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Indium segregation in iGa _,As/GaAs (0.3<x<0.5 quantum wells grown by molecular-beam epitaxy
and its influence on their electronic properties are investigated using thermally detected optical absorption. A
kinetic model is used to derive concentration profiles and applied to interpret experimental data. The depen-
dence of the In surface segregation on growth temperature and growth rate is studied. It is shown that a
decrease of the substrate temperature is the best method to limit the segregation process kinetically. From a fit
of the kinetic model to experimental data, the conduction-band offset @tiis found to be independent of
indium compositiorx between 0.2 and 0.8).=0.64+0.01). The exciton wave function is calculated using a
variational technique involving a transfer-matrix formalism to study the influence of potential shape on exci-
tonic properties. Only a slight increase in oscillator strength with In segregation is observed for the fundamen-
tal excitonic transition[S0163-18207)06104-3

[. INTRODUCTION In,Ga _,As/GaAs interfaces. For this purpose, different ap-
proaches have been propo¥etf1"18ut only the method of
Strained layer structures offer two main advantages oveGrandjean, Massies, and Lerotfxpased on a Monte Carlo
lattice-matched systems for device realization. First, differensimulation of the growth, and the kinetic model of Dehaese,
band-gap ranges are achievable through the greater freeddmallart, and Mollot® are able to provide the variation of the
in choice of alloy composition, and, second, the strain splitin composition profile as a function of growth parameters;
ting of the valence band at tHepoint enables valence-band the others fail in predicting correct profile variations with
engineering to take place. In the case(lof GaAs/GaAs, it  substrate temperatures and growth rates.
is well known that the biaxial compression of the In this paper, we report a quantitative analysis of the ef-
In,Ga _,As material lifts the degeneracy at the top of va-fects of In segregation on the optical and electronic proper-
lence band. The uppermost valence-band component is dées of InGa, _,As/GaAs QW'’s as functions of growth con-
rived from the bulk heavy-hole band and presents a relativelgitions. We use the kinetic approach of Dehaese, Wallart,
small effective mass for motion in the plane of the layer. and Mollot® for the analysis of thermally detected optical-
This has been exploited in devices made fromabsorption (TDOA) results on InGa _,As/GaAs QW'’s
In,Ga, _,As/GaAs strained quantum well structures in high-grown by MBE under various conditions of temperature and
speed electronics or optoelectronfcs. growth rate. To our knowledge, it is the first time that this
However, there are several limits inherent to theparticular model has been used to account for experimental
In,Ga _,As/GaAs system. For an indium concentrationdata. It leads to an explicit description of the variation of
greater than 0.2, théin,GaAs growth is, in a first stage, electronic states as a function of the growth parameters. The
bi-dimensional2D) and then becomes tri-dimensior{@D). fit of the calculated transition energies of heavy-hole and
The 2D-3D transition in the growth mode involves the for- light-hole excitons(e;hh; and e;lh;, respectively to the
mation of islands which are elastically relaxtédThen plas- measured values enables the strained conduction-band offset
tic relaxation through dislocation generation occurs as theatio (Q.) to be determinedQ,. is chosen as an adjustable
(In,GaAs thickness is increased. Moreover, it is now well parameter together with the In composition and other para-
established that, during the growth of an®® _,As/GaAs meters entering the model. Experimental measurements by
heterostructure by molecular-beam epita®yBE), surface various groupS—2* have yielded different results fo®,
segregation of In constitutes an ultimate limitation to thewhich is a key parameter for tailoring the optical and elec-
achievement of perfectly abrupt interfaces® Optical mea-  tronic properties of devices. From the examination of several
surements display a strong ability to probe the interfaciasamples, we determin@, for different values of the indium
quality of InGa, _,As/GaAs quantum well§QW'’s) since  concentration X). The result is in agreement with a simple
electronic states are sensitive to the profile of thecalculation based on potential deformation theory and on the
In composition*'® However, a correct interpretation of properties of théIn,GaAs alloy. The last part of this paper
the spectroscopic data needs a theory for segregation te concerned with the effect of the indium segregation in
model the In distribution at the GaAs/@a _,As and (In,GaAs/GaAs heterostructures on the excitonic properties
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TABLE I. Nominal growth parameters of the samples investi- cryostat employed in previous TDOA studies. Further details

