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We report on the fabrication and analysis of tensily strained thin GaAs lajiesertion layers} in a
GaAsSh;_, matrix (x<0.05. The GaAs insertion layers vary in nominal thickness in the range of 0.6-2
monolayers. They were grown by molecular beam epitaxy on GaSb substrates. Transmission electron micros-
copy studies indicated either growth of ultra-thin quantum w@ligVs) or self-organized formation of quan-
tum dots(QDs), depending on the nominal thickness of the insertion layers. Two photolumines@@ce
peaks are observed at photon energies below the G&As band edge. One of them, detected near 0.7 eV for
any insertion layer thickness, is attributed to the emission of a type Il QW. The second peak shifted toward
smaller energies in the thicker insertion layers is assigned to the PL of type Il QDs. This assignment is
supported by microscopic tight-binding calculations of the QW electron states.
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[. INTRODUCTION far?? However, these clusters have no confined electron or
hole states because tt@a, A))As/InAs band line-ups are of
The GdAs,Sbh material system has recently attractedtype | and the band gaps of GaAs and AlAs are larger than
much attention due to a variety of self-organization phenomthat of InAs. In the type Il QDs there is always a confined
ena such as ordering, clustering, and spontaneous compotgvel at least for one type of carrier, no matter how large the
tional modulation in solid alloys as well as strain-inducedband gaps of the constituent materials. Therefore a GaAs QD
formation of quantum dotsQDs). These phenomena result in a GaSb matrix is a unique object, where the peculiarities
both in compositional features within the GaAsSb bulkof the QD formation driven by the tensile strain can be stud-
layers—3 and quantum wells§QWs),* and in the formation of ied by means of PL spectroscopy. The analogous situation,
GaSb QDs in a GaAs matrix? Among the potential device when the insertion layers of a wider-band-gap material re-
applications of the QW structures are optoelectronicsults in a PL peak below the band gap of a narrower-band-
deviced®12and ultra-fast all-optical polarization switch€s, gap matrix was previously observed for a thin AlAs insertion
whereas the type Il QDs may prove to be useful in carriedayer in a GaSb matrix, due to the type Il band line-ups at the
storage device¥\1® AlAs/GaShb heterointerfac®. Possible applications of the
Recently, we have proposed and fabricated by moleculaGaAs-in-GaSb nanostructures can be in the field of 2:A8
beam epitaxy(MBE) a type of G@&As,Sh nano-structures range mid-IR optoelectronics. Besides, the type Il QD struc-
incorporating thin GaAs insertion layers in a GaSb maffix. tures might be of interest for spintronic applications, espe-
The samples with either a single GaAs insertion layers or a&ially for spin storage devices, due to their expected long
GaAs/GaShb superlattice showed bright photoluminescencearrier lifetimes and long electron spin relaxation tirdes.
(PL) below the GaSb band gap. This was attributed to type Il In this paper we report on detailed structural and optical
transitions between electrons confined in the tensily strainedtudies of GaAs thin QWs and QDs in a Ga8l,_, matrix
GaAs and holes in the surrounding GaSbh. Furthermorewith a small content of Agx<0.05. The studied samples,
cross-sectional transmission electron microsc@pyM) im- fabricated by MBE, differed in the matrix composition,
ages clearly demonstrated the strain-induced formation oGaAs nominal thicknesses, and growth regimes. X-ray dif-
QDs when the GaAs layer thickness exceeded 1-1.5 mondraction (XRD) and TEM studies were performed to analyze
layers(ML).%6 the structure morphology and composition. PL spectra were
A specific feature of these GaAs QDs is a smallermeasured as a function of the excitation power and tempera-
lattice constant with respect to the GaSb substi@be ture, providing information on the electronic states of the
lattice mismatch between GaAs and GaSbk-i&5%). There-  nanostructures. For some samples, the substrate rotation was
fore the structures are tensily strained. This is in contrasstopped during the growth of the GaAs insertion layer, re-
to the QD heterostructures studied befateAs/GaAs!’  sulting in a lateral thickness gradient. Position dependent PL
(Ga,In,A)Sb/GaAs}’” InAs/InP!® InP/InGaP!® and studies in such graded samples allowed us to separate the
InP/GaAg°2Y, where the driving force of the QD formation emission originating from the type Il transitions in the GaAs
is the compressive strain. To the best of our knowledge, onlyanostructures and the PL features caused by the carrier re-
one example of self-assembled tensily strained GaAs andombination in the tensily strained Ga&é,_, matrix. The
AlAs nanoclusters in an InAs matrix has been reported s@ssignment of the PL peaks was supported by a tight-binding
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calculation of the electron localization energy in the ultra- : a) . Gahs, b,
thin GaAs insertion layers. Both TEM and PL studies give L |
evidence for the formation of type Il QDs with zero- 1
dimensional(OD) density of states in the structures with z !
thick enough GaAs insertion layers. 5 ;b) } GaASy5;Sbyg,
£1
IIl. EXPERIMENT >
[7]
A. Sample fabrication ,.E_J, ') GaAs, Sb,,
£ (0.035<x<0.055)
All samples were grown orf001) oriented GaSb sub- 3
strates at 520 °C using a Riber 32 MBE set up. Conventional 3
effusion cells were used for Ga and Al. Two different con- 500 0 500 1000
figurations were employed for the volatile componefas o (arc sec)

