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Exciton spin relaxation in diluted magnetic semiconducfoMS) structures based on ZnMnSe is closely
examined as a function of exciton spin splitting in an external magnetic field. A drastic increase in spin
relaxation is observed when exciton spin splitting exceeds the longitudinal ofit@aphonon energy. Direct
experimental evidence has been provided fridnspin injection from the DMS to an adjacent nonmagnetic
qguantum well that can be modulated by the LO-assisted spin relaxatiof2ghdt exciton photoluminescence
within the DMS where a spin flip is accompanied by the emission of one LO phonon.
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[. INTRODUCTION injection from such a SARefs. 17, 18 across a semicon-
ductor heterointerface has raised hope for future all-

Spin relaxation is one of the fundamental physical pro-semiconductor spintronic devices. DMS’s and related spin-
cesses in solids which governs spin orientationpolariza-  tronic structures have also provided a unique playground to
tion) of carriers and electronic excitations such as excitons. ltnvestigate spin relaxation in a system where separation of
has gained increasing interest in recent years in light of itspin levels can exceed the energy of longitudinal optical
predominant role in determining magnetic properties of spin{LO) phonons. This regime has never been accessible in a
tronic materials and in potential applications of future spin-nonmagnetic semiconductor as an unrealistically high mag-
tronic devices. While spin relaxation is generally known tonetic field is required to reach a similar situation.
be caused by physical processes admixing spin states, exact The aim of this work is to investigate exciton spin relax-
mechanisms are rather complicated and sensitive to margtion in ZnMnSe based DMS’s and its possible physical
electronic and structural parameters such as band structur@echanism, over the range where the energy of exciton spin
doping, strain, dimensionality, etc’ Three spin relaxation splitting crosses the LO phonon energy. Taking advantage of
mechanisms have been found to be relevant for electrons arildle new opportunity provided by spin injection structures,
holes, namely, the Elliott-Yafét® D'yakonov-Perel’® and  spin relaxation in DMS is closely examined by photogener-
Bir-Aronov-Pikus (BAP)*' mechanisms. The former two ated spin injection from the DMS to an adjacent quantum
mechanisms are both of spin-orbit interaction origin inducedvell (a spin detectgrand also by hot exciton photolumines-
by host ions(or impuritieg and a lack of inversion symme- cence(PL) in the DMS.
try, respectively. The third mechanism is due to the exchange
interaction between electrons and holes. Spin relaxation of
excitons occurs when either electron or hole spins, or both
(for a BAP mechanism relax according to the above three  The layered structures employed to study effects of spin
mechanisms. In addition to these relaxation channels theplitting on exciton spin relaxation contain three important
long-range exciton exchange interaction can be importantegions(see Fig. 1, i.e., a DMS SA, where spin relaxation is
and can even become dominaft. under investigation, a spin detectt8D) by a 70 A thick

In diluted magnetic semiconducto(®MS’s), additional =~ ZnCdSe quantum wellQW), and an undoped ZnSe spacer
spin scattering is introduced as a result of strong interaction&—5 nn inserted between the SA and SD. The results pre-
between magnetic ions and carriers or excitth$®Due to  sented in this paper were obtained from the DMS SA made
the strongsp-d exchange interaction between free carriersof a ten-period ZpogVing o.Se (4 nm)/CdSe(0.8 monolayer
and magnetic ions, DMS’s exhibit interesting properties thasuperlattice(SL). Similar effects on exciton spin relaxation
have made them a promising material system as a spiwere also observed in a thin gggMng osSe DMS layer(15
aligner (SA) (or a spin polarizer—an essential element of a nm thick. All structures were prepared by molecular beam
spintronic device through which a desired spin orientationepitaxy (MBE) on GaAs substrates. The magnetooptical ex-
can be obtained. The recent successful demonstration of spperiments were performed in the Faraday configuration at 2

