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Excitonic properties of newly developed zinc-blende ZnSe/MgS superlait®ies) were measured by
reflection spectroscopy. The modification of the excitonic peaks by the multiple reflection in the SL films was
treated theoretically and a fitting method to estimate the exciton absorption peak positions and exciton lin-
ewidths was developed. Although zinc-blende MgS did not exist before, excellent optical properties were
observed in the ZnSe/MgS SL’s. Excitonic structures were clearly observed from 13 K up to the measured
room temperature. In spite of strong ionicity of MgS barrier layers in the ZnSe/MgS SL'’s, the reduction of
exciton—LO-phonon coupling was clearly observed in narrower wells. This indicates that the quantum con-
finement effect on excitons is large due to the large band offsets and it overcomes the enhancement of
exciton—LO-phonon scattering due to high ionicity in barrier layEs€163-182@07)03307-9

I. INTRODUCTION They reported that two or three monolayers of MgS was the
limit for the zinc-blende MgS growth, while the zinc-blende
There has been a great deal of interest recently in wideMgS could be grown up to 50—-100 A in the ZnSe/MgS SL's
band-gap 1I-VI semiconductors because of its attraction fomith the present methad.
basic physics as well as their potential to realize blue/green Figure 1 shows the band diagram expected for the ZnSe/
light-emitting devices. Exciton binding energies are largeMdS SL. The energy-gap difference up to 1.7 eV will be
than those in 11I-V semiconductors mainly because of largeP0Ssible in this heterostructure. If we follow the common
electron and hole effective masses, and further enhanceme®fion rule, ZnS and Mgs will have the same energy location
of excitonic effects is expected by introducing the quantunf the valence band top. Since the conduction-band offset
confinement in quantum wellQW) and superlattice(SL) between the common cation systems of ZnSe and ZnS is
structures. In blue/green range, 2u, ,Se/ZnSSe known to pe about 70 me¥#, banq offsets of 0.67 and 1.01
strained SL’s have been primarily studied on their excitonic®V are estimated for the conduction band and for the valence
properties—3 The band offsets are increased with higher cdb@nd, respectivel}/: These values will be large enough to

composition in the well layers. However, the strain inducedconfine both electrons and holes to the ZnSe well layer. Fur-
with Cd incorporation limits the band offsets in these thermore, using the lattice constant of 5.59 A recently deter-

strained SL’s. The situation is similar in ZnSe/Z6§ _ ,,*° mined for the zinc-blende MgSrelatively small lattice mis—_
Zn,Cd, ,S/ZnS® and ZnSe/zgMn, _,Se’ To realize ideal match (~_1.4°/Q between ZnSe wells and MgS bar_rlers is
quantum confinement in SL’s and related devices that willpossible in this he_terostructure. Therefore, from a \_/|ewp0|nt
operate in pure blue regions or shorter wavelengths, propé)rf crystalline quality of grown SLis and carrier (_:onflneme_nt
sharing of band offsets among conduction and valence band@ Well layers, ZnSe/MgS SL’s will be a promising material
is necessary in order to confine both electrons and holes 97 investigating excitonic properties. In comparison to
the well layers.

Recently, we have grown ZnSe/MgS SL’s by using
proper precursors in metalorganic vapor phase epitaxy a
(MOVPE).2 Among the binary compound semiconductors in
the blue/green region, the combination of ZnSe and MgS
gives the maximum energy gap difference and has lattice
constants close to that of GaAs substrates. Although MgS
naturally forms the rocksalt structure, growth of zinc-blende HH
ZnSe/MgS SL’s on(001) GaAs substrates were identified LH1
with high-resolution x-ray diffraction measuremenfEhese
zinc-blende ZnSe/MgS SL's were grown coherently to the
GaAs substrates up to the total thickness of around 3000 A MgS ZnSe MgS
by the MOVPE method. Another trial to grow ZnSe/MgS
SL’s was reported with molecular-beam epitatyBE).1°

0.67 eV

4.5eV 2.82eV

1.01 eV

FIG. 1. Band diagram of ZnSe/MgS heterostructure.

