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Influence of buffer-layer surface morphology on the self-organized
growth of InAs on InP (001) nanostructures
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We have studied the influence of InP buffer-layer morphology in the formation of InAs
nanostructures grown on If@01) substrates by solid-source molecular-beam epitaxy. Our results
demonstrate that when InP buffer layers are grown by atomic-layer molecular-beam epitaxy, InAs
quantum dot-like structures are formed, whereas InP buffer layers grown by MBE produce
quantum-wire-like structures. The optical properties of these corrugated structures make them
potential candidates for their use in light-emitting devices at LBb © 2000 American Institute

of Physics[S0003-695000)00309-0

InAs nanostructures grown on |(@®1) are promising (RD) technique in order to optimize surface stoichiometry
candidates for light emitting devices in the wavelength rangdor growing InP planar surfacésThe InAs layers, 2.5ML)
1.3-1.55um}2 A widely investigated technological ap- thick, were deposited at a BEP (As=1.5-2x10 6 Torr, a
proach is to use self-organized nanostructures that appegrowth rate of 0.5 ML/s, and@¢=400 °C, which is chosen to
spontaneously as an efficient way to relax elastic strain iminimize the P/As exchange. After InAs growth, an anneal-
lattice-mismatched heteroepitaxy. In order to obtain a welling at 480 °C under arsenic pressure during 10-20 s was
defined emission wavelength, nanostructures should have performed. We observe, in agreement with other authbrs,
good uniformity in size and shape. Ordering in the growththat InAs growth takes place in a 2D mode. The 2D-3D
plane and a precise control of the nanostructure morphologffansition occurs during the annealing process Tat
is a key issue for self-organized systems. Due to a 3.2%480°C, as shown by a change into a spotty reflection
lattice mismatch of InAs on InPO0Y), elastic strain relax- high-energy electron diffractiofRHEED) pattern. The sec-
ation takes place above a certain critical thickness via #nd set of samples consist of 5-, 8-, and 12-ML-thick
change of morphology from two-dimension@D) to three-  INxGai—xAs layers with In contentx=0.95, 0.9, and 0.85,
dimensional(3D). Much of the research developed on self- respectively, deposited on InP buffer layers grown by MBE.
organized growth of InAs on InP substrates is devoted toVe have increased the layer thickness for decreasiag-
quantum-dot (QD) formation’™ However, very recent cording to the expected dependence of critical thickness with

. . 7
result§ have shown that the chemical composition of theMisfit. o _
buffer layer(InP, InGaAs, or InAlA$ is determinant in con- As-grown samples were either immediately cooled down

figuring the final shape of the InAs self-organized nanostruc&nd taken out of the growth chamber for morphology studies
tures. by atomic-force microscopyAFM), or covered with a 50-

In this letter, we demonstrate that the growth conditiond"M-thick InP cap layer for optical and structural character-
of the InP buffer layer also controls the surface rearrangelz8tion by high-resolution transmission electron microscopy

ment of the strained InAs layer grown on top. Therefore, it is(HRTEM)' PhotoluminescencéPL) experiments were per-

possible to obtain either QD or quantum-wi@Wr) struc- formed as a function of temperature from 18 to 300 K. The
tures for identical InAs coverage and growth conditions. signal was anal_yzed with a linear polarizer set in front of a
There are two sets of samples grown for this work. In theo'22 m SPEX single monochromator and synchronously de-

. . . tected by a 77 K cooled Ge photodetector.
first one, InAs was deposited on a 200-nm-thick InP buffer Figure Xa) shows the AFM image of an InAs/InP

layer grown either by molecular-beam epitz@yBE) or by sample in which the InP buffer layer has been grown by

gtomlcl-layer molecular-beam epitakiLMBE) (Ref. 9 us- ALMBE. The self-organized structures have a QD shape,
ing solid sources. MI.?’E butfer Iayeros were grown in the2 whose height ranges between 1.6 and 6.8 nm, a full width at
surf_ace reconstruction all;=460°C _aGnd at a beam- half maximum(FWHM) W~26 nm, and a typical density

equivalent pressurédBEP) (P,)=5x10° Torr. For the p~2x 10 cm™2. On the other hand, the same amount of

ALMBE InP buffer layers, a substrate temperatufe ,ag deposited on a InP buffer layer grown by MBE gives
:400°Q is used. The JPpulsed flux reachmg .the ;urface rise to periodic undulation§Fig. 1(b)]. These QWr-like
sample is controlled by means of the reflectivity d'ﬁerencestructures are oriented along tf£10] direction. The height

of the wires,h ranges between 0.6 and 2 nm and the length
2Electronic mail: luisa@imm.cnm.csic.es exceeds lum. Their FWHM W is around 18 nm and the

YAlso at: Institut de Ciencia dels Materiales de I'Universitat de ‘Veie, pitch period\ is about 24 nm. Meanwhile, AFM profiles
P.O. Box 2085, 46071-Valencia, Spain. - '

®Also at: Escuela Polimica Superior, Universidad Carlos IlI, ¢/ Butarque OVEr & _SeleCted QWr along tfié 10] direction show height
15, 28911-Legar® Madrid, Spain. fluctuations below 2 MLh can vary up to 7 ML between
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is about 20 times less intense than that observed at low tem-
peratures. At lower temperatures, several lines can be re-
solved from the PL specti@ig. 2). The measured linewidths

of such individual lines are around 30 meV. The intensity of
each individual line exhibits a different temperature evolu-
tion. When increasing temperature, the excitons jump from
the smaller wiregprobably by thermal scapéo the higher
ones, whose PL intensity begins to decrease above 290 K.
The PL peak energies agree approximately with those found
in strained InAs/InP quantum wefid thicker than about 3—4
ML, and the energy separation is consistent with 1-ML-
thickness fluctuation. The different PL lines of the QWr-like
structures can be correlated with height variations from 3 to
9 ML, in good agreement with thie range found by AFM.

