 based	 on	 a	 focused	
proton	 beam	 to	 fabricate	 metallic	 SRRs/SCRs	 with	
great depth perpendicular to the lithography plane. By 
studying their spectra response and carrying out numerical 
simulations,	we	identified	distinct	3-dimensional	resonance	
modes. By applying dielectric overlayers to our samples, 
we found that compared to their planar counterparts, high 
aspect ratio metamaterials are more sensitive to changes in 
their dielectric environments. This makes them potential 
candidates for sensing applications. High aspect ratio 
metamaterials would also offer passive tuning over a wider 
range.

At	THz	frequencies,	we	studied	the	effects	of	aspect	ratio	
on the LC resonance of SRRs under normal incidence. It 
was found that the effects of aspect ratio and the substrate 
dielectric effect interact strongly, leading to opposing 
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trends for SRRs embedded in a single dielectric and for 
those attached on one side to a substrate. For embedded 
SRRs,	 resonance	frequency	decreases	as	 the	SRR	height	
is increased. For the SRRs attached to a substrate, the 
trend is reversed. It is these opposing trends that cause 
the	frequency	shift	in	high	aspect	ratio	SRRs	to	be	more	
sensitive to the presence of a dielectric overlayer. 

As the SRRs evolve into Split Cylinders (height greater 
than diameter), higher order resonances emerge. In the 
MIR	 regime,	we	 experimentally	 observed	 a	 polarization	
dependant resonance under normal incidence. This 
resonance	 leads	 to	 a	 reflection	 dip	 when	 the	 electric	
field	 is	 parallel	 to	 the	 gap	 bearing	 side	 of	 the	 cylinder.	
This	 occurs	 at	 about	 26	 THz,	 when	 the	 cylinder	 height	
is	 equal	 to	 half	 a	 free	 space	 wavelength.	 Simulations	
indicate a 3-dimensional version of the well known LC 
resonance with circulating currents. Strong currents along 
the	 cylinder	 gaps	 lead	 to	 enhanced	 magnetic	 fields	 in	
the gap. The talk will explain the characteristics as well 
as the potential applications of this resonance mode. 

  A01107-01933 

Fabrication of a Polymeric Device with Integrated 
Colloidal Crystal and Embedded OpticalFibers

Xiao CHEN; Siew Kit HOI; Andrew BETTIOL 
Department of Physics, National University of Singapore, 
Singapore

We use a rapid and versatile method to fabricate a 
microchannel	system	that	consists	of	an	on-chip	colloidal/
photonic	crystal	with	embedded	optical	fibers.	Using	a	spin	
coater, a suspension of monodisperse silica or polystyrene 
spheres	 of	 different	 sizes	 was	 driven	 to	 flow	 through	
microchannels of varying dimensions. In this process, the 
action of centrifugal force makes the colloidal spheres 
quickly	 assemble	 into	 compact	 three	 dimensional	 arrays	
of microspheres. The polymer device was fabricated in 
polydimethylsiloxane (PDMS) using soft lithography from 
a master mold that was fabricated in SU-8 using the proton 
beam	writing	technique.

In order to determine the long range ordering of the colloidal 
crystals,	optical	reflectance	and	transmittance	spectra	were	
measured	 utilizing	 the	 integrated	 optical	 fibers.	 Optical	
and	 secondary	 electron	microscopy	 was	 also	 utilized	 to	
characterize	the	colloidal	crystal	structures.	We	show	that	
by	selecting	an	appropriate	microsphere	size	this	method	
can	be	used	to	integrate	optical	filters	into	a	microfluidic	
system.	 Back	 filling	 the	 colloidal	 crystal	 channels	 with	
liquid	crystals,	 for	example,	can	also	allow	for	electrical	
tuning	 or	 switching	 of	 the	 integrated	 filters.	 Such	 filters	
have potential applications for lab-on-a-chip devices that 
utilize	fluorescence	for	detection.

  A01127-01934 

Low Temperature InP-Si Wafer Bonding for 
Photonic Integration Application

Yadong WANG; Doris NG; Chongyang LIU; 
Cheewei LEE; Seng Tiong HO 
Data Storage Institute, Singapore

Recent development of Si photonics stimulates the 
research	interest	of	integrating	III-V	semiconductors	with	
Si	 for	 optoelectronic	 integration.	 Transferring	 of	 III-V-
based epitaxial layer (InP) onto silicon (SOI) surface via 
wafer	bonding	will	provide	optical	gain	because	the	III-V	
material has a direct material bandgap, while the silicon 
layer will provide a cheaper solution for the passive 
optical guiding. In this paper, low temperature (200ºC) 
InP and Si direct wafer bonding has been demonstrated 
using oxygen plasma surface treatment. AFM, XPS, 
water contact angle and XR measurements have been 
used to investigate the effect of oxygen plasma. By using 
tensile measurement, bonding strength as high as 4 MPa 
has been obtained, which is strong enough for wafer 
processing such as dicing and polishing. Optical imaging 
and acoustic microscopy investigation indicate that by 
etching an array of channel on the Si surface, it helps to 
reduce the void density in the InP-Si bonding interface. 

  A01132-03998 

Variation of Ga Profiles for Cu(In,Ga)SE2 Solar 
Cells Prepared by Co-evaporation Process

Chia-Hua HUANG; Hung-Lung CHENG 
Departmet of Electrical Engineering, National Dong 
Hwa University, Hualien, Taiwan

The Cu(In,Ga)Se2 (CIGS) solar cells have reached the 
conversion	efficiency	of	over	20%.		CIGS	solar	cells	are	one	
of the most promising photovoltaic technologies reaching 
the	goals	of	high	efficiency	as	well	as	low	cost.		However,	
the origins affecting the performance of CIGS solar cells 
are still under investigation.  In order to further understand 
the mechanisms limiting the CIGS device performance, 
the impacts of Ga ratios during the deposition process on 
the device performance are investigated.  Furthermore, 
the	process	parameters	for	the	preparation	of	CIGS	films	
including the deposition temperature and deposition time 
on the morphology, grain growth, crystallinity, and atomic 
ratios	of	the	resulting	CGS	films	are	conducted	as	well.				

The deposition parameters for the growth of the CIGS 
absorbers	 and	 buffer	 layers	 are	 optimized	 for	 the	
improvement	of	junction	quality	and	carrier	collection	of	
CIGS	solar	cells.		The	CIGS	films	are	prepared	by	the	co-
evaporation	process.		The	deposition	techniques	of	both	the	
constant deposition rate and three-stage deposition process 
are	 employed	 for	growth	of	CIGS	films.	 	The	 effects	of	
the deposition temperature, deposition time, Se deposition 
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rate, and the incorporation of indium on the morphology, 
grain	growth,	and	atomic	ratios	of	the	resulting	CIGS	films	
are investigated.  The crystal structures and composition of 
as-deposited	films	were	characterized	by	X-ray	diffraction	
(XRD) and inductively coupled plasma (ICP), respectively.  
The morphology and cross-sectional view of deposited 
films	 were	 studied	 by	 scanning	 electron	 microscopy	
(SEM).	 	 The	 glass/Mo/CIGS/CdS/i-ZnO/ZnO:Al	 device	
structure of the CGS solar cells were fabricated.  The back 
contacts	Mo,	CGS,	buffer	CdS,	intrinsic	ZnO,	and	ZnO:Al	
layers of CGS solar cells were consecutively deposited 
by sputtering, co-evaporation, chemical bath deposition, 
and sputtering process, respectively.  The buffer layers 
of	CdS	were	deposited	in	an	aqueous	solution	consisting	
of CdCl2, NH2CSNH2, NH4Cl, and M NH4OH at a bath 
temperature in the range of 60 to 85°C.  Metal grids of 
Ni and Al layers were then deposited by e-beam machine.  
Finally, the cells are completed with mesa isolation by 
mechanical scribing.  The current-voltage characteristics 
of the fabricated cells were measured with a class-A solar 
simulator	 at	 room	 temperature.	 	The	 irradiance	100mW/
cm2 of the solar simulator was set with the use of the 
reference cell calibrated by NREL.  

The deposition temperature is varied for the improvement 
of Ga diffusion during the deposition.  In the three-stage 
process,	 the	 incorporation	 of	 gallium	 and/or	 indium	
in the third stage results in the formation of a very thin 
CIGS	 surface	 layer	 on	 the	 top	of	CIGS	films	 leading	 to	
the	enhancement	of	 junction	quality	of	CIGS	solar	cells.		
The	high	Se	flux	rate	improves	the	crystallinity	of	CIGS	
films.	 	Additionally,	 the	 deposition	parameters	 including	
the deposition temperature and chemical concentration of 
chemical-bath-deposited	 buffer	 layers	 are	 optimized	 for	
the improvement of interface properties of CIGS solar 
cells.  The performance of the CIGS solar cells fabricated 
with	the	optimized	deposition	parameters	is	analyzed.

  A01138-01974 

Sub-50nm Ultra-thin-wall Honeycomb Photonic 
Crystal for Epitaxial Necking

Zhang	LIANG1;2; Jinghua TENG3; Soojin CHUA1;2;3; 
Eugene A. FITZGERALD1;4 
1. Singapore-MIT Alliance, Singapore
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3. Institute of Materials Research and Engineering, 
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4. Department of Materials Science and Engineering, 
Massachusetts Institute of Technology, United States

A sub-50nm ultra-thin-wall hexagonal honeycomb SiO2 
template	is	developed	to	meet	the	requirement	of	epitaxial	
necking with minimum in-plane area of interface, where 
stacking faults generate due to stress during coalescence. 
Experimental results show high aspect ratio free-standing 

photonic crystal structure with uniformity in large area, 
which provides much shorter coalescence path than other 
known template and provides applicable photonic crystal 
effect. Photonic band structure of Ge heteroepitaxial 
layer grown on this template is calculated using plane 
wave expansion method, with potential device functions 
discussed	accordingly.	Our	findings	could	be	generalized	
to mass production for lattice-mismatched heteroepitaxial 
semiconductor growth. 
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A Novel Triplexer Comprising a Ring Resonator 
and Directional Couplers

S. C. MAO1;2;3; S. H. TAO2; G. LU4; Y. L. XU1; 
X. W. SUN2;3; M. B. YU2; G. Q. LO2; D. L. KWONG2 
1. Electronic Material Research Laboratory, Xi’an 
Jiaotong University, Xi’an, China
2. Institute of Microelectronics (A*STAR), Singapore
3. School of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore
4. Department of Electronics and Engineering, Xi’an 
University of Technology, Xi’an, China

This paper presents a novel triplexer, which can be applied 
in	fiber-to-the-home	(FTTH)	and	optical	communications.	
The structure of the triplexer is simple, compared with 
those of the triplexers reported in literature. The triplexer 
comprises a microring resonator and two directional 
couplers	only,	so	the	whole	device	can	be	confined	in	an	
area	of	110	μm	X	500	μm.	The	function	of	light	triplexing	
is	realized	by	optimizing	the	gap	between	the	ring	resonator	
and the coupling waveguides, the gaps and the lengths of 
the directional couplers. The proposed triplexer structure is 
fabricated with standard CMOS technology for integrated 
photonics applications. Good agreement is found between 
the simulation results and the measurement results of the 
triplexer fabricated on silicon nitride (SiN) waveguides. 
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Thickness Dependence of Optical Properties in 
Nanostructured Si/SiO2 Superlattice
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2. Institute of Microelectronics, Singapore
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Silicon-based superlattice structures have attracted much 
attention in recent years because of their many potential 
applications including the area of nano-photonics. A 
Silicon-based	superlattice,	such	as	Si/SixGe1-x, is a potential 
choice as light modulator. In addition, light emission from 
Si/SiO2	 and	 Si/Si3N4 superlattices is also an attractive 
new	 field.	 In	 Si/SiO2 superlattices, luminescence was 
observed at wavelengths across the visible range. In light 
emission,	 optical	 transmittance	 and	 reflectance	 are	 key	
roles to determine the performance. In this work, using the 
transfer matrix method (TMM), we have investigated the 
optical	transmittance	and	reflectance	in	the	nanostructured	
superlattice. High transmission is observed in the visible 
and near-infrared wavelength range and the maximum value 
of	the	optical	reflectance	is	red-shifted	with	increasing	the	
a-Si layer thickness of the superlattice (from 3 to 7nm) 
because	 the	 	 reflectance	 at	 relatively	 long	 wavelengths	
increases with the a-Si layer thickness increases. Moreover, 
we also study the dependence of the number of periods N 
on the optical transmittance and the effective absorption 
coefficient	 for	 three	 typical	 light	 (λ=669,	 550,	 and	 480	
nm).	 It	 is	 found	 that	 for	 the	 red	 light	 (λ=669	 nm),	 both	
the optical transmittance and the effective absorption 
coefficient	are	oscillated	periodically	with	the	number	of	
periods of the superlattice N. While for the yellow light 
(λ=550	 nm)	 and	 the	 argon	 blue	 light	 (λ=480	 nm),	 their	
optical transmittances decay sharply with increasing N. 
However,	 their	 effective	 absorption	 coefficients	 have	
different	 behaviors.	 The	 effective	 absorption	 coefficient	
of the yellow light has a series of peaks, which decreases 
in magnitude with N. And the argon blue light possesses 
a	 largest	 value	 of	 the	 effective	 absorption	 coefficient	
among the three wavelengths, which is almost two orders 
of magnitude larger than that of the red light. Our results 
demonstrate that in short wavelength light emission, small 
number	of	periods	of	the	superlattice	N	is	required.

  A01184-02072 

Fabrication and Properties of Non-stoichiometric 
Nickel Oxide Films by Radio Frequency 
Sputtering
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NiO	 film	 is	 a	 promising	 material	 for	 applications	 in	
electrochromic display devices, gas sensors, p-type 
transparent	 conductive	 film	 etc,	 due	 to	 its	 excellent	
chemical stability, electric and optical properties. The NiO 
compound exhibits transparent properties resulting from 
its	wide	band	gap	in	the	range	of	3.6	to	4.0	eV.	On	the	other	
hand,	 its	 electric	 resistivity	 can	 be	 reduced	 significantly	
by adding monovalent atoms or creating nickel vacancies 
and forming interstitial oxygen atoms in NiO crystallites. 
The	NiO	films	have	been	 fabricated	by	various	kinds	of	
techniques,	 including	 spray	 pyrolysis,	 plasma	 enhanced	
chemical	vapor	deposition,	sputtering	deposition	and	sol–
gel methods etc.

In	this	study,	the	non-stoichiometric	NiO	films	are	deposited	
by	radio	frequency	(rf)	sputtering	of	NiO	target	in	various	
O2 partial pressures [O2/	(O2+Ar)] on corning 1737F glass 
substrates to investigate the effect of O2 partial pressure on 
microstructure, electrical resistivity and transmittance of 
NiO	films.	An	ultra	high	electric	resistivity	is	obtained	and	
cannot be detected by four-point probe measurement when 
the	NiO	film	is	sputtered	 in	pure	Ar	atmosphere	without	
O2 partial	pressure.	However,	it	is	reduced	significantly	to	
0.45	Ω-cm	as	10	%	O2 partial pressure is introduced during 
sputtering.	The	electric	resistivity	of	NiO	films	continuously	
decreases	from	0.45	to	0.01	Ω-cm	as	the	O2 partial pressure 
is	further	increased	from	10	to	100	%.	Excess	of	oxygen	
in	non-stoichiometric	NiO	films	will	 create	vacancies	 to	
occupy Ni2+ sites, which increases the holes carriers in 
NiO	film	to	decrease	the	electric	resistivity	of	NiO	films.	
The	Hall	effect	measurement	for	NiO	films	depositied	in	
oxygen	partial	pressures	of	10-100	%	shows	that	the	carrier	
concentration	are	all	positive,	indicating	all	the	NiO	films	
exhibit p-type conduction when the O2 gas is introduced. 
On	 the	 other	 hand,	 the	 transmittance	 of	 NiO	 films	 also	
decreases	 continuously	 from	96.33	%	 to	32.93	%	as	 the	
O2 partial	pressure	increases	from	0	to	100	%.	The	XRD	
patterns	of	NiO	films	reveal	 that	 the	 lattice	parameter	of	
the	films	increases	with	increasing	the	O2 partial pressures, 
which	confirms	the	existence	of	interstitial	O	atoms	in	NiO	
lattice to scatter or absorb the incident light. This results in 
the	decrease	of	transmittance	of	NiO	film	when	O2 gas is 
introduced	to	sputter	NiO	film.
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Nano-particle (NP) is one of the most important elements 
in	the	Nano-technology.	Various	NPs	are	used	or	expect	to	
be used in many applications such as magnetic recording 
materials,	 catalytic	 materials,	 fluorescent	 markers,	 drug	
delivery	 systems,	 and	 quantum	 electronics.	 A	 lot	 of	
methods to produce NPs have been studied. Recently, a 
biological method using protein cages as the bio-template 
has become used for the uniform synthesis of metal 
and semiconductor NPs. We fabricated many kinds of 
nano-particles in the spherical bio-template, apoferritin 
protein from horse spleen (HsAFr) and Dps protein 
from Listeria innocua (LiDps). HsAFr, the cellular iron-
storage protein, is a spherical hollow shell composed of 
24 polypeptide subunits. The inner and outer diameters of 
the HsAFr shell are about 7 nm and 12 nm respectively. 
Many kinds of metal oxide NP cores such as Fe, Co, 
Ni,	 InxOy,	 have	 been	 efficiently	 fabricated	 in	 the	 bio-
templates	with	small	 size	dispersion.	On	 the	other	hand,	
semiconductor NP is also a powerful tool for nano-electric 
applications, because they exhibit intriguing characters 
such	 as	 a	 fluorescent,	 size-effect	 and	 quantum	 effect.	
We designed a slow chemical reaction system (SCRY) 
and two steps synthesis protocol (TSSP) for synthesis of 
semiconductor NP cores in the HsAFr. We succeeded in 
the synthesis compound semiconductor NP cores such 
as	CdSe,	ZnSe,	Au2S,	CdS,	 in	 the	cavity	of	HsAFr	with	
the	 narrow	 size	 dispersion.	 However	 these	 synthesized	
CdSe,	ZnSe,	Au2S	NP	cores	in	the	HsAFr	cavity	did	not	
show	photoluminescence	from	their	NPs,	the	synthesized	
CdS NP cores showed a weak photoluminescence. In this 
contribution,	 we	 report	 the	 successful	 synthesis	 of	 ZnS	
NPs	in	HsAFr.	An	optimization	of	ZnS	NPs	synthesis	was	
performed and the results suggested that the concentration 
of ammonia water in the reaction solution is important to 
the	 synthesis	of	ZnS	NPs	 in	 the	apoferritin.	The	6.7	nm	
ZnS	NPs	synthesized	in	the	reaction	solution	with	75	mM	
ammonia water showed a strong blue photoluminescence 
by	an	irradiation	of	UV-light,	but	the	ZnS	NPs	synthesized	
in the reaction solution with 7.5 mM ammonia water did 

not show any photoluminescence. Nevertheless, analysis 
of	 these	 ZnS	 NPs	 by	 X-ray	 powder	 diffraction	 (XRD)	
and energy-dispersive spectrometry (EDS) indicated that 
both	NPs	were	cubic	crystal.	ZnS	NPs	synthesized	in	the	
HsAFr	cavity	will	be	used	as	quantum	dots	or	fluorescence	
marker.	The	possible	biomineralization	mechanism	of	the	
semiconductor NP is now under investigation. 
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Integration of III-nitride Optoelectronics by 
Nanoepitaxial Liftoff and Transfer Printing

Keyan ZANG; Jinghua TENG; 
Hong LIU; Soo Jin CHUA 
Institute of Material Reseach and Engineering, Singapore

We demonstrate a large scale lift-off method of epitaxial 
III-nitride	 films	 via	 a	 combination	 of	 nano-epitaxy	 and	
wet chemical etching.  GaN epitaxial layers are grown by 
nanoepitaxial lateral overgrowth (NELO) method. NELO 
GaN layer is grown over a nanoporous SiO2 mask layer 
fabricated on a GaN template layer on sapphire substrate. 
Wet chemical etching method is then used to selectively 
remove nanoporous SiO2 mask located between the GaN 
template layer and the NELO GaN layer. NELO GaN layer 
is self lifted-off and separated from the substrate, leaving 
behind	 a	 high-quality	 GaN	 films	 with	 photonic	 crystal	
nanostructures on the surface and a reusable GaN template 
on sapphire substrate. 

Hexagonal nanopore arrays in SiO2	film	are	first	fabricated	
on the underlying GaN using anodic alumina (AAO) 
as etch masks NELO GaN layer was then grown on the 
GaN template covered with nanoporous SiO2. It has been 
already demonstrated by our previous study that NELO 
GaN	 shows	 improved	 crystal	 quality,	 better	 surface	
morphology and low defect density, which can be a better 
GaN	film	for	high	efficient	optoelectronic	devices.  A light 
emitting diode (LED) is fabricated on NELO GaN showing 
significant	improvement	in	the	light	output	power.	NELO	
GaN based heterostructures were covered with polymeric 
layer as a support layer. The sample is then left for several 
hours	in	49%	HF	solution	to	remove	the	nano	SiO2 network 
mask.	The	film	separates	from	the	GaN	template	upon	the	
removal of SiO2 and the detachment of nanostructured GaN 
from	the	GaN	template.			After	the	lift-off,	GaN	films	can	
readily	be	 transfer	printed	 to	silicon	substrate	or	flexible	
substrate. We have demonstrated a 1cm×1cm GaN based 
heterostructures	on	flexible	substrate	using	this	method.	

Nanoepitaixial	 liftoff	 	 method	 utilize	 the	 technique	 of	
etching away a nanostructured SiO2 mask by HF etching 
and	the	subsequent	self	lift-off	of	the	NELO	GaN	epitaxial	
layer at the interface of NELO GaN and the GaN template, 
aided	 by	 stress	 field	 and	 weak	 bonds	 at	 the	 interface.	
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The key factors in this lift-off method are (i) mask 
layer materials that can be selectively removal by wet 
chemicals. (ii). Nanostructured SiO2 mask layer enabling 
the self debonding of NELO GaN layer at the interface 
after removal of mask layer. 

This method offers advantages of simple design, low cost 
and	can	be	scaled	up	to	larger	wafer	size,	at	the	same	time,	
offering	 improved	 crystal	 quality	 of	 the	 lifted-off	 GaN	
epilayer and creating the photonic crystal structures on the 
films	for	the	benefit	of	light	extraction	efficiency.	This	lift	
off method could potentially lead to highly integrated and 
efficient	III-V	nanoelectronics	and	nanophotonics	devices	
on	silicon	and	flexible	substrates.

  A01215-02154 

Nanoheteoepitaxy of GaN for High Efficient Light 
Emitting Diodes

Keyan ZANG; Yadong WANG; Soo Jin CHUA 
Institute of Materials Research and Engineering, 
Singapore

Though commercial products are already available, 
obtaining	high	efficiency	is	still	one	of	the	big	challenges	
for GaN based optoelectronic devices. To increase the 
internal	quantum	efficiency,	threading	dislocation	density	
in GaN and InGaN layers needs to be reduced.  To increase 
the	 light	 extraction	 efficiency	 (ηout), patterned substrate, 
roughening the surface were used.

We have demonstrated nanoheteroepitaxial (NHE) lateral 
overgrowth of GaN on nanoporous sapphire. The nanopore 
arrays	on	 sapphire	 surface	are	 fabricated	using	anodized	
aluminum oxide template as an etch mask. Selective 
area nitride growth on top of the sapphire crystallites 
has been carried out by metal organic chemical vapor 
deposition. NHE GaN was grown over the nanoporous 
sapphire	 substrate	 to	 realize	 a	 continuous	 and	 smooth	
film.	 NHE	 GaN	 shows	 a	 significant	 reduction	 of	 the	
threading dislocation density as revealed by transmission 
electron microscopy and we have observed that all types 
of dislocations nucleated at the interface bend toward 
(0001) basal plane due to lateral overgrowth. Better light 
emission is demonstrated on NHE GaN, attributed to the 
improvement	 of	 the	 internal	 quantum	 efficiency	 by	 the	
reduction of threading dislocations and the improvement 
of	 light	extraction	efficiency	by	random	scattering	at	 the	
interface of the nanoporous sapphire substrates.

  A01238-02126 

Orientation-Controllable Growth of ZnS Nanowire 
Arrays on GaAs Substrates

Yao LIANG; Suikong HARK 
Department of Physics, The Chinese University of Hong 
Kong, Hong Kong

Recently, semiconductor nanostructures have attracted 
much attention because they are potentially useful as 
fundamental building blocks in nanodevices. As an 
important	member	of	group	II-VI	semiconductors,	ZnS	is	
particularly	 important	 for	 optical	 applications	 in	 the	UV	
region.	Nanowires,	nanobelts	and	nanotubes	of	ZnS	have	
been grown by others using chemical vapor deposition, 
molecular-beam	 epitaxy,	 and	 solution-base	 techniques.	
These methods typically yield a random, inhomogeneous 
assembly of nanostructures. For future basic studies and 
applications, it is necessary to grow nanowire arrays and 
control their orientations. Epitaxial growth is an established 
method to attain orientational control on substrates. 
However, to our best knowledge, there are very few reports 
on	 the	 epitaxial	 growth	 of	 1D	 ZnS	 nanostructures	 on	
centimeter	size	or	larger	substrates.	We	initiated	a	study	of	
the	growth	of	ZnS	nanowires	of	controllable	orientations	
on GaAs substrates by metal-organic chemical vapor 
deposition	(MOCVD),	using	Ag,	Au	and	Ga	as	catalysts.	
The crystal structure and morphology of the nanowires 
were studied by high resolution electron microscopy. We 
have observed that the orientation of the nanowires can be 
adjusted by changing the crystallographic orientation of the 
substrate.	The	polarity	of	the	substrate	has	a	great	influence	
on the orientation of nanowires, which preferably grow 
along	the	<111>B	and	<11x>B directions of substrates (As 
terminated	surfaces).	Highly	vertical	ZnS	nanowires	were	
obtained on GaAs [111]B substrates. But the nature of the 
catalysts does not seem to affect the growth of nanowires. 

This work is supported by a grant from the Research Grants 
Council of the Hong Kong Special Administrative Region, China 
(Project No. 411807).

  A01280-02229 

Role of Hydrogen in CdTe/Mn Bilayer Thin Film of 
Diluted Magnetic Semiconductor

Satyapal NEHRA; Subodh SRIVASTAVA; 
Mahesh JANGIR; Mangej SINGH; 
Yogesh Kumar VIJAY 
Department of Physics, University of Rajasthan, 
Rajasthan, India

The	bilayer	 thin	film	of	diluted	magnetic	 semiconductor	
CdTe/Mn	 prepared	 using	 thermal	 evaporation	 method	
at pressure of 10-5 torr. These samples were annealed in 
atmospheric condition at constant temperature 400°C for 
one hour and hydrogenated by keeping in hydrogen cell, 
where hydrogen gas was introduced at different pressure 
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(0 to 45 psi) for 30 minutes. The optical band gap of 
CdTe/Mn	 bilayer	 thin	 films	 were	 found	 to	 be	 increased	
with increasing pressure of hydrogen. Therefore it may be 
suggested that optical band gap can be tailored by inducing 
hydrogen	 in	CdTe/Mn	bilayer	 thin	film	of	DMS.	Raman	
spectra of these samples show that the intensity increases 
and one peak were observed in hydrogenated samples. The 
optical micrographs of these samples show morphological 
variations due to the hydrogenation.

  A01282-02233 

Hydrothermal Synthesis of ZnO Nanorod on 
p-GaN

Yong Xing XU1; Chew Beng SOH2; Chuan Beng TAY1; 
Soo Jin CHUA1;2 
1. Electrical and Computer Engineering, National 
University of Singapore, Singapore
2. Institute of Materials Research and Engineering, 
Singapore

Zinc	Oxide	(ZnO)	is	a	useful	material	to	enhance	the	light	
extraction	 efficiency	 (LEE)	 in	 Gallium	 Nitride	 (GaN)	
based	light	emitting	diodes	(LED)	because	ZnO	and	GaN	
have similar refractive index (n = 2.0-2.5) which reduce 
Fresnel	 reflection.	 ZnO	 and	 GaN	 also	 have	 a	 similar	
wurtzite	crystal	structure,	resulting	in	low	lattice	constant	
misfit,	which	 enables	 epitaxial	 growth	 of	 ZnO	 on	GaN.	
In	 this	 study,	 arrays	 of	 ZnO	 nanorods	 have	 been	 grown	
on	 p-GaN/GaN	 on	 c-plane	 sapphire	 substrate	 using	
hydrothermal	 technique.	 The	 growth	 temperature	 is	 set	
at 85°C for duration of 3 hours. The precursors used are 
Zinc	 Acetate,	 Zn(CH3COO)2.2H2O	 (denoted	 as	 ZnAc)	
and Ammonia (NH3). The amount of NH3 is varied to 
investigate	its	effect	on	the	morphology	of	the	grown	ZnO	
nanorods which have a length of 1-3µm and diameter of 60-
100nm. High surface defects and lattice defects are noted 
from	the	as-grown	ZnO	nanorods	due	to	low	hydrothermal	
growth	 temperature.	 Varying	 annealing	 conditions	 were	
subsequently	 carried	 out	 to	 optimize	 the	 exciton	 peak	
emission	 from	 ZnO	 nanorods	 grown	 on	 p-GaN	 and	 to	
reduce	the	yellow	defect	band	emission	of	ZnO	possibly	
from oxygen vacancies. XRD measurement was carried 
out	 to	determine	the	crystal	quality	of	 the	annealed	ZnO	
nanorods and the morphology of the annealed samples 
were studied by SEM. This piece of work will be useful 
for	synthesizing	array	of	ZnO	nanorods	on	 the	 top	 layer	
of p-GaN based LEDs to increase its light extraction 
efficiency	(LEE).