0163-1829/97/547)/44497)/$10.00 55 4449 © 1997 The American Physical Society



4450 HIDEKAZU KUMANO et al. 55

Zn,Cd, _,Se and ZpCd, _,S wells, ZnSe wells are free from light source, and throughout this work, measurements were
alloy broadening. This will make the discussion on physicalperformed with incident light propagating along the normal

phenomena more straightforward. to the SL surfaces.
In this paper, a detailed study on optical properties of
ZnSe/MgsS SL's is reported. In order to investigate the exci- IIl. CALCULATION OF REFLECTION SPECTRA

tonic properties in these SL'’s, reflection spectroscopy was ] o ) ]

used. The advantage of reflection spectroscopy is that reflec- TO obtain excitonic properties such as absorption peak
tance is independent of nonradiative recombinations, therd20Sitions, absorption intensities, and half-widths of absorp-
fore the measurements are possible in a wider temperatufn peaks from reflection spectra, measured reflection spec-
range in comparison to photoluminescerié) and photo- tra were fitted b)_/ a theoretical calculation. In th|§ calculatllon,
luminescence excitatioPLE) spectroscopy, which are €XCiton absorptions were treated as Lorentzian functions,
based on radiative recombination processes. Furthermore, ré¢hich are appropriate for the weak exciton-phonon coupling
flectance measurements do not require the etching process &#Se- The criteria to distinguish the weak and strong coupling
GaAs substrates, which is usually necessary for measuringaSes were fully discussed by Rudin, Reinecke, and Ségall
absorption spectra. A theoretical fitting method to the mea2nd they showed that the most I1l-V and II-VI materials sat-
sured reflection spectra was developed considering the muisfy the criterion for the weak coupling case. The measured
tiple reflection in the transparent SL films. The exciton ab-'eflection spectra were highly modified by the multiple re-
sorption peak positions and exciton linewidths wereflection from all of the_epltaX|aI layers and the optical inter-
estimated with good accuracy. The prepared ZnSe/MgS g terence between the !lghts reflected from the sample surface
showed clear excitonic enhancement and excitonic peal@&d from the heterointerface to the GaAs substrate were
were clearly observed from 13 K to the measured room temt@ken into account. Power reflectivity from the sample sur-
perature. The blueshift of the exciton peaks by the quanturf@C€ in the normal incidence arrangement is expressed as
confinement in the ZnSe/MgS SL’s is compared with thefollows:
theoretical calculation. The temperature dependence of the ' aln2? 'l
exciton linewidth is also discussed. Since MgS in the barrier = (r+rie™) —drr’e 5|h2(5/2)
layers has higher ionicity than ZpSe, _,, the exciton—LO- (1+rr’e™)*—4rr'e™ sinf(8/2)’

phonon coupling in this SL may be enhanced if the waveynerer is the amplitude reflectivity from the sample surface

function is penetrated into the barrier layers for narrow wellsyg the ajr.r’ is the one from the GaAs heterointerface to the
and the resultant scattering is enhanced through thickro film, « is the absorption coefficient in the film, ais the

interaction in the barrier layers. On the other hand, thepiical path length in the film, which is given by
exciton—LO-phonon coupling will be reduced if the quantum §=41NgpL/Ng. Ny is the refractive index of the SL, is the

confinement effect in narrow wells dominate as is observegoty) epitaxial layer thickness, ang is the wavelength of the
in other SL's-***The present measurements show that thencigent light.

latter effect of the quantum confinement dominates in the \yhen excitonic contributions to the refractive index and
ZnSe/MgsS SL’s, and the exciton—LO-phonon coupling is re<he apsorption coefficient are given explicitty,, and « are

duced for narrower wells. given by the following equations:
B 2 c AT, 5
Il. SAMPLE PREPARATION Nepi=No™ 24 i 57 ZA24 T2 @