II. EXPERIMENT
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Two types of magnetooptical experimental approaches, FIG. 2. (a),(c) Intensity and polarization of the QW PL as a
namely, spin injection and hot photoluminesce(fek), were  function of photon energy of unpolarized excitation light scanning
employed to investigate the exciton spin relaxation procesghrough the DMS hh exciton energy, at a magnetic field of 0@ T
In both approaches, a spin orientation of the heavy fuhe and 5 T(c). The energy shift is measured with respect to the DMS

exciton in the DMS is prepared by optical excitation of thehh exciton energy at 0 T, i.e., 2.736 ely) Measured Zeeman
appropriate spin statéig. 1). splitting of the DMS hh exciton. The field positions at which the

spectra in(a) and (c) were obtained are indicated by the dashed
lines.
A. Optical spin injection experiment

The first type of experiments is based on optical spin in-est in energy and becomes favorably populate@ & in
jection from the DMS hh exciton to the QW. Figure 2 showsmagnetic fields. When the excitation photon energy is reso-
characteristic spectra obtained from the optical spin injectiomant with theo *-active |—3,+3) spin state of the DMS ex-
experiments, where the intensity and polarization of the QWeiton, the QW PL polarization undergoes a sharp change in
PL is measured as a function of excitation photon energwgign due to the population inversion between the two spin
within the range of thé—3,+3) and|+3,—32) spin states of sublevels of the QW hh exciton induced by spin injection
the DMS hh exciton. The excitation light is linearly polarized from the DMS. When the excitation photon energy is tuned
in the SL plane, with an equal probability of exciting the to the ¢ -active|+3,—3) spin state of the DMS exciton, on
o' -active |—3,+3) spin state and ther -active |+3,—3 the other hand, the spin injection induced change in the QW
spin state. It is therefore referred as unpolarized below and iPL polarization becomes more complicated. This is because
the figure captions. In the absence of external magnetitt is determined not only by the spin injection from this spin
fields, the QW PL is unpolarized as expected when the spitevel directly to the QWprocess Il in Fig. 1 but also by a
sublevels that lead to different polarizations are degenerateompeting process of spin relaxation to the lowes,+3)
for both DMS and QW. In an applied magnetic field, a weak,spin state of the DMS excitofprocess I—shown by the dash
negative QW PL polarization is observed under the opticakrrow in Fig. 2 before being injected to the QW through
excitation below the energy of the lowest3,+3) spin state  process Il. The measured QW PL polarization is thus gov-
of the DMS (thus without spin injection from the DMS erned by the relative efficiency of the two competing pro-
This is due to the intrinsic properties of the QW, i.e., thecesses, which can be affected by the spin splitting of the
o -active|+3,—3) spin state of the QW hh exciton lies low- DMS hh exciton. Therefore the QW PL polarization under
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FIG. 4. Schematic diagram of the two optically active hh exci-

FIG. 3. The corrected polarization of the QW PL is shown underton bands of the DMS irk space. Process la denotes a nearly
the resonant, unpolarized optical excitation at the upper-lyingnelastic spin scattering, Ib an LO-assisted, spin-preserving exciton
o~ -active |+3,—3) state (open circles and at the lower-lying kinetic energy relaxation, and Ic depicts a single quantum process
U*-active|—%,+§) state(filled triangles of the DMS hh exciton.  of LO-assisted elastic spin relaxation. The exciton distribution in
The corrected polarization of the QW PL is obtained after subtractenergy under optical pumping in the hot PL experiment is also
ing the intrinsic PL polarization of the QW. The saturation value illustrated.

