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Negatively charged trion in ZnSe single quantum wells with very low electron densities
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The polarization- and excitation-intensity-dependent photoluminescence of the negatively charged trion is
investigated for ZnSe single quantum wells embedded in ternary and quaternary barriers. The measurements
were performed in magnetic fields up to 11.8 T perpendicular to the quantum well. The spin-singlet state of the
trion is clearly identified. In contrast to GaAs quantum wells, the increase of the trion binding energy through
the magnetic field is found to be negligible, which is explained by the relatively small spatial extent of the
trionic wave function in wide-band-gap materials. For magnetic fields lkybm aresonance becomes
stabilized that is identified as excited trion spin-triplet state because of its anticorrelation with the trion
spin-singlet state behavior for increasing excitation energy.

[. INTRODUCTION trion concentrations are very low being of the order of
108-1¢ cm 2 due to the small conduction-band offsets.
Since the negatively charged trioX () - consisting of an  Thus, insight into the trion formation in the very-low-density
electron bound to an exciton - was first identified in limit is obtained whereX; is expected to play an important
CdTelCd,ZnTe quantum wells(QW’s) quite recently in role.
1993 by Khengget al.! it was the subject of intense investi- ~ The paper is organized as follows. The sample structure,
gations, mainly concentrating on GaAs- and CdTe-basethe experimental details, and results are given in Sec. Il. The
QW's.1~% Similarly, positively charged trionsq*) - consist- Qiscussion follows in Sec. lll. Some conclusions are drawn
ing of two holes and one electron - were studletf In the N Sec. IV.
following we concentrate on the negatively charged exciton.
Since X~ consists of two identical fermion&lectron$ the Il. EXPERIMENTAL SETUP AND RESULTS

antiparallel orientation of their spins leads to a trion spin- ) )
All investigated ZnSe-based QW structures were pseudo-

singlet ground state with zero total electron spin. The .
getg .& ). . : P ._morphically grown on GaAs substrates by molecular-beam
parallel electron spin orientation results in an excited spin-_ . : . .
. - i epitaxy in an EPI 930 twin chamber system. First, we com-
triplet state ;) with a total electron spin of one. Whereas

are two 7-nm ZnSe/Z$,S¢ SQW's with ternary-barrier
X; is unbound at zero magnetic field it becomes stabilized i’ﬁ/idths of 100 nm. OneZof thE)e sa?mples is nominaI)I/y undoped

strong fields” For GaAs-based QW'X, was observed in @ (in the following denoted bys1). The barriers of the other
sub-meV distance from theslheavy-hole exciton resonance sample §2) are intentionallyn-doped to approximately
(Xpp)- In spite of the small energy distances both lines werezx 1017 ¢m=3 by CI except for 50-nm-wide spacing layers
sharp and well separated due to the negligible localization idjacent to the undoped well. The total band offset between
these ultrahigh-quality structur&8.With decreasing carrier the parrier and the QW was deduced from photolumines-
density a strengthening of th¢ transition with respect to  cence (PL) measurements. For the nominally undoped
X; was found and discusséd. sample it amounts to approximately 35 meV mainly occur-
However, up to now, only very few studies on trions in ring in the valence bands. The nominally doped sample
ZnSe-based structures were perforfied? although the vyields slightly less electronic confinement with a total band
trion binding energy in ZnSe-based QW's is considerablyoffset of about 25 meV. Additionally, we investigate a nomi-
increased compared to GaAs- and CdTe-based QW strugrally undoped 20-nm ZnS@n,Mg)(S,S¢ SQW (sample
tures due to the larger exciton Rydberg energy of 20 meV ir83). For this QW structure, the total band offset amounts to
ZnSe bulk material. To our best knowledge, there is only onepproximately 200 meV. A fraction of about 60% occurs in
short report on first indications of a trion spin-triplet state inthe valence bands in coincidence with values found for simi-
wide-band-gap materials like Zn$tTherefore, we system- |ar samples in the literatuf®:?! The samples are character-
atically investigate the formation ofX; and X; in  ized by means of reflection, polarization-dependent PL, and
ZnSe/ZiiS,Se and ZnSelZn,Mg)(S,Se¢ single QW’'s  photoluminescence excitatiofiPLE) spectroscopy under
(SQW'’s) by magneto-optical studies under stationary condi-continuous-wave laser excitation at cryogenic temperatures
tions. The samples are characterized by a very small inho<.5-2 K). For the magnetic-field-dependent measurements
mogeneous broadening of thg,, resonance that results in a the samples were mounted in a 12-T magnet cryostat with
clear spectral separation of the trion and exciton resonancethe field perpendicular to the QW plane and parallel to the
Especially for the ZnSe/Z8,S¢ QW'’s the electron and wave vectors of the incident and emitted lightaraday con-
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FIG. 2. Normalized PL spectra for sampB2 excited slightly
above the barrier band edgEd,.=2.835 eV) with different exci-
tation intensities (solid line, P=25 W/cn?; dashed line, P
=1 Wicn?; dotted line,P=0.1 Wicnf) at 2 K. The spectra are
normalized to the intensity maximum of th§,, line. The inset

