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Optical properties of é-doped ZnSe:Te grown by molecular beam epitaxy: The role of tellurium
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We have studied the optical properties of ifieloped ZnSe:Te system using photoluminescdftg and
x-ray and Raman scattering. Two different types of sample were investidaietith a singles layer and(2)
with three adjacen® layers separated by undoped layers. All of these samples are of reasonable crystalline
quality and have the symmetry of the host ZnSe lattice as determined by x-ray and Raman scattering. The PL
from each sample is very similar to the PL from bulk Zn-Se-Te solutions at low Te concentrations. The PL
from the singles-doped material shows emission relatively close to the band edge which we attribute partly to
Te, clusters(nearest-neighbor pajrand partly to non-nearest pairs. This PL changes with storage time, from
which we conclude that the nearest-neighbor pairs are more stable than non-nearest-neighbor pairs. The triple-
5-doped material also shows a deeper PL feature, with a peak at about 2.48 eV, which we attribyte;to Te
clusters as well as to corresponding non-nearest-neighbors pairs.
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[. INTRODUCTION plexes. It is important to note that Akimowet al® used
cathodoluminescence to obtain the most direct evidence that
[I-VI wide band gap semiconductors are of great interesthe 2.65 eV band is due to Teomplexes and that the 2.45—
as blue and green light emittetd.For these, as well as for 2.48 eV band is predominantly due to Telusters withn
many other devices, good bipolar conductivity is required.=3. In Refs. 5—7, on the other hand, these two lines were
For the semiconductors of specific interest in this papeamttributed to self-trapped excitons at a single Te atom and at
(ZnSe and related alloyst has been difficult to obtain good Te, complexes, respectively. Furthermore, in some samples
p-type material. For this reason, the ZRSgre, system has  with very low Te concentrations<(1%), lines in the 2.75-
long been of interest, since it is relatively easy to obtain2.784 eV regior;>'? and sharp lines attributed to LO
ntype ZnSe andp-type ZnTe. Therefore many studies on phonond’ or impurity-related PL have also been reported.
both bulk=® and epitaxidl®*® [molecular beam epitaxy ~ The present paper also investigates this Zn-Se-Te system,
(MBE) and metal-organic chamical vapor deposition but usings-doped ZnSe:Te grown by MBE oi®01) GaAs
ZnSg _,Te have been performed to understand this systemsubstrates. We shall show that this “unusual” Te configura-
Another area where the role of the ZnTe/ZnSe system ision gives an unambiguous identification of the Te related PL
important is in the use of ZnSe/ZnTe:N superlattices as confrom ZnSeTe. We would like to note that some resultsson
tact layers for ZnSe based devicésFor example, Jung superlattices were reported by Etial®
et all® have reported hole concentrations up tex 708 We have investigated two types of sample: sample A,
cm ™2 by using 8-doped superlattices of ZnSe/ZnTe:N. Fur- consisting of one Te-containing layer per 10 undoped layers
thermore, it has recently been propo¥etthat the Zn-Se-Te of ZnSe (5-ZnSe:Te) and sample B, consisting of three ad-
system be used for light emitting devices in the green spegacent Te-containing layers per 10 undoped layers of ZnSe
tral region. (56%-ZnSe:Te). We used primarily low-temperature photolu-
The undoped ZnSe,Te, system has been studied fairly minescence to analyze these samples, complemented by
extensively, and there is considerable work on its photolumix-ray diffraction(XRD) and room temperature polarized Ra-
nescence(PL) properties. It is generally agreed that the man spectroscopy.
dominant PL from ZnSge ,Te, is due to excitons bound to
various Te-related defects. However, the microscopic origin
of these excitons is still uncertain. Some of the published
identifications of the PL are summarized in Table I. Aband The samples were grown oi®01) GaAs substrates by
at around 2.65 eV usually dominates in ZpSgle, with MBE in a Riber 2300 system which includes IlI-V and II-VI
small Te concentration@ip tox<1.5%), while a band with growth chambers connected by ultrahigh vacudgV).
a maximum at about 2.45-2.48 eV dominates in sample®xide desorption of the GaAs substrates was performed in
with larger Te concentrations. These bands are generally athe IlI-V chamber by heating the substrates to 590 °C with
tributed to excitons bound to isoelectronicsTatoms and/or an As flux impinging on the surface. Then, a 200 nm GaAs
clusters in ZnSe. Specifically, Refs. 3, 4, 8, 11 and 12 attribbuffer layer was grown at 580°C with a streakyX2)
uted the higher-energy band to excitons localized at Tereflection high-energy electron diffractigRHEED) surface
complexes and the lower-energy line to those at.Jecom-  pattern. The substrate with the GaAs buffer layer was trans-
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TABLE |. Comparison of assignments in Te-related PL in ZnS&e,.