(about 32% of the QW PL polarization with a large spin splitting,
at high magnetic fields, corresponds to complete spin relaxation afeen, spin relaxation is a sensitive function of the spin split-
the DMS hh exciton. The solid and dotted curves are just guides foting and exhibits a sharp increase when the energy separation
the eye. of the two spin states crosses the LO phonon energy
(hw o~32 meV), depicted by the open circles in Fig. 3.
the resonant excitation at the upper;,—3) spin state of the  Under the condition when the spin splitting reaches maxi-
DMS exciton can be taken as a measure of spin relaxatiomum, the DMS hh exciton spin is fully relaxed to the lowest
within the two spin states of the DMS hh exciton. This Canspin state before being injected to the QW so that the same
be demonstrated by the experimental observation shown iQw PL polarization is obtained under the resonant excitation
Fig. 2. When spin relaxation is much faster than spin injecof both spin levels of the DMS hh excitdfigs. 2c) and 3.
tion, i.e., process | dominates over process I, a completghe resonant optical excitation at the lower spin level of the
spin polarization corresponding to the lower spin state of theoMS exciton filled triangles in Fig. 3, on the other hand,
DMS hh exciton is expected such that spin injection is domi-gives rise to a nearly constant polarization of the QW PL
nated by the process II. This has led to the experimental faghdependent of the spin splitting. This is not surprising as the
[Fig. 2c)] that the polarization of the QW PL is predomi- spins are readily at the lower spin level within the range of
nantlyo " at a high magnetic fiel@thus a large spin splitting  spin splitting at the low temperatu@ K) and spin relax-
of the DMS exciton when optical excitation is tuned at the ation plays a negligible role in this case. The limited degree
upper o~ -active spin level of the DMS exciton, which is (about 32% of the QW PL polarization induced by spin
identical to that when optical excitation is tuned at the lowerinjection from the DMS that has reached a complete spin
o "-active spin level. At a low magnetic fieldhus a small  relaxation is likely due to spin scattering during spin injec-
spin splitting of the DMS exciton however, a complete spin tion across the heterointerfaces and subsequent energy relax-
polarization is not realized. This is evident from the appar-ation within the Q\/\}_9
ently weaker polarization when optical excitation is tuned at
the upper spin level of the DMS as compared to that when
optical excitation is tuned at the lower spin leyske Fig.
2(a)]. The observation can be interpreted by a reduction of Inthe second experimental approach, a hot PL experiment
spin relaxation such that spin injection from the upper spindesigned to examine the possible LO-assisted exciton spin
level (process 1) can also occur, which competes with the relaxation is employedsee Fig. 4 for an illustration of the
spin relaxation process | and compensates the spin polarizafinciple). In this experiment, the photon energy of the exci-
tion provided by the process Il. tation light with the matchingr™ polarization is tuned ex-

In order to closely examine the observed strong depenactly at the energy of the upper spin sté¢K=0) of the
dence of spin relaxation on spin splitting of the DMS exci- DMS hh exciton to ensure that only the spin orientation cor-
ton, a detailed study of the spin relaxation by monitoring theresponding to that state is selectively generated. When the
QW PL polarization is undertaken as a function of the spinspin splitting is larger than the LO phonon energy the reso-
splitting of the DMS exciton. The results are summarized innantly excited excitons of the upper spin state can first un-
Fig. 3. The values are corrected by subtracting other contridergo a LO-assisted spin flip if it is the most efficient one
butions unrelated to the spin injection. As can be clearlyamong all available energy relaxation processes, generating a

B. Hot photoluminescence experiment
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large number of hot excitons in the lower spin band exactly
at one LO energy below the excitation photon ene(igig.

4). The excitons can then further relax down within the lower
spin band branch, through spin-preserving acoustic-phonon
assisted energy relaxation, which leads to a thermalized dis-
tribution of the excitons at the bottom of the spin band. In
principle two PL features related to the lower spin band
should be seen, i.e., a broad PL band corresponding to the . L
thermal?z_ed_ excit_on_s an_d a sharp hot PL_Iine arising from the 2)\7 ﬁgéTON ENE%‘EY V)
nonequilibrium distribution of the hot excitons exactly at one
LO phonon energy below the excitation enel@yg. 4). To
observe the pronounced hot PL line, it is required that the
efficiency of the LO-assisted spin relaxation exceeds that of
other exciton decay processes and the latter should be faster
than the spin-preserving acoustic-phonon assisted relaxation.
This requirement is similar to that for a normal hot PL ex-
periment concerning kinetic energy relaxation within a single ,
exciton band?® except that in our case the LO-assisted en- 27 272 274 276 278
ergy relaxation occurs between two excitonic bands involv- PHOTON ENERGY (eV) -

ing an exciton spin flip. In our samples, the observation of
the sharp hot PL is further facilitated by the spin injection
process as an additional nonradiative decay channel of the
DMS exciton, such that the normal broad PL band from the
DMS exciton can be largely suppressed with respect to the
hot PL line.