  A01282-02281 

ZnO Nanorod Reflectors for Enhancing the Light 
Extraction from GaN Blue LEDs 

Chew Beng SOH1; Hong Quang LE1; 
Norman Soo Seng ANG1; Soo Jin CHUA1;2; 
Mona SURYANA1; Rayson Jen Ngee TAN1; 
Jinghua TENG1 
1. Institute of Materials Research and Engineering, 
Singapore
2. Department of Electrical and Computer Engineering, 
National University of Singapore, Singapore

The	 light	extraction	efficiency	from	GaN	based	LEDs	 is	
currently	low	at	4%	as	most	of	the	light	photons	generated	
in	the	InGaN/	GaN	active	layers	are	internally	reflected.	In	
this	work,	ZnO	nanorods	were	grown	in	the	mesa	region	of	
a	wire	mesh-like	fabricated	contact	structure.	Prior	to	ZnO	
nanorods growth, Inductive Coupled Plasma etching using 
BCl3/Cl2	 was	 first	 carried	 out	 to	 generate	 n-GaN mesa 
region	with	a	depth	of	600	nm	from	the	p-GaN	surface.	Ni/
Au contact was then deposited on top of the wire-meshed 
p-GaN	 region	while	 Ti/Al	 ohmic	 contact	 was	 deposited	
on n-GaN region. After the deposition of the contacts, 
the fabricated LEDs sample underwent rapid thermal 
annealing in N2 ambient for 2 min at 550oC.	By	subsequent	
alignment and masking, the LED die area was exposed and 
ZnO	nanorods	were	grown	by	hydrothermal	technique	at	
85oC	 for	 a	 duration	of	 1.5	 to	 5	 hours	with	Zinc	Acetate	
and ammonia as the precursors. The hydrothermal grown 
ZnO	nanorods	have	length	varying	from	0.5	μm	to	1.5	μm	
depending on the duration of growth. The enhancement 
in electroluminescence of the fabricated LEDs with these 
ZnO	nanorod	reflectors	was	discussed.	The	enhancement	in	
light	extraction	is	attributed	to	the	effectiveness	of	the	ZnO	
nanorod	reflectors	in	redirecting	the	laterally	propagating	
guided modes from  emitting LEDs to its surface normal 
direction.

  A01288-02246 

Electron Transport in Highly Ordered Anatase 
Nanotube Arrays for Dye Sensitized Solar Cells

Kangle LI;	Zhibin	XIE; Stefan ADAMS 
Materials Science and Engineering, National University 
of Singapore, Singapore

Dye	 sensitized	 solar	 cells	 (DSCs)	 have	 attracted	
considerable attention as cost-effective alternatives to 
Si-based	 photovoltaic	 (PV)	 devices.	 Light	 harvesting	 in	
DSCs is achieved by monomolecular dye layers absorbed 
at the interface between a n-type semiconductor and a hole 
conducting	 medium	 (a	 liquid	 electrolyte	 containing	 the	
redox couple I-/I3

- or a solid p-type conductor). The use 
of anatase nanotubes arrays produced by electrochemical 
anodization	of	titanium	in	fluoride-containing	electrolytes	
offers	a	unique	combination	of	wide	band	gap	semiconductor	
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TiO2 properties, with high surface area for dye adsorption 
and	an	ordered	geometry	for	efficient	electron	transport	to	
the external circuit.

The	tube	architecture	is	precisely	controlled	by	anodization	
voltage,	 duration	 and	 the	 electrolyte	 so	 as	 to	 maximize	
efficient	 cross	 area	 for	 dye	 absorption.	Ordered,	 closely	
packed, and vertically oriented titania nanotube arrays with 
lengths exceeding 10 μm	were	fabricated	by	anodization	of	
titanium foils. Although the surface area of the nanotubes 
cells is inevitably smaller than for cells based on 
mesoporous TiO2,	 nanotube	DSC	 cells	 yield	 efficiencies	
of η =	5.01%	under	 standard	1	 sun,	AM	1.5	conditions.		
(Jsc=11.76	mA/cm

2,	Voc=0.7054V,	ff=	60.42%)

Here	we	focus	on	optimizing	the	quality	of	the	nanotubes	
arrays both in terms of ordering and crystal perfection. The 
anodization	initially	yields	amorphous	TiO2 nanotubes that 
has to be converted into the metastable crystalline anatase 
phase	 in	 a	 subsequent	 annealing	 process.	An	 optimized	
annealing process yields a complete transformation into 
anatase with a preferred orientation of large anatase grains. 
Close-assembled	 structure	 efficiently	 prevents	 contact	
between Ti foil and electrolyte. Moreover, highly ordered 
tube structures allow for a maximum surface area and 
would	particularly	benefit	the	penetration	of	the	solid	p-type	
conductor	in	all-solid	state	DSCs.	For	efficient	ordering	of	
the array the outer tube diameter is controlled at 160nm 
with wall thickness of 20nm at the top of the nanotubes 
and	the	effect	of	repeated	anodization	is	explored.	

Electrochemical impedance spectroscopy (EIS) permits to 
analyse the fundamental parameters of electron lifetime 
and	 diffusion	 coefficient	 in	TiO2 that control the charge 
collection	efficiency.	Nanotube	based	DSCs	so	far	exhibit	a	
reduction of the series resistance by a factor of two, which 
significantly	raises	the	fill	factor	and	efficiency.	The	longer	
electron lifetime and straighter diffusion pathways permit 
to increase the thickness of the TiO2 layer, mitigating the 
effect of the reduced surface area.  

The performance of the produced nanotube-DSCs is 
investigated as a function of light intensity and device 
temperature to achieve a prediction of the cell performance 
under real life conditions. 

  A01291-02250 

Enhanced Light Extraction from GaN-based Light 
Emitting Diodes with ZnO Nanorods on NiO/ITO 
Contact

Kehui DAI1;3; Chuan Beng TAY1; Liang ZHANG1; 
Chew Beng SOH2; Soo Jin CHUA1;2; Lianshan WANG3; 
Dexiu HUANG3 
1. Department of Electrical and Computer Engineering, 
National University of Singapore, Singapore
2. Institute of Materials Research and Engineering, 
Singapore
3. Division of Optoelectronic Devices and Integration, 
Wuhan National Laboratory for Optoelectronics, China

Enhancement of light extraction from GaN-based 
light	 emitting	 diodes	 (LEDs)	 with	 ZnO	 nanorods	 was	
demonstrated.	 NiO/ITO	 transparent	 conductive	 layer	
was	 first	 deposited	 on	 top	 of	 GaN-based	 light	 emitting	
diodes and used as a p-type ohmic contact and an optically 
transparent	window	for	the	light	emission.	ZnO	nanorods	
were	hydrothermally	grown	on	ITO	layer,	on	which	ZnO	
nanoparticle seeds were previously prepared. The light 
extraction	of	the	light	emitting	diodes	with	ZnO	nanorods	
exhibted an enhancement in EL intensity, compared with 
that	of	the	light	emitting	diodes	without	ZnO	nanorods.	The	
improved	emission	efficiency	of	the	LEDs	was	attributed	
to	the	enhanced	light	transmission	and	scattering	of	ZnO	
nanorods 

  A01291-02260 

Investigation of Low Resistance Ni/ITO Ohmic 
Contacts to p-type GaN by Inserting Au and Ag 
Nanodots in Contact Interface

Kehui DAI1;3; Liang ZHANG1; Chew Beng SOH2; 
Soo Jin CHUA1;2; Lianshan WANG3; Dexiu HUANG3 
1. Department of Electrical and Computer Engineering, 
National University of Singapore, Singapore
2. Institute of Materials Research and Engineering, 
Singapore
3. Division of Optoelectronic Devices and Integration, 
Wuhan National Laboratory for Optoelectronics, China

The	 effect	 of	 embedded	 Au	 and	 Ag	 nanodots	 at	 Ni/
GaN	 interface	 on	 electrical	 property	 of	 Ni/ITO	 ohmic	
contact to p-type GaN  was investigated. Au and Ag 
nanodots	were	first	deposited	on	p-type	GaN	using	anodic	
aluminium oxide (AAO) templates as mask. Both as-
deposited	 and	 annealed	Ni/ITO	 contacts	with	 embedded	
Au and Ag nanodots were studied and discussed. The 
contacts with nanodots exhibited better electrical behavior 
than	 conventional	 Ni/ITO	 contact.	 The	 improvement	
was attributed to the formation of inhomogeneous 
interfaces with different local Schottky barrier height 
due	 to	 the	 insertion	 of	 nanodots	 at	 Ni/GaN	 interface	
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  A01294-02522 

Structural and Optical Properties of Si+7 Ion 
Irradiated ZnS Nanocrystals Doped in PMMA 
Matrix

Shweta AGRAWAL1; Subodh SRIVASTAVA1; 
Sumit KUMAR1; Mangej SINGH1; 
Devesh Kumar AVASTHI2; Yogesh Kumar VIJAY1 
1. Department of Physics, University of Rajasthan, 
Jaipur, India
2. Mat Sci Division, Inter University Accelerator Centre, 
India

Semiconductor	 of	 II-VI	 groups	 forms	 a	 new	 class	 of	
luminescence nanocrystals material and their dispersion in 
polymer matrix enhanced the brightness of light emission 
due	to	their	quantum	dots	size.	In	present	work	we	synthesize	
ZnS	nanocrystals	by	chemical	route	method	and	embedded	
in	PMMA	matrix.	These	nanocomposite	polymer	films	are	
characterized	 by	 XRD,	 FTIR,	 Photoluminescence,	 UV-
VIS	 spectroscopy	 and	AFM	 before	 and	 after	 irradiation	
(100MeV,	 Si+7	 ions	 beam)	 at	 different	 fluence	 1x1010 to 
1x1012	ions/cm2.	The	XRD	spectra	show	a	peak	at	2θ	=10.22º	
due to amorphous PMMA and other peaks corresponding 
to	ZnS	nanocrystals.	The	FTIR	spectra	for	irradiated	and	
pristine samples observed in the spectral range 1500-3770 
cm-1 which shows the reduction in absorption intensities 
with	the	ion	fluence.	The	optical	absorption	spectra	shows	
red	shift	as	 the	fluency	 increases	with	respect	 to	pristine	
sample. Photoluminescence spectra show the shift in 
peak towards higher wavelength with enhancement in 
luminescence intensity after irradiation, this may be due to 
creations	of	Zn2+	vacancy	as	the	fluence	increases.	Atomic	
force microscopy shows the increase in roughness after 
irradiation.
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  A01297-02264 

Fabrication of Silicon Waveguides by Masked 
Proton Irradiation

Boqian	XIONG; Ee Jin TEO; Mark BREESE 
Physics, National University of Singapore, Singapore

Waveguides form the main building block for a photonic 
circuit and methods of producing low loss silicon 
waveguides	 efficiently	 are	 important	 for	 the	 field	 of	
silicon-based optoelectronics devices. We report the 
fabrication of silicon waveguides with porous silicon 
cladding via proton beam irradiation through a mask. This 
fabrication process involves a novel projection system 
which includes a megavolt accelerator and a magnetic 
quadrupole	 lens	 system.	The	 quadrupole	 lens	 projects	 a	

uniform	distribution	of	energetic	ions	(MeV)	over	a	silicon	
wafer surface that is covered with a layer of patterned 
photoresist which acts as a mask for the incoming 
protons. After irradiation, electrochemical anodisation 
of silicon is carried out and unirradiated silicon regions 
form cores which are surrounded by porous silicon of 
lower refractive index. This method of fabrication is more 
efficient	and	productive	compared	 to	direct	proton	beam	
writing as it enables us to fabricate arrays of waveguides 
simultaneously instead of one at a time.  We have 
fabricated	and	characterized	strip	waveguides	with	widths	
ranging from 2.5 micron to 10 micron. Results show that 
a	minimum	transmission	loss	of	2.1	dB/cm.		In	addition,	
more complex microphotonic devices such as Y-splitter 
and C-bends have also been fabricated using this process.

  A01300-02267 

P-type Conductivity in Beta-phase Iron Disilicide

Andrew See Weng WONG1; Siao Li LIEW1; 
Goutam Kumar DALAPATI1; Meng Da LU2; 
Ghim Wei HO2;	Dong	Zhi	CHI1 
1. Institute of Materials Research and Engineering, 
Singapore
2. Department of Electrical & Computer Engineering, 
National University of Singapore, Singapore

Semiconducting	 beta-phase	 iron	 disilicide	 (β-FeSi2) is 
considered a promising photovoltaic material because 
of	 its	 large	optical	absorption	coefficient	 (>105 cm-1 at 1 
eV),	a	direct	bandgap	of	~0.85eV,	and	abundant	element	
resources in the earth’s crust. Most reports Unintentionally 
doped	FeSi2	films,	depending	on	defects	present,	can	be	
n-	 or	 p-type.	To	 date,	 β-FeSi2	 films	 have	 been	 prepared	
by	 various	 methods.	 However,	 most	 of	 the	 films	 have	
been prepared on crystalline Si substrates, which can be 
expensive. In order to move away from doped Si substrates 
and achieve homo-junction structure, it is important to be 
able	to	control	the	conductivity	of	the	films.

This paper describes the incorporation of Al dopants into 
FeSi2 to make it p-type. Si (100) substrates are cleaned in 
DHF	for	2	mins	and	subsequently	blow	dried	in	nitrogen.	
The cleaned Si (100) substrates are placed in a sputtering 
chamber and co-sputtered with Al and FeSi2 to incorporate 
Al into FeSi2.	 The	 films	 are	 then	 annealed	 using	 rapid	
thermal	 anneal.	 	 The	 composition	 of	 the	 doped	 films	 is	
studied using energy dispersive x-ray spectroscopy in a 
transmission electron microscope. 
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  A01317-02795 

Preparation of AlSb Compound Semiconductor

Ram Kishan MANGAL1;2; Balram TRIPAATHI2; 
Mangej SINGH2; Yogesh VIJAY2 
1. Jaipur Engineering College and Research Centre, 
University of Rajasthan, Jaipur, India
2. Department of Physics, University of Rajasthan, 
Jaipur, India

Thin	films	of	AlSb	have	been	prepared	by	resistive	heating	
method in the form of bilayer system. Mixing of the 
bilayers has been carried out using ion beam mixing as 
well as vacuum annealing process. Raman study indicates 
formation	of	chemical	bonding.	Structural	characterization	
carried out using XRD study. Optical band gap also within 
the range of AlSb compound semiconductor.

  A01327-04339 

Controllable Nanoparticle Size, Optical Properties 
and Growth Mechanism of ZnS Synthesized by 
Sonochemical Method

Raghvendra YADAV; Priya MISHRA; Avinash PANDEY; 
Rupali MISHRA 
Physics Department, University of Allahabad, Uttar 
Pradesh, India

ZnS	 nanoparticles	 have	 been	 synthesized	 by	 ultrasonic	
irradiation	 of	 an	 aqueous-alcoholic/aqueous-alcoholic-
ethylenediamine	 (EDA)	 solutions	 of	 zinc	 nitrate	 and	
sodium	sulphide.	ZnS	nanoparticles	have	desired	particle	
size	 by	 controlling	 the	 ultrasonic	 irradiation	 time,	 and	
using chelating agent also. It is found that the ultrasonic 
irradiation	time	and	the	solvents	both	influence	the	growth	
mechanism	 and	 optical	 properties	 of	 ZnS	 nanoparticles.	
The	 possible	 growth	 mechanism	 of	 ZnS	 nanoparticles	
formation by sonochemical method has been studied. 

  A01327-04346 

Photoluminescence Property of YVO4: Eu3+ 

Nanophosphor Synthesized via Na2EDTA-
assisted Sonochemical Method

Raghvendra YADAV 
Physics Department, University of Allahabad, Uttar 
Pradesh, India

YVO4:Eu3+ nanophosphor have been fabricated via 
disodium ethylenediamine tetraacetic (Na2EDTA )-assisted 
sonochemical	method.	The	as-synthesized	nanophosphors	
were	 characterized	 by	 X-ray	 powder	 diffraction	 (	 XRD	
), Scanning Electron Microscopy (SEM), Transmission 
Electron Microscopy ( TEM ) and Photoluminescence 
spectroscopy.	X-ray	diffraction	pattern	confirm	the	formation	
of	tetragonal	phase	of	YVO4. Scanning electron microscopy 

(SEM) and Transmission electron microscopy ( TEM) 
revealed	 formation	of	nano-size	particles	of	YVO4:Eu3+. 
The luminescence properties of Eu3+ doped	YVO4 strongly 
depended on doping concentration, ultrasonic irradiation 
time and also annealing temperature.  

  A01328-02323 

Temperature-dependent Dynamic Characteristics 
of Quantum-dash Lasers

Cheng CHEN1; Yang WANG2; Hery S. DJIE3; 
Boon S. OOI1; James C. M. HWANG1 
1. Center for Optical Technologies and Department of 
Electrical & Computer Engineering, Lehigh University, 
Pennsylvania, United States
2. OptiComp Corp., Nevada, United States
3. JDS Uniphase Corp., California, United States

Quantum-dash	 and	 quantum-dot	 lasers	 can	 have	 higher	
efficiency,	 lower	 threshold	 and	 lower	 temperature	
sensitivity	 than	 quantum-well	 lasers.	However,	 although	
the temperature dependence of dynamic characteristics has 
been	studied	in	quantum-well	and	quantum-dot	lasers,	it	has	
not	been	well	studied	in	quantum-dash	lasers.	Therefore,	
it is important to study how temperature affects carrier 
dynamics	 and	 modulation	 bandwidth	 of	 quantum-dash	
lasers, so that their potential as low-cost high-speed long-
wavelength sources in practical optical communication 
systems can be assessed.

In this paper, we report the temperature dependence of 
the	 intrinsic	 dynamic	 characteristics	 of	 InAs/InAlGaAs	
quantum-dash	 lasers	 grown	 by	 molecular	 beam	 epitaxy	
on InP substrates. By using a pulsed optical modulation 
technique,	the	intrinsic	frequency	response	is	first	measured	
at different ambient temperatures without parasitic or self-
heating	 effects.	 The	 relaxation	 frequency	 and	 damping	
factor are then extracted at different injection levels for 
calculation	of	the	modulation	efficiency,	differential	gain,	
and K factor. The measured dynamic characteristics exhibit 
temperature	 dependence	 similar	 to	 that	 of	 quantum-dot	
lasers	but	different	from	that	of	quantum-well	lasers.	With	
increasing	temperature	from	−50	to	40°C,	the	modulation	
efficiency	decreases	approximately	linearly	from	0.6	to	0.33	
GHz/mA1/2, which degrades the differential gain from 13 to 
3.7×10−16 cm2. By contrast, the K factor remains around 0.3 
ns	between	−50°C	and	0°C,	before	increasing	linearly	to	
1.2 ns at 40°C. The opposite temperature dependencies of 
differential gain and K factor imply the gain compression 
mechanism	in	quantum-dash	lasers	is	rather	different	from	
that	in	quantum-well	lasers.	By	calculating	the	modulation	
bandwidth according to 8.9/K, the increase in the K factor 
implies that the modulation bandwidth will decrease from 
30	GHz	at	−40°C	 to	7	GHz	at	40°C.	Presently,	 it	 is	not	
clear whether such temperature sensitivity of bandwidth 
is	intrinsic	to	quantum-dash	structures	or	due	to	immature	
material growth. Nevertheless, these results can help guide 
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the	improvement	of	quantum-dash	materials	and	devices,	
as well as their applications.
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Integrated Waveguide Photodetector for DWDM 
Fiberoptic Communications
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1. Center for Optical Technologies, Lehigh University, 
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2. Department of Electrical and Computer Engineering, 
Northwestern University, Evanston/IL, United States

Monolithically	integrated	semiconductor	optical	amplifiers	
(SOAs) and photodetectors can be low-cost replacement 
of	 erbium-doped	 fiberoptic	 amplifiers	 and	 discrete	
photodetectors in dense wavelength- division multiplexing 
(DWDM) telecommunications links. In this paper, we 
report an integrated photodetector comprising a tapered 
waveguide section and an edge-illuminated photodiode 
section. Similar to an SOA, the waveguide and photodiode 
sections	are	based	on	the	same	GaInAs/GaInAsP/InP	well/
barrier/cladding	 quantum	 heterostructure.	 To	 render	 the	
waveguide section transparent at 1.55 µm, it was selectively 
implanted with 1×1014 cm−2	of	360	keV	phosphorous	ions,	
then annealed at 900 °C for 2 min to allow interdiffusion 
of the heterostructure. The interdiffusion increased the 
bandgap	of	 the	quantum	well	 from	0.80	 to	0.89	eV.	The	
waveguide section is 2-3  µm wide and tapered on one 
end where it butts the 1 µm wide photodiode section. 
Integrated waveguide photodetectors with three different 
photodetector lengths (20, 50 and 100 µm) were fabricated 
to assess their responsivity and speed. To this end, light 
from a tunable laser was coupled into the waveguide 
section	via	a	single-mode	fiber	with	10	 µm core diameter. 
It was found that the photodiode responsivity increases 
significantly	 when	 the	 photodiode	 section	 is	 lengthened	
from 20 to 50 µm, but increases only slightly from 50 to 100 
µm. Similarly, the 3-dB modulation bandwidth increases 
significantly	 from	 20	 to	 50 µm but marginally from 50 
to 100 µm. The integrated waveguide photodetector with 
3-µm-wide waveguide and 100-µm-long photodetector 
exhibits	 a	 bandwidth	 of	 8	GHz	 and	 a	 peak	 responsivity	
of	0.57	A/W	at	1.51	µm,	with	slightly	lower	responsivity	
at the laser tuning limits of 1.46 and 1.58 µm. From these 
results, it can be concluded that while the waveguide width 
needs	to	be	further	optimized	for	eventual	integration	with	
an SOA, the photodetector length should be kept around 
50 µm. Longer photodetectors would occupy more area 
with diminishing return in performance.
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Progress in Quantum Dash Semiconductor 
Broadband Emitters

Chee Loon TAN1; Clara E. DIMAS1; Cheng CHEN1; 
Hery Susanto DJIE2; James C. M. HWANG1; 
Boon Siew OOI1 
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Semiconductor broadband light sources are greatly in 
demand for highly-sensitive sensing, spectroscopy, optical 
telecommunications, eye-safe low-speckle sources for 
flash	 lidar	 and	 high	 resolution	 bio-imaging	 particularly	
optical coherence tomography (OCT). The groups of author 
reported	 for	 the	 first	 time	 room-temperature	 broadband-
lasing from a single semiconductor laser diode with an 
emission wavelength coverage over 60 nm at the center 
wavelength	of	~1.60	µm	by	utilizing	 the	 inhomogeneity	
of	 InAs/InAlGaAs	 quantum	 dash	 (Qdash)	 nanostructure	
[1]. In contrast to the state-of-art superluminescent diode, 
the novel nanostructure device is capable of emitting light 
continuously over a broad spectrum in near-infrared regime 
with	high	efficiency	(i.e.	hundreds	of	miliWatts	 to	a	few	
of	miliWatts).	Utilizing	quantum-dash	intermixing	(QDI)	
technique	 on	 the	 same	material	 structure,	 we	 have	 also	
successfully tuned the center lasing wavelength of Qdash 
broadband laser to 1.54 µm and broadened its emission 
coverage over 80 nm [2], making it a reliable source for 
many applications in optical telecommunications under 
practical operating conditions. 

In this paper, we will report on our recent progress in 
this new class of semiconductor lasers, focusing on the 
thorough analysis of the Qdash material system, device 
physics and the establishment of ultrabroad stimulated 
emission behavior [3]. The intrinsic response of Qdash 
laser under optical modulation, and measurements of the 
temporal coherence function of the Qdash laser will be 
reported. New results on the integration of multiple gain-
tuned sections to further extend the emission wavelength 
coverage to beyond 80 nm will also be demonstrated.

  A01416-02456 

Liquid Phase Epitaxial Growth of Zn3P2 and the 
Effect of Ni Ion Irradiation

Selvakumar SUDHAKAR; Mony NAGARAJAN; 
Krishnan BASKAR 
Crystal Growth Centre, Anna University Chennai, 
Chennai / Tamil Nadu, India

Zn3P2 epilayers were grown on InP (100) substrates by 
Liquid	 phase	 epitaxy	 (LPE)	 using	 In	 solvent.	 	 Growth	
of the epilayers was carried out using supercooling 
technique	with	cooling	rates	(R)	of	0.2	to	1.0	ºC/min.		The	
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High resolution X-ray rocking curve (HRXRD) of the 
as-grown	 epilayers	 indicates	 that	 the	 higher	 starting	 Zn	
composition in the growth solution leads to an increased 
lattice mismatch, which causes broadening of the layer 
peak.	 	The	 composition	of	 the	 as-grown	Zn3P2 epilayers 
has	been	confirmed	by	Energy	dispersive	X-ray	analysis	
(EDAX).  The surface morphology of the epilayers with 
near	and	stoichiometric	values	of	Zn	and	P	was	found	to	be	
with crystallites of single orientation, whereas the surface 
morphology	became	poorer	as	the	level	of	Zn	concentration	
was increased, corresponding to the increase of ‘R’ during 
the growth. Hall measurements revealed that the epilayers 
are of p-type with the mobility as high as 450 cm2/Vs	for	
the carrier concentration of 2.81 x 1018 cm-3 obtained for 
‘R’	 of	 0.4	 ºC/min.	 	 Stoichiometric	 Zn3P2 epilayers were 
irradiated	with	100	MeV	Ni	ions	with	various	ion	fluences	
from 1 x 1010 to 1 x 1013	ions/cm2 at 77K.  From the XRD 
pattern	of	100	MeV	Ni	ion	irradiated	epilayers,	the	decrease	
in the peak intensities and increase in the FWHM values 
indicates	 the	 degradation	 in	 the	 structural	 quality	 of	 the	
epilayers due to SHI irradiation.  AFM images showed the 
formation	of	nanotracks	in	the	irradiated	Zn3P2 epilayers. 
The	 absorption	 band	 edge	 of	 Zn3P2 gradually decreased 
from	1.49	eV	 to	1.42	eV	upon	 increase	of	fluence	of	Ni	
ion irradiation.

  A01417-02606 

Structural and Electrical Properties of Zinc 
Selenide with and without Irradiation

Vimal	KISHORE;	Vibhav	SARASWAT; Jyotshna PAL 
Department of Physics, Banasthali University, 
Banasthali, India

The variation of structural and electrical properties of 
Zinc	 Selenide,	 before	 and	 after	 irradiation,	 prepared	 by	
slow cooling of melt in the temperature range from room 
temperature to 180o C have been studied. The irradiation 
facility was 241Am-Be (Radio Chemical Corporation, 
Amersham,	 England)	 neutron	 source	 with	 flux	 density	
5.89x 108	 n/cm2sec. The pellets (thickness 1 mm and 
diameter	 12	 mm)	 of	 Zinc	 Selenide	 were	 irradiated	 by	
placing it at a distance 5 cm form the source. pellets were 
irradiated for 24 hrs. All measurements were carried out 
after 24 hrs. of removal of the pellets from the radiation 
source to see the effect of radiation on  above mentioned 
studies.	 Prepared	 samples	 were	 then	 characterized	 in	
terms of their crystal structures and lattice parameter using 
X-ray diffraction method. The materials were found to be 
polycrystalline in nature. The electrical conductivity of the 
samples with voltage from room temperature to 180 0C has 
been	determined	by	I-V	characteristics	of	the	samples.	The	
variation in electrical conductivity is explained on the basis 
of grain boundary barrier potential with temperature.

  A01418-02463 

Analyzing the Thermal-Annealing-Induced 
Photoluminescence Blueshifts for GaInNAs/GaAs 
Quantum Wells capped with dielectric films

Vivek	DIXIT1; Hongfei LIU2; Ning XIANG1 
1. Electrical and Computer Engineering, National 
University of Singapore, Singapore
2. Institute of Materials Research and Engineering 
(IMRE), Singapore

Post-growth thermal-anneal-induced blueshift in the 
photoluminescence	 (PL)	 of	 GaInNAs	 /	 GaAs	 quantum	
well (QW) structures has been intensively investigated in 
the past decade. Theoretically, the blueshift can be due to 
the	Ga/In	 atoms	 interdiffusion	 across	 the	QW	 interfaces	
and/or	to	the	rearrangement	of	N-bonding	configurations	
within	 the	QW	material.	The	Ga/In	 atoms	 interdiffusion	
induced PL blueshift has been widely studied and many 
important	 parameters,	 such	 as	 diffusion	 efficiency	 and	
activation	 energy	 for	 diffusion,	 that	 characterize	 the	 PL	
blueshift have been reported; while the research on the 
blueshift caused by the rearrangement of N-bonding 
configurations,	 otherwise	known	as	 short	 range	ordering	
(SRO),	 is	 relatively	 limited.	 Here,	 we	 analyze	 how	 to	
control the blueshift by using different cap layers and 
understanding their effect on these two phenomenons.

In this report, we studied the PL blueshift of two kinds of 
dielectric	films,	Si3N4 and SiO2, deposited onto the surface 
of	 GaInNAs/GaAs	 QW	 structures	 upon	 annealing	 at	
different temperatures. The blue-shift in PL as a function of 
annealing time showed distinct dependence on the selection 
of	 the	 dielectric	films.	The	PL	 energies	 as	 a	 function	 of	
annealing time duration at a certain temperature has been 
analyzed	by	using	a	genetic	algorithm	method	that	 takes	
into account the effects of both SRO and interdiffusion. 
For SRO, a step function with an exponential time constant 
is	introduced	to	profile	the	rearrangement	rate	of	nitrogen	
bonding	 configurations.	 For	 interdiffusion,	 the	 transition	
energy is numerically calculated from the Schrödinger 
equation	by	using	a	potential	that	derived	from	the	Fick’s	
diffusion	equation.