L 2 2 shows the integrated intensity of ti line versus the excitation
2.80 2381 232 283 energy for this measurement.
ENERGY (eV)

ergy of the negatively charged trion can be assumed to
amount roughly to 2.5 meV for bulk ZnSe.

The linewidth of theX},, PL line amounts to 0.7, 0.9, and
1.9 meV for the sample§l, S2, and S3, respectively. It
figuration. The signal was dispersed by a monochromatomainly originates from inhomogeneous broadening. Addi-
and detected by a photomultiplier or an optical multichannelionally, PLE measurements with a detection energy on the
analyzer. low-energy side o, were performed. In the PLE spectra

Reflectivity spectra, PL spectra for an excitation energyof the X; lines, thexﬁlhs'm:l) resonance is observed together
slightly above the barrier band edge, and PLE spectra fowith the weakerX{i>™=2?) quantized polariton modém
detection on thex; trion line (see below are recorded at mode number*® pointing to the extremely good structural
T=2 K and a typical low excitation density of°  quality of the samplegsee Refs. 13 and 14The lowestX;:®
=1 Wicn? (Fig. 1). The reflectivity spectra clearly show resonance is partly mixed with thé? transition suggesting
the 1s heavy-hole Ky) and the b light-hole exciton Kj,)  a relatively high strength. Additionally, for the samplgs
resonances, respectively. The PL spectra exhibiiheand  andS2 the onset of the barrier absorption is obsergattly
X transitions. The latter are identified by their characterisnot depicted in Fig. JLat approximately 2.84 and 2.83 eV,
tics in a magnetic fieldsee below It is well known that  respectively—in coincidence with the above stated differ-
trions can also be observed in nominally undoped structuresnce of the total band offsets. The Stokes shift between the
due to the contamination with unintentional dopant3This X, PL line and PLE resonance is less than 0.4 meV for the
is supported by the observation of a welkline that is  samplesS1 and S2 and amounts to=1.3 meV for S3.
typically 5 meV below theX;, line for ZnSe and corre- Thus, localization effects are negligible particularly for the
sponds to a donor-bound exciton complex. For sanfille  samplesS1 andS2. Therefore, the following studies mainly
the energy separation between g, and X, line amounts concentrate on these QW's.
to 2.9 meV, which is an approximate estimate of the trion In Fig. 2 the PL spectra at different excitation densities
binding energy. Compared to sam@®#, X, is found at a are exemplarily depicted for samp82 when being excited
slightly lower energy foiS2. The energy separation between slightly above the barrier band edge at 2 K. The spectra are
the X, and X, line exhibits a smaller value of 2.7 meV. normalized to the intensity maximum of tbg,, line. At the
These characteristics can be attributed to the slightly reducddwest excitation density R=0.1 W/cnt) the X  line is
electronic confinement in QV62. In accordance with the very weak. With increasing excitation density the line
barrier doping sampl&2 exhibits a strongeX line inten-  intensity at first exhibits a superlinear incredsee inset Fig.
sity than sampleS1, and a more pronouncedd line that  2) and pass into a square-root-like increase. This indicates an
indicates a stronger contamination of the QW with dopantsincrease of the excess electron density in the QW with the
Compared to the sampl&i andS2, the intensity of theX¢ excitation density, however, followed by soon beginning
line is much stronger for the nominally undoped QS8S. saturation. This is discussed in Sec. lll. At higher excitation
This is in accordance with the larger conduction-band offsetlensities P~5 W/cn?)—corresponding to an electron-
of this sample resulting in a higher electron and thus triorhole-pair density of about 20cm™2—the X line dramati-
density. ForS3 the energy difference between the intensitycally saturates. Obviously, this can be attributed to a limita-
maxima of theX,, and X; PL lines amounts to 2.5 meV. tion of the excess electron concentratignin the QW. Thus,
Since the well width of QWS3 is four times larger than the a maximumn, on the order of kX 10° cm 2 is deduced for
exciton Bohr radius ofig=4.8 nm in ZnSe, this sample can sampleS2. We note that the superlinear increase of Xye
be looked upon as being “bulklike” so that the binding en- line intensity contradicts its interpretation as a donor-bound-