gated. about the experimental setup can be found in Refs. 25 and
26.
Sample X Ty (°O) Vg (MLs™) Ly (ML)
1 0.35 400 0.50 6-8-10-12-16 I1l. THEORETICAL MODELING
2 0.35 450 0.50 6-8-10-12-16 A. Kinetic model for the indium segregation
3 035 200 050 6-8-10-12-16 In order to determine the indium composition profile i
i indiu iti ofile in
4 0.35 500 1.30 6-8-10-12-16 S
5 05 530 0.60 4 (In,GaAs/GaAs QW'’s, we use the kinetic approach devel-
6 1'0 450 0.18 1.1%4) oped by Deahese, Wallart, and Molf§tin this model, the

segregation is described by an exchange process between a
Ga surface atom and an In atom in the bulk phase. This
exchange process must overcome the energy bayierith

a rateP;=vy exp(—E4/KT,), where y,=10" s™* is the vi-
bration frequency. The reverse exchange can also occur: the

and particularly on the oscillator strength of the transitions.

Il EXPERIMENTAL DETAILS rate P, is giyen byvo expn(—EZ/kTg), but the corresponding
energy barriele, is larger. The differenc&,—E,;=E4 cor-
A. Growth conditions and calibration responds to the segregation energy of the equilibrium

InGa_,As/GaAs QW samples have been grown onmodel’® The time evolution of the number of In surface

n*-type doped(001) GaAs substrates in an MBE machine atoms is obtained from the balance of incoming and outgoing
equipped with anin situ reflection high-energy electron- !N atoms. Thus,

diffraction (RHEED) facility. After the growth of a GaAs _

buffer layer at 580 °C, the substrate temperature was reducedXin s/dt= P+ P1Xin 5(1) Xgas(t) = PaXy S(t)XGab(t)(vl)
to a value between 400 and 530 °C to obtain th&hy _,As
QW's. Further details on the growth can be found in Ref. 7;where®,, is the In flux in monolayers per secofelL s Y.

the nominal indium compositionxj, growth temperature The numbers of In and Ga atom§,, j (t) andXg,j(t), at the
(Ty), growth rate ¥/,), and QW thicknessly,) are listed in  surface {=s) or in the bulk {=b), are expressed in frac-
Table I. The samples, labeled 1, 2, 3, and 4, contain fivdions of monolayers. The second term of the right-hand side
guantum wells with different thicknesses separated byf Eg. (1) represents those In atoms which leave the bulk
400-A-thick barriers and samples 5 and 6 are single quantumphase b) for the surface layers). It is expressed as the rate
wells. Growth rates, QW thicknesses and indium composif; weighted by the number of exchange possibilities which
tions were determined accurately by the variation in theare taken to be produg, ,(t) Xgas(t). In the same way, the
RHEED specular beam intensity. For the segregation studygverse exchange results in a number of In atoms leaving the
we focus our analysis on the experimental results obtainedurface phase given bBy,X,, s(t) Xgap(t). Furthermore, the

on samples 1-4 which have the same In composition butonservation of In and total surface atoms during the time
correspond to different growth parameters. interval[0t] gives

Xins(0)+X 0)+ D t=X,, (1) + X p(1), 2

B. Thermally detected optical-absorption experiments in(0) inb(0) n ins(t inb(t) @
TDOA at liquid-helium temperatures is very appropriate  Xin s(0) + Xgas(0) + (P jq+ Pt =X s(t) + Xgas(t).

