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We report temperature dependent photoluminescence, contactless electroreflectance and
photoluminescence excitation study(@faP,(InP), 5 strained short period superlattices sandwiched
between Ggn,;_,P alloy layers grown on GaA$311)A substrates. Transmission electron
microscope pictures of these samples reveal the presence of self-organized In rich globular
structures with Ga rich surroundings in the superlattice planes. The variation of the peak position of
the photoluminescence band with decreasing temperature has an anomalous dip. We show that this
is not due to an anomalous change in the band gap with temperature but is due to the interplay
between two luminescence pathways associated with two phases, one which has the original
(GaP,(InP), 5 superlattice and the other being the self-organized composition modulated In rich
regions within the superlattice layers. We also present spectroscopic results which indicate quantum
dot like nature of the self-organized In rich structures in these sample4.999 American Institute

of Physics[S0021-897@9)03905-3

I. INTRODUCTION of these self-organized structures as building blocks to fab-
ricate semiconductor quantum wire lasers has been
In recent years it has been a challenge to grow highdemonstrated.
quality and high density of semiconductor quantum dots  Thereafter Kimet al® showed that the SILCM process
(QDs) for making semiconductor lasers as they are expectedan give rise to QD-like structures when tt@aP,,(InP),
to have significantly improved characteristics such as highegPS are grown on GaA®l11) substrates as evidenced from
optical gain, lower threshold current density, greater thermalEM pictures and scanning tunneling microscof§TM)
stability, etc. One route being explored for fabricating suchstudies'® It was also reported that some of these samples
structures is that of self-organized grovitimproved perfor-  did not show the expected regular increase in the photolumi-
mance of lasers based on InAs QDs, formed via strain innescence (PL) peak energy position with decreasing
duced Stranski—Krastanow growth mode, has already bee@mperaturé. There have been several other reports of
demonstrated. However InAs QD lasers emit only in the anomalous temperature dependence of PL peak positions in
infrared while it is desirable to have QD based lasers oveGa—-In—P based systems some of which have been attributed
wider spectral range. Fafardtal® using InAIAs alloy  to ordered alloy formatiod*2Wohlertet al® have reported
(larger band gap than InAdased QDs have demonstrated anomalously weak temperature dependence of the PL peak
lasers which emit red ligh07 nm). Another self-organized positions in samples where SILCM modified layers form the
growth mechanism namely strain induced lateral composibuilding blocks, to explain which they proposed a hypothesis
tion modulation(SILCM) has been shown to give rise to involving multiaxial strains which counterbalance the normal
alternate regions of Ga rich and In rich lamellae in (081)  temperature dependence of the band gap. However in the
plane oriented alon§110] direction during the growth of case of broad PL features, interplay between different lumi-
(GaP(InP), short period superlattic€SPS on GaAs(00)  nescence mechanisms with different temperature dependence
substrated. Evidence for this composition modulation was can give rise to misleading results. Since PL is often domi-
obtained from transmission electron microscpEM) pic-  nated by transitions involving defects/impurities, the infor-
tures, energy dispersive x-ray analy§DX) and polariza- mation obtained from it about the band structure is less sat-
tion dependent spectroscopic measuremehts. has been isfactory. A modulation spectroscopy experiment such as
proposed that the process leading to this composition moditontactless electroreflectan¢€ER) does not suffer from
lation is initiated by strongly anisotropic diffusion of the these drawbacks and can also identify higher lying critical
group Ill atoms on the GaAs surface and thereafter is suspoints in the band structuf®and therefore is better suited to
tained by strain induced nucleation of excess adatodse  examine this issue.
In this paper we present the results of Bhcluding its
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i wiched between 200 A layers of @a,_,P alloy. This was
| 123 R Go-rich region grown on a Si doped GaA811)A substrate with an undoped
Wi = In-rich region GaAs buffer layer, followed by another 3000 A @& _,P
— alloy buffer layer and was finally capped by a 3000 A
Galn,_,P alloy layer at the top. The intended nominal value
of xin the alloy layers was 0.51, however spectroscopic and
high resolution x-ray diffraction measurements suggest that
the value ofx = 0.57 both in the cap alloy layer as well as
the alloy layers in between the SPS layers. Figui@s and
1(c) show the TEM pictures of the samplgide view which
reveal alternate bright and dark patches within the SPS lay-
ers. EDX studies on samples grown ¢®01) substrate’
showed that the bright regions in the SPS layers are In rich
while the darker regions are Ga rich. The Ga/ln composition
contrast is typically found to be- 40%/60% in this system.
STM studies on the SPS planes of the sample in Fig.1 show
that the Ga/In rich regions form globular structures with a
distribution_in diameters® The distribution (average for
[011] and[233] directions can be approximated by a Gauss-
ian with a mean diameter ot 210 A and a full width at half
maximum of= 50 A. Since InP has a smaller band gap than
GaP, from the point of view of electronic band structure, the
In rich globules within the SPS layers represent potential
troughs for electrons and holes surrounded on four sides by
the Ga rich regions which act as barriers. The, £, 4P
alloy layers in between the SPS layers act as barriers in the
vertical direction so as to confine the carriers in the In rich
regions of the SL from all directions making them into QDs.
The details of the growth and structural characterization have
been reported earliér°
In the PL experiments, the excitation source was ah Ar
ion laser(488 nm. The luminescence was detected using a
photomultiplier tube(S20 type respongeafter it was dis-
persed by a 1/8 m monochromator with 1 nm band pass. The
sample was cooled using a closed cycle helium refrigerator.
In the PLE experiments, light from a 150 W quartz—
tungsten—halogerfQTH) lamp, dispersed using a 1/8 m
monochromator with=3.5 nm bandpass was used as the

