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PEECHE
Executive Summary

The proposed program presented here targets one of the most exciting and challenging fields in
nanotechnology — the collective behavior and functionality of materials with embedded artificial nano-objects.
Artificial semiconductor metamaterials can be constructed from very small objects, typically a few tens of
nanometers in size. Unlike some the metamaterials that have been developed, nano-structured semiconductor
metamaterials, because of the small size of the nano-objects, potentially can manipulate electromagnetic fields
in the optical regime. The proposed program is designed to tackle the most critical issues of metamaterials
built from nanostructures.

Here we proposed a tightly coupled multidisciplinary investigation of metamaterials. The combined and
diverse talents of this team will enable us to tackle the problem from different angles. This project is made up
of four separate but strongly related parts: (1) the growth and fabrication of metamaterials from nanostructures
(2) material properties and novel applications in the areas of RF and optical systems (3) optical study of
metamaterials at low temperature and high magnetic field environment (4) theoretical investigation of optical
response of systems with embedded nano-objects.

Some key technical goals and operational features of our plan are:

« Demonstration of growth of InAs, InSb and GaSb quantum structures like quantum dots and quantum
rings embedded in various kinds of host materials

« Perform a multilateral study of artificial metamaterials made from semiconductor nano-objects

« Understand and control electrical, magnetic and magneto-optical properties of systems of semiconductor
nano-objects combined in semiconductor nano-structured metamaterials

« Develop quantitative description of new metamaterials built from semiconductor nano-objects including
quantum and optical non-locality effects

« Perform and develop ellipsometry measurement, direct magnetism measurement and optical study with

SNOM for the metamaterials in the cryogenic system
« Development of integrated QD laser and photonic crystal structure for slow light devices
o A team of researchers who have substantial research experience in their respective fields and have a

demonstrated commitment to collaborative research

(KEYWORD : Metal Material, Photonic Crystal, Magneto-Optical)
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What is a “metamaterial’? In recent years, there has been a growing interest in the fabricated structures
and composited materials that either mimic known material responses or qualitatively have new, physically
realizable response function that do not occur or may not be readily available in nature. The unconventional
response functions of these metamaterials are often generated by artificially fabricated inclusions or
inhomogeneities embedded in a host medium or connected to or embedded on a host surface. Exotic
properties for such metamaterials have been predicated; many experiments have confirmed our basic
understanding of many of them. The underlying interest in metamaterials is the potential to have the ability to
engineer the electromagnetic and optical properties of materials for a variety of applications. The impact of
metamaterials may be enormous: If one can tailor and manipulate the wave properties, significant decreases in
the size and weight of components, devices, and systems along with enhancements in their performance
appear to realizable.

Recent technological progress in semiconductor technology made it possible to fabricate artificial
semiconductor metamaterials. Those new materials can be constructed from very small objects, typically a
few tens of nanometers in size. Nano-structured semiconductor metamaterials potentially can manipulate
electromagnetic fields in optical range, which is particularly beneficial for potential applications and devices,
as well as for new basic science. The reason that metamaterials development is interesting but difficult is that
it is at the cross road of physics and technology. Its eventual success is dependent upon our thorough
understanding on material itself and at the same time a viable technology that combines the nanotechnology
with state-of-the-art characterization techniques. The proposed program is designed to tackle the most critical
issues of metamaterials built from nanostructures.

B LB R S P

The pursuit of artificial materials for electromagnetic applications is not new; this activity has a
long history which dates back to Jadagis Chunder Bose in 1898 when he worked and experimented on
the constructed twisted elements that exhibit properties nowadays known as chiral characteristics. In the
early part of the twentieth century, Karl Ferdinand Lindman studied wave interaction with collections of
metallic helices as artificial chiral media. Articificial dielectrics were explored, for example, in the 1950s
and 1960s for lightweight microwave antenna lenses. Artificial chiral materials were investigated
extensively in the 1980s and 1990s for microwave radar absorbers and other applications. The
development of electromagnetic bandgap (EBG) structured materials and single-negative (SNG) and
double-negative (NDG) materials and their fascinating properties have driven the recent explosive
interest in metamaterials.

The proposed program presented here targets one of the most exciting and challenging fields in
nanotechnology — the collective behavior and functionality of materials with embedded artificial
nano-objects. Examples of such properties include negative refractive index and transmission gaps for
electromagnetic and acoustic waves, colossal reductions in the plasmon frequencies, and magnetic
responses in composites made out of nonmagnetic constituents, etc.. The aim of metamaterials
development is to propose, fabricate and characterize novel periodic configurations of available materials
for achieving new media with desired figures of merit. However, most of the designs are still in the stage
of theory and there is a big challenge to integrate them in real applications. Some of the challenges that
lie ahead are: (1) determination of the structure-property relationships and spectral responses, particularly
as the metamaterial building-block sizes shrink to the nanoscale, (2) identification of options for rapid
fabrication and prototyping, and (3) determination of the factors that control the performance (losses).
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In the following we divided our research approaches into five major classes of metamaterials: A.
Ellipsomery measurements on embedded semiconductor nanostructures, B. Temperature dependence of
time-resolved photoluminescence spectroscopy in InAs/GaAs quantum ring, C. Spectroscopy of single
quantum dot D. Nanocavity with square lattice photonic crystal E. Magneto-optics of layers of double

quantum dot mole

cules

A. Ellipsomery measurements on embedded semiconductor nanostructures

I. Low Temperature and High Magnetic Field Spectroscopic Ellipsometry System (system design)
la. Description of the complete system
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FIG1
Figure 1 shows the complete schematic diagram of

- the ellipsometry system, consisting of the

polarization generation part, the polarization

' detection part, the signal processing part, and the

cryogenic dewar together with the sample and two

- dielectric  mirrors in a low temperature
. environment. We use a Ti-sapphire laser as the

optical source which operates in the wavelength

range of 700nm to 1000nm. The laser is coupled into a 10-m long single mode fiber with a collimator attached
at the end. The light out of the collimator having a deviation angle less than 0.03 degree passes through a
Glan-Laser calcite polarizer to generate a known linear polarization state. One of the laser beams being
branched out by the beamsplitter is detected by a silicon photodiode detector (D1) to monitor the polarization
and intensity fluctuation, and the other beam is guided into the cryogenic dewar through a window. The
incident beam is reflected by a dielectric mirror (GaP) before reaching the sample. The outgoing beam is also
reflected by another dielectric mirror and then goes to the polarization detection part, which includes a quarter
waveplate, a rotating analyzer, and a silicon photodiode detector (D2). The photocurrents are measured by
current pre-amplifiers and lock-in amplifiers in the signal processing part. All the three reflections, two from
the GaP mirrors and one from the sample, have a 60° incident angle and share the same incident plane,
making the ingoing beam and outgoing beam be exactly parallel to each other.

3-axes
collimator
mount

Iris

Polarizer

Beam-splitter.