It was found that Si3N4 cap layer inhibits the blue-shift and 
SiO2 cap layer enhances the blue-shift when compared to 
uncapped QWs. The activation energy for diffusion process 
was unaffected by the SiO2 or Si3N4 cap layer. However, the 
pre-exponential factor for diffusion was enhanced by Si3N4 
cap and SiO2 cap resulting in larger blueshift contribution 
from	interdiffusion.	The	activation	energies	characterized	
from SRO time constants at different temperatures are 2.38 
eV,	4.46	eV	and	0.85	eV	for	QWs	without	a	cap,	with	Si3N4 
cap and with SiO2 cap respectively. This result implies that 
SRO is suppressed by Si3N4 cap and enhanced by SiO2 
cap. QWs with Si3N4 cap have higher activation energy for 
short-ranger-order thus making it possible to improve the 
crystal	quality	without	much	blueshift. 
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Study of Indium Segregation in GaInNAs/GaAs 
Quantum Wells

Vivek	DIXIT1; Hongfei LIU2; Ning XIANG1 
1. Electrical and Computer Engineering, National 
University of Singapore, Singapore
2. Institute of Materials Research and Engineering, 
Singapore

In this report, we study the effect of nitrogen on indium 
segregation	for	GaInNAs/GaAs	quantum	wells	(QWs).	The	
kinetic model developed by Dehaese et al. [Appl. Phys. 
Lett. 66, 52 (1995)] is used to calculate the composition 
profiles	of	the	QWs,	where	indium	segregation	process	is	
treated	as	 a	phenomenon	 resulting	 from	exchange	of	 In/
Ga atoms between bulk and surface layers. The change 
in	 barrier	 energies	 for	 In/Ga	 exchange	 process,	 due	 to	
introduction of nitrogen, is modeled as proportional to 
nitrogen concentration. This model has been applied 
to predict the indium segregation lengths for growth 
temperatures of 400 0C to 500 0C (the molecular beam 
epitaxy growth window for dilute nitrides, GaInNAs) for 
various	 growth	 rates,	 fluxes	 and	 substrate	 temperatures.	
Our results explain that introduction of nitrogen tends to 
increase the indium segregation by making the exchange 
process easier, i.e. lowering energy barrier. A further 
increase in nitrogen concentration makes the exchange 
process faster than the growth rate allowing the surface 
and	bulk	atom	to	reach	equilibrium.	The	possible	change	
in indium segregation is predicted for different growth 
rates and substrate temperatures.

  A01422-03714 

X-ray Photoelectron Spectroscopy Analysis of 
Plasma-Treated n-GaN Surfaces in Relation to 
Ohmic Contact Formation

Lip Khoon LI; Leng Seow TAN; Eng Fong CHOR 
Department of Electrical and Computer Engineering, 
National University of Singapore, Singapore

The effects of BCl3/Cl2 and N2 plasma treatments on 
n-GaN surfaces were investigated. Ohmic contacts to 
the plasma treated surfaces were fabricated using a metal 
system	consisting	of	Ti(25nm)/Al	(200nm)/Pd	(50nm)/Au	
(100nm).	They	achieved	specific	contact	resistances	(ρc) at 
least 1 order of magnitude lower than contacts fabricated 
from	untreated	n-GaN	samples.	The	ρc attained by BCl3/Cl2 
and N2 plasma treated n-GaN ohmic contacts were 2.6 x 
10-6 Ωcm2 and 4.0 x 10-5 Ωcm2 respectively after annealing 
at 600°C for 30s in N2 ambient. 

The results of plasma surface treatment on n-GaN contacts 
was	 studied	 using	 various	 surface	 analytical	 techniques.	
Auger electron spectroscopy (AES) analyses showed 
an increase in oxygen content and diminished nitrogen 

presence on the post-treated GaN surfaces. However, the 
AES	extracted	N/Ga	ratio,	which	was	used	extensively	in	
literature	 to	 justify	 the	N-vacancies	 (VN) formation, did 
not have a strong correlation with contact performance. 
Using X-ray photoelectron spectroscopy (XPS), a 
better correlation of contact performance versus surface 
conditions was observed. By deconvoluting the XPS Ga 
3d peak, it was shown that lower resistance contacts were 
formed when the plasma treated n-GaN surfaces have a 
higher number of Ga atoms at lower binding energies. A 
Ga atom possessing a lower binding energy than the 19.7 
eV	 Ga-N	 bond	 is	 likely	 to	 have	 dangling	 bonds	 which	
would	 translate	 to	 VN. Our XPS surface analyses show 
that the BCl3/Cl2 plasma treated contacts had the highest 
percentage	 of	 Ga	 atoms	 associated	 with	 VN formation 
(85.4%).	 Photoluminescence	 (PL)	 optical	 profiles	 also	
corroborate	 with	 the	 XPS	 analyses,	 suggesting	 VN 
formation as the prime candidate for the enhancement of 
contact performance on plasma treated n-GaN surfaces. 
The N2 plasma treated n-GaN ohmic contact’s slightly 
inferior performance was likely due to oxide proliferation, 
as indicated by the shift in the energy of the Ga 3d 
peak.	A	 subsequent	 aqua-regia	 bath	 after	 the	 N2 plasma 
treatment shows the removal of oxide content resulted in 
a slight improvement of the N2 plasma treated contacts, 
achieving	a	ρc of 1.47 x 10-5Ωcm2.  BCl3/Cl2 treated n-GaN 
contact’s superiority was attributed to a two fold effect of 
low	oxide	content	and	substantial	VN formation. The low 
oxide content was due to the less damaging nature of the 
chemical etch of BCl3/Cl2 plasma treatment.
 
Through the study of these plasma treated GaN surfaces, 
it was shown that XPS Ga 3d deconvolution method is a 
better	way	to	estimate	the	VN	formation	over	the	simple	N/
Ga ratio. 

  A01430-03037 

Highly Crystalline and Monodisperse CdSe-ZnO 
Nanocrystals

Tich-Lam NGUYEN; Margaret MICHAEL; 
Paul MULVANEY 
School of Chemistry - Bio21 Institute, University of 
Melbourne, Victoria, Australia

Methods for introducing new optical, electronic, 
photophysical and photochemical properties to 
semiconductor nanocrystals are attracting much interest 
in prospects for nano-technological applications in areas 
such as optoelectronics and luminescence labeling. One of 
effective methods for manipulating the physical properties 
of semiconductors involves impurity doping. 

ZnO,	with	a	wide	direct	band	gap	of	3.37eV	and	a	large	
exciton	 binding	 energy	 of	 60mV,	 it	 is	 one	 of	 the	 most	
promising materials for the fabrication of optoelectronic 
devices.	CdSe	quantum	dots	on	the	other	hand	are	known	
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for their tunable photoluminescence. In this work, we 
describe	 the	 synthesis	 of	 monodisperse	 of	 CdSe-ZnO	
nanocrystals and their highly crystalline nano-structures 
were investigated by Transmission Electron Microscopy 
and X-Ray Diffraction and electronic interactions between 
CdSe	and	ZnO	were	analysed	spectroscopically.
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Optical Properties of Methylene Blue 
Encapsulated in Nano Matrix

Umesh GUPTA1; Devendra Mohan NASA1; 
Sib Krishna GHOSHAL2;	Vandana	NASA3; 
Sunita SHARMA4 
1. Department of Applied Physics, Guru Jambheshwar 
University of Science and Technology, Hisar (Haryana), 
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2. Department of Physics, Addis Ababa University, Addis 
Ababa/Arat Kilo, Ethiopia
3. Department of Zoology, G. V. M. Girls College, 
Sonepat (Haryana), India
4. Raman Research Institute, Bangalore, India

Methylene blue doped silica samples of varying 
concentrations have been prepared by the sol-gel 
technique	in	acidic	environment.	Various	characterisation	
techniques	revealed	that	the	M-Blue	molecule	are	forming	
small	clusters	are	embedded	in	silica	matrix	of	nano	sized	
dimensions thereby cahnging the properties of the molecule 
to vary large extent. Some interesting results e.g. optical, 
thermal etc. regarding the material have been observed. 
Attempt is done to explore the dynamics lying behind 
the	 fluorescence	 observed.	 These	 results	 may	 be	 useful	
for designing and developing solid state optoelectronic 
devices.
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Growth of InGaN Alloys by MOCVD and 
Fabrication of InGaN-based Photoelectrodes

Bin LIU; Wenjun LUO; Rong ZHANG;	Zhigang	ZOU; 
Zili	XIE;	Zhansheng	LI;	Xiangqian	XIU; Dunjun CHEN; 
Ping HAN; Youdou ZHENG 
Department of Physics, Nanjing University, Nanjing, 
China

The growth of InGaN alloys by metal-organic chemical 
vapor	deposition	(MOCVD)	is	investigated.	The	crystalline	
properties as well as optical and electric properties of 
InGaN	alloys	are	analyzed.	It	is	found	the	Ga-rich	InGaN	
alloys	have	better	crystalline	quality	and	lower	background	
electron concentration compared of the In-rich InGaN 

alloys. The InGaN alloy’s band gap is studied by means of 
photoluminescence and optical absorption measurements. 
The InGaN-based photoelectrodes are also investigated. 
The	 photoelectrodes	 working	 in	 aqueous	 HBr	 solution	
exhibit stable response to visible light. The incident photon 
conversion	 efficiency	 (IPCE)	 of	 InGaN	 photoelectrodes	
achieves	up	to	9%,	which	provides	one	way	to	utilize	solar	
energy. 

  A01512-02665 

MOCVD Growth of GaN on Patterned Sapphire 
Substrates

Wei LIU1; Chew Beng SOH1; Soo Jin CHUA1;2 
1. Materials Growth Capability Group, Institute of 
Materials Research and Engineering, Singapore
2. National University of Singapore, Singapore

GaN based light emitting diodes (LEDs) are becoming 
the corner stone of solid state lighting which enjoyed 
rapid progress in the past decade. Today, even though 
with the defect density in the materials at a level which 
is unacceptable in other materials, GaN based LEDs are 
still showing the high performance and widely applied in 
various aspects of life. However, to become real disruptive 
technology	to	the	current	fluorescent	lamps,	the	efficiency,	
reliability and lifetime, and cost of the GaN-based LEDs 
still need to be improved a lot. In the past few years free 
standing GaN substrates were developed showing high 
crystal	quality	with	significantly	low	defect	density	leading	
to superior advantages in LEDs applications. But the high 
cost of producing free-standing GaN substrates is still 
a major hurdle for the GaN substrates to be extensively 
applied in LEDs. Another technology developed to reduce 
the defects is the epitaxially lateral over growth (ELO) 
which	 involves	 two	 MOCVD	 growth	 steps	 and	 SiO2	
deposition and lithography process in between. This 
ELO technology can reduce the dislocation density in a 
significant	way,	while	the	whole	process	is	complicate	and	
highly costly, making it unattractive to LED applications. 
In this paper, sapphire substrates were patterned using 
photolithography	and	dry	etching	before	MOCVD	growth.	
The	MOCVD	growth	on	the	patterned	sapphire	substrates	
(PSS) possesses the similar advantages of ELO technology 
of reducing the dislocation density while has the advantage 
of	single	step	MOCVD	growth.	GaN	epilayers	were	grown	
on	PSS	at	various	growth	conditions	and	characterized	by	
SEM	and	XRD	and	optimized	growth	conditions	thus	can	
be found. 
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The reverse leakage current is an important parameter for 
light emitting diodes since it is widely used as an indicator 
for the reliability of the devices. As it is known, the reverse 
leakage current is dependent on both the temperature and 
reverse	voltage	applied.	By	fixing	the	reverse	voltage,	an	
analysis of the reverse leakage current was carried out by 
oven-heating and electrical measurements on GaN blue 
LEDs. In oven-heating measurement, the LEDs were 
heated and the respective reverse leakage current at each 
temperature interval was recorded. It is observed that the 
reverse leakage current increases with temperature and 
it is reversible when the temperature is cooling down. In 
electrical measurement, a forward current is pumped into 
the LEDs to simulate a temperature increase in the LEDs. 
At low to moderate forward current, the reverse leakage 
current increases with forward current and is reversible 
when the forward current is withdrawn. However, 
when the forward current exceeds a certain threshold, a 
significant	increase	in	reverse	leakage	current	is	observed	
and it is an irreversible phenomenon. Such phenomenon 
is explained in terms of ions migration and accumulation 
along the threading dislocations due to the electrical stress 
during the electrical measurement by comparison with the 
observations in which LEDs are heated up by oven. 

  A01527-02668 

Determination of Effective Index Variation and 
Insertion Loss Introduced by Quantum Well 
Intermixing in InP/InGaAsP based Quantum Well

Yicheng LAI1; Chee-Wei LEE1; Yingyan HUANG2; 
Seng-Tiong HO1;2 
1. Data Storage Institute, Agency for Science, Technology 
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2. Electrical Engineering and Computer Science 
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Quantum	 well	 intermixing	 (QWI)	 techniques	 have	
been	 widely	 used	 as	 a	 versatile	 post-growth	 technique	
in	 manipulating	 the	 material	 bandgap	 of	 quantum	 well	
(QW) material. It is an important enabling technology for 
active-passive devices integration in photonic integrated 
circuits, where various optoelectronic devices, such as 
semiconductor lasers, electroabsorption modulators, 
photodetectors, and also passive waveguides, all based 
on QW structures, have to be integrated onto the same 
circuit. In QWI, the extent of bandgap shifting induced 

is the important parameter under investigation in almost 
all literatures. However, the effective index change under 
the effect of QWI, which is not being studied extensively, 
could be of great interest as it will facilitate a more accurate 
modeling of the performance for waveguide devices. 
In this paper, we propose a straightforward method to 
experimentally deduce the change of effective index 
and loss measurement of the QW waveguides under the 
effect	of	QWI.	The	method	does	not	require	sophisticated	
measurement system and could be implemented in 
most	 waveguide	 characterization	 setups.	 We	 fabricate	
pairs of race-track resonators and uniform waveguides 
across closely spaced QWI region and non-QWI region, 
and by measuring the free-spectral-range (FSR) of the 
resonators, the change of effective index could be deduced. 
Simultaneously, the insertion loss and propagation loss of 
the waveguide devices could be obtained. The fabrication 
of	 the	 devices	 utilize	 the	 submicron	 patterning	 and	
overlay accuracy of electron-beam lithography, and the 
measurement	 takes	 advantage	 from	 the	 highly	 defined	
resonances of the resonator devices. Experimental results 
will be presented in this paper.
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Laser Ablation of AgInSe2 ;A Clean and Effective 
Approach for Ternary Semiconductors

Dinesh PATHAK1; Ratish Kumar BEDI1; 
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2. Department of Physics, Indian Institute of Technology, 
Roorkee, India

Laser ablation has attracted  special interest  for the 
formation	 of	 thin	 films	 Compared	 with	 other	 formation	
technique	 .	A	 distinctive	 feature	 of	 laser	 ablation	 is	 that		
it	allow	high		quality	and	stochiometry	of		films		of	even	
very complex element material. In this presentation laser 
ablation of AgInSe2 chalcopyrite semiconductor will be 
discussed	in	which	it	is	difficult	to		maintain	stochiometry	
by conventional method. High Quality AgInSe2 (AIS) 
films	were	 grown	 on	Glass	 substrates	 by	 the	 ultra-high-
vacuum	 pulsed	 laser	 deposition	 technique	 from	 the	AIS	
target	synthesized	from	high-purity	materials.	The	X-ray	
diffraction	studies	of	the	films	show	that	films	are	textured	
in (112) direction..The substrate temperature appears to 
influence	 the	 properties	 of	 films.	 Increase	 in	 substrate	
temperature results in more order structure .Compositional 
analysis has been carried out by EDAX. It is  observed that   
compositional stochiometry is maintained to the more 
extent	by		PLD		technique	than	other		traditional	methods		
like	thermal	evaporation.	The	optical	studies	of	the	films	
show	that	the	optical	band	gap	is	about	1.20	eV.	
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  A01557-02727 

Proton Beam Writing of Microstructures for 
Applications in Microphotonics

Andrew BETTIOL; Ee Jin TEO; Sher-Yi CHIAM; 
Siew-Kit HOI; Chammika UDALAGAMA; 
Mark BREESE; Frank WATT 
Department of Physics, National University of Singapore, 
Singapore

Proton Beam Writing (PBW) is a powerful tool for 
prototyping microphotonic structures in a wide variety of 
materials including polymers, insulators, semiconductors 
and metals. In PBW, a highly focused beam of mega-
electron volt protons is used to direct write structures 
in a material either through a lithographic process that 
involves post irradiation chemical treatment, or by direct 
modification.	The	unique	capabilities	of	the	PBW	technique	
include the ability to directly modify the refractive index 
of a material and the capability of making high aspect 
ratio structures with a high degree of surface smoothness. 
These	 capabilities	make	 the	 PBW	 technique	well	 suited	
to microphotonic applications where surface smoothness 
is critical for low loss applications. Prototyping of the 
microphotonic structures can be achieved by direct 
fabrication with the proton beam, or by the fabrication of a 
master	mold	that	is	subsequently	used	for	replication.	

In recent times we have explored the use of PBW for 
various optical applications including optical integration 
for lab-on-a-chip devices, fabrication of sub-wavelength 
metallic structures and metamaterials, direct write of silicon 
waveguides for mid IR applications and the fabrication of 
conformal phase masks. This paper will discuss the recent 
progress made in this area with particular emphasis on the 
main	 advantages	 of	 using	 the	 PBW	 technique	 for	 these	
novel applications.

  A01568-03661 

Development and Fabrication of P-I-N Junction 
Silicon Nanowires Thin Film Solar Cell and Its 
Characteristic Study

Chien-Wei LIU; Yen-Hsi LEE; Bau-Tong DAI 
Division of Nano-photonic and Nano-energy Device, 
National Nano Device Laboratories, Tainan, Taiwan

Silicon nanowires (SiNWs) have been shown to have 
various potential nanodevices applications. In the recent 
year, SiNWs material also shows a great potential on the 
advanced generation III solar energy applications due to its 
superhigh	 specific	 surface	 area,	 excellent	 anti-reflection,	
tunable energy band gap (Eg) and wider region light 
absorption capabilities. However, the power conversion 
efficiency	 (PCE)	 of	 the	 SiNWs	 based	 solar	 cells	 is	 still	
lower	and	is	0.1%	in	the	literatures.	Therefore,	this	work	
is to develop and fabricate a novel p-i-n junction SiNWs 

thin	film	solar	cell	to	increase	the	depletion	region	and	to	
improve the PCE of solar cell. First, an n++ poly-Si layer 
was deposited on the stainless steel (SS) substrate as the 
electrons collector. Then, an intrinsic (i) poly-Si layer was 
deposited as the seed layer for the SiNWs growth and 
as the depletion region of solar cell. Next, the 10 nm Au 
nanoparticles were sputtered on the substrate as catalyst 
to	grow	the	SiNWs.	Then,	the	sample	was	put	into	CVD	
furnace and the optimal mixing gas of 100 sccm SiH4 and 
200 sccm N2 was introduced at a pressure of 350 mtorr and 
620 oC for SiNWs growth for 60 min. The SiNWs with 
a diameter of 200 nm and a length of 6 µm were grown 
on	 i-poly-Si/n++	 ploy-Si/SS	 substrate	 using	 vapor-liquid-
solid	method	of	CVD.	Then,	a	thermal	diffusion	of	Al	ion	
doping process was done to treat the surface of SiNWs as 
the p+-type layer. Again, a thicker Al layer was deposited 
onto the surface of SiNWs as the holes collector and the 
SiNWs	thin	film	solar	cell	was	completed.	The	TEM	image	
and the electron diffraction pattern show the SiNW grown 
at 620 oC has an excellent crystalline characteristic. The 
Raman spectra result shows Raman peak centered at 520 
cm-1,	which	is	recognized	as	the	crystalline	silicon	(c-Si).	
The PL spectra analysis shows the Egs of SiNWs material 
are	1.519	and	1.871	eV	respectively	due	to	various	sizes	
of SiNWs. In addition, the SiNWs array has an excellent 
anti-reflection	capability	and	a	highest	reflectance	of	0.08	
%	only	in	wavelength	range	of	200-1100	nm.	Especially,	
in	the	wavelength	range	of	550	nm	behind,	the	reflectance	
is	almost	near	zero.	That	means	the	SiNWs	can	absorb	the	
most	of	UV	 light	due	 to	 the	higher	Egs	of	SiNWs.	This	
solar	cell	can	provide	a	Voc	of	0.42	V,	a	Jsc	of	1.85	mA/
cm2,	 a	F.F.	 of	67.98	%,	 and	a	PCE	 (η)	of	0.53	%	under	
the AM 1.5 illumination with an incident light intensity 
of	100	mW/cm2.	However,	in	our	case,	the	η,	Voc,	Jsc	and	
F.F. of cell are much higher than the literatures due to a 
p-i-n	junction	SiNWs	thin	film	solar	cell	structure	which	
can effectively increase the depletion region of solar cell to 
improve the PCE of solar cell. 

  A01651-03607 

A Raman Study of Er2O3-doping Effect on the 
Structure of [80-x)TeO2+xPbClx+10MoO+10Zr2O3], 
with 0≤ x ≤15 mol% Glasses

Ibrahim SHALTOUT1; Shaaban SALEM1; 
Yehiea BADR2; Elbialy SHAISHA1; Alaa BAHGAT1 
1. Department of Physics, AL-Azhar University, Nasr 
City/Cairo, Egypt
2. Laser Sciences, National Institute of Laser Enhanced 
Sciences (NILES), Cairo, Egypt

The effect of Er2O3
 doping and PbCl2 content on the 

structure of Oxyhalide Tellurite glasses of the composition 
[(80-x)TeO2+xPbClx+10MoO+10Zr2O3] ,with  0≤ x ≤15 
mol%	 ,	 and	 [75TeO2–10MoO2–10ZrO2–5PbCl2] glasses 
doped	 with	 1	 to5	mol%	 of	 Er2O3 are investigated using 
Raman spectroscopy. It is concluded that the  successive 
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introduction of both PbCl2	 and/or	 Er2O3  leads to the 
progressive formation of distorted TeO3+1 units followed 
by the creation of regular triagonal TeO3 pyramids (tps) 
associated with non-bridging oxygen atoms NBO. Addition 
of PbCl2 leads to more formation of  Mo—O—Mo bridging 
bonds in favor of the Mo==O doubly degenerate stretching 
vibrations of the deformed MoO6 octahedra. Raman bands 
at 2765, 2870, 2980 and 3085 cm-1 assigned to vibrations 
of the OH- groups have been detected and deconvoluted 
to symmetric Gaussian functions and the effect of Er2O3

 

doping and PbCl2 content on its intensities and positions 
were discussed. It is found that the integrated intensity 
of bands at 2765cm-1 and 2870 cm-1, which are due to 
the fundamental stretching vibrations of the OH- groups 
strongly	 hydrogen-bonded	 (Te–O–OH–Te)	 to	 the	 TeO4 
tbps, TeO 3+1	and/or	TeO3 pyramids, are decreasing with the 
increasing of Er2O3 content. The intensity of the bands at 
2980 and 3085 cm-1, assigned to the stretching vibrations 
of the OH- groups weakly hydrogen-bonded to the glass 
matrix, was found to be increasing with the addition of 
Er2O3.

  A01660-02871 

Electrical and Optical Properties of GaAs/Ge 
Photodiodes

Ching Kean CHIA; M. SURYANA; G. K. DALAPATI 
Institute of Materials Research and Engineering 
(A*STAR), Singapore

Monolithic	 integration	 of	 III-V	 semiconductors	 with	
group-IV	 elements	 such	 as	 Ge	 is	 desirable	 for	 their	
combined functionality in photonics and electronics 
properties. However, research development was hindered 
by major obstacles such as antiphase domain arises from 
the	 polar	 (III-V)	 –nonpolar	 (Ge)	 nature,	 and	 autodoping	
effect	due	to	the	interdiffusion	of	III-V	and	Ge	atoms	at	the	
heterointerface, arises from large difference in optimum 
growth temperature between these materials. In this work, 
we	have	successfully	integrated	GaAs	with	Ge	and	GaAs/
Ge p-i-n structures were grown on Ge (100) substrates by 
MOCVD	 technique.	 Issues	 related	 to	 antiphase	 domain	
defects	due	to	the	polar–nonpolar	nature	in	the	GaAs/Ge	
materials	 system	and	 autodoping	problems	 at	 the	GaAs/
Ge heterojunction will be discussed. The conduction 
and	 valence	 band	 offsets	 for	 GaAs/Ge	 interface	 was	
determined	 using	 XPS	 technique.	 Surface	 morphology	
and	heterojunction	interface	quality	of	the	structures	were	
examined	by	AFM	and	TEM	techniques,	respectively.	The	
GaAs/Ge	structures	were	then	fabricated	into	circular	mesa	
diodes	 using	 standard	 photolithography	 technique	 and	
dark- and photo-current characteristics were investigated. 
Photoresponse	 in	 the	 GaAs/Ge	 hybrid	 photodiodes	 will	
be	 presented	 and	 carriers	 transport	 across	 the	 GaAs/Ge	
heterojunction will be discussed.

  A01660-04617 

Engineering InAs Quantum Dots for Light 
Emission and Detection

C K CHIA; M SURYANA;	B	Z	WANG 
Institute of Materials Research and Engineering, 
Singapore

Since the theoretical prediction in 1982 and experimental 
demonstration in 1985 of	 semiconductor	 quantum	 dots	
(QDs), the understanding in material growth of InAs 
QDs	using	MBE	and	MOCVD	techniques	has	 improved	
significantly	over	the	years.	QDs	are	superior	nanostructures	
for	laser	diodes	because	of	their	unique	properties	such	as	
three-dimensional	carrier	confinement	and	discrete	energy	
states. Improvements in laser properties using QDs as 
active media include low wavelength chirping effect, low 
threshold current density and temperature-insensitive. In 
QD lasers, it is highly desirable to achieve high dot density 
and	good	dot	size	uniformity	as	to	obtain	high	optical	gain.	
On	 the	 other	 hand,	 the	 inhomogeneity	 dot	 size	 property	
can	 be	 utilized	 to	 realize	 ultra	 broadband	 emission	 and	
detection, such as ultra broadband light emitting devices 
and photodetectors. Novel methods for manipulating 
QDs’ density will be discussed. Some examples of device 
applications	 utilizing	 the	 unique	 properties	 of	 the	 QDs	
with	various	dot	density	and	dot	size	will	be	presented.

  A01664-02879 

Conduction Mechanism In Se-Te based Ternary 
Chalcogenide Glasses

Vibhav	SARASWAT1;2;	Vimal	KISHORE1;2; Deepika 2; 
N. S. SAXENA2; Yogendra SARASWAT3 
1. Department of Physics, Banasthali University, 
Rajasthan, India
2. Department of Physics, University of Rajasthan, 
Rajasthan, India
3. Department of Chemistry, S. V. College, Uttar Pradesh, 
India

The Se-Te-M (M = Cd & Sn) ternary chalcogenide glasses 
were	 prepared	 using	 well-established	 melt	 quenching	
technology. The compositions were monitored according 
to	their	atomic	weight	percentage.	The	fine	powders	were	
obtained from the ingots and the amorphous nature was 
confirmed	using	X-	 ray	diffraction.	The	bulk	 samples	 in	
the form of pellets were prepared under a load of 5 tons 
using hydraulic pressure machine. These pellets were used 
in	 a	 circuitry	 to	 record	 the	 I-V	 characteristics	 and	 their	
temperature	 dependence.	 These	 I-V	 curves	 were	 further	
utilized	to	calculate	dc	conductivity	and	analyzed.	As	we	
know	that	different	mechanisms	have	been	floated	by	the	
different research groups time to time to understand the 
conduction mechanism in such materials. Some probable 
conduction mechanisms were employed on the data 
obtained	and	the	outcomes	were	analyzed.	



56     Symposium O - Compound Semiconductor Photonics: Materials, Devices and Integration

As a result, the prepared glasses were found to be semi-
conducting in nature. They obey Poole-Frenkel conduction 
mechanism as this mechanism deals with the impurity 
generated effects on conduction. The present work will 
prove itself more of academic interest. 

  A01671-02949 

Characterization of InAs/InxGa1-xAs dots-in-a-well 
(DWELL) Structures

Rui CHEN1; Handong SUN1; Huiyun LIU2 
1. Division of Physics and Applied Physics, Nanyang 
Technological University, Singapore
2. Department of Electronic and Electrical Engineering, 
University College London, United Kingdom

InAs/InxGa1-xAs dots-in-a-well (DWELL) material 
systems	are	of	great	interest	due	to	their	unique	physical	
properties and promising device application. In this 
talk, we focus on the electronic structure and the carrier 
capture process from QW to QD of this novel structure 
through photoluminescence (PL) and photoluminescence 
excitation (PLE) studies. Numerical simulation regarding 
the electronic structures is also carried out in the framework 
of effective-mass envelope function theory taking into 
account	the	strain	effects	by	finite	element	method	(FEM),	
and the results are in good agreement with experiment.