to detect small absorption signals arising from ultrathin lay- )

ers. Its use in the characterization and for the study of semigjce X b(t) + Xeap(t) =1, the combination of the three
conducting QW structures_has been dsemonstrateq preVio”SQ’quations above leads to a differential equationXgr«(t).
(e.g., Refs. 25 and 24 at liqufte and°He, respectively A numerical solution of this equation with a predictor-

In this technique, the heating of the sample caused by thggrector method enables the In concentration profile to be
phonon emission due to nonradiative deexcitation, which ocgaqced?

curs after optical absorption, is detected via a thermometer
maintained with the sample at low temperature. The mono-
chromatic excitation source consists of a halogen lamp fol-
lowed by a HR640 Jobin-Yvon monochromator. The ther- The calculation of confinement energies in the QW het-
mometer is a germanium resistor shielded from the incidenérostructures is carried out within the framework of the
radiation. A bolometer enables the TDOA spectra to be noreffective-mass approximation. The energies of the electron,
malized. The resistance variations of the thermometer and dfeavy- or light-hole levels in a QW modified by In segrega-
the bolometer are detected by using ac Wheatstone bridgéi®n are determined within the transfer-matrix formalism in-
and lock-in amplifiers. The TDOA sensitivity increases dras-cluding the strain effects on th@gn,GaAs band structure.
tically when the temperature is lowered because of the deFhe physical constants of GaAs and InAs used in the calcu-
crease of the specific-heat capacity of the sample-holdetations are specified in Table | of Ref. 24 and are the result
thermometer assembly and of the increase in thdrom a careful analysis of data available in the literature. The
thermometer sensitivity. The results reported here are frorphysical constants of &, _,As are calculated by a linear
experiments carried out at about 0.35 K by using an adsorgnterpolation between binary values, except for electron and
tion *He refrigerator which was implanted into tAde bath  light-hole effective masses for which the strain-induced

B. Electronic states and excitonic properties
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modification along the quantization axis of the QW is
considered® For the strain-free band gap of, [Ba, _,As, we ‘ g 3202 g/ Gars QWs
use the expression given by Goettal:** E; (eV) 1 oA
—1.5192-1.583%+0.4752 at 2 K. !\ s MLy ToOBR

In order to evaluate the effect of a gradual potential due to L\ e 8 ML) Sample 2
In segregation on the excitonic properties developed in Sec. : | ihi(6 ML) Ty = 40°C

. ehh (8 ML) V,=0.5MLs"
! ephhy(10 ML)

' ehh,(12 ML)

! e;hh (16 ML)

IV D, the transfer-matrix formalism was combined with a
variational method®3! However, to ensure computational
rapidity, several assumptions have been made. Valence-band
mixing effects?*3were not included in the calculation and a
trial excitonic envelope function with a single variational
parametera, , has been chosen. It is expressed as follows:

b= @e(Ze) @n(zn)exr — I+ (ze—z4)?/ap). (4)

Intensity ( arbitrary units )
=

z. and z,, are, respectively, the coordinates of the electron
and hole along the quantization axis ands the relative
distance between the two particles in the layer planéz,)
andep(z,) are the envelope functions related to the electrons
and holes in the quantum well. Indeed, it has been shown |
that, for the thicknesses corresponding to the QW'’s investi-
gated, the introduction of a second variational parameter @) MM)
does not modify greatly the results of the calculation in com- . . 1 . L
parison with these obtained by using only one paraniéter. 8000 8500 9000 9500 10000
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IV. RESULTS AND DISCUSSION )
FIG. 1. TDOA spectra of fGa _,As/GaAs multiple quantum

A. TDOA spectra wells (x=~0.32 obtained at 0.35 K. The upper part of the figure

The TDOA spectra of samples 1 and 2 are displayed irﬁ?nfems Sanle 2 gro"‘:jn ?t 450 ? Vfth a rate_t%ft%S Mt and i
Figs. 1) and 1b) in the range of the QW emission wave- e Io%er pall corresponds (o sample 1 grown wih the same oro
lengths. The continuous increase of the TDOA signal with__ = ™" . P 9 ST L

