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Oscillator strength of trion states in ZnSe-based quantum wells
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The oscillator strength of negatively charged excit@m®ns) in ZnSe(Zn,Mg)(S,Se quantum-well struc-
tures withn-type modulation doping is studied by means of reflectivity as a function of electron concentration,
temperature, and external magnetic fields. The trion oscillator strength is found to increase linearly with
increasing electron concentration up t&x 60'°cm 2. The trion nonradiative damping shows no dependence
on the electron concentration or external magnetic field. An optical method, based on the analysis of the
polarization of the trion line, is proposed to investigate two-dimensional electron gases of low density from 10

up to 1¢tem™2

A negatively charged exciton complétxion) in semicon-  tivity spectroscopy is used as the most reliable and informa-
ductors, consisting of an exciton attracting an additionakive technique. The radiative and nonradiative damping of
electron, was predicted theoretically in 1958his state has trions and excitons was examined as a function of electron
been under intensive study since 1993, when the first experoncentration, external magnetic field, and temperature. We
mental proof of the existence of trions in quantum-well cN0S& modulation-doped Zn&&f,Mg)(S,Sé quantum-well
(QW) structures was reportédlrions have been observed in structures as a model system for this study. The choice of

: : nSe-based QW'’s with strong Coulomb interaction, as com-
SQUV(\:/hs;rlSJc(t:udr?g? és:;js(zna(rj]l(l;fezrﬁggeae m;cgoantg/ue?}tlo;ﬁgn;%(;ﬁnd%,ared with GaAs- or CdTe-based QW'’s, allows us to observe

tively charged trions related both to heavy-hole and Iight_very pronounced exciton and trion resonances in the reflec-

hole excitons have been studied experimentaflyCoherent lety spectra and to provide high experimental accuracy for
s X : alculated parameters.

and recombination dynamics of the trion states are actua(f

topics of ongoing research in this fiéld. Theoretical works I. EXPERIMENT

supporting the experimental studies are also in prodfess.

However, quite a number of features pf the trion states are ZnSelZn sMgo 11501556 5, Single QW(SQW) structures
not under_stood yet.and/or are the subject of controversy. ere grown by molecular-beam epitaxy ¢h00)-oriented

In particular, an important problem of the trion and exci- GaAs substratedor details of growth and optical properties,
ton oscillator strengths at various concentrations of free carsee Ref. § An 80-A-thick ZnSe SQW was embedded be-
riers in QW’s has been raised in a number of publicationgween 1000- and 500-A-thick ZRdMdq 1150165 g2 barriers.
(see Refs. 3, 10, 11, and 1However, detailed experimental The total band-gap discontinuity of 200 meV between the
investigations of this problem have been published only veryQW and the barrier materials was distributed approximately
recently. They are exemplified by the positively chargedevenly between the conduction- and valence-band edges.
excitons *) in CdTe-based QW's embedded in a One structure was nominally undoped with a residual elec-
microcavity® and in semimagnetitCd,Mn)Te QW’s}*°In  tron concentration ofi,<10'°cm 2 in the SQW, due to the
both papers an oscillator strength “transfei’e., redistribu- weakn-type background conductivity of the barriers. A set
tion of oscillator strengthbetween exciton an&™ reso-  Of modulation-doped structures with a 2DEG concentration
nances dependent on the concentration of free holes was d8-the range fromn,=3x10cm™? up to 1.2<10"cm"?
tablished experimentally. In these studies the experimentally?ere grown with a Cl-doped layer separated from the QW by
measured Moss-Burstein shift was used to evaluate the deR-100-A-thick spacer. Most of the reflectivity measurements
sity of the hole gas. This method is limited to the range ofVere performed at normal incidence and only some spectra
high concentrationgabove 6<101°cm 2 and for lower were taken under Brewster angle incidence in order to ana-

concentrations hole densities were estimated via model%€ transitions with very weak osci.llator strenéﬁﬁeflec-
calculations® Ivity spectra were taken at 1.6 K in magnetic fields up to

. : . . . B=7.5T applied in Faraday geometry andB=0T in a
In this paper we present detailed experimental Ir“’esngafemperature range from 1.6 up to 35 K. Circularly polarized
tions on the modification of the negatively charged exciton : :