  A01680-03537 

Raman Spectra of Aged Erbium Doped Silicate 
Xerogels

Vandana	RANGA1; B.B. NAYAK2; H.N. ACHARYA3; 
R.K. KHANNA4; Anirudh KUMAR5 
1. Department of Physics, Government College, Ajmer, 
India
2. TMT Division, IMMT, India
3. Department of Physics, Indian Institute of Technology, 
Kharagpur, India
4. Department of Physics, Government Boys College, 
Jhalawar, India
5. Chino Scientific Instruments Manufacturing, Ajmer, 
India

Rare Earth doped glasses are in much demand due to the 
potential applications in photonics. Samples of various 
concentrations had been prepared and left unsintered for 
a period of three years to study for consistency and the 
change in structural evolution of glass. Microraman Spectra 
of the samples exhibited the fundamental vibrations of 
dry SiO2 near 430 cm-1  , 800 cm-1  , 1060 cm-1  1200 cm-1   
prominently. In addition to these, defect bands were also 
observed at 490 cm-1  and 600 cm-1  in some of the spectra. 
The behaviour of the gel during the dehydration and 
dehydroxylation is conditioned by its microstructure which 
in turn depends upon the physical conditions prevailing 

at the time of the hydrolysis. The factors responsible are 
mixture components, pH of medium, drying conditions.

EFFECT	 OF	 SINTERING	 ON	 VARIOUS	 PEAKS	 OF	
THE RAMAN SPECTRA

The 1180 cm-1   band : LO Asymmetric stretching modes 
of Si-O-Si

This band arises due to the stretching vibrations of the Si-
O-Si. This peak is almost negligible in the Spectrum of the 
unsintered sample As the sintering temperature increases, 
the peak emerges and it also shifts towards the higher 
wavenumber. As the indicates that this is the most intense 
band as far as the Raman Spectra of Silicate glasses is 
concerned. Thus the silicon atom probably has higher bond 
length as compared to fresh silicate samples.

The maximum intensity of LO Asymmetric stretching 
modes of Si-O-Si in the 1180 cm-1   band of  are extracted . 
A linear dependence on the sintering temperature indicates 
a linear dependence on bond lengths of Si-O4   tetrahedra. 
The Microraman spectra showed that peak heights of 
1180 cm-1 varied linearly as the sintering temperature 
increased. In addition to the maximum intensity, The 
band also exhibits asymmetricity. The topology of the 
silicate glasses depend upon the distribution of bond 
angles and bond distances in the glass. The crystalline 
materials exhibit halfwidth of  less than 5 cm-1  as 
compared to the halfwidth greater than 50 cm-1 in silicate 
melts.  Thus halfwidths as a function of variables yield 
structural information about the silicate sample. These 
expanded regions appear from thermal agitation and thus 
a	Boltzman	type	of	distribution	is	expected	in	silicate	gels.
The  breathing mode of silicate gels. The effect of sintering 
on aged Samples, on the Spectra. is to reduce the intensity 
with increase in temperature. This band is asymmetric due 
to the superposition of two bands near 270 cm-1 and 380 
cm-1. The change in intensity exhibits lesser stretching of 
silicate gels as sintering temperature increases.

  A01724-03006 

Effect of Organic Acid on Synthesis of 
Conductive Poly(N-ethyl)aniline and its 
Application as Ammonia Sensor

Vasant	CHABUKSWAR; Sanjay BHAVSAR; 
Vishwas	GAIKWAD 
Chemistry, Nowrosjee Wadia College, Maharashtra, 
India

Organic acid and HCl doped poly(N-ethylaniline) PNEA 
were	 synthesized	 by	 chemical	 oxidative	 polymerization.	
This	 is	 new	 chemical	 polymerization	method	 developed	
for the direct synthesis of emeraldine salt form of poly(N-
ethylaniline) which exhibit remarkably improved solubility 
in common organic solvents such as NMP and m-cresol. 



Symposium O - Compound Semiconductor Photonics: Materials, Devices and Integration     57

This synthetic route is facile and can be carried out on 
a	 large	 scale	 easily.	The	 synthesized	material	were	 used	
as sensors for ammonia. Comparison of the responses of 
the the two polymers reveal that the tartaric acid doped 
polymer exhibits higher sensitivity and reversibility. The 
result is discussed with reference to HCl doped and DL-
(±)-Tartaric acid doped poly (N-ethylaniline). It was found 
that	the	polymer	synthesized	using	DL-(±)-Tartaric	acid	in	
presence of tartaric acid is formed in conducting emeraldine 
oxidation state and displayed higher doping level and 
crystallinity than HCl doped poly-(N-ethylaniline). These 
polymers	have	been	characterized	by	analytical	techniques	
such	as	UV-Visible,	FTIR,	XRD,	SEM	and	conductivity	
measurement.	The	UV-visible	 spectra	of	DL-(±)-Tartaric	
acid doped PNEA in m-cresol showed a free carrier 
tail commencing at 981nm which may be attributed to 
secondary	doping	due	to	extended	coil	confirmation.	The	
peak	 312-324	 nm	 corresponds	 to	 the	 π-	 π*	 transition	 of	
the	benzenoid	ring.	The	FTIR	spectra	showed		two	bands	
appearing	 at	 ~1575-1588	 cm-1	 and	 ~1495-1504	 cm-1 
can	 be	 ascribed	 to	 stretching	 vibration	 of	 quinoid	 and	
benzenoid	ring	of	emeralding	conductive	forms	of	PNEA	
respectively and also shows a broad and intense band at 
~3734	and	1157-1089	cm-1 in DL-(±)-Tartaric acid doped 
PNEA account for higher doping level than HCl doped 
PNEA.. This is further manifested by the X-ray studies 
and conductivity measurements. X-ray studies shows that 
poly(N-ethylaniline) doped with tartaric acid exhibits higher 
crystallinity. It was found that poly(N-ethylaniline) doped 
with tartaric acid (TA)  is formed in conductive emeraldine 
oxidation state; and displayed higher conductivity and 
crystallinity than HCl doped poly(N-ethylaniline). The 
result also revealed that the morphology of tartaric acid 
doped poly(N-ethylaniline) was remarkably different 
from HCl doped poly(N-ethylaniline). The SEM study 
shows	 that	 the	fibrillar	material	 obtained	with	 diameters	
of	1	 to	3μm.	The	particles	were	 sphereiclly	 shaped	with	
comparatively smoother particle surface, but their high 
tendency to aggregate hindered the recording of SEM 
images with perfectly spherical particle. However, their 
distribution of diameters was uniform, and the surface of 
fibrillary	poly(N-ethylaniline)	was	smooth.	This	suggested	
that the secondary growth could be suppressed due to the 
shorter	time	of	polymerization.	

  A01733-03510 

Ultra-compact Multimode Interference Optical 
Power Splitter Using Submicron Waveguide

Rui YIN1;2; Jinghua TENG1; C.C. CHUM1; S.S. ANG1; 
M. ZEGAOUI3; D. DECOSTER3; E. DOGHECHE3 
1. Institute of Material Research and Engineering, 
Singapore
2. Institute of Optical Communication Technology, 
Shandong University, Shandong, China
3. Institut d’Electronique de Microélectronique et de 
Nanotechnologie, Lille, France

Multi-mode interference (MMI) coupler is widely used 
in the waveguide device design and the planar waveguide 
integrated circuit for its compactness, low loss and easy 
in	 fabrication.	Many	 functions	 can	 be	 realized	 by	MMI	
couplers such as optical switch and power splitters. It is 
important to develop ultracompact MMI coupler to match 
with	 other	 nano-photonic	 device	 development	 and	 fit	 it	
into the on-chip photonic integrated circuits.  

In this paper, we report the development of 1x2, 1x3 and 
1x8 ultra-compact MMI optical power splitters using SOI 
and InP submicron waveguide, respectively. Both BPM 
and exact mode analysis are used in the device design. 
The access waveguides in the ultracompact MMI are 
0.6micron wide. The MMI length for the 1x2 splitter is 
9.9micron, while for 1x3 and 1x8 splitters are 11.8micron 
and 36.9micron, respectively. Uniform power splitting is 
demonstrated in the fabricated 1x2, 1x3 and 1x8 MMI 
splitters. 

  A01741-04626 

Application of Fourier Transform-based K·P 
Method to Semiconductor Supperlattices

Qiuji	ZHAO; Xiaoguang TU; Ting MEI 
Department of Electrical and Electronic Engineering, 
Nanyang Technological University, Singapore

In effective mass approximation (EMA), electron and 
hole energy states in a bulk crystal can be solved as an 
eigen-problem of a bulk Hamiltonian H.  For structures 
with abrupt interfaces, the eigen-function can be found 
by matching wave functions at the interfaces, whereas 
for graded structures, numerical approaches are needed 
due to the spatially-varying Hamiltonian H(R),	e.g.,	finite	
difference	 method	 (FDM)	 and	 finite	 element	 method	
(FEM), etc..  These numeric methods work for both cases, 
whereas	 with	 or	 without	 specific	 consideration	 of	 the	
interface	 matching	 condition,	 no	 significant	 difference	
in results has ever been reported. We formulate a simple 
and neat Fourier-space Hamiltonian for the numerical 
k⋅p approach and the Fourier transform-based k⋅p 
approach is developed to calculate electronic structures of 
semiconductor supperlattices.
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Both the envelop function and spatially-varying Hamiltonian 
H(R) for the supperlattices can be approximated by Fourier 
series. For arbitrary periodic structures, Fourier series 
expansion is implemented numerically by fast Fourier 
transform (FFT), therefore, no cumbersome calculation 
on integral or differential is involved. The Hamiltonian in 
Fourier domain for the eigen-problem can be formulated in 
a simple and neat form using the truncated Fourier series 
of the spatial domain Hamiltonian, due to the neglectable 
high	 frequency	 Fourier	 series.	 The	 eigen-function	 and	
its derivative possess a continuity property natively, 
therefore it is manifest that this method is applicable to 
the superlattices with abrupt interfaces. Furthermore, 
for numerical calculation, a structure does not have to 
be meshed for performing FFT if analytical expressions 
of Fourier series are available, which enhances the 
computation time and speed further.

In this paper, we present the multiband k⋅p Fourier 
transform method (FTM).  The formulas of FTM are 
derived	and	the	solutions	in	several	examples	of	quantum	
well (QW) are given for illustration. Comparison is made 
between FTM and FDM as well. To achieve high accuracy, 
FDM results in a very large Hamiltonian matrix which is 
challenging	to	solve	practically,	going	with	~6	times	time	
computation more than FTM. Finally, the formulation 
is	 further	 extended	 to	 the	 case	 of	 quantum	 dot	 (QD)	
superlattices. For three-dimensional heterostructures, 
complicated formulations in both FDM and FEM make 
programming tasks challenging.  In contrast, it is seen that 
FTM is advantageous to overcome issues in these aspects. 
A	 flatten	 QW	 structure	 (a	 QD	 heterostructure)	 example	
is investigated using Hamiltonian of QD, corresponding 
energy states and the wave functions are presented, 
comparison between energy states and those of a real QW 
structure calculated by Hamiltonian of QW is made, which 
is	reasonable	with	less	than	6%	discrepancy.

In summary, we derived Fourier domain Hamiltonian 
expressed in a simple and neat from the position-
dependent Hamiltonian in a spatial domain, the dimension 
of the Hamiltonian is determined by the truncated Fourier 
order only. Therefore, FTM without mesh is numerically 
efficient	 for	 solving	 multiband	 k•p	 eigen-problems	 of	
heterostructures,	 especially	 for	 the	 zero	 dimensional	
structures.

  A01746-03043 

Solar Cells with Quantum Dots Molecularly Linked 
to TiO2 as Light Harvesters

Sindhu SWAMINATHAN; Lekha P; Deepa K. G; 
Deepika B; Mini P. A; Subramanian K.R.V; Prasanth R; 
Shanti	Kumar	V	Nair	
Center For Nanosciences, Amrita Institute of Medical 
Sciences, Cochin, India

Solar energy holds the tremendous potential to become 
an alternative source of clean, abundant and renewable 
source of energy. Currently crystalline silicon is the most 
popular	and	the	most	viable	of	all	photovoltaic	(PV)	cell	
technologies	 and	constitutes	 about	90%	of	 the	 industrial	
market. While considering the framework of renewable 
energies as a low-cost large area photovoltaic device, 
Dye	Sensitized	Solar	Cells	(DSSCs)	can	be	considered	to	
be a promising candidate as next generation solar cells. 
However	 the	 light	 harvesting	 efficiency	 and	 stability	 of	
the dyes needs to be improved further for the practical 
applications.	Semiconducting	quantum	dots	are	identified	
as ideal candidates for replacing dye to have maximum 
light	harvesting	efficiency	due	to	their	easily	tunable	band	
gap, which enables them to have broad absorption from 
the solar spectrum. Further the photo stability of these 
quantum	dots	 is	far	higher	 than	that	of	 the	organic	dyes.	
To	explore	the	salient	features	of	Quantum	dot	sensitized	
solar	cells	(QDSSC)	we	have	sensitized	TiO2 nanoparticles 
with	 quantum	 dots	 using	 bifunctional	 surface	modifiers.	
Photochemical processes that follow the excitation of QDs 
are	explored	and	the	current	–	voltage	characteristics	of	the	
cell are studied. In order to prevent the electrolyte leakage 
in the cell, a solid electrolyte was used here. 
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Nonlinear Properties and Optical Limiting 
Performance of SulforhodamineB Doped Silica 
and Polymeric Matrices

Sunita SHARMA1; Devendra MOHAN2;2; 
S.K. GHOSHAL3; Umesh GUPTA2 
1. Light and Matter Physics Group, Raman Research 
Institute, Bangalore, India
2. Department of Applied Physics, Guru Jambheshwar 
University of Science and Technology, Hisar, India
3. Department of Physics, Addis Ababa University, Addis 
Ababa, Ethiopia

In the present work, SulforhodamineB (SRB) doped silica 
samples have been grown by sol-gel and polymerisation 
techniques	 respectively.	 Third	 order	 nonlinear	 optical	
properties of these samples have been investigated using 
single	beam	z-scan	technique	under	excitation	by	the	second	
harmonic of Nd:YAG laser beam (532nm). The nonlinear 
refractive	index,	nonlinear	absorption	coefficient,	real	and	
imaginary parts of third order nonlinear susceptibility in 
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these	samples	are	measured.	Oscillator	strength,	figure	of	
merit and electronic contribution to the nonlinear refractive 
index of these samples has been calculated analytically in 
order to observe the performance of the materials to use 
as optical limiters. The concentration dependent optical 
limiting study has also been made and found that samples 
are good candidate to act as optical limiters which has wide 
technological applications as for optical switching.
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Rhodamine6G doped silica samples of different 
concentration	 have	 been	 grown	 by	 sol-gel	 technique.	
Further, third order nonlinear optical properties of these 
samples	have	been	investigated	using	single	beam	z-scan	
technique	 under	 excitation	 by	 the	 second	 harmonic	 of	
Nd:YAG	laser.	Various	nonlinear	parameters	like:	nonlinear	
refractive	index,	nonlinear	absorption	coefficient,	real	and	
imaginary parts of third order nonlinear susceptibility 
in these samples are measured. The results show that 
the samples are good nonlinear materials and have wide 
application scope as in lasers and photonics.
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Room Temperature Cathodoluminescence of 
Aluminum Nitride Nanorods
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Materials, South China University of Technology, 
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Hexagonal aluminum nitride (h-AlN) nanorods were 
synthesized	 on	 Si	 substrates	 using	 a	 catalyst-free	 vapor	
phase method. Aluminum chloride powder and ammonium 
are used as sources. The AlN nanorods are about 200 
nm in length and 5-20 nm in diameters. The X-ray 
diffraction (XRD) pattern of the AlN nanorods shows one 
predominant AlN peak from (0002) plane, which indicates 
that the majority of the AlN nanorods are aligned normal 
to the substrate. The high resolution transmission electron 
microscopy (HR-TEM) images and the selected area 
electron diffraction reveal that the AlN nanorod is single 
crystal with the lattice spacing matched hexagonal AlN. The 
axis	of	the	AlN	nanorod	is	identified	to	be	the	hexagonal	
c–axis,	 which	 grows	 along	 the	 [0001]	 direction.	 Room	
temperature cathodoluminescence (CL) measurement 
was carried out to study the optical properties of the AlN 
nanorods. The CL spectrum shows two intense visible light 
emissions	at	2.51	and	2.14	eV	under	the	excitation	of	low-
voltage electron beam at the vacuum of 80 mTorr. The blue 
and green emissions of the AlN nanorods may lead to the 
potential applications in optoelectronic devices. The origin 
of the defect-related emissions will be discussed. 
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Properties of Spontaneously Developing Non-
polar and Semi-polar GaN Growth Domains on 
r-plane Sapphire
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We present a study of the microscopic optical and structural 
properties of non-polar GaN and semi-polar GaN growth 
domains spontaneously developed on the same sapphire 
wafer.	 For	 optimizing	 the	 lattice	match	 between	 a-plane	
GaN and r-plane sapphire the growth conditions for an 
AlInN nucleation layer were investigated. The growth 
temperature of the nucleation layer was changed from 
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765°C	 to	865°C.	Subsequently,	 a	 high	 temperature	GaN	
layer was grown under nominally the same growth 
conditions on these different nucleation layers. Most 
GaN layers were purely a-plane of good crystallographic 
quality.	X-ray	diffraction	measurements	 showed	 that	 the	
growth	conditions	of	the	nucleation	layers	insignificantly	
influenced	the	quality	of	the	a-plane	GaN	layer.	

However, for temperatures of the AlInN nucleation layer 
above 815°C on some samples a circular region of semi-
polar GaN emerged. X-ray texture analysis revealed two 
different orientations of the GaN c-axis. The two new 
planes	 form	 an	 angle	 of	 ~27°	 with	 the	 normal	 (i.e.	 the	
a-direction) identifying them as (1126) surfaces.

The boundary between these two different growth domains 
ranges over 1 mm while the structural properties change 
drastically over this distance. The structural properties are 
characterized	by	Electron	Backscatter	Diffraction	(EBSD)	
as well as Transmission Electron Microscopy (TEM).

The local optical properties also change drastically at 
the boundary of the two growth domains. In the non-
polar a-plane GaN domains the basal plane stacking fault 
(BSF) luminescence exceeds the excitonic luminescence 
by	a	factor	of	three	which	is	specific	for	hetero-epitaxial	
non-polar GaN. In contrast the excitonic luminescence 
dominates the BSF emission by a factor of seven in the 
semi-polar region accompanied by an absolute increase of 
the intensity by one order of magnitude. A direct correlation 
of the origin of the different recombination processes and 
the	structural	properties	is	verified	by	a	direct	EBSD	and	
Cathodoluminescence microscopy correlation over the 
whole boundary region.
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and Electrical Properties of CdS Thin Films 
Deposited Using Polymer Matrix in Chemical 
Bath Deposition
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In the recent years, the photovoltaic global market has 
created wide opportunities for a number of competing 
thin	 film	 technologies	 such	 as	 silicon-based	 cells,	
chalcogenide-based photovoltaic cells, organometallic 
dyes	 and	 polymers-based	 solar	 cells.	 Cadmium	 sulfide	
(CdS) is an n-type semiconductor that belongs to II-
VI	 chalcogenide	 semiconductor	 family.	 CdS	 is	 a	 most	
commonly	 used	 window	 material	 for	 high	 efficiency	
cadmium telluride (CdTe) and copper indium diselenide 

(CuInSe2)	 polycrystalline	 thin-film	 photovoltaic	 devices.	
CdS/CdTe	solar	cells	with	very	high	efficiency	have	been	
obtained by growing the CdS layer using Chemical Bath 
Deposition	 (CBD)	 technique.	The	 structural,	 optical	 and	
electrical	properties	of	CdS	films	strongly	depend	on	the	
film	deposition	technique,	growth	conditions	and	the	post-
annealing temperature.

In	 this	 work,	 cadmium	 sulfide	 thin	 films	 have	 been	
deposited on glass substrates using the chemical bath 
deposition	 technique.	The	chemical	bath	containing	poly	
vinyl alcohol ((-C2H4O)n), cadmium chloride (CdCl2), 
ammonium chloride (NH4Cl), ammonia (NH3), thiourea 
(NH2. CS.NH2) was employed during the growth. The 
deposition	 was	 carried	 out	 at	 85	 °C	 in	 the	 optimized	
pH range of 10 to 11.5. Before deposition the substrate 
was ultrasonically cleaned with acetone and rinsed with 
deionized	water.	The	deposited	films	were	annealed	in	air	
(ambient atmosphere) at different temperatures of 300, 400 
and 500 °C. The duration of annealing was 1 hour. After 
annealing, the sample was cooled to room temperature. 

The structural properties of the as deposited and annealed 
CdS	thin	films	were	determined	by	x-ray	diffraction	(XRD)	
and the presence of hexagonal phase was revealed in all of 
the	grown	and	annealed	samples.	The	grain	sizes	between	
66 to 112 nm were determined from the XRD diffraction 
peaks. When the annealing temperature increases, the 
grain	 size	 is	 found	 to	 increase.	 The	 optical	 properties	
were studied by measuring the transmittance spectra. The 
room temperature band gap energies for each sample were 
determined from the transmittance by extrapolating the 
absorption	 coefficient.	When	 the	 annealing	 temperatures	
were increased, the band gap value decreases. Hall mobility 
and carrier concentration have been determined by Hall 
effect measurement and the results will be presented and 
discussed in detail.

  A01858-03321 

Recent Progress of Terahertz Wave Sensing and 
Applications

Xi-Cheng ZHANG 
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Institute, New York, United States

Since	 the	 first	 demonstration	 of	THz	wave	 time-domain	
spectroscopy in the late 80’s, there has been a series of 
significant	advances	in	THz	wave	sensing	and	spectroscopic	
imaging.	 The	 development	 of	 intense	 THz	 sources	 and	
more sensitive detectors provide new opportunities for 
understanding	 the	 basic	 science	 in	 the	 THz	 frequency	
range.	 As	 THz	 wave	 technology	 improves,	 new	 THz	
wave sensing and imaging capabilities impact a range of 
interdisciplinary	fields.	This	is	particularly	crucial	for	non-
destructive evaluation (immediate application), national 
security	(three	to	five	years),	and	medical	diagnosis	or	even	
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clinical	 treatment	 in	 biomedical	 applications	 (five	 to	 ten	
years).	I	will	report	on	the	recent	progress	of	terahertz	wave	
sensing	and	applications,	including	THz	wave	generation	
at	standoff	distance	(17	meters)	and	remote	sensing	of	THz	
signal	by	using	THz-induced-fluorescence	in	air.
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Photonic Crystal Polarizer Element on InP/Air 
Membranes for Optical MEMS Applications
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We present optical elements for the near infrared spectral 
range consisting of a photonic crystal structure on InP 
membranes suspended in air. For many applications in 
optical sensor technology, photonics and for laser devices, 
control	of	polarization	characteristics	is	desirable	property.	
Membrane based structures with periodic patterns like 
gratings	 or	 photonic	 crystals	 can	 be	 used	 as	 filters	 due	
to the resonance behaviour of guided modes in the slab. 
By considering the symmetry properties of the patterns, 
selectivity	 regarding	 the	 state	 of	 polarization	 is	 feasible.	
These	optical	structures	are	polarizing	elements	with	low	
losses	and	very	compact	in	size.	Therefore,	such	thin-film	
membranes can be easily integrated with other Optical 
MEMS	devices,	like	tunable	Fabry-Pérot	filters	or	lasers.	

Design of the periodic patterns is based on numerical 
simulations	with	FDTD	and	finite	element	methods.	The	
spectral transmission is determined by the thickness of 
the	membrane,	lattice	type,	lattice	constant	and	fill-factor.	
The	polarization	properties	 can	be	varied	by	 influencing	
the hole shape, different lattice constants or stretching of 
gratings. All these parameters were evaluated to achieve 
optimized	results	for	an	optical	element	with	fixed	linear	
polarization	in	the	near	 infrared	spectral	range.	With	our	
current	design	polarization	selectivity	better	than	90%	can	
be reached within a spectral tuning range of 20 nm. 

In order to fabricate the membrane structure epitaxial layers 
of	 InP	and	a	GaInAs	sacrificial	 layer	were	grown	 lattice	
matched	 to	 an	 InP	 substrate	 by	 low-pressure	 MOCVD.	
The	in-plane	configuration	of	the	membranes,	suspensions	
and	 supporting	 posts	 were	 defined	 by	 photolithography	
and	transferred	to	the	substrate	by	a	CH4/H2	RIE	dry	etch	
process.	Subsequently,	the	sacrificial	layers	were	removed	
by selective wet chemical etching. Removal of the etchant 
from the structures was carried out by a critical point drying 
process to avoid capillary force effects. Unintentional 
bending of the released layer due to residual gradient 
stress has to be compensated by introducing special layers 
during epitaxy. 

The photonic crystal patterns were implemented in a two-
step process just prior to the selective wet etching. A thin 
hard mask layer was deposited on the top InP layer and 
then directly structured by focused ion beam milling. 
The pattern was then transferred to the membrane by a 
RIE process. This approach combines the advantages of 
the	 flexible	 prototyping	 ability	 of	 FIB	 lithography	 with	
the	quality	of	deep	 etching	profiles	 and	high	 throughput	
of dry etching. As the hard mask consists only of a thin 
layer, FIB writing time is still reasonable and very high 
pattern resolution are obtainable. The fabricated optical 
elements	 were	 characterized	 with	 a	 fiber	 optical	 setup	
regarding	 reflection	 spectra	 and	 polarization	 selectivity.	
Unintentional bending of the released membrane was 
measured using a white light interferometer. 

For	 integration	 of	 the	 polarizing	 membrane	 element	
with	a	 tunable	InP/air-gap	Fabry-Pérot	filter,	concepts	 to	
study the interference of guided-mode resonances and the 
resonant behaviour of DBR mirrors and the cavity mode 
are introduced. 
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Optical Phonon Mediated Photodetector
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Most	 of	 the	 quantum	 structure	 infrared	 photodetectors	
are based on compound semiconductors, and in these 
polar materials the incident light is strongly absorbed in 
the optical phonon region, but normally resulting in no 
photocurrent. As a result, these photodetectors do not 
function in the optical phonon region. Here we present 
studies on the effect of phonons on the photoresponse 
in	 quantum	 well	 photodetectors	 designed	 for	 the	 THz	
region. We observe Fano resonance spectral line shapes 
and strongly polaron enhanced photoresponse. This work 
may	lead	to	more	efficient	THz	photodetectors	at	selective	
wavelengths and may have important implications in other 
devices	such	as	quantum	cascade	lasers.
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Titanium Dioxide Synthesized Using Titanium 
Chloride: Size Effect Study Using Raman and 
Photoluminescence

Sanjeev K. GUPTA; Rucha DESAI; Prafulla K. JHA 
Department of Physics, Bhavnagar University, 
Bhavnagar, India

Titanium dioxide (TiO2) is a wide band gap semiconductor, 
crystalline as anatase, rutile or brookite and is highly 
attractive material for variety of industrial applications such 
as solar cells, photocatalysis, charge spreading devices, 
chemical sensors, microelectronics, and electrochemistry, 
and	dye	sensitized	solar	cell	etc.	However,	the	challenge	
for so called nanotechnologies is to achieve perfect control 
of nanoscale-related properties. Therefore, it is important 
to develop synthesis methods in which the morphology 
and the structure of nanotitania can be controlled or the 
fine	 structure	 can	 be	mimicked	 at	 the	 nanoscale,	 owing	
to its technological importance, which is due to its strong 
oxidizing	 power,	 chemical	 inertness,	 and	 non-toxicity.	
The TiO2 nanocrystals for which the anatase phase is most 
common have recently received attention due to its very 
interesting properties, different from the bulk and hence 
they are not only important from the application but also 
from the fundamental of view. Further, the TiO2 nanocrystal 
in its anatase phase has higher photocatalytic activity 
than other phases and its bulk counterpart. The anatase 
nanocrystals	is	easily	prepared	in	a	range	of	sizes,	shapes,	
and forms (as nanocrystals, rods, wires, etc.) by using a 
variety of physical and chemical methods. Synthesis route 
of TiO2 production usually result in amorphous solid TiO2 
or anatase or other phase depending on the preparation 
routes and the experimental conditions. However, a method 
which	 provides	 the	 control	 size	 distribution,	 crystalline	
phase and stoichiometry is essential for the application of 
TiO2 nanoparticles.

The present paper presents the synthesis and 
characterization	of	nanotitania	and	study	of	size	effect	on	
the Raman and photoluminescence emission (PL).  TiO2 
nanocrystals were prepared by wet chemical method and 
characterized	 by	 x-ray	 diffraction	 (XRD),	 transmission	
electron microscopy (TEM), Raman scattering (RS) and 
photoluminescence (PL). The X-ray diffraction shows the 
formation of nanocrytalline TiO2	of	average	sizes	~7	nm	
and	~15	nm	for	two	samples	respectively.	The	XRD,	TEM,	
PL and RS shows that the TiO2 nanocrystals have anatase 
crystal structure. 

The PL spectra for the TiO2 nanocrystals for two samples 
(A and B) have been recorded at 457.9 nm wavelength. 
Sample	A	(~7	nm)	shows	a	broadband	peaked	at	2.49	eV.		
However,	 the	 PL	 is	 intensified	with	 decreasing	 the	 size.	
The	PL	intensity	for	~7	nm	sample	is	more	than	that	of	the	
~15	nm	sample,	which	indicates	that	a	series	of	localized	
levels within the forbidden gap have a distribution and are 

suitable for luminescence, and these levels might have 
nearly	 the	 same	 luminescence	 efficiency.	 PL	 spectra	 for	
sample B represents relatively weak single emission band 
with	peak	maximum	at	around	2.43	eV	which	is	slightly	
shifted	 (0.053	 eV)	 to	 shorter	 wavelength	 region	 than	
sample A, and it depicts slightly peakwidth. The small red 
shift for sample B with respect to A can be attributed to the 
quantum	confinement.	Hence	the	PL	is	attributed	to	both	
to	confinement	and	defect	PL.		