A typical hot PL spectrum, obtained under the resonant
o~ optical pumping at the upper spin level of the DMS
exciton, is shown in Fig. &) when the spin splitting of the 269 PHATON ENERGY @ 275
two spin levels exceeds the LO phonon energy. In addition to
the broad PL band arising from the thermalized excitons of FIG. 5. Intensity and polarization of the DMS 1 LO hot PL
the lower spin state, a sharp hot PL fihean be clearly seen under the resonant™ optical pumping at the upper-lying-,—
exactly at one LO phonon energy below the pumping energys) state, at a magnetic field of 0.4(® and 1 T(c). At these two
The polarization of the hot PL line, obtained after subtractingfields the spin splitting of the DMS hh exciton is smaller or larger
the contribution from the broad PL band, has the same sigthan the LO phonon energy, respectively. The broad PL band arises
as the lower spin state, which is opposite to that of the pumpfrom the thermalized distribution of the lower exciton band, over
ing light. This change of sign clearly shows that energy rewhich the 1 LO hot PL line is superimposed. The polarization of the
laxation from the op“ca”y pumped upper Spin state to thel LO hot PL is obtained after SUbtraCting the polarization of the
lower spin state is accompanied by an exciton spin flip vigProad PL band(b) Measured Zeeman splitting of the DMS hh
the emission of one LO phonon, providing direct evidenceexc'tlon- The field pos@ons at which the spectrganand(c) were
for the involvement of the LO phonon in exciton spin relax- °Ptained are schematically shown by the dashed arrows.
ation. The observed LO assisted spin relaxation is in excel-
lent agreement with the results from the spin injection ex-
periments described above. When the spin splitting of two IV. DISCUSSION
spin levels of the DMS hh exciton is less than the LO pho- . . . .
non energy, on the other hand, the observed hot PL line as Bel_ow we shall discuss possible phy_S|caI meghamsms.re-
expected retains the polarization of the pumping ligfiy. sponsible for the fast LO phonon assisted spin relaxation
5(a)]. In this case the hot PL line is due to the LO phononfTom the|+3, —3) state to the—3, +3) state of the DMS hh
replica of the PL arising from the upper spin state of the€Xciton. _ _

DMS hh exciton that is resonantly excited by the pumping Before discussing these mechanisms we note that we use
light. a widely accepted terminology when we talk about the exci-

Unfortunately the exact rate of the LO-assisted excitorfon spinrelaxation. A more precise term is tl@gular mo-
spin relaxation cannot be determined from the presenmentrelaxation, because the hole momént3 is a combi-
study by the cw magnetooptical spectroscopy. Furthenation of the valence electron spjrand its orbital moment
time-resolved magnetooptical studies are needed. Howevet, On the other hand, dynamics of the so combined angular
the range of the observed LO-assisted spin relaxatiomoment is the same as ofapin. This is because, due to the
rate can be estimated from the hot PL experiments to liestrong spin-orbit coupling, only quantum transitions within a
between the spin-preserving LO-assisted momentum relaxnanifold of the3 hole states are relevant, while the split-off
ation (ps or sub psand the decay rate of the DMS exciton states withJ=3 can be ignored. Therefore, below we will
(around tens of ps refer to the widely accepted term “exciton spin relaxation.”
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A. Spin relaxation mediated by the long-range exciton exchange interaction considered above except that the driv-
exchange interaction ing force for spin flips is now the interaction with magnetic

