Conduction band offsets in CdZnSSe/ZnSSe single quantum wells
measured by deep level transient spectroscopy
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Conduction-band offsets in wide-band-gap CdZnSSe/ZnSSe single quantum well structures have
been characterized by deep level transient spectros¢BhyS) measurements. 50 A thick

Cdy 22Ny 7S0.0659.94 Single quantum wells with ZngeSe) o4 barriers were grown by molecular
beam epitaxy on GaAs substrates. A thermal emission energy from the quaternary wells£@b179
meV was measured. This corresponds to a conduction-band offset energ@5df-20 meV.
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Short wavelength semiconductor lasers have attracteg is a parameter related to the capture of carriers by the
much attention since the first demonstration of ZnSe basedells!®* The thermal emission energy of carriers from a
injection lasers by Haaset al® in 1991. Rapid progress in quantum well is related to the band offset.
the area of 1I-VI wide-band-gap material growth has re-  We now consider a single quantum well in the depletion
sulted in room-temperature continuous-wdee) operation  region of a Schottky barrier. The width of the Schottky bar-
with lifetimes in excess of 3 AThese devices typically op- rier depletion region that contains the quantum well is given
erate at about 510-530 nm and consist of&4_,Se quan- by
tum wells with a Zn_,S,Se and Mg_,Zn,S,Se _, guiding
and cladding layer, respectively® A Wides}rlangeyof lasing WZ:W(ZJ(lJranLLW/NDWg) )
wavelengthg460—-550 nmcan be realized in this system by whereWZ= (2e/qNp)V is the depletion region width of in
varying the cadmium concentration from 0%, ZnSe, to morghe absence the well,, is the thickness of the well, is the
than 40%. thickness of the barrier from the Schottky contact to the well,

Design of II-VI ZnSe based laser devices requiresyy is the net donor density in the barrier, avids the sum of
knowledge of the conduction- and valence-band offsets. Sexhe applied reverse bias and the built-in voltage didg,

eral heterointerfaces are present in the most common widerhe DLTS signals(t), for rate windowst; andt, is given
band-gap ZnSe based laser devices, including the III—\by15

(GaAs substraje-ZnSen-type interface, the quantum well
double heterostructure and tipetype ZnSe—ZnTe contact.
Numerous experimental and theoretical band offset studies
have been reported on a wide variety of II-VI based
heterojunction¥’ and quantum well§-? However, to the
best of our knowledge there is no definitive experimentaIWO' o

data on the conduction- and valence-band offsets occurring The structure used in this study was grown by molecular
at the quantum well/guiding layer interface. In this letter, weP&am epitaxy on @100 silicon doped GaAs substrate. The
report experimental results of conduction-band offsets irfroWth egolgedure has been described in detail
pseudomorphic  GEZNo S0.058,.04ZNS.0S80s  SiNgle previously.”*" The cross section of the structure is illus-

quantum well structures measured by deep level transiefdfat€d in the inset of Fig. 1. A 3000 A thick Zp&sSe o4
spectroscopyDLTS). chlorine doped barrier layer was first grown on tivype

The basis for this technique, of measuring band offset$aAS substrate followed by the growth of a compressively
with DLTS, is that the potential variation of a quantum well Strained single CghZn 750 0e5&.04 quantum well. A second

is similar to that of a deep level, with some obvious "YP€ ZN%06S@.04 (1000 A was then grown as the top
differenced34 From a detailed balance between thermalParrier. The CdZnSSe quantum well thickness was deter-

capture and emission rates of electrons from a quantum welfin€d, by analyzing cross-sectional high resolution transmis-
the emission rate of electrons is giventby sion electron microscopy images, to be about 50 A. The_ band
gap of the ZngqsS&) g4 barrier was evaluated from optical
e,= (167733 mZ x(kT) YA AE)¥%exp( — AE./KT), reflectance measurements to be 2.70 eV, corresponding to a
(1) sulfur concentration of 6%. The CdzZnSSe quantum well