ZnSe/MgSs strained SL’s were grown on semi-insulating
GaAd001) substrates with atmospheric-pressuféP) Fiz
MOVPE. For the growth of MgS, bismethyl a=apt 2 a; AT T2 (€)
cyclopentadienyl-magnesiupiMeCp),Mg] and di-isopropyl ' : :
sulfide(DiPS) were selected as precursors. For the growth ohy and ¢ are the average refractive index and the absorption
ZnSe, di-ethyl zind(DEZn) and tertiarybutyl isopropyl se- coefficient of the SL, respectively, except for the excitonic
lenide (tBiPSe were used. Since the growth of MgS was contribution. i denotes the excitonic states,is the light
observed above 450 °C, the growth temperature was set telocity, ; is the line center absorption coefficient of itk
450 °C. For the straightforward analysis of the reflectionexciton stateA; = v— v;o andy;, defines the peak position of
spectra, SL structures were grown directly on GaAs subthe exciton absorptiord’; is the full width at half maximum
strates without buffer layers starting from the ZnSe layer(FWHM) of exciton absorption. The amplitude reflectivity
The sample surfaces were terminated with the ZnSe layer fandr’ are calculated using the refractive indices of the epi-
preventing MgS layers from being oxidized. During the taxial layerng, and of the substrateg with the form of
growth, the growth rate was monitoré situ by an optical 1 =(Ngy—1)% (Nt 1), 1’ =(Ng—Ngp) (N + Nep).
multiple reflection in the films with a He-Ne las¢632.8 Figure 2 shows illustrative reflection spectra obtained by
nm). From this monitoring, the ratio of the ZnSe/MgS layer the theoretical calculation, showing the variation of the ex-
thickness was measured. Therefore together with the SL peitonic features depending on the exciton peak position rela
riod calculated from the SL satellite peaks in x-ray diffrac-tive to the multiple reflection spectra. In these examples,
tion measurements, the thickness of ZnSe and MgS layers iotal epitaxial layer thickness is given as 1700 A, and the
SL's were determinet? Characterization of SL’s was car- exciton absorption peak wavelengthy(=c/v;,) is assumed
ried out with optical reflectance and PL measurements. Irtio be at(a) 440 nm,(b) 500 nm,(c) 555 nm, andd) 620 nm
reflectance measurements, a halogen lamp was used adaa illustrative purposes. The slowly varying structures com-



55 EXCITONIC PROPERTIES OF ZINC-BLENBE. .. 4451

(a) 1.6 T T . : 12 x 10°
1.4 — - -Calculation
2 1% 10°
s 5 1.2 F — Experimental
g 1
3 ] T S VA B V. Assumed exciton ] 8 X 10% _—~
3 ] absorption lineshapes |
~ p
3 g 08¢} Jox10t &
(=1 = e
<
5 0.6 1 |
P! 14x 10
A S E 04 | ]
400 440 480 520 560 600 640 680 02_’\ _2xl()4
Wavelength (nm) ..
0 Somzln il CRENY

400 420 440 460 430 5000
(b Wavelength (nm)

FIG. 3. Reflection spectrum measured on a ZnSe/MgS SL on
GaAs(solid line) and its theoretical fitdot-dashed line The four
peaks(dashed linesare the exciton absorptions assumed for the
theoretical fit.

Reflectance

derived with the single-path reflection mod&t’where only
the interference between the reflection from the surface and

o0 240 480 520 560 600 6o 680 the single-path (eflection from muIFipIe quantum wglls
Wavelength (nm) (MQW) was considered. Following this model, the exciton

spectra reflect the real or imaginary part of the exciton di-
electric constants depending on the phase shift by the path

( length between the surface and the MQW layers. In the
present case, the phase shifts at the maximum and minimum
multiple reflections select the imaginary part of the exciton
dielectric constant as shown in FiggaRand Zc). In the two
cases, the polarity of the excitonic contribution is opposite
depending on the phase shift of the multiple reflection. At the
middle level of the multiple reflections, the real part of the

exciton dielectric constant dominates in the reflection spectra
TS as shown in Figs. ®) and Zd), by the phase shift from the
400 440 480 520 560 600 640 680 . N L. .
Wavelength (nm) multiple rgflectlon similar to the abov_e cases of I_:lg@)z
and Zc). Since the real part of the excitonic refractive index
is antisymmetric, the excitonic contribution in Figgbpand
2(d) are also asymmetric.