Reference Blue band Green band Te conc.
Position(eV) Assignment PositiorieV) Assignment (%)

3 2.61-2.63 Tgclusters 2.48-2.50 Teclusters <2

4 2.65 Te clusters 2.50 Teclusters 1-2

5 2.65 Te 2.50 T, clusters 1

17 2.67 small Te clusters 2.50 small Te clusters 1

6 2.67 Te 2.48 Te-, clusters 10-40

7 2.65 Te 1

12 2.65 Te-, (distan} 2.45 Te clusters 1-4

This work 2.64-2.6% Te, defect§ 2.48-2.50 Te,~5 clusters <1

8Dominant in-doped ZnSe:Te.

®This band is a combination of the PL due to nearest- and non-nearest-neighbor Téopairsre details see
Sec. V.

°Dominant in 5°-doped ZnSe:Te.

daveraged over the sample.

ferred to the II-VI chamber under UHV. Prior to the growth K« and the(004) reflection. Polarized Raman scattering was
of the 1I-VI epilayers, we performed a Zn irradiation of the measured at room temperature using the 488 nm line of an
GaAs surface. This step is intended to suppress the formatiog+ |3ser in thez(x x)? z(x y); 2(x’ x’)? andz(x’ y’);

of Ga,Seg at the IlI-V/II-VI interface, which is believed to At : ;
. : polarization configurations, where y, and z refer to the
be related to the formation of stacking fauiisThen a 400 rincipal cubic axes witt being parallel to the growth di-

nm thick undoped ZnSe buffer layer was grown at 250 ° L / ; ;
. o . rection;x’ andy’ are obtained by rotating theandy axes,
under Se rich conditions with a growth rate ©0.8 um/h. . o : . .
The RHEED pattern is a streakygal) after the buﬁgr layer respectively, by 45_ in they plar_ue. I_nC|dent laser light was
growth. Thed-doped region was grown on the ZnSe bufferfocuse(.j to a spot size 6f2 pm in diameter. _The ba.ckscaf[—
tered light was dispersed by a 0.6 m single-dispersive/

layer. :
Two samplesA and B) were grown. Sample A consists double-subtractive monochromator, and collected by a

of 140 periods of single Te-containing layers separated by 1600led charge-coupled device array, leading to a resolution
monolayersML ) of ZnSe spacers and sample B consists ofof the Raman spectra better than 1 cm -

120 periods of three consecutive Te-containing layers sepa- For PL measurements, the samples were kept either in He
rated by 10 ML of ZnSe spacers. Sample A is about 4000 Agas (T=5 K) or at the cold stage of a closed cycle refrig-
thick and sample B is about 5000 A thick. Figure 1 showserating system T=11 K). The temperature in both cases
the shutter control sequence used for thdoping. The Zn  was monitored by a silicon diode mounted in the vicinity of
and Se shutters were first opened for 13 s to grow 10 ML ofhe sample. The 325 nm line of a He-Cd laser was used as
a ZnSe spacer, after which the Se shutter was closed for 5tke excitation source. The PL was dispersed through a 3/4 m
to produce a Zn-terminated surface. Then all shutters wermonochromator and was detected with a low-noise photo-
closed fo 5 s todesorb excess Zn from the surface. After multiplier tube, whose output was connected to either a
this the Te shutter was opened s todeposit Te onto the SR400 photon counter or a lock-in amplifier.