senic and antimony A number of structures(type A
samplegwere grown with a conventional effusion cell of As,  FIG. 1. (004 reflection XRD rocking curves measured in a type
providing a beam of Asmolecules, and a valveless cracker B sample without any insertion in the GafisShy.9s matrix (),
source of Sp molecules(RB-075-Sh. Other samplegtype @ type B sample with a graded thickness GaAs insertion in
B) where grown using an As cracker valve c@#AC 500)  the GaAg o;Shy.qs matrix (b), and a type A sample with a graded
and a standard effusion cell for generating a beam qf Shthickness GaAs insertion in the Gaiy -, matrix with
molecules. The temperature of the cracking zone of the A§-035<x<0.055(c).
valve cracker cell was chosen low enough to provide the
dominating flux of As molecules that suppresses signifi- the type A sample, reflecting most probably a certain com-
cantly the Sh-As exchange reactions on the GaSb surfacpositional inhomogeneity of the layer. Therefore the determi-
The sample surfaces were monitoiaditu using a reflection  nation of the GaAsSh,_, layer composition is less accurate
high energy electron diffractio(RHEED) system. in this case. This is typical for all samples of type A studied.
A 0.5 um thick GaSb buffer was deposited prior to the The compositional inhomogeneity could result from the no-
growth of the structure. The structure was designed so as ticeable As incorporatiofil-3% due to the quite high As
incorporate a 0.2—0.am thick layer of GaAgSh,_, sand-  background pressure even for closed-shutter growth. Gradual
wiched between 20-30 nm thick AlGa,Sb barriers. increase of the As cell temperature before the growth of
These barriers were grown to confine photoexcited carrier&aAsSb results in a change of the As background pressure
and, hence, to enhance the PL efficiency. A single GaAs inand, hence, in the formation of a GaAsSb alloy with a com-
sertion layer was centered within the Ga8ls,_, layer. A positional gradient along the growth axis instead of the top
(2x 4) surface reconstruction pattern was observed bypart of the GaSb buffer layer. The unintentional As incorpo-
RHEED during the growth of GaAs giving evidence for an ration has also prevented the growth of the samples with a
As-stabilized growth. Substrate rotation was stopped fopure GaSb matrix. As for the type B samples, such uninten-
some samples during the growth of the GaAs insertion layetional incorporation of arsenic was prevented by the use of a
This resulted in a lateral thickness gradient of the insertiorvalve As source. The most consistent set of TEM and optical
layer due to the gradient of the Ga flux. Growth was inter-data discussed further in the paper was obtained from the
rupted for 2 and 10 s, respectively, before and after growindype A sample, for which the XRD rocking curve is shown in
the insertion layer. The samples differed in the As content  Fig. 1(c). The type B samples with precisely determined

in the GaAsSb;_, layer and in the nominal thickness of the composition of GaAsSh were especially useful for identifi-
GaAs insertion layer. cation of the optical transitions originating from the GaAsShb

matrix, as discussed in Sec. lll of the paper.