FIG. 1. PL (solid), reflectivity R (dotted, and PLE (dashed
spectra of sampleS1 to S3, excited with a low excitation density
of P=1 Wicn? atT=2 K.
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FIG. 4. X, (@ and X, (b) Zeeman patterns of samp8i for

FIG. 3. PL spectra of sampl8l excited via the barrier in de- o* and o~ polarization at 1.5 K. The solid and dashed lires
pendence on the magnetic field for (a) ando™ (b) polarization ~ represent a fit of th&,, energies in accordance with an excitonic
at 2 K and a low excitation density?=0.1 W/cnf). Inset: Degree  Zeeman splitting and diamagnetic shift. The energies were ex-
of polarization P.=(l,+—1,-)/(1 ;++1,-) for the X, and X tracted from PL measurements.
lines in dependence on the magnetic fielg:,l .- denote the inte-
grated intensities of the corresponding PL linessih ando™ po-  ization, respectively. Opposite to the stroog dominance
larization, respectively. of the X, line at high fields, a slightlyr™ polarizedX,, line

is observed, as expected for the recombination of neutral
exciton transition. For such a complex, at first the ratio of itsexcitons(see, e.g., Ref.)2  The overall increasef Xg by a
PL intensity with respect tX,;, is expected to stay nearly factor of about 4 governed by the increase ofdts compo-
constant and then saturates with increasing excitationent is discussed in detail in Sec. IIl.
density—as observed for tHe line in Fig. 2. In the case ofr* polarization a new emission feature on

For the nominally undoped samp®, which is charac- the low-energy shoulder of,, emerges for magnetic fields
terized by a slightly increased total band offset, a less probeyond 7 T. AtB=10 T it is well-resolved separated from
nounced superlinear increase of tg line intensity is ob-  the Xpy, maximum byAE=0.84 meV. This line can be at-
served at very low excitation densities. Additionally, the tributed to the trion spin-triplet stateX{). WhereasxX; is
saturation occurs at a lower excitation density compared toinbound atB=0 T, it is expected to become stabilized in
sampleS2. At P=25 Wi/cnt the X; transition has already high magnetic fields and was first reported for GaAs
totally vanished. Conclusively, for this sample the QW ex-QW’s>* The correlation of theX; and X, lines in depen-
cess electron concentration amountsnte=10°—10° cm 2  dence on the excitation density is investigated in more detail
only. For QWS3 the X  line intensity increases almost lin- below.
early at low excitation densities. At higher excitation densi- Figure 4 shows the Zeeman patterngf, (a) andXg (b)
ties (about 20 W/crf) it exhibits a clear sublinear increase including identification ofo™ [E(c™)] and o~ polarization
being characteristic for saturation. These findings are in cotE(o )] components for samplg8l at T=2 K. The solid
incidence with anearly constant excess electron concentra-and dashed lines in Fig.(@ represent a fit to the data ac-
tion of several 18 cm™2. For all samples the determined cording to a Zeeman splitting of the heavy-hole exciton
excess electron densities are quite low so that in a magnetanalogy to, e.g., Ref. 22
field the lowest Landau level with degenera®B/h