. . . .. excitonic absorption signals have been amplified for each sample
the increase of the photon energy is due to the impurit

Yafter the removal of the GaAs absorpti i
. ; ) ption fr@gsee text for details
absorption front of the GaAs barriers in both cases. The €XThe dashed lines are guides for the eyes. Note the redshift of the

citonic absorption in GaAs is detected at 1.515 eV in eacr?excitonic transitiongsample 1 with the decrease of the substrate

sample. In order to obtain precise values of the energies Qtmperature. The excitonic transition in the GaAs barriers is also
the different excitonic absorption peaks, the baseline, mainlyjetected.

due to the GaAs absorption front and also including band-to-
band contributions of the QW transitions, has been removed
by simulating it with a polynomial curve. The results of the
subtraction of this baseline from the TDOA signal, displayed The procedure which consists of eliminating the GaAs
in each figure after amplification, enable the energy of eaclabsorption from the TDOA spectra, has been systematically
peak to be determined accurately. The fundamental excitonigsed in order to obtain the absorption energies values. The
transitione;hh; is detected for all the QW thicknesses of 6, accurate determination of tteghh; ande,lh, energies pro-

8, 10, 12, 16 ML'’s. The electron-light-hole transition is only vides an experimental data set enabling the validity of the
observed for the 6- and 8-ML-wide QW'’s. One can easilykinetic model to be demonstrated. The experimental energies
measure the energy shifts of the different absorption peaks @fre displayed as functions of QW thickness for samples 1-4
sample 2 with respect to those of sample 1 which have beein Fig. 2. On the lower part of this figurgart a, we have
grown with the same rate but at a lower temperatisge plotted together the results from samples 1 and 2, which have
Table ). The effect of segregation is to increase the transibeen grown with the same rate but at different temperatures.
tion energie¥’ and appears to be much less important forThe upper parfFig. 2(b)] concerns the results of samples 3
sample 1. This can be explained in terms of kinetic limitationand 4 obtained at the same growth temperature but with dif-
of segregation at low growth temperatut&#t will be shown  ferent growth rates.

in the following section that this behavior can be quantified In order to obtain the fit of the calculations within the
by using the kinetic model presented above. Finally, one cakinetic model to the experimental data, the adjustable param-
note a smaller energy shift between the absorption peakaters considered weke,, E,=E; + E, the conduction band
attributed to thee;lh; transition observed in samples 1 and offset ratio Q., and the indium concentratior. A slight

2. Light holes are less sensitive to segregation effects due teariation of this last parameter was allowed around the nomi-
a large extension of their envelope wave function with re-nal value estimated from RHEED measurements. The well
spect to the scale of the In gradual repartition. Furthermorethicknesses are assumed to be accurately controlled. The
their levels are quasiresonant to the GaAs valence band. growth parameter§Ty andV,) used for the calculations are

B. Analysis of the data
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V =0.5MLs" FIG. 3. TDOA spectrum of an InAs/GaAs multiple quantum
g .
 n Sample1: T, = 400°C, well sample grown at 450 °C with a low growth rde18 ML s 4).
1300 '.e & i § As in Fig. 1, thee;hh; and thee;lh; excitonic absorptions have
S"mplez'Ts_A'SO ¢ ot ] been amplified after removing the GaAs front absorpfieertical
[ + Caleulation i amplification ratio given in the lowest part of the figur&he ver-
1250 1'0 — 2'0 3'0 4'0 5'6' : tical arrows show the theoretical transition energies between elec-
tron and heavy- or light-hole ground states after the correction for
L, (&) the exciton binding energy, calculated wiy=1.73 eV,E;=0.13

