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obtained. They concluded that “the con-
trol of the Fermi level should be impor-
tant in future applications of colloidal
semiconductor nanocrystals and the elec-
tron transfer method may be the viable
approach in the nanometer length scale
with strong confinement.”

ROBERTSON ANSAH BILL

Semiconductor Quantum Dots
Self-Assembled into 2D and 3D
Ordered Lattices

Researchers in the Materials Depart-
ment at the University of California—
Santa Barbara have developed a technique
for growing semiconductor self-assembled
quantum dots (QDs) into ordered lattices.
Typically, in self-assembled QD systems,
the QDs are isolated or are arranged as
ensembles that are randomly distributed
within a structure. It is thought, however,
that self-assembled QDs, when arranged
in an ordered array or lattice, will exhibit
attributes related to the electronic or pho-
tonic quantum dot coupling within the
array. While a number of techniques for
producing spontaneous long-range order
in QDs have been employed, none have
resulted in systems that demonstrate cou-
pling effects between individual dots. In
the January 1 issue of Applied Physics
Letters, P.M. Petroff and co-workers
describe a method for self-assembling QDs
(InAs surrounded by GaAs) into two- and
three-dimensional periodic lattices using a
coherently strained layer of In0.2Ga0.8As
deposited by molecular beam epitaxy
(MBE) over a semiconductor substrate. 

Quantum dots are formed by the epi-
taxial deposition of coherently strained
islands. When the area over which the
QDs are deposited is large and uniform,
the nucleation process is random. To re-
duce this randomness, the researchers
nucleated the QDs on a limited surface
area, or, specifically, a mesa top with
nanometer dimensions. A square lattice
of mesas was patterned on a {100} MBE-
deposited GaAs film using optical holog-
raphy. The surface mesas had a square
base with ~170 nm sides and ~25 nm
height, and the two-dimensional (2D)
square mesa lattice had a periodicity of
~250 nm along the unit cell primitive vec-
tors. The oxide layer on the GaAs was
thermally desorbed and a 60-nm thick
GaAs layer was deposited to remove the
surface damage induced by the oxide.  To
obtain a periodic lattice of nucleation
sites, the research team used a periodic
strain pattern induced by a coherently
strained subsurface stressor layer of
In0.2Ga0.8As re-grown on the GaAs pat-
terned surface. InAs was then deposited
and islands formed on the mesa tops.

Finally, a 10-nm thick capping layer of
GaAs was deposited, transforming the
islands into quantum dots. 

The researchers’ atomic force micro-
scope (AFM) images illustrate three differ-
ent island lattices formed on top of the
mesas, each with a unit cell of a different
in-plane orientation. Data show that over
90% of the InAs QDs are on top of the
mesas and that the lattice periodicity of the
QDs matches that of the mesa array. They
also demonstrate that, by adjusting the
mesa lattice, the lattice period and unit cell
structure can be tuned. The number of
QDs within the lattice can be adjusted by
varying the indium flux during deposition.
Furthermore, their AFM images show that,
even for multiple islands that are closely
packed on a mesa top, there is no coales-
cence between QDs. Cross-sectional TEM
images indicate that, when stacks of QD
lattices are grown, the strain coupling
effects between layers preserve the regu-
lar order of QDs from one layer to the
next, resulting in dislocation-free, three-
dimensional (3D) QD lattices.

“We are now investigating how the
optical properties of these QD lattices dif-
fer from random ensembles,” said the lead
author, H. Lee. “And already we see that
the photoluminescence efficiency for an
ordered QD lattice is higher than for a ran-
dom ensemble of approximately the same
QD density (~5 × 109 cm-2).” This tech-
nique, which should be applicable to a
variety of QD materials systems, opens
the possibility of exploring the properties
of 2D and 3D semiconductor QD lattices.
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Gradient-Field Raman Effect
Allows Measurement of Both
Raman and Infrared Active Modes

A team of physicists at North Carolina
State University has discovered a method
for measuring the vibration properties of
materials, which could assist in the devel-
opment of nanostructure technologies.
Their technique, using near-field scanning
optical microscopy in conjunction with
what they call the gradient-field Raman
(GFR) effect, measures the behavior of
molecules at the nanoscale—rather than
Raman spectroscopy’s microscopic
scale—by reflecting light off of the stud-
ied material.

As assistant professor of physics Hans
D. Hallen and his research team applied a
near-field scanning optical microscope
(NSOM) to study the vibrations of mole-
cules, they discovered vibration patterns
that could not be explained using the rules
associated with normal Raman spec-
troscopy. In normal Raman spectroscopy,
the coupling between the light and the

molecule is brought about by a change in
polarizability as the molecule vibrates
along a bond. They found that the cou-
pling between the light and molecule in
the NSOM was moderated by a strong
electric field gradient that shifted the
potential energy of the atoms as they
moved during the vibration. In particular,
the gradient causes the force on a polarized
atom to vary as the atom moves during a
vibration, allowing the vibration to gain
energy from the optical field. 

In the November 6 issue of Physical
Review Letters, the researchers describe
how the strong electric field gradient can
cause forbidden vibration modes to
appear in the Raman spectra. A KTP sam-
ple demonstrates vibration energies at
683 cm-1—observed as a weak line in
Raman studies—and 712 cm-1 —observed
as a strong infrared (IR) line. Typically
NSOM-Raman studies reveal low signal
levels. In this study, the researchers report
that “the 683 cm-1 mode was not
observed, but the 712 cm-1 mode was
enhanced in the near field.” The
researchers attributed the strong 712 cm-1

mode in the IR absorption to the GFR
effect.

They said that with the GFR effect, “the
amplitude of the signal should be similar
to that of the allowed Raman modes, and
the relative strength of the modes should
be similar to those in infrared spec-
troscopy, for IR allowed modes.” The
researchers said that the selection rules
for the GFR process depends on the bond
orientation.

[001] HRTEM Image of Iron
Nanoparticles Reveals 3-nm-Thick
Passive Layer

Iron nanoparticles obtained by gas
evaporation in vacuum have an external
oxide layer formed by γ-Fe2O3 and Fe3O4.
However, this oxide shell does not protect
iron nanoparticles from further oxidation.
By means of gas condensation of plasma-
evaporated vapor, a team of researchers
from Tianjin University in China obtained
iron nanoparticles with corrosion resis-
tance at room temperature. The nanopar-
ticles were condensed from argon plasma
evaporation of an iron target. A group of
scientists from the Hong Kong University
of Science and Technology used high-
resolution transmission electron micros-
copy (HRTEM) to study the characteristics
of these iron nanoparticles. A compressive
oxide layer epitaxially grown over the iron
core causes this increase in corrosion resis-
tance, according to the researchers findings
published in the December 18 issue of
Applied Physics Letters.
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