TEM studies were performed using an EM-420 Philips
microscope operating at 100 keV. The specimens for TEM

Figure 1 shows®—-20 XRD rocking curves measured were prepared using cross-section and plan-view thinning in
near the(004) reflex of an “empty’(i.e., without an insertion a Gatan 600 ion mill. The images were obtained from the
layer) type B sample with a GaQgsShy o5layer(a), atype B type A sample at different successive points of the wafer
sample with a graded-thickness GaAs insertion layer in along the direction of the GaAs thickness gradient. Closely
GaAs) 0Shygg matrix (b), and a type A sample with a neighboring sample points were used for measuring PL spec-
graded-thickness GaAs insertion layer in a G&%s_, ma-  tra, as will be discussed below. Figureg)22(d) present
trix, where x was estimated to be 0.035-0.065. As ex-  electron micrographs of the sample cross section, imaged at
pected, the rocking curves are not sensitive to the paramete(820) two-beam conditions. The values of the nominal GaAs
of the thin GaAs insertion layer. On the other hand, the pealthickness, shown in the plots, were estimated according to
due to the reflection from the tensily stressed G&hs ., the previously performed calibrations of the growth rate at
layer is observed in the range of<0® <1000 arc sec. the sample center and the estimated gradient of the flux
Thickness oscillations are also visible in all rocking curves,along the sample surface. The images of the thinnest layers
confirming the perfect flatness of the structures. Note that thiFigs. 2a) and 2b)] reveal an ultra-thin uniform stripe. The
peak from GaAgSh,_, is broader and less perfect shaped ininsertion layer in Fig. &) still preserves the flat geometry,

B. Structural characterization
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FIG. 4. PL spectra measured at successive points along the gra-
dient direction in a type A sample with graded thickness. The re-
spective GaAs nominal thicknesses are marked at each curve. The
spectra are multiplied by the factors given at the curves and are
arbitrarily offset.

C. Photoluminescence studies

FIG. 2. Cross-section TEM images of a GaAs insertion with PL spectra were measured in a variable temperature He

. . ) ) cryostat in the range of 4.5—300 K. They were excited by the
gf:fgt&ig;al thicknesses: 0.6 M&), 0.8 ML (b), 1.2 ML (o) 532 nm line of a frequency-doubled Nd:YAGw laser or the

809 nm line of an injection laser diode. The excitation spot
size on the sample was in the range of 0.2—-0.5 mm. Either a
Bomem Fourier transform infrared spectrometer with a

obvious. Both the lateral size and height of the islands in thigtrogen_—cooled INAs phof[odlode or a grating monotho—
image are distorted by the strain contrast. However, theifhator with a PbS photoresistor were used for the detection of

average sizes can be estimated as not exceeding @iam- theV\I7L signals.h inlv PL d fth icul A
eten and 1 nm(heighy. An increase in the nominal thickness e present here mainly ata of the particular type

of a GaAs insertion up to 1.5—2.0 ML results in the forma-sfample' 'I_'he PL spectra of type B samples are in general
tion of 3D clusters accompanied by dislocation logpse similar. Figure 4 ShO_WS a .”“mbef of low-temperature PL
Fig. 2d)]. Figure 3 depicts a plan-view image of the GaAs SPectra measured _W|th excitation by the 809 nm laser line
islands, taken alonfp01] at a spot of the wafer close to the with a power den_sny Of. 3 W/ch The spectra were mea-
one shown in Fig. @). This image allows more accurate sured at successive points along the direction of the GaAs

measurements of the lateral islands sizes. The histogram FH'C'FPGSS grad'f?”t- They_ clearly depend on the measu_rement
icpposition. There is a relatively narrow PL peak-ad.7 eV in

eaks near 6 nm in accordance with the cross-section ima Ee samples with t_hin _enough. insertion layefsss than
b gj~1 ML), labeledl, in Fig. 4, with two weak LO phonon

in Fig. 2c). The island sheet density can be estimated from — ) . )
Ithis Iﬁnjég to belno less thand X 161% o2, I replicas. A wider peakl,) emerges in the thicker laye(se-

tween 1.0 and 1.2 MLat lower energy. The two peaks co-
exist in the spectrum only in a very narrow range of hominal
GaAs thickness. In the samples with an even thicker inser-
tion layer, peakl, disappears while peak shifts to lower
energies, decreases in intensity, and finally disappears as
well. These findings suggest that theandl, PL peaks can

be ascribed to the intrinsic emission of the GaAs insertion
layer. Moreover, the appearance igf correlates with the
emergence of QDs in the TEM imagésee Fig. 2 This
leads us to attribute it to QD emission.