No evidences of the existence of a wetting layer are found in
our PL data, in accordance with the AFM estimate of the
QWr volume and period.

Another evidence for strong lateral confinement in our
QWr-like structures lies in the polarization degree of the
emitted light. We observe that PL intensity is stronger when
the polarizer is set parallel to the wire directiphl10], as
shown in Fig. 2. The polarization degree, defined Ras
=107 I1120)/ (1071 I[110), is independent of incident
light polarization, and practically constant with temperature
FIG. 1. AFM images of a 2.5-ML-thick InAs layer deposited on a 200 nm P~ 30%.
buffer layer grown by ALMBE(a) and MBE (b) on an InR001) substrate. QWr-Iike structures are similar in size and shape to

those obtained for the InAs/InGaAs/InP system reported in

different wires. The above given average dimensions for QORef. 5. In our case, QD or QWr structures appear using the
and QWr structures are consistent with the amount of deposame InAs growth process, so we can exclude the formation
ited InAs. So, within the error introduced by the AFM esti- of an InGaAs intermediate layer as the cause of QWr forma-
mate of the shape and even possible inaccuracies in th®n. The difference in the surface morphology of the InAs
growth parameters, we can say that there is no significarlayer, QD, or QWr, can be only ascribed to the different
amount of material from the buffer layer involved in the growth processes of the InP buffer layer.
formation of the nanostructures. HRTEM imagésot In strained heteroepitaxial systems, QD structures are
shown from {110 cross sections of capped samples showcommonly self-assembled. In the case of the QWr, we
that InAs QWr-like structures remain after capping with InP.should ask about the role of the buffer layer on the QWr
However, no clear chemical contrast between InAs and InFormation process. Nucleation of 3D features is usually as-
could be obtained under any imaging conditions. sumed to be mainly controlled by elastic strain, surface en-

The PL spectra of the different QWr-like samplgsg.  ergy, and surface diffusion kinetics. On one hand, strain and
2) evidence a strong light emission centered around 5 surface energy are characteristic magnitudes for a certain
at room temperaturéRT), whose overall integrated intensity heteroepitaxial systeffinAs on InR001J), in this cas¢ On
the other hand, surface diffusion kinetics can be dominated
by extrinsic parameters. In particular, anisotropic buffer-
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T=300K T=18K layer morphology can make the surface diffusion different
along the[110] and[ 110] directions. In this case, the devel-
wenans [110] opment of asymmetric morphologies during the 2D-3D tran-

sition seems a reasonable consequence.

In fact, we have observed that InP buffer layers grown
by MBE systematically show an anisotropic roughness with
features preferentially aligned in thé& 10] direction. Similar
features have been observed in homoepitaxial growth of InP
(Ref. 10 and GaAs(Ref. 11 on (001)-oriented substrates.
Surface reconstruction during growth can play a decisive
role in the observed growth-front morphology, as has been
proposed!'? A fast surface diffusion direction along the

0.7 0.8 0.9 1.0 [110] direction in the X 4 reconstructed surface will lead to
Energy(eV) a preferential island nucleation and to surfaces with a larger
FIG. 2. PL spectra at 18 K and RT for InAs QWr-like structures. Emitted density of steps along that direction. Moreover, the higher
light is more intense when polarizer is set parallel to the wire directionreactivity of the step edges oriented alddd0] enhances the

[110]. anisotropy during growth® Therefore, the development of
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0,24 T T . be observed in Fig. 3. These data can be fitted to an expres-
A sion A e?,=K, which is obtained from energy balance con-
o~ 0,22} 1 siderations of the surface roughness developed for stabiliza-
- A tion of stressed surfacé$!®
g 0,20} A In conclusion, our results show that once there is an
o A g established anisotropy in the InP surface buffer layer, the 2D
T 0,18} P 7] INnAs layer transforms into periodic QWr-like structures to
< allow elastic strain relaxation. We have demonstrated that
= 0,16 'Y 1 the period of the wires is determined by the misfit strain
014} &~ " | between the layer and the substrate. QWr-like structures
’ vl ; ; , capped with InP exhibit a strong PL emission at 1,65 at
0,024 0,028 0,032 RT. The emission is anisotropic with a degree of polarization
€ around a 30%.

FIG. 3. Dependence of pitch periadon misfit straine, for QWr structures The aUth_Ors _WISh to aCknOWIGdge the SpamSh
formed in InGa,_,As layers with different compositionsx& 1, 0.95, 0.9, CICYT” for financial support under Project No. TIC96-
and 0.8% and thicknessd=2.5, 5.8, and 12 ML, respectivelyEach point 1020-C02.

represents a different sample and the continuous line a linear fit according to

the N e2o=K law.
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