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1. Introduction

Quantum dot (QD) structures with
three-dimensional quantum confinement
are attracting great interest for novel
device applications and physical studies.
In previous papers [1], we have reported
the self-formation of QD structures in
the GaP/InP short period superlattices
(SLs) grown on GaAs(N11)A substrates
by gas source molecular beam epitaxy
(MBE). However, the full width at half-
maximum (FWHM) of the
photoluminescence (PL) peak for the
(GaP)1 5(InP); gg SL(18 periods=20
nm) /InGaP(20 nm:barrier) multilayer
QD structures showed large broadening
with temperature. In this paper, we
report the dependence of optical
properties on the SL period (SL
thickness).
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2. Experimental and Results

Two types of self-organized QD structures were
fabricated on GaAs(411)A and (311)A substrates. First
type of QD samples are multi-stacked QD structures
fabricated by growing 5 cycles of x-periods of
(GaP)1 5(InP)q gg SL/InGaP(20 nm) multilayers (x=1,
3, 15, 18 and 30). Second type of QD samples are 4-
QD-layers-stacked structures fabricated by growing 1,
5, 18 and 30 periods of (GaP); 5(InP); gg SLs
sandwiched with 30 nm InGaP layers. Plan-view
transmission electron microscope (TEM) images
showed the self-formation of dot/columnar structures
with a period of about 10~20 nm along the [011] and
[011] direction. Cross-sectional TEM images for the
multilayer structures showed the formation of QD
structures with [100] and [211] direction columnars
(Fig. 1) [2].

For these structures, 77 K PL peak energy showed a
shift toward higher energies by decreasing the period of
SL mainly due to the quantum size effect along the
vertical direction (columnar direction) (Fig. 2).
Reduction in the temperature variation of FWHM was
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Fig.1 (011) plane cross-sectional TEM image for the
(GaP)q 5(InP); gg SL(5-periods))/InGaP(20 nm) multilayer
QD structure grown on GaAs(311)A.

observed for the 5~10 periods (5~10 nm) samples (Fig.
3). This small broadening for the QDs with short SL
periods is considered to come from the zero-
dimensional density of states in QDs. The saturation of
the broadening at high temperatures is due to the
enhancement of quantum confinement along the
columnar direction as well as lateral direction. The
temperature-insensitive PL peak energies were observed
from the QDs with 18-periods SL on GaAs(311)A.
This temperature dependence is considered to be caused
by the multiaxial strain existing in the QD regions.
The temperature insensitive characteristic is considered
to be one of the candidates to fabricate the temperature
insensitive wavelength laser diodes [3].

Photoluminescence excitation (PLE) spectra showed
well-resolved peaks ( Fig. 4). Stokes-shift in PL
spectrum was cbserved to be very small. Average
indium composition of the Ga-rich region in QDs was
estimated be 0.33 (Ing 33Gag g7P) from PLE
spectrum.
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Fig. 2 (a) 77K PL spectrum for the 4-QD-layers-
stacked QD structures fabricated on GaAs(411)A
substrate. (b) Variation of PL peak energy with SL
period for the QDs formed in the (GaP); 5(InP); gg

SL(x-period)/InGaP (20 nm) multilayer structures.

3. Summary

Superlattice (SL) period dependence of optical
properties of the quantum dots self-formed in GaP/InP
short period SLs sandwiched with InGaP layers is
studied. Small temperature variation of the PL
halfwidth was achieved for 5-10 periods. Temperature
insensitive PL peak energy and very small Stokes shifts
were also observed.
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Fig. 3 Temperature variation of FWHM as a funf:tion of
the SL period for the QDs formed in the
(GaP)q 5(InP); g8 SL(x-period)/InGaP (20 nm)

multilayers.
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Fig. 4 PL and PLE spectra for the QDs formed in
(GaP); 5(InP); gg SL(18-periods) /InGaP(20 nm)

multilayers.