_ d | . in th ¢ light was analyzed by means of achromatic quarter-wave
(X™) and neutral excitofiX) resonances in the presence of apates. The signal was dispersed by a 1-m spectrometer and

low-density two-dimensional electron g2DEG) with con-  jetected by a charged-coupled devi&ED camera
centrationn, varying from 5 10° up to 1.2x 10t cm™2 An

optical method to characterize the low-density 2DEG, based Il. EXPERIMENTAL RESULTS
on the analysis of trion polarization in external magnetic
fields, was developed. The oscillator strength of the exciton
and trion is treated from the point of view of their resonant Reflectivity spectra of modulation-doped QW'’s with dif-

contribution to the dielectric function of the crystal. Reflec- ferent 2D electron concentrations are shown in Fig. 1 for

A. Reflectivity spectra of trions and excitons
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FIG. 1. Reflectivity —spectra taken from  80-A FIG. 2 Reflectivit
ZnSelZ SQW'’s with different electron concen- : ' y spect_ra taken _ from an 80-A
trationsr?ﬁ dx;?g'l;wsgéi?ngie%. Arrows indicate the resonance eneanSE/ Z13 50,1150 1658 52 SQW withne= 6 10"cm * at differ-
gies of excitongX) and trions K~). The best fit with parameters ent temperature$8=0 T.
I'§=170ueV, I*=0.73meV,I'{=68ueV, andI'"=0.6 meV is
shown by a dashed lind.=1.6 K. proportional to the exciton oscillator strength per unit vol-

ume (Fx) used in Refs. 20 and 21, i.d.yxFy. It is worth

zero magnetic field. Details of the identification of trion tran- noting here the relation between the exciton radiative damp-
sitions and basic trion properties in ZnSe-based QW'’s wergng and the exciton radiative lifetimer), 1“6(:% Trad 2
published in Refs. 5 and 6. In the nominally undoped sample The nonradiative damping constdhiis characteristic for
(upper spectrupnonly a single strong resonance, which cor-the broadening of the exciton resonance. It includes all
responds to a heavy-hole excitof) in the QW, is detectable proadening mechanisms with the exception of the radiative
at normal incidence of the reflected light. In doped Samp|eibroadening, which is controlled Hy,. At low temperatures,
(middle and lower spectjaa new resonance of a negatively \when the exciton-phonon scattering is negligible, and in un-
charged excitonX ™) appears at about 5 meV on the low- doped QW'sl" is dominated by inhomogeneous broadening,
energy side from the exciton line. The amplitude of the trionwhich, in turn, mainly arises from well-width fluctuations
resonance grows with increasing electron concentration. land alloy fluctuations in barriers. In QW’s with a 2DEG
turn, this is accompanied by a reduction of exciton-resonancgyxciton-electron scattering could cause considerable homo-
amplitude. At high electron concentrationsabove  geneous broadening of exciton sta#2ghis mechanism is
2X 10" cm™) the exciton line disappears from the reflectiv- spin dependent and, as we will show, is important for the

ity spectra. . . _ studied ZnSe-based QW's.
Parameters of the exciton and trion resonarites reso- A set of reflectivity spectra measured in a SQW with
nance frequencydy), radiative dampingI(o), and nonra-  =6x10°cm2is shown in Fig. 2 for different temperatures

diative dampingI’)], which govern their contribution to the in the range from 1.6 up to 35 K. With increasing tempera-
dielectric function, were deduced from a best fit of experi-tyre the trion resonance becomes weaker and becomes unre-
mental reflectivity spectra to the calculated ones in thesplvable atT=25K. In contrast the exciton resonance in-
framework of the non-local dielectric response theBri.  creases its amplitude. A weak energy shift of the resonances
This approach was successfully used for the reflectivityis due to the temperature-induced narrowing of the energy
analysis of undoped QW¥:*" An example of such a fitis gap.
shown by the dotted line in Fig. I, andI’ determined by Temperature dependencies of the radiative and nonradia-
this procedure for different temperatures, magnetic fieldsiive damping for excitons and trions are plotted in Fig. 3.
and electron concentrations are presented in Figs. 3, 5, &ne can see that the vanishing of tie resonance is caused
and 9. _ by two factors: a decrease bf, and an increase dF. It is
Following Ivchenko and co-worket$™® the exciton-  interesting to note that the decrease of the trion damping