In the actual calculation, which will be discussed in the
next section, the reflections at the sample surface and the
interface to the GaAs substrate were taken into account, but
the smaller reflections at the SL heterointerfaces were ne-
glected for simplicity. The refractive index dispersion rela-
tions of ZnSe and MgS were obtained by a modified single
e effective oscillator model’~2° The average refractive index
400 440 480 520 560 600 640 680 of the SL layern, was approximated by the mean value of

Wavelength (nm) the two layers weighted with the respective thicknesses.

—

Reflectance

d

Reflectance

FIG. 2. lllustrative reflection spectra calculated for a ZnSe/MgS IV. RESULTS AND DISCUSSIONS
SL with the 1700-A total thickness on GaAs. The exciton peak
position was hypothetically assumed to be(@t440 nm,(b) 500 The experimentally measured reflection spectrisolid

nm, (c) 555 nm, andd) 620 nm to show the change of the exciton line) was compared with the result of theoretical calculation
features by the position relative to the multiple reflection in the film. (dot-dashed lingin Fig. 3. The sample structure measured is
the SL with 18 periods of 54-A-thick ZnSe well layers and
mon in the four cases are caused by multiple reflection. Fit24-A-thick MgS barrier layers. Measurements were carried
ting to this multiple reflection spectrum gives us the totalout at 13 K. The slowly varying feature in the measured
epitaxial layer thickness with the knowledge of the refractivespectrum is due to the multiple reflection. The clear struc-
index. The sharp structures superimposed on the multipleures around 430 nm due to excitonic effects are evident. The
reflection spectra are the excitonic contributions. It is muchmeasured reflection spectrum was nicely reproduced by the
different depending on the exciton peak positions. When theheoretical fitting shown by the dotted-dashed line in Fig. 3.
exciton peak is located near the top or bottom of the multipleThe accuracy of this fitting method depends on the sharpness
reflection spectra, a single peak appeared as shown in Figsf the excitonic features and the sharpness was good enough
2(a) and Zc). These exciton spectra are similar to the resultseven at room temperature. For this fitting, we had to include
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440 an anisotropic trial wave function for the exciton relative
2 motion was used with two variational paramet&rsThe
£ #0¢ heavy-hole(HH) exciton binding energies in the ZnSe/MgS
£ 420} SL’s were calculated to be 32 meV for the 54-A ZnSe well
5 ] and increased further for the narrower wells. Since the dif-
g 410 ference of the exciton binding energies between HH and
2 400f light-hole (LH) excitons is not large except for very narrow
§ s00f wells?? LH exciton binding energies were assumed to be the
2 same as the HH excitons in Fig. 4 for simplicity.
[‘_B 380} Pl b Since the present ZnSe/MgS SL'’s with the relatively thin
BN SN A /[ . Single peak total layer thicknesses less than 2000 A are grown coherently
0 20 40 60 80 100 on (001 GaAs substrates, the in-plane lattice constants of
Well width (A) the SL’sa, will be equal to that of GaAs. Then the strain in

the ZnSe well layer is given by=(a,— aznsd/@znse (We de-

FIG. 4. Comparison of exciton peaks measured in Figl@sed fined the strain to be positive for tensile stpiSince the
circles and calculated transition wavelength between subbanddattice constant of ZnSe is larger than that of GaAs and MgS,
Well width dependence of other measur@dl-HH1 andC1-LH1 ~ znSe well layers are subject to compressive stress. The en-
exciton peaks are also plottédpen and closed squaresn some  ergy shifts induced by the strain relative to the conduction-

SL samples, the ;eparation of 84 -HH1 andQl-LHl peaks was  pgand edge at thE point are given by Ref. 23, and they are
not clear(closed triangles The energy separations of the two peakssimplified in the following forms under the condition of
shown by the open and closed squares were in reasonable agre£>EU:

ment with the calculation.