Acknowledgment:  
Authors are thankful to DST, DAE-BRNS, Govt. of India  for 
financial assistance. 

  A01919-03304 

White Light Emitting from Ba3MgSi2-XALXO8: 
yEu2+, zMn2+ Phosphor

Shen CHANGYU1;2; Jin YONGXING1; Yang YI1 
1. Insitute of Optoelectronic Technology, China Jiliang 
University, Hangzhou, China
2. State Key Laboratory of Modern Optical 
Instrumentation, Zhejiang University, Hangzhou, China

Series of Ba3MgSi2-xAlxO8: yEu2+,	zMn2+ phosphors were 
synthesized	 by	 solid-state	 reaction	 and	 X-ray	 powder	
diffraction	analysis	confirmed	the	formation	of	the	samples.	
These phosphors have a broad excitation band range from 
near ultraviolet to blue region (340-460nm). The phosphors 
have three emission bands peaking at 615nm, 480nm and 
420 nm respectively under excitation of 380nm irradiation. 
Two emissions peaking at 420nm and 480nm originated 
from the 5d to 4f transition of Eu2+ ions that occupy two 
Ba2+ sites in the crystal of Ba3MgSi2-xAlxO8. The 615nm 
emission is attributed to the energy transferring from Eu2+ 
to Mn2+. The intensity ratio between the 420nm and 480nm 
emissions varied with different concentration of Al ions. 
When the concentrations of the Eu2+, Mn2+ and Al3+ were 
0.08mol, 0.1mol and 0.35mol in the phosphor respectively, 
the phosphor presented intense white emitting under the 
excitation of 380nm irradiation. The GaN (380nm)-based 
Ba2.92Mg0.9Si1.65Al0.35O8:0.08Eu2+ 0.1Mn2+ white LED with 
the CIE coordinate of (0.3085, 0.3139) and color rendering 
of over 85 was obtained.
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A photonic crystal structure is one possible approach to 
improve	the	outcoupling	efficiency	of	GaN	light	emitting	
diodes	(LEDs).	We	investigate	GaN	LED	samples	MOVPE	
grown on top of silicon on insulator (SOI) substrates. The 
(111)-oriented SOI substrates consist of 50 to 100 nm 
silicon overlayer on top of buried oxide layer to achieve a 
higher	reflectivity	of	the	substrate	for	certain	wavelengths.	
As	 active	medium,	 InGaN/GaN	multiple	 quantum	wells	
(MQWs) were embedded within the LED structures. 
The LED surfaces are subjected to nanopatterning with 
photonic crystal structure using electron beam lithography 
and inductively coupled plasma (ICP) etching. We have 
created nanocones with a diameter of 250 nm and a 
spacing of 400 nm on the LED surfaces. Such photonic 
crystal	 structures	 (PhCs)	 were	 analyzed	 using	 scanning	
electron microscopy and micro-photoluminescence 
spectroscopy (µ-PL). Integral PL-spectra taken across the 
patterned circular disk with PhCs show a dominant donor 
bound exciton (D0X) emission of the GaN material at 3.47 
eV	and	a	Fabry-Perot	modulated	MQW	emission	at	2.21	
eV.	A	µ-PL	mapping	exhibits	an	enhancement	of	intensity	
by one order of magnitude as well as a slight red shift of 
the (D0X) emission in the structured area as compared 
to the residual disk region. However, the mapping of the 
MQW emission, in contrast, shows slightly enhanced 
luminescence due to plasma etching. A series of samples 
with different diameters and etching depth of nanopatterns 
was	then	fabricated	and	analyzed.	With	optimized	etching	
depth	and	size	of	the	nanopatterns,	we	have	seen	clear	PL	
enhancement of MQW emission from LED structures on 
SOI.
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Chalcogenide glasses are of great technological interest 
due to their high refractive index, high transparency in IR 
region,	high	sensitivity	to	UV	light	and	low	phonon	energy	
make them suitable material for active and passive photonic 
devices applications and other technological applications. 
One of the most interesting phenomena in As-Se based 
chalcogenide	thin	films	is	photoinduced	effect	with	band	
gap light which has demonstrated applications in the 
fabrication of diffractive optic elements and photonic band 
gap structures. In this present work, we report fabrication 
of	 As-Se	 based	 chalcogenide	 thin	 films	 deposited	 by	
thermal evaporation onto cleaned glass substrates. The 
deposited	films	were	analyzed	through	different	techniques	
to determine thickness, uniformity, composition and 
refractive	 index.	 	Various	optical	properties	of	deposited	
films	were	 evaluated	 from	 the	 analysis	 of	 transmittance	
spectra	using	Swanepoel’s	method.	Exposure	of	these	films	
by	UV	 light	changes	 the	 structure	and	optical	properties	
of	 the	 films.	 Raman	 spectroscopy	 is	 used	 to	 understand	
photoinduced	structural	changes	in	As-Se	based	thin	films.	
The	 sensitivity	 of	 these	 films	 to	UV	 light	 is	 studied	 for	
its structure and optical properties. The changes in optical 
parameters	of	the	films	before	and	after	UV	exposure	are	
discussed.
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In	 the	 past	 decade,	 quantum	 dot	 (QD)	 structures	 have	
attracted	 great	 interest	 due	 to	 their	 unique	 physical	
properties. QD structures have promised and demonstrated 
many advantages over the conventional semiconductor 
gain	materials,	such	as	bulk,	quantum	well	(QW)	structure,	
for	 photonic	 devices.	 Carrier	 confinement	 in	 quasi-zero	
dimensional structures, which behave electronically 
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like	 artificial	 atoms,	 results	 in	 high	 differential	 gain,	
ultrahigh characteristic temperature(T0), low threshold 
current density (Jth) and low linewidth enhancement factor 
(α-factor) for QD edge emitting lasers. 

In this paper, we report the device characteristics from 1.3 
µm	 GaAs-based	 InAs/InGaAs/GaAs	 10-layer	 QD	 laser	
with contact ridge width of 4 µm. Pulsed anodic oxidation, 
a native oxide method, has been used in the fabrication. It 
is worth to mention that, in the QD laser fabrication, the 
laser	geometry	has	been	optimized,	 say,	 ridge	height	 (h) 
and ridge width (w). We have previously studied the effect 
of ridge height and ridge width on the ridge waveguide 
(RWG) lasers in terms of transparency current density 
(Jtr) and characteristic temperature (T0.). It is shown 
that the device geometry has great impact on the device 
performance.	 With	 optimized	 structure,	 both	 static	 and	
dynamic properties of QD laser diode have been studied. 
Low threshold current and high output power have been 
obtained from the fabricated QD lasers. To understand 
the physics of the QD lasers, temperature dependent light 
output power versus inject current has also been studied on 
QD lasers with different cavity lengths to investigate the 
intrinsic parameters (internal loss αi,	internal	efficiency	ŋi, 
characteristic temperature T0, etc) of the QD lasers as a 
function	of	the	temperature	behavior.	Frequency	response	
has	been	studied	on	the	fabricated	QD	lasers	with	a	Vector	
Network	Analyzer	(VNA),	high	speed	photo	receiver	and	
a	 laser	 diode	 current	 source.	 The	 change	 of	 frequency	
response with changing injection current has also been 
studied. 

  A02025-04514 

Optical Properties of ZnO with One-Photon and 
Two-Photon Excitations

Xinhai ZHANG1; Anna Marie YONG1; Shijie XU2 
1. Institute of Materials Research and Engineering, 
Singapore
2. Department of Physics, The University of Hong Kong, 
Hong Kong, China

ZnO	has	attracted	much	attention	recently	because	of	 its	
potential applications in optoelectronic devices operating 
in	 the	ultraviolet	 (UV)	 to	blue	 spectral	 region,	owing	 to	
its	direct	wide	bandgap	of	3.37	eV	at	room	temperature.	
Compared	 to	 other	 wide	 bandgap	 semiconductors,	 ZnO	
has	an	extremely	large	exciton	binding	energy	of	60	meV,	
which is much larger than the thermal energy at room 
temperature and therefore allows the survive of excitons 
at room temperature and above. Excitons therefore play 
important	 roles	 in	 the	 optical	 properties	 of	 ZnO.	 In	 this	
work,	the	optical	properties	and	carrier	dynamics	of	ZnO	
were studied with one-photon and two-photon excitations. 
With	one-photon	excitation,	the	photoluminescence	of	ZnO	
shows anomalous temperature dependence. In contrary to 
the common observations, the photoluminescence intensity 

increases with temperature, other than decrease with 
temperature. With two-photon excitation, laser emissions 
related to bound exciton complex were observed at low 
temperature.

  A02045-03519 

Cathodoluminescence Microscopy of 
Polycrystalline CuInS2 Thin Films

Anja DEMPEWOLF1; Frank BERTRAM1; 
Sebastian METZNER1; Alexander FRANKE1; 
Thomas HEMPEL1; Jürgen CHRISTEN1; 
Joachim KLAER2; Frank WüNSCH2; 
Thomas SCHEDEL-NIEDRIG2 
1. Institute of Experimental Physics, Otto-von-Guericke-
University Magdeburg, Magdeburg, Germany
2. Helmholtz Centre Berlin for Materials and Energy, 
Berlin, Germany

Using high spatially and spectrally resolved 
cathodoluminescence (CL) microscopy the luminescence 
properties of uncapped, SixN- and CdS-passivated 
polycrystalline CuInS2	(CIS)	thin	films	for	the	application	
in photovoltaics as absorber materials in solar cells were 
investigated.	 The	 polycrystalline	 CIS	 thin	 films	 with	 a	
thickness of 2 µm were achieved by rapid thermal processing 
(RTP) on a molybdenum-coated glass substrate. After 
removing the natural passivation layer CuS by etching a 
SixN passivation layer was deposited by plasma enhanced 
chemical	vapour	deposition	(PECVD)	at	 temperatures	of	
about	180°C.	The	ZnO/CdS-passivation	was	achieved	by	
chemical	 deposition	of	CdS	 and	 subsequently	 sputtering	
ZnO.	Integral	CL	spectra	at	5	K	exhibit	broad	luminescence	
in	an	energy	range	between	1.38	eV	and	1.55	eV	with	a	
dominant	 excitonic	 emission	 at	 around	 1.5	 eV.	 In	 detail	
local spectra reveal a variety of single emission lines which 
mainly	 can	 be	 identified	 as	 bound	 exciton-	 and	 donaor-
acceptor-recombinations. We observe a free exciton 
emission	at	1.526	eV	which	is	one	order	of	magnitude	lower	
than	the	luminescence	of	the	bound	excitons	at	1.516	eV	
and	1.504	eV.	Spatially	 resolved	measurements	 show	an	
inhomogeneous luminescence distribution in intensity 
as well as in wavelength. The luminescence energy of 
individual particles differs drastically. In higher resolution 
we discover different emission lines on different facets of 
the individual single particle.



Symposium O - Compound Semiconductor Photonics: Materials, Devices and Integration     65

  A02050-03526 

Optical Studies on In/Te Bilayer Thin Films

Palanisamy MATHESWARAN; 
R. SARAVANAKUMAR; R. SATHYAMOORTHY 
PG and Research Department of Physics, Kongunadu 
Arts and Science College, Tamilnadu, India

Indium Telluride posses disordered structure with 
respect to metal atom, is a promising candidate for solar 
cell applications, gas sensors, IR detectors, switching 
devices, pressure transducers etc., due to its optoelectronic 
properties and switching behavior. Indium Telluride thin 
films	with	different	thickness	were	prepared	by	sequential	
thermal evaporation of individual elements on glass 
substrate under argon atmosphere. Preparation and post 
deposition	 treatment	 conditions	were	 optimized	 in	 order	
to	 get	 effective	 bilayer	mixing.	The	 influence	 of	 bilayer	
film	thickness	on	the	optical	and	structural	properties	was	
investigated.	 The	 prepared	 films	 were	 characterized	 by	
X-ray diffraction analysis, Scanning electron microscopy, 
Energy	dispersive	X-ray	analysis,	UV-Visible	spectroscopy	
and Photoluminance spectroscopy. It is observed that the 
structure	 of	 the	 film	 poses	 polycrystalline	 nature.	 Co-
existence of many phases such as In2Te3, In2Te5 etc., are 
found	 in	 as	 grown	 films.	 The	material	 undergoes	 phase	
transition,	 when	 the	 film	 thickness	 increases.	 In2Te3, 
In2Te5	are	dominant	in	films	of	lower	and	higher	thickness	
respectively. From the surface morphological study, Grain 
growth and grain splitting phenomena was observed 
when increase of thickness and annealing temperature 
respectively. Tuning the optical band gap by varying the 
bilayer	 film	 thickness	 is	 a	 novel	 route	 employed	 in	 the	
present work.  It is observed that the band gap decreases 
rapidly	 with	 increase	 in	 bilayer	 film	 thickness.	 The	
estimated	high	absorption	coefficient	is	in	the	order	of	107 
cm-1. Wide band gap variation of InTe bilayer with different 
film	thickness	makes	useful	to	prepare	the	window	layer	as	
well as absorber layer.
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Compton Profile Study of Semiconductor 
Compound AlN: Experiment and Theory

Vimal	VYAS1; Babu Lal AHUJA2; 
BalKrishan SHARMA3 
1. Department of Physics, Banasthali University, 
Rajasthan, India
2. Department of Physics, M. L. S. University, Rajasthan, 
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In	 this	paper,	we	report	on	the	Compton	profile	study	of	
polycrystalline AlN. The γ-rays	of	59.54	keV	energy	were	
allowed to scatter by the sample (polycrystalline AlN) at 
an intermediate angle 1670(±2.50) and detected by a high 
purity Ge detector. We have also computed the theoretical 
Compton	profiles	for	AlN	within	the	framework	of	linear	
combination of atomic orbitals (LCAO) using Hartree-
Fock (HF) and density functional (DF) schemes by 
CRYSTAL03 code of Torino group. In addition to this, we 
have	also	calculated	the	Compton	profiles	for	ionic	models	
Al+xN-x (x being varied from 0 to 3). The experimental data 
has been compared with various theoretical calculations. 
The ionic model shows the ionic nature in AlN. The 
experiment	shows	good	agreement	with	theoretical	profiles	
from the LCAO-HF and DF schemes. 
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Photonic Crystal Nanolaser and Its Applications

Toshihiko BABA1;2; Shota KITA1;2; Kengo NOZAKI1;2 
1. Department of Electrical and Computer Engineering, 
Yokohama National University, Yokohama, Japan
2. CREST, Japan Science and Technology Agency, Tokyo, 
Japan

Photonic crystal (PC) slab, which consists of airholes in 
a high index membrane, is a useful platform for dense 
photonic integration. PC nanolaser is formed with a point 
defect	in	the	PC	slab.	The	cavity	mode	is	strongly	confined	
by the photonic bandgap in the in-plane directions and index 
confinement	 in	 the	 out-of-plane	 direction.	 The	 effective	
volume of the cavity mode is comparable to or smaller than 
the cubic wavelength in the cavity. Nevertheless, the mode 
maintains a high Q of 104 to 106. Therefore, an extremely 
low threshold lasing is available. 

Nanolasers	 (or	 nanocavities)	 should	 be	 defined	 as	 those	
having	a	mode	whose	size	is	less	than	1	micron	on	each	
side.	Only	two	nanolasers	have	satisfied	this	requirement;	
single point defect (H1 cavity) and point shift (H0 cavity). 
H1	cavity	and	its	modified	ones	were	extensively	studied,	
but only room temperature pulsed lasing was obtained by 
photopumping due to its low Q. H0 cavity allows a Q of 
100000 with a record small modal volume of 0.15 times 
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the cubic wavelength. The room temperature cw operation 
has	 been	 obtained	 in	 GaInAsP	 quantum-well	 PC	 slab.	
The effective threshold power was evaluated to be 1.2 
microwatts.

The spontaneous emission control in nanolasers has 
attracted	 attention	because	 of	 a	 high	 coupling	 efficiency	
of spontaneous emission into the laser mode. The 
comparison between H0 and H1 nanolasers indicated 
that the thresholdless operation arising from the high 
coupling	 efficiency	 is	 more	 evident	 in	 H1	 because	 its	
low Q suppresses the dissipation of effective carriers due 
to photon recycling under the high coupling condition. But 
the Purcell effect enhancing the spontaneous emission rate 
is higher in H0 due to its smaller modal volume; a Purcell 
factor of 25 was evaluated.

For	efficient	light	extraction,	the	nanolaser	was	integrated	
with	 a	 passive	 waveguide	 using	 buttjoint	 MOCVD	
regrowth process. Laser light from the nanolaser was 
extracted from the passive waveguide with an external 
differential	 efficiency	 of	 40%	 when	 neglecting	 low	
coupling	 efficiency	 of	 extracted	 light	 into	 detection	
fiber.	An	 interesting	 operation	 scheme	 of	 the	 nanolaser	
is the resonant pumping. When a higher order mode is 
used	for	resonant	pumping,	high	pumping	efficiency	and	
bistable switching operation are expected and was partly 
demonstrated.	 Using	 the	 active/passive	 integration,	 high	
efficiency	conversion	of	pump	 light	 to	 laser	 light	 is	also	
available. 

An attractive application of the nanolaser operated by 
photopumping is the chemical and bio-molecular sensing. 
As the cavity is open to air, environmental medium can 
be	 analyzed	 from	 the	 laser	wavelength	 shift.	 Free	 space	
pumping	 and	 signal	 detection	 of	 greatly	 simplifies	 the	
optical	setup	of	sensor	systems	utilizing	micro/nanocavities.	
Under pulsed condition, however, large thermal chirping 
degrades	the	resolution	of	the	sensing.	The	cw	lasing	and/
or	 athermal	 structure	 significantly	 reduce	 the	 linewidth	
and improve e.g. the index resolution to 10-5 or smaller. 
Using	array	configuration,	high	 throughput	multichannel	
real time sensing of single bio-molecules is expected. 
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Energetics of Various Intrinsic Defects Formation 
in ZnO from Density Functional Calculations

Vidya	RAVINDRAN; Ponniah RAVINDRAN; 
Helmer FJELLVÅG; Bengt SVENSSON 
Center for Materials Science and Nanotechnology, 
University of Oslo, Oslo, Norway

Transparent	conducting	oxides	are	utilized	for	a	wide	range	
of	 applications,	 such	 as	 electrode	 in	 thin	 film	 transistor	
liquid	 crystal	 display	 and	 window	 layers	 for	 thin	 film	
solar	cells.	ZnO	is	attracting	much	attention	as	a	potential	

replacement for indium tin oxide because of the high cost 
and scarcity of the indium element.

A	basic	understanding	of	the	physical	properties	of	ZnO	is	
required	in	order	to	use	in	technological	applications.	It	is	
well known that properties of materials greatly depend on 
the defects present. We have calculated formation energy 
of	various	intrinsic	defects	in	ZnO	using	density	functional	
theory-based pseudo-potential all-electron method. The 
various	 defects	 considered	 are	 Oxygen	 vacancy	 (VO), 
Zinc	vacancy	(VZn), Oxygen at interstitial site (Oi),	Zn	at	
interstitial	site	(Zni),	Zn	atom	at	VO	(ZnO),	O	atom	at	VZn	
(OZn),	 anti-site	 defect	 (O	 at	Zn	 site	 and	vice	 versa),	 and	
Zn	clusters.	In	addition,		Zn-vacancy	clusters	and	various	
types of defect complexes are considered theoretically for 
the	 first	 time.	 The	 total	 energy	 are	 converged	 first	 with	
respect to K-points and energy cut-off. The formation 
energy of defects are calculated by considering supercells 
with atoms 72, 108, 128, 192, and 256. We have carried 
out complete structural relaxation of supercells with these 
defects. By extrapolating the formation energy with respect 
to the inverse of supercell volume, dilute limit of defect is 
simulated.

On comparing the formation energies of various defects, 
we	 have	 found	 that	VO would be the dominant intrinsic 
defect	under	both	Zn-rich	condition	and	O-rich	condition.	
Both	VO	and	Zni are found to be stable at 2+ charge state 
when Fermi level (EF) is at the valence band maximum 
(VBM).	The	transition	from	2+	to	1+	charge	state	of	VO 
takes place near conduction band mimimum (CBM). 

Charge	 density	 and	 electron-localization-function	 (ELF)	
analysis have been used to understand the effect of these 
defects	on	 the	ZnO	lattice.	Electronic	structure	has	been	
studied using density of states and electronic band structure 
plots. In addition, optical spectra have been simulated for 
the supercells with these defects.

  A02164-04287 

High-k in MOSFETs Transistors

Ouiza	BOUGHIAS; Mohamed Said BELKAID; 
Farida NEMMAR 
Electronics, University of Mouloud MAMMERI, Tizi 
Ouzou, Algeria

The dimensions reduction of MOSFET transistors (Metal-
Oxide-Semiconductor Field Effect Transistors) involves 
a diminution of gate oxide thickness. Thus, silicon oxide 
does not play its role; it does not insulate the gate from the 
other parts of the transistor.

This weak thickness leads to an important leakage current 
which is harmful for the good functioning of the transistor 
where it can reach high values than the transistor active 
current (drain current).
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The replacement of the gate oxide by a high dielectric 
permittivity insulator (called High-k) is one way to result 
the problems of miniaturisation which is one necessary to 
large scale integration development.

Actually, there are a lot of materials (high-K) which can 
fill	this	role.

In this paper, we have compared the electrical properties of 
Hafnium oxide with those of silicon oxide, such as carrier 
mobility, choice of metal gate, chemical compatibility of the 
insulation	with	high	dielectric	permittivity	substrate…..

Hafnium oxide and silicates are more promising than other 
high dielectric permittivity oxides.
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Cd S1-x Sex Thin Films: Application to 
Photoelectrochemical Solar Cells
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2. Department of Physics, Solapur University, 
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The	 worldwise	 quest	 for	 clean	 and	 renewable	 energy	
sources has encouraged large research activities and 
developments in photoelectrochemical conversion of 
solar	radiations.	Thin	polycrystalline	semiconductor	films	
in conjunction with a suitable electrolyte seem to be an 
exciting option for wide spread utility of solar radiations. 
Chalcogenides	of	II-VI,	IV-VI,	II-IV-VI	and	I-III-V	group	
compounds	in	polycrystalline	thin	film	form	have	emerged	
as the potential candidates of high performance. Cadimium 
chalcogenides, especially, Cadmium Sulphide and 
Selenide, are promising materials, which have wide variety 
of applications in electronic and opto-electronic devices. 
By considering the practical importance of CdS and CdSe 
in general, and impurity doping in particular, studies were 
planned	to	synthesize	and	investigate	the	characteristics	of	
cadmium	sulphide	and	selenide	 thin	films	with	a	 special	
emphasis to photoelectrode materials composition and to 
make use of them in photoelectrochemical solar cells.
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First-principles Study of In, Ga, and N Adsorption 
on InxGa1-xN  (0001) and (000 1-bar) Surfaces

Chee-Kwan GAN1; David J. SROLOVITZ2 
1. Computational Materials Science, Institute of High 
Performance Computing, Singapore
2. Department of Physics, Yeshiva University, New York, 
United States

Using density-functional calculations, we study the 
adsorption of In, Ga, and N adsoprtion on the (0001) and 
(000 1-bar) surfaces of InxGa1-xN as a function of the 
experimentally controllable chemical potentials of the 
constituents in the gas phase and the composition of the 
substrate x.
  
Our results show that while In wets the GaN and InN 
easily, which suggest that In acts as a good surfactant when 
growing GaN, Ga does not act as a good surfactant when 
growing InN. We propose a model to predict the surface 
composition of the InxGa1-xN alloy over an entire range 
of compositions x.
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Photonic Signal Processing Devices Based 
on InAs Quantum Dot Materials

Osamu WADA 
Graduate School of Engineering, Kobe University, Kobe/
Hyogo, Japan

Photonic siganal processing devices are crutial for the 
development of ultrahigh throughput communication 
and siganal processing network systems to support 
the ever increasing data volume. This paper describes 
our	 recent	 progress	 in	 III-V	 compound	 semiconductor	
quantum	 dot	 technology	 including	 material	 growth	 and	
characterization,	and	also	the	application	to	photonic	siganl	
processing devices such as SOAs and all-optical switches.  
We	focus	on	a	novel		gowth	technique	of	controlling	optical	
properties	 of	 quantum	dots,	 and	 the	 proposal	 of	 vertical	
structure all-optical switchs.
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Quantum Confinement and Morphology of Nano 
ZnO at Various Preparatory Conditions

Rita JOHN1; Sasi Florence S2; Blessie S2; Rajakumari R2;3 
1. Theoretical Physics, University of Madras, Chennai, 
Tamil Nadu, India
2. Physics, Mother Teresa Women’s University, 
Kodaikanal, Tamil Nadu, India
3. Physics, Queen Mary’s College, Tamil Nadu, India

Nanostructured	 optical	 devices	 using	 zinc	 oxide	 as	 the	
constituent material operating in the ultraviolet has been 
gaining importance. The investigation on the properties of 
this promising material in its powder and nanocrystalline 
forms	is	the	prime	field	of	research.	The	study	on	quantum	
confinement	effect			has	lead	to	many	interesting	electronic	
and	 optical	 properties.	 	 The	 ZnO	 binary	 semiconductor	
material	 will	 have	 a	 small	 quantum	 confinement	 effect	
in	 quantum	 dot	 and	 quantum	 well	 structures.	 	 This	 is	
attributed to the relatively large electron effective mass 
caused	 by	 the	 large	 band	 gap	 3.37	 eV	 of	 this	 material.		
The Coulomb interaction of electron and hole has also 
reduced	 the	 exciton	 confinement	 energy	 partly	 due	 to	
the small dielectric constant in this system, which is also 
related to large band gap.  The present investigation on 
ZnO	is	pursued	with	an	objective	of	exploring	the	quantum	
confinement	and	the	morphological	changes.	

Nano	ZnO	synthesized	with	and	without	surfactant	adopting	
Solid State Reaction (SSR) method, the later at three 
different	temperatures	and	by	Aqueous	Chemical	Method	
(ACM)	 is	 reported.	 ZnO	 nanoparticles	 are	 characterized	
by	XRD,	FTIR,	SEM	and	EDAX	techniques.

The	ZnO	nanorods	by	SSR	with	surfactant	are	of	hexagonal	
shape with diameter between 20-30nm and lengths of 
about 350-500nm, while that without surfactant does not 
exhibit	 rod	 like	morphology.	The	 particle	 size	 increases	
from 35nm to 59nm with temperature in the range 500oC 
to 800oC. The phase purity of all the samples is checked by 
calculating strain values from the diffraction data.   Stokes 
and Wilson formula is used to calculate the average strain 
of	the	ZnO	nanoparticles.	Using	the	strain	values	the	W-H	
plot	 is	 constructed.	 	 The	 average	 particle	 size	 and	 the	
strain values are reported. The strain values   decreases 
with increasing temperature. The surface morphology and 
chemical composition of the prepared samples are studied 
by SEM and EDAX. The atomic percentage of the elements 
is estimated from the EDAX spectrum of the sample.

ACM	 preparation	 of	 ZnO	 resulted	 in	 a	 particle	 size	
of 15nm-35nm whose SEM showed the nanoparticles 
forming	flakes.	Optical	properties	are	studied.	A	blue	shift	
is	 observed	 where	 the	 band	 gap	 increases	 from	 3.37eV	
(bulk)	 to	 3.62eV.	 The	 increase	 in	 band	 gap	 is	 due	 to	
quantum	confinement	effect.

The	effect	of	doping	in	ZnO	with	Er	and	Eu	in	 the	light	
of	influence	of	d	electrons	is	investigated.	The	correlation	
between	the	quantum	confinement	and	crystal	potential	in	
II-VI	binary	semiconductors	in	general	are	also	analysed.	
A	specific	study	on	the	different	behavior	of	binary	oxides	
compared	 to	 other	 II-VI	 family	 of	 semiconductors	 is	
reported	with	a	specific	note	with	respect	to	ZnO.
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Progress in the Growth, Characterization and 
Device Performance for Nonpolar and Semipolar 
GaN-based Materials

James SPECK 
Materials, University of California, Santa Barbara, CA, 
United States

Devices grown on c-plane GaN suffer from large internal 
electric	 fields	 due	 to	 discontinuities	 in	 spontaneous	 and	
piezoelectric	 polarization	 effects	 which	 cause	 charge	
separation	 between	 holes	 and	 electrons	 in	 quantum	
wells	 and	 limits	 the	 radiative	 recombination	 efficiency.		
Additionally, the peak emission wavelength of LEDs grown 
on c-plane GaN blue-shift with increasing drive current 
due	 to	 screening	 of	 the	 internal	 fields.	 	 Nonpolar	 GaN	
devices, such as in the m-plane and a-plane, are free from 
polarization	related	electric	fields	since	the	polar	c-axis	is	
parallel to any heterointerfaces.  Additionally, semipolar 
GaN-based	devices	have	reduced	electric	fields	and	in	some	
cases, such as (11-22) show a high propensity for Indium 
update	for	InGaN	quantum	wells.		In	this	talk,	we	highlight	
UCSB work on growth of nonpolar and semipolar GaN 
on foreign substrates and on freestanding GaN substrates 
provided by Mitsubishi Chemical Corporation.

