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Interface vibrational modes and interface structure of CdSe/ZnTe superlattices
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Interfacial vibrational modeglFM’s) of CdSe/ZnTe superlattice are shown for perfect and atomically
rearranged interfaces with four probable exchange configurations. In addition to the IFM at 228
nating from single interface Zn-Se “wrong” bondsVB'’s), another IFM at 235 ci occurs due to atomic
rearrangement at the interfaces, which is attributed to double Zn-Se WB'’s. Raman scattering on both atomic-
layer-epitaxy and molecular-beam-epitaxy grown samples is reported. Using the experimental data for the
218 cm! line of LIF as a base for improving calculations, the corresponding, lilfe is predicted at
228 cni't. Experiments failed to detect this line owing to insufficient double WB's with long-range order. This
characteristic IFM is observed in an annealed sample, with abnormally strong intensity at 227 cm
[S0163-18298)01903-1

[. INTRODUCTION rearrangement, are determined. Raman scattering is then ap-
plied to both the atomic-layer-epitax¢ALE)- and MBE-
CdSe/zZnTe superlatticéSL) is a lattice-matched hetero- grown CdSe/ZnTe SL'’s. Besides the IFM that originates
structure since the lattice parameters of cubic CdSe antiom single Zn-Se WB's a second IFM that originates from
ZnTe are closely matched, 6.099 and 6.077 A, respectivelydouble Zn-Se WB’s is observed and identified.
It is also the only II-VI system formed between two binary
compounds without common anions or cations. Raman scat-
tering studies on CdSe/ZnTe $Ref. 1) show an interfacial Il. EXPERIMENTATION
vibrational mode(IFM) at the interface between the CdSe
and ZnTe layers, which is attributed to the stretching of a SL's  (CdSe,/(ZnTe)g,  (CdSeg/(ZnTe),  and
localized Zn-Se bond whose multiphonons up to fifth ordedCdS8:,/(ZnTe);, Which consist of less than a hundred
are observed.The order and temperature dependencies operiods, were grown by ALE at 220 °C on €01 GaAs
the multiphonon linewidth show that the IFM is defectlike. substrate with a 2m (001 ZnTe buffer layer. This serves to
The Zn-Se IFM is a two-dimensional analogue of the vibra-decrease the dislocation density owing to the 7% lattice mis-
tional modes of point defects in bulk three-dimensio@)  match between ZnTe and GaAs. The details of the growth
semiconductoré.In general, at the interfaces between theconditions are given elsewheteAnother four samples simi-
AB and CD layers of anAB/CD SL, the cross-interface lar to those prepared and investigated in Ref. 11, were grown
bonds ofA-D andC-B are distinct from theA-B andC-D by MBE at 310 °C, and provided by Furdyna and Yang. The
bonds owing to the lack of common anions or cations. Theséur SL’'s (CdSe),/(ZnTe), are labeled asv; (i=1-4),
are referred to as wrong bondsVB’s). Their vibrational ~respectively, for(1) m=n=6; (2) m=n=4; (3) m=5, n
modes evanesce exponentially toward both layers and hence3; and(4) m=n=2.
localize at the interface. Raman scattering can detect these Raman spectra were taken at liquid-nitrogen temperature.
IFM’s (Refs. 1—10that thus serves as a spectroscopic probdhe backscattering geometry af(x’,x')z configuration
for interface structure in order to understand fundamentairom the(001) surface was employed, whexé andz are the
growth processes. [110] and [001] directions of the underlying zinc-blende
Recently, atomic rearrangement during growth at CdSegtructure, respectively. Excitation was provided by the Ar
ZnTe interfaces, shown by x-ray diffractigRD), x-ray- laser lines and the RAMALOG 1403 spectrometer system
absorption fine-structure  spectroscopyXAFS), and was used with a cooled photomultiplier tube detector,
transmission-electron microscopyTEM) (Ref. 11 on  Hamamatsu R928.
molecular-beam-epitaxy§MBE) grown samples, has aroused
concern about the interfacial structure of CdSe/ZnTe SL.