resonant reflection coefficient in a SQW is given by constant™! (from 68 ueV at 1.6 K down to QueV at 30 K)
iT is accompanied by an increase of the exciton dampifig
r= 0 (1) (from 170ueV at 1.6 K up to 21QeV at 30 K) in a way that

wo—@—i(I'+To) a sumI'j+T} is about constant. Finally, the nonradiative

In this case the radiative dampirigy has a physical mean- damping of excitong'*=0.7 meV was found to be tempera-
ing, namely, the exciton oscillator strength in the QW. It isture independent.
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FIG. 3. Radiative ['y) and nonradiativél’) damping of exciton
and trion states in an 80-A ZnSe/ZgMgo 1150 16556 52 SQW with
n.=6x10cm™2 as a function of temperature.
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FIG. 5. Magnetic-field dependence of radiatid&) and nonra-
diative (I') damping for the excitoritriangles and trion(circles
states in an 80-A ZnSe/ZrMg, 11801565 SQW with ng
=6x10Ycm 2 o and ¢~ circular polarized components are

The modification of reflectivity spectra in magnetic fields ghqwn by solid and open symbols, respectively.
is shown in Fig. 4 for two circular polarizations™ ando ™,
corresponding to different spin orientations of excitons and The polarization of the trion line reflects specifics of its
trions. In the undoped structure no changes of the excitofiPin structuré. Being composed of two electrons and one
oscillator strengti.e., Fé) was detected. The exciton line hole, the trion ground state has a singlet configuration with
shows a weak diamagnetic shift of 0.25 me\Bat 7 T (Ref.
5) and is split in two Zeeman components with an excigon

factor gey,e= +0.38% However, in the doped structures both
the trion and exciton resonances became strongly polarize%1

T=16K +
B=7T

5x10° cm™

Reflectivity
o

TN

2.810 2815

Energy (eV)
FIG. 4. Reflectivity  spectra

taken

from

80-A

ZnSelZn gdMJp.1150.1858 82 SQW’s with different electron concen-
trations detected it (solid) and o~ (dotted circular polariza-

tions at a magnetic field of 7 Tt=1.6 K.

two electron spins oriented antiparallel to each other. The
triplet state with parallel spins is unbound at low magnetic
fields. In external magnetic fields applied along the QW
rowth axis a 2DEG shows spin polarization that, in turn,
duces circular polarization of the trion resonances in the
reflectivity spectrd. The strong circular polarization of the
X~ resonance can clearly be seen in Fig. 4. The trion reso-
nance becomes two times stronger dn polarization as
compared to its zero-field valugee Fig. 1 and loses its
intensity ino™ polarization.

In more detail the magnetic-field dependencies of the ex-
citon and trion parameters are shown in Fig. 5 for the SQW
with n,=6x10cm 2. The nonradiative damping of trions
was found to be independent of the magnetic field and is
equal for both spin orientatiorjsee Fig. B)]. By contrast,
the exciton nonradiative damping shows a strong dependence
both on magnetic field and on polarizatid®** (shown by
solid triangle$ decreases from 0.73 meV B&=0 T to 0.35
meV atB=7.5T.'*~ (open triangleshas a nonmonotonic
behavior with a maximum value of about 1 meVB#=4 T
and a subsequent decrease to 0.7 meB=a?.5T. A differ-
ence betweerl** and I'*~, caused by spin-dependent
exciton-electron scatterirfg,grows up toB=4 T and then
saturates at a value of 0.35 meV. It is represented in Fig. 10
by solid circles and will be discussed in more detail in Sec.
1.

Exciton radiative damping is weakly varied by applied
magnetic field§see Fig. 5a)]. Only in fields aboe 4 T is a
small difference shown in oppositely polarized spectra: at
B=75TIy"=182ueV andl'y =165ueV. For the trion
resonancel“g+ andT'}~, being detected in different polar-
izations, symmetrical variations are seen in reference to the
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of the trion resonance in reflectivity evaluated for 80-A o
ZnSe/Zn sMdo 115018585, SQW's. Dashed lines show the Boltz- FI_G. 7 Reflectivity spectra taken from an undoped SQW at a
mann distribution and solid lines trace Fermi-Dirac statistics, whichlight incidence close to the Brewster angle. Electron concentration

— —2 H
gives the best fits and allows us to determine the electron concer®f Ne=510°cm™2 was evaluated for this structure from the value
tration. of the trion radiative dampin@=6 ueV (see text T=4.2K.