Nonpolar or semipolar GaN growth on foreign substrates 
(e.g.,	sapphire,	SiC,	or	LiAlO2)	results	in	films	with	high	
densities of basal plane stacking faults (SFs, density > 105 
cm-1)	 and	 threading	 dislocations	 (TDs,	 density	 ~1010	
cm-2).		UCSB	has	developed	several	techniques	to	reduce	
extended defect densities in non-polar GaN, including 
Sidewall Lateral Epitaxial Overgrowth (SLEO) for a-plane 
and m-plane GaN and in-situ SiNx.

We will report on the role of stacking faults in surface 
morphology- namely, stacking faults are the origin of 
the	 common	 slate	 morphology	 in	 nonpolar	 GaN	 films	
[1].	 	We	will	 present	 a	 modified	Williamson-Hall	 x-ray	
diffraction analysis that explains the commonly observed 
anisotropy in x-ray rocking curve measurements and can 
quantitatively	determine	SF	densities	[2].		We	will	review	
transport studies on n-type and p-type m-plane GaN grown 
on m-plane SiC and on free-standing defect-free m-plane 
GaN substrates [3].  We demonstrate isotropic in-plane 
conductivity for p-type GaN for growth on defect-free 
substrates.  We will also show the role of substrate miscut 
in the morphological stability of nonpolar GaN [4].  
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Then	 we	 will	 summarize	 UCSB	 work	 on	 nonpolar	 and	
semipolar GaN lighting emitting devices [5,6], including 
record	405	nm	LED	performance,	 the	first	nonpolar	and	
semipolar	GaN-based	 laser	diodes	 [7,8],	 the	first	AlGaN	
clad-free GaN-based laser diodes [9], and progress in blue 
and green emitters.

[1]  A. Hirai et al, Appl. Phys. Lett. 90, 121119 (2007).
[2]  M. McLaurin et al,	APEX	(in	final	review)	(2008)
[3]  M. McLaurin et al, J. Appl. Phys. 100, 063707 (2006)
[4]  M. McLaurin et al, pss RRL 1, 110 (2007)
[5]  M.C. Schmidt et al, Japn. J. Appl. Phys. 46, L126 (2007)
[6]  A. Tyagi et al, Japn. J. Appl. Phys. 46, L129 (2007).
[7]  M.C. Schmidt et al, Japn. J. Appl. Phys. 46, L190 (2007)
[8]  A. Tyagai et al, Japn. J. Appl. Phys. 46, L444 (2007)
[9]		D.F.	Feezell	et al, Japn. J. Appl. Phys. 46, L284 (2007).
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New Trends in Photonic Crystals
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Photonic crystals, in which the refractive index changes 
periodically, provide an exciting tool for the manipulation 
of photons and have made substantial progresses in recent 
years. In this presentation, I will discuss two new trends in 
photonic crystals: (i) Dynamic control of photonic crystals 
and (ii) Novel two-dimensional photonic-crystal lasers, 
after the overview of the photonic crystal research [1-9]. 

(i) Dynamic control of photonic crystals: 

Remarkable progresses in nanocavities and waveguides 
based on photonic-crystals have been achieved recently 
[10-15]. For example, nanocavity-Q over 3 million has been 
successfully achieved while maintaining ultrasmall modal 
volume. Here, if the properties of such photonic-crystal 
elements could be changed or controlled dynamically 
during operation, their resulting functionalities would 
be greatly expanded. Here, we will discuss the dynamic 
control of photonic crystals, where the characteristics of 
nanocavities and waveguides are dynamically controlled 
within picosecond time scales, which will contribute to 
future	applications	including	the	stopping/slowing	of	light,	
quantum	information	systems,	and	next	generation	ultra-
high capacity communications. 

(ii) Novel Two-dimensional Photonic-Crystal Lasers:

Photonic-crystal surface-emitting lasers [16-18] have 
recently attracted much attention because of their perfect, 
broad-area single-mode surface-emitting operation, their 
narrow	beam	divergence	angles	of	<	1°,	and	the	possibility	
of producing tailored beam patterns by controlling the 
electric	field	distribution	inside	the	photonic	crystal.	These	
fascinating features arise from the photonic band-edge 
effect,	where	the	group	velocity	of	light	becomes	zero	and	
a 2D cavity mode is formed. We will describe the recent 
progresses	in	such	unique	photonic-crystal	lasers	including	
the recent achievement in lasing oscillation in blue-violet 
wavelengths [19]. 
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Single-Photon and Two-Photon Pumped 
Whispering-Gallery Mode Ultraviolet Laser from 
an Individual ZnO Nanoneedle

Chunxiang XU; Guangping ZHU; Jin ZHU; 
Changgui LV; Yiping CUI 
School of Electronic Science & Engineering, Southeast 
Unvierstiy, Nanjing, China

Wurtzite	structural	ZnO	microneedles	with	hexagonal	cross-
section were fabricated by vapor-phase transport method 
and an individial microneedle was employed as a lasing 
microcavity. Under excitation of a femtosecond pulse laser 
with	355	nm	and	800	nm	wavelength,	 the	ultraviolet	 (UV)	
laser	emission	was	obtained,	which	presented	definite	mode	
structure, narrow linewidth and high Q value. The results 
demonstrated	that	the	UV	laser	originated	from	the	whispering-
gallery mode induced by single-photon and two-photon.

This work was supported by the NSFC (60725413 60576008 
and 10674023), 973 program (2007CB936300), 863 program 
(2006AA03Z313), MOE (309015 and 20050286004), and NSFJ 
(BK2006090).
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Novel Aberration-Free Broadband High- 
Resolution Grating for InP/Si Microphotonic 
DWDM Chip Applications

Seng-Tiong HO1; Yingyan HUANG2; Qian ZHAO1; 
Yongming TU1 
1. Electrical Engineering and Computer Science 
Department, Northwestern University, Evanston/Illinois, 
United States
2. OptoNet Inc, Evanston/Illinois, United States

The advent of array-waveguide grating (AWG) has enabled 
successful	 integration	of	DWDM	optical	filters	on	 silica	
platform. The application of AWG to Indium Phosphide 
(InP) or silicon (Si) integrated photonic chips, however, 
has not been as successful. This is partly because of the 
high loss of InP and Si waveguides and in order to reduce 
the	size	of	AWG	devices,	strongly-guiding	semiconductor	
waveguides were used. However, such waveguides have 
even higher propagation loss. Moreover, the propagating 
refractive index of such waveguides is very sensitive to the 
precision in fabricating the right waveguide width. This 
results in phase errors in the waveguide array that in turn 
result in high adjacent channel crosstalks. Thus, the InP 
and Si based DWDM AWGs usually have high throughput 
loss (typically >10dB) and low adjacent channel signal 
rejection	(typically	<10dB).

To address the problem, we have developed an alternative 
device to AWG that is based on an integrated ultra-
high-resolution diffraction grating approach. This ultra-
high-resolution grating is analogous to the usual curved 
diffraction grating but the grating design is subatantially 
different. The resolution of a grating spectrometer is 
dependent	on	the	size	of	the	entrance	and	exit	waveguides.	
To achieve the highest possible resolution, we have used 
the smallest possible waveguide width of about 500nm (for 
1550nm operation). This results in a very large diffraction 
angle for the optical beam propagating from the input 
waveguide towards the grating. If we were to use the usual 
Echelle-Rowland curved grating design for the grating, the 
large diffraction angle will cause severe spatial aberrations, 
which will prevent the grating from achieving high spectral 
resolution.

To solve the problem, we have developed a computationally 
generated grating design that eliminates all such spatial 
aberrations, resulting in the smallest possible grating with 
the highest spectral resolution. For this grating, DWDM 
channel resolution can be achieved with a small grating 
size	of	less	than	about	0.5	mm2. We will describe the design, 
fabrication, and spectral performance measurement of 
DWDM	 wavelength	 Multiplexers/Demultiplexers	 based	
such ultra-high-resolution gratings on InP or Si platform 
and discuss their applications to various active and passive 
integrated DWDM devices on-a-chip.
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Construction of Energy Band Diagram for CdIn2S4 
Thin Films Deposited onto Fluorine-doped Tin 
Oxide (FTO) and Stainless Steel (SS) Substrates

Raosaheb SAWANT 
Physics, Shivaji University, Maharashtra, India

Semiconducting n-CdIn2S4	thin	films	have	been	deposited	
on	 fluorine-doped	 tin	 oxide	 (FTO)	 and	 stainless	 steel	
(SS) substrates by using a well-known spray pyrolysis 
technique.	Photoelectrochemical	(PEC)	technique	has	been	
employed	to	optimize	substrate	temperature	and	solution	
concentration. The important parameters concerning the 
photoelectrode	are	evaluated	from	C-V	plots	The	values	of	
flat	band	potential	Vfb	are	measured	to	be	-0.150	V	(SCE)	
for	the	films	on	FTO	and	-0.90	V	(SCE)	for	SS	substrate..	
Donar density ND  for n-CdIn2S4	thin	films	deposited	onto		
FTO and SS substrates Donar density ND obtained from 
Mott-Schottky plot are found to be 4.26 × 1016 cm-3 and 
2.72 × 1016 cm-3  respectively while and density of states in 
conduction band is 1.76 × 1018 cm-3.  It is found that Fermi 
levels of CdIn2S4 on FTO and SS substrates are situated 
below	 the	 conduction	 band	 edge	 at	 0.096	 and	 0.108	 eV	
(electrochemical scale energy) respectively. 
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Temperature Dependency of Photoluminescence 
and Photoluminescence Excitation in GaAsN/
AlAs/AlGaAs Quantum Well Structures

Daosheng LI; Weijun FAN; Baoshan MA; Yuxing DANG 
EEE, Nanyang Technological University, Singapore

We	simulated	and	plotted	the	subband	profile	of	GaAsN/
AlAs/AlGaAs	quantum	wells	with	the	ten-band	k·p	model	
and	 the	 one	 of	GaAs/AlAs/AlGaAs	 quantum	wells	with	
eight-band	k·p	model,	to	compare	and	analyze	the	effect	of	
the nitrogen incorporation. The samples with the GaAsN 
QW	 structures	 were	 characterized	 with	 high	 resolution	
X-ray diffraction(HRXRD), Photoluminescence (PL) and 
Photoluminescence excitation (PLE)to investigate nitrogen 
related behaviors in QW structures. This investigation 
demonstrated the dependency of both Photoluminescence 
(PL) peak and Photoluminescence Excitation (PLE) 
absorption on temperature, and the Stokes shifts in 
GaAsN/AlAs/AlGaAs	QW	 structures	within	 the	 specific	
temperature range showed an increasing tendency which 
can	be	assigned	to	nitrogen	localization.	
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Investigation of Ni/WSi/Ti Ohmic Contact to 
n-type SiCN

Wenjuan CHENG; Xueming MA 
Department of Physics, East China Normal University, 
Shanghai, China

Silicon carbon nitride (SiCN) is a promising semiconductor 
material for high-temperature MEMS devices because 
of its wide interesting physical characteristics, such as 
hardness, oxidation resistance, corrosion resistance, wide 
energy band dap, and good thermal conductivity. During 
the	past	years,	most	of	the	studies	of	SiCN	films	have	been	
focused	on	the	preparation	and	characterization	of	the	film.	
However,	to	realize	SiCN	MEMS	devices	operated	at	high	
temperature, thermal dynamically stable ohmic contacts 
with low contact resistance are important. Considering 
pure metal such as Ni has been shown to react with SiC 
to form nickel silicides at temperatures lower than 600oC, 
metal contacts to SiCN might be thermally unstable at 
relatively low temperatures. Therefore, multilayered 
materials should be introduced into contacts on SiCN to 
form carbides and nitrides with the goal to constrain the 
excess carbon and nitrogen at the interface after annealing. 
In this paper, the interface formation and electrical 
properties	of	multilayered	SiCN/Ni/WSi/Ti	contacts	were	
reported.	Ni/WSi/Ti	was	 deposited	 on	 n-type	SiCN	film	
with	RF	 sputtering	 and	 their	 specific	 contact	 resistances	
were measured using the circular transmission line 
method	 (CTLM).	 I-V	characteristics	measurements	were	
performed to determine the behavior of these contacts 
after annealing at different temperatures. It was found 
that the conducting behavior of the contacts so fabricated 
is much dependent on the metal layer thickness and the 
subsequent	 annealing	 temperature.	 X-ray	 photoelectron	
spectroscopy (XPS) and X-ray diffraction (XRD) analyses 
revealed that Ni2Si and TiN formed as a result of the 
annealing.	 The	 Ni	 atoms	 diffused	 downward	 to	 metal/
SiCN interface and converted into Ni2Si layer in adjacent 
to	the	SiCN	film.	The	released	carbon	atoms	and	nitrogen	
atoms reacted with W and Ti atoms to form Ni2Si and TiN 
layer	 respectively.	 Ohmic	 contacts	 with	 specific	 contact	
resistivity as low as 3.07×10-5 Ω.cm2 have been achieved 
after thermal annealing at 1000 oC. The formation of 
carbon and nitrogen vacancies at the Ni2Si/SiCN	interface,	
probably created by dissociation of SiCN and formation 
of Ni2Si during thermal annealing, should be responsible 
for the ohmic formation of the annealed contacts. The 
addition	of	WSi	and	Ti	into	the	Ni	metallization	scheme	to	
n-SiCN restricted the accumulation of carbon and nitrogen 
atoms left behind during Ni2Si formation, improving the 
electrical and microstructure properties.
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Single-crystalline Zinc Oxide Nanowires as 
Photoanode Material for Dye-sensitized Solar 
Cells

Shu-Te HO; Ching-Lun HSIAO; Heh-Nan LIN 
Department of Materials Science and Engineering, 
National Tsing Hua University, Hsinchu, Taiwan

This study reports the use of single-crystalline and well-
aligned	ZnO	nanowires	 as	 photoanode	material	 for	 dye-
sensitized	 solar	 cells.	The	ZnO	nanowires	 are	 grown	on	
fluorine-doped	 tin	 oxide	 coated	 glass	 substrates	 without	
catalysts by thermal evaporation. In spite of low roughness 
factors of around 25 for the nanowire photoanodes, the 
fabricated	solar	cells	yield	power	conversion	efficiencies	
of	around	1.3%	under	AM1.5G	illumination.	Moreover,	fill	
factors of around 0.5 have been achieved and are relatively 
high	 when	 compared	 with	 reported	 values	 from	 ZnO	
nanowire photoanodes. The results reveal the advantage of 
using single-crystalline nanowires as photoanode material 
and provide clues for the advancement of nanowire based 
dye-sensitized	solar	cells.

  A02349-04079 

Effect of UV Exposure on Chalcogenide Thin 
Films for Microlithography Applications

Prabhat DWIVEDI; Satinder SHARMA; 
Ashutosh SHARMA 
Department of Chemical Engineering, Indian Institute of 
Technology Kanpur, Kanpur, India

Amorphous	 chalcogenide	 thin	 films	 are	 of	 great	
technological interest due to their high non-linear optical 
properties. High refractive index, high transparency in IR 
region,	 high	 sensitivity	 to	UV	 light	 and	 easy	processing	
make them suitable material for photonic devices 
applications and other technological applications. One 
of the interesting applications of these materials is in 
microlithography	where	chalcogenide	glass	films	are	used	
as	UV	sensitive	photoresist	for	gray	scale	lithography.	In	
this present work, we report fabrication of chalcogenide 
thin	 films	 deposited	 by	 thermal	 evaporation	 on	 various	
substrates	 at	 room	 temperature.	 The	 deposited	 films	
were	analyzed	 through	different	 techniques	 to	determine	
thickness, uniformity, composition and refractive index. 
Exposure	of	these	films	by	UV	light	changes	the	structure	
and	optical	properties	of	the	films.	The	sensitivity	of	there	
films	to	visible	or	UV	light	is	studied	for	its	structure	and	
optical properties through Raman spectroscopic. The 
changes	 in	 structural	and	optical	parameters	of	 the	films	
before	and	after	UV	exposure	are	discussed.
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Wafer Bonded Blue Light-Emitting Diode Grown 
on a Si Substrate

Seung-Jae LEE1;2; Kang Ho KIM1; Jae Hoon KIM1;3; 
Seong-Ran JEON1; Tak JEONG1; Sang Hern LEE1; 
Jong Hyeob BAEK1 
1. LED Device Team, Korea Photonics Technology 
Institute, Gwangju, South Korea
2. School of Advanced Materials Engineering, Chonbuk 
National University, Jeonju, South Korea
3. Department of Photonics Engineering, Chosun 
University, Gwangju, South Korea

Crack-free GaN epitaxial device structures emitting at 
460 nm were grown on Si(111) substrates by metalorganic 
chemical	vapor	deposition	(MOCVD).	The	light-emitting	
diode (LED) was fabricated by wafer bonding process 
with	Si(100)	receptor	wafer	having	a	high	reflective	metal	
reflector.	 By	 using	 wafer	 bonding	 porcess	 followed	 by	
an anisotropic etching process to roughen the surface, 
an n-side-up GaN based LED with a hexagonal cone-
shaped surface has been fabricated for improving the light 
extraction. The output power of the wafer bonded LED 
shows a twofold to threefold increase compared to that of 
conventional LED.

  A02382-04083 

Correlation between Band Structure and 
Magneto-transport Properties in Medium-
infrared Detector II-VI Modulated Nanostructure 
Superlattice 

Abdelhakim NAFIDI 
Physics, University Ibn Zohr, Agadir, Morocco

We report here carrier’s magneto-transport properties 
and	 band	 structure	 results	 for	 II-IV	 nanostructured	
semiconductor.	HgTe	 is	 a	 zero	gap	 semiconductor	when	
it is sandwiched between CdTe layers yield to a small gap 
HgTe/CdTe	 superlattice	 witch	 is	 the	 key	 of	 an	 infrared	
detector. Our sample, grown by MBE, had a period 
d=d1+d2 (90 layers) where d1(HgTe) =5.6 nm and d2(CdTe) 
= 3 nm. Calculations of the specters of energy E(d2), E(kz) 
and E(kp), respectively, in the direction of growth and in 
plane of the superlattice; were performed in the envelope 
function formalism. The energy E(d2, gama, 4.2 K), shown 
that for each d1/d/2, when d2 increase the gap Eg decrease 
to	 zero	 at	 the	 transition	 semiconductor	 to	 semimetal	
conductivity behavior and become negative accusing a 
semimatallic conduction. At 4.2 K, the sample exhibits 
p type conductivity with a Hall mobility of 8200 cm2/Vs.	
This allowed us to observe the Shubnikov-de Haas effect 
with p = 1,80 1012 cm-2. Using the calculated effective mass 
(m*HH = 0,297 m0) of the degenerated heavy holes gas, the 
Fermi energy (2D) was EF =14	meV	in	agreement	with	12	
meV	of	 thermoelectric	 power	 alpha.	 In	 intrinsic	 regime,	

alpha	~T-3/2 and RH T3/2 indicates a gap Eg =E1-HH1= 190 
meV	in	agreement	with	calculated	Eg(gama, 300 K) =178 
meV.	The	formalism	used	here	predicts	that	this	sample	is	
a narrow gap, two-dimensional modulated nanostructure 
and medium-infrared detector. 
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High-quality Layer-by-layer Growth Of ZnO 
Heteroepilayers By Metal-organic Chemical-
vapor Deposition

S. T. TAN1; J. D. YE1; S. PANNIRSELVAM1; Y. YANG2; 
X. W. SUN1;3; G. Q. LO1; K. L. TEO2;4 
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4. Electrical and Computer Engineering Department, 
National University of Singapore, Singapore

ZnO	has	been	in	the	hot-spot	of	research	since	last	decade	
due to its potential to be a promising candidate for short-
wavelength optoelectronic devices. The main research 
interests	 in	 the	 ZnO	 are	 (1)	 to	 obtain	 high-quality	 ZnO	
epitaxial	 films;	 (2)	 to	 fabricate	 high-quality	 p-type	 ZnO	
epitaxial	films;	and	(3)	to	fabricate	high-quality	ZnO-based	
alloys for the applications in optoelectronic. Among these 
research	fields,	developing	the	ZnO	epitaxial	growth	is	the	
fundamental research that is crucial to the development of 
doping	and	alloying	research	in	ZnO.	On	the	other	hand,	
it has been proven that Metal-organic Chemical-vapor 
deposition	 (MOCVD)	has	a	 clear	 advantage	of	being	an	
advanced research tool for material and device physics, 
while reserving the potential of being a production tool 
for	devices	commercialization.	Since	the	birth	of	MOCVD	
growth	 concept	 in	 mid-1980s,	 MOCVD	 has	 gone	 from	
primarily a research tool to the stage where it is now being 
practically used in microelectronic and optoelectronic 
industry, especially for GaN and related materials. The 
ease	 of	 scale-up	 in	MOCVD	 system	 from	 laboratory	 to	
industrial tool has stimulated tremendous interest and 
research	 activity	 on	 MOCVD	 growth	 of	 ZnO	 material.	
In	 the	 opinion	 of	 the	 authors,	 MOCVD	 is	 a	 promising	
technique	 to	 be	 employed	 in	ZnO	material	 research	 as	 it	
is	a	well-developed	method	to	grow	GaN	films,	which	is	
isomorphic	to	ZnO.

In	 this	 work,	 high-quality	 ZnO	 heteroepilayer	 has	
been	 fabricated	 by	 AIXTRON	 19×2”	 showerhead	
injector	 MOCVD	 on	 c-plane	 sapphire	 substrate.	 The	
nominal	 undoped	 ZnO	 epilayer	 exhibits	 smooth	 surface	
morphology	with	a	nominal	 root-mean-square	roughness	
of	 0.717nm	 (5×5μm),	 indicating	 two-dimensional	 layer-
by-layer growth was demonstrated. The crystallinity of 
the	 ZnO	 epilayer	 was	 probed	 by	 high-resolution	 X-ray	
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diffraction. The symmetric (0002) and skew symmetric 
(10-11) rocking curves have its full width at half maximum 
of 186 arcsec and 622 arcsec, respectively. The nominal 
undoped	 ZnO	 epilayer	 is	 insulative	 with	 the	 carrier	
concentration	of	~1017 cm-3 that estimated by capacitance-
voltage measurement. The typical mobility of the nominal 
undoped	film	is	in	the	range	of	80-100	cm2/V-s	that	probed	
by Hall effect measurement. As for the optical properties, 
the	ZnO	epilayer	is	highly	transparent	with	more	than	80%	
transmission in visible wavelength. Photoluminescence 
mapping and cryogenic-temperature photoluminescence 
were carried out to show the uniformity and excellent 
optical	 quality	 of	 the	 ZnO	 epilayers.	 In	 conclusion,	 this	
work	clearly	demonstrated	the	capability	of	the	MOCVD	
for	 growing	 high-quality	 ZnO	 epilayers	 and	 it	 could	 be	
a	 reliable	 tool	 for	 fabricating	 high-quality	 p-type	 ZnO	
epilayers.

This work is supported by Singapore Agency for Science, 
Technology and Research (A*STAR), under grant No. 052-126-
0095. 
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ZnO Ternary Alloys; ZnMgO and ZnCdO
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As	 a	 wide	 band	 gap	 material,	 ZnO	 has	 been	 widely	
researched due to its high potential to revolutionise the 
electronic and optoelectronic industries. One of the main 
advantages	 to	 ZnO	 based	 devices	 is	 fabrication	 of	 light	
emitting	diodes	(LEDs)	in	the	blue	and	ultra-violet	(UV)	
spectrum. Many researchers have explored the band gap 
engineering	of	ZnO	by	alloying	it	with	magnesium	(Mg)	
and	cadmium	(Cd),	which	is	critical	to	form	quantum	wells	
structures	for	high-efficient	optoelectronics	devices.	

In this study, metal-organic chemical vapour deposition 
(MOCVD)	technique	is	used	to	investigate	alloying	of	ZnO	
using Mg and Cd for a wide range of temperatures. The 
ZnCdO	and	ZnMgO	films	were	grown	on	ZnO	templates,	
which were grown on c-plane sapphire substrates. Generally, 
the	problems	associated	with	Cd	incorporation	into	ZnO,	
is the phase segregation at high temperature growth. 
Atomic force microscopy (AFM) and energy dispersive 
x-ray	 spectroscopy	 (EDX)	 performed	 on	 a	 ZnCdO	
sample, grown at temperatures > 900°C, showed that the 
segregation of CdO caused the roughening of the surface 
and the segregated regions had distinct shapes. This shows 
that	at	high	temperature,	the	ZnCdO	is	thermodynamically	
unstable. On the other hand, Cd incorporation can be 

achieved at low temperatures around 400°C. However, 
the low temperature growth leads to granular growth of 
the	ZnCdO	film.	The	investigations	of	ZnMgO	show	that	
significant	Mg	incorporation	can	only	be	achieved	at	high	
temperatures, around 900°C. Furthermore, the samples did 
not show any visible phase segregation and did not affect 
the	 surface	morphology	 significantly.	Room	 temperature	
PL	 and	 reflectance	 measurement	 showed	 good	 results.	
Our	group	was	able	to	achieve	ZnCdO	and	ZnMgO	films	
with	band	gap	of	2.45	eV	and	3.75	eV	respectively.	This	
work	demonstrated	the	feasibility	of	growing	high-quality	
ZnO-based	ternary	alloys	with	excellent	controllability	by	
MOCVD. 

# This work is supported by Singapore Agency for Science, 
Technology and Research (A*STAR), under grant No. 052-126-
0095.
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Temperature-dependent Photoluminescence 
Study on the Multilayer of ZnMgO/ZnO Grown at 
High Temperature
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Zinc	 oxide	 (ZnO)	 has	 attracted	 considerable	 attention	
recently	 owing	 to	 its	 unique	 physical	 properties	 and	 its	
potential	 applications	 in	 the	UV/blue	 region.	Due	 to	 the	
large	exciton	binding	energy	(60	meV),	ZnO	and	its	related	
(Be,	Mg,	Zn,	Cd)O	alloys	are	an	excellent	candidate	 for	
high-temperature	 and	 high-efficiency	 laser	 operations.	
To fabricate high-performance devices, p-type doping 
and band gap engineering are two critical challenges. 
ZnMgO	material	has	high	radiation	hardness	and	tunable	
band	gap	energy	(3.3-7.8	eV).	It	 is	a	strong	candidate	in	
photodetectors	 for	 its	 high	 absorption	 coefficient	 and	
abrupt	 absorption	 edge.	 Formation	 of	 MgxZn1-xO/ZnO	
heterostructures	and	quantum	wells	(QWs)	is	essential	for	
practical applications in laser devices.
 
In	 our	 studies,	 we	 have	 grown	 ZnMgO/ZnO	multilayer	
from 850 to 1000 °C by metal-organic chemical vapour 
deposition	 (MOCVD)	 technique	 to	 study	 the	 effect	 of	
growth temperature on the formation of heterojunction. 
Temperature-dependent photoluminescence (PL) has been 
used	 to	 study	 the	 optical	 properties	 of	 the	 ZnMgO/ZnO	
multilayer.	 The	 diffusion	 of	Mg	 ions	 into	 intrinsic	 ZnO	
lattice has been discussed.
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ZnO	 material	 has	 been	 investigated	 extensively	 in	 the	
last decades due to its great potential in ultraviolet light 
emitting	 diodes	 and	 photodetectors.	 High	 quality	 ZnO	
epitaxy	is	the	basis	of	realization	and	development	of	ZnO-
based devices. Metalorganic chemical vapor deposition 
(MOCVD)	technique	has	been	employed	extensively	in	the	
epitaxy,	doping	and	alloying	of	ZnO	films,	and	even	many	
research	groups	 report	 to	get	p-type	conduction	of	ZnO.	
However, the reliability of p-type is still a big challenge 
maybe	 due	 to	 the	 low	 quality	 of	 epitaxy.	 Recently,	
layer-by-layer	 ZnO	 on	 sapphire	 have	 been	 realized	 by	
MOCVD	 technique	 in	 our	 group.	 In	 this	 contribution,	
we are focusing on the investigation of the growth mode 
transitions	 during	 ZnO	 heteroepitaxy	 on	 sapphire	 using	
metalorganic chemical vapor deposition. Nucleation layer 
growth and coalescence process in the initial growth stage 
of	 ZnO	 were	 in	 situ	 characterized	 by	 normal	 incidence	
reflectance	 measurement	 and	 surface	 morphology	 was	
ex	situ	characterized	by	atomic	force	microscope	(AFM).	
The nucleation layer grown at low temperature undergoes 
the typical three-dimensional (3D) islands growth modes, 
investigated	 by	 the	 low	 and	 long	 reflectance	 peaks.	The	
subsequent	 ramping	process	enhanced	3D	growth	mode,	
resulting in rougher surface morphology and larger islands 
size.	The	formation	of	larger	islands	leads	to	the	reduction	
of nuclei density and the mixed and edge dislocations are 
suppressed during coalescence process. In the initial high 
temperature growth, the coalescence process dominated 
and the lateral growth were enhanced. After coalescence 
process,	 the	 in	situ	 reflectance	measurements	exhibit	 the	
perfect periodic isolations, indicative of two-dimensional 
growth	mode	of	ZnO.	Layer-by-layer	morphology	has	been	
observed by AFM with the RMS roughness less than 1nm.
High-resolution X-ray diffraction measurement shows 
that the full width at half maximum of (0002) and (10-11) 
planes are 316 and 632 arcsec, respectively. The growth 
transitions	from	3D	mode	of	nucleation	layer	to	final	2D	
mode	 lead	 to	 the	high	quality	ZnO	with	 low	dislocation	
density and intense band edge emission, which fully 
satisfied	the	demands	of	high	performance	optoelectronic	
device developments.

# This work is supported by Singapore Agency for Science, 
Technology and Research (A*STAR), under grant No. 052-126-
0095.