This is of prime importance for the vibration properfiesd Ill. THE LINEAR-CHAIN MODEL

electronic band structutef the SL. Four possible reordering '

configurations across interfaces have been proptsgduld Figure 1 is a schematic plot of €CdSe,/(ZnTeg SL.
they also be characterized by Raman scattering? Each atom row follows the convention of a linear chain, with

In this work, the dynamic properties of CdSe/ZnTe SL areall possible interface configurations: sharp interf&end
first theoretically studied for perfect and atomic reorderedfour atomic rearrangemenk;, R,, Rz, andR,. There are
interfaces and characteristic IFM’s including one of atomictwo types of interfaces: (I) the Zn-Se interface andl) the
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FIG. 1. Schematic plot ofCdSe,/(ZnTe)g SL: S for a shar
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interface,R; (i=1-4) are four configurations of atomic rearrange-
ment. The nominal interfaces are presented by vertical lines: |and
Il are the light(Zn-Se and heavy(Cd-Te interfaces, respectively.
Zn-Se WB'’s are boxed with dashed line. Each row of ions follows
the convention of the linear chain model.

FIG. 2. The dispersion curves of longitudinal phonons along the
[001] direction in a(CdSe,/(ZnTeg SL for S andR; (i=1-4)
configurations. Longitudinal phonon continua of both materials are
shown on the left.

Cd-Te interfaces. The four possible rearrangements aréwo other modes lie in the gap between the optical and
R;, the switch of cations across interface | while anionsacoustic branches of either ZnTe or CdSe, labeled par#
exchange across interface R, the switch of anions across IF..

| while cations exchange across IR;, only the cations For theR; dispersion curves there are still two gap modes
switch across both interfaces | and R,, only the anions IF; and IR, but on the top of the optical bands two interface
exchange across both interfaces | and 1. modes appear, labeled as LI&nd LIF,. These modes are at

These are limited to the nearest two atomic planes at thaearly the same frequencies. LIB at 222 cm'?, coincident
interface!* The configurations show that atomic reorderingwith that of LIF and LI, at 235 cm™. For the assignment of
is rigorous, implying some correlation between interfaces ILIF, and LIF,, the displacement patterns f are calculated
and Il. It is readily seen that there are two kinds of singlefrom the linear-chain model. In all four cases, LI a lo-
WB’s, Zn-Se and Cd-Te, alternatively appearing at interfacegalized IFM of Zn-Se single WB and LFs a localized IFM
I and Il in the S configuration. Exchange of interface atomic of Zn-Se double WB, although their locations depend on the
planes introduces not only single WB'’s but also doublespecific arrangement. This explains the frequency coinci-
WB’s such as Zn-Se-Zn or Se-Zn-$&n-Se double WB  dence of LIF and LIF (henceforth the subscript 1 will be
Cd-Te-Cd or Te-Cd-Te(Cd-Te double bondto SL. All  eliminated. The IFM of Zn-Se double WB has an upward
Zn-Se WB'’s are boxed by the dashed line in Fig. 1. Infrequency shift of 13 cm* from LIF owing to the more
atomic rearranged interfaces, WB’s never cross over the inbulklike environment of its innermost ion—Se in configura-
terfaces and do not locate at the nominal interface as iSthe tionsR, andR3, Zn in R, andR, (Fig. 1). Furthermore, I
configuration. and IR, can be assigned to in-phase motion of Zn-Se and

The linear chain model with the nearest-neighborout-of-phase motion of Cd-Te, respectively. In retrospect it
approximation® is used to calculate the dispersion curve ofis concluded that LIFis the characteristic of interface rear-

longitudinal phonons of th¢CdSe,/(ZnTe)s SL along the  rangement of CdSe/zZnTe SL.
[001] direction. The parameters are the same as in Table | of

Ref. 1. All force constants, including those of Zn-Se and

Cd-Te, are obta_ineq by fitting to the corresponding pulk val- IV. THE BOND POLARIZABILITY MODEL

ues of the longitudinal-opticalLO) phonon frequencies at

the I' point1*1® Calculated dispersion curves are shown in It is well established that in a semiconductor SL with
Fig. 2 for casesS and R; (i=1,2,3,4), respectively. The underlying zinc-blende structure the longitudinal phonons
longitudinal phonon continudband$ of both ZnTe and propagating along thg901] direction are all Raman active in
CdSe compounds are also shown for comparison.gHis-  backscattering geomet!§. However, the observability de-
persion curves have been discussed in Ref. 1. Three modggnds on their scattering efficiency. To determine whether
denoted as interfacidlF), lie beyond the phonon branches LIF, can be detected, the Raman scattering intensity of LIF
of either ZnTe or CdSe. The topmost one at 222 tabove is calculated, together with those of LIF and the ZnTe con-
the optical branchéss a strong Zn-Se IFM strongly local- fined mode LQ, using the bond polarizability modéi'’ that
ized to the interfacé,denoted as LIF. Its maximum fre- has already been applied to the II-VI heterostruci@eSe/
guency originates from the larger force constant of the Zn-S&nTe sp.®

bond and smaller reduced mass compared to other bonds. Letx, y denote crystalline axes aiddenote a bond. The
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polarizability model concerns the components of the polariz- Raman shift (cm*l)
ability tensor: a,, o andayy a (in backscattering geometry .
light is incident along001] and there are onl, andE,). FIG. 4. Raman spectra ofCdSe,/(ZnTe)g SL measured in