AEpw=—En+Ey, (49
four excitonic peaks that are clear in the measured reflection
spectrum in the 400—440-nm range from the deviation from AE u= —Eu—E (4b)
the normal multiple reflection spectrum. The dashed lines are LH o=

the assumed exciton absorption peaks with the Lorentzia{R,here E.=2a(l— _
. . . H™ a(l C12/C11)€ and Eu—b(1+ 2C12/C11) €.
line shapes given by the second term in E§). The ¢ A is the spin-orbit split-off energy. The parameteiis the

\}/<a_lue|§ fittgd_lfor_éhe r_najc;r two peal;s arehloo _OOU&M k13 h hydrostatic deformation potentidd,is the shear deformation
in Fig. 3. To identify the origin of each exciton peak, the 0 qyiq| andCy;’s are the elastic stiffness constants. The

peak positions determined from the fitting were compare H-LH band splitting of £, induced by the compressive

with the calculated transition wavelength. ___strain in the well layer is estimated to bel5 meV. ThisE

L Nalue is much smaller than thevalue in ZnSe, which is 430
wavelength between subbands. The excitonic absorptiog .\, since the lattice mismatch between ZnSe and GaAs is
peak positions determined in Fig. 3 are shown by the soliq,, (~0.3%, the strain-induced modification of the band
circles. Parameters used in this calculation were listed iR¢cots in the ’present SL’s grown coherently on GaAs sub-

Tablg I.ffSin(;e zinc—blen(fje I\'<I/IgSSdid not elestbtl)efor((aj, ?10 mf(faa'strates is at most 20 meV. This is much smaller than the band
sured effective masses for MgS were available and the effe )ffsets shown in Fig. 1, and the strain-induced modification

tive masses of the same sulfide, ZnS, were assumed in Tab % the band offsets will be negligible.

I. The influence of the barrier effective masses on the calcu- From the comparison of the measured exciton peak posi-

lated subband_energies.was numerically checked._Since tm?ms and the calculated transition energies, the two major
band offsets discussed in Ref. 12 are rather large in the W, citon peaks in Fig. 3 were identified as 8@ -HH1 and

models, calculated subband energies are rather insensitive £, | 111 axciton transitions. The third small exciton contri-
the Mgs effective masses and also on the band offsets. IBution is close to th€1-HH2 transition. The transition be-

this ca_llculation of_the transition wavelgngth, exciton_ bindi_ng ween theC1 and HH2 subbands is normally forbidden be-
energies and strain effects were also included. Exciton bin cause of the parity selection rule. The observation of the

ing energies were calculated by a variational method, wherg,q o, 1 HH2 transition suggests that there remains slight

asymmetry in the grown SL. The most probable factor will

TABLE |. Parameters used in subband transition calculationbe tailing of the grown ZnSe/MgS heterointerfaces due to the
Parameters for ZnSe were taken from Ref. 4. Effective masses fdhadequate gas exchange during the MOVPE growth. The
zinc-blende MgsS are not yet known and were assumed to be thipurth exciton peak in the shorter wavelength is most prob-
same as ZnJeffective masses are in the unitwb, C;j's are 16 ably the contribution from the2-HH2 transition, but the
kg em™®) additional contribution from th&€2-LH2 transition may be
superimposed. In Fig. 3, intensity of t@l-LH1 exciton
absorption peak is comparable to that of &-HH1 peak.

a(R) Egev) m*(C) m*(HH) m*(LH)

ZnSe 5.669 2.82 0.147 0.6 031 Inthe present reflectance measurements, the electric field of
MgS 5.59 45 0.27 0.49 0.49 theincident light is polarized parallel to the well layers. The
observed large contribution of th&l-LH1 exciton is differ-
Cu Ci2 aEv) biev) ent from the normally predicted oscillator strength ratio of 3
ZnSe 0.826 0.498 5.40 1.2 to 1 for C-HH andC-LH transitions, respectivel§/‘. Detailed

discussion on this point needs further experimental studies.
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FIG. 5. Temperature dependence of reflection spectra measured )
on a ZnSe/MgS SL. Th€1-HH1 andC1-LH1 excitonic structures FIG. 6. Temperature dependence of FWHMaif-HH1 exciton
around 440 nm were clearly visible up to room temperature. absorption line shape measured on two ZnSe/MgS SL's. For the
56-A-thick ZnSe wells, the inhomogeneous broadening of 13.7