have SILCM induced QD-like structures and whose PL peal€Xcitation source. In the CER'® measurements, the sample
position shows an anomalous dip. Comparing the results gias placed between two electrodes in a capacitor like ar-
temperature dependent CER and PL spectroscopy, we idef@ngement with the top electrode kept 0.3 mm from the

tify the origins of the features in the PL spectrum, determinesample surfaceA 1 kV (rms) sinusoidal voltage was applied
the PL quenching pathway and provide an explanation foP" the top transparent electrode to modulate the sample’s
the anomalous temperature dependence of the PL peak po§irface electric field. The probe beam was obtained by dis-
tions. A simple preliminary calculation has also been madé€rsing light from a 150 W QTH lamp using a 1/8 m mono-
to determine the optical transition energies in these Ga—In—phromator with=4 nm bandpass and detected using a silicon

mental observations. signal was made using a lock-in amplifier.
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FIG. 1. (a) Schematic of the sample structufb),(c) TEM pictures of the

sample(side view,[§33] and[OlT] faces, respectivelyshowing the alter-
nating bright In rich and dark Ga rich regions within the SPS layers.

Il. EXPERIMENT IIl. RESULTS AND DISCUSSION

The samples used in this study were grown by gasA' Temperature dependence

source molecular beam epitaxy. Several samples were grown Figures 2Za) and Zb) show the PL spectra at two differ-
with different GaP/InP layer thickness on differently orientedent spots A and B on the sample at various temperatures.
GaAs substrate3!® From among them, the present study Apart from the large widths of the PL spectra, it is quite clear
concentrates on the sample which shows maximum anomalyom the large shifts of the mai8 K PL feature’'s peak

in the temperature dependence of its PL peak position. Thposition between spots A and B that the sample is inhomo-
sample structure is shown schematically in Fige)1lt con-  geneous. The magnified high energy end ef 8K PLspec-
sists of five layers of 18 periodGaP,(InP), ;s SPS sand- tra show two more features which have been labeled P1 and
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O reperane k) and 15@-10 meV for B1 and B2, respectively. From Figs.
B2 200K (x 8503) 2(b) and 3 it is clear that the anomaly in the temperature
MSOK x ss0s0) @B dependence of the PL peak position arises because the fea-

