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. Abstract

This reports summarized the results of “The growth, physical property, and
device application of semiconductor quantum structure” in this year. Using molecular
beam epitaxy (MBE) system, there are three major results of wire-like quantum



structure: GaAs anti quantum wires in InGaAs matrix, InAs quantum wires in InGaAs
matrix, and InAs quantum wires in InAlAs matrix. There have been two papers, about
wire-like quantum structure, reported. [1][2]

In addition, we have also successfully fabricated quantum rings and quantum dot
molecule-like nanostructures via MBE.

Keywords: GaAs, InAs, InGaAs, InAlAs, anti quantum wire, quantum wire, quantum
ring, quantum dot molecule-like nanostructure, molecular beam epitaxy.

[I. Introduction and Purpose

Quantum-structures attracted much attention currently for their potential in
fascinating physical phenomena and in device applications. Among the various ways
of fabricating semiconductor nanostructures, self-assembled growth method is most
popular, because of no resolution limitation from the lithography and no defects
induced by the etching processing. Using the different lattice constant between
In(Ga)As and GaAs, strained In(Ga)As forms quantum dots (QDs) self-assembly in
GaAs system and had remarkable success in the last decade []. As self-assembled
guantum structure stacked closely, they show more interesting phenomena. For
closely stacked In(Ga)As QDs in GaAs matrix » QDs stack vertically; however closely
stacked PbSe QDs in PbEuTe matrix form face-centered-cubic (FCC) structure.

In “The growth, physical property, and device application of semiconductor
quantum structure” of this years, we discussed the epitaxy of the InAs quantum
structure in InGaAs matrix, GaAs quantum structurein InGaAs matrix, and InAs in
InAlAs matrix. Furthermore, we used atomic force microscope (AFM) to observe the
surface morphology and used the transport electron microscope to observe the
cross-section of stacked structures of these three systems. Moreover, we used GaAs
anti-QWrs embedded in 2DEGS in the InGaAs matrix to investigate the anti-QWrs
influence on the anisotropic carrier transport behavior in 2DEGS.

Beside the wire-like quantum structure, we also demonstrated the preliminary
results of ring-like and molecular-like quantum structure.

I1l. Resultsand Discussion

Varian GEN II MBE system was used to epitaxy the required quantum structure
on (100) InP substrate. Before epitaxy, the native oxide on InP wafer surface was first
desorbed at 520°C under As; flux. A 300 nm thick InGaAs or InAlAs layer, lattice
matched to InP, was then grown and used as the matrix material for the nanostructures.
The following deposition contained one or three periods of quantum structures. Each
period consisted of several monolayers of InAs or GaAs for self-assembled quantum



structure growth and a 6nm matrix material as the spacer. There was interruption
before and after each self-assembled quantum structure growth. From the analysis of
X-ray diffraction, the lattice constant difference between InGaAs (or InAlAS) and InP
was within 0.2%.

Fig.1(a) is the AFM picture of InAs wire-like structure on InGaAs matrix. And
Fig.1(b) is the AFM picture of GaAs wire-like structure on InGaAs matrix. Because
InAs has smaller band gap than InGaAs and GaAs has larger one than InGaAs, InAs
wire-like structure forms QWrs and GaAs wire-like structure forms anti QWrs in
InGaAs matrix.
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Fig.1.(a) The surface morphology of InAswire-like quantum structure in InGaAs matrix. (b)The surface

morphology of GaAs wire-like quantum structure in InGaAs matrix.

Fig.2(a), Fig.2(c), and Fig.2(e) were cross-sectional TEM pictures taken for [110]
facets and revealed that all InAs or GaAs structures had dot-like patterns. However,
Fig.2(a), Fig.2(c), and Fig.2(e), the [110] cross-sectional TEM pictures, showed the
InAs or GaAs structure had more uniform wire-like patterns. As a result, InAs and
GaAs both formed wire-like structures, which extended along [110] direction. From
the high-resolution TEM (HRTEM) images of these structures, no dislocation was
observed. Moreover, the stacked wire-like quantum structure were both vertically
aligned, however, the stacked InAs QWrs in InAlAs were spatial anti-correlated. The
distinct adatom diffusion coefficient and different reactivity of step edge aong [110]
and [110] direction should be the main factors for wire-like structure formation in
InGaAs and InAlAs matrix. Phase separation was also observed for these wire-like
guantum structures. The phase separation should be caused by sureface energy and the
strain energy. And the different shape of phase separation makes wire-like structures
in InGaAs be spatial correlated and makes wire-like structure in InAlAs be spatial
anti-correlated.




Fig.2.(8)(b)InAs quantum structure in InGaAs. (c)(d)GaAs quantum structure in InGaAs. (€)(f)InAs

guantum structurein InAlAs.

We aso investigated the property of the GaAs anti-wires using an
InGaAg/InAlAs 2DEG structure. The GaAs anti QWrs were embedded below the
2DEG interface. Detailed structure is shown in Fig.3. For comparison, another sample
with the same structure but without the wires was also grown under the same
conditions. Then the temperature dependent mobility was measured in the
temperature range between 8K and 295 K. The longitudinal resistance (Rxx) and the
Hall resistance (Rxy) were measured. For the sample without GaAs anti QWrs,
isotropic 2DEG mobility was observed. The low temperature mobility was around 50
000-60000cm?/V's. However, for the samples with anti QWrs, clear difference
between the devices perpendicular and parallel to the wires was observed. Fig.4
shows the measured mobility as a function of temperature for the two devices with
anti QWrs. This figure shows that there is a large difference in mobility for these two
devices, which are orientated perpendicular to each other. This anisotropy can be
readily explained by the difference in the electron’s scattering cross section along the
two different directions because of the presence of the wires near the conduction
channel. When the electrons move parallel to the wires, the scattering cross section is
much less than that perpendicular to the wires.
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Fig.3.The structure of the InGaAs/InAlAs modul ation doped structure used in this study.
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Fig.4. The temperature dependent mohility for the devices with GaAs anti QWrs.

Fig.5(a) is the AFM picture of surface morphology of our preliminary quantum
ring. The way to obtain quantum ring is to cap GaAs layer, of which the thickness is
smaller than the height of QDs, on QDs and than annealing the wafer. Fig.5(b) is the
AFM picture of molecular-like quantum structure. The epitaxy recipe is similar to
guantum ring but change the epitaxy condition.

Fig.5.(@Q)The AFM picture of quantum ring. (b)The AFM picture of molecular-like quantum structure.

IV. Thecommentary on project results
From the investigation on wire-like quantum structure, the epitaxy mechanism of
INAg/GaAs on InGaAg/InAlAs was more clarified. And from the closely stacked



structures of these wire-like structures, we first observed the phase separation and
their strange stacking behavior. With more clarification of the epitaxy mechanism of
these structures, we can use these structures for device application, such as QWrs
laser diodes or QWrsinfrared photo detectors.
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