~2.4x 10'9B/(T cm?) can pick up all excess electrons al- AEzee=E(0")~E(0)=errusB, @
ready at a low field value dB=1 T. with

In Fig. 3 the PL spectra of sampgi at 2 K obtained for
excitation via the barrier at a low excitation density f Oefii=— (0t 305) (2

=0.1 Wi/cnt are depicted in dependence on the magnetic T . .
field B for 0~ (a) ando™ (b) polarized light. Most promi- and an excitonic diamagnetic shift

nently, thes™ polarized contributior(a) to the Xy line in- AEp;,=aB?, 3)
tensity strongly increases with magnetic field whereas it

stays optically nearly inactive i polarization(b). This ~ With the resulting fit function

polarization characteristic is consistent with the Zeeman )
splitting of XS into a low-energym;=—3/2 and a high- E(B)=E(B=0)*gertugB+aB’, )
energym;= +3/2 state due to the unpaired heavy-hole spinyhereg,(, 9., g, andug denote the effectivg factor, the

of 3/2 in ZnSe[compare Fig. &)]. Thus, the optical transi- electron and holg factors, and the Bohr magneton, respec-
tion from the more strongly occupied; = —3/2 state to the tjvely. The constant in Eq. (3) includes the spatial exten-
electron ground state witl;= —1/2 leads to the character- sjon of the excitonic wave function that is not discussed in
istic o~ polarizedX; line. In the inset of Fig. @) the de-  this papef® With g.s= —0.33 anda=5.7 ueV/T? a very
gree of polarizatiorP,=(l,+—1,-)/(l,++1,-) is depicted good agreement to the experimental data is obtained. Since
for the X, and X lines.1,+,l - denote the integrated in- the electrong factor is g.=+1.10 (Ref. 24 for ZnSe the
tensities of the corresponding PL lines fof ando~ polar-  hole g factor can be calculated tg,= —0.26 according to
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FIG. 5. Energy schemes and the optically allowed transitions of 2800 EzlllsEoszSZ{‘z(\)/) 2800 Z'E&Régtevi'sw

Xnh (@) andX; (b) in @ magnetic field. The solid arrows denote the
strong polarization components. For the sake of clearness, only the £, 6. PL spectra of sampl82 excited via the barrier in de-
spin-split lowest Landau levels are depicted for the t¥qgnand the  pendence on the excitation intensity for (a) ando* (b) polar-
electron. ized light atT=1.5 K.

Eqg. (2). Due to this calculation the heavy-hole state withincidence with a thermal occupation of the lowest electron

m,=—3/2 lies belowm,= +3/2 [compare Fig. )], this  €Nergy level my=—1/2 only, as found also in other

: ,2,15
ordering being qualitatively consistent also with the above Materials: - . _
In Fig. 6 the PL spectra for~ (a) ando™ (b) polarized

discussed polarization degree of kg line. However, com- . ) . - )
d toX | 7 litting of- [Fi D)1 | light are displayed in dependence on the excitation density at
pared toXy, a larger Zeeman splitting ofs [Fig. 4(b)] is magnetic field oB=11.8 T andT=1.5 K for sampleS2

found. This can be explained by the larger spatial extent oy jteq via the barrier. At the lowest excitation density, be-

the trionic wavefunction resulting in a ‘?"éfgre%’ which  gigesx,,, only the trionic triplet lineX; is observed for both
may even change with the magnetic fiefdin fact, with cases(weak for o). With increasing density th&, line