Figures %a)—5(c) show the temperature dependence of the
PL spectra measured at three different spots corresponding to
“thin” [0.8 ML, Fig. 5a)], “intermediate” [1.05 ML, Fig.
5(b)], and “thick” [1.2 ML, Fig. 5c)] GaAs insertion layers.

For demonstrative purposes all the spectra are normalized
and vertically offset. With increasing temperature theeak

FIG. 3. Plan-view TEM image of islands formed within the intensity in Fig. %b) is enhanced. Furthermore, two addi-
1.2 ML thick GaAs insertions. The inset shows the lateral size distional peaks appear in the spectra in Fig&)sand %b),
tribution of the islands. following the temperature-induced increased population of

but the morphology is rougher and the formation of islands i
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FIG. 5. Temperature dependent PL spectra measured at an exéie eye. The spectra are arbitrarily offset and normalized.
tation power density of 10 W/cfn(532 nm laser lingin a graded
thickness type A sample at three points with different nominal GaAs Ill. DISCUSSION
thicknesses: 0.8 Ml(a), 1.05 ML (b), and 1.2 ML(c). For clarity
the spectra are arbitrarily offset and normalized. Dashed lines are
eye guides.

A. Band energies of the GaAgSbh;_, matrix

To establish a correlation between the PL spectra and
the higher-energy states. These peaks are labigladd | ,. structural features visible in TEM images we first estimate
Their energy positions are practically independent of the inband line-ups for the GAs,Sh system. Furthermore, in the
sertion layer thickness. Such peaks were also observed in tifext subsection we will calculate electron confinement ener-
reference sample grown without a GaAs insertion layergies for a model structure including integer numbers of GaAs
hence, they can be attributed to emission from the GaAsSmonolayers in a GaSb matrix.

matrix. The successive activation of the-1, peaks at higher Figure 8 displays the relative positions of the conduction
temperatures relative td; confirms that all luminescent band bottom(el) and heavy holghh) and light hole(lh)
states belong to the same electronic system being in thermsilence band tops for a layer of solid Ga8b,_, alloy
quasiequilibrium. This system is apparently the GaAs insergrown pseudomorphically on a GaSb substrate, as a function
tion layer with the surrounding GaAsSb matrix. In the thick- of the As conteni. All parameters for the calculation were
est insertion layer§Fig. 5c)] the energy difference between taken from Ref. 25. Following Van de Waké the band-gap

I, andl, is so large that thé,—I, peaks are not visible under bowing was completely attributed to the conduction band.
the relatively low excitation power up to the highest tem-Dashed curves present the calculation performed for the un-
perature. Thdg peak observed at higher energy is close tostrained alloy, whereas solid curves correspond to the layer
the band-gap energy of pure GaSbh. This peak is assigned tmder biaxial stress. The strain splits the valence band so that
the emission of the buffer layer. Such attribution means thathe light-hole band is higher in energy. Due to both, the large
most parts of the buffer layer, grown before switching on theband-gap bowing and the strain effect, an increase in the
As effusion cell, does not suffer from the unintentional in-

corporation of arsenic. All PL features shift with increasing 0.71
temperature to lower energies, following the band gap 0.704 a)‘ ----------- Booommemmmmmmmm -
shrinkage. 2 064 1, (08ML)

The excitation power dependence of the low-temperature > 0'68:_
PL spectrum is illustrated in Fig. 6 showing the(a) andl, E’ 0.59]
(b) PL spectra at different excitation powers. Figa)ecorre- * .58 0n0""""" CommmmTIIIIT °
sponds to a nominal insertion layer thickness of 1.2 ML, and 057{g 1 (12ML)
Fig. 6(b)-to a nominal thickness 0.8 ML. Figure 7 shows the 0.06{ f f f f f
peak energy position&) and full widths at half maximum 0.05. b)o__o ----- ©mmmmmmmToTIOT °
(FWHM) (b) for 1, (open circleg andl, (solid squaresver- 3 00 g 1,(1.2ML)
sus excitation power density. With the increase of excitation = .
power, both peaks noticeably shift to higher energies. For the 00312
I, peak, the shift is accompanied by an increase in FWHM, 0.02{ 4 1,(0.8 ML)
mainly due to a peak broadening toward higher energies. For 001 T -es e, -
thel, peak a relatively narrow major component is observed, 0 5 10 15 20 25
which slowly upshifts in energy with excitation. At low ex- Power density (W/crm)

