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EFFECT OF THICKNESS OF GaP ULTRA-THIN INSERTION
LAYER ON THE STRUCTURAL AND OPTICAL PROPERTIES
OF InP QUANTUM DOTS

SOE SOE HAN, SOMSAK PANYAKEOW AND SOMCHAI RATHANATHAMAPAN
Semiconductor Device Research Laboratory (Nanotec Center of Excellence)
Department of Electrical Engineering, Chulalongkorn University,

Bangkok 10330, Thailand. e-mail: rsomchai@chula.ac.th

Abstract
A systematic study of thickness of GaP insertion layers on the structural properties of InP

quantum dots (QDs) was investigated. All samples were grown by conventional solid-source
molecular beam epitaxy using a GaP decomposition cell was used as P, source for P-based materials.
The density of InP QDs directly grown on IngsGao s;P layer is 4.8x10' ¢cm™, and decrease to 2.4-
3.9x10" cm” on GaP layers which depends on the thickness of GaP layer. The effect of GaP
insertion layer on the size distribution of InP QDs is also studied in this work.

Introduction
Self-assembled quantum dots (QD) have been widely applied to laser

diodes [1] and high efficiency QD intermediate solar cells (QDSCs) [2]. In
particular, in order to achieve the predicted high efficiencies in QDSCs, QDs
must be uniform in size and periodically distributed in all three-dimensions
which lead to the formation of an intermediate band or miniband rather than a
multiplicity of discrete quantized levels. Stranski-Krastanov (SK) growth is the
prevalent method for the formation of quantum dots (QDs). The most popular
technique of stacked QDs is to take advantage of spontaneous self-assembly of
coherent three-dimension islanding in lattice-mismatched epitaxy. However, this
technique usually results internal strain due to misfit dislocation. The lattice
mismatch between InP and Ing.s3Gags,P (lattice matched to GaAs) of 3.8%
provides sufficient strain to allow to form QDs via the SK mechanism.
Advantageous of QD-based optoelectronic devices is the formation of defect-
free, ordered arrays of uniform quantum dots, conditions realized in the InP/
Ing.45Gag 5P system. Recently, the strained-compensation technique is an
approach for an enhancement of quality of multi-stacked layers of QDs [3].
Here, the GaP is used as strain-compensated layer for InP/ Iny.43Gag 5,P.

In this paper, we report the structure characteristics of InP QDs due to
the use of different 0-4 ML GaP insertion layers on GaAs substrate by molecular
beam epitaxy. QD properties are characterized by atomic force microscopy

(AFM).

Experimental Procedure

Quantum dots composed of InP within an InGaP matrix were
elaborated by molecular beam epitaxy on semi-insulating (100) oriented GaAs
substrates using a Riber 32P system via Stranski-Krastanow growth mode. The
growth process was monitored by using 15kV reflection high-energy electron
diffraction (RHEED) system. The removal of native oxide was performed by
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heating the substrate under As; beam at 600°C until the streaky pattern
appeared. The subsequent growth was 300 nm GaAs buffer layer at 450°C and
followed by a 200 nm Ing 43Gag 5oP grown at 480 °C. Then GaP insertion layers
with 0-4 monolayers were grown before the growth of QDs. Finally, the high
density QDs were fabricated by deposited 3ML InP with temperature of 450°C
at growth rate 0.5 ML/s. The surface morphology was studied ex situ by atomic
force microscope (AFM).

Results and Discussion

InP QD on Ing4Gags;P has a high density of about 2-5x10'° cm™.
Figures 1 (a)-(e) show images of high density InP quantum dots grown without
and with 1-4 ML GaP that have been characterized by atomic force microscopy.
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Figure.l Typical AFM images of InP QDs on (a) 0 ML (b) | ML (¢) 2 ML (d) 3 ML (e) 4 ML GaP

layers and (f) InP QDs density plotted as a function of 0-4 ML GaP thickness.
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Figure.2 Size (diameter) and height distribution histograms of InP QDs on 0 ML (b) I ML (¢) !
ML (d) 3 ML and (¢) 4 ML GaP layers.

The dot density decreases approximately from 4.8x10' cm? 1o

2.7%10"" ¢cm® due to the insertion of 0-4 ML GaP layers. Figure 1 (f) shows the
relation of dot density of InP QDs as a function of the GaP insertion layer
thickness. The density of 3ML InP QDs depends on GaP thickness because the
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diffusion length of In atoms on GaP layer is shorten when increasing these
parameters [4]. Figure 2 shows the size and height distributions of the
nanostructures with varying deposition thickness of 0-4 MLs GaP layers. It is
observed that with increasing GaP thickness, the QDs density decreases and the
height and diameter increase. This is also an expected result and is due to an
decreased supersaturation at the onset of nucleation which leads to a lower
nucleation density. Since the QDs growth conditions are the same, the bigger
QD height and diameter and reduced density for the sample grown with the
InGaP interlayer indicates that the insertion of the 0-4 MLs GaP layer results in
more incorporation of the material. The incorporation efficiency of In during the
deposition of an GaP layer reduces as strain increases [5]. During the growth of
InP QDs, the segregated indium atom may react with P bond and forms
additional InP which increases the QD size and its uniformity.

Conclusion

Dependence on growth parameters of structural properties of MBE
grown InP quantum dots (QDs) has been studied by using atomic force
microscopy. We have demonstrated the fabrication of InP quantum dots on
Ing 48Gag 5P layer with GaP insertion layers. The Insertion of GaP improve the
uniformity when the GaP thickness is over 3 ML.
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