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Excitonic Properties in ZnSe,/MgS Superlattices
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Optical prcp€rties ofZnSdMgS superldtices (SLh) w€re studed by r€flection and photoluminescence @L) spectroscopie.

The PL peaks were nicely coinci&t with the o<citonic p€aks in r€flection spectr4 ard the origin of luminescence wc
indicated to be C I-IIHI ed Cl-LHl er<citons up to rcom tenptratw€, The lin€shq€ broafuing dre to
longitudnal-optical(LOlphonon scateing ofencitons observ€d in rcflection spectra was much &creased in this SL compaed

to bulk ZnSe. At low temperature below 50K, the localized exciton efeci was cledy observed in the PL spect".

l. Introduction
In wibbardgap II-VI sernicondrctors, exciton binding anergies ae lager thm those in Itr-V sernicondrctors, md there

rises a possibility that the encitonic contribution improv€s the chrrcteristics of blue sernicondrctor 16€rs. The etrcitonic

effeds are oeected to be fi[ther enharced by the qlartum confinsn€nt in SL's. Among the tr-VI sernimndrclors, ZnSe md
MgS have the lagest energl gap diftrcnce and are closely ldtics-matdled to GaAs substrates. We have proposed ZnSdMgS
SL's md suocee&d to grow zincbl€n& ZnSe/MgS SUs with MOVPE.I 2) In compcison with znCdSe and ZnSSe wells,

ZnSe wells are fiee fiom the alloy fluctuation. So we can discuss physical phenonena more definitely.
In this paper, the optical prop€rties of this nen, type of SL's were studi€d nith both rcflectmce ad PL spechoscopies.

Some stnrcturrs cased by er(citonic €ffects ae clearly seen up to room tqnp€rdure in the reflectance sp€cfa. From the

dscussion on tle enciton p€ak positions md linewidhs, the origin of the luminescence is shown to be €r(citonic up to rcom

t€rnp€r*ura The broafuing of the €r.citon luminesc€nce and absorption line shryes is much redroed in the SL's comparcd to
bulk zns€ dr€ to the r€drced o(citon-Lo phonon scctaing with qrmtum confin€rn€nts. At low t€rnpsaur€ b€low 50K the

localiud exciton effecb ue disctssed conceming the PIr speclra.

2. Sample preprration
ZnSer'MgS SL's w€[€ gIown on semi-insulding GaAs (001) subefdes by atmosphedepr€ssur€ MOVPE systo. The

used preo.usors were datryl zinc @Mn), tatiarybutyl isopropyl selad& (tBiPSe), bismethyl cyclopentadienyl magnesium

(Mecp)zlvlg), ad d-isoplopyl sulfi& @PS). Since the growth of MgS wc observed above 450"C, the gowth
t€mp€rdur€ was set to 450'C. During the growth, the growth rde was monitorcd in sitr using a H+Ne laer by. multiple
rflection in the flns. X-ny diftaction m*usn€nts wert pafonned on the gorvn ZnS€r'MgS SL's. Sev€ral or*rs of
satellite p€aks ftom the SL's were clealy observed around the GaAs (00a) peak, which shows thd the both ZnSe md MgS
epilayers are grown in zincblende structue.
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Fig. I PL & reflectance spestra of [ZnSe(56A)
/MgS(25A)1,, SL measuredat 13.5K. Two arrows show

exciton absorption peaks and are very close to PL peaks.
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Fig. 2 PL & reflectance spectra of [ZnS{564)
[rags(25A)],, SL measured at 300K.
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Fig. 3 Reflectance spectra and its fitting of [ZnS{54A)
/MgS(244[8 SL. Dash and &t line is the calculded
reflection spectrum and &tted lines are Lorentzian exciton
absorption lineshapes assumed in the reflectance calculation.
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Fig. 4 PL spectrum md its fitting of [ZnS{56A)
/MgS(25A)1,, SL at 100K. Three &sh ard dot lines are

the fitted spectra of total, Cl-LHl, and CI-FIHI
luminescence.
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3. Re!ults rnd discussion
PL md reflectarce spectra of a ZnS{56AyMgS(254) SL \4'ith 18 p€rio6 werc measured in the rmge of tenrperdur€

between 13.5K md 300K. Figu,e I shows PL (solid line) md ftfl€ctmce (fuhed line) spectra measurcd d 13.5IC The clea:
€rrcitonic contributions were observed in the reflection spectxun aound 430nm superposed to the slowly-vdying multiple
reflection fedures. PL peaks very close to the excitonic peals in the refledace spectrum w€rE almost in agreanat with the
calorlded €t(citon transition war,€l€ngth. Exciton fedurcs w€rc clealy obsewed c room temperatr.ne in the reflection specto
as shown by the &shed line in Fig. 2. Thb PL sp€ctnm was also observed d room t€mpcrdu€, the position of whicl was
in close agred€nt with the exciton peaks and the theoretically calculated ones.