citation densities a presumably defect-related, saturable low-

energy component is additionally observed. In Figh)8he FIG. 7. PL peak energya) and full width at half maximum
overall linewidth therefore seems to increase for low excita(FWHM) (b) for I, (open circley and|, (solid squarespeaks ver-
tion, while the dominant component actually retains itSsus excitation power density. Dashed curves are plotted only to
FWHM. guide an eye.
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tributed to the emission of light- and heavy- hole excitons in
the strained GaASb,_, matrix. The respective transitions
are schematically shown in the inset in Fig. 8. Note that in
the structures with GaAs insertion layers these transitions are
dependent on the temperature-activated population of the
conduction- and heavy-hole bands in the G&hs_, matrix.

In spite of the lower population, these transitions which are
direct in space can be even stronger than the type Il transi-
tion I,.
25 . . . B. GaAs/GaAsSh,_, quantum dots and thin quantum wells
00 02 04 06 08 1.0 ] ] )
GaAs mole fraction Direct comparison of the PL spect(&ig. 4 and TEM

images(Fig. 2) led us to assign thh peak to the emission of

FIG. 8. Relative positions of the conduction band bott@h  QDs. Evidence for the 0D nature of the states responsible for
and heavy holehh) and light hole(lh) valence band tops for a the |, peak is also provided by the excitation-dependent PL
GaAsSh, solid alloy. Dashed curves correspond to the unstrainegneasyrements. Both the and |, peaks shift to higher ener-
solid alloy, whereas solid curves are relevant to the tensily straineejieS with an increase of the excitation power. A similar effect
layer grown pseudomorphically on a GaSb substrate. The inset il o previously observed for type Il QWRef. 27 and type
lustrates band line-ups and optical transitions for a type I QW ofII QDs52128| the case of type Il QWs, this shift reflects the
GaAgShy,/GansSh« (see text formation of a dipole layer caused by the spatial separation
of nonequilibrium excess carriers. Recently, it has been dem-
®nstrated that in type 1l QDs the blueshift of the emission
band is due to the filling of higher-energy states rather than
to a variation of the electrostatic potentt&f® The specific
feature of the state filling process is the broadening of the
emission band. Indeed, a noticeable broadening accompanies
the blueshift of thd, peak, whereas the spectral width of the
higher energy component of tHe peak is almost constant
see Figs. 6 and)7This observation confirms the assignment
f the |, peak to the QDs emission.

Let us now turn to the origin of the, PL peak. An emis-

GaAs mole fraction results in a band-gap shrinkage in th
extended range €x<0.73. In the same range, the
GaSh/GaAgSh,_, conduction band offset increases for
higher As content. It follows from Fig. 8 that the band line-
ups at the GaASh,_,/GaAsSb,, interface(y>x) are of
type Il for both light and heavy holes for aryy providedx is
small enough. GaASb,, is thus a barrier for holes,
whereas GaA$b, _, is a barrier for electrons. The band line-
ups for a corresponding QW structure and possible optic
interband transitions are schematically shown in the inset in

Fig. 8. Note that the Iight-hole ba_r(soliq ling) is the toP-  5jon peak between a QD emission line and a PL line from a
most_ valence band both in 'ghe |nsert|_on Iayer and in the5urr0unding matrix was frequently observed in different QD
matrix. The heavy-hole band is shown in the inset by a dOt'systems. Usually it is attributed to the emission of the so-
ted I.'ne' . . - called “wetting layer,” which is a QW connecting QDs in the
Figure 9 displays the heavy-light hole band splittings Ver-ateral dimensior(see, e.g., Refs. 5 and 18uch a QW is
sus the As content. The solid line represents the results of ﬂ\ﬁsible in the TEM in;ages’ in Fig. 2 even for the insertion
calculation, whereas the circles coespond to the ENeTGyers as thick as 1.2 ML. It seems natural to attributelshe
spacing between thig andl4. PL_peaks in the measurements PL peak to the emission from this QW. However, th@peak
for both .type B sampleésolid circleg an_q a type A Sa”.‘P'e exhibits untypical behavior, since its position is only weakly
(open circlg. The GaAgSh, composition was obtame.d_ dependent on the nominal thickness of the insertion layer.
from XRD measurements. The accuracy of the CompchItlorﬂJsuaIIy, the position of the emission line from the “wetting
_det_ermlnatlon was much better for the type B samples, a%yer” efficiently shifts towards lower energies with an in-
indicated by horizontal error bars on the plot. The apparenf a,se in the amount of deposited material. In InAs/GaAs

correspondence suggests that tg@nd|, peaks can be at- QD heterostructures the “wetting layer” PL line shifts down