The well-width dependence of the absorption peak waveMeV and the LO-phonon coupling constant of 34 meV were ob-
lengths extracted from the reflection spectra on other SL's i&ained with the fitting. For the 87-A-thick ZnSe wells, the inhomo-
also shown in Fig. 4. In this figure, the measured excitorf€"€0us broadening of 4.3 meV and the LO-phonon coupling con-
peaks related t€C1-HH1 andC1-LH1 were plotted with ~Stant of 46 meV were obtained with the fitting.
open and closed squares, respectively. Some samples showed
only one peak in the corresponding range as shown by closed Because of the high ionicity in the MgS barrier layers in
triangles, maybe because of poor interface properties. Thie present SL’s, the exciton—LO-phonon coupling will be
blueshift of the measured exciton peaks for the narrower welkknhanced if the Fiich interaction in the barrier layer is
widths is in accordance with the calculated transition wavedominant. For example, Cd-related compounds have higher
length. Although the measured exciton peaks show the terienicity and the exciton linewidth measured in
dency to shift to shorter wavelengths than the calculate@n,Cd, _,Se/ZnSe quantum wells increased for the higher
ones, the separations of the two exciton peaks are very cloggd content for the fixed well width of 3 nfThis was at-
to the calculated HH1-LH1 separations. The tendency thatributed to the increased exciton-phonon coupling in
the measured transition wavelengths are slightly shifted t@n,Cd, _,Se wells with higher Cd content. Therefore, it is
shorter wavelength than the calculated ones is not due to theot very clear whether the LO-phonon coupling parameter
theoretical fitting method but is due to the problem remain-I' o decreases in the ZnSe/MgS SL's when the well thick-
ing in the growth of the superlattices. Especially, there reness gets thinner. There may be competition between the
mains the problem of extra MgSe layer formation with theexciton quantum confinement effect and the enhancement of
thickness of less than 1 ML at the interfaces depending oexciton-phonon scattering due to the increased penetration of
how the interfaces were grown Clear excitonic features are the wave functions to MgS barrier layers when well layers
not observed in these SL’s with the extra MgSe layers andjet thinner. Two SL samples with the well widths of 56 and
the details are under study. 87 A were examined on FWHM of th€1-HH1 exciton

In order to investigate the excitonic effects in the ZnSe/absorption line shape, and the results are shown in Fig. 6.
MgS SL's at the higher temperature, the temperature deperhe closed circles and squares are the measured FWHM in
dence of the reflection spectrum was measured as shown the respective SL’s with the well width of 56 and 87 A. The
Fig. 5. The measured sample is the SL with 18 periods obolid lines are fitting with the inhomogeneous broadedipg
ZnSeg56 A)/MgS(25 A). It is noted that theC1-HH1 and  acoustic phonon scattering, and the exciton—LO-phonon
C1-LH1 excitonic structures around 440 nm remain clearlyscattering. The deviation of the measured data from the fitted
visible up to room temperature. This will demonstrate theline is a measure of the accuracy in the line-shape fitting
enhanced excitonic effect due to the quantum confinement idiscussed in Sec. lll. The deviation is within 1-2 meV. For
this SL. From these measurements, the temperature depetire well width of 56 A, the measured values are almost con-
dence of the FWHM of the exciton absorption line shape carstant up to 100 K and the acoustic phonon scattering, which
be discussed. It is interesting to investigate the exciton—LOis proportional to the temperature and is usually dominant in
phonon coupling in the ZnSe/MgS system from the meathe low-temperature range, was neglected. The exciton—LO-
sured exciton linewidth. The reduction of the exciton—LO-phonon coupling paramet&y 5 was estimated to be 34 meV
phonon coupling was reported on Zd, _,Se/ZnSe QW’'s  for the SL with the 56-A well. For the SL with the 87-A
(Refs. 1, 2, and 26and on CdTe/ZfCd,_,Te QW's (Ref.  well, the measured FWHM value showed the higher tem-
27) with quantum confinement effect, while the FWHM LO- perature dependence in the low-temperature range than that
phonon coupling parametél o of the exciton linewidth in  of the SL with the 56-A well. Therefore the acoustic-phonon
ZnSel/ZnS SL's(Refs. 28 and 2Pand in ZnSe/ZnSe _,  scattering term was included and the nice fitting shown with
SL’s (Ref. 30 was similar to the bulk ZnSe value of 60 the solid line was obtained with the parameters given in Fig.
meV2° This will be because of the small conduction-band6. Thel, 5 value of 46 meV thus determined in Fig. 6, how-
offsets in the ZnSe/ZnSe _, and ZnSe/ZnS SL's and the ever, will have the uncertainty a3 meV because of the
resultant weak quantum confinement. increased fitting parameters.
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bulk exciton Bohr diameter of ZnSe. The large band offsets