Quarter
waveplate

> Mounting
boards

Detector

Polarizer

Ib. Mechanical design

Position of mirrors
(GaP)

Position of sample
(rotation center of
goniometers)

Sample stage
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FIG 2

Our ellipsometer designed as an insert for the Oxford dewar is shown in Fig.2. Here, we focus on the
mechanical design for the purpose of light path alignment at low temperature and in high magnetic fields. Due
to the geometry of the Oxford dewar, the space of the center of the magnet is only 5¢cm, which limits the
distance between incoming and reflected beam and the size of sample stage. Because the length from the top
of the dewar to the magnet center is 135cm, very long light path is demanded. The subject, therefore, has been
to make a small, long and rigid structure without any magnetism material used. The mechanical support
structure of this insert was made by four thin wall stainless steel tubes fixed by screws from different
directions through the holes of designed plates. This structure could avoid bending of steel tubes and suppress
vibration.

The bottom of insert, shown in Fig2., includs housing, sample stage, and two-axes piezoelectric
goniometers which are all made by titanium due to its small expansion coefficient. At the boundary of two
different materials, we use beryllium-copper spacer as the buffer to reduce deformation due to non-equivalent
shrink at low temperature. Because this very long light path, we need to tilt the sample stage very precisely
and instantaneously. We mount our sample stage on the controllable goniometer and the location of sample is
just at the center of rotation of these two axes goniometers to avoid displacement.

In a real measurement, a thin wall stainless steel jacket was added to form a close space. For connection the
insert and the outer jacket, we used screws and nuts to fine tune the skew of jacket relative to the insert and
made sure no contact between them.

I1. Measurements and Discussions

We have first applied the low temperature and high magnetic field ellipsometry system to characterize the
properties of intrinsic GaAs near band edge and to focus on the variation under different magnetic fields. For
this measurement, we choice semi-insulating GaP as the dielectric mirrors duo to the larger band gap than
GaAs, not very small refractive index, and no significant response when magnetic field applied. These two
GaP side mirrors and GaAs sample was mount to sample stage carefully by N-grease. Because of the different
thickness of GaP and GaAs, a slide was put in the bottom of GaAs.

After sample preparation, the alignment procedure was carried out by fine tuning the three axis collimator
mount on the top of the optical head (see Fig.2) for input light and the two axes piezoelectric goniometers in
the bottom of sample stage (see Fig. 2) for reflected light. Then, the insert was sealed by outer jacket with
o-ring and screws. Before inserting into low temperature dewar, the pressure inside the jacket was pumped to
~5x10° mbar and inflated a little Helium gas (~25mbar) as exchange gas. The insert was put into low
temperature dewar slowly and the reflected light signal was adjusted instantaneously by goniometers during
lower temperature.

The performance of this system at low temperature was test for 100 times, and the standard deviation of
Yand A were about 0.1" and 0.2°. This test ensured acceptable

1t (a) ia 1 1 stability of sample stage at low temperature, although the helium
0 _— :‘f: q b level was not invariant for a long time measurement.
gh 0 r— 4320540 °@T gt i The obtained ¥ and A at stable temperature 4.2K from 0 to
S 1 14 Tesla in the energy range 1.510 to 1.535 eV are shown in Fig.3
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Here, i=0 represents real space, i=1 represents GaAs. ¢,is the

incident angle. Equation (1) can be derived directly from
Snell’s law. Fig.4 (a) shows the k value as a function of energy
from OT to 14T (OT as reference). Fig.4 (b) shows the position
of the observed peaks as a function of the magnetic field. Very
nice diamagnetic shift behavior was observed. The amount of
diamagnetic  shift depends on the radius of the
magneto-excitons and can be obtained by simply solving the
Schrédinger equation for a ground state exciton under magnetic
field

2 2

_ e
47T8|Fe —Fh|

e

2 +
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8u

)

Here u is the electron-hole reduced mass of the exciton. The
calculated ground state energy as a function of the magnetic
field along with the experimental data is shown in Fig.4 (b).
The reduced mass used was 0.05me and the dielectric constant
was 13. Excellent agreement was obtained between the
calculated and the experimental results. It is suggest that this
observed transition peak is the electron/heavy hole ground state
exciton. However, the difference of ellipsometry technique
between other measurements is that ellipsometer measures a

region very close to the surface, the surface states are expected to show up in the absorption spectrum. The
asymmetric shapes of these transitions are likely due to the Fano resonances which caused by the interference
of discrete exciton state and the continuum suface states. The background absorption tails into band gap
showing no sharp absorption difference at the band edge, which is also given rise to the surface states.

Besides intrinsic GaAs substrate, we have also measured 1 um undoped GaAs buffer layer growth on the
intrinsic substrate by MBE. The multi-peaks configuration has been observed when high magnetic field
applied, however, it is not clear for the physics of multi-peaks now.

1 GaAs Buffer
1 42K ; 14T

T : T T T T T ‘ T
514 1516 1518 1520 1522 1524 1526 1528 1530 1532
E(meV)

- 200

180

= 160 =

4 140

- 120

We have also measured nanostructures, for example,
InGaAs quantum wells, InAs quantum dots, and
AlGaAs/GaAs two dimension electron gas. The data are
shown in figure. More theoretical work will be put in for
investigating the physical meaning behind these
measurements.
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summary, we have developed and demonstrated the first ellipsometry system that can be manipulated at 4.2K
and in magnetic fields up to 14 Tesla. This system provides a means of studying the collective optical
behavior of bulk, layered, nano-structured material under high magnetic fields and at low temperatures.

B. Temperature dependence of time-resolved photoluminescence spectroscopy in
InAs/GaAs quantum ring

We observe the strong dependence of photoluminescence decay time on the temperature in both the
excited and ground states of QRs. A rate equation model is proposed and is found to agree well with the PL
dynamics observed.

The GaAs QDs sample studied in this work were grown on GaAs (001) substrates by molecular beam
epitaxy. The QDs were formed by depositing 2.6 monolayers of InAs with a growth rate of 0.056 um/hr at a
growth temperature of 520 ‘C under As, atmosphere. QDs have an average base diameter of about 20 nm and
a height of 2 nm. For the preparation of QR samples, after dot growth was completed, a thin partially capping
layer of 2 nm was deposited on the dots with a 1 um/hr growth rate at 520 “C. Followed by an annealing
process under As, flux from 5 seconds to 30 seconds at the same temperature, the QD structures can be
transformed into ring (QR) structures after the annealing processes. Figure 1 (a) and (b) shows the AFM
images of samples with nanostructures of QDs and QRs. The QD and QR samples have areal densities of ~
3.4x10'° cm and 2x10%° cm?, respectively. The final QR shape has a base with of ~ 60 nm, a height of ~
1nm, and an inner diameter of 30 nm. Figure 1(c) shows the XTEM image of the QR sample. The QR appears
as two dark-gray lobes (InAs rich) corresponding to a cut through the middle of the ring. The sizes determined
by XTEM matched AFM results.



Figure 1 Atomic force mlcroscdpy images'of (@) QD, (b) QR and (c) cross-section transmission electron
microscopy image of QR.