Zn-terminated surface, and then all shutters were closed for 5 From the (004 reflection XRD curves we estimate that

s followed by opening the Zn shutterrf® s to produce  the average Te concentration is 1.4% for sample A and 1.8%
another Zn-terminated surface. The Se shutter was thef, sample B, assuming that Vegard’s law is valid and that

opened to start the next growth sequence. This sequence Wg, epilayers are fully relaxedNote that since the epilayers
repeated for 140 periodsample A in order to obtain layers 5y not be fully relaxed the estimated values represent the
thick enough for measurement. For sample B, the ShUItetﬁpper limits for the Te concentration

control sequence is similar to that of sample A except thal ", polarized Raman spectra were obtained from the Te-
the Te doping steps were repeated three consecutive times, as

shown in Fig. 1 by the dashed arrow, and the total sequence

. : ZnSe spacer
was repeated for 120 periods. The RHEED pattern is (2 iy 5s on
X 1) during the ZnSe spacer growth. It changes@x 2) Se F‘fg;‘;! — i 'I off
after the ZnSe surface is exposed to Zn and rema{i2s R 5 on
X 2) after the surface is exposed to Te. Since a very small Te I i I5si -
. . . . . Zn H H H off
flux is used durings doping, only a fraction of a Te layer is R

deposited. Ss I'_*I on
off

Te * 5s g
IIl. EXPERIMENTAL PROCEDURE AND RESULTS H '
. e X3----- !
The quality of the samples and the average Te content
were assessed by single-crystal x-ray diffraction, using Cu FIG. 1. Shutter sequence for growth &fdoped layers.
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2.638 eV b) ]
a) ]
290001, 1
@
| :
g 27586 eV ] FIG. 2. (a) Low-temperature(10 K) photo-
& ] toluminescence from thé-ZnSe:Te sample(b)
2 F 501, h the same spectrum recorded at different excita-
2 ] tion intensities(spectra arbitrarily shifted in ver-
2 tical direction for convenienge

2.768 eV .
Ve

2.752 eV
2.798 eV

23 24 25 26 27 28 29 23 24 25 26 27 28 29
Photon Energy (eV) Photon Energy (eV)

doped samples and for comparison, from a pure ZnSeample exhibits two broad Gaussian-shaped bands with the
sample. The scattering from all samples exhibits_two peaksnaxima at about 2.664 eVblue bang and at 2.493 eV

at about 252 cm® and 291 cm? for the z(x',x’)z con-  (green banil Both peaks show little or no shift with excita-

figuration and no peaks for tlﬂx’,y’)?configuration. The ton intensity. In contrast to sample A, we did not see any

peaks are due to ZnSe and GaAs LO phonons, respectivelg.gniﬁcam changes with time in the PL from this sample. We

No TO phonons were observed. Further, in each case L ave aiso 'perforrr.\ed. temperatl_Jre studies on sample B using

h b dqt ~ b ; ~ and ow and high excitation intensities. As expected, the green
phonons were observe Dfx,y)z,. ut not forz(x,x)z, an band dominates at lower excitation intensities and higher
no TO phonons were observed either.

ot in Fi h ¢ h ) temperatures. We used the temperature dependence of the PL
We plot in Fig. 2a) the PL spectrum from thé-ZnSe:Te ¢ |0y excitation intensities to obtain the activation energy of

sample. There is a broad band with a maximum at arounghe ma| quenching for the green RiContributions to the PL
2.64 eV, which is overlaid by sharp peaks on the high-energy, . the hiue band are almost completely suppressed at low

wing. These sharp peaks can be grouped into three Seri€gy citation intensity. Figure 6 shows the peak intensity vs
with the lines in each series separated by the ZnSe LO phgp,erge temperaturécircles for this band and the fitting

non (0.031 eV energy:(a) 2.768 eV, 2.736 eV, 2.705 eV (gqjig curve, using the following expressiofe.g., Ref. 20
(b) 2.758 eV, 2.727 eV, 2.696 eV, 2.665 eV, 2.634 eV; and