At the t€fnp€ratwe of 13.5K the measwodreflection specnum was fitted with a theoretical mo&l which inclufu excitonic
€ftcts and multiple reflections insi& tle whole epi-layer, where Lonntzim er<citon absorption linesh4es were assumed The
o(citon pdmet€rs sudr as the peak wavelength, the absorption m€,ficient ad the linewidh were &ermined in orfu to
rcprodrce the er<peim€ntal sp€{ra as shown in Fig. 3 . The &ailed malyses of reflectmce spectnrm oe orplained in arother
p4er.t) Figue 4 shows a PL specuum md its fitting * l00K of the sure sanple. Th€e &sh ad 6t lines ae the fitted
specha of total, CI-LHI, andcl-HHl luminescence. The total fitted spechum well rcprodr€s the measured spectum.

Figure J shows tentperture depen&nce of PL md er<citon absorption peak enegies. The orciton peak positions ard the
full width at half maximum (FWHM) of the line shapes were obtained by the theoretical fitting to reflection and PL specta as

dsqrssed above. C 1 -HHl peak areqgies of PL md orcitons a€ almost coinciht ard re prallel with the ZnSe energr gry.
Shifts of e""h peak €ner$/ to the low€r arergy for the higher t€rnp€ratue a€ dre to the tqnpercure &parfuce of fhe ZnSe
en€rS/ gap. At low tempedure below 50K, however, the CI-IIHI PL peak is locaed lower than the exciton absorption p€ak
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Fig.5 Tmlpe― e depen面∝ of PL&exciton
absorption peak cllergies.Each ptt ellergy is almost

COlllCident and is parallel with the ZnSe energy ga/p。
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Fig. 6(a) Temperdure &pen&nce of PL peak energies

of [Zns{59.e A /N,rgS(IS.4 A I,, SL. At low
temperature, PL peak energies show blue shift.
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Fig. 6(b) Temperature &pen&nce of PL spectra of
[ZnS{59.1A;lNagS(18.4A[, SL. As the tempe,rature

rises, luminescence on the longer wavelength is quenched
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Fig. 7 Tempe,rature &pen&nce of FWHM of Cl-HlIl
excitonic absorption and PL. Solid line shows the fitting
with LO phonon scattering. l"o value is much redlcd
from the bulk value of 60meV.
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€nergy. ft is blue shifted for the higher tempemffe up to 50I( This pheiromanon wes mor€ pronounced in a SL smple
shown in Fig. 6(a). the conespondng PL specfa of this sanple re shown in Fig. 6(b). As the tanpercure rises,
luminescence on the longe wavelength is qended This will be d.re to the th€rrnalizdion of localizd excitons to fiee
excitons.o)

The t€rnperdwe &pen&rce of FWHM ofthe orciton absorption line shapes mdof the PL line shapes is shoun in Fig. Z
for CI-HHI transitions. The FWHM of the line width is written in the form:

I--ro+t o.(€f 
olot"T- 

I )- 
l,

whae Io is the inhomogeneous linewidh, and flo r€pr€s€nts the homogeioous linen idh frctor dre to tle LO phonon
scdtering, md o"o is the LO phonon freqr€ncy. The orciton-I0-phonon coupling constmt llo &ivod tom the fitting of
the closed circles in Fig. 7 was 37.8 meV and was muc,h rochced fiom the bulk value of 60 meV. The PL tine shape is very
close to the orciton line shrye fuivod ft,om the reflectmce spectr4 o(c?t frr the low-t€ntpsatw€ rmge where the PL peak
was &minded with localizd €r(citons. Exc?t for the low talp€r"ture rmge for the C I-IIHI €rrcitons, the v€ry clea.
coincifuce of the luminescence peak energ5r shown in Fig. 5 ard the line shrye shown in Fig. 7 was observed with the
€t(citon absorption p€aks up to room t€rnp€rdu€. This &nonstrat€s thd the luminescence firom the present ZnSe/l\4gS SUs
is excitonic up to room t€Nnperature owing to the stong quantum confinement in this SL with the large bard offsets.

4. Conclusions
Excitonic propaties in znSdMgS SL's were enmrined Up to room t€dlp€rztul€, €r(citonic stnrcturEs were clealy

obs€rved in the r€fl€(tmc€ spectra. This result indicates the enhancem€nt ofthe exciton effecb in ZnSe[\,IgS SL's. Excitonic
Pflmet€ts such as absorption peak arergie md half widhs obtained by the theontical fits weie very close to those of
luminesc€oce spectr4 whidr &nonstrdes tld the origin of luminescence is eircitonic up to room tqnp€mture, Redrction of
the o(citon-LGphonon coupling constmt w6 cledy observed for Cl-HHl encitons in ZnSe/MgS SL,s. At low
temperature, the contribution of localized excitons was clearly observed.

Acknowledgements
This work was supported in pat by the Grat-in-Aid ftom the Ministry of Edrcdion, Sciencg Sports and Culff€, No.

07455126 andNo. 08875061.

References
1) T. Obind4 H. Kumano, K Uesugi, J. Nakalira, ard I. Suemune, Ext€n&d Abstrarts of 1995 ht. Conf SSDM

@usiness Center for Academic Societies Japan, 1995) p. 1091.

2) K. Uesugi, T. Obinat4 H. Kumano, J. Nakahar4 and L Suemune, Appl. Phys. Lett. @ (196) 844.
3) H. Kumano, H. Nashiki, L Suemune, M. Arita, T. Obinat4 H. Suzuki, K. Uesugi, andJ. Nakahara (unpublished).
4) M. Sugawara, Phys. Rev. E_,:lL (1995) 10743.

84