We performed time-resolved measurements for the above samples under nonresonant excitation in the
GaAs barrier. The sample was placed in a closed-cycled helium dewar. A diode-pumped Ti:sapphire laser was
used to excite steady-state photoluminescence (PL). The signal was dispersed by a 0.18 m double
spectrometer and detected by a TE-cooled InGaAs photodetector. For the time-resolved measurements, a
pulsed diode laser was used as the excitation source at a wavelength of 635 nm. The pulse duration was 50

picosecond with a repetition rate of 5 MHz and an excitation density in the range of 1-100 W/cm?. The
time-resolved PL signal was analyzed with a 0.55 m spectrometer and detected by a micro-channel
photomultiplier with a time correlated single photon counting setup. The overall spectral resolution and
system response were 0.1 meV and 300 picosecond.

The ground state energies of the QD and QR are 1.21 and 1.25 eV at 15 K, respectively, as shown in
Figure 2(a) and 2(c). The barrier and wetting layer emission are observed clearly at around 1.51 eV and 1.43
eV for both samples. More information can be obtained following the PL excitation density dependence for
each sample. The state filling of the excited state transition can be observed for the QRs by increasing the
pumping power. We can identify the contributions to the PL of QR’s first and second excited states at 51.5
meV and 94.6 meV above the ground state, respectively.
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Figure 2 CW PL spectra of (a) QDs and (c) QRs from T = 15 K to T = 300K. PL transient from T = 15 K to
300 K at ground state energy of (b) QDs and (d) QRs. Detection energies of time-resolved spectra were fixed
at PL peaks indicated by the dots shown in (a) and (c) at all temperatures.

Figures 2 (b) and 2(d) show the temperature evolution of the PL transient at ground state energy from T =
15 Kto T = 300K for the QD and QR samples, respectively. The detection energies were always fixed at the
PL peaks at different temperatures, as indicated by dots shown in Figure 2(a) and 2(c). A fast rise time of the
order of instrumental resolution indicates that there is no phonon bottleneck effect in both samples. The
experimental transient decay curves do not reveal saturation effects at a low excitation power as used here and
can be described by single exponential functions. The decay time of the QD ground state was about 1.1 ns at a
low temperature, which dropped to less than 0.5 ns when the temperature reached 300 K. Surprisingly, the
temperature dependence of the decay time behaved quite differently for QR structures. For example, the decay
lifetime of QRs became longer with the increasing temperature and reached 10.5 ns at room temperature. In
Figure 3(a), we plotted the temperature dependence of the decay time for both samples. It is clear that at
temperature above 150 K, the exciton dynamics change dramatically in the QRs. In Figure 3(b) the
temperature evolution of the PL transient at the excited states of QRs also shows similar behavior.
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Figure 3 (a) Temperature dependence of the photoluminescence decay time of QD and QR ground states. (b)
PL transients from T = 15 K to 300 K at first excite state energy of QRs. Detection energies were fixed at
excited state peaks as indicated by the dots shown in Figure 2(c) at all temperatures.

The behavior of the excitons at a high temperature deserves greater attention. Its origin is possibly due to
the thermal population of dark states (states that can neither be accessed by absorbing photons nor relax to
other energy states non-radiatively), competing with the exciton radiative recombination ground state. It has
been argued that due to the presence of piezoelectric/strain potential and a large asymmetry in the ring profiles,
there is reduction in the overlap between the electron and hole wave functions [18, 21]. Such separation
causes a reduction in exciton oscillator strength, and a longer decay time is expected for ring structures. We
speculate that, at a temperature above 150 K, the electrons and holes tend to occupy states with reduced
wavefunction overlapping, which leads to the slowing down of PL decay time in QRs.

The energy level scheme representative of our proposed model is depicted in Figure 4. By using a
simplified two-level model (as shown in the inset of Figure 4), the temperature dependence of the decay time
curve of QR can be fitted quite well with parameters AE = 13.5 meV and > = 0.7 ns (energy separation and
relaxation time between the dark state and ground state, respectively). The temperature dependence of the PL
lifetime agrees well with the proposed rate equation model of the dark state and exciton ground state. At

present, an explanation for the dark excited states is still missing and more experiments and detail calculations
are required to clarify the issue.

11
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Figure 4 Schematic of the dark states and ground states model and the fitting of QR’s decay time curve with
a state energy separation of 13.5 meV and relaxation time of 0.7 ns.

C. Spectroscopy of single quantum dot

Unlike single QDs, the XX confined in single QRs shows a considerably larger diamagnetic coefficient
than the X. Guided by numerical model calculations, we found that the inherent structural asymmetry and
imperfection, combined with the interparticle Coulomb interactions, play a crucial role in the distribution of X
and XX wave function in self-assembled QRs. Our results suggest that the phase coherence of neutral excitons in
QRs will be smeared out by the wave function localization due to the structural asymmetry and imperfections.
The InAs QRs were fabricated by Varian Gen-Il molecular-beam epitaxy on a GaAs _001_ substrate. Low
density QDs were first grown by depositing two monolayers of InAs at 520 °C as QR precursors. The substrate
temperature was then lowered to 500 °C. A thin GaAs layer of 1.7 nm was deposited to cover the QD sidewalls,
and a 50 s growth interruption was performed for a dewetting process which expels the indium atoms from the
center of the QDs to move outwards for the QR formation. Surface topography of uncapped QRs has been
investigated by atomic force microscopy. The area density of surface QRs is estimated to be about 110" cm ™.
As shown in Fig. 1, the surface QR has a rim diameter of 35 nm, a height of ~ 1.3 nm, and a center dip of about
2 nm. The realistic dimension of the embedded QRs is expected to be much smaller. We also found that the QR
is anisotropic; the rim of the surface QR is highe along.
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FIG. 1. (Color online) (a) The AFM image of the surface QR.
(b) Topographical line scans along the [110] and the [1-10] direc-
tions. (¢) A schematic for the surface QR profile (solid line). the

precursor QD (dash line), and the indium-rich part of the embedded

QR (gray part). (d) PL spectra taken from the QR ensemble and

from a representative single QR.

The single QR emissions were measured by a lowtemperature microphotoluminescence u-PL setup
combined with a 6 T superconducting magnet. The PL was excited by a 633 nm He-Ne laser, dispersed by a 750
mm monochromator and detected by a silicon charge coupled device camera. An aluminum metal shadow mask
with arrays of 300 nm diameter apertures were used to isolate single QR emissions. A comparison between the
PL spectra for the QR ensemble and a single QR is displayed in Fig. 1(d). The QR ensemble shows an emission
peak at 1329 meV with a line width of 26 meV due to size fluctuations. For the single QR, the spectrum is

dominated by a sharp emission line near 1320 meV with a resolution limited line width of 50 peV.
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FIG. 2. (Color online) Power-dependent PL spectra of a single
QR. The inset shows the integrated intensity of X and XX lines as a
function excitation power.

Figure 2 shows the PL spectra taken from a representative single QR under different excitation powers.
Two emission lines associated with the recombination from exciton (X) and biexciton (XX) states can be
observed, which have been identified according to linear and quadratic power dependence of intensity as shown
in the inset of Fig. 2. The samemeasurement has been performed on a total of seven QRs. The emission energies
of X are in the range of 1320-1328 meV, while the biexciton binding energies _defined as (EX—EXX) are
varying from 0.2 to 0.7 meV for different QRs.