0.04 by 50—70 meV with the increase in the InAs nominal thick-
=3 ness from 0.6 to 1.2 ME?In the present case, the observed
§0.02— > shift of thel, peak is hardly more than 20—30 meV.

& To provide an insight into the behavior of the “wetting

0.00 12 i . . layer” PL, we have calculated electron states in a thin GaAs

000 002 0.04 0.06 QW imbedded in a GaSh matrix. The validity of the enve-

GaAs mole fraction lope function approach is questionable, when dealing with

FIG. 9. Strain-induced splitting of heavy- and light-hole bandslayers as thin as a few MLs. Therefore in addition to the
in a GaAsShy_, solid alloy grown pseudomorphically on a GaSh Kane model we have used a microscopic tight-binding ap-
substrate, versus the As contentThe solid line represents the Proach which should work down to 1 ML QW thickness. For
results of the calculation and circles are from the PL data. Solidstrained GaAs, one may apply the tight-binding method tak-
circles correspond to type B samples and the open circle represenitdg into account the strain-induced valence band splitting,
a type A sample. like in Ref. 31. However, an analysis carried out in the
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solid alloy rather than of pure GaSb as used in the calcula-

& 0.6 tion. However, for smalk and thin QWs the electron local-
E 0.5 ization energy is practically insensitive to the compositional
B 0.4 variation of the solid alloy because the electron level-which
% 0] o is shallow with respect to the barrier potential-does not

g - “feel” the corresponding relatively small variation of the QW
B 029, depth. Another factor influencing the PL peak energy in a
§ 0.1 type Il QW is the electrostatic band bending induced by the
- 0.0 . . . nonequilibrium photo-excited carriers. To avoid this effect
0 50 100 160 one should use the experimental data in the low-excitation

QW width (A) limit. In this limit, neglecting the exciton binding energies,

o ) the electron localization energy can be approximated by the
FIG. 10. Electron localization energy for a GaAs QW in aGaSbenergy difference between the PL pedksand |5 (see the
matrix. The solid curve represents the data obtained within the Kanﬁ'nset in Fig. 8. The value obtained for the insertion layer
model. Open squares show the results of the tight-binding Calcmathicknesses. in.the range of 0.6—1.0 ML can be estimated as
tion, where for low widths each square corresponds to a monolayej;o_50 meV. They fit perfectly to the electron localization
step. :

