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The interband transitions of a single quantum well structure @fs43, 4,.Se/Zny ,Cdy 2IMgg 505€

(lattice matched to InPwere evaluated using contactless electroreflectance at room temperature.
From a comparison of the measured optical transitions with those calculated using the envelope
function approximation we determined that the conduction band offset for this system is given by
the paramete@.=AE./AEy=0.82+0.02, which yieldAE. of 590 meV. Such a large conduction

band offset may be useful for the design of quantum cascade lasers and other devices based on
intersubband transitions. @003 American Institute of Physic§DOI: 10.1063/1.1606875

The growing interest in quantum cascade laSERCLS) respectively. Finally, the structure was capped by a 70-A-
and other intersubbandS) devices emphasizes the need tothick pseudomorphic ZnCdSe cap layer to protect ZnCd-
research relevant fundamental parameters of heterostructurbgSe from oxidation by atmospheric oxygen. The growth
such as band offsetdBOg). Considerable advances have rates of the quaternary and ternary layers was 0.9 angi9.4
been achieved in the development of the QCLs, howevemper hour, respectively. The beam equivalent pressure ratio
there are still many limitations of these lasers. A critical oneVI/ll was about 3. These steps have been previously used to
is the unavailability of QCLs operating in continuous wave achieve a low defect density and high crystalline quality in
(cw) mode at room temperatuf®T). Another is the absence these material¥® These nominal thicknesses were calculated
of QCLs operating at short wavelengths, such as LBE  using thick-calibration samples grown during the same run.
needed to develop ultrafast optical communications. Both  The ZnCdMgSe barrier and the QW layers were nearly
limitations are related to the relative small conduction bandattice matched to InP, withAa/a=0.05%, andAa/a
offset (CBO) present in the most frequently used systems=0.1%, respectively. The QW layer mismatch was deter-
based on GaAs and InP, which imposes the shortest wavenined on a thick ZnCdSe sample grown during the same run.
length limits of 8(Ref. 2 and 3um, respectively, for QCLs The QW structure was characterized by photoluminescence
made from these materials. In order to overcome these limitPL) measurements using the 325 nm line of a HeCd laser
tations studies of IS transitions have been recently extendefdr excitation. The QW PL peaks were observed at 2.242 and
to other systems based on G&RiGasSk®’ Si2 and II-VI ~ 2.162 eV at 77 and 300 K, respectively, while the PL peak
compounds1?2Among the most relevant parameters for thefor the barrier was at 2.880 eV at 77 K. At RT the barrier
IS devices are the BOs. A material that has been recentlgignal was quenched and we were not able to observe its PL
investigated for the growth of visible light emitters is the signal.

ZnCdMgSe alloy grown on InP substrafésThe subset of The interband transitions in this structure were deter-
compositions of this alloy system that are lattice matched tanined using CER, which is a modulated technigtté that

InP possess a range of band gaps between 2.1 and 3.3 aXeasures the changes in the optical reflectance of the mate-
thus a large CBO is expected. In this work, we determinedial with respect to a modulating electric field. The experi-
the CBO for a ZpsdLdysSelZny ,LdyMggseSe single  mental details and principles of CER are described in Ref.
qguantum well(QW) structure at RT using contactless elec-17.

troreflectancdCER). Our results suggest that this system is ~ The solid line in Fig. 1 is the measured RT CER spec-
of potential interest for QCLs and other IS devices. trum. The energies corresponding to the transitions observed

The details of the molecular beam epitalyBE) sys-  were obtained using a fit, shown by the dashed line, based on
tem used and the growth of these materials are described the first derivative of a Gaussian line shapé® The values
Ref. 14. The specific structure used in this work was growrpbtained from this fit are indicated by arrows in Fig. 1 and
on a semi-insulating INR00 substrate and consisted of a presented in Table I. The notati@nH(L)m in Fig. 1 indi-
lattice matched InGaAs buffer layér-0.1um), a ZnCdSe cates that the transitions are from thtéh conduction sub-
interfacial layer(~70A) and the II-VI QW structure. This band to themth valence subband of heaviA] or light (L)
structure consisted of ZnCdMg3E,=2.8eV at RT barri-  hole character, respectively.
ers and a QW of ZnssCd, 47Se. The nominal thickness of Assignment of the transitions was done according to the
the QW, bottom and top barriers are 50A, 0.5 andut]l  following considerations. The identification of the signal
from the barrier at 2.8 eV was straightforward when we con-
3Author to whom correspondence should be addressed; electronic maifidered the 77 K PL signal at 2.88 eV and its thermal energy

