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We have systematically studied the optical properties ofCdpMg, , ,Se alloys using
photoluminescencé’L) and photoluminescence excitation. It is shown that, at low temperatures,
PL is dominated by excitons localized by potential fluctuations, which become stronger with
increasing Mg concentration. Such potential fluctuations are discussed in terms of a large valence
band offset in ZCd)Se/MgSe systems, which serves as a manifestation of the breakdown of
“common-anion rule”. © 2003 American Institute of Physic§DOI: 10.1063/1.1625096

I. INTRODUCTION and the localized excitons have been readily obsefsed,
e.g., Ref. 10 and references thejein

Semiconductor alloys have been widely used for light  Thus, the origin of broad low temperature PL from
emitting devices largely due to the flexibility to control Zn,CdMg, . ,Se requires a careful investigation.
changes in the band gap energy and lattice constant. Specifreviously; this has been explained by the sum of free and
cally, ZnCdMgSe-based light emitting diodésand optically  localized exciton recombinations, with the former dominat-
pumped laser structuréboperating in the visible range of ing the PL. The presence of both free and localized exciton
the spectrum have been reported by several research grou@nsitions was postulated based on the assumptions that the
Such structures are usually grown on InP substrates. Thugsymmetric PL can be fitted by two Gaussians and that the
by Choosing appropriate Composition of Zn, Cd, and Mg'ObserVEd nonexponential PL decay can be fitted by two
emissions at different wavelengths can be achieved whil@xponentials. However, it is also well known that such
lattice matching to InP is maintained. Therefore, @ymmetric line shape_s with tail on the low energy side as
Zn,Cd,Mg; ,_,Se alloys with high crystal quality are cru- well as a nonexppnenual P_L detlzé':ly are the hallmarks of sys-
cial for the fabrication of long-lived devices. Furthermore, t8MS with potential quctuathrféz . _ _
the knowledge about the optical properties of such alloys is. 1 herefore, we systematically investigate optical proper-
very important for proper device fabrication. t|e§ of high quality ZQCdYMgle*yse 3"‘?3/5 grown nearly

It has been reportéd that band edge photoluminescenceIattlce m.at.ched on I to clarify the origin of th|_s PL. We
(PL) from Zn,Cd,Mg,_,_,Se alloys is relatively broad. We shall definitely show by photolumlngscgnce excitaiiBhE)
note that other Mg containing alloys also exhibit broad low3® well as by tem_perature and E.EXC'tatlon qlependept PL _that
temperature PL. This differs from most ll-VI common- the excitons localized by potential fluctuations, which arise

. I here the band edae PL i i i th from incorporation of Mg, play a dominant role in the low
anion afioys, where the band edge IS QUIte harrow, in ?emperature PL emission. We shall discuss this phenomenon
alloys with common cation the PL is usually broad and reIa—in terms of a large valence band off$81BO) in Zn(Cd)Se/
tively deep(for good discussion see Refs. 8 and [&deed,

) , . . MgSe systems, which is anomalous for common-anion
in the case of common anions the fluctuations are assomat%ﬁlioys

with the conduction band and thus exciton localization oc-

curs via electron trapping, which requires strong fluctuations.

For |_nstance, it has bee_n shown that the PL from_ZnCdSe I8 EXPERIMENTAL DETAILS

dominated by free excitons, and that the potential fluctua-

tions only limit the free exciton diffusion length and do not The samples were grown on epired@@1) InP substrate

affect the PL emission significantlyOn the other hand, by molecular beam epitaxy, in a Riber 2300 system, which

when the potential fluctuations arise from the valence bandncludes a IlI-V growth chamber and a 11-VI growth cham-

the localization is quite probable because of large hole mas§gr connected by ultrahigh vacuuidHV) modules. Oxide
desorption of the InP substrate was performed in the IlI-V

9AIso in Physics Department. chamber by heating te-490 C with an As flux |.mp|ngent

YAuthor to whom correspondence should be addressed; electronic maif?N the InP surface, after which a 120 nm lattice mff‘tChed

tamar@sci.ccny.cuny.edu InGaAs buffer layer was grown. Then the substrate with the
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FIG. 1. PLE(dashed linesand PL(solid lines of Zn,Cd,Mg;_,_,Se alloys  temperature dependence of the CdSe band gap ertehified for easier

with various Mg concentrations at= 10 K. The inset: the energy difference comparisoj

(AE) between PL and PLE peaks as a function of Mg concentration; the

dotted line is a guide for eyes.