On the assumption thaita, /3l <Jda, /3|, wheree, andq backscattering geometry a_(x’,x’)z configuration: fiv_e spectra
are the polarizability components defined in the local bond™m top downward are simulated ones f6rand R; (i=1-4)
coordinates and is the bond length, it is found that configurations: thg bottom spectrum'ls the experimental one of the
g A= Oy A= aA.lG For simplicity, ¢cgseand acqre are ne- ALE grown SL excited by 501.7-nm line.

glected, which is reasonable as the vibrational amplitudes q
Cd-Se and Cd-Te bonds are much smaller than those
Zn-Se bondgLIF, LIF,) and Zn-Te bond (L&). It is also

e (1_10) plane, which contribute to the scattering of LIF
wing to incomplete localization and resulting in a larger

consistent with the excitation lines of the Alaser where the LIF, intensity. The Zn-Te bond near the single Zn-Se WB

. - ) has a negligible contribution to the LIF intensity, however,
Raman scattering efficiency of CdSe is much smalle_r thar&ince it Iigsgi]n the(110) plane vertical toc’ .1 As t%e polar-

l .
that of dZ?Te. lThlertef(srr]e orlll){_one V?:labl&‘/.ZntSe/a.Ztroev '? I_”:izability ratio becomes large, i.eqz,s. predominates, the
required to caicufate the relative scattering intensities o influence of this environmental Zn-Te bond remains negli-

LIF,, and LQ. gible andl,_l,:zlll_,,: in all configurations tends to a similar

Figure 3 shows relative intensitiése_ /1 andl o, /1 ¢ ) . .
: N . 2 . value. LIF, is thus shown to have an intensity comparable to
in thez(x',x")z configuration ofCdSe,/(ZnTe)g SL, where LIF and is Raman identifiable.
e o ol L e el Calelaon for IFW o G 0Tl S are xc
: . P ) : P ., pected to be applicable to other CdSe/ZnTe SL'’s with differ-
ity ratio (aznse/aznte) InCreasesl o, /¢ decreases steadily o nymper of layers as IMF’s are strongly localized at the
owing to the confinement of LOIn ZnTe layers. However interfaces. Besides the double Zn-Se WB is similar to the
lur,/IuF has a quite different dependence. &gise~aznre  double Ga-As WB in the 1lI-V semiconductor structure,
the |LIF2/| Lr value depends significantly on the configura- where an As or Ga monolayékiL ) is sandwiched between
tions. AS aznse>aze |Le. Of all configurations comes two Ga or As ML’s perig)dically(a similar situation occurs in
close tol - while 1,0 /1, falls below 1. It implies that '€ double A-As WB.” These IFM's were well resolved
LiF LO, TTLIF 14 o P . with distinct peaks. Reference 5 also paid special attention to
LIF, can readily be detect_ed in experiment to manifest rearghe connection between the buffer temperature and the
rangement. Aszyse/aznre increases from 1 to 3, however, aromic diffusivity. It is reasonable to expect that the rear-
thely g, /I r value of the configuratioR; andR, decreases angement IFM, originating from similar double WB's, is
but those oR; andR; behave oppositely. This is related to also a probe in the 1I-VI SL’s.
the peculiar interface structure of each rearrangement con- Figure 4 shows simulated Raman spectra of
figuration, i.e., the Zn-Se double WB has Te ions as nearesCdSe,/(ZnTe)g SL for configurationS and R; (i=1-4).
neighborgto form Zn-Te bondsin R, 4 but Cd ions(to form  Probable strain at the Zn-Se bdhanakesazpse/ aznre dif-
Cd-Se bondsin Ry 3 (Fig. 1). az,1e is Not negligible in the  ferent from the bulk value with a particular dependence on
range from 1 to 3. I'R, 4 configurations the nearest Te ions configuration. The polarizability ratio is therefore obtained
that are situated inside the ZnTe layer form Zn-Te bonds irby fitting the experimental o, /1¢ value, 0.27, taking the
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overlapping of LQ and LIF into consideratioAln Fig. 3 the
horizontal line corresponding to the ratio value 0.27 inter-
sects the five solid curves in the range 2.9-5.0, where
I,_Olll L varies slowly. In this range all configurations give

similar LIF, intensity. Each line is broadened to a Lorentzian
shape with a full width at half maximutFWHM) of 6 cm !