) o N eV, andQ,=0.64 for a QW thickness adjusted to 1.07 ML.
FIG. 2. Thickness dependence of the excitonic transition ener-

gies for samples 1,2a) and 3,4(b). B and O represent the experi- o . . . .
mental energies and the solid lines are the results of calculatio 00 °C, E, can change significantly without altering the fit.

based on the kinetic model and including the nominal growth pa- he valug forE determined h?re IS |r) reasonable agreement
rameters(Ty andV,) indicated in the figure for each sample. The with previous surface analysis studies @n,GaAs alloys

- - - _ 10
theoretical results are displayed for the fit parametys:1.73 ev,  Which have yielded an estimate Bf (E;=0.15+0.1 eV).
E.=0.13 eV,Q.=0.64 eV, anck=0.32+0.01. (i) The use of the same set of values for the adjustable

parameters€,; andE, for all samples demonstrates the reli-
those measured during the grow#ee Table). The choice ability of the In segregation model for J&a _,As/GaAs
of Q. as an adjustable parameter is justified by the observéieterostructures.
tion of thee,lh; transition which is rather sensitive to this  (iii) A decrease in the growth temperature of 50 °C at a
value for the thinnest QW's. The ground-state level of thegiven growth rate of 0.5 ML'S' [Fig. 2@)] has more of an
light holes, which resides near the top of the well, is indeeceffect than an increase of the growth rate from 0.5 to 1.3
strongly dependent on the exact depth of the valence-bandL s™* at T4=500 °C[Fig. 2b)]. When the substrate tem-
well. perature decreases without any variation in the growth rate,
Inspection of Fig. 2 shows that the flux term is no longer negligible with respect to the ex-
(i) There is a good agreement between the theoreticathange terms in Eq1) and consequently, there is a kinetic
curves(solid lines and the experimental points for all the limitation of segregation. The model is also able to predict
samples, proving the ability of the kinetic model to accountvariations of the In segregation with growth rates, but such
for the variation of the In composition profile versus growth an effect is weak at 500 °QFig. 2(b)] because, with a
parameters. The shifts in the transition energies, when thgrowth rate of approximately 1 ML'8, the exchange terms
growth temperature is increasdéig. 2(a@)] or when the are always greater than the flux term. The system is then near
growth rate is decreasééig. 2(b)], are well predicted. The thermodynamical equilibrium so that In concentration pro-
parameters leading to the best fit to all experimental data arffles are weakly sensitive to variations in the growth rate.
E;=(1.73+0.02 eV, E;=(0.13+0.01) eV, Q.=0.64+0.01, We have also tested the model on a multiple-quantum
and x=0.32+0.01. For a given parameter, except, the  well structure which contains four InAs/GaAs QW's each of
uncertainty is the maximum deviation between the valuel ML thickness, grown at 450 °C and 0.18 ML's(sample
given above and these obtained from the individual fits for6). Figure 3 displays TDOA spectra obtained from this
each sample. FdE,;, only the samples grown at the lowest sample. The signals corresponding to théh; ande,lh,
temperatures were used; for the samples fabricated a&xcitonic transitions are clearly detected. A weak band on the



2410 P. DISSEIXet al. 55

high-energy side of thee;lh; excitonic peak is also ob- o8F T ]
served. It is labele@,h, because it involves transitions be- !
tween confined electrons in the InAs well and unconfined

holes in the GaAs barrier continuum. Since light holes are :
weakly localized in the InAs layer and quasiresonant with \
the GaAs valence-band edge, the small energy difference 0.7¢ !