increasing field, theX transition exhibits a decreasirng; strongly evolves especially far~ polarized light, accompa-
from about zero at 0 T te-0.8 at 10 T as calculated accord- piaq by a saturation of thi;” line indicating the correlation
ing to Eq.(1). A similar decrease of th¥; Zeeman splitting  of these emission features. We note that the integrated inten-
was found by Glasberet al.for GaAs QW's? Thus, in anal- ity of the trionic PL(including the transition&; andX; )
ogy to Ref. 9 the decrease gk might be due to band ncreases first superlinearly with the excitation density—
mixing of the electron and hole wave functions with highersimilar to the case of zero magnetic figltbmpare inset Fig.
Landau levels and/or subbands. 2). In analogy to Ref. 3, the stronger intensity of g line
However, with the exception of the larger Zeeman split-at very low carrier densities can be attributed to the larger
ting compared tXy;,, the X resonance exhibits almost the spatial extent of the excited triplet state as implied by its
same energy shift. This means that for this sample the stabsmall binding energy. This results in a more effective elec-
lization of Xg in magnetic fields up to 10 T is negligible—in tron capture cross section of heavy-hole excitons thus con-
contrast to GaAs-based QW's where an increase of the trioderting into triplet-state trions at very low carrier densities.
b|nd|ng energy of more than 60% was dete&édlve at- Figure 7 shows the integrated intensities of mﬁ] and
tribute this fact to the smaller spatial extent of the trionicXs PL lines and their sumi{,,) in dependence on the mag-
wave function in ZnSe as implied by its larger binding en-netic field for sampleS1 (a) compared to sampl&3 (b),
ergy E§,~2.9 meV and smaller exciton Bohr radiws, both excited via their barriers with an excitation density of

1 Wicn? at 1.5 K. l,,; at B=0 T is normalized to unity
=4.8 nm compared to (_BaAs EE*:;_Z m_eV, as ~ respectively, in the insets the corresponding PL spectra at
~10 nm). Thus, the effective electronic confinement in-magnetic fields oB=0 T andB=10 T are depicted. For

duced by the magnetic field should be less for ZnSe- than fofhs intermediate excitation density the  transition is al-

GaAs-based structures—in agreement with our expenment%ady saturated. For samp (a) the intensity of thex;
data. line stays constant at low magnetic fields up to 2 T. Beyond
In Fig. 5 the energy level diagrams &, and X ina  thjs field value, it shows a strong, nearly linear increase with
magnetic field are depicted with the separation of the energyhagnetic field that is accompanied by a slight decrease of the
levels due to the Zeeman splitting. The occupation thermalx, , PL line intensity. Thus, the increase of the total intensity
ization of the energy levels at low temperature explains thef about 40% is mainly caused by the strengthening of the
dominance of ther™ (o ~) polarized transition for th&,,  X_ transition. This is supported by the observation that at
(Xs) in coincidence with the presented experimental dataeven higher excitation densities when tg line is already
To further support the presented trion energy scheme, PLBleached no change of the total integrated intensity is found
measurements @&=10 T with a detection energy on the within an experimental error of about 108e note that with
low-energy side of theXg PL line were performednot de-  increasing magnetic field the alignment of the optics slightly
picted. For the detection of the PL signal no polarizer waschanged which prevented the clear observation of smaller
used. Foro~ polarized light, a strong excitation via thé, intensity changes SampleS2 exhibits a similar strengthen-
resonance is observed. In contrast to that, no PLE signal cang of the X line asS1. However, QWS3 (b) shows a
be detected under excitation with™ polarized light—in co-  strongly deviating characteristic. The total integrated inten-
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30— T T tron concentration accumulates in the Q82 due to the
(@) Sample: S1 1 1(b) Sample: S3 small total band offset. Thus, at the lowest excitation densi-
..... B=0T Il l—B=oT ties only a very weak{; line is observedindependent of
—B=10T! i} (—B=10T the excitation energy Under irradiation of light additional
2.5 Xl 1+ Xinf - excess electrons and thus trions can be created. In the litera-