(c) 2.751 eV, 2.720 eV, 2.689 eV. The low-energy side does
not have any sharp structure. Figui®2shows the PL spec- |%ax
tra for this sample taken at different excitation intensities. Imad T)= > .
(For convenience, these curves and all subsequent ones are 1+CT exd —Ea/kgT]
normalized to the corresponding maxima and arbitrarily
shifted on the intensity sca)eThere is no substantial peak UL LA LML LI L
shift with excitation intensity, either for the band as a whole Sample A
or for the sharp peaks. At high excitation intensities one can —— 1171999
also observe a small peak at about 2.798ev. o | T 02/2000 T=5K
It is noteworthy that this spectrum initially changed dur-
ing storage. Figure 3 shows spectra taken shortly after
growth and three months later, under similar conditions. It
can be noted that the maximum of the main band moves to
lower energies, and the sharp lines become more pro-
nounced. Moreover, the sharp lines also become sharper at
lower temperatures and excitation intensitiegys. 2—4. In
Fig. 4 we plot spectra from the sample A taken at different
temperatures, with Fig.(d) showing the PL obtained at the
maximum excitation density and Fig(b} at an intensity
about two orders of magnitude lower. A further noteworthy 23 24 25 26 27 28 29
feature of the spectra in Fig. 4 is that they indicate the pres- Photon Energy (eV)
ence of a peak at about 2.61 eV, which can best be seen in
the 50 K curveqalso see Sec. IV FIG. 3. Low-temperaturg5 K) phototoluminescence from the
The PL spectra from sample B are shown in Fig. 5. Thiss-znSe:Te sample recorded on different dates.

()

cevenavernmimap, {
broegd

Intensity (arb. units)
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IV. DISCUSSION

[ a)/\,/l\\ 75K- The observations of polarized Raman scattering are in ex-

cellent agreement with theoretically predicted selection rules
for the Raman spectra frong001)-oriented zinc blende

[ ‘/\\L 50K crystals®® Yanget al,*® however, did see the TO phonons in

- 25K their MBE-grown ZnSe ,Te, alloys with x=4%, which

I ﬂ 1 could be attributed to the presence of compositional disorder
= 11K 4

that relaxes the selection rules. Given the layered structure of

R R B B S MRS A our system, one might have expected quite large fluctuations;

i w i however, the Raman scattering results show that this is not
i 75K the case. Of course, nonresonant Raman data do not prove
! ; the absence of fluctuations, but they do show that such fluc-
- 50K tuations are not strong, i.e., that the samples are of reason-
- ‘,/V\\L 1 ably good quality. Furthermore, these results support our
i 25K 7 conclusions about low Te content, obtained from XRD, since
I _’/—b\\'\_ 11K i we also did not see any changes in the LO shift from the
. N T T T T T T values observed in pure ZnSe. It has been shown previbusly
23 24 25 26 27 28 29 that the LO shift decreases linearly with Te content, but
Photon Energy (eV) changes in the Raman shift that are associated with less than
2% Te are expected to be smaller than instrumental limits. In
FIG. 4. Temperature evolution of PL from th8-ZnSe:Te addition, the FWHM'’s of all Raman peaks from our samples
sample(a) at highest excitation intensity an@) at an excitation are smaller than or comparable to those previously reported
intensity about two orders of magnitude lower. for ZnSe _,Te, with low Te concentration$?
To explain the PL data, we first note a strong similarity in
Herel? . andC are constants] is the temperaturdsg is the  many respects to the PL of bulk ZnSgTe, solid solutions
Boltzmann constant, arlfl, is the activation energ$: Such  with relatively low Te content. We note in particular the
a fitting resulted inE,=178 meV. A rather detailed discus- following features. A band at around 2.65 eV usually domi-
sion of the temperature dependence of PL from ZnSeTe ahates in ZnSg ,Te, with x<1.5%, while a band with a
loys and a specific model of the exciton capture process camaximum at about 2.45-2.48 eV dominates in samples with
be found, for example, in Ref. 11. We note here that oularger Te content. These bands have generally been attrib-
value of the activation energy is quite close to tia60 uted to excitons bound to isoelectronicsf€atoms and/or
meV) obtained by Dheset al!! cluster$ in ZnSe; however, the microscopic nature of the
Furthermore, we plot in Fig. 7 the full width at half maxi- binding sites is still controversial. References 3, 4, 8, 11, and
mum (FWHM) for the green band as a function of tempera-12 attributed the higher-energy band to excitons localized at
ture. It is interesting to note that, contrary to expectations]e, complexes, and the lower-energy line to those at.}e
FWHM decreases initially when the temperature is raisedcomplexes, quite likehln=3.2 In Refs. 5-7 these two lines

