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Lattice matched ZnMgSe grown on InP is of considerable interest for its potential applications as a
cladding layer due to the high band-gap energys,3.6 eVd and for use in intersubband devices such
as quantum cascade lasers. Several lattice matched Zn0.5Cd0.5Se/Zn0.13Mg0.87Se quantum wells
sQWsd were grown on InPs001d substrates. Emission ranging from the near UV to the visible
spectral range was achieved by varying the thickness of the wells. The QW fundamental transition
as function of the QW thickness was experimentally studied and modeled using an envelope
calculation. The contactless electroreflectance measurements of a Zn0.5Cd0.5Se/Zn0.13Mg0.87Se
single QW yielded multiple transitions from the QW, allowing us to estimate the conduction band
offset of this heterostructure to be as high as 1.12 eV.© 2005 American Vacuum Society.
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I. INTRODUCTION

Wide-band-gap II–VI Zns1−xdMgxSe material has potent
application as a cladding layer for optical devices in the
region due to its wide direct band gap.1 Recently, we hav
reported high crystalline quality zinc-blende Zns1−xdMgxSe
grown on InPs001d substrates by molecular-beam epit
sMBEd.2 The band gap of the Zns1−xdMgxSe was tuned up
3.62 eV by adjusting the Mg concentrationsxd. A nearly
lattice matched Zn0.15Mg0.85Se layer was grown on In
with a bandgap of 3.59 eV at 77 K. In addition, we h
previously reported the growth of ZnCdSesEg

,2.1 eVd /ZnCdMgSesEg,2.8 eVd quantum well sQWd
structures grown nearly lattice matched to InP substrates
we found in that system, the conduction band offset isDEc

,590 meV.3

In this article, we report the optical investigations o
series of ZnCdSe/ZnMgSe single QWs lattice matche
InPs001d, with different QW layer thicknesses, exhibiti
emission from the near-UV to the visible spectral range.
present the dependence of the QW emission wavelength
QW layer thickness. This is modeled using an envelope
culation. We also used contactless electroreflectancesCERd
measurements, a modulation technique, to characteriz
structures. From that measurement, we can observe h
order QW transitions, which allow us to obtain a good e
mate of the anticipated large conduction band offset for
material system. A large conduction band offset is desire
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application in intersubband devices such as quantum ca
laserssQCLsd in order to address the present limitations
these devices.4–10

II. EXPERIMENT

The heterostructures were fabricated by MBE usin
Riber 2300 system, which includes a chamber for the gr
of As-based III–V materials and another for II–VI materi
The chambers are interconnected by UHV modules. Bot
Zn0.13Mg0.87Se barrier layers and the Zn0.13Mg0.87Se/
Zn0.53Cd0.47Se QWs were grown on InPs001d substrates. Th
InP substrate was deoxidized at,490 °C under an As-flu
impinging on the substrate. Then a,0.1 mm InGaAs buffe
layer was grown to smooth the surface and to adjus
surface stoichiometry. The sample was then transferred
the II–VI chamber. Prior to II–VI growth, the buffer w
exposed to a Zn flux for 40 s. This was followed by gro
of a 50 Å ZnCdSe interfacial layer at 170 °C. The temp
ture was then raised to 270 °C and the desired QW struc
were grown. The beam equivalent pressure ratio of
group-VI/group-II fluxes was,5–6. For the structure
ZnCdSe QW layer was sandwiched between
Zn0.13Mg0.87Se barrier layers with thicknesses of 0.3
0.15mm for the bottom and top barrier layer, respectiv
The thickness of the well was varied between 6 and 6
The growth was monitoredin situ by reflection high-energ
electron diffractionsRHEEDd. A streakys231d RHEED pat-
tern was observed during the growth indicating layer
layer growth, and Se-rich conditions. A 70-Å-thick cap la
of ZnCdSe or CdSe was used to avoid oxidation of the
MgSe layer. Low-temperature photoluminescencesPLd mea-

surement was performed using the 325 nm line of a He-Cd
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laser. To study the conduction band offset we have
CER.11 CER measures the changes in the optical reflect
of the material induced by a modulating electric field, giv
rise to sharp, differential-like spectra in the region of
transitions. CER utilizes a condenser-like system consi
of a front wire grid electrode with a second metal electr
separated from the first electrode by insulating spa
which are,0.1 mm larger than the sample dimension.
placed the sample between these two capacitor plate
achieved electromodulation by applying an ac voltag
1.2 kV, 200 Hz across the electrodes.

III. RESULTS AND DISCUSSION

The PL spectra at room temperature and at 77 K
Zn0.5Cd0.5Se/Zn0.13Mg0.87Se single QW structure grown la
tice matched to InPs001d are shown in Fig. 1. The thickne
of the QW for this structure was,6 Å. A very strong PL
emission was observed in the near-UV region at 3.31 e
77 K and at 3.190 eV at room temperature. No deep-
emission was observed. The full widths at half-maxim
sFWHMd of the PL emission lines were measured to
114 meV at 77 K and 115 meV at room temperature, res
tively. The FWHM of the PL emission is almost the sam
room temperature and 77 Ksand even at 9 Kd, which is at-
tributed to dominant interface broadening effects due to
very narrow well.