ture various mechanisms for the light-induced creation of
excess electrons in different QW structures are

discussed™?® which, however, are not applicable for the

- given excitation situation in our samples. Here, sanfie

as the first example, is characterized by a high donor dopant

b
2

Z
E az> wat? (bound electron concentration in the barrier. Excitation of
) 280 281 1f 280 281 this sample via the barrier leads to a higher trion concentra-
E 15 ENERGY@EV) ][ ENERGY(eV) | tion in the QW than resonant excitatidmia Xy, or X;,).
After excitation of the electron-hole pairs with the given low
é all concentration, fast binding into excitons is followed by the
an® N onset of recombination. Either, donor scattering with excess
% 1.0_..l-.- Im_’ '_...lllllIIll_I energy, or even more, a two—ele_ctron proc@sise., partial
1l ot energy transfer from the recombing exciton to a donor elec-
X"". I tron, leads to an increase of the concentration of free excess
...0...... 1l X electrons in the barrier conduction bahtlis process easily
ol e®® provides the CI donor ionization energy of 26 méRef.
0.5p HZYVYYY .0’ T 27)]. After that, trions, on one hand, may already be formed
AAA‘f [ _o0® Adyaa, in the barrier and then relax into the QW. However, consid-
AAAA X;. _‘ X- ering the small trion binding energy, this process can practi-
—3—4; "‘ . é . ;3 -1'0 (') . é . "‘ . é . ;; -;‘0 cally be ruled out. On the other hand, in a more probable

B(T) B(T) process, thg neutral donor ionization by the abovel-me.ntioned
processes is followed by unbound electron relaxation into the
FIG. 7. Relative integrated intensities of thg, and Xg PL QW. Such a Process ShOUId Ie'ad toan i”Pfease Of_ the excess
lines for sampleSL (a) andS3 (b) in dependence on the magnetic €lectron density with increasing excitation density which
field at T=1.5 K. For both samples, the total integrated intensity ©ventually results in the observed initial superlinear increase
(lo) atB=0 T is normalized to unity. The insets show the corre- of the Xg' line intensity.
sponding PL spectra at zero and the higli6tT) applied magnetic In contrast to that, a fairly weakly superlinear increase of
fields. the XS line intensity was observed for the nominally un-
doped samplé&sl and a linear increase f@&3, followed by
sity exhibits only a slight increase with the magnetic field.early saturation. For these samples, no electron reservoir pro-
The X, PL intensity increases strongly, almost linearly with vided by a high amount of dopants is available, leading to a
B in the range between 0 and 10 T. In contrast jeline ~ nearly constant excess electron density in the @¥\a con-
intensity stays nearly constant at magnetic fields up to 5 tant magnetic field which is fully used up for trion forma-

and then exhibits a decrease of about 30%. In the followingion already at moderate excitation densities. _
these characteristics are discussed in detail. Another interesting feature which requires a thorough dis-

cussion is the dependence of tkg and X line intensities
on the magnetic field. The intensityx-(B) of the exci-
ll. DISCUSSION tonic (trionic) radiative decay is given by