(~4.5 me\) between thee;h, ande,;lh; peaks must be re- o
lated to the binding energy of light-hole excitons. In Fig. 3,
we have shown the theoreticaelhh; and e;lh; excitonic ]
energies (vertical arrow$ calculated withE;=1.73 eV, 0,6 ]
E,=0.13 eV, andQ.=0.64 i.e., same as abgvéor a QW ;
thickness adjusted to 1.07 Mi(closed to the nominal r n=05
thickness=1.1 ML). Good agreement between the calculated : . . . .
and experimental energies is obtained by strictly using the 00 01 02 03 04 05 06
growth rate and temperature parameters measured during the
growth. However, at 450 °C and at a growth rate of 0.18
ML s~ the exchange terms are relatively important with  FiG. 4. The conduction-band offset ra@, as a function of the
respect to the flux term and there is no efficient kinetic limi-indium composition. The experimental d4®: this work, l: Ref.
tation of segregation. At this temperature, a sensible reduc4) are compared with theoretical calculatigisgraight lineg using

tion of the segregation process would need a growth raten unstrained valence-band offd4§=0.140 eV and different val-
above 1 ML §1. It must be noted that the maximum indium ues(z) of the bowing band-gap part assigned to the valence band.
composition in the well is only 0.3 due to segregation so thaf>00d agreement is found with the experimental datarfe0.25.

the corresponding data is in the range of the indium compo-
sitions investigated here. D. Segregation effects on excitonic properties

Indium composition (x)

The influence of In surface segregation on excitonic ener-
) _ ) gies in InGa, _,As/GaAs QW’s has already been in evi-
C. Strained conduction-band offset ratio dence from optical studies since these energies are sensitive
The band offset of théln,GaAs/GaAs system has been tO the potential profile at the interfaces. However, the effect
investigated extensively during the past few years througi®f the segregation on the excitonic oscillator strengfhs),
the analysis of the electronic states of strainedhas, to our knowledge, never been studied previously. The
|nXGaﬂ_7XA5/GaAS quantum wells by optical SpectroscopyOSCi”atOI’ Strength of th@lhhl excitonic transition in an
experiments. For this purpose, the strained conduction-barigeal(In,GaAs/GaAs QW is compared with that correspond-
offset ratioQ, was introduced as an adjustable parameter iing to the same quantum well whose potential profile is
the models used to calculate the Qw energy levels. An |mm0d|f|ed by the indium Segregation. The calculation of the
portant advantage in using this parameter lies in the fact th#txcitonic envelope wave function is performed with the
neither the pressure coefficient of the valence band nor theariational principle by using the transfer-matrix formalism.
x=0.32 andx=0.5 (sample 3, we find thatQ, is constant
and is equal to 0.640.01. The same value was deduced
havior can be justified by a simple model within potential lll B. The behavior off ... is thus determined by the varia-
deformation theory, based on the knowledge of the untions of the overlap of electron and hole wave functions and
potential of the conduction band alg that corresponding ent In concentrations and QW thicknesses. The indium seg-
to the valence bandan excellent agreement is found with regation chosen here corresponds to the usual MBE growth
V, (Ref. 36 and theoretical calculations concerning thethickness or the thickness corresponding to the 2D-3D
(In,GaAs alloy >’ growth mode transition fox larger than 0.2.

J $(z.=2, z,=2, r=0)dz

distribution of the alloy band gap bowing between conduc- The oscillator strength per unit area is
tion and valence bands have to be known.

The fit to our experimental data enables us to determine 2
Q. with accuracy. For the samples investigated here with fosc™ / (p| )

o 2

previously from an analysis of TDOA and reflectivity mea- =J’ 0(2) op(z)dZ / (d| ), (5)
surements carried out ongdpGa, ;5 As/GaAs QW's of vari- -
ous thicknesse¥. We then deduce th&, is independent of
the indium composition fok between 0.2 and 0.5. This be- here ¢(z.,z,,r) is the exciton wave function given in Sec.
strained InAs/GaAs valence-band off$®t) and the distri- of the normalization terr{¢|¢) which depends on the in-
bution of the(In,GaAs band gap bowing between valence plane exciton Bohr radiua, .
and conduction bands. By takirsg = — (a.—a,)/10, which The relative variations of ., with respect to the oscilla-
is a reasonable valde™® (a. is the hydrostatic deformation tor strength in a square QW, are given in Table Il for differ-
the experimental data fov,=0.140 eV by assuming that conditionsi.e.Vy=0.5 ML st andT,=500 °C. The param-
25% of the alloy band gap bowing is assigned to the valenceters of the kinetic model are those previously determined
band(see Fig. 4 These last results are found to be in agree{E;=1.73 eV,E;=0.13 e\}. Note that the calculations are
ment with a previous experimental determination ofcarried out for QW thicknesses which are below the critical
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TABLE II. Variations (in %) of the oscillator strength of the 0,03 05
e;hh; excitonic transition due to segregation in usual MBE growth