When an external magnetic field is applied along thegrowth direction, each of X and XX lines splits into a
cross circularly polarized doublet due to the spin Zeeman effect, as presented in Fig. 3. Because the exciton state
is the final state of the spin-singlet biexciton state, both X and XX show an identical energy splitting of 131
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ueV/T, corresponding to an excitonic g factor of |g|=2.3, a reasonable value for the InAs nanostructures
embedded in GaAs matrix. The average energy of each Zeeman doublet shows a quadratic dependence on B, i.e.,
the diamagnetic shift, which can be fitted to yB? where y is the diamagnetic coefficient. The average
diamagnetic coefficient of X for all the investigated QRs is yX=6.8 yeV/T2. Interestingly, we found that the XX
shows a considerably larger diamagnetic coefficient with an average value of yXX=14.8 yeV/T2, which is more
than the double of the yX value. The diamagnetic coefficient is proportional to the area of the excitonic wave
function. Our results suggest that the XX wave function is more extended than that of X in a QR. This is different
from the case of QDs, where the diamagnetic response of XX is usually similar to, or somewhat smaller than,
that of X due to the different spatial extents of the electron and hole wave functions and their responses to the
applied B.
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FIG. 3. (Color online) (a) Magneto-PL spectra for X and XX
lines under different magnetic fields. (b) Emission peak energies of
the X and XX Zeeman doublets as a function of magnetic field.
Dash lines are quadratic fits to the averages of the Zeeman doublets.

Here we argue that the more sensitive diamagnetic response of XX is a consequence of the fact that
self-assembled QRs do not have perfect azimuthal symmetry. It has been reported that the structure of buried
self-assembled QRs shows an asymmetric craterlike shape, with a diameter substantially smaller than the
ring-shaped islands on the surface of uncapped QR structures. In addition, due to the preferential out diffusion
of dot material along the direction, the embedded rim height is higher along the [110] direction, resulting in two
separate potential valleys along the [110] direction, resembling a pair of connected QDs. The lack of rotational
symmetry in the potential of embedded QRs is expected to have significant impacts on the diamagnetic
responses of X and XX. For a neutral X, the height variation strongly localizes the hole inside one of the potential
valleys due to the large effective mass. Consequently, the electron will be bound to the same valley by the
electron-hole Coulomb attraction. This means that the wave-function extent of X is determined mainly by the
confinement of the potential valley and the Coulomb interaction. Therefore, the diamagnetic response of X is
similar to an elliptic QD.

For a neutral XX confined in the QR, the two holes may be separately localized in different valleys due to
the strong hole-hole Coulomb repulsion and the negligible coupling of hole states between the two valleys. Due
to the Coulomb attractions of the two separately localized holes, the electron wave functions of XX are more
likely to spread over the two valleys and become more extended than that of X. Unlike X, the wave-function
extent XX is determined mainly by the diameter of the embedded QRs.

In order to further attest our assertions, we performed calculations of the X and XX states in our QRs based
on structural information obtained from our atomic force microscopy topography and the proposed shape of
embedded QRs. A one-band effective mass Hamiltonian was used to calculate the single-particle states. The
Coulomb interaction between the electron and hole was then treated self-consistently. We model the QR as a
nanoscale crater with an azimuthal asymmetric potential Vn(p,) deduced from the z-axis quantization energy
variation arising from the height anisotropy. The potential can be further simplified to Vu(p,p)= Vo(p) cos 20,
where Vo(p) is proportional to the height anisotropy factor _h. Figures 4(b) and 4(c) depict the QR height profile
and the corresponding radial potential Vo(p) for the electron for a rim radius of R=7 nm, an average rim height of
hum=2.5 nm, and an anisotropy factor of ,=0.15. The corresponding maximum Vj is 19.5 and 9.8 meV at the rim
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for the electron and hole, respectively. The calculated electron wave functions for the lowest energy states of X
and XX are plotted in Figs. 4(d) and 4(e), respectively. It can be seen that X is well confined in one side of the
QR with a less extended wave function. By contrast, the electron wave function of XX spreads over both sides of
the QR. The diamagnetic response of X and XX can be further calculated by superimposing a magnetic
confining potential to the QR potential. By fitting the calculated energy shift to the quadratic energy dependence
_B2 as depicted in Fig. 4(f), the diamagnetic coefficients of X and XX are found to be X=10.7 eV/T2 and
_XX=23.0 _eV/T2, respectively. Although the model QR shape may be different from the actual shape of our
QRs, our simulations demonstrate unambiguously that the asymmetric potential indeed impacts the diamagnetic
response of X and XX, which agrees very well with

our experimental finding.
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FIG. 4. (Color online) (a) A schematic for the QR geometry with
an anisotropy factor &;=0.15 used in our model calculations. (b)
and (c¢) are the height profile /2(p) and the electron radial potential
Vo(p) of the model QR. (d) and (e) are the calculated electron wave
functions of the lowest X and XX states. The dash circle represents
the rim diameter of 14 nm. (f) The emission energies of X and XX
as a function of B. yyx and yxx are found to be 10.7 xeV/T? and
23.0 meV/T? by fitting to E=yB>.

In brief, the diamagnetic responses of excitons and biexcitons confined in single self-assembled QRs have been
investigated. Unlike single QDs, the biexciton confined in single QRs shows a considerably larger diamagnetic
coefficient than the exciton, implying the more extended biexciton wave functions in the ring. The lack of
perfect rotational symmetry in the potential of embedded QRs due to the inherent  structural asymmetry is
the fundamental cause of the more extende biexciton wave function. The strongly localized holes in potential
valleys of QRs leads to a localized exciton wave function due to the electron-hole Coulomb attraction, while
makes the biexciton wave function being able to spread over the ring due to the hole-hole Coulomb repulsion. In
other words, the Coulomb interactions combined with the reduced azimuthal symmetry caused by inherent
structural imperfection could destroy any of the expected magnetic response that relies on the rotational
symmetry of exciton and biexciton wave functions confined in self-assembled QRs.

D. Nanocavity with square lattice photonic crystal

We proposed and demonstrated a point-shifted nanocavity which can sustain a lowest-order WG mode
based on square-PhCs. Although the lowest-order WG mode also exists in square-PhC single-defect (D1)
nanocavity, we show the WG mode in our proposed design here can be with smaller mode volume but larger
nano-post tolerance than that in square-PhC D1 nanocavity.
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Fig. 1. (a) Scheme of square-PhC D, nanocavity on a suspended dielectric slab. (b) The plot of
FDTD simulated defect modes frequency versus r'/a ratio in square-PhC D, nanocavity under
fixed r/a ratio = 0.38, including dipole (open triangle), WG, ; (open circle), and monopole
(open square) modes. 7-M (blue shadow) direction PBG, I-X (pink shadow) direction PBG,
and their overlapped region M-X direction PBG (purple shadow) are also shown. (c) FDTD
simulated mode profiles in electric field of dipole, WG, |, and monopole modes, which are
obtained under r”a ratios of 0.30, 0.30, and 0.35, respectively.
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Generally, square-PhC has smaller photonic band gap (PBG) comparing with triangular one. To make sure
that the defect modes will be well-confined by the PBG effect, we calculate the band diagram of square-PhC
dielectric slab by three-dimensional (3D) plane wave expansion method. The slab thickness and refractive index
are set to be 220 nm and 3.4, respectively. The structure scheme is shown in Fig. 1(a). The simulated results
indicate that the PBG width increases with r/a ratio, where r and a represent air-hole radius and lattice constant,
respectively. For example, the PBG region is ranged from 0.326 to 0.352 in normalized frequency (a/A) under
r/a ratio = 0.38, which corresponds to a sufficient large spectral width of 110 nm when a = 500 nm. Although
wider PBG range can be obtained when r/a ratio is larger than 0.38, the PhC structure becomes fragile in
fabrication due to the enlarged air-hole radius. Thus, the r/a ratio of square-PhC will be chosen and fixed to be
0.38 from now on. A simple square-PhC nanocavity design is the D1 nanocavity by removing an air-hole and a
lowest-order WG2, 1 (the former and latter sub-number represent the azimuthal number and radial order,
respectively) mode will be sustained in this nanocavity design.

