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ITI-V semiconductor quantum dot (QD) structures are
gathering great interest from the view points of physical
studies and their novel device applications. Recently, we
found that due to the strain-induced lateral composition
modulation, the high density QD structures are self-
formed in the (GaP)p (InP)y, short-period superlattices
(SLs) grown on the GaAs (N11) substrates by gas
source molecular beam epitaxy (MBE) [1] .

We have already reported on the scanning tunneling
microscopy (STM)/scanning tunneling spectroscopy
(STS) study of QD structures self-formed in GaP/InP
short-period superlattices and found that the high density
QD structures are observed as bright areas in the STM
images. The dot size of these structures ranged from 15

nm to 25 nm with a dispersion of £10 % depending on

the n and m values of (GaP)p (InP)i, SLs. In the STS

measurement, the voltage width for dI/dV=0 varied
periodically along the lateral direction on the sample
surface. This voltage width variation corresponds to the
lateral variation of the bandgap energy [2].

In this paper, we report the self-formation process
and optical properties of high density QD structures in
the (GaP)p (InP)y, short-period SLs grown on the GaAs
(311)A substrates. SLs were grown by gas source MBE
with elemental Ga and In and thermally cracked PH3.
The gas source MBE and STM are connected through
ultrahigh-vacuum (UHV) tunnel.

The STM image for the only 0.5 cycle SL (1.5

monolayer GaP layer) revealed the elongated structures
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along the [0T1] direction (group V dimer direction),
but the periodic structures along the [233] direction
were not completely formed (Fig. 1(a)). For the sample
of the 1 cycle of SL (1.5 monolayer GaP and 1.88
monolayer InP), we found that the QD structures are
aligned along both [233] and [011] directions indicating
the occurrence of the self-formation of QDs at this
stage. On the 2 cycle SL grown surface, very clear QD
structures (an average size of 20.4 nm for both
directions) were observed (Fig. 1(b)). Furthermore, this
surface also showed the fine periodic structures parallel
to the [0T1] direction with a period of 1.6 or 4.0 nm,
which seems to be group V dimer rows on the self-
formed QD structures. This observation shows the

flatness of the QD surface.
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Fig. 1 STM images for the self-formed structures of
different SL cycle number of (GaP){ 5 (InP)] 88 SL

grown on GaAs (311)A substrates. (a) 0.5 cycle of SL
(1.5ML (monolayer)-GaP), (b) 2 cycles of SL (1.5
ML-GaP, 1.88 ML-InP, 1.5 ML-GaP and 1.88 ML-
InP).
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AFM observation for the sample of the 5 cycles SL,
showed the flatness of the sample surface with a
roughness of £0.2 A .

Observed bright and dark images are mainly caused by
the variation of bandgap energy (composition variation)
due to the lateral composition modulation and the
voltage width of dI/dV=0 in dI/dV vs. V curves varied
periodically along both [233] and [0T1] directions. The
amplitude of this periodic variation increased with the
SL cycle number and saturated at the 2 SL cycles (Fig.
2). '
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Fig. 2 Lateral variation of the voltage width for
dI/dV=0 along the [0T1] direction as a function of
SL cycle number (0.5, 1 and 2).

Optical properties of multilayer quantum dots
(MQDs) self-formed by growing the (GaP)1 5 (InP)1.88

SL (p cycles)/InGaP (B nm) multilayers on GaAs
(NIT)A (N=3, 4) substrates were investigated by
changing SL cycle (p ).

SL-thickness(nm)

S 0

% 188 2 2 1

& 1.80 ® (411)A, B = 20 nm ;MQDs
g 172 @ (311)A, B = 20 nm ;MQDs
-t

g 1.64

=

o

FWHM (meV)

6
SL- Period, p

Fig. 3 SL-cycle (p) dependence of PL peak

energy and FWHM for the MQDs self-formed in

the (GaP) 5(InP)] 88 SL(p cycles)/InGaP multi-

layers (B=20 nm) on GaAs (N11)A .
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Fig. 4 Temperature variation of the FWHM for
the MQDs self-formed in the (GaP)].5 (InP)1.88

SL (P cycles)/InGaP (B nm) multi-layers as a
function of SL cycle (P) and barrier thickness (B ).

PL peak energy for the MQDs self-formed by growing
the (GaP)1.5 (InP)1.88 SL (P cycles)/InGaP (B nm)

multilayers on GaAs (N11)A (N=3, 4) shifted toward
higher energy by decreasing P due to the quantum size
effect along the growth direction (Fig. 3). The
minimum full width at half-maximum (FWHM) was
observed at p=3~5. The temperature dependence of PL
FWHM for the self-formed MQDs was also improved

by decreasing P as shown in Fig. 4.
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