conditions for QW's of different sizes and In concentrations. Without segregation
Area = 0,870

x=0.5
L,=2 ML

X
L, (ML)\ 0.1 0.2 0.3 0.5
2

9.0 9.0 9.0 10.5
4 7.5 6.0 6.0 8.5
8 3.0 1.0 15 2.0
12 0.0 -05
16 -1.0 -0.5
24 -0.5

950y, product (A™)

With segregation
0,01 Area = 0.904

In composition
profile

It appears that segregation does not modify significantly
the oscillator strength of the,hh; excitonic transition. This
result is interpreted by considering the envelope wave func-
tions of the electron and the hole, i.&4(z.) and ¢n(zp).
For the quantum well thicknesses investigated, the extension
of the wave function is much larger than a typical extent of
the indium distribution(~30 A) and the variation of the 0,00 b= =
integral f¢.(2)¢n(2)dz is not large. As an example, the -100 -50 0 50 100
productse(z) ¢4(z) without and with segregation are com- z(A)
pared to the gradual profile of the indium incorporation in a
2 ML QW with a nominal compositiox of 0.5 as shown in FIG. 5. The product of the normalized electron and hole enve-
Fig. 5. The oscillator strength in a QW with segregation islope functions versus the distanzé a two ML Iny sGa, sAs/GaAs
generally greater than that in a perfect square QW. Sinc®W without and with In surface segregation together with the In
segregation has no significant effect on the exciton Bohr racomposition profile calculated for standard MBE growth condi-
dius and, consequently, on the normalisation tégig5), the  tions: T=500 °C,V=0.5 ML s™* for E=0.13 eV ancE;=1.73
variation off .. is mainly due to the more important overlap ev. The areas below each curve, which c_orrgspond to the envelope
of the electron and hole envelope functions in a QW withfunction overlap (fe(2)fx(z)dz), are also indicated.
segregation.

0.0

ing low growth temperatures or high growth rates. However,
the substrate temperature seems to be the most efficient pa-
V. CONCLUSION rameter to limit kinetically the exchange process. In addition,
) ) the fit to our experimental data set enables the conduction-
TDOA measurements have been carried out in order t§gnd offset ratio(Q,=0.64+0.01) to be determined accu-
study optical properties of }Ba, _,As/GaAs QW’'s grown rately and in agreement with previous results obtained for
by MBE under various growth conditions. The TDOA datax=0.2. We have then deduced its independence of the In
have been interpreted by using envelope function calculacomposition in the range of from 0.2 to 0.5. This result is
tions based on a kinetic model for building In compositionin agreement with a simple calculation based on the potential
profiles, which includes explicitly the growth parametersdeformation theory and assuming that 25% percent of the
(rate or temperatuje In accordance with the experimental alloy band-gap bowing is assigned to the valence band. The
results, this model accounts well for the variation of In seg-effect of segregation on exciton quantization, particularly on
regation with substrate temperature or growth rate. Thishe oscillator strength of the;hh; excitonic transition, has
work suggests that kinetics can be used to limit the In segalso been studied by using a variational technique within the
regation process during the,lBa _,As/GaAs QW growth. transfer-matrix formalism. Our numerical results indicate a
It demonstrates that a way to limit segregation is to prevenslight increase of the oscillator strength with segregation
the system from reaching thermodynamic equilibrium by us-which is explained in terms of envelope function overlap.
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