The experimental data give clear evidence that for all
samples theX; PL line is due to the electron-hole recombi-
nation from the negatively charged trion spin-singlet state. Loy (B)= Nx(x-)(B) (5)
As a consequence of the small electronic confinement in the XX xx)(B)
structures—either due to the low total band offds@mples
S1 and S2) or due to the large QW thicknegsample
S3)—all QW’s show small trion binding energies in the with Nyx-(B), 7xx-)(B) denoting the corresponding par-
range of 2.5-2.9 meV. However, with varying total bandticle densities and the radiative decay times which depend on
offset and dopant concentration of the samples Xpeline  the magnetic field, respectively. Since the samples are char-
exhibits pronounced differences concerning its dependenccterized by very small inhomogeneous broadening we as-
on the excitation densitjcompare Fig. 2or on a magnetic Sume that the energy dependencergk- is negligible. For
field (Fig. 7). A initial superlinear increase of the; line ~ sampleS3 a decrease of thé; line intensity with magnetic
intensity at low excitation densities was found to be mosffield was observed. A similar decrease of ¥ line inten-
pronounced for sampl&2 excited via the barrier. We at- sity accompanied by an increase of g, line intensity was
tribute this to an increase of the QW excess electron densitglso found in Ref. 28 for a GaAs QW with a large total band
with increasing excitation density. In thermodynamic equi-offset. However, this is not further commented upon in this
librium, i.e., without laser excitation, only a very low elec- paper. In analogy to Ref. 28 the decrease of Xie line
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intensity can be attributed to a decrease ofXgecoherence IV. CONCLUSIONS

volume which is induced by the effective confinement  pyiqnic resonances have been identified in ZnSe quantum
caused by the magnetic field. This results in an increase Qfelis by means of excitation-intensity-dependent lumines-
the radiative decay yme. We note that the coherence voIl_Jm@ence and polarization-dependent PL and PLE spectroscopy
usually has a spatial extent much larger than the excitot moderate excitation densities. Trions are generated more
Bohr-orbit size. Thus, at high fields the coherence volume igffectively for excitation into the barrier than for resonant
limited by the magnetic lengthg=[c#/(eB)]*% which  excitation into the quantum well. This points to the Cl donors
amounts to 8 nm at 10 Tcompare: the exciton Bohr diam- in the barrier as being the source of the electrons. The
eter is about 9.6 nm for Znge magnetic-field-induced splitting and shift of thg,, and the

In contrast taS3, an increase of th¥g line intensity with  X_ resonances are in agreement with the expected energy
increasing magnetic field was observed for the sam$les level scheme. The effectivgvalue of the trion was found to
and S2. Since for these QW’s a similar magnetic-field- vary with magnetic field and to involve @, hole value de-
induced decrease of the coherence volume should hold, awiating from that in the free exciton. The term ordering of the
other mechanism has to overrule this effect. According tdrion singlet state could be derived exhibiting a lower-lying
Eq. (5) we attribute the observed increase of tkg line ~ My=—3/2 level. Due to the small spatial extension of the
intensity to an increase i, with magnetic field. As we rion spin singlet state in ZnSe the increase of its binding
already pointed out above, in the QW’s with low conduction-€Nerady with raising magnetic field is negligible. Fef po-
band offsets only very few electrons accumulate in the QV\)anzatlon at magnetic fields beyond 7 T , an emission feature
(at zero magnetic fie)d In addition to the confinement of the emerges b?IOW t@e(hh resonance, which was |denF|f|ed as
electrons, which is governed by the conduction-band offsertr'o_n spln—tr.|pletxt 7Ium|nesicenc.e by mgans Of,th? Intensity
(and the well width, the number of excess electrons in the @nticorrelation ofX, and X for increasing excitation den-
QW is limited by their density of states at the band edgeSiti€s- The strong intensity of th¥, resonance relative to
Due to the low conduction-band offset it should be quitethat of X5 at very low carrier densities is caused by the
small, i.e., close to the bulk value. In a magnetic field thel2rger spatial extent of the triplet state leading to a more
electron states split into Landau levels whose degenerac§ffectivee capture. o o o
increases proportionately & Thus, an increased amount of __ N summary, a systematic investigation of trions in ZnSe
electrons proportional t@ might accumulate in the QW QW'’s gave comprghgnswe insight into their internal struc-

. . . o ) ture and characteristic parameters.

leading to an almost linear increase of g line intensity
at elevated magnetic field8&2 T).

However, time-resolved measurements are necessary to
get more detailed information on the relaxation processes This work was supported by the Deutsche Forschungsge-
and kinetics of trions in these ZnSe-based QW structures. meinschaft(Grant Nos. Gu 252/9-1 and Ho 1388/8
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