for LO; and 9cm? for LIF (all experimental valugs
FWHM of 9cm ! is also used in LIF for simulation. A
sample with perfectly sharp interfaces produces a Raman
spectrum with two peaks, LCand LIF, but a sample with
rearranged interfaces might show an extraLjpeak in ad-
dition. The 13 cm? separation of LIE from LIF, both with
similar intensity, makes a distinct characterization.

M1 496.5nm

M2 496.5nm

Intensity

V. RESULTS OF EXPERIMENTS, IMPROVEMENT
OF THEORY, AND DISCUSSION

On the bottom of Fig. 4, the Raman spectrum of the ALE M3 514.5nm 4
grown (CdSe,/(ZnTe)g SL excited by 501.7-nm line is also
shown for comparison. The Raman spectrum of ALE grown
SL is identical to the simulate® spectrum but lacks the
characteristic LIE of atomic rearrangement. The peak at M4 514.5nm
209 cm! is LO;—the ZnTe confined mode, and that at P R RS T

.

222 cmt is LIF—the single Zn-Se WB IFM. LIF, at 150 170 190 210 230 250
235 cm ! is missing. For the other two samples with differ-
ent layers, identical results are obtained. The absence of the Raman shift (cm-l)

LIF, modes indicates that no atomic rearrangement is de-
tected in this ALE growr{CdSe,/(ZnTe)g SL. This could be FIG. 5. Raman spectra of MBE (Cd$g¥nTe), SL's: My,
caused by insufficient double WB’s or insufficient long- m=n=6; M,, m=n=4; M3, m=5 andn=3; M,, m=n=2.
range ordering. In fact, it reminds us that Raman calculationghey are measured ir(x’,x")z backscattering configuration.
are complicated and require many approximations as noted
in the previous sections. The prerequisite of the linear-chaiguency shift. Interface disorder upshifts the frequency
model® is an ideal lattice so that the reordering configura-of IFM. Hence it is possible to separate the effect of
tions and following calculations are extreme cases involvingnterface disorder from that of interface reordering. The fre-
long-range ordering of double WB’s that is unlikely to exist quency shift in the Raman mode manifests the former
in general. and the appearance of a new IFM of double WB show the
Raman spectra for MBE-grown samples under similar ex{atter.
perimental conditions, but using excitation lines of 496.5 and This gives a clue to the discrepancy between experimental
514.5 nm, are shown in Fig. 5. There are only two Ramarand theoretical frequencies of LIF: the LIF bf; andM,
bands—LQ at 210 cm* and LIF at higher frequency. The is ~4 cm ! smaller than the value 222 crhobtained from
expected LIk is still missing. The fairly strong and sharp the linear-chain model. The expansion of interface Zn-Se
IFM peak shifts to a higher frequendfjrom 218 cm* for ~ bonds found by XAFSRef. 11 shows that the model con-
M, to 223 cm* for M,) while the position of LQ of the  stants require more realistic consideration. The input-bulk-
ZnTe confined mode is unchanged. value force constant is therefore considered as a zeroth-order
The double Zn-Se WB mode foretold by theory is miss-approximation and reiterative calculations are then adopted
ing. LO; is not much stronger than LIF, which is a charac-to improve the theoretical results. A force constant 0.635
teristic of single Zn-Se WB also shown by the full curves in X 10° dyn/cm for the Zn-Se interface bond, obtained by fit-
Fig. 3. These show that LIF should be ascribed to singlding to the LIF 218 cm? frequency of sampled; andM,
Zn-Se WB. LIF is a strongly localized interface mode whose[better quality shown by XRORef. 11)], is used, which is
frequency is almost independent of structural parameterg.4% smaller than the bulk value for CdSe. Correspondingly,
such as the layer numbers and n in theoretical calcula- the calculated value of the LjFposition shifts to 228 cim'.
tions. Therefore the frequency variation of this mode, in the The question remains as to whether the L& the inter-
range 218—223 cit, could be caused by interface disorder face rearrangement could appear. Characterization of MBE
resulting from interdiffusion and interface roughness due tcsamples by XAFS shows that the Zn coordination number of
faceting and islanding during growth. The noticeable fre-Se ions and the Cd number of Te ions are larger than those
quency shift of IFM inAB/CD SL's caused by interface expected from SL with sharp interfacEsf we takeM, and
disorder has been verified both theoreticRlyand the coordination number of Se for example, there are 3.5 Cd
experimentally* The frequency shift of a sample is corre- and 0.5 Zn around Se on the average layer on a sharp inter-
lated to its spatial coherence length as measured in XRDface (S configuration but XAFS gives 2.380.25 Cd and
The smaller the spatial conherence length, the larger the fret. 70+ 0.25 Zn instead. The average number of Zn-Se bonds
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FIG. 6. Schematic cross section @dSe,/(ZnTeg SL along . 1
the growth directiod001]: (a) with sharp interfaces(b) configu- Raman shift (cm- )
ration R;; and (c) with interdiffusion of Zn and Se atoms into
opposite layers. FIG. 7. Raman spectra of annealed and unannealed ALE