zero-field value oﬂ“g=68,uev, keeping the sum value of achieved(see solid lines in Fig. )6 The Fermi energy was
FEU—FS‘ constant for all magnetic fields used. the only fitting parameter in this calculation. In turn, the
The enhancement df}~ (suppression of'j*) with in-  Fermi energy is directly linked with the electron concentra-
creasing magnetic field reflects the increddecreasgof  tion viaeg=7A2n./m,. In ZnSe-based QW's the effective
electron concentration for the corresponding spin compomass of conduction-band electronsng=0.16mq and e
nent. Therefore, the degree of circular polarization of the=1.44x 10 ?n,, wheree is given in meV and, in cm 2.
trion resonance calculated a®.=(I'j"—T¢ )/(T3"  Therefore, fitting the experimental points from Fig. 6 with
+T'{") corresponds to a polarization of a 2DEG in externalthe polarization based on the Fermi-Dirac statistics allowed
magnetic fields. Experimentally measured(B) dependen- us to determine the 2DEG density. In the modeling we as-
cies are plotted by circles in Fig. 6 for QW’s with different sume that the Fermi level is pinned by the donors in the
electron concentrations. These results allow us to get informodulation-doped layer(This is valid for our ZnSe-based
mation not only about the polarization of a 2DEG but alsoQW'’s with relatively small band offsets. Detailed discussion

about the 2DEG density. on the validity of this assumption will be presented else-
where) For the ZnSe-based QW's under study this method
B. Optical method to determine the 2DEG concentration allows us to determine the electron density in QW’s with

n thi . describ tical methods to determi down to 2x10%cm™2
n this part we describeé oplical methods 1o determineé — A oo electron densities the difference between the

2bDEG£<e{1§1|}|eS 12 (_Qr\r/]VS fone in the Irangel frorp 1?)u§ t?j Fermi-Dirac and the Boltzmann distribution is too small to
about cm “. The experimental results shown by dots 5, an accurate determination of. In this case the elec-

in Fig. 6 represent the polarization degree of a 2DEG intron density can be determined by means of the linear depen-
dence of the trion radiative damping am, with T'j/n,

QW’'s. At very low electron concentrations ng
<10*%m™?), when the Fermi energy-<kgT, the electron o e
polarization is well described by a Boltzmann distribution of = 1-16<10"° ueV cn? measured for ZnSe-based QW' in
electrons on the Zeeman sublevels. The Boltzmann distribdDis paper(see Sec. Il € Our goal is to measurg, with
tion calculated forT=1.6 K with an electrorg factor g,= high accuracy. Modulation spectroscopy and/or reflectivity
+1.14 (Ref. 6 is shown in Fig. 6 by dotted lines. A clear measurements under Brewster angféextend significantly
deviation of the experimental data from the Boltzmann disthe sensitivity of the light-reflection technique and allow us
tribution is seen at low magnetic fields, increasing for highetto detect transitions with low oscillator strength.

electron concentrations. For the highest concentration stud- As an example a reflectivity spectrum of an undoped
ied here (,=1.2x10"cm ?) the trion resonance is com- SQW taken under incident angle=71°, which is close to
pletely unpolarized in magnetic fields below 4 T. Fermi-the Brewster angle ofpg,=69°, is shown in Fig. 7. The
Dirac statistics, accounting properly for the properties of aradiative damping of the trioﬁ$:6 ueV is only 3% of the
degenerate electron gas, was used for the calculation of thexciton radiative damping. The electron concentration in
polarization. A good agreement with experimental data washis structure found accounting to the relation,
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FIG. 8. Radiative () and nonradiative’) damping of the 0 L L L . L L
exciton and trion states in 80-A ZnSe/ZgaMgo 1150 185652 SQW's 0 2 4 6 8 10 12
as a function of the electron concentration at zero magnetic fields. Electron concentration (1()10 cm-z)
Dashed and dotted lines are given as guide to the eye. The solid line
is a linear interpolation of experimental data for trions for FIG. 9. (a) Radiative ["y) and(b) nonradiative(I') damping of
<6x10°%cm 2 T=1.6K. the exciton and trion states in 80-A ZnSe4zMdo 1151656 82