The possible cause of such behavior is discussed in the newtere attributed instead to self-trapped excitons at a single Te
section. atom and at Te complexes, respectively. In samples with

Intensity (arb. units)

2.487 eV

135001,

FIG. 5. (a) Low-temperature(10 K) photo-
toluminescence from thé%-ZnSe:Te sample; the
y dashed lines are a Gaussian fi) The same
25| ] spectrum recorded at different excitation intensi-
ties (spectra arbitrarily shifted in the vertical di-
rection for convenienge

Intensity (arb. units)

PO S W R S N el n P 'Y PR R S PR S S P
2.2 2.4 2.6 2.8 2.2 2.4 2.6 2.8

Photon Energy (eV) Photon Energy (eV)
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FIG. 7. Full width at half maximuniFWHM) of the green band

) . f the 8%-ZnSe:T I i )
FIG. 6. Peak intensity of the green band of th&ZnSe:Te of the nSe:Te sample as a function of temperature

sample as a function of inverse temperature.
maximum at 2.67 eV initially and a maximum at 2.62 eV
very low (<1%) Te concentrations lines at 2.75-2.784 eVafter 3 months(Fig. 3)] that two or more different centers
were reporteti®*?and attributed either to free excitdn to  must be playing roles in the PL from this broad band. In
an exciton localized either at a Te attfror in compositional  examining the lowest-intensity curve in Fig(b® and the
fluctuation€ Sharp “LO” lines®'’ were attributed to data at 50 K(Fig. 4), we estimate that the band with maxi-
resonarit!’ excitons or to an “impurity-Te” complex. mum at about 2.64—2.65 eV consists of a band with a maxi-
In most of the previous literature, there is little distinction mum at around 2.61 eV and contributions from the higher
between Te cluster@earest neighboysand other configura- phonon replicas of the 2.758—2.768 eV transiti¢sse fur-
tions. Such a distinction, to some degree, was pointed out bther discussion belowNote that some contribution from the
Yang et al'? These authors attributed the peak with theband with the maximum at-2.50 eV is also possible, as
maximum at 2.65 eV to excitons bound to two or more iso-seen at high temperaturébig. 4). It would be logical to
lated Te atomsi.e., pairs or triplets on non-nearest-neighborassume that larger Te clusters would be responsible for
sites in our terminology however, this seems unlikely in deeper PI2> so we ascribe the 2.50 eV band to excitons
view of current results, since this peak is observed in bothocalized at Te=3 clusters(following Ref. 3 and the 2.61
our samples. Théy attributed their 2.78 eV transition to eV band to excitons localized at Jelusters. Interestingly,
excitons localized at Te (A similar peak at 2.75 eV reported the observation of the 2.50 eV band shows that even in
by Permogorov and Reznitskyvas attributed by them to single 5-doped layers there are enough large (T¢ clus-
free excitons localized by compositional disorgiéfowever, ters to give substantial PL.
it is unclear how such Tebound excitons, which are ex- In view of the above, it is emphasized that the commonly
pected to have a lower binding energy than those localized aeported peak at 2.64—2.65 d¥ee Table)lis not due to a
Te, pairs, become dominant at higher temperatiifdss we  single center, but is, instead, a composite of several peaks
will discuss further below, the assignment of this 2.78 eVdue to several centers.
peak to a free-to-donoiFD) transition would be more ap- The several fairly similar sharp line series at 2.751, 2.758,
propriate, since a FD peak usually dominates in ZnSe aand 2.768 eV with LO phonon replicas would be expected to
higher temperaturé$?®* (see also the discussion in Rej. 3  be due to similar types of center. We suggest that these sharp
Since our samples aré doped, it is very unlikely that lines are due to excitons bound to non-nearest-neighbor
single Te atoms are present in sufficient concentrations tpairs; it seems reasonable that there would be a number of
give a strong PL band; consequently, excitons localized asuch pairs at different separatiofi$he phonon replicas are
clustergtwo or more nearest-neighbN) Te atom$or Te  strong due to a relatively large Huang-Rhys fattéf (S)
pairs, triplets, etc(configurations other than NNseem more  (also see Ref. 28. This is consistent with the assignment of
likely. Further, PL from the ZnSe layers, if any, is quite the 2.61 eV peak to clusters, since one expects deeper levels