A set of samples having QW thicknesses ranging f
6 to 60 Å was grown and their PL spectra were measu
The PL emission peak energy as a function of QW la
thickness is plotted in Fig. 2. The dashed line is the fit
tained by considering a finite barrier model where the u
and lower boundary is dictated by the band gap of the la
matched ZnMgSes3.52 eVd and ZnCdSe materialss2.1 eVd,
with a conduction band offset of 80% of the band-gap
continuity. This offset estimate is based on the CER re
presented below. An excellent fit between the experime
results and calculated values was observed indicating a

FIG. 1. Room-temperature and 77 K PL spectra of a nearly lattice ma
Zn0.13Mg0.87Se/Zn0.53Cd0.47Se QW structure exhibiting near-UV visib
emission.
QW behavior.
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Figure 3 shows the room-temperature CER measure
of a Zn0.53Cd0.47Se/Zn0.13Mg0.87Se single QW with a nom
nal thickness of,35 Å. The notationEnHsLdm in Fig. 3
indicates that the transitions are from thenth conduction sub
band to themth valence subband of heavysHd or light sLd
hole character, respectively. A CdSe cap layer was use
this structure in order to avoid overlap between the C
signal of the QW and the cap layer. The energies corresp
ing to the observed transitions were obtained using a
shown by the dashed line, based on the first derivative
Gaussian line shape.12,13 The signal at 1.69 eV correspon
to the CdSe cap layer, which also exhibits the typical Fr
Keldish oscillations. The transitions of the ZnMgSe bar
layer cannot be seen due to the limit of the CER appara
high energies.

The transitions in the range of 2.2–2.8 eV correspon
five QW transitions. Using an envelope approxima
calculation14,15 we determined the energy transitions in
QW structure as a function of the conduction band o
sDEcd. The calculation also predicts a QW layer thicknes
33.6 Å, which agrees with the nominal experimental v
s35 Åd. The value for the band-gap energy of the ba

FIG. 2. Band gap as a function of QW thickness for a serie
Zn0.13Mg0.87Se/Zn0.53Cd0.47Se QW structures.

FIG. 3. Room-temperature CER spectrum of a Zn0.13Mg0.87Se/Zn0.53Cd0.47Se
QW structure where the solid line represents the experimentalDR/R
spectrum and the dashed lines are fits yielding the energies indicated

arrows.
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E0=3.52 eV, was obtained from the PL measurements. O
parameters used in this calculation, such as the effe
masses for ZnMgSe are unknown. In order to estimate
unavailable parameters we have used a linear interpo
scheme. The details of this approach can be found in R
The values obtained using this scheme were the mass
electron,me=0.22, mass of the heavy hole and light holes
mhh=0.76,mlh=0.31 respectively, and the split orbit para
eterD0=0.44 eV.16 The results are summarized in Table I
very good agreement was obtained between the experim
and calculated transitions forDEc=80% of the band-gap di
continuity sDE0d, which yieldsDEc=1.12 eV. Assuming tha
the separation between electron subbands in the QW c
as high as 70% of theDEc, one can anticipate that emiss
energies from QCLs made with these structures may
proach 1.55mm showing a potential application of this m
terial system in QCLs and other intersubband devices
optical communications applications.

IV. CONCLUSION

In conclusion, we have grown a series of nearly lat
matched ZnCdSe/ZnMgSe QW structures on InP subst
By varying the QW thickness, low-temperature PL emis
in the range from 2.19 to 3.31 eV was obtained from th
QW structures. Intense PL band-edge emission with the
sence of deep levels was obtained both at room tempe
and 77 K, indicating good optical quality. The CER meas

TABLE I. Comparison of the experimentalsfit from CERd and calculate
senvelope calculationd values of the interband transition energies o
Zn0.13Mg0.87Se/Zn0.53Cd0.47Se QW structure.

Transitions
Fit from CER

seVd
Envelope calculation

seVd

E1H1a 2.228 2.229
E1L1a 2.272 2.269
E1H3 2.448 2.444

E0+D0 sZnCdSed 2.521 2.525 exp.sRef. 3d
2.522 calc.sRef. 16d

E2H2 2.635 2.624
E2L2 2.777 2.780

aE=electron; H=heavy hole; L=light hole.
ments exhibiting several QW transitions were identified us-
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ing an envelope approximation. These assignments are
sistent with a very large conduction band offset of,1.12 eV
for this QW system. We suggest that lattice matc
ZnCdSe/ZnMgSe QWs grown on InP may be an exce
candidate for applications in intersubband devices for op
communications and other devices where a large condu
band offset of 1.12 eV is desirable.
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