ized excitons, one would expect to see a FX line in PLE

spectra. Thus we attribute the observed PLE peak to a free

for the ZnCdMgSe alloy growth. Prior to the growth of qua- excitonic transition and the low temperature PL to excitons
localized by the potential fluctuations. Consequently, the en-

ternary ZnCdMgSe, a Zn irradiation of the InGaAs buffer )
layer surface was performed and a 10-nm-thick low tempera?rgy difference {E) between PLE and PL peaks would cor-

ture ZnCdSe interfacial layer was grown at 170 °C in ordeli ?ﬁ)p(l)gqn::?egge av_(;:rr]a%ecr(la(;csz_arl:za::]oan netn?jregyofat?]de t%)uznt'al
to improve the crystalline qualit{# The growth was initiated I ctu at'lons Indev(\e/:j alls seer: fgrom tghe' L'Inset i Fi F/)llE, !
at a low temperature of 170 °C for 1 min. Then the substratéu vations. ' ! n g

i = 0,
temperature was raised to the typical [I-VI growth tempera-mcre"Jlses from 24 meV in the sample witklg]=11% to

ture of 270°C and a Jam-high band gap ZnCdMgSe epil 120 meV in the sample witfMg]=53%. Therefore, we con-

clude that the potential fluctuations become stronger with
ayer was grown, followed by a 10 nm ZnCdSe cap layer tqarger[Mg], resulting from increased compositional disorder.

protect the ZnCdMgSe from oxidation by atmospheric oxy-__ : . : L )
gen. All the ZRCd,Mg, _,_,Se epilayers were nearly lattice E'I\%s] also explains the broadening of the PL with increasing

<0.29 [ . .
matched to InP substrate\g/a<0.2%) as confirmed by Studies on the temperature-dependent PL further confirm

x-ray diffraction studies ur conclusions. In Fig. 2, we plot the PL peak position as a
Photoluminescence measurements were performed be- : 9- 2, P P P

tween 10 and 296 K, using a closed cycle refrigerator sys.—unctlon of temperature for samples with variqidg]. It is

tem. Samples were excited by the 325 nm continuous wav'(-{\]tere;t'rt]ﬁ thslt_for SET.plfsf Vn'th IO\;\;]EVI?] (the Ict>wer (tjwo
emission from a He—Cd laser with a maximum intensi38 curves, ne peak nrst Toflows the temperature depen-

W/cn?. The PL was recorded with a 3/4 m monochromator dence of the band gafthe CdSe band gé%m this casg up

. - 'to T=40K, then it shifts to higher energies up Te=-80K,
a thermoelectrically cooled GaAs photomultiplier tube, and a d afterwards it starts following the band gap again. For the

o i1 et 3% Samples uih igheia] (ne upper wo cuies he PL
used. pe_ak first _shows a re_dshlft rglf_it_we to the band_gap, then it
shifts to higher energies, exhibiting a so-called “inverted-S”
shape that has been routinely observed in disordered
lll. RESULTS AND DISCUSSION systems®1’ We note that such a behavior cannot be ex-
We show in Fig. 1 the low temperaturéd £ 10K) PLE  plained within the model proposed in Ref. 5, since if FXs
spectra detected at the PL peak energy as well as correspordbminate, the PL would closely follow the band gap as a
ing PL spectra for samples with various Mg concentrationgunction of temperature. On the other hand, such a behavior
([Mg]). All the samples exhibit a single asymmetric PL peak,is easily explained within the model of localized excitons as
whose width increases with increasing Mg concentrationfollows. The PL blueshift of samples with lowg¥ig] is due
The PLE spectra for the alloys with lojg] exhibit a rela-  to ionization of excitons localized by rather shallow poten-
tively flat initial base line, as expected for the above bandials, after which FXs dominate the PL, and then follow the
gap excitation, which is followed by the peak with a rela- temperature dependence of the band gap. For samples with
tively sharp low energy side. For samples with hidWg] higher[Mg] (stronger potential fluctuatiopsthe ionization
this peak merges with the band edge and becomes less disf excitons localized by shallow potentials also occurs as the
tinguishable; also the lower energy tail becomes longer.  temperature increases; however, excitons localized by deep
It has to be noted that if free excitofBX) are to domi-  potentials start to dominate at intermediate temperatures,
nate the PL as suggested in Ref. 5, no such peak should lvehich contributes to the redshift of the PL. As the tempera-
observed in PLE. However, if the PL is dominated by local-ture increases further, almost all the localized excitons are

buffer layer was transferred in UHV to the II-VI chamber
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L The VBO values in Z{Cd)Se/MgSe are comparable to
B those of common-cation systems. Thus, even relatively small
quantities of Mg added to ZnCdSe will lead to significant
modifications in the PL properties due to the appearance of
rather strong potential fluctuations associated with the va-
lence band, which we indeed have observed.

In summary, we have shown that, at low temperatures
(T=10K), PL from ZnCd Mg, ,_,Se is dominated by ex-
citons localized by the potential fluctuations due to compo-
sitional disorder and that the magnitude of the fluctuations
20% Mg T=10K increases with increasing Mg concentration. Such potential
fluctuations serve as a manifestation of breakdown of the
“common-anion rule” in some Mg-containing alloys.
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