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(GaP), (InF). short period superlattices (SLs) are grown on GaAs(N 11}, (011} and (100} substrates by gas source
molecular beam epitaxy. Transmission electron microscopy and scanning tunneling spectroscopy observations show
that the SLs grown on GaAs(N 11)A (¥ =2-5) have lateral-composition-modulated dot/columnar structures with a lat-
eral period of about 10-25 nm, while on GaAs(100) and (011), wire/vertical-superlattice structures are formed. On the
other hand, the SLs on GaAs(111) show no lateral composition modulation and have quasi-perfect lateral superlattice
structures, Photoluminescence {PL) peak energies are greatly dependent on substrate orientation and monolayer num-
bers n, m corresponding to the lateral composition modulation, Optical properties of GaP/InP SL/InGaP multilayer
quantum dots (MQIDs) are investigaied and light emitting diodes (LLEDs) are fabricated.
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Fig. 1 (a) Plan view TEM image for the (GaPh.s (InP):ss8Ls
grown on GaAs(100) substrate. Insets are the cross-
sectional TEM images for [011] and [011] directions.
(b) Schematic drawing. Self-formed wire (vertical
quantum well) structures are observed.

@ [011] # i, missing As dimer FIOHETH Y, 1
Bt L —var LodnFiE—%L T
B, B, GaAs(OLD) F.Lit i LzHin L, GaAs(100)
WEOEE LY SERE H—8o LVBEERED
ks,

Fig. 2 1% GaAs (1A E R kiz (GaP).(InP), SL % 1%
E LM O (@) DF (REARLF) plan-view TEM g,  (b),
{¢) DF#fi TEM &, (d) BFHRERLTNE?, Fig.2
(@) 25LHAM1020nm @ Ry MEERBEINS, =
heED Ry MVEEIRTH 2 ARICRBEEZLATHEZ
ERRTCHEIDS, 1L Fy MEER, 101-10%¢m™2 &
BOHEEEDE, Lid, TR FEICLAZHEES
HoTWWa, 1OOFMIE (100) HERR [011] #
MTHY, &5 1 20FmiiZhicEARERAD [122]
A ({o11] Hrw %M Thbd, EiZFig2 (),
&, (100) ERELTER2Y MDA BEREDOSLEE
M TAERETABE SIS, ZhE DREEEN R



CEEBET  BAART  EEL— 567

Fig.2 TEM images for the (GaP):(InP). SLs grown on GaAs(411)A substrate. (a) Plan view image taken from [001]
direction. Cross-sectional images for (b) (011) and (c) (011) ptanes. (d) Cross-sectional lattice image for (011)
plane. Self-formed dot (cotumnar) structures are cbserved.
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Table 1 Self-organized structures formed in the (GaP).
(InP), short period superlattices grown on GaAs
(N 11) substrates. Depending on the substrate orien-
tation, wire, dot or CuPt-type ordering structures

are formed.
Substrate {(GaP)(InPy  (GaP).(InP), Columnar
Orientation  SL SL(n=<2) structure
direction
GaAs(100) wite wire [100]
GaAs(S1DA superlattice  dot [100]
GaAs(411)A superlattice  dot [100]
GaAs(3l1A superlattice  dot [211]
GaAs(211A superlattice  dot [211]
GaAs(111)A&B  CuPt-type superlattice  [111]
ordering
FRNZIZIESE 27 monolayer SL 234 55, n=4 D SL

DU TR T Tid 4 ML © SL 2382 & ., TED pattern
Th 1ML O 8 EORAM% AT satellite-spot AR BTz,
ZRIBFETE PR TWS (100) BiE L TORER OB
REE LD 28N ERENETH B,
INLOEREELHREON Tablel THB?, 20D
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Fig.3 (a) Cross-sectional TEM image and (b) TED pattern
for the (GaP)i(InP),;SLs grown on GaAs(111)A sub-
strate.
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Fig.4 (a) STM image of the QD structures set-formed in the (GaP)s{InP)ssSLs grown
on GaAs{411)A substrate. (b} df /dV vs. ¥V curves at different points on the QD
structures: A=bright, B=middle, C=dark. (c) Variation along the [233] and
[011] directions of the voltage width for df /dV =0.
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Fig. 5 Monolayer number #» dependences of the 42 K PL
peak energies as a function of substrate orientation for
the (GaP).(InP).S1s grown GaAs(N 11) and (100).
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Fig. 6 (a) Schematic drawing of the MQDs formed in the (GaP)(InP). SL/InGaP muitilayers
grown on GaAs{N 11)A substrate. (b) (011)-plane cross-sectional TEM image for the
(GaP)1s(InP)ssSL (18-periods)/InGaP (B =20 nm) on GaAs(411)A.
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Fig. 7 Temperature variation of the FWHM for the (GaP).s
(InP)1ss SL (P -periods)/InGaP (B nm) MODs stric-
tures as functions of SL-period (P) and barrier thick-
ness (B).
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Fig. 8 Temperature dependence of the EL peak energy and
EL-FWHM for the LED with MQDs.
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