ture B1, which has a different energy position as compared
1.7 1.3 Enerlgy9 - 20 21 to B2, dominates the spectrum in the temperature range 200—
125 K while B2 dominates in the rest of the temperature
FIG. 2. PL spectra at two different spots(& and B(b) on the sample at range.
various temperatures. The 200 K spectrum at B indicates the presence of Tq further confirm that the PL peak position anoma|y is
two features which are labeled B1 and B2. The insets show the temperature t due t | t t d d f the band
dependence of the peak position of the dominant PL features at the pwp Ol dUE 10 an anomalous iemperature aepen e_nce orthe gn
spots. The dotted lines are a guide to the eye. gaps we performed CER measurements on this sample. Fig-
ure 4 shows typical CER spectra of the sample at spots A

-~ ~and B at 8 K. In both these spectra we can identify three
P2. The peak positions of these features show relatlvelynajOr transitions shown as C1, C2 and C3. A feature due to

much smaller shifts between spot A and B. The spectra at 4ne Gaas substrate also arises at lower energies but because
and B represent the two extreme PL peak positions in thig js ynimportant in the present context, it has not been

sample. We observed that the PL peak position tends t0 Vary,own here, The transition energies of these features were

monotonically anng[Oll]_whil_e remain_ing pra_tcticfally UN- estimated by separately fitting to them the following line
changed along th§233] direction. The insets in Figs.(® shape function:

and Zb) show the variation of the dominant PL feature’s
peak position at spots A and B, respectively, as a function of
temperature. It is evident that while the temperature depen-
dence of the peak position of the dominant PL feature at B
shows a large anomalous dip, that for A is closer to normal. L A AL I

2+ Q=243meV
Significantly, the 200 K PL spectrum at spot B gives clear l =
c2

PL Al

indication that there are two features which have been la- 0
beled as B1 and B2. The single main feature at A has been 2 ] f C]
labeled Al. ‘

Fitting a single Gaussian to feature Al and a sum of two
Gaussians to the feature at B we estimated the integrated
intensity of the main PL features at the two spots as a func-

(AR/R) x 105
&

tion of temperature. The symbols in Fig. 3 represent a loga- ’
rithmic plot of the integrated PL intensity as a function of -10
inverse temperature for the PL features @&ircles, B1 (tri- -12
angles and B2(squares The lines represent a fit to the data 14 CER spectra 8K
using the following equatioh’ TP FPOTOOIN v AP FNTO PN I
17 18 19 20 21 22 23
[(Mp=1lo/[1+ yexp(—Q/kgT)] 1) Energy (eV)

Wh(:*'r(:"l(-r)PL.'s the |nt.egr_ated PL intensity at a given teM- g1, 4. Contactless electroreflectance spectrum of the sample at the two
peratureT, Q is the activation energy for PL quenchirg,is different spots A and B. The plots are vertically shifted for clarity. The three
the intensity at the lowest temperature antias been inter- major transitions seen in both the spectra have been labeled C1, C2 and C3.

preted as the ratio of the radiative lifetime to the minimumThe dotted lines represt_ant the line shape function in(Bxfitted separately

.. e - . . to these features. The ins@lrcles shows the temperature dependence of
nonradiative lifetime for carrier dEC_aY-_ The value Qfis e energy position of transition C1 while the line represents a fit to the
found to be 24310 meV for Al; while it is 24410 meV  Varshini equation(3).
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n tively small difference in the PL peak positions of A1 and B1
AR/R= D, Rea;expi6;)/(E—Eq+iT))™, (see the 150 K PL spectra at the two spatsnost likely due
=1 to the difference in the size and composition distributibn
-1 @) contenj of the QDs at A and B. However we do not see any