mmunoz@sci.ccny.cuny.edu shift. The intensities of the transitions at 2.159 and 2.192 eV
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TABLE I. Experimental and calculated interband energies.
3 Ewa Expt. 1 » :
2 - l EtA@ncasy T Fit ) Transition ExperimenteV) Theory (eV)
E1H1 2.15%-0.005 2.158
+ E1H1
1l l i E1L1 2.192-0.005 2.180
é 2.18%
o E1H3 2.25%-0.005 2.261
[ | E2H2 2.369-0.005 2.371
I E3H3 2.660-0.005 2.664
l ] Ep+Ag 2.525+0.005 2.522
E2H2 E3H3 ZnCdMgSe J E, (barriep 2.800+0.005
v 1 &Calculation without considering the compressive strain.
§1H3 . \ . , . b bCalculation considering the compressive strain.

[l L P I .
32 23 24 25 26 27 28 29 30 Calculated using\, of Ref. 19 and our value foE.

Energy (eV)

20 21

heavy hole masses for CdSe are approximately two thirds of
those corresponding to ZnSe we assumed that this proportion
is valid for the light hole masses, too. Second, using these
values for the binaries and a weighted composition average,
exhibit a ratio close to 3, suggesting that they are associatede obtained the corresponding values for our compounds,
with the heavy and light hole transitions, respectivél}f  also shown in Table II.
The band gap of the zr{Ld, ,;Se was determined by CER Using the data listed in Table I, we calculated the ener-
measurements on a thick sample grown during the same rugies of the different transitions as a function of the parameter
The value that we found wds,=2.080+0.005 eV, in good Q.=AE./AE,. Figure 2 shows the results of this strain-free
agreement with Ref. 19, which report&g=2.078-0.002 calculation in solid lines for the transitions that fit better the
and spin-orbit splitting A;=0.442-0.02 eV. Using our experimental values of the transitions, represented by the
value for the band gap and this value fiog we obtainE,  horizontal dashed lines. These transitions correspond to the
+A(=2.522 eV, which agrees well with the experimental symmetry allowed i=m) and symmetry forbidden but par-
value of Table I. ity allowed (n=m=2,4,...) ones. As indicated in Fig. 2 by

In order to calculate the energies corresponding to thehe dotted vertical line, the best agreement between the cal-
observed transitions we have performed a calculation basezllated and the experimental values for all the transitions
on the envelope approximatiéf?!in these calculations itis was found forQ,=0.82+0.02 (AE,=590 meV). As shown
necessary to know the values of the effective masses as wétbm Figs. 1 and 2, and Table |, there is very good overall
asAy. However, there are no reports for the effective masseagreement. There is only a small discrepancy in the E1L1
of these compounds. In order to approximate the requiretransition, which we attribute to the facts that the light hole
masses we followed two steps: first, for ZnSe, we took themass of the CdSe approximation may not be very accurate
average value between the maximum and minimum reportednd that the small strain present in this structure shifts the
values, shown in parentheses in Table Il, while for MgSe andalculated E1L1 transition. In order to estimate the band-gap
CdSe the data were taken from Refs. 22 and 23, respectivelghanges in ZnCdSe due to the strain present in this structure
We did not find any report for the value of the effective masswe followed Ref. 24, which provides the expressions that
of the light hole of CdSe, so observing that the electron andlescribe the band-gap changes as a function of the elastic

FIG. 1. Solid line represents the experimef&/R spectra. Dashed line is
a fit yielding the energies indicated by the arrows.

TABLE IlI. Values of the parameters used in the calculation.

Parameter ZnSe CdSe MgSe 047y »dMgg s05€ Zny 54 47 S€e
Eo (eV) 2.80¢ 2.08C¢
me 0.19 0.11° 0.2 0.18 0.13
(0.13-0.17
Mhh 0.66° 0.44 0.7¢ 0.67 0.56
(0.57-0.75
Min 0.145 0.09 0.33 0.22 0.11
Ao (€V) 0.43 0.4%2 0.4¢ 0.414 0.44%
Qw 50 (expt) 51.9 (calculatedl
thickness(A)
Q.=AE./AE, 0.82+0.002

g xperimental value.

PAverage of the values shown in parentheses, these values were obtained from Ref. 23.
‘Reference 23.

‘Reference 22.

°Reference 30.

finterpolated value using the binary values.
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27F : ] given by Q.=0.82+0.02, yielding a value oAE_; of 590
------------ 7—';:;’* e meV. This large band offset suggests that this system may be
26¢ : 1 a good candidate for IS devices.
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