The exciton spin can change as a result of simultaneou'gn,fl' i ider the first model | detail. Th
flips of electron and hole spins, as well as due to a change in OW We WITl consider the 1irst modet In more detarl. the
the spin state of one of the particles. The former procesgelaxatIon rate in such a two-step process Is controlled by the
takes place due to the-h exchange interactioff. The long- slowest step. The second stép in Fig. 4) is the energy

. . . - l_ § -
range part of this interaction gives rise to direct transitionsrelaxat'on via LO phonons W'th'n. thb?' +2>. band. This
between thel+%, —32) and |-, +3) hh states. This was process is very fast in 1I-VI materialgypically in the range

’ 2 21 2 .

found" to be the main mechanism for the exciton spin relax-Of ps or even sub-ps in ZnMnSe DM he process la, in its

ation in GaAs/AlGaAs quantum wells. This relaxation, how- turn, can consist of several i”_‘ermediat? stepf. Their array
ever, was found to be efficient if both exciton states are deglwa_y; mgludes an electrpn Spin ﬂ.'p frofip to —3. It hh-lh
bridization effects are ignored, in order to complete tran-

generate or nearly degenerate. In our case an LO phon sition of the hole spin state from3 to +3, as many as three
could compensate the energy difference betweeh —3 L 2 2 .
D 9y 2 ole spin flips are necessary. Due to strain, however, the light

L h
and|—3, +3) states. Hence, a combination of the long-rang . .
e-h exchange interaction with LO phonon emission couldehoIe exciton bands are about 30 me\_/ _h|gher than the h.h
13 bands, such that when the Zeeman splitting of the exciton is
near the LO energy the magnetic field is not strong enough to

lead to a direct+3,—3)—|—3,+3) relaxation, as shown
in Fig. 4 (process It: We believe, however, that this mecha- bring about the hh-lh crossing. Therefore, there are no avail-

nism is unlikely to be responsible for the observed spin re- . .
laxation for tr?/e following two reasons. First, in GpaAs/ able Ih states for an almost elastic transition fren to

_l _ . . - - .
AlGaAs quantum wells the long-range exchange interactior# 2 Hence, the hh-lh mixing must assist the entire transition

3 1 3
results in exciton spin relaxation times in the range of tens of * 27 2)—l- 3" 2)- .
ps and longet? Participation of the LO phonon in our case f\s is known;~in qu3antlim wells each of the e>_<C|ton states
can only further slowdown such a relaxation process, whic = 2:v), Wherev==3,=3, can be expanded in terms of
could lead to a value inconsistent with the observed efficien roducts of zone center electr'on and hole Bloch stat(_as. The
LO-assisted spin relaxation. Secondly, the observed strongtteg ?re ';”‘beled by the hole's an_gL_JIar moment projection
enhancement of spin relaxation with increasing magneti¢' 2'2: 2»7 2- When the hh-lh mixing effect is weak the
field also disagrees with the opposite trend predicted by thir™M With m=uv strongly dominates in such an expansion.
theony? if the long-range exciton exchange interaction is the therwise, m# o components are also represented. EQCh of
dominant mechanism. Caution must be exercised, howevell€S€ components contributes to the total wave function of
in comparing our results with the theoretical prediction madeth‘va e-h relative motion with its respective amplitude
for the nonmagnetic semiconductors as the two exciton?pm(fZn)x(Ze), where p is the total exciton two-
bands of the DMS in our case have very differ&nvectors dimensional(2D) momentum and is the e-h relative 2D

at a given energy that is not the case in nonmagnetic semf00rdinate, whilez, and z, are the carrier coordinates in
conductors with a small spin splitting. epitaxy growth direction. For simplicity we will assume that

only the lowest conduction electron subband with the wave
_ S o function x(z.) contributes to the exciton eigenstate. Using
B. Spin scattering via magnetic ions the perturbation theory one can write the rate of transition
As we mentioned above, the other path frbﬁ%, —%) to from |+ %,U> to |— %,U> after an electron Spin flip on a mag-
|-1, +2) lays via independent electron and hole spin flips.netic impurity a$®
An efficient mechanism for the faéwithin several psflip of )

the electron or hole spins involves their strong exchange in- iz mgXxN &|Fo (p,p)|2

teraction with Mn magnetic impurities. After a collision with s 2hST O P.p

such an impurity the particle spin changes its projection onto

the spin quantization axis baAm=*1, while the corre- XJ 2)14dz I35 V2p(E 1
sponding projection of the M spin changes by x| 2 (ia+2)°P (), @