70 ; o ' T ' ] in the ZnSe/MgS SL’s may results in the further reduction of

60 Bulk ZnSe ] the exciton—LO-phonon coupling compared to other II-VI

50 . U N SL's. The other point is that the penetration of the wave
= . . . functions will increase for the narrow well region that may
2 40 3 ] increase the LO-phonon coupling. At present, the inhomoge-
=, 30 ll neous broadening in the narrow well region is too large to
e 2 . ] accurately estimate the exciton linewidth. Further improve-

20 ¢ e ZnSe/MgS (this work) | ment of the heterointerfaces in the grown ZnSe/MgS is nec-

10 . 4 ZnCdSe/ZnSe (vef. 1) | 3 essary and the study is under progress.

: * ZnCdSe/ZnSe (ref. 2) | 1
Oo 20 40 60 80 100 120 V. CONCLUSIONS
Well width (A)

Excitonic properties in the ZnSe/MgS SL’s were exam-
_ _ ) ined. We showed that reflectance measurement is a useful

FIG. 7. LO-phonon coupling constan_t derived in the prese_ntmethod to investigate optical properties by employing the
ZnSe/MgS SL's was compared with that reported in fiwing with the developed simulation. It is free from substrate
Zn,Cd, _,Se/ZnSe SL's. All the constants were reduced comparedemaya| and the optical properties at room temperature can
with the bulk ZnSe value. be easily studied. Excitonic parameters such as absorption

. ) peak positions, absorption intensities, and half widths were

Our results onl' o were compared in Fig. 7 with the ghained by employing the Lorentzian exciton line-shape
Zn,Cd, _,Se/ZnSe system that was reported in Refs. 1 and %, c1ion assumed in the theoretical simulation. The exciton
All the measured values in Fig. 7 were smaller than the bullggomion peak positions determined from the reflection
value of about 60 meV in ZnSe. Thgo values measured in - gpacira agreed well with the subband transition wavelength
the present ZnSe/MgS SL's were reduced for the narrowegyicyjated. Up to room temperature, excitonic structures
wells and were close to those measured inh -, Se/ZnSe  \ere clearly observed. This result strongly indicates the en-
QW’s. This shows that the MgS barriers with high ionicity hancement of the exciton effects in ZnSe/MgS SL’s. Reduc-
do not play essential roles in the exciton—LO-phonon scatiion of the exciton—LO-phonon coupling constant was
tering in the measured ZnSe/MgS SL'’s. From this result, W& learly observed for excitons in narrower wells.
can conclude that the penetration of the exciton wave func-
tions is not significant and the quantum confinement effect
on excitons dominates. Further measurements on SL’s with
the well width less than 60 A will be interesting from two  This work was supported in part by the Grant-in-Aid for
aspects. One point is that the exciton quantum confinemer8cientific Research from the Ministry of Education, Science
increases for this range of well widths that is less than theand Culture, No. 07455126.
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