Recently, it has been reported that local lattice shifts in 1D or 2D PhCs can create nanocavities well
sustaining various ultra-small defect modes. Here we propose a hanocavity design using similar approach based
on square-PhCs. As shown in Fig. 1(a), the square PhCs are defined by air holes on a suspended dielectric slab.
Four central air holes are shrunk to be
r’ in radius and the positions are shifted outward to form a nanocavity region, named pointshifted DO
nanocavity. First, we perform 3D finite-difference time-domain (FDTD) simulations to obtain the defect modes
in this nanocavity design. In the simulation setup, the lattice constant, r/a ratio, slab thickness, and refractive
index are set to be 500 nm, 0.38, 220 nm, and 3.4, respectively. The »/a ratio is varied from 0.285 to 0.36, and
the number of lattice periods is set to be 14 in both x- and y-directions to provide sufficient PBG confinement.
From the simulation results, three defect modes exist in DO nanocavity under different »’/a ratios, including
dipole, WG2, 1, and monopole modes. The relationship between the simulated defect mode frequency and r/a
ratio of square-PhC DO nanocavity are shown in Fig. 1(b). All the defect modes lie inside the PBG region. As
shown in Fig. 1(b), we also find that WG2, 1 and monopole modes can be confined only by I'-X direction PBG
effect. This is possible because the in-plane radiations of WG2, 1 and monopole modes are mainly along I'-X
direction, which can be observed from the FDTD simulated mode profiles in electrical field shown in Fig. 1(c).
Thus, for both WG2, 1 and monopole modes, the available design range will be larger than the expected M-X
direction PBG region. It should be noted that WG2, 1 mode in DO nanocavity is different from WG2, 1 mode in
D1 nanocavity with in-plane radiation along I'-M direction.
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Fig. 3. Top-, zoomrin, and tilted-view SEM pictures of fabricated square-PhC Dy nanocavity
from left to right. The fabricated lattice constant, #/a, and r”a ratios are 500 nm, 0.38, and 0.30,
respectively.

Real devices are fabricated on InGaAsP multi-quantum-wells (MQWSs) by electron-beam lithography and
a series of inductively coupled plasma / reactive ion etching dry-etching process. Then the suspended slab is
formed by HCI selective wet-etching process [17,19]. Top-, zoom-in, and tilted-view scanning electron
microscope (SEM) pictures of fabricated square-PhC DO nanocavity are shown in Fig. 3. The fabricated
square-PhC DO nanocavities are optically pumped at room temperature. To avoid thermal problems, the duty
cycle and width of optical pulse are set to be 0.2% and 40 ns, respectively. And the pump spot size is focused to
be around 3.5 um in diameter. From nanocavity with fabricated a = 500 nm, r/a ~0.38, and »/a = 0.30, we
obtain single-mode lasing at 1560 nm, which can be identified as WG2, 1 mode by comparing with the
simulation results in Fig. 1(b). The measured light-in light-out (L-L) curve and spectrum of single-mode lasing
action are shown in Fig. 4(a) and (b). The thresholdis estimated to be 160 uW from the L-L curve, which
corresponds to an effective threshold as low as 8 uW when taking the power absorbed by the nanocavity into
account only. This low threshold is attributed to the small mode volume and high Q factor of WG2, 1 mode in
DO nanocavity, which directly indicates the potential in achieving thresholdless nanolaser. We also obtain the
spectrum below threshold (at 100 pW, ~0.7 times threshold), as shown in the inset of Fig. 4(a). The estimated
spectral line-width by Lorentzian fitting is 0.38 nm, which corresponds to a Q factor of 4,100. And the
measured side-mode suppression-ratio (SMSR) is larger than 20 dB as shown in the inset spectrum of Fig. 4(b).
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Fig 4. (a) The measured L-L curve and (b) lasing spectrum of WG, | mode at wavelength of
1560 nm from square-PhC Dy nanocavity. The measured WG mode polarization and spectrum
below threshold are shown in the insets of (a). The lasing spectrum in logarithm scale is shown
in the inset of (b). The r/a ratio, r'/a ratio, and lattice constant of the measured device are (.38,
0.30, and 500 nm, respectively. (c) WGy 1 mode lasing spectra from square-PhC Dy
nanocavities with increased r'/a ratio from 0.285 (top curve) to 0.315 (bottom curve) under
lattice constant of 480 nm. The intensity of each spectrum has been normalized.

E. Magneto-optics of layers of double quantum dot molecules

We formulate a computational method which allows us to monitor the coherent manipulation of the
guantum states of electrons and holes in embedded semiconductor nano objects by means of the
magnetoellipsometry. The influence of the surrounding semiconducting matrix on the polarizability of the nano
objects has been imposed using a generalization of the hybrid discrete-continuum model. The generalization
allows us to simulate the nano objects of arbitrary shapes. We show that parameters of the electron and hole
guantum states localized in the nano objects can be retrieved from the collective magneto-optical response of
systems of such nano objects. As an example of the method implementation we consider impact of the coherent
manipulation of electronic states in the double vertical lens-shaped circular QDM on the collective
magneto-optical response from a layer of those nano objects. The manipulation is performed by an external
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magnetic field applied upon InAs/GaAs quantum dot molecules assembled from the dots with substantially
different lateral radii. Recently it was demonstrated that in the asymmetrical QDM the nonuniform diamagnetic
shifts of the lowest electron-energy levels lead to their anticrossing which yields in a positive peak of the
differential magnetic susceptibility of the system. In this paper we show unusual consequences of the
nonuniform diamagnetic shifts for the magneto-optics of layers of asymmetrical QDMs. We treat the
semiconductor QDMs within complete three-dimensional description which allows us to simulate arbitrary
directions of the external magnetic field (Fig. 1) in contrast to most of the calculations done before. It brings up
much wider opportunities to dynamically manipulate electron and hole states in QDMs. As it was already
mentioned changes in magneto-optical response of a layer of QDMs emerge from the changes in the
quantum-mechanical configuration of the QDMs. In this paper we demonstrate in detail that the
magnetoellipsometric data can reproduce an important and clear information on the quantum mechanics of the
molecules.

Quantum Dot
Molecule

FIG. 1. Schematic of the magneto-optics of a layer of embedded
semiconductor quantum dot molecules.