) o ZnSSe barrier interface is essentially identical to the quan-
vyhereAEe 'f _the electron_ emission energy for the gonduc-tum well/guiding layer interface of the most common [I-VI
tion band,mg is the effective mass in the well material, and p5eq blue-green laser diodes operating at 515 nm.

n, LLy
S('f)=CoN—D Wo[exp(—entl)—exﬂ—entz)]. ©)

where the capacitandg, corresponds to the depletion width

Room-temperature photoluminescence performed on the
dElectronic mail: pkb@eecs.umich.edu structure using the 457 nm line of an argon-ion laser re-
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FIG. 1. Photoluminescence spectra of ZnSSe/CdZnSSe single quantum
well. The inset shows the diode structure, with the SQW, for DLTS mea- (a)

surements.

vealed a strong luminescence peak at 515.4(2@06 eV},

shown in Fig. 1, which is attributed to the CdZnSe single
quantum well. This emission is the result of electron-hole

recombination between the first electron and heavy-hole su

bands. The energy difference between the barrier layer and

the effective quantum well band gap is then 294 meV.

Schottky diodes were prepared by evaporating titanium/ 1073

gold (1000/2000 A, respectivelyelectrodes on the-type

NS, 0S8 94 top layer. The backside GaAs substrate was
metallized with 1000 A of palladium. The capacitance was
measured as a function of applied reverse bias to estimate the ~ 10™
effective doping concentration and to determine the approxi-
mate depth of the well. As illustrated in Fig. 2 the quantum

well is located about 1000 Ainse) beneath the surface as
expected from previously determined growth rates. The cal
rier concentrationNp—N,, in the barrier layer is about 3
x 10t cm™3.

AE_=0.179 eV
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FIG. 3. (a) DLTS data for two quiescent reverse bias@s;Arrhenius plot
of electron emission rate vs inverse temperature. The slope of the plot gives

It is important to ensure that the observed DLTS Signa|the emission energW\E,, indicated in the inset with other relevant param-

eters.

represents electron emission from the quantum well and not

deep level defects in the barrier material. There have beeg
numerous reports of deep level defect identification in both

n- and p-type ZnSe based thin film§-2%In chlorine doped
ZnSe Karczewskiet al?? report two defect energy levels,
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FIG. 2. Measured variation of capacitance and carrier concentration of th

00 and 510 meV below the conduction band edge. Similar
values have been observed in undoped ZnSe grown by mo-
lecular beam epitax}? The dominant emission signal in our
DLTS measurements did not correspond to any previously
reported deep level defect energy in 11-VI materials.

Typical DLTS data at specified bias and rate windows,
obtained from our samples, are shown in Figp)3The fig-
ure shows two scans at different reverse biases, so that the
quantum well is included or excluded in the depletion region.
The biases are chosen from the measured capacitance—
voltage data of Fig. 2. The peaks labeledandT, are likely
to be from electron traps, though they do not correspond to
the 0.3 and 0.51 eV levels seen by other autfidfé.The
peak labeled Q is conspicuously absent in the scan excluding
the quantum well. Similar features are seen for other rate
windows. We therefore conclude that the peak Q results from
electron emission from the 50 A §§Zn, 1S0.065& 94 quUan-
tum well. Since our primary objective in this study was to
determine the CdZnSSe/ZnSSe heterojunction band offset,
we did not investigate the bulk traps label@dandT, fur-

(taher. The Arrhenius plot for the quantum well emissions ob-

SQW diode with applied bias. The inset shows the variation of carrier contained with different rate windows is shown in FigbR An

centration with depletion width.
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activation energy oAE,=179+10 meV is obtained from
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the slope of the plot. The thermal emission enefdy, is  tory. This work at the University of Michigan and 3M
related to the conduction band offset by the approximateCompany is supported in part by the Defense Advanced Re-
relation search Projects Agency, Office of Naval Research, and the

AE,=AE +Eq+L,F, 4) Army Research Laboratory.
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