SQW's as a function of the electron concentration at a magnetic
:1“3/(1_16>< 109 is equal to 5¢10° cm~2. We believe that field of 7 T. The solid line in the(@ panel has a slope of

s 2.32x107° weV cn?. (c) Comparison of the trion radiative damp-
n, values as low as 2@m 2 can be measured by means of : o . -
ing measured a@=0 and 7 T and treated with E{R). T=1.6 K.
the suggested procedure.

ne=1.2x10"cm 2 Qualitatively the results presented in
C. Exciton and trion parameters as a function Fig. 8@a) are in agreement with the idea on oscillator strength
of 2DEG concentration “transfer” between excitons and triort$:*
Now, having an optical method of measuring, we ana- The nonradiative broadening of excitons demonstrates a

lyze parameters of the exciton and trion resonances as funglfong dependence om, infcrea_sing fro(;wl"ll 0'{2me\rf, in the
tions of the 2DEG densityl'o(n,) andT'(n,) dependencies Undoped QW to 2.1 meV fome=1.2x<10""cm * This ad-

measured at zero magnetic field are plotted in Fig. 8. It jfliional  broadening is caused by exciton-electron
remarkable that the trion radiative dampiﬁé (i.e., the trion st_:attermgz. Surprl_smgly, th_e nonraiative broadening of the_
oscillator strengthincreases linearly with electron concen- trion resonances is rather independent of the electron density

trations up tone~6x 10™°cm* [see closed circles in Fig. [Selsi SL?rItladQCIirsCIaer?a:Irc]) Fci%ﬁ?ﬁi 8, but the exciton and trion
8(a)]. This result is intuitively expected, as a necessary con- 9 9 9. ¢,

dition for trion formation is the presence of background elec_parameters are given for a magnetic fieldf# 7 T and for

trons in the QW. For this three-particle excitonic complex,two circular polarizations. The exciton radiative damping has

one electron and one hole are photogenerated by an absor Qdependeqce, which is very similar .to the _ze_ro—fleld case
photon and second electron is taken from a 2DEG. For compare Figs. @) and §a)]. For the trion radiative damp-

diluted 2DEG, where the average distance between electrofdd In strong e) polar|zat|on (0_ ) we O?ta'” a linear
is larger than the size of the trion orbit, one can expect g€Pendence one with a slope, which is twice larger than

linear dependence of the trion generation probability on théh_at at zero fieldthe Str"i‘igght solid line in Fig. @) is drawn
electron density. with a slope of 2.3% 10" ° eV cn?]. However, one should

The solid line in Fig. 8a) which is a linear interpolation k?‘ip in mind that trions are totally polarized&t7 T and
of data points forn,<6x101°cm 2, has a slopel'J/n, I'p"=0. Taking into account the zero-field value
=1.16x10"° ueV cn?. Data points fon,> 10" cm™2 devi- T+ 17~
ate significantly from the linear dependence and show a satu- rg:u,
ration tendency fol §(n,) function. 2

The exciton radiative damping’y decreases from 210 we establish that the trion oscillator strength®at0 and 7
neV for the undoped QW down to about 1@V for ne T coincide with each other for the whole rangengfstudied.
=3x10"cm 2 and then remains constant at this level up toThese results are depicted in FigcP

2
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riving Eqg. (3) we used the fact that the exciton and trion
oscillator strength per unit volume equal each other. This is
valid for the case when the binding energy of the second
electron in the trion is much smaller than the exciton binding
energy. For the studied ZnSe-based QW'’s the difference is
about 6 times.

Putting in Eqg. (3) the experimentally determined
parameters  T'j(ng~0)=210ueV and r'é/ne
=1.16x10"° ueVcn? we evaluate the radius of the trion
ar=132A. For comparison, the in-plane radius & éxci-
ton states in the studied QW’s is about 40 A.

At electron concentrations exceeding ng
=1.8x10'"cm ? estimated from the conditioarn?as=1,
efficient supression of trions by the 2DEG is expected. We
believe that the data points fdl] at ng>10"1cm 2 deviat-
ing from the linear dependence platee Fig. &)] indicate
the approaching of this regime.

L5, 10, Spinependent o e ecton e 16 0476 101 e e g of e o foresses
ampin open triangles and spin-aependen ar . .