signature of the QDs in the CER spectra. This is not surpris-

ing since their low densityas compared to bulkand inho-
whereEy; ,I';,6; anda; are the transition energy, broaden- mogeneous broadeni'ng due to dot §ize and composition dis-
ing parameter, phase factor and amplitude, respectively, a§ibution make detection of the QDs in the CER spectra very
sociated with theth transition. In the above equation the d|ff|cu!t. In fact in the only definitive identification of self-
value of m used was 3, which mimics the case of a firstorganized QDs by CER reported so fdnAs QDs on
derivative Gaussian broadened line shape funttiappli- ~ GaA9,™ the signal strength wasR/R=2x10"°, that too
cable in the case of inhomogeneous broadening of the criticayith narrower dot size distribution and uniform composition.
point energies in quantum confined systems. The fited We see that the activation energy values for thermal
curves are shown by the dotted lines in Fig. 4. The inset ifluenching of PL Q) for A1 and B1 are nearly identical and
F|g4(c|rc|e9 shows the temperature dependence of the trandiffer Considerably from that for B2. This can be understood
sition energy of the lowest energy CER feature C1 which@s follows. In the case of quantum confined systems such as
clearly shows no anomalous dip. It is also evident that théluantum wells it is found that the activation energy for PL
transition energy of lowest energy featu@l) in the CER  quenching is equal to the difference between the PL emission
spectra at the two spots A and B does not have the large shinergy and the barrier band g&pindicating that the PL
that is observed in the case of the dominant features in the @uenching involves simultaneous thermal emission of the
K PL spectra at these two spots. electron and the hole, constituting an exciton, into energy

Before discussing the origins of the PL features A1, B1levels corresponding to the adjacent barriers from where they
and B2 in detail, we shall briefly comment on the origins of can recombine both radiatively as well as nonradiatively. At
the dominant CER features C1, C2, C3 and the PL featurethe barrier energy the latter process is normally dominant
P1, P2. From the composition dependence of the band gap &fnce carriers are no longer confined to a small region and
Gadln,_,P alloys, the feature C3 arround 2.06 eV is identi-therefore encounter more defects which increase the prob-
fied as the signature of the transition at the band gap of thability of nonradiative recombination considerably. In our
Gay 51Ny 4P random alloy which forms the cap layer and thecase, for the carriers confined in the SPS phase, the effective
layers in between the SPS layers. Based on the peak enerfgrriers are expected to be the G#ng 4 alloy layers in
position, the PL feature P2 can also be identified as beingetween the SPS layers. This explains the 150 meV
associated with this alloy. The feature C2 and the associatedhlue ofQ for B2, since as shown in the Fig. 4 plgi), at an
PL feature P1 arise from the buffer Galn, 4P alloy layer energy 15610 meV higher than the peak position of the PL
at the bottom. Comparing the feature C1 with photoreflecfeature B2 lies the CER feature C3 associated with the
tance spectroscopy measurements and calculations &fa sAng 4P alloy layers. The carriers in the QDs are ex-
Armelleset al® on (GaP,,(InP), SPS grown on GaA&01) pected to see two kinds of barriers: £z3dng 4 alloy layers
substrates we identify it as being associated with then the vertical direction(direction of growth and SICLM
(GaP,(InP), 5 SPS layers in our sample. The difference modified Ga rich surroundings in tH811) plane. In Fig. 4
(= 50 meV) in the transition energy values for the SPSplots (i) and (i), it is again seen that at an energy243
structure in our sample and those of Armelkdsal. arises =10 meV (equal to the activation energy for PL quenching
most likely due to them/n ratio being different and also for A1 and BJ higher than the peak positions of PL features
because of the different strains that the SPS layer is subjecte®dll and B1 lies in the CER feature C3 indicating that the
to on a(311) substrate as compared tq@01) substrate. Ga 54N+ alloy layers also act as effective barriers for the
The origins of the features Al, B1 and B2 can be underQDs. This is in accordance with the fact that the,Gng 4P