For systems of semiconductor embedded nano objects ofarbitrary shapes we have formulated a
modification of the hybrid discrete dipole approximation. The modification allows us to describe the collective
magneto-optical response of systems of such objects. As an example of the theory implementation we have
performed a comparative study of the magneto-optical response functions _absorbance and the ellipsometric
angles_ for a layer of asymmetrical InAs quantum dot molecules arranged in a square two-dimensional lattice
and embedded into GaAs matrix. The response of individual embedded QDMs is presented in terms of the
excess polarizability. Static and dynamic parts of the polarizability _and the self-interaction tensor as well_ are
determined. Using the Veliger’s derivation we simulated the ellipsometric angles of the layer embedded QDMs
for a wide range of the system configuration. We emphasize that the magnetoellipsometric data reproduce
important information on the quantum mechanics of the molecules. Varying magnetic field and the distance
between quantum dots within the layer we can investigate optically the transition from molecular to “atomic”
behavior of the system. This general conclusion remains valid when excitonic effects are taken into
consideration. Our simulation results clearly suggest measurable values for the ellipsometric data for any
modern ellipsometric setup. The approach can be potentially useful for simulation and characterization of new
all-semiconductor nanostructured metamaterials.
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Report on the 22™ Annual Meeting of the IEEE Photonics Society.

Belek, Antalya, Turkey, October 4™ - 8™ 2009.

Project Account

Project Name

Student Dai Van Truong / 2 i ~ & 7 + 1 #2 % #7 / Ph. D Candidate

Conference Name| LEOS 2009

Address and Time|4™ — 8" October 2009 @ Antalya, Turkey

Paper Title

Modeling the Simultaneous Two Ground-State Lasing Emissions in Chirped
Quantum Dot Lasers

22" Annual Meeting of the IEEE Photonics Society was held at Belek, Antalya, Turkey,
October, 4™ — 8" 2009. This year’s Annual Meeting features a broad spectrum of activities
including plenary, invited and contributed papers, special symposia, short courses and special
sessions on Creative Teaching Methods and on Careers in Research. The program sub-
committees have put together an excellent program consisting of about 135 invited talks and
320 contributed papers. The conference has 21 topics and divided into 8 rooms. The
conference topics are as follows:

Bio-photonics

Display

Electro-optic sensors and systems

Integrated optics and optoelectronics

High power and short wavelength lasers

Microwave photonics

Nano-photonics

Nonlinear optics

Optical communications

Optical fiber and planer waveguide technology

Optical interconnects and processing systems

Optical material and processing

Optical network and systems

Semiconductor lasers

Optoelectronic packaging, manufacturing and reliability
Photo-detectors and imaging

Solid State Lasers

SPECIAL SYMPOSIUM ON The Convergence of Wired and Wireless Services in
In-Building and Access Networks

SPECIAL SYMPOSIUM ON New Materials for Photonics
SPECIAL SYMPOSIUM ON Optical Networks and Devices for Data Centers
Ultrafast Optics and Electronics



http://www.ieee.org/organizations/society/leos/LEOSCONF/LEOS2009/topics_solidStateLasers.html
http://www.ieee.org/organizations/society/leos/LEOSCONF/LEOS2009/topics_convergence.html
http://www.ieee.org/organizations/society/leos/LEOSCONF/LEOS2009/topics_convergence.html
http://www.ieee.org/organizations/society/leos/LEOSCONF/LEOS2009/topics_new_materials.html
http://www.ieee.org/organizations/society/leos/LEOSCONF/LEOS2009/topics_opticalNetworksAndDevices.html
http://www.ieee.org/organizations/society/leos/LEOSCONF/LEOS2009/topics_ultrafastOptics.html

The conference brings to the participants opportunity to present their works in different
research branches in photonics society. Especially, this is the good opportunity for young
researchers to learn a lot of things from experienced researchers in the photonics field.
The first day, there are three short courses. These courses not only informed about
fundamental of these fields, but also about hot research topics today. Especially, in the
evening photonics society leaders gave their talks about creative teaching and research
career. The second, third and fourth day, the conference began from 8h30 to 17h00. All
presentations at the conference are oral. These talks provided much effective information
for participants discuss and share their experience in science and technology. Our paper
about “Modelling the Simultaneous Two Ground-State Lasing Emissions in Chirped
Quantum Dot Lasers” was presented on “Inter-band and Quantum Dot Lasers” section
(9h45-10h00, 8™ October).

In summary, the conference not only gave me a big chance to present my work but also
opened in my mind many directions in my future research. | also learnt many things in
science as well as in education from the conference.

Advisor: Prof. C. P. Lee Hsinchu, October, 24™ 2009

Student: Dai van Truong



ﬂﬁg R 3F 2

€ 3 - #: North American Molecular Beam Epitaxy
MEAR: iy R AFFFr -

Fg 0 AR R R

p g : 2009/08/09-2009/08/12

5 & % 18 5 NAMBE % B § HRAT#E 8 (70 § 3R 979 7 RRALS 45 F & H 7
F it E kAR NE KEE S Jeﬁmp;i ) 3 fl—x % 2 3 cn R 7\55'&,,,,“

M o =% conference 3 -~ BItimeni A > 40T

Fundamentals of MBE growth
MBE growth modifications
Materials characterization
MBE technology

I11-Nitrides and dilute nitrides
Oxides

I1-VI materials

Zn0O

I11-V materials and structures
Si MBE

Hybrid materials
Photonic devices
Electronic devices
Spintronics
Low dimensional structures
Novel materials and device physics
B A TR EE AR S A 0 W 8/11 ~ 12 A8 T R AR, Rt PEandy it

R R R R S A R R IR IR SR

08/11:

AR ARAGABLIIE Y REGHum izt RF 2 = 7 % FET
AR RREFHPFET AL EY A% type [I 2F X Bz @&
intra band (Conduction Band) transition P~ # %% type [ S - 3 kit &
LR R ik gk U B R R R T ET"G%J ' g ¥17% > group 3¢ = #
NEIum A ERREETH oA 2T FET ~ 2R EW 3 ST &3 &
g £ > w2 &SR WArani
T poster session * P % ik
#-GaN = K Al A b oo it

[d
S L*‘;t’}%:’v’%;f ‘,ﬁc14f13§‘—;#a‘rwjfv’ﬂpi"{
$ thrsource i MR (650°C) = & GaN- F %



2RSS 2B topic s e BAEFTF Y P W GaN Bl LA T o
mH BT R ARR S o B2 A PR e FR G R ey i o
08/12:

+ o gession i & FERTHAL T Y 0 B ¢ H K s (Graphene) = £ 3t
Si & SiCHEFE L F 35 Group & % o d 0285 Rradpenh 7 ERE K
& ifiband diagram ¥2 — 4 graphite( % &)F “73 b > 7@ A2 3% § 5 BT+
@ﬁ%ﬁifﬁ% B E 2T ¥ A2 & bandgap 2. AL &2 G gT B o iR
AR ETEHE- R R OENSE o ¥ by 5 group R4 1+—®,f»uGaAs T
# Bi z’v’ﬂp;'g d Bl T REFEALIES L LA E D » 0 ¥ Jattice
constant I % € 4= F > e d 3 Bl R K L F & AApFMIEE00°C)T 0T
i Gy e AR AEEY o

