Optical characterization and evaluation of the conduction band
offset for ZnCdSe/ZnMgSe quantum wells grown on InP  (001)
by molecular-beam epitaxy
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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 endrg.6 €V) and for use in intersubband devices such

as quantum cascade lasers. Several lattice matchgeCansSe/Zny 1IMggyg:Se quantum wells
(QWs) were grown on InR001) 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, &£dggSe/Zn 1IMgg g7 S€

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@\2005 American Vacuum Society.
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[. INTRODUCTION application in intersubband devices such as quantum cascade
lasers(QCLs) in order to address the present limitations of
Wide-band-gap 11-VI Zp_,Mg,Se material has potential these device$:*°
application as a cladding layer for optical devices in the blue
region due. to its W|dg direct b.and'gépRecentIy, we have Il EXPERIMENT
reported high crystalline quality zinc-blende ZpMg,Se

grown on InP(001) substrates by molecular-beam epitaxy The heterostructures were fabricated by MBE using a

(MBE) 2 The band gap of the Zn, Mg,Se was tuned up to Riber 2300 system, which includes a chamber for the growth
' - )T T of As-based IlI-V materials and another for 1I-VI materials.
3.62 eV by adjusting the Mg concentratidr). A nearly

. The chambers are interconnected by UHV modules. Both the
Ia.ttlce matched Z,dMgggsSe layer was gr.o.wn on InP Zny 1 MgeaSe barrier layers and the ZpMgosSe!
with a bandgap of 3.59 eV at 77 K. In addition, we haveZn0_53Cdo_47Se QWs were grown on IfB01) substrates. The
previously —reported the growth of ZnCdSeE;  |np substrate was deoxidized @90 °C under an As-flux
~2.1eV)/ZnCdMgSeEy;~2.8 V) quantum well (QW)  impinging on the substrate. Then-é.1 um InGaAs buffer
structures grown nearly lattice matched to InP substrates, andyer was grown to smooth the surface and to adjust the
we found in that system, the conduction band offseAls, ~ surface stoichiometry. The sample was then transferred into
~590 meV? the 1I-VI chamber. Prior to 1I-VI growth, the buffer was

In this article, we report the optical investigations of a€xposed to a Zn flux for 40 s. This was followed by growth
series of ZnCdSe/ZnMgSe single QWs lattice matched t®f a 50 A ZnCdSe interfacial layer at 170 °C. The tempera-
InP(00D), with different QW layer thicknesses, exhibiting ture was then raised to 270 °C.and the desired QW.structures
emission from the near-UV to the visible spectral range. We/V€'® grown. The beam equivalent pressure ratio of the
present the dependence of the QW emission wavelength wi roup-Vligroup-1l fluxes was~5-6. 'For the structures,

. o . nCdSe QW layer was sandwiched between two

QW layer thickness. This is modeled using an envelope cal- 4 : .

. Zny.1MgggSe barrier layers with thicknesses of 0.3 and
culation. We also used cor_ltactless glectroreflecta@@) 0.15um for the bottom and top barrier layer, respectively.
measurements, a modulation technique, to characterize thﬁe thickness of the well was varied between 6 and 60 A.
structures. From that measurement, we can observe highgfo growth was monitoreih situ by reflection high-energy
order QW transitions, which allow us to obtain a good esti-g|ectron diffractiof RHEED). A streaky(2 x 1) RHEED pat-
mate of the anticipated large conduction band offset for thigern was observed during the growth indicating layer-by-
material system. A large conduction band offset is desired forayer growth, and Se-rich conditions. A 70-A-thick cap layer

of ZnCdSe or CdSe was used to avoid oxidation of the Zn-
3EJectronic mail: msohel@sci.ccny.cuny.edu MgSe layer. Low-temperature photoluminesce(fee) mea-
PElectronic mail: tamar@sci.ccny.cuny.edu surement was performed using the 325 nm line of a He-Cd
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. Fic. 2. Band gap as a function of QW thickness for a series of
Fic. 1. Room-temperature and 77 K PL spectra of a nearly lattice matche(ino 1Mo 5,56/ Z1 5LCh 47Se QW structures.

Zng 1 Mg g SelZny s£LCdy 4S5 QW structure exhibiting near-UV visible
emission.