stood as follows. Within the SPS layer there exist twoalloy barrier layers have lower Ga content than the Ga rich
phases, one which is the original SPS structure and the othearts of the SILCM modified phase=(60%) and therefore
the SILCM modified phase having In rich globular structuresthe former represents a lower barrier height for the carriers in
with Ga rich surroundings. The PL features Al and B1 arisehe QDs. We also see that the effective barrier height for the
from the In rich regions of the latter phase and have QD-likecarriers in the QDs as compared to those in the SPS phase is
characteristics to be discussed subsequently. The PL featul@ger, which explains why the quenching of the QD lumi-
B2 whose peak position is coincident with the CER featurenescence starts at higher temperature than the quenching of
C1, arises from the unmodified SPS phase. The differencthe SPS luminescence. This suggests the possibility of higher
between the spots A and B is the extent of SILCM inducedroom temperature QD luminescence efficiency if the band
modification. Because the modification is more aflAgh  gap of the barrier layers can be increased by incorporating a
QD density, nearly all the photogenerated carriers are col-small amount of Al in them.
lected by the QDs while at B where the modification is less  The above discussion also suggests that the estimation of
(low QD density, the unmodified SPS phase also contributesemperature dependence of critical point energies from PL
to the PL signal. The larger extent of the modification of thepeak shifts can be misleading in the case of QD related emis-
SPS layers at A as compared to B is also indicated by thsion with large widths arising from inhomogeneities in dot
broader CER feature C1 at A as compared to B. The relasize and compositiofanother source of error will be dis-
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cussed in Sec. Ill B The width implies different effective
barrier heights and therefore different activation energies;
those for the dots emitting at longer wavelengths is larger
than those emitting at shorter wavelengths. As the tempera-
ture is raised the luminescence from the QDs emitting at
longer wavelengths are therefore less likely to decay and
cause a more rapid shift of the peak to longer wavelengths
than expected from band gap narrowing alone. We note here
that the above mentioned mechanism of quenching of QD
related PL signalgwhich modifies the temperature depen-
dence of the PL peak position for an ensemble of QDs with
large size distributionhas previously been reported for self L @B- 125K
assembled InGaAs/GaAs and InAlAs/AlGaAs QBdn the T bl Lo (TR
present case, the presence of the CER features at similar 165 170 175 180 185 190 195 2.00
energies above the PL peak position as the activation ener- Energy (eV)

gies for PL quenching gives further proof of this mechanismgig. 5. Laser excitation power dependence of the PL spectrum at the two
of PL quenching_ spots A and B at two different temperatures. The dashed lines represent the
The temperature dependence of the CER transition enefPectrum recorded with the lower excitation power. These spectra are nor-
] - . malized to get the same peak height. The laser spot diameterwaQ0
gies follows the temperature dependence of the critical point
energies accurately and are not affected by the above men-

tioned source of error. Unfortunately the CER signature for

the QDs could not be seen in our experiments most likelyjoneq QD size distribution and Ga concentration distribution
because the inhomogeneous broadening due to QD size aRd, + g 05 (assumed uncorrelated to size distribution as a
composition variation makes the CER signals of the QDs tog; .« approximatioh does result in a PL linewidth o& 100
weak to be detectable. The lowest energy CER feature Cl o\

seen by us is associated with _the SPS phase. Fitting the tem- Figure 5 shows the dependence of the PL peak position
perature dependence of transition energy of featurécB- o, the hump laser power. These spectra are normalized to get
tinuous line in the inset of Fig.)4o the empirical Varshini 6 same peak height. We find that at 8 K, the spectrum at A

PL signal (a.u.)