energy obtained within the tight-binding approach for a

framework of the Kane model showed that the inclusion ofl ML GaAs insertion. Note that the calculated electron lo-
the hh-lh valence band splitting leads only to minor change§2lization energy for a 2 ML thick GaAs QW is as large as
in the energy of the electron statesithin a limit of a few ~ ~180 meV. _ _
perceny. This allows us to state that general properties of the Previous XRD studies of a GaAs/GaSb SL with sub-
electron states in thin QWs are correctly reproduced in thénonolayer thick GaAs insertion layers showed that the rock-
tight-binding theory taking no account of the strain-inducediNg curves can be better simulated assuming alloyed GaAsSb
effects in the valence band. layers rather than integer or fractional monolayers of
The calculation was performed in the frame of a 20-band3@As:® This is in agreement with the reported data on the
tight-binding model including spin-orbit splittingsee Ref. efﬂmengy o_f interdiffusion and segregation processes during
32 and references thergirt usessp’s* tight-binding param- the epitaxial growth _ of nanostructures in the Gr_;lAsSb
eters chosen so as to reproduce several main features of tR¥Stem:° Also recent high resolution TEVHRTEM) studies
fundamental properties of the bulk constituents. Fosfi%s*  indicated the formation of an alloyed 2 ML thick
tight-binding parameters of GaSb we have used the values@ASSbi layer instead of the intended growth of a GaSb
from Ref. 32. For the parameters of GaAs, there is the probisertion layer in a GaAs matri¥. Bearing in mind all these
lem of very different values for strained and unstrainegdata, we assume tha_\t the submonolayer thick GaAs insertion
GaAs, even if one neglects the hh-Ih splitting. As a result, fol@yers can be considered as an alloyed G8As, layer
this material we were not able to use any previous fit. Hencg/ather than a fractional ML of pure GaAs. This assumption
we applied the tight-binding parameters chosen so as to réloes not contradict the observed stability of thepeak po-
produce the effective electron mass and band gap of th@ltion versus the GaAs nominal thickness, because the varia-
strained bulk material. Our analysis showed that variations ofion of the GaAgSh,_, composition in the range of
the GaAs tight-binding parameters, which leave the generd]-><X<1 causes relatively small changes of the QW con-
band structure properties unchanged, lead only to minofuction band offsetof the order of 100 meV, see Fig),8
changes in the electron level positions. which for the 1 ML insertion result in a variation of the
Figure 10 shows the calculated electron localization enlocalization energy within~8 mev. .
ergy as a function of the QW thickness. The data obtained in Intrinsic compositional modulations can emerge within
the framework of the Kane model are plotted by the soligthe insertion or in the surrounding Ga/i, , matrix due to
curve. Squares represent the results of the tight-binding ag2 Vvariety of inherent self-organization phenomena in a
proach, obtained for discrete thicknesses corresponding §aAsShi solid alloy!~* The occurrence of such effects
multiple MLs. For layers thicker than 10—15 MLs the two May be indirectly indicated by the complicated shape of the
methods give comparable results. However, for smalletz line in the samples with submonolayer thick insertions
widths there are significant discrepancies that reflect the faillS€€ Fig. 60)]. Additional HRTEM studies are needed to
ure of the envelope function approximation for the thinnestélucidate these issues which are beyond the scope of this
layers. The most reasonable explanation for such big discref@per. Here we tentatively ascribe L peak to the emis-
ancies is that the effective mass model neglects the electrogion of an ultra-thin alloyed Ga4gSb, ., QW.
hole mixing at thg interfaceg, which is allowed by the break- IV. SUMMARY AND CONCLUSIONS
down of translational invariance. For large electron wave
vectors the valence-band admixture can be significant, in- We have studied MBE growth as well as structural and PL
creasing the electron localization energy. properties of thin tensily strained GaAs insertion layers in a
From Fig. 10 one can conclude that the electron localizaGaAsSb matrix with a small content of As. Bright PL spectra
tion energy for a single GaAs ML in GaSb is 48 meV. To attributed to the intrinsic emission of either type Il QW or
compare this result with the PL data one should bear in mindype 1l QDs were observed for the range of 0.6-1.2 ML
that the QW barriers in the samples consist of a G8B8s,  nominal thickness of the GaAs layers.
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The thinnest insertion layers<1 ML) lead to a fairly cesses. Similar compositional inhomogeneities were also ob-
homogeneous flat layer, whose emission can be ascribed g@rved in compressively strained GaSb layers in a GaAs ma-
the PL of a GaAgSh,_, ultra-thin QW. Self-organized QD trix with thicknesses below the onset of 3D grovift.ike in
formation was detected by TEM measurements when theur case, transition to a 3D growth mode in thicker layers led
nominal thickness of the insertion layer exceedetl ML.  to large relaxed islands. These examples have allowed us to
An additional PL peak assigned to the QDs emission splitsonclude that the strain sigwither tensile or compressive
off from the QW emission band in the samples with thickerdoes not influence dramatically the QD formation process.
insertion layers. The QD PL is visible up to a nominal thick- The driving force of the observed self-organization pro-
ness of~1.5 ML. In this range the QDs appear as relativelycess could be the strain-induced decomposition of the solid
thin (~2—5 ML) disks with characteristic lateral dimensions alloy.26 The well known predisposition of the GaAsSb solid
of ~6 nm. Larger relaxed islands were formed within thealloy to different ordering and clustering phenomena can also
insertion layers thicker tharn1.5 ML. These islands are not be important for the initial QDs nucleation. The details of
optically active due to the generation of dislocations leadinghese processes in thin layers are not clear at present and

to enhanced non-radiative recombination. require additional studies.
The self-organization process observed here does not
match the classical Strz_anskl-Krastanqv growth masiee, ACKNOWLEDGMENTS
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