(CdSe,/(ZnTe)s SL's measured ire(x’,x’)z backscattering con-

. . _figuration with 488.0 nm excitation.
is thus greater than expected. This could result from atomlcg

reordering, as shown in Fig.(l§§ for the R; configuration,
where previous single Zn-Se WB’s become double zZn-Sdimes, have been studied. The one annealed for the longest
WB’s on interface | and additional single Zn-Se WB’s aretime, 20 min, is found to exhibit an additional band on the
generated at interface Il. There are now 1.5 Zn around Sdligh-frequency side at 227 crh using 488.0-nm excitation
For the other three configurations there are similar change$Fig. 7). In this case the LIF peak becomes a shoulder peak
On the other hand, interlayer diffusion can result in the samavithout any frequency change. The invariance of the LIF
increase of the average Zn number around[Sg. 6(c)],  Position shows that the effect of disorder is negligible. It
which is not so rigorous as the atomic reordering. The intercould not be a coupled LO-plasmon mode since the carrier
layer diffusion(or more simply disordgrhas been observed density is too low to produce any noticeable effect as in
by TEM on interfaces of two to three monolayétsAl- as-grown samples. Compared with the 228 &iine of LIF,
though the interdiffusion origin is excluded in Ref. 11, ob- from the improved theoretical calculations, this additional
servation by TEM and Raman scatteriffiequency shift of  feature at 227 cm' is identified as LIg of double Zn-Se
LIF) show that the atomic reordering and interface disordeiVB's. The new interfacial-reordering mode LlBoes exist
should be considered together. Theoretical calculations coulds predicted by the theoretical models but the interfacial
exaggerate the situation of the double Zn-Se WB’s based ostructure it reflects only appears after annealing.
the sole effect of atomic rearrangement. If interdiffusion is It is shown that the LIF mode can be observed in an-
included, as shown by Fig.(6, some double Zn-Se WB'’s nealed samples. Preliminary studies on the annealed MBE
are locally formed, randomly distributed and thus lackingsamples result in the same observation of ,LIE will be
long-range ordering. Their only effect is on the position andhighly interesting to investigate the progression of the spec-
profile of LIF (Ref. 20 but without LIF,. It should be noted trum with both annealing time and temperature to clarify the
that the limited penetration depth of a visible laser beam irconditions of the development of LJFWe leave it for fur-
such opague samples makes Raman scattering less sensititier study.
to interfacial reordering than x-ray techniques. The absence Further questions to consider are why the,litode does
of LIF, in the Raman spectra is ascribed to the lack of sufnot appear and why the intensity of LIS much larger than
ficient double Zn-Se bonds with long-range order. TheLIF (Fig. 7). Theoretical calculations show that their inten-
growth temperaturé220 °C for ALE and 310 °C for MBE sities should be similar as LiGs much weakefFig. 4) but
cannot generate enough Zn-Se double WB'’s with long-rangexperimental results show a very strong dependence of the
order for Raman identification. To identify LjF sufficient intensities of LQ, LIF, and LIF, to the excitation wave-
atomic rearrangement should be induced by, e.g., heat prdengths. The discrepancy is likely due to the effect of reso-
cessing. nance. Figure 8 shows the Raman spectra of an unannealed
To examine this idea, several ALE-grown ALE sample with different excitation lines at 77 K. With
(CdSe,/(ZnTe)g samples, annealed at 410 °C for different 457.9-nm excitation both LQand LIF are almost unde-