Am(Mn?")==1. In such processes the energy transferred o - ) , , ,
to or from the magnetic spins is rather small because of th¥/Nereme, is the+e_xcnon_ mass in the’ band,x is the molar
small Zeeman splitting of the M ions. On the other hand, fraction of Mrf™ impurities, « is the strength of the ex-
the energy difference betweén, —2) and|—1, +2) exci- f:hange interaction between conductloq electrons .anﬁl Mn
ton states can be compensated by LO phonon emission. Offns (Noa=0.26 eV for ZnMnSg J/'j, , is the matrix ele-

can consider two possible mechanisms involving the emisment of the raising operator for the Kih angular moment
sion of one LO phonorisee Fig. 4 The first model is a J=3, so thatl runs from—3 to +3. We have ignored inter-
two-step process. It invokes a nearly elastic spin scatteringction between ion spins. Therefore, these spins are distrib-
(process la in Fig. ¥ which induces thé+%,—3)— |-, uted independently according to the thermodynamic weight
+2) transition with only a little energy change, followed by p(E;)=e”51"e7/Z of each spin staté having the Zeeman

an LO-assisted spin-preserving kinetic energy relaxatiof®N€rgyE,;=gunusB, whereB is the external magnetic field
(process Ib. In the second model the change of the excitonstrength. FoB=1T a typical distance between energy lev-
spin and the phonon emission occurs as one quantum proce®}$ E, is of the order of the thermal energgT at T=2 K in

(Ic), very similar to the relaxation via the long-rangeh  our experiment. The form factoF””'(p,p’), which is a
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function of exciton momenta before and after scattering, igheir samples. If this is the case, accelerating process Ib from

defined as the acoustic-phonon assisted relaxation to the much faster
LO-assisted relaxation when the spin splitting crosses over
' ’ the LO energy would not affect the spin relaxation rate as it
FoU (p,p’) = vy (r,2)W,x(r,z . ) N .
(p.p") — 312 f pm( ) p m(r2) is determined by the slowest process la. This is not consis-

tent with our experimental finding and therefore seems to
indicate the first model unlikely to be responsible in our case,
assuming that the hh-lh mixing is the dominant mechanism
. ) ] ) . for the observation given in Ref. 6. It should be pointed out,
where integration ovep,, means integration ovey’ direc-  however, that the exact mechanism for the spin relaxation
tions in the plane of the quantum well. This formfactor is gjgwdown in Ref. 6 is to our knowledge not completely un-
normalized so thaF””'(p,p’)= S, - When|p—p’la=1, derstood and a direct, unambiguous connection to the reduc-
wherea is the exciton radiusl,:””'(p,p’) decreases. We as- tion in the hh-lh mixing has yet to be established. Also, the
sume that excitons in the upperi, —32) band are thermal- Observed relaxation slowdown is too big to be associated
ized. Hence, the initial momentumis determined by small With the hh-lh mixing. It should also be noted that the results
energies near the bottom of this band. At the same time, afté¥f Ref. 6 were obtained from bulk samples. It is not clear to
a scattering into some of the lower energy exciton bandsyhat extent quantum confinements like in our samples would
almost entire Zeeman split energy is transformed into theéffect the conclusion that requires further theoretical studies.
exciton kinetic energf, (p’). For example, in the vicinity Nevertheless, one can not exclude such a possibility and
of the thresho|cE+3/2(p')m30 meV. Hencep’>p for the (?OU'd consider it for our samples with a greater hh-lh Sp”t-
|+3,—3%)—|—3,+3) scattering, as well as fof+3, —3 ting. _ _
scattering into the optically inactive stdtel, —2). The final Within the second model, the concerned spin relaxation of
momentum is so large thata=1. This leads to decreasing the DMS hh exciton is suggested to be accomplished by an
of the form factor. On the other hand, at laggehh-lh mix- ~ inelastic process involving a direct LO-assisted spin flip
ing effects become more important, so tiat¥2-32 is not (process 1c in Fig. ¥ Though this model can explain the
small. experimental findings from both spin injection and hot PL
Since the sum in Eq(1) is of the order of unity in the €xperiments, itis a higher order process requiring some mag-