T £ & poster session - A F O E AL AT G e B
session * # 4 P w A ATy A H L 4EE A Gads A R R 2 o 2
POl FIER e S AT G kuib A REFL S ARIAS R R4 & Gads F o
ERFEAFEAl A3 RE -4 P o7 44 & 60nm 05 R T 0 i F 4R
FAFERFE A BB group T Fl s AR fRERp éﬂposterﬁh EA I
SRR iR o

b

S
p =t Sode NAMBE 22 % — =0 S5 RSB e g sk 3 ¢ A FE B group = %
B4 0 & AP © & oposter session & H @ AR 0 FRRAEE XS o L0 E

WAL HAER LR R LR 0 3 MBE & K it 40 Ap g S andl
B5 o @ fx poster session £2# 4 cha g - 2 a?u;‘;:/\ TRE R FEREE Y
AT AR AP RIE R AT R ARG 2 I (R
WARTORB NG EAPE I F B RNEHR FHRITOENEA G
Eﬁu, FHAnNY 4Py 'R %)k;gja S 4 5F 112 mgpi’;



R |

~ Ry 2

> =¥ -}
DR REERFES
98 & 11 * 24 p
wa e P CE e [Rroger FAEELZ
T (23 g0 s |7 2701+ 51955 10953136822

0¥ % ok o oF ) PREER od e

EELES

(:’ <) 2009 Mk ﬁlﬁifﬁi 2 ¥ %Jﬁ@;}xﬁsﬁﬁ;_}g

- (3% =) 2009 International Microprocesses and Nanotechnology Conference
p 98 & 11 * 17 p
IR 4 R 2L poA-FLIR
298 & 11 * 21 P

DR P FYE &

(¢ =) JI* 2k RErlThr 44 XY ST 5 B 7S

(# %) Enhancement in Light Conversion Efficiency of Silicon Solar Cell by

W AR
using Nanoimprint Anti-Reflection Layer
=% Kk
et & AR +p

(R €3+ 5h3h)

JY Chen-visit report.doc




FRFREFT LR

- g
B gL EC AN LD BErE ERERND ARE RFEEEF 0 P ARY
Fe¢ipke ¢RMEFILY 16p 1 19p »d 316 P F % EXPFIARE > LA FH
W7 P HERPE AL DR EH WD AP ERTAL 1T P L BFHEPN T4 52 B
DUV, EUV Lithography ~ Graphene Growth & Characterization ~ Nanoimprint, Nanoprint and
Rising Lithography - 18 5w #1427 : Computatuinal Lithography - Nanomaterials
Microsystem » Nano Tool o & ® 37T = pF & £t Poster Session » ' 30 pb PFECIE (774 3R 7B
Ao ¥ A< 42 P 5 ! Enhancement of the Light Conversion Efficiency of Silicon Solar Cell by
using Nanoimprint Anti-reflection Layer- 4 ** Nanoimprint, Nanoprint and Rising Lithography =
3% o 19 541 483 © Nano-Carbon Devices ~ Nanofabrication ~ Electron & Ion Beam
Lithography ~ Nanowire Device ~ Resist Materials and Processing = F = B| §_% # Poster Session
TRk on 2050 g Fpd Fh o WA H Ok 2 AN TR 21 BT E K

fh g Ry o RIpA PR G BB session FFR#H T AEE 3004 0 5
PAEELE Y Byl ez A PHPULZEITHE c AL LA 2% 51 3 K RE
SHELIE Ak PR SR 0 X7 T E A BT 0 R G REAEY 0 A - B e
FRATFPandREIm e F AP R THF L2 BTEITT L S %P T E § gk
3o

- W (FARR)
wwéabgz%@ﬁ’ﬁﬂpiwwm*%ﬁwwﬁ Ry PR Rk hAARE
A BRI FCR R B AR AT S AR T S AT R R R
Bz m kG Y g IIhR AR B E o %ﬁv’ R FHhB2Fn - Bag o+ gl »
FEF RN LI DR P EAEEED o Superhydrophoblc ZnO surface: Chemical
Modification and Effects of UV irradiation ° %“ﬁf d UV st v -3 v 42 K44 e afi-kiE
<~ A HEA "fﬁ“i ha FRFIEF L EMRETMAT R Y o R EIF S M A
# o B3 A Alignment of size-homogeneous Ge dots on Si(001) substrate with two-dimension
hole array » | * B M 2 B % A 4 5 A= F L7 > L * ffa> N i w33 Ge
nanodots > % I nanodots € F 4 »”i'rﬁ:}%?d“’? B SRR S e s 535N AN
o B - WY G ABGTHT Y AL o 3 K RE AP B PR > > In-situ error estlmatlon of
microstructure patterning on glass substrate by imprinting process i& B F7 § = ¥k ik
TR AR I A o gL T R PR B A LT f‘&% B g e A B pF
f* o Enhanced Transmittance of Fresnel Lens for Concentrated Photovoltaic Device using
Nano-Imprint Lithography & # #~ % jL BRI F R afp A et AR

At
3;
= &
=3

TR qvkql SR KA R T F At b0 Xy ﬁ@,—,\.«r%é‘b?}a RCEE > Ay R
kg F L b KA 4o 9:’2’T“F;}E@ﬁﬂ—mﬁi}iPﬁgJoﬁwz?}ap FL‘%‘rﬁ*ﬁi?
RLIY 1

MR AL AT&;LZE'JWPQ, ’«E’f}".pi“'fqz L——»Ibmpin,_"—} %,Lmﬁgé ' igf—ét TR
A

2 JY Chen-visit report.doc



[

LWL = A 4= A ]
[ T S S

-

7 E rﬁ
MBI 0 AR i
# —LIM” P R Xb S e AR e

#B iﬁéi%{'

5«}%@]“&5:[ -}gm
E2 B R RS
iE A Lelf“ﬁfia

i MNC 2009
4!l 22nd International Microprocesses
and Nanotechnology Conference

November 16-19, 2009
| Seminar in ber 16)
Plenary Session (Novnmber 17)
Oral Session (November 17-19)
Poster Session (November 18, 19)
Technical Exhibition (November 17-19)

Registration DEsk{ZF} (Movember 16-19)
s 2000 HiiESF— Eff/ SR 1nAKE

A
- R RIS - RRF R

R 5%
KR BN L SHES P S E R HEN ST D S -

3 JY Chen-visit report.doc



MNC 2009 Session Schedule

Monday, November 16, 2009

Room A (3F)

13:00-17:50 MNC 2009 Technical Seiminar in Japanese
MNC 2009 #iflfiz3+—4t KGCOERE+/ /314« [TORE [/ 12 F) 2 b )

Room D-1 (2F)

18:00-20:00

MNC 2009 Get Together Party (Free for every participants)

Tuesday, November 17

Room P (3F)
17P-1:0pening Session Page 5
9:30-9:50: Cpening Remark and 2008 Award Presentation
9:50-10:30 S. Wurm (SEMATEC, USA)
10:30-11:10 A. Neureuter (Univ. of CA, Berkeley, USA)
11:10-11:50 T. Fukui (Hokkaido Univ.)
Lunch
Room A (3F) Room B (3F) Room C (3F)