FX*EF?(’ (solid circleg aspa functio% of magngtic fie?ds. The sF,)oIid _’“6X 10 cm? [see Figs. &) and 9a)]. Experimental data
line is taken from the middle panel of Fig. 6. It shows polarization

[

Exciton broadening -(meV)
2DEG polarization P

Magnetic field (T)

in external magnetic fields presented in Figa)3llow us to
of a 2DEG withn,=6x 10°¢cm 2 conclude that in ZnSe QW’s a,<6x 10'°cm 2 the phase-
space filling(which increases by a factor of 2 for the™
Similar to the zero-field results from Fig(l§ TT is inde-  Polarization when a 2DEG s polarizetlas no strong influ-
pendent ofn, at B=7 T [see circles in Fig. ®)]. As we €Nce on the' trlpn oscnla'tor strength per electron. Th_ese ex-
have already shown in Fig. 5 the exciton broadening depend%erlmental findings are in agreement with the experimental

strongly on polarization and on the magnetic field value. Atesults of Ref. 11, where the linear dependence ofxhe
B=7T o' polarized excitons have a stable level IB¥* integral absorption with electron concentration has been es-

=0.4 meV([see solid triangles in Fig.(B)], except for data tablished for CdTe QW's in a magnetic field ® T aqd for
points atn,=1.1x 10 cm™ 2. On the other hand*~ in- & 2DEG filling factorsv<1. A linear dependence df;(n.)
creases rapidly with,, similar to thel'*(n,) dependence at Nas been also reported fér states i(Cd, MnTe QW's for
B=0T. hole densitiesn,<3.7x10cm 2.'°> However, we cannot
confirm the dependence of the trion oscillator strength varia-
tion on the 2DEG filling factor reported for CdTe QWsIn
our findings the trion oscillator strength depends only on the

In this part we concentrate on the discussion of the fol-electron concentration and the observed effect of the mag-
lowing aspects: netic field comes from polarization of the trion line.

An effect of an oscillator strength transfer between exci-

(i) Electron-density dependence of the trion oscillatorton and trion states is verified in ZnSe QW's by the tempera-
strength, i.e.I'{(ny). ture[Fig. 3@] and electron densithFig. 8a)] dependencies

(ii) Transfer of oscillator strength between excitons andof the radiative damping for the excitons and trions. The
trions. value of the transfer for the studied range of,

(i) Broadening of exciton resonances due to exciton<1.2x 10" cm 2 does not exceed 25% of exciton radiative
electron interaction. damping atn,~0. We suppose that the oscillator strength

L ) . transfer is caused by an interaction between exciton and trion
The radiative dampind’, extracted by us from reflectivity giateq via the 2DEG. A trion can lose an electron and trans-

spectra has a physical meaning of an oscillator strength andl, into an exciton and, in turn, an exciton can capture an
is proportional to the exciton oscillator strength per unit vol-gjactron and transform into trion. Obviously, the strength of
ume (Fx) used in Refs. 20 and 21, i.d'q>Fx. Following 6 interaction between exciton and trion states is scaled with
the approach developed in Refs. 20 and 21 for the oscillatofye 2DEG density. A theoretical treatment of this problem
strength of a bound exciton, one can derive the following i pe presented elsewhefd.

relationship between the exciton radiative dampifig)(and We have not observed a decrease of the sum of exciton
the trion radiative dampingI(5): and trion oscillator strength§.e., I'§+T'} valug with in-
creasingn,. Such a decrease has been reported for CdTe
QW’s with a 2DEG(Ref. 24 and(Cd, Mn)Te QW'’s with a

2D hole gas? It has been explained by a reduction of the
exciton oscillator strength due to screening and phase-space
HereN, is the number of electrons in the QW,is the area filling effects. The stronger Coulombic interaction in ZnSe
of the QW layer, and\r= maZ is the area of the trion with compared with CdTe makes excitons in ZnSe QW’s more
radiusa;. n.=N/A is the electron concentration. In de- robust against these destruction factors. It follows from our

Ill. DISCUSSION

At
ngréNeT =T'gnemas. 3
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experimental data that in ZnSe QW's the critical electron We attribute the reduction of spin-independent exciton
concentration to destroy excitons exceedsxi1@tcm 2, broadening in magnetic fields above 4(See open triangles
which is the maximal concentration for the structures studiedn Fig. 10 to a suppression of exciton-electron scattering
in this paper. when the electron spectrum is transformed into discrete Lan-
Let us now turn to nonradiative damping of excitons anddau levels?> From comparison of *(B=0) values in Fig.