Figure 3 shows the room-temperature CER measurement
of a Zny s4LCdy 47 5e/ Zny 1Mgg g7Se single QW with a nomi-
laser. To study the conduction band offset we have useglg| thickness of~35 A. The notationEnH(L)m in Fig. 3
CER CER measures the changes in the optical reflectancdicates that the transitions are from tita conduction sub-
of the material induced by a modulating electric field, giving hand to themth valence subband of heavil) or light (L)
rise to sharp, differential-like spectra in the region of thepgle character, respectively. A CdSe cap layer was used for
transitions. CER utilizes a condenser-like system consistinghis structure in order to avoid overlap between the CER
of a front wire grid electrode with a second metal electrodesigna| of the QW and the cap layer. The energies correspond-
separated from the first electrode by insulating spacerspg to the observed transitions were obtained using a fi,
which are~0.1 mm larger than the sample dimension. Weshown by the dashed line, based on the first derivative of a
placed the sample between these two capacitor plates anghyssjan line shap@!® The signal at 1.69 eV corresponds
achieved electromodulation by applying an ac voltage ofg the CdSe cap layer, which also exhibits the typical Franz-
1.2 kV, 200 Hz across the electrodes. Keldish oscillations. The transitions of the ZnMgSe barrier
layer cannot be seen due to the limit of the CER apparatus at
high energies.
lll. RESULTS AND DISCUSSION The transitions in the range of 2.2—2.8 eV correspond to
The PL spectra at room temperature and at 77 K of dive QW transitions. Using an envelope approximation
ZNno.:Cdy sSe/ Zny 1 Mg, g:S€ single QW structure grown lat- calculatiod® we determined the energy transitions in our
tice matched to Inf01) are shown in Fig. 1. The thickness QW structure as a function of the conduction band offset
of the QW for this structure was-6 A. A very strong PL  (AE.). The calculation also predicts a QW layer thickness of
emission was observed in the near-UV region at 3.31 eV a83.6 A, which agrees with the nominal experimental value
77 K and at 3.190 eV at room temperature. No deep-leve(35 A). The value for the band-gap energy of the barrier
emission was observed. The full widths at half-maximum
(FWHM) of the PL emission lines were measured to be
114 meV at 77 K and 115 meV at room temperature, respec-
tively. The FWHM of the PL emission is almost the same at
room temperature and 77 @nd even at 9 K which is at-
tributed to dominant interface broadening effects due to the
very narrow well. 3
A set of samples having QW thicknesses ranging from é I
6 to 60 A was grown and their PL spectra were measured. =
The PL emission peak energy as a function of QW layer
thickness is plotted in Fig. 2. The dashed line is the fit ob-
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tained by considering a finite barrier model where the upper s PL=2.21eV -
and lower boundary is dictated by the band gap of the lattice [CdSe related FKOs ~ ~ =~ ~GW Transifions =~~~ |
matched ZnMgSé3.52 eV} and ZnCdSe material@.1 eV), 46 18 20 22 24 26 28

with a conduction band offset of 80% of the band-gap dis- Energy (eV)

continuity. This offset estimate is based on the CER results

presented below. An excellent fit between the experimentd[¢: 3: Room-temperature CER spectrum of 3 &gy s:S5e/ Zip.5:L .4 5€
T W structure where the solid line represents the experimehRIR

results and. calculated values was observed indicating a goQectrum and the dashed lines are fits yielding the energies indicated by the

QW behavior. arrows.
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TABLE |. Comparisgn of the experimgnt(aﬂit from CER)- and calcylated ing an envelope approximation. These assignments are con-
(Zen”"j:;’pe gz'f;'atg”d;’algzs(?s{/ ;T:;C'tr:gba”d transition energies of a gjistent with a very large conduction band offsetf.12 eV
013¥1d0s fbsd-Cos : for this QW system. We suggest that lattice matched

Fit from CER Envelope calculation ZnCdSe/ZnMgSe QWs grown on InP may be an excellent
Transitions (eV) (eV) candidate for applications in intersubband devices for optical
E1HP 2228 2 229 communications and other deyices where a large conduction
E1L12 2979 2960 band offset of 1.12 eV is desirable.
E1H3 2.448 2.444
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