17A-2: 13:30-15:20
DUV, EUV Lithography and Metrology

Page 6

17A-2: 15:20-15:35, Author's Interview

17B-2: 13:30-15:10 Page 5
Symp. B. Graphene: Growth & Characterization |

17C-2: 13:30-15:20 Page 5
Nanoimprint, Nanoprint and Rising Lithography |

Room D-1 and D-2 (2F)

Coffee Break

Room A (3F)

Room B (3F)

Room C (3F)

17A-3: 15:40-17:50
Bio MEMS, Lab on a Chip

Page 6

17B-3: 15:30-17:10 Page 6
Symp. B. Graphene: Growth & Characterization Il

17C-3: 15:40-17:30 Page 6
Nanoimprint, Nanoprint and Rising Lithography I

17A-3: 17:50-18:05, Author's Interview

17B-2, 3: 17:10-17:25, Author's Interview

17C-2, 3: 17:30-17:45, Author's Interview

Wednesday, November 18

Room A (3F)

Room B (3F)

Room C (3F)

18A-4: 9:00-10:40
Dr. Hiroshi Ite Trib

ute

Page 7

Symp. A. Computational Lithography |

18B-4: 9:00-10:30
Nanomaterials |

Page 7

18C-4: 9:00-10:40 Page 7
Microsystem Technology and MEMS |

Room D-1 and D-2 (2F)

Coffee Break
Room A (3F) Room B (3F) Room C (3F)
18A-5: 11:00-12:40 Page 7,8 |18B-5: 11:00-12:50 Page 7,8 |18C-5: 11:00-12:40 Page 7.8
Symp. A. Computational Lithography II Nanomaterials Il Microsystem Technology and MEMS Il
18C-4, 5: 12:40-12:55, Author's Interview
Lunch
18A-6: 14:00-15:30 Page 8 18B-6: 13:50-15:30 Page 8,9 |18C-6: 13:35-15:45 Page 8. 9

Symp. A. Computational Lithography IlI

Nanomaterials I

NanoTool

18A-4, 5, 6: 15:30-15:45, Author's Interview

18B-4, 5, 6: 15:30-15:45, Author's Interview

18C-6: 15:45-16:00, Author's Interview

Room D-1 and D-2 (2F)

18D-7: 16:00-18:00 Poster Session | Page 9-14
DUV, EUV Lithography and Metrology. Electron- and lon-Beam Lithography,
Resist Materials and Processing, Nanodevices, Nanofabrication, Nanomaterials,
Nano-Tool, Nanoimprint, Nanoprint and Rising Lithography Bic MEMS, Lab on a Chip
Microsystem Technelogy and MEMS
Room A (3F)
18:15-20:15 Banquet
Thursday, November 19
Room A (3F) Room B (3F) Room C (3F)
19A-8: 9:00-10:50 Page 15 19B-8: 9:00-10:40 Page 15 19C-8: 9:00-10:50 Page 15
Nano-Carbon Devices Nanofabrication | Electron- and lon-Beam Lithography
19C-8: 10:50-11:05, Author's Interview
Room D-1 and D-2 (2F)
Coffee Break
Room A (3F) Room B (3F) Room C (3F)
19A-9: 11:10-12:50 Page 15, 16 19B-9: 11:00-12:50 Page 15, 16 19C-9: 11:10-13:00 Page 15, 16
Nanowire Devices Nanofabrication Il Resist Materials and Processing |
19A-8, 9: 12:50-13:05, Author's Interview 19B-8, 9: 12:50-13:05, Author's Interview
Lunch
Room D-1 and D-2 (2F) 19C-10: 14:10-16:10 Page 16, 17
19D-10: 14:10-16:10 Page 16-21 Resist Materials and Processing Il

Poster Session Il

Nanodevices, Nanofabrication, Nanomaterials, Nano-Tool
Nanoimprint, Nanoprint and Rising Lithography, Bio MEMS, Lab on a Chip
Microsystem Technology and MEMS

19C-8, 10: 16:10-16:25, Author's Interview
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REPORT

on Dr. O. Voskoboynikov’s attendance

in the 6th International Conference on Quantum Dots

The 6th International Conference on Quantum Dot (QD2010) was held in the University
of Nottingham, the East Midlands Conference Centre, (Nottingham, UK) from the registration
start in 25th of April to 30th April. QD2010 was the 6th conference in a series, which started in
Munich (2000), before continuing in Tokyo (2002), Banff (2004), Chamonix (2006), and
Gyeongju (2008). The aim of the conference was to provide a forum for scientists from different
research branches including physics, chemistry, materials science and engineering to discuss
fabrication techniques, optical and transport properties as well as applications of quantum dots.
One of the main goals of the conference was to bring together different quantum dot communities
involved in research on self-assembled dots, nano-crystals, and gated structures, in order to
stimulate progress by combining the expertise developed in each community. The scope of
QD2010 covered elaboration, basic physics and applied research on quantum dots. The focus of
the conference was the optical and electronic properties of nanostructures grown both by epitaxial
methods and chemical synthesis and leading to three- dimensional confinement of electrons. In
the following, a non-exhaustive list of topics was given to illustrate the scope of the meeting: -
Novel fabrication techniques of quantum dots (self-assembled nanostructures, nano-crystals,
nano-wires, nano-rods, etc.); - Optical properties of quantum dots; - Transport properties of
guantum dots, including single electron tunneling; - Theory of electronic and optical properties of
qguantum dots; - Device applications such as lasers, memories, photo-detectors, solar cells; -
Exploratory applications of quantum dots: medicine, biophysics, spintronics, quantum computing
and information processing.

The Conference program consisted of more than 350 presentations form scientists over
the world. The conference was supported by IOP Institute of Physics, Andor Technology,
Attocube Systems, Bruker, Hamamatsu, Horiba Scientific, IOP Publishing, IUPAP, Oxford
Instruments NanoScience, Princeton Instruments UK, Veeco. All those organizations where
presented at the conference like exhibitors.

In the Conference we presented two our works: L. M. Thu, W. T. Chiu and O.
Voskoboynikov " Temperature stable positive magnetic susceptibility of semiconductor wobbled
nano rings" and L. M. Thu and O. Voskoboynikov " Optical response of quantum dot multilayer

structures”. The presentations have called a considerable attention and produced fruitful



discussions with Prof. G. Populan (National Polytechnic Institute of Mexico, Mexico), Dr. T.
Shamirzaev (ISP, Russian Academy of Science, Russia), Prof. D. Yakovlev ( Technische
Universitat of Dortmund, Germany) and others.

Both our papers have been selected to be published in the proceedings of the QD2010 as
a Special Issue of Open Access Journal of Physics: Conference Series (JPCS) which is published
by Institute of Physics Publishing in the UK. Publication in this archival journal will promote
wide dissemination and citation, particularly since all information will also be accessible on the
Internet.

During this visit | discussed with local scientists joint research projects and possible
future scientific collaboration in the field of semiconductor nano-structures and computational

metamaterials.

Prof. O. Voskoboynikov

05/07/2010
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