: 22
relation: shows a blueshift with an increase in the excitation power
while the spectrum at Bwith feature B2 being dominant at
Eg(T)=Ego— aT?/(B+T) 3 8 K) shows no measurable shift. However, when the tem-

perature is raised to 125 K so that the feature B1 becomes
dominant at spot B, we begin to observe similar pump power
dependent shifts in the PL spectra at both the spots. Note that
in the 125 K spectrum at B there exists a high energy shoul-

we getEy=1.91 eV, =4.4x10* eV/K and =93 K.
The value obtained fow, the temperature coefficient of the

band ga&l is low compared to that of [By_,P alloys der (shown by arrow whose position does not shift with
(=8X107" eV/K). In general the value Qi depends on the_ change in excitation power. This shoulder is essentially a
average phonon energy and _t_he _carrler-phon(_)n QOUp“npemnant of the feature B2 which shows no excitation power
strength both of which are modified in a superlattice in Com'dependent peak shift. In these measurements the laser spot
parison to the bulk solid; which may be the reason for its diameter was= 300 um, therefore the maximum excitation
low value in our sample. However what is clear from thepower density was= 3(’) W/en?. The blueshift of the PL
above study is that there is no apparent anomalous dip in “Eepectrum even with such relatively low excitation power
temperature dependence of the critical point energies in th8ensity is a characteristic property of luminescence from

sample. QDs?3 The reason suggested for this is that in such samples
the carriers generated in the regions surrounding the dots
funnel into it. As a consequence, even for relatively small
excitation power densities, phase space filling effects begin
First of all we note that the broa8 K PL feature Al(at  to show up prominently® In fact, in cases where the QD
A) is typical of luminescence from QDs with finite size/ size and composition has a narrow distribution it is possible
composition distribution. In the present case the full width atto see new structures in the PL spectrum at higher energies,
half maximum(FWHM) of the PL feature Al is=100 meV. corresponding to carriers recombining from the higher lying
This is larger than those reported for other self-organizedtates of the QDs as the excitation power is increased to
alloy based QDs such as InAlAs/GaAs QAL linewidth= = 250 W/cnt (Refs. 24 and 25 Such accumulation of car-
60 meV at 77 K which have been used to fabricate lasers. riers in a small region is not expected in bulk or in 2D sys-
This is consistent with the fact that our measured sizéems(in plane. Accordingly the feature B2, which we have
distribution'® (= 25%) is larger than those of the InAlAs/ already identified as arising from recombinations in the un-
GaAs QDs mentioned above=(15%). Thus there is scope modified SPS phase, shows no measurable excitation power
for improvement in optimizing the growth of our samples. A dependent peak position shift. The observation of pump
simple envelope function calculation with the above men-power dependent blueshift of the PL spectra for features Al

B. Spectroscopic indications of QD formation
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""""" AR RALARARRRS REARARAR) RARARMARE due to absorption in the SPS layers. The other two are iden-

= o e @ tical to those seen in plaii) indicating that the carriers

% L l® generated in the GgJng4 layers get transferred to the
& SPS layers which have lower band gap and finally recombine
m from there. However the spectrum in pl@} is different. A

E B S ® closer inspection of this spectrum reveals four weak and
B (B shibedup broadened hump§indicated by the arrows in Fig.(&],

‘é L e | riding on top of a smoothly varying background. Although it
g is tempting to associate these humps in giit, ¢ with the

features in the CER spectrum in Fig. 4, however a detailed
comparison does not allow a one to one match between the
features in the two sets of spectra. We suggest that all these
weak humps in plofi) arise due to absorption by the higher
lying excited states of the QDs while the background has
contributions from recombination of carriers that were origi-
nally generated in the Gg4n, 4P layers and the SPS phase
adjacent to the dots and then transfered to the QDs. We have
made an attempt to bring out these weak resonant humps
more clearly by subtracting from pldi) a smooth back-
ground obtained by fitting to it the functiof(E)=a(l
— 1/ exd (E—b)/c]+1}), whereE is the energy and,b,c are
B M eear 2 the fitting parameters. The fitted smooth background is
shown by the dotted lines in Fig(& (vertically shifted for
FIG. 6. (a) The photoluminescence excitation spectra of the sample at difclarity) and the subtracted spectrum is shown in Figh) 6
ferent detection energietE=1.81 eV, at A(i)Eq=1.9 eV atBandiil) = \yhare four peaks are clearly seen. It is well established that