1642 Y. JIN, G. G. SIU, M. J. STOKES, AND S. L. ZHANG 57

by the 4880-A(2.55 eV line, the IFM of S1 has a relative
intensity almost twice as large as that$#. The IFM inten-
sity of S3, the(CdSe,4/(ZnTe);o Sample with 35 periods, is
similar to S2. We assume that it results essentially from the
decrease of total interfaces that can be illuminated by light
rather than from the decrease of the volume fraction of the

interfacial region. Considering the energy gaps,
E4(ZnTe)=2.26 eV ancEy(CdSe=1.74 eV, and the absorp-
514.5nm tion coefficient a(cm %)= —4x10°[(hv—Egy)(eV)]"2?
an estimate can be made thetcm ) at 2.55 eV excitation
are 3.5% 10* and 2.14 10* (all in units of cm ?) for CdSe
and ZnTe, respectively, although it is expected that their
practical value might be larger owing to the big difference
betweerhv andEgy, interface reflection, and so on. Then the
transmission depth determined byrl¢ould be found to be
52, 30, and 29 periods f®&1, S2, andS3, respectively. The
IFM signal from samples with periods thicker th&@ or S3
(e.g., m=n=12) and with similar 30 periods weakens so
much that it can hardly be detected. Hence, the number of
interfaces required for experimental observation of IFM is
more than 30. The thickness of the CdSe layer is more cru-
www cial sincea(CdSe>a(ZnTe) and this number also depends
T on excitation frequency and the quality of interfaces.
This limit shows also in other cases, e.g., the IFM signal with
150 170 190 210 230 250 4579 A (2.71 eV excitationAdisappears ’|Br\1 CdSe/zZnTe
: A1 SL’'s with periods of 40.0 ACdSel63.1 AZnTe and
Raman shift (cm™) 66.4 A CdSe-16.6 A ZnTe, respectivelyFig. 2 of Ref. 23.

FIG. 8. Raman spectra of ALE sampl€gdSe,/(ZnTe)g SL,  The estimate penetration depth of light is17 and 32
excited with different lines irz(x’,x’)z backscattering configura- Periods, respectively. It seems that 30 periods or pairs
tion. The top spectrum with 514.5-nm excitation is measured withof interfaces for observation of the IFM is a good estimate.
both reduced laser power and reduced entrance slit. Obviously we cannot observe the IFM in a simple hetero-

junction, which again stresses the importance of long-range
tectable. As the wavelength increases to 488.0 and 501.7 nrarder.
both LO, and LIF are significantly enhanced and the spec-
trum at 501.7 nm is close to the calculated results. In the
spectrum with 514.5 nm excitation, however, the;Liode
has such huge enhancement that both the excitation power
and the width of entrance slit have to be reduced to protect In summary, theoretical calculations based on the linear-
the detection electronics. LIF, on the contrary, is not en-chain model predict a characteristic IFM for all configura-
hanced so drastically. This is due to the fact thatli®a  tions of atomic rearrangement that originate from double
confined mode within ZnTe layers whose energy gapZn-Se WB's. This additional feature on the high-frequency
(2.4ev-517nm) is very close to the excitation butside of LIF is detectable with comparable intensity. Although
LIF is localized at interfaces. The annealed sample showsxperimental work on both ALE and MBE grown CdSe/
similar wavelength sensitivity of the L{Ontensity with re- ZnTe SL's show that no atomic exchange between layers of
spect to those of LIF and LK However, the relative inten- CdSe and ZnTe could be detected, the predicted liéeed
sities of LIF and LIF, first depend on the annealing condi- appears with strong intensity after annealing for 20 min at
tions instead of the excitation wavelength. The much410 °C (above both ALE and MBE growth temperatures
stronger line of LI compared with LIFFig. 7) also shows The theoretical models, though approximate and simplified,
that assuming a single value far,,g for both single and are thus shown to be applicable with limit. Experiments also
double Zn-Se WB'’s is likely to be an oversimplification, show that Raman scattering can separate the effect of disor-
considering their different sites, interface neighbors, and subder from reordering.
sequent resonance effects. We leave this for further investi-
gation.

We can make a rough estimate of the number of interfaces
required for experimental observation of the IFM. The rela- ACKNOWLEDGMENTS
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