weak, so thes-doped regions are primarily responsible for for binding to nearest neighbors; our assignments are also
the PL. Presumably, this PL is due to the recombination ofonsistent with observations and interpretations of the exten-
excitons at the above mentioned centers; the possibility ofively studied case of N in Ga¥ It is important to note,
capture at quantum-well-like defects in theregion cannot however, that recent calculatiohson GaP:N showed that
be totally excluded at this point, but seems quite unlikely inthere is no unique relationship between neighbor separations
view of the similarities to the data from bulk samples. and the energies of associated transitions; moreover, it has
It is very clear from the variation with storage tinhea  been suggested that at least one PL line in the GaP:N system
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belongs to triplets. Therefore, we believe that ascribing eacdominant broad PL in sample A, and so we assign it to
peak to a specific pair is not reasonable at this time. excitons localized at Tecenters. The lower-energy band, at
Since the series of sharp lines is due to non-nearest neigl2-493 eV, is attributed to excitons localized at Te centers
bors and there are no higher-energy peaks associated withith n=3 (mostly Te aggregatey. Both peaks can be fitted
the Te-doped layerésee beloy, we excluded single Te at- well by a Gaussian line shape, which results from large
oms as candidates for the binding of excitons. This is alreadiuang-Rhys factor&28:35A relative decrease of the blue PL
expected since there should be only a minimal number oith decreasing excitation intensity is due to the movement
single Te atoms in thé layers. Furthermore, systems that of the hole quasi-Fermi level deeper into the band gap with
form alloys, i.e. give a change in band gap, such as Te imlecreasing excitation, and, once it “crosses” the hole energy
ZnSe, would not form “ideal” isoelectronic levels. More- level of the Te clusters, the PL related to these clusters is
over, isoelectronic substitutents should have a large differeffectively quenched. From the temperature quenckifig.
ence in either electronegativiy®® or size” with the host  6) we have determined that the thermal activation energy of
atoms?®3033which is not the case here. Also, some theoret-excitons localized at large clusters is close to 178 meV. Us-
ical first principles calculations suggest that a single Te atoning a band gap of 2.82 eV for ZnSehich is approximately
should not bind an excitoff. that of our §-doped ZnSe:Tke the thermal activation energy
The changes observed with storage time in the PL ofjives the approximate energy of the no-phonon line for the
sample A(Fig. 3 are consistent with the diffusion of Te green band of about 2.640 eV. This confirms that this band
atoms. One can note that the maximum of the original PL isontributes to the apparent width of the PL due to
at about 2.67 eV and based on our assignments it is mainlye,-localized excitons, as previously suggested. From the
due to non-nearest-neighbor pai@nd the corresponding dependence of the FWHM of the green band on the tempera-
phonon replicas the maximum of the later PL is at about ture (Fig. 7), we can draw the important conclusion that this
2.62 eV, and more of it is due to Jelusters. Since the total band is also due to several transitions, as has been suggested
amount of Te is constant if one neglects the formation ofabove for the blue band. Thus, it is expected that the FWHM
single Te atomgwhere only minimal such species are ex- will increase with increasing temperature due to an increase
pected withé doping, this means that more Jeclusters in the phonon densit$f However, if we assume that this
form with time. It can be further noted that the sharp lineband has contributions from several centers, we can expect
structure also increases with storage time. We suggest thlat the thermal ionization of the “shallower” transitions
following explanation: the non-nearest-neighbor pairs arewill lead to narrower spectra. Thus we conclude that the
relatively shallow and thus have large Bohr radii; such largegreen band has a multicenter origin as well.
radii in turn lead to strong interaction between nearby cen-
ters, and resultant smearing of the sharp phonon structure. V. SUMMARY
That is, we suggest that it is only when there are relatively