Ey=2.04 eV at A. The dotted line is a smooth fitted background to the. . . . .
spectrum in ploti) vertically shifted up for clarity(b) The spectrum in plot intradot exciton relaxation from higher excited states of a

(i) after background subtractioft) Simulated PLE spectra for the quantum QD to the QD ground state is mediated by multiple phonon
dots including effects due to dot size, composition distribution and instru-emissior?*2® As a result peaked structures are seen in the

(r;}e:tzallgere:jdi:&in&tjrhe vertical lines represent the ideal absorption SpeCtBLE spectrum of QDs whenever the excited and the ground
state are separated by multiples of the longitudinal optical
(LO) phonon energy l{r,o)?® and therefore separation be-
and B1 is the first spectroscopic indication of QD formationtween these peaks are also multipleshof, . For an In rich
in the SILCM modified layers of our sample. This results inGaln;_,P alloyhv o= 43 meV and as seen in Fig(® the
the following additional source of error in estimating the first three structures do have an average spacinghef 2.
temperature dependence of transition energies in QDs from In order to make a preliminary estimate of the absorption
PL measurements. For a given pump beam intensity, the exspectrum of the QDs we performed a simple envelope func-
cess carrier concentration in the QDs is temperature depetion calculation where the QD was modeled by a spherically
dent. Therefore, phase space filling of the QDs is temperasymmetric potential well of diameter 210 A with infinite
ture dependent. Since the PL peak position in QDs dependsarriers. Only heavy hole absorption was considetigght
strongly on the extent of phase space filling therefore the Plhole absorption is smaller by more than a factor pfagd
peak position does not provide an accurate measure of thearrier effective masses were obtained by appropriate linear
variation of the critical point energies with temperature. interpolation between listed valfégor InP and GaP. The
As a further investigation, we performed PLE experi- other assumptions involve neglecting Coulomb effects and
ments on this sample at different detection energies. Thaeavy hole—light hole mixing® The former is strictly valid
results are shown in Fig(&. For the spectrum in plaf) the if the free exciton Bohr radius is much larger than the QD
detection energ¥,=1.81 eV corresponds to the peak posi- radius(in our case they are comparapénd the latter begins
tion of the PL spectrum at spot A where we presume theo influence the spectrum drasticéflyfor heavy hole—light
luminescence arises predominantly from carrier recombinahole coupling constan&=0.7 (in our case it is= 0.5. In
tions in dots of size and compositigm concentrationthat  order to match the PL peak at 1.81 eV we had to consider a
are most prevalent. In pldti) E;=1.9 eV, which is close to band gap of= 1.763 eV for the In rich regions of the
the peak position of the PL spectrum at spot B where th&SILCM modified phase. The Ga concentration required to
luminescence arises from recombination in the SPS phase. yet this value for the band gap of a relaxed random
plot (i ) the spectrum was taken wity=2.04 eV at spot A  Galn;_,P alloy isx=0.35. This value of (which might
(similar PLE spectrum is also obtained for tliig at spot B, change somewhat when the appropriate strain tensor, as re-
where the luminescence arises from recombination in the toguired in the present case, is taken into accpimtlose to
Ga, 514ng 4 layers. The two rising edges in plgii ) repre-  the expected= 0.4/0.6 Ga composition contrast between the
sent the absorption at th&, and Eg+Ay gaps of Ga deficient and Ga rich regions in the SILCM modified
GaysAng 4 alloys which are= 98 meV apart. Plotii) has  phasé*° The sharp vertical lines in Fig.(6 show the ab-
three rising features, the first one between 1.9 and 2.05 eV isorption spectrum for a 210 A dot using the above model.

Plot (i) - fitted Bekg,

Calc. QD PLE sig.

u...||.|.l...‘.....
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