broad range of temperatures afigy(z)|*dz~ 1/L, whereL netic mediator between the LO phonons and the carrier spins
is the quantum well width, we get fdr=100 A, x=0,05, such as lattice deformations associated with the LO phonons

andNy=4x 10 cm™3 that could modulate the exchange interaction between carri-
ers and magnetic ions. It should be pointed out that in the

- ~4|F”"/( " ~2ps past such a higher order spin relaxation process has not been

s P ps. adequately addressed theoretically and experimentally. It

One can see from this equation and E2). that the fastest Should also be said that the exact role of phonons in spin flip
Scattering process is from_%' _g> state into the Op“ca"y is still Iargely Unk.nOWn in SemiCOHQUCtorS and metals as the
inactive|— 1, —3) exciton. In this cas€®’’ is expected to be Ioaql of computation becomes form|d_able. Fo_r examplg, only
not much less than 1 becausev’ and hh-lh mixing is not until very recently was phonon-assisted spin relaxation of

important. We, however, cannot say nhow how small the formGIeCtronS in a metal calculatéd.
factor will be for the transition into thé—3, +3) state. On
the other hand, as soon ks3, —3) states are rapidly popu-

d(P '
o A 2 p
Xexg —i(p—p’)rld rdz—zw , (2

V. CONCLUSIONS

lated, transitions from these states into the, +3) exciton In conclusion, we have observed a strong effect of spin
can be induced by the Elliott-Yafet spin relaxation splitting on spin relaxation of the hh exciton of the DMS
mechanisfi® via hole scattering on charged impurities. ZnMnSe/CdSe SL leading to a significant increase in spin

The|—3, —3) to |3, +2) transition, via the Elliott-Yafet relaxation when the exciton spin splitting exceeds the LO
mechanism or the hole spin-flip scattering on magnetic imphonon energy. Experimental evidence for the involvement
purities, again requires the lh-hh mixing. This mixing, in its of the LO phonons in promoting spin relaxation has been
turn, can be diminished by a large hh-lh splittitapout 30  provided from the spin injection and hot PL experiments.
meV for the hh-Ih exciton splitting in our sampjeé previ-  Possible physical processes involved in the LO-assisted spin
ous experimental stufyhas shown a drastic reduction in relaxation have been discussed in terms of either a nearly
exciton spin relaxation by three orders of magnitude from Selastic spin scattering followed by the LO-assisted kinetic
ps in unstrained ZnMnSe to greater than 1 ns in straineénergy relaxation of the hot excitons or a high-order LO-
ZnMnSe(with 2 or 4% of Mn. The hh-lh splitting in Ref. 6 assisted spin flip, mediated by the long-range exciton ex-
is known to be degenerate and 13 meV in the unstrained anchange interaction or strong interactions with magnetic ions.
strained samples, respectively, whereas the Zeeman splittinthe observed efficient LO-assisted exciton spin relaxation in
of the hh exciton states was kept at 8 meV in both cases. Thitie DMS is rather unusual, which can not be explained by
reduction is likely to be caused by slow spin flimich as existing theories, and therefore calls for future in-depth the-
process la in Fig. #and not by the subsequent acousticoretical and experimental investigations. The present experi-
phonon assisted momentum relaxatiprocess Ib as the  mental finding also points to a way to manipulate spin relax-
latter is known to be faster than 1 F800 ps(Ref. 24] in ation, important in obtaining active spintronic devices.
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