trions. The trion nonradiative damping shows no dependenc@(b) with T**(B=7T) values in Fig. t) we conclude that

on n, [Fig. 8b)]. We note that a similar behavior has beenfor electron densities below>610'° cm"? exciton-electron
reported forX~ in CdTe QW'st and therefore it is not Scattering is suppressed when the 2DEG is polarized and the
unique for ZnSe QW's. However, this result is very surpris-EXCiton has the proper spin orientatiore., when the spin of

ing. Trions are charged particles and one can expect '[he”‘fa eleqtron be'ong”.‘g to.this gxcit_on is. parallell to the.2DEG
effective interaction with a 2DEG. The reason why this in. Orientation. The exciton linewidth in this case is dominated

S . . inhomogeneous broadening.
tﬁracuon I'S absent orldoes nc(j)t contribute t?] the broadening &yln conclgsion reflectivity spgectra were analyzed in detail
the trion line is not clear and requires further investigation.f [t
: o . e or n-type modulation-doped Zn3&h,Mg)(S,Se quantum-
The exciton nonradiative damping shown in Figb)3in- yp P 3 9(S,59 g

. . ) ; . well structures. Exciton and trion parameters were deter-
creases drasticallfabout 4 timeswith n.. We assign this mineq as a function of the 2DEG density, temperature, and

exciton line broa(_jening to the exciton. interaction with ZDEGmagnetic field, and a relation between exciton and trion os-
eleqtrons. In excnon-ele.ctron scattering events electrons_ aldllator strength was established. A linear dependence of the
excited above the Fermi level and a homogeneous contribirion radiative damping on the 2D electron concentration was
tion of this mechanism to the exciton linewidth is of the found. An all-optical method is proposed, which allows us to
order ofer. Indeed, an increase & is very close toer  obtain information about 2DEG’'s of low density
values shown in the upper scale of Fig. 8. It is worthwhile to(<10'* cm™2), namely, to detect its polarization and to de-
note here that exciton line broadening at high electron dentermine its density. We found that the effect of an exciton
sities contributes significantly to the reduction of the ampli-oscillator strength transfer with an increase of the electron
tude of the exciton reflectivity line(see Fig. 1,n,  density does not exceed 25% of the exciton oscillator
=1.2x10"cm?). strength in undoped QW'’s. The exciton nonradiative damp-
A pronounced effect of spin-dependent exciton broadening has been found to increase rapidly with the 2DEG den-
ing, visualized by a difference betwe&~ andl'** in Fig.  Sity, and this increase leads to an exciton line bleaching in

5(b) becomes obvious upon polarization of a 2DEG by magJeflection spectra. This increase can be attributed to the
netic fields. In Fig. 10 spin-dependeRt~— X" and spin- mechanism of exciton-electron exchange scattering, which in

: = - . turn is strongly dependent on the carrier spin orientation.
independent I~ +T'**)/2 contributions of the exciton ) ; L > :
broadening in a SQW witm,=6x 10 cm 2 are plotted. ZnSe-based QW's studied show large radiative damping and

The magnetic-field behavior of the spin-dependent part cointelatively small nonradiative damping, which allows us to

cides with the polarization dependence of the 2DEG showgXtract parameters of excitonic and trionic resonances with
by a solid line in Fig. 10. It increases, reaches the value Olpigh accuracy. Qualitatively similar behavior of exciton and

about 0.4 meV in magnetic fields of 5 T, and then saturatesm\?\?, r(?rsr(])nances lhas .ﬁ%en observe(;j flor OI’(]d]Cng)Te
The exciton line is broader fos~ polarization, when an QW's. These resuilts will be presented elsewhere.

electron spin in the exciton is oriented opposite to the 2DEG
polarization. In this case the electron exchange is an inelastic
process with characteristic energies corresponding to the The authors are thankful to E. L. lvchenko for helpful

Zeeman splitting. For ther™ polarization the electron ex- discussions. This work was supported by the NATO Grant
change will be elastic, as the electron orientations in théNo. HTECH.LG 974702, the Deutsche Forschungsgemein-
exciton and in the 2DEG coincide. This effect has been alsschaft through SFB 410, as well as by the Russian Founda-
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