. We have investigated the optical properties of single- and
few non-nearest pairs that one can observe the sharp phonon )
replicas. Details of these effects remain to be investigated.?”ple'é'dop(':'d ZnSe:Te samples grown by MBE. These have

; : the advantage of close clustering of Te atoms, which has
Finally, we would like to comment on the peak at 2.798 . . - :
eV. We note that this dominates at high temperatures anallowed ;jhs ,:0. |dent|fy tthet Cf)l’lgll;] ?r]: the T?'rel%e‘d hPL n an
high excitation intensitiegFig. 4. We believe it is due to a Tagngrth af IIT cc.)ns.lzc,lt)en' olr '(I? stamp %S' ? b'a\ée con-
free hole to shallow donor transition. Notg&) if this line clude ) € following:(1) Singie 1€ atoms do not bind an
were due to a donor bound exciton, it would not dominate a xciton; (2) the bands with broad peaks near 2.50 eV are due

high temperatures, while it is well known that FD transitions oletxcc;tons tr?ppe(.jSattk:ar%e F"(—;(nth) cIustgrs(NN)I andt
dominate in ZnSe at high temperatufé$#(2) this transition ;e&e chmzexetsc )T el ?n VI:IIN a r;:_rl;mmum coseto
seems broader than expected for a “standard” bound exci<™ ev IS due 1o 1£clus ersl( ), while non-nearest-
tonic recombination. neighbor Te pairs and more distant complexes are respon-

We believe that a shoulder on the high-energy side of thisc‘ible for the. PL at 2.751 eV, 2.758 .eV, and 2.768 e.V’ and
2.798 eV line is due to free excitons which possibly originatephonon replicas of these. These pairs strongly contribute to

: the 2.64—2.65 eV band due to strong hole-phonon interac-
f her th Z I h ffer layer : . ! )
Jgg;gltzf;; e undoped ZnSe layers or the buffer tions and the resultant phonon replicas. Previously, this com-

monly reported peak at 2.64-2.65 eV was attributed to a

N [ the PL f le &ig. 5. Thi .
ow we discuss the rom sample @ig. 5 is single center.

sample has a relatively low Te contem<(1.8%), but ex-
hibits PL that is characteristic of bulk ZnSgTe, with x
=4%. Since there are three adjacent Te layers in this

sample, the probability of forming large complexes (19 We acknowledge support from DOE under Grant Nos.
should be high, while the presence of single Te atoms shoulDE-FG02-98ER45694 and DE-FG02-98ER45695, and from
be relatively quite low. The blue band observed from thisJSEP(for Raman scattering experimentsnder Grant No.
sample peaks at an energy of 2.664 eV, close to that of thBAAG-55-97-1-0166.
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