  A02484-04248 

Metamorphic InGaAs Materials and Telecom 
Lasers

Shumin WANG1; Yuxin SONG1; Ivar TåNGRING1; 
Zonghe	LAI1; Mahdad SADEGHI1; Anders LARSSON1; 
Donghai WU2;	Zhichuan	NIU2 
1. Microtechnology and Nanoscience, Chalmers 
University of Technology, Göteborg, Sweden
2. Institute of Semiconductors, Chinese Academy of 
Science, Beijing, China

We present experimental results on metamorphic InGaAs 
grown on GaAs substrates using molecular beam epitaxy 
for telecom laser applications. It has been found that the 
doping	 in	 a	 compositionally	graded	 layer	has	 significant	
effects on structural and surface properties. With the 
optimized	 growth	 condition,	 we	 demonstrate	 InGaAs	
quantum	 well	 lasers	 at	 1.34	 µm	 under	 cw	 excitation	
(Jth=205	A/cm

2) and at 1.58 µm under pulsed excitation 
(Jth=490	A/cm

2), both operated at room temperature. 

  A02505-04302 

New Heterostructure Based Silicon and TCOs

Sadia MAIFI; Mohamed Said BELKAID 
Electronic Department, University of Mouloud 
MAMMERI, Tizi Ouzou, Algeria

The use of metal-insulator-semiconductor (M-I-S) 
heterojunctions is among the several ways to improve the 
photovoltaic	 systems	 efficiency	 with	 low	 cost.	 In	 these	
structures the use of transparent conducting oxides (TCOs) 
is advantageous. This interest is related to their good 
electrical and optical properties. Additionally, they can be 
used with polycrystalline and amorphous substrates.

Tin	oxide	 and	 zinc	oxide	 are	 among	 the	various	 studied	
TCOs because of their abundance in nature which makes 
them lower cost materials when compared to the most used 
TCOs: indium tin oxide.

The	employ	of	 tin	oxide	on	one	side	of	 silicon	and	zinc	
oxide on the other side gives us a new heterostructure 
configuration	 Metal-Insulator-Semiconductor-
Semiconductor (M-I-S-S). 

In	 this	 paper,	we	 report	 on	 the	 study	 of	 ZnO/SiO2/p-Si/
SnO2	 configuration	 and	 its	 photovoltaic	 application.	 To	
insure this application a compromise between silicon 
carrier concentration and that of tin oxide should be 
respected in such a way SnO2/p-Si	 constitutes	 an	ohmic	
contact	whereas	ZnO/SiO2/p-Si	is	a	Schottky	diode.	This	
TCOs emplacement choice is based on both theoretical and 
experimental aspects. The whole calculations are based on 
the energy band diagrams in each material.
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  A02512-04303 

Optical Properties of GaN Epitaxial Layers 
Deposited on a Low Temperature Buffer Layer of 
AlN for Waveguide Applications

Arnaud STOLZ1; Eunjung CHO2; El Hadj DOGHECHE1; 
Dimitris PAVLIDIS2; Didier DECOSTER1 
1. Optoelectronics, Institute of Electronic Microelectronic 
and Nanotechnology - CNRS UMR, Villeneuve d’Ascq, 
France
2. Department of High Frequencies Electronics, 
Technische Universitat Darmstadt, Darmstadt, Germany

In the last decade, Gallium Nitride (GaN) has gained 
tremendous importance due to its large bandgap and its 
possible applications in light emitting, as well as, laser 
diodes (LDs). Although GaN has already been used for 
optical applications, propagation losses in this material are 
considered	to	be	a	significant	parameter,	which	can	impact	
the	 operation	 of	 waveguides.	 Hence,	 high	 quality	 GaN	
layers	are	required	in	this	type	of	devices.

With optical technology becoming more mature and widely 
used,	 there	 is	 a	major	 need	 for	 designing	 and	 analyzing	
waveguide devices and integrated optoelectronic circuits. 
Moreover, there is an increasing demand for precise 
evaluation of the refractive index value of GaN and its 
alloys i.e. AlGaN, InGaN, in order to ensure the rapid 
development of optoelectronic devices.

In	 this	 study,	 we	 have	 characterized	 GaN	 samples	 of	
different	 thicknesses	 grown	 by	 MOCVD	 on	 sapphire	
substrates. The structure originality is based on the 
development of a stack layer in order to improve the 
quality	of	the	GaN	layer.	It	consists	in	the	superposition	of	
a	AlN/GaN	superlattice	grown	on	two	AlN	buffer	layers:	a	
low temperature (LT) AlN buffer layer deposited at 950°C 
and followed by a high temperature (HT) AlN buffer layer 
grown at around 1000°C.

By using the guided wave prism-coupling and ellipsometry 
techniques,	 we	 have	 measured	 both	 ordinary	 and	
extraordinary refractive indices at different wavelengths 
and we have extracted the GaN thickness and correlated 
with SEM imaging. In particular, we have also obtained 
refractive indices of 2.282  and 2.317 for respectively TE 
and	TM	polarizations	at	1.55µm.	We	have	studied	the	index	
gradient in GaN layer by using the inverse WKB method 
and found that the deviation of the refractive index as a 
function of depth is very small. This gives an indication of 
the	material	quality.

We have also measured the propagation losses in planar 
waveguides. The infrared waveguiding properties of this 
structure	proved	to	be	highly	beneficial	for	the	fabrication	
of waveguides for telecom device applications since they 
show	propagation	losses	of	less	than	1.3	dB/cm	at	1.55µm.	
The	 results	 exhibit	 large	 possibilities	 for	 realizing	 and	
observing	confinement	in	ridge	waveguide	structures.

  A02525-04321 

Surface Superpolaritons in One Dimensional 
Superconducting Photonic Crystals

Jamal BARVESTANI 
Physics Faculty, Tabriz University, Tabriz, Iran

The surface waves for one dimensional nondissipative 
superconductor- dielectric superlattice is theoretically 
calculated. The interesting features of these waves in the 
two-	fluid	model	by	using	of	direct	matching	procedure	are	
presented. It is displayed that the dependence of surface 
waves are different from dielectric- dielectric superlattices. 
The dispersion of superpolaritons (photon- superelectron 
hybrids)	 is	 presented.	 We	 finally	 study	 surface	 waves	
as a function of superconductor and dielectric layers 
properties.

  A02527-04325 

Synthesis and Characterization of Colloidal SnTe/
MEH-PPV Film

Guan Hui LIM1; Min Shern NEO2; Soo Jin CHUA1;3; 
Qinghua XU1;2; Wee Shiong CHIN2 
1. NUS Graduate School for Integrative Sciences and 
Engineering, National Univeristy of Singapore, Singapore
2. Department of Chemistry, National Univeristy of 
Singapore, Singapore
3. Department of Electrical and Computer Engineering, 
National Univeristy of Singapore, Singapore

In 2004, it was demonstrated experimentally that 
quantum	confined	 semiconducting	 nanocrystal	 possesses	
multi-exciton generation (MEG) ability, which had 
been postulated earlier. Thus it is believed that using 
semiconducting nanocrystal in solar cell can enhance the 
efficiency	 tremendously	 since	 it	 is	 possible	 for	 a	 single	
photon to generate multiple electron-hole (e-h) pair. With 
this discovery, works had been reported with the use of 
nanocrystals such as PbSe, PbS, CdSe, etc. to fabricate 
solar	 cell	 in	 hope	 of	 realizing	 a	 cheap	 and	 efficient	
nanocrystal	 solar	cell.	Our	work	seek	 to	synthesize	non-
toxic nanocrystal with good MEG property that can allow 
the	eventual	fabrication	of	an	efficient,	cheap	and	‘green’	
solar	 cell	 that	 can	 revolutionize	 the	 existing	 solar	 cell	
market. 

To	achieve	our	goal,	we	 started	out	by	 synthesizing	and	
characterizing	 colloidal	 SnTe	 nanocrystal	 film.	 SnTe	 is	
chosen	because	it	has	a	bulk	narrow	band	gap	of	0.18eV	
at 300K, which makes it potentially a material possessing 
strong MEG property as nanocrystal. In addition, tin is 
definitely	environmentally	benign	than	lead	and	cadmium,	
which	are	known	to	be	highly	toxic.	The	film	was	prepared	
by	first	synthesizing	the	colloidal	SnTe	nanocrystal	using	
hot-injection method. Absorption spectroscopy, XRD and 
TEM	 characterizations	 were	 performed	 on	 the	 colloidal	
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SnTe solution. Then colloidal SnTe nanocrystal dispersed 
in	MEH-PPV	was	spin-cast	onto	a	glass	substrate.	Ti/Au	
electrode was deposited on the top side of the device for 
conductivity	characterization	of	the	film.

  A02530-04331 

Complete Optical Characterization of Multilayered 
InxGa1-xN/GaN Structures Grown by MOCVD on 
Sapphire Substrates

A. GOKARNA1; A. STOLZ1; E. DOGHECHE1; 
D. DECOSTER1; J. TENG2; W. LIU2; S. J. CHUA2; 
E. DUMONT3 
1. Opto-electronique, Institute d’Electronique, de 
Microelectronique, et de Nanotechnologie, Lille, France
2. Patterning and Fabrication, Institute of Materials and 
Research Engineering, Singapore
3. Thermodynamics and Mathematical Physics, Faculte 
Polytechnique de Mons, Mons, Belgium

As a result of the growing interest in blue light emitting 
diodes and laser diodes for use in full color displays and 
high	 packaging	 density	 data	 storage,	 III-V	 nitride	 based	
materials have become an important topic of study. 
For effective device operation and design, a precise 
understanding of the optical properties of these materials 
is necessary, for ex. understanding the dispersion of the 
refractive index which plays a crucial role in the fabrication 
of light emitting diodes and laser devices.

Till date, there are a few reports on the refractive index 
dispersion of Indium Gallium Nitride (InxGa1-xN) obtained 
by various optical methods. However, further study is still 
necessary in order to correlate the variation in the refractive 
index of InxGa1-xN as a function of the incident wavelength 
of light, the composition of Indium and also the thickness 
of InxGa1-xN layer.

In the present study, we conducted research on two series 
of samples : in one series, a single layer of InxGa1-xN/GaN	
with	the	In	composition	varying	from	(1%	-	30%)	and	with	
thickness in the range of 200 nm were grown by the MBE 
technique,	 on	 a	 sapphire	 substrate.	 In	 the	 second	 series,	
keeping	 the	 In	 composition	 fixed	 (30%),	 two	 samples	
with alternating layers of  InxGa1-xN/GaN	were	grown	on	
sapphire substrates. These two samples differed in the 
thickness and number of the alternating layers. None of 
these samples had a capping layer. 

These	 samples	 were	 optically	 characterized	 using	
photoluminescence, guided-wave optical prism coupling 
and	 ellipsometry,	 while	 structurally	 characterized	 using	
SEM and AFM. A relationship was established to correlate 
the	film	microstructure	to	the	optical	properties.	Theoretical	
simulation using two types of models has also been carried 
out in order to compare the values of the refractive index 
obtained experimentally and theoretically.

In	the	first	series	of	samples	we	obtained	a	refractive	index	
and a thickness of the layers by using the guided-wave 
optical	 prism	 coupling	 technique.	 The	 refractive	 index	
results were in good agreement with the values obtained 
by using theoretical simulations (Kirsten’s model). In 
addition,	 the	 film	 thickness	 calculated	was	 also	 in	 good	
agreement with the scanning electron microscopy (SEM) 
results. Currently, there are no reports showing the variation 
in the refractive index versus wavelength of light for an In 
composition	of	30%.	Moreover,	the	quality	of	the	samples	
with	30%	In	composition	is	quite	good.	

The second series of multilayered InxGa1-xN/GaN	samples	
were marked by a broad photoluminescence spectra 
extending from the visible to the infra-red region. These 
exciting results and the variation in the optical properties 
of the two series of samples with respect to the In 
composition and the number of layers of InxGa1-xN/GaN	
will be discussed in details. 

  A02546-04355 

Plasmonic Semiconductor Lasers: A New Class 
of Light Sources with Engineered Far-field and 
Near Field

Federico CAPASSO 
School of Engineering and Applied Sciencess, Harvard 
University, Cambridge MA, United States

This talk will highlight recent research in our group aimed 
at inventing and investigating a new class of light-sources 
with designed	 far-field	 and	 near	 field.	 Monolithically	
integrated metallic nanostructures (plasmonic collimators) 
have	 been	 used	 to	 achieve	 beam	 shaping	 of	 quantum	
cascade laser and in particular to dramatically reduce (by 
a	~	factor	of	30)	their	divergence	down	to	a	few	degrees	
in	the	vertical	and	horizontal	direction,	while	maintaining	
high optical power.1, 2 These results open up exciting new 
applications in laser ranging, chemical sensing and optical 
wireless.  We have also built plasmonic polarizers on the 
laser	facet	and	have	demonstrated	linear	polarization	at	45	
deg	 angle	 for	 an	 initially	TM	polarized	 laser	by	using	 a	
45 deg tilted aperture-grating. Progress towards achieving 
a	 circularly	 polarized	 laser	 beam	 using	 a	 dual	 aperture-
grating combination will be presented.

Finally results on devices (plasmonic laser antennas) 
capable	 of	 creating	 intense	 and	 highly	 localized	 (nm	
size)	 optical	 spots	 in	 the	 near	 field	 will	 be	 discussed.3,4 
Both near-ir and mid-ir devices have been demonstrated. 
These active optical antennas have potentially wide 
ranging applications such as ultrahigh density optical 
recording, high-resolution spatially resolved imaging and 
spectroscopy, and laser assisted processing and repair of 
masks and circuits.  
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Collaborators: HarvardUniversity: N. Yu, Jonathan Fan, 
E.	Cubukcu,	R.	Blanchard,	Q.Wang,	C.	Pfluegl,	L.	Diehl;	
Hamamatsu: T. Edamura, M. Yamanishi, H. Kan

1. N. Yu et al. Nature Photonics2, 564 (2008) 
2. N. Yu at al. Appl. Phys. Lett.  93, 181101 (2008)
3. E. Cubukcu et al. IEEE Journal of Selected Topics in Quantum 
Electronics14, 1448 (2008)

  A02549-04359 

New Approaches for Modulation of Vertical Cavity 
Lasers

Kent CHOQUETTE; Chen CHEN 
Electrical and Computer Engineering, University of 
Illinois, Urbana, Illinois, United States

Modulation of high performance low cost and low 
operation power microcavity lasers will be critical for 
future expansion of the internet. The vertical-cavity 
surface-emitting	 laser	 (VCSEL)	 can	 be	 used	 for	 short	
to mid-haul optical communication network and data 
center applications because of its low operating power 
consumption, high-density two-dimensional array 
integration, and low cost and high volume manufacture. 
Increasing	 bandwidth	 and	 efficiency	 requirements	 will	
require	new	VCSEL	structures	and	device	configurations.	
In this presentation we will discuss several approaches to 
enhance the modulation bandwidth and performance of 
VCSELs.	The	use	of	photonic	crystal	confinement	enables	
engineering the spatial overlap between the optical mode 
and laser gain for improved high speed operation and 
reduced relative intensity noise. Large-signal operation 
of 12.5 Gbps is achieved with a single transverse mode 
photonic	 crystal	 VCSEL	 and	 >15	 Gbps	 with	 a	 single	
transverse-mode	 holey	 VCSEL.	 The	 design	 rules	 for	
optimal single transverse mode high speed photonic crystal 
and	holey	VCSELs	are	extracted	from	a	parametric	study	
of their large-signal modulation characteristics. 

The use of two optically coupled but electrically isolated 
cavities	within	a	monolithic	VCSEL	may	allow	for	even	
greater	modulation	bandwidth.	VCSELs	with	a	coupled-
cavity structure are referred to as composite-resonator 
vertical-cavity	 laser	 (CRVCL).	 From	 the	 perspective	
of	 high-speed	 laser	 design,	 the	 CRVCL	 has	 the	 ability	
to change the carrier and photon densities through 
either of the coupled cavities, enabling the engineering 
of the modulation characteristics. We demonstrate a 
novel modulation scheme that will produce light output 
modulation without varying the total carrier and photon 
densities inside the laser, and thus it has potential to achieve 
high speed modulation beyond the relaxation oscillation 
(RO)	frequency.	The	light	output	modulation	arises	from	
modulation of the longitudinal optical mode distribution. 

Pre-emphasis for direct modulation of vertical-cavity 
surface-emitting lasers can be also achieved monolithically 
by incorporating a coupled optical cavity structure. 
Direct modulation is applied through one of the coupled 
cavities, and a reverse DC voltage is applied to the other 
cavity to control the pre-emphasis. We demonstrate the 
pre-emphasis improves the modulation bandwidth using 
the small and large signal modulation characteristics of 
the	 coupled-cavity	 VCSELs.	 Finally,	 microwave	 signal	
mixing	 is	 demonstrated	 using	 a	 CRVCL	 with	 electrical	
input and optical output. When two microwave signals of 
different	frequencies	are	launched	into	a	CRVCL	through	
the top and bottom cavity, signal mixing occurs inside the 
laser cavity, which can be observed from the RF spectrum 
of the laser output. The amount of signal mixing can be 
engineered	by	varying	the	DC	bias	applied	to	the	top	or/
and	bottom	cavity	of	the	CRVCL.	Signal	mixing	enables	
to	generate	higher	order	harmonics	or/and	RF	 signals	 at	
new	frequencies,	which	can	be	useful	for	signal	processing	
or optical signal conversion in an optical data link. 

  A02603-04442 

GaN-on-Si: Present and Future

Alois KROST 
Institute of Experimental Physics, Otto-von-Guericke-
University, Germany

So far, group-III nitrides are mainly grown on sapphire 
or SiC. Meanwhile, silicon is considered to be a serious 
alternative substrate to sapphire and SiC, especially because 
of its low price, large diameter wafers, and thermally well 
conducting properties. Former problems like meltback 
etching and cracking due to thermal mismatch are widely 
overcome by different approaches like (Al,Ga)N buffer 
layers low temperature AlN interlayers or growth on 
patterened substrates. Electronic as well as optoelectronic 
and	 sensor	 devices	 have	 been	 realized	 now.	 There	 are	
worldwide activities for increasing the performance 
and	 especially	 the	wafer	 size.	Diameters	 up	 to	 200	mm	
have already been reported. Most of the recent work and 
published device results have been for GaN growth on 
(111)	 silicon	 substrates,	with	 the	first	 commercial	 chips,	
mainly HEMTs, now available. We have achieved crack-
free layers on Si(111) with 7 µm thickness of up to 150 mm 
in	diameter	with	twist	and	tilt	values	both	around	300”.	It	
should be noted that the Si wafer diameter is only limited 
by the growth apparatus and not by fundamental physical 
properties. Besides the Si(111) plane, also Si(100) and 
most recently Si(110) have been used with great success 
by us. Recent results on these plane as well as on silicon-
on-insulators will be presented.
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  A02607-04453 

Synthesis and Modifications of ZnO-porous 
Silicon Nanocomposites for White Light 
Applications

Ram Gopal SINGH1; Fouran SINGH2; 
Vivechana	AGARWAL3; Dinakar KANJILAL2; 
Ram Mohan MEHRA1 
1. Dept. of Electronic Science, University of Delhi South 
Campus, India
2. Materials Science Group, Inter University Accelerator 
Centre, Aruna Asaf Ali Marg, India
3. Centro de Investigacion en Ingenieria y Ciencias 
Applicadas UAEM, Avenida Universidad, Mexico

Development of solid-state white light source (SSWLS) 
across the extended visible region of electromagnetic 
spectrum	 from	 ZnO-Porous	 silicon	 nanocomposite	 is	
reported. Such outstanding emission has considerable 
implications in the development of advanced luminescent 
materials.	Nanocrystallites	of	ZnO	were	grown	inside	the	
spongy structures of porous silicon by chemical route of sol-
gel spin coating. The property of the material arises from 
versatile interactions among the host structure of porous 
silicon	 and	 ZnO.	 The	 Glancing	Angle	 X-ray	 diffraction	
(GAXRD)	 pattern	 of	 nanocomposite	 films	 shows	 that	
the	 quality	 of	 (002)	 oriented	 ZnO	 nanocrystallites	 and	
demonstrates polycrystalline nature. The interface of the 
ZnO-PS	 nanocomposite	 films	 has	 been	 studied	 using	
scanning electron microscopy (SEM). The electron 
transport	 mechanism	 of	 this	 nanocomposite	 films	 has	
been studies by the current- voltage measurement and 
understood by the trap-limited current model. The origin 
of observed extended white light emission from 1.4 to 3.3 
eV	is	discussed	by	developing	a	flat	band	energy	diagram.	

  A02655-04555 

InSb Diodes Formed by Mg Rapid Thermal 
Diffusion

Z.	J.	XU; J.H. LI; D. H. ZHANG;	X.	Z.	CHEN 
EEE, Nanyang Technological University, Singapore

We	report	 formation	and	characterization	of	 InSb	diodes	
fabricated by direct thermal diffusion of Mg on n-type 
InSb	wafers.	An	Mg	layer	with	99.999%	purity	was	first	
deposited on n-type InSb wafers and the rapid thermal 
diffusion technology was used to form a p-type layer on the 
InSb wafer surface. Using two-step photolithography, the 
InSb photodiodes with a mesa of 6 × 10-2 mm2 were than 
fabricated. The devices demonstrated excellent rectifying 
performance. The reverse current of the photodiode at 
-0.6V	was	about	5.3×10-7A/mm2 at 10K. The ratio of the 
forward current over reverse current was 76. The break 
down	voltage	was	 about	 1.2	V.	Our	 results	 indicate	 that	
rapid thermal Mg diffusion in n-InSb wafer can obtain 
high	 quality	 P-N	 junction	 and	 the	 technique	 is	 simple,	
cheap and effective.

  A02672-04589 

Novel Photonic Crystal Based Nanocavity 
Resonator

Fu Li HSIAO1; Chengkuo LEE1;2 
1. Electrical and Computer Engineering, National 
University of Singapore, Singapore
2. Institute of Microelectronics, Agency for Science, 
Technology and Research, Singapore

Photonic crystals (PCs) are structures with a periodically 
modulated dielectric constant. The light propagating in a 
PC experiences multiple scattering leading to the formation 
of Bloch waves and photonic band gaps. Based on the well 
confinement	 of	 the	 light,	 photonic	 crystal	 structures	 are	
promised candidate for optical waveguides and cavities. 
The photonic crystal based optical waveguides reveal novel 
performances, for instance, low loss waveguide with sharp 
bending	angle	and	small	confined	volume	optical	resonator.	
The features differ from that of traditional dielectric optical 
waveguides. Many optical applications based on photonic 
crystals attract much attention, for example, the optical 
add/drop	filters,	 the	mechanical	sensors	and	biochemical	
sensors. These applications could be achieved by combining 
the photonic crystal waveguide and resonant cavity. The 
resonance mode of cavity is excited by input waveguide 
and coupled into output waveguide. Device performance 
is	determined	by	two	factors,	i.e.,	the	coupling	efficiency	
between waveguide and resonant cavity and the optical 
confinement	quality	of	resonant	cavity.

In this work, we present the theoretical studies of optical 
add\drop	 filters	 based	 on	 silicon	 based	 photonic	 crystal.	
Our sample is formed by arranging triangular lattice air 
cylinders in a silicon thin plate. The thickness of silicon 
plate is set to be 400nm. The lattice constant and radius of 
cylinders are 0.41 and 0.12mm, respectively. The reduced 
frequency	band	gaps	 of	TM	modes	 extend	 from	0.25	 to	
0.32. The corresponding band gap wavelength range 
extends from 1425.1nm to 1641.6nm. A hexagonal ring 
defect is formed by removing several air cylinders. Two 
waveguides are arranged in the two sides of the hexagonal 
ring by removing two lines of air cylinders. One of these 
waveguide in input waveguide and the other is output. The 
hexagonal	 ring	defect	 acts	 a	 ring	 resonator.	The	 specific	
input	 light	 of	 frequency	 corresponding	 to	 the	 resonance	
mode is extracted and coupled to output waveguide. Hence 
the	 filtering	 process	 is	 achieved.	 The	 quality	 factors	 of	
these peaks are related to the performance of resonator. 
In	 the	view	point	of	sensor	and	filters,	 the	quality	 factor	
is desired to be as high as possible. In our study, the 
hexagonal ring with 5 periods in each edge shows three 
resonance modes in 1521.2nm, 1523.4nm and 1567.5nm in 
air ambient. In water ambient, the resonance modes locate 
at 1562nm and 1599nm. The output spectra exhibit that 
the	maximum	quality	 factors	of	 the	 resonance	peaks	are	
c.a. 2200 and 7600 in water and air ambient, respectively. 
The effects of the coupling distance between waveguide 
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and resonant cavity, and the dimension of resonant cavity 
are	investigated	to	optimize	the	efficiency.	We	also	studied	
the steady resonance modes. The symmetry of resonance 
modes dominated the output light propagation direction. 
Based on the resonance modes symmetry analysis, we 
designed several cascaded cavity resonator. By properly 
arranging the geometrical structure of cavity cascade, the 
performance	of	filter	is	enhanced. 

  A02683-04697 

Optimization of Annealing Condition of InSbN 
Alloys Fabricated by Ion Implantation

X.Z	CHEN; D.H ZHANG; J.H LI; Y WANG; Y.J JIN 
EEE, Nanyang Technology University, Singapore

InSbN alloys were fabricated by multi-steps ion 
implantation. Annealing process is necessary to remove 
the defects caused during implantation and activate the 
nitrogen atoms. Different annealing temperature, time, 
atmosphere	condition	and	other	condition	are	optimized.	
The	samples	were	characterized	by	XPS,	XRD	and	SIMS	
measurement after annealing under various conditions. 
The results showed that the low-temperature-long-time 
annealing was better for defects elimination, while high-
temperature-short-time annealing made more nitrogen 
activated. However, when the annealing temperatures get 
higher than 350oC, decomposition was observed at the 
surface of the sample. 

  A02690-04625 

InSb1-xNx Epilayers Grown by Metal-organic 
Chemical Vapor Deposition and their 
Characterization

Yunjiang JIN; Xiaohong TANG;	Xizi	CHEN; 
Daohua ZHANG 
Electrical and Electronic Engineering, Nanyang 
Technological University, Singapore

InSb1-xNx epilayers were grown on InSb substrate by 
metalorganic	 chemical	 vapor	 deposition	 (MOCVD).	
Different	N/V	source	ratios	and	the	substrate	temperature	
were	 optimized	 to	 achieve	 good	 film	 quality	 and	 their	
effects	on	the	N	content	in	the	film	have	been	investigated.	
The surface morphologies of the epilayers were inspected 
by Scanning electron microscope (SEM). The XRD 
measurement	 showed	 the	 high	 crystal	 quality	 of	 the	
epilayers	grown.	Using	the	Vegard’	law,	the	N	content	in	
the epilayers has been calculated and the nitrogen content 
of the InSb1-xNx	 epilayer	 reaches	 0.2%.	The	 optical	 and	
electrical	properties	of	the	epilayers	have	been	characterized	
using far-infrared (FIR) transmission spectroscopy and 
Hall measurement.

  A02693-04631 

Aluminum Incorporation in MOVPE Growth of 
AlInP using TBP in Pure N2 Ambient

Jingua ZHAO; Xiaohong TANG 
School of Electrical and Electronic Engineering, 
Nanyang Technological Universitys, Singapore

High	quality	wide	 energy	bandgap	AlInP	epilayers	were	
grown in a low pressure metal-organic vapor phase epitaxy 
(LP-MOVPE)	reactor	using	tertiarybutylphosphine	(TBP)	
as	 the	 group	 V	 phosphorus	 precursor	 in	 pure	 nitrogen	
ambient. Aluminum incorporation into the AlxIn1-xP 
alloy as a function of input gas-phase ratio of the 
trimethylaluminum	 (TMAl),	 TMAl/(TMAl+TMIn), in 
the	MOVPE	 growths	 has been studied systematically. 
Using an adsorption-trapping model, kinetics of aluminum 
incorporation into the AlxIn1-xP	epilayers	during	the	MOVPE	
growthes has been studied. A linear relationship between 
the	 aluminum	 solid	 composition	 of	 the	MOVPE	 grown	
AlxIn1-xP epilayer versus the input gas-phase ratio of TMAl 
has been received when the growth substrate temperatures 
ranged from 610 oC to 630 oC. It has been found that the 
aluminum	incorporation	coefficient	in	the	MOVPE	growth	
of AlxIn1-xP alloy was inversely proportional to the growth 
temperature. The theoretical calculations agreed well with 
the experimental results.

  A02742-04775 

Synthesis of ZnS (II-VI) Nanostructures for Gas 
Sensors and Effect of Growth Conditions

M HAFEEZ; U MANZOOR; A. S BHATTI 
Centre for Micro and Nanodevices, COMSATS Institute 
of Information Technology, Islamabad, Pakistan

The	flexibility	to	synthesize	(II – VI) Semiconductors in 
numerous	configurations	have	attracted	a	great	interest	in	
recent years due to their potential applications in photonics 
and sensors (environmental and biological).  We have 
employed	 vapor	 liquid	 solid	 (VLS)	 technique	 to	 grow	
ZnS	nanostructures	by	varying	growth	parameters,	namely	
substrate	temperature	and	carrier	gas	flow	rate.		This	has	
enabled	us	to	grow	ZnS	nanoparticles,	nanowires	and	two	
–	dimensional	 platelets.	 	We	have	 found	 that	 our	 grown	
products have morphology according to the concept based 
on the chemical driving force and chemical tension model, 
a	global	equilibrium	model	to	describe	the	VLS	process.	
We	have	also	observed	growth	of	ZnO	nanostructures	in	
parallel due presence of SiO2 layer particularly at very low 
flow	rate	of	carrier	gas.		This	was	not	observed	at	flow	rates.		
We	could	also	identify	various	phases	of	ZnS	forming	due	
to different growth temperatures.  The dimensions, i.e., 
length and diameters for wires and diameter and number 
density varied with substrate temperature and carrier gas 
flow	rates.	 	The	crystal	structure	and	phase	purity	of	as-
grown	products	were	characterized	by	X-ray	diffraction.	
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Scanning electron microscopy (SEM) has been used to 
study	the	size,	number	density	and	shapes	of	nanostructures.	
Absorption spectroscopy and photoconducting properties 
of nanostructures were determine for designing of sensors 
at	particular	wavelength.		We	also	report	the	efficiency	of	
these different kinds of nanostructures for gas sensing under 
different conditions, e.g., temperature and illumination 
condition

  A02758-04928 

Electrical, Optical and Structural Properties of 
pure and gold-coated VO2 thin films on Quartz 
Substrate

Francis DEJENE 
Physics, University of the Free State, Phuthaditjhaba, 
South Africa

Thermochromic	 materials	 are	 characterized	 by	
semiconductor-to-metal transition occurring from a 
reversible change in their crystalline structure as a 
function of temperature. This change has been observed in 
several	phases	of	vanadium	oxides.	VO2 has received most 
attention because of large reversible change in electric, 
magnetic and optical properties at a moderate temperature 
of around 68oC.	Thin	films	made	of	VO2 are thus excellent 
materials for technological applications such as smart 
windows. 

In	the	present	study,	Vanadium	dioxide	films	were	grown	
on	 quartz	 glass	 substrate	 by	 reactive	 KrF	 laser	 ablation	
technique	using	a	vanadium	dioxide	target.	The	gold	films	
of	 various	 thicknesses	 were	 then	 deposited	 on	 the	 VO2 
film	 by	 sputtering	 technique.	 Films	 were	 characterized	
by x-ray diffraction to determine crystallography, by 
four-point probe to determine the electrical property and 
by double-beam spectrophotometry to determine optical 
reflection	and	transmission	behaviour	in	the	200-2500	nm	
spectral	region.	The	results	show	that	films	crystallography	
evolves	 from	a	 single	phase	monoclinic	VO2 and highly 
oriented	cubic	gold	films.	Changes	in	electrical	and	optical	
behaviour, which accompany changes in temperature and 
the various thickness of gold layers are presented and 
discussed

  A02778-04747 

Update on Semiconductor-laser Gain: From 
Quantum Well to Quantum Dots

Weng CHOW 
Sandia National Laboratories, Albuquerque, 
United States

This talk reviews progress made in describing the 
semiconductor	gain	medium.	 	The	present	quantum	well	
theory is very accurate and has substantial predictive 

capability,	 requiring	 only	 the	 epitaxial	 growth	 sheet	 and	
bulk	 material	 parameters	 as	 input.	 	 For	 quantum	 dots,	
work is very much in progress. Approximations made in 
the	quantum	well	case	are	no	longer	valid	because	having	
discrete instead of continuous energy states turns out to 
complicate rather than simplify the problem.

The work is support by the United States Department of Energy’s 
Laboratory Directed Research and Development (LDRD) 
program at Sandia National Laboratories and by the Alexander 
von Humboldt Foundation.

  A02814-04819 

Optical and Charged Particle Microscopy 
in Materials Science and Semiconductor 
Technology

Giuseppe PAVIA1; Jörg STODOLKA1; 
Heiko STEGMANN2; Xiong LIU2; Shue Yin CHOW3 
1. Product Management and Application Development, 
Carl Zeiss NTS, Oberkochen, Germany
2. Carl Zeiss Innovation Center Dresden, Carl Zeiss NTS, 
Dresden, Germany
3. Application, Carl Zeiss SMT Pte Ltd, Singapore

With	the	present	century	our	world	is	definitely	and	deeply	
entered into the nano-age.  Nanotechnology is the key to 
advanced materials research and industrial development, 
the semiconductor world is dealing with the challenge 
of integration at the nanoscale level since a decade, 
nanobiotechnology research is essential for understanding 
the	mechanisms	of	life	and	is	a	promise	for	better	quality	
of life. 

Moreover nano is not only nano.  Nano structures are often 
aggregated and coordinated, and need to be manipulated.  
Aggregation,	 coordination	 and	manipulation	 can	 require	
reaching scales in the micrometer or even millimeter 
range.	 	 Investigation	 of	 nanosized	 objects	 can	 require,	
on the other side, investigation at the atomic scale.  A 
complete investigation is hence spanning 8-9 orders of 
magnitude concerning spatial dimensions.  There is no 
instrument at present which can cover this scale range, so 
a combination of instruments has to be employed.  The 
comparison between the results provided by different type 
of instruments is not always straightforward, as different 
techniques	 can	 be	 more	 sensitive	 to	 surface	 or	 volume	
properties of the materials.

We will show here an example of analysis of the same 
structure with different instruments: optical microscopy 
(OM), Scanning Electron Microscopy (SEM), Focused Ion 
Beam (FIB), He Microscopy (He-Ion) and Transmission 
Electron Microscopy (TEM).  We will try to evidence the 
useful scale of operation of each instrument and the different 
information that can be obtained.  The last one is a very 
crucial point as very often operation scales can partially or 
mostly overlap, and the instrument choice depends more 
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on	the	required	information.		When	necessary	we	will	also	
discuss how to correlate the results obtained with different 
methods. 

  A02816-04828 

Terahertz Frequency Quantum Cascade Lasers

Alexander Giles DAVIES 
School of Electronic and Electrical Engineering, 
University of Leeds, Leeds, United Kingdom

In recent years, researchers have made rapid progress in 
developing	terahertz	frequency	imaging	and	spectroscopy	
systems	 to	 exploit	 a	 wide	 range	 of	 applications	 –	 these	
applications range from medical and dental imaging, to 
monitoring of polymorphs in pharmaceutical materials, 
through to the detection of drugs-of-abuse and explosives. 
Almost all of this research has made use of either: 

•	Broadband	systems,	based	on	pulsed	femtosecond	near-
infrared laser excitation of either photoconductive emitters 
or non-linear crystals, and coherent detection using 
photoconductive antennae or electro-optic sampling; or 

•	 Continuous-wave,	 narrow-band,	 systems	 based	 on	
photomixing of either two Ti:sapphire lasers or two diode 
lasers in photoconductive antenna structures.
 
Indeed,	 broadband	 pulsed	 terahertz	 technology	 forms	
the basis of the portable commercial systems marketed 
today. But what are the alternative technologies, and 
why	 are	 current	 commercial	 terahertz	 systems	 based	 on	
near-infrared pulsed laser excitation of semiconductor 
devices,	rather	than	discrete	solid-state	terahertz	frequency	
components? 

I will review the fabrication and performance of solid-
state	 sources	 and	 components	 for	 terahertz	 applications,	
concentrating	 on	 terahertz	 frequency	 quantum	 cascade	
lasers (QCLs), which have developed rapidly since their 
first	demonstration	 in	2002.	The	operating	 temperatures,	
output powers, threshold currents, minimum operating 
frequencies,	 and	 linewidths	 of	 the	 latest	 QCLs	 will	 be	
presented for a range of heterostructure designs and 
waveguides, and the issues associated with the growth of 
these sophisticated semiconductor structures discussed. I 
will outline how patterned grating structures (including 
photonic crystal structures) can be used to modify the 
terahertz	QCL	plasmon	waveguide	and	lead	to	both	well-
defined,	single-mode	lasing,	and	surface,	rather	than	edge,	
emission. Finally, I will discuss some of the key challenges 
that need to be addressed for the future development of 
terahertz	 QCLs,	 and	 the	 potential	 for	 incorporation	 of	
terahertz	QCLs	in	imaging	and	spectroscopy	systems.	

  A02839-04859 

Plane-Wave Transfer-Matrix Method and Its 
Application to Photonic Crystals

Zhi-Yuan	LI 
Institute of Physics, Chinese Academy of Sciences, China

Photonic crystal (PC) has attracted extensive interest in 
the	past	20	years	due	to	its	great	power	to	mold	the	flow	
of	 light	 in	 the	 micrometer/nanometer	 scale.	 Theoretical	
analysis and numerical simulation are very important 
to	 design	 and	 realize	 high-performance	 PC	 integrated	
optical devices. In this talk we report our recent efforts 
of development and application of plane-wave transfer-
matrix method (PWTMM) to 2D and 3D PC structures 
and devices.

We	first	briefly	introduce	the	principle	of	PWTMM,	namely,	
how one constructs the transfer matrix of an individual 
unit-cell and a general slab consisting of multiple unit 
cells from that of a single composite thin slice by using 
the recursive algorithm of transfer matrix and scattering 
matrix. Second, we discuss the standard application 
of the method to solution of photonic band structures, 
transmission,	 reflection,	 and	 absorption	 spectrum,	 and	
propagation	and	loss	coefficient	of	PC	waveguides.	Third,	
we discuss an advanced Bloch mode scattering approach 
that can handle the PC surface and interface optical problem 
formed between one PC and one homogeneous medium 
or between one PC and another PC. The approach can 
extract the intrinsic properties of PC surface and interface, 
a problem that is important for understand and design 
of PC integrated devices and circuits while other usual 
methods	are	difficult	to	solve	cleanly.	This	approach	has	
been	very	successful	in	solution	of	transmission	efficiency	
of guided mode through 2D and 3D waveguide bends, for 
which many methods have shown limited power. Fourth, 
we discuss how the PWTMM is combined with analytical 
modal solution approach to handle metallic photonic 
crystals.	 The	 approach	 can	 significantly	 improve	 the	
numerical convergence speed. Finally, we show how the 
principle of PWTMM can be extended to solve nonlinear 
photonic crystals. A recursion algorithm is developed for 
nonlinear wave propagation. Several ways to enhance 
nonlinear	 optical	 frequency	 conversion	 efficiency	 are	
discussed.
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Carrier and Thermal Induced Index Variations in 
InP Waveguide Diodes

Didier DECOSTER1; M. ZEGAOUI1; 
N. SAADSAOUD1; E. DOGHECHE1; J. CHAZELAS2 
1. Institute of Electronic Microelectronic Nanotechnology, 
CNRS - UMR 8520, Villeneuve d’Ascq, France
2. Thales Airborne Systems, Elancourt, France

For active photonic circuits, index variations based on 
electro-optic effects are the engine of most active photonic 
functions. Among them, when nanosecond scale response 
times	are	required,	carrier-induced	effects	mainly	governed	
by	 plasma	 effects	 are	 considered	 as	 the	 most	 efficient.	
Nevertheless, considering the index variations in InP based 
heterostructures, the maximum achievable index variations 
lie	 around	 0.01,	 with	 a	 non-linear/saturation	 behaviour	
when increasing the current density. This is a limiting factor 
for the design of compact photonic integrated circuits. The 
goal of this paper is to analyse the mechanisms modifying 
the expected linear law of the carrier--induced effects. 
Two effects will be taken into account: the reduction of 
the carrier lifetime when increasing the density of carriers, 
and thermal effects.

To study thermal induced index variations, active InP optical 
waveguides with Schottky contacts where fabricated and 
index variations under current njection were characterised. 
Our experiments show that only thermal-induced index 
variations are observed with Schottky diodes and are 
opposite to the carrier-induced ones. By the comparison 
of static and dynamic responses of PIN and Schottky 
waveguide diodes on similar InP heterostructures, we 
will evaluate each phenomenon separatly (carrier effects, 
lifetime	effects,	 thermal	effects)	and	 the	 influence	of	 the	
thermal effects on the carrier-induced index variations. We 
will discuss on how to use and manage these effects in a 
vision of very compact photonic integrated circuits.

  A02881-04929 

III-V Compound Semiconductor Nanowires Grown 
by MOCVD

Chennupati JAGADISH 
Department of Electronic Materials Engineering, 
Research School of Physical Sciences and Engineering, 
The Australian National University, Canberra, Australia

Semiconductor nanowires (NWs) have attracted intensive 
attention in recent years due to both fundamental physics 
and their potential applications in optoelectronic devices. 
A highly controllable growth of nanowire in terms of 
crystal	phase,	crystal	quality	and	uniform	morphology	is	
critical for actual nanowire devices. In addition, a variety 
of nanowire heterostructures have to be grown in order 
to	 satisfy	 the	 requirement	 for	 device	 design.	 However,	

III-V	 semiconductor	 nanowires	 grown	 via	 vapor-liquid-
solid	 (VLS)	 mechanism	 often	 exhibit	 several	 problems:	
for example, tapered morphology, high density of planar 
defects,	 mixed	 WZ	 and	 ZB	 crystal	 structures,	 kinked	
heterostructures	and	low	light	emission	efficiency.		These	
problems have to be resolved before the commercial device 
applications for nanowires. In this talk, I will present the 
research activities in our group at the Australian National 
University to tackle these problems. Results have shown 
great	 success	 in	 improving	 morphology,	 crystal	 quality	
and	photoluminescence	efficiency	of	GaAs	nanowires.

It was found that the axial growth rate of GaAs nanowires 
increases	with	 increasing	V/III	 ratio	but	more	nanowires	
tend	to	kink	at	a	higher	V/III	ratio.	We	have	demonstrated	
that	GaAs	 nanowires	 of	 high	 optical	 and	 crystal	 quality	
may	be	achieved	by	choosing	an	appropriate	V/III	together	
with	 growth	 temperature.	 A	 high	 V/III	 ratio	 markedly	
reduces	 the	 formation	 of	 twin	 defects	 and	 minimizes	
carbon impurity incorporation resulting in nanowires with 
excellent	optical	properties.	Moreover,	unexpected	benefits	
of rapid growth rate were discovered for GaAs nanowires. 
The resulting GaAs nanowires are less tapered, free of 
planar crystallographic defects, and have very high purity 
with minimal intrinsic dopant incorporation. Importantly, 
carrier lifetimes are not adversely affected. These results 
reveal intriguing behavior in the growth of nanoscale 
materials,	and	represent	a	significant	advance	towards	the	
rational growth of nanowires for device applications. By 
designing	and	growing	a	core-shell	GaAs/AlGaAs/GaAs	
nanowire hetero-structure, nearly intrinsic exciton lifetimes 
(~1	ns)	were	obtained	in	these	core-shell	nanowires,	which	
are	 comparable	 to	 high	 quality	 two-dimensional	 double	
heterostructures. These GaAs nanowires allow one to 
observe	state	filling	and	many-body	effects	resulting	from	
the increased carrier densities accessible with pulsed laser 
excitation.

Results	also	show	 that	by	choosing	a	combination	of	V/
III ratio and nanowire diameter, we are able to achieve 
InP	nanowires	either	 in	ZB	crystal	or	WZ	crystal	phase.	
Mixed	phases	of	ZB/WZ	structures	were	also	obtained	in	
a single InP nanowire. Time resolved photoluminescence 
measurements have shown a type II band alignment in 
these	 ZB/WZ	 mixed	 phase	 nanowires.	 Extremely	 long	
carrier	lifetime	(~8400	ps)	was	observed	in	WZ	dominant	
nanowires
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Invisibility Devices

Ulf LEONHARDT 
University of St. Andrews, United Kingdom

The idea of invisibility has fascinated people for millennia, 
inspiring	many	myths,	 novels	 and	 films.	 In	 2006,	 I	was	
involved	in	turning	invisibility	from	fiction	into	science.	In	
this lecture I will try to explain the ideas and the technology 
behind this new subject.
  
Invisibility exploits unorthodox connections between 
geometry and light propagation in materials. A refracting 
medium like glass bends light: instead of following 
straight paths, light rays are curved as if they propagate 
through curved space. To give a simple example, a lens 
focuses parallel light rays into a point; the parallels meet 
there, which is the hallmark of a non-Euclidian geometry. 
So something as familiar as a lens creates something as 
fantastic as a curved geometry.
  
The bending of light in materials is the cause of many 
optical illusions, including invisibility. Imagine a 
transparent material that guides light around an object 
without distorting the light; the object would disappear 
from view. One way of achieving this feat is to let the 
material act like a coordinate transformation of space: the 
cloaking device condenses a coordinate grid enclosing the 
object into a single, invisible point.
  
Cloaking by transforming space has been practically 
demonstrated at Duke University for microwaves [Schurig 
et al., Science 314, 977 (2006)], the electromagnetic waves 
used in radar and mobile phones. Such demonstrations 
depend on the latest advances in metamaterials. 
Metamaterials are made of ordinary materials, in many 
cases metals. They contain structures smaller than the 
wavelength that act like designer atoms with unusual 
electromagnetic properties.
  
However, the previous cloaking devices are severely limited 
by fundamental problems that no research in material 
science can surmount. If a device creates the illusion that 
light propagates through empty space, whereas in reality it 
is bent, the light must propagate faster than in vacuum to 
make up for the detour. Materials with large phase velocity 
of	light	can	be	made,	but	only	for	single	frequencies.	No	
information can be transferred - the scenery behind the 
cloaking device must be stationary and monochrome. 
Otherwise the cloaking device would severely distort it.
  
Turning	 invisibility	 from	 a	 tantalizing	 idea	 into	 an	
applicable	 technology	 requires	 a	 new	 paradigm.	 We	
suggested to fully exploit the non-Euclidean geometry 
of optical materials for achieving broadband invisibility 
[Leonhardt and Tyc, Science 323, 110 (2009)]. Instead 
of	 implementing	draconian	transformations	of	flat	space,	

we gave an example where the geometry of a hypersphere 
naturally guides light around an object. Such devices do 
not distort light rays, but they delay them. Although perfect 
invisibility is impractical, imperfect cloaking is perfectly 
possible. 
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Epitaxial Growth and Optoelectronic Properties 
of ZnO Thin Films on (111) Si Substrates
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ZnO	 epitaxial	 films	 on	 sapphire	 substrates	 have	 been	
widely explored for optoelectronic applications. The 
potential for integrating multi-functional devices into Si 
electronics	 has	 motivated	 the	 growth	 of	 epitaxial	 ZnO	
films	on	Si	substrates.	However,	direct	growth	of	ZnO	on	
Si	usually	results	in	polycrystalline	or	textured	films	due	
to the large lattice and thermal expansion mismatches. 
Here	we	report	on	the	growth	and	characterization	of	high	
quality	epitaxial	ZnO	films	on	(111)	Si	using	intervening	
epitaxial Gd2O3, Lu2O3, and Sc2O3 buffer layers. Employing 
X2O3 buffer layers can compensate the large lattice and 
thermal	 mismatches	 between	 ZnO	 and	 Si,	 and	 lead	 to	
epitaxial	ZnO	film	with	high	crystallinity.	X-ray	diffraction	
shows that the epitaxial orientation relationships are 
(0001)ZnO||(111)X2O3

||(111)Si and [1120]ZnO||[110]X2O3
||[110]Si 

(X=Gd,	 Lu	 or	 Sc).	 The	 ZnO	 epitaxial	 films	 have	 the	
narrowest (0002) and (10 2)	 ω-rocking	 curves	 ever	
reported	 for	 ZnO	 grown	 on	 Si,	 with	 full	 width	 at	 half-
maximum values of 302 arcsec and 403 arcsec. Cross-
sectional transmission electron microscopy (TEM) using 
a spherical aberration corrected TEM shows atomically 
sharp	 interfaces	 between	 the	 ZnO	 films	 and	 the	 X2O3 
buffer	layers.	The	films	are	conductive	with	amobility	up	
to 104 cm2/Vs.	Temperature-dependent	photoluminescence	
studies show optical properties that are comparable to 
those	of	ZnO	single	crystals.	The	epitaxial	growth	of	ZnO	
on	Si	 represents	a	significant	step	 toward	 the	 integration	
of	ZnO-based	optoelectronic	devices	and	complementary	
metal-oxide-semiconductor devices on Si.
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New Functions of VCSEL-related Photonic 
Devices 

Fumio KOYAMA 
Microsystem Research Center, Tokyo Institute of 
Technology, Japan

A	 lot	of	unique	 features	 for	VCSELs	have	been	proven,	
such as low power consumption, wafer-level testing, 
small packaging capability and so on. The market of 
VCSELs	 has	 been	 growing	 up	 rapidly	 in	 recent	 years	
and they are now key devices in local area networks 
using	multi-mode	optical	fibers.	 	 In	 addition,	 a	VCSEL-
based disruptive technology enables various consumer 
applications such as a laser mouse and laser printers.  
In this talk, the potential and challenges for new 
functions	 of	 VCSEL-related	 devices	 will	 be	 described.	

A	 MEMS-based	 VCSEL	 technology	 enables	 widely	
tunable operations. We proposed and demonstrated an 
“athermal	VCSEL”	with	avoiding	temperature	controllers	
for uncooled WDM applications.  The temperature 
dependence	 of	 the	 lasing	wavelength	 of	VCSELs	 could	
be reduced by a factor of 50 with a novel thermally-
actuated membrane mirror.  We achieved athermal and 
tunable	operations	for	the	first	time	based	on	this	concept.	

In	addition,	new	functions	on	VCSELs	for	optical	signal	
processing are addressed. We present an optical nonlinear 
phase	 shifter	 based	 on	 a	 VCSEL	 saturable	 absorber.	
A large nonlinear phase shift could be observed in both 
modeling and experiments. The proposed device would 
be	 useful	 for	 mitigating	 fiber	 nonlinearities	 in	 optical	
domain and for optically manipulating the phase of light.

Slow	light	can	be	obtained	in	Bragg	reflector	waveguides	
with their large waveguide dispersion. The basic 
structure	 is	 the	 same	 as	 that	 used	 in	 VCSELs.	 We	
demonstrated a slow light modulator with a Bragg 
waveguide, which shows a possibility of low modulation 
voltage even for ultra-compact waveguide modulators. 
Our recent work shows a possibility of ultra-compact 
optical waveguide switches with slowing light. 

We also demonstrated a tunable hollow optical waveguide 
with a variable air core toward a new class of photonic 
integrated	circuits.	We	present	various	unique	features	in	
hollow waveguides and the combination with microelectro-
mechanical system (MEMS) will gives us widely tunable 
waveguide devices. We describe the full-vectorial modeling 
of 3D and slab hollow waveguides with a variable air core, 
which is also supported by experiments. The result shows 
a	possibility	of	a	large	change	of	over	10%	in	propagation	
constant with a variable air core.  We will present a wide 
variety of device applications based on hollow waveguides, 
which	include	tunable	Bragg	reflectors,	tunable	dispersion	
compensators and tunable lasers. The device structure can 
be formed by fully planar fabrication processes based on 

lithography and etching. The proposed concept may open 
up a new class of various tunable optical devices, which 
give	us	 unique	 features	 of	wide	 tunability,	 compact	 size	
and temperature insensitivity. 
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A Comparative Study of High-Power Sub-THz 
Photonic-Transmitters Based on GaAs/AlGaAs 
Uni-Traveling Carrier and Separated-Transport-
Recombination Photodiodes 

Ci-Ling PAN 
Department of Physic and Institute of Photonics 
Technologies, National Tsing-Hua University, Hsinchu, 
Taiwan

We describe in detail the characteristics of high-power 
photonic transmitters based on two different kinds of 
photodiodes, a uni-traveling-carrier photodiode (UTC-
PD) and a separated- transport-recombination photodiode 
(STR-PD).	 The	 GaAs/AlGaAs	 based	 operated	 were	
optically excited at the 800nm wavelength. Both PDs have 
the same total depletion layer thickness (same theoretical 
RC-limited bandwidth) and are monolithically integrated 
with the same broadband micro-machined circular disk 
monopole	antennas	to	radiate	strong	sub-THz	pulses.	We	
have found that the STR-PD based transmitter exhibits 
very different dynamic and static performance from that 
of the UTC-PD based transmitter due to the existence of 
recombination centers inside the active region of a low-
temperature-grown GaAs (LTG-GaAs) layer, and the 
much thinner thickness of effective depletion layer. Under 
optical	pulse	excitation	(~480pJ/pulse),	the	STR-PD	based	
transmitter exhibits a much lower maximum average 
output photocurrent (1.2mA vs. 0.3mA) than that of the 
UTC-PD transmitter. The radiated electrical pulse-width 
and maximum peak-power of both devices, as measured 
by	the	same	THz	time-domain	spectroscopic	(THz-TDS)	
system, are however, comparable. These results indicate 
that, while the recombination centers in the STR-PD 
degrades its DC responsivity, these effectively improve the 
high-speed and output power performance of the device. 
Further, it helps to eliminate the DC component of the 
photocurrent,	 thus	 minimizing	 device-heating	 problem	
during high-power operation. The radiated waveforms of 
both devices under intense optical pulse illumination also 
exhibit excellent linearity and strong bias-dependent signal 
amplitude. This suggests their suitability for application as 
photonic emitters and possibly as a data modulator in sub-
THz	impulse-radio	communication	systems.	



Symposium O - Compound Semiconductor Photonics: Materials, Devices and Integration     85

O-00001

Recent Development of Nanophotonic Integrated 
Devices and Materials

Yoshimasa SUGIMOTO
National Institute for Materials Science, Japan

Two kinds of nano-photonic technologies, i.e., GaAs-
based two dimensional photonic crystal (2DPC) slab 
waveguides	 (WGs)	and	 InAs-based	quantum	dots	 (QDs)	
were developed for key photonic device structures in the 
future advanced telecommunication systems. For an ultra-
fast digital photonic network, an ultra-small and ultra-
fast	 symmetrical	 Mach–Zehnder	 (SMZ)-type	 all-optical	
switch	 (PC-SMZ)	 has	 been	 developed	 in	 the	 first	 stage.	
In	 the	 second	 stage,	 the	 PC-SMZ	 is	 now	 evolving	 into	
a new functional key device, i.e. an ultra-fast all-optical 
flip-flop	 (PC-FF)	 device	 that	 is	 essential	 for	 the	 digital	
photonic network. All through these two stages, two 
important	techniques	were	developed	so	far.	One	is	a	new	
simulation	method,	i.e.,	topology	optimization	method	of	
2DPC	WGs	with	wide/flat	bandwidth,	high	transmittance	
and	 low	 reflectivity.	 Another	 is	 a	 new	 selective-area-
growth method, i.e., metal-mask MBE method of InAs 
QDs.	This	technique	contributes	to	achieving	high-density	
and highly uniform InAs QDs in a desired area such as an 
optical nonlinearity-induced phase shift arm in the PC-FF. 
Precise	 control	 of	 an	 absorption	 peak	wavelength	a	 in	
the	QD	was	also	realized	by	 inserting	an	InGaAs	strain-
reducing- layer between the InAs-QD and GaAs-capping 
layer. The result enables us to achieve the PC-FF in which 
QDs	with	different	a’s	are	needed	at	different	positions.	
As	a	unique	site-controlled	QD	technique,	a	nano-jet	probe	
(NJP) method is also developed for positioning QDs at the 
centre of the optical nonlinearity-induced phase shift arm.

Furthermore, recently proposed nano-photonic structures 
and materials such as surface plasmon (SP) and negative-
index material (NIM) as well as QDs and PCs are discussed 
from the view-point-of potentials for new photonic 
integrated devices and technologies. SP-enhanced extra-
ordinary optical transmission (EOT) beyond the diffraction 
limit has been reported using a sub-wavelength hole array 
in	an	opaque	metal	film.	This	phenomenon	has	potential	
applications	such	as	wavelength	filter,	light	extraction	from	
LEDs and sub-wavelength photolithography. For such an 
application, we demonstrated systematic experiments on 
the EOT using a sub-wavelength periodic hole array in 
an	aluminium	(Al)	film	on	a	glass,	fabricated	by	electron	
beam lithography and reactive ion beam etching. The Al 
film	enables	 excitation	of	ultraviolet-range	SP	due	 to	 its	
high	plasma	frequency.	After	patterning	four	kinds	of	hole	
arrays	(triangles,	squares,	triangle-lattice	circles	and	square-
lattice	circles),	Al	film	was	covered	with	SiO2	for	 index	
matching and prevention of oxidation. A lattice constant, 
a, was changed from 200 to 700nm, while transmission 
spectra were measured with a broadband light source and 
grating spectrometer. The results show that all the patterns 

are fabricated extremely precisely and more importantly all 
the colors are changing gradually from blue to red. Typical 
transmission	spectra	are	shown	by	categorizing	them	into	
SP-mode peak only, coexisting guided-mode and SP-
mode peaks, and guided-mode peak only. In conclusion, 
these results show that enhancement and control of optical 
transmission	properties	of	hole	arrays	in	the	Al	film	have	
been successfully performed.

These results will pave the way for implementation 
of innovative nanophotonic integrated devices in the 
advanced photonic information and network system. 

O-00002
Nanoscale Epitaxial Growth

S. R. J. BRUECK, S. C. LEE
Center for High Technology Materials and Department of 
Electrical and Computer Engi-neering, University of New 
Mexico, USA

Epitaxial growth is of great importance to modern 
semiconductor electronic and photonic devices. Epi-
taxy has been developed for large area growth and issues 
such as lattice match and defect mitigation have received 
much attention. The emergence of large-area nanoscale 
patterning provides an additional degree of freedom that 
is only beginning to be explored. Both growth mask 
formation	(for	example	a	nanopat-terned	SiN	film)	and	3D	
patterning to expose a heterogeneous set of crystal planes 
are possible and initial results will be reported. Growth 
can	lead	directly	to	nanostructures	such	as	quantum	wells	
and nanowires or can be continued to coalescence and to 
structures that cannot be achieved by traditional growth 
ap-proaches.	Examples	will	be	drawn	from	both	III-V	and	
GaN growth on various substrates including Si and GaAs.
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