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Lattice vibration of ZnSe,_,Te, epilayers grown by molecular-beam epitaxy
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The lattice vibration of ZnSe ,Te, epilayers grown using molecular-beam epitaxy was investigated with
Raman as well as Fourier transform infrared reflectance spectroscopy. The dependence of longitudinal-optical
(LO) and transverse-opticdlTO) phonon frequency on the Te concentration was found to follow previous
theoretical predictions. However, additional vibration modes were observed at the energy between that of the
LO and TO phonons. The microscopic force constaRtgr. and Fz,g. Were evaluated to be 6.46
X 10° amux (cm )2 and 2.9 10° amux (cm™1)?, respectively. In addition, the Raman spectra were recorded
at high pressure up to 20 GPa. The pressure at which the semiconductor to metal transition occurred is
characterized by the disappearance of the LO phonon and found to decrease with the Te concentration. Current
results imply the decreasing crystal stability with the Te concentra®®163-1829)01612-4

. INTRODUCTION ductor to metal transitidri for Zn, _,Fe,Se bulk crystals. In
this paper, the effect of high pressure on the vibrational Ra-
ZnSgq _,Te, is an interesting class of ternary II-Vl com- man spectra of ZnSe,Te, was studied at high pressure, up
pound semiconductors. Spectacular atomic ordering has be¢m 20 GPa for the first time.
observed by Ahrenkiedt al® Freytaget al? found that spon-
taneous ordering results in a @fferent bowmg parameter t_hat Il EXPERIMENT
is larger than the values obtained earlier from bulk material.
Yao et al2 and Leeet al* found the interesting optical phe- ZnSq _,Te, epilayers (B=x=<1) were grown on GaAs
nomena of exciton bound to Te clusters in ZpnS@e,. Bra-  substrates using the EPI 620 molecular-beam-epitaxy sys-
sil et al® grew ZnSg_,Te, epilayers using molecular-beam tem. Details of the growth conditions were described in a
epitaxy and found that the energy separation between therevious papet.The 514.5-nm line from an argon-ion laser
band gap and the transition energy of exciton bound to Tevas used for the excitation of the Raman spectra. For the
clusters depends upon the Te concentration. The effects &fTIR reflectance spectra, a normal incident beam was ap-
the substrate tilt angle on the optical properties ofplied to the samples and a gold plate was used as a reference
ZnSqg _,Te, epilayers were studied by the presentfor the reflectance. The FTIR spectra were studied with the
researcher Despite the intense research activities that havdruker 120HR Fourier transform spectrometer at 1ém
been carried out on Zn$e, Te,, detailed experimental re- resolution.
sults on lattice vibration have not been published. Until re- For the high-pressure Raman scattering, the GaAs sub-
cently, the variation in the longitudinal-opticdlO) phonon  strates were removed by mechanical polishing, followed by
frequency on the Te concentratigr) of ZnSq _,Te, was chemical etching using NaOH mixed with 8,
presented. The Te concentration dependence on the(NaOH:H,0,=4:21). The epilayers without GaAs sub-
transverse-optica(TO) phonon has yet to be found. In a strates were loaded along with ruby powder into a diamond
current study, lattice vibrations of ZnSgTe, epilayers anvil cell to obtain high pressure up to 20 GPa. The pressure
were studied using the phonon Raman scattering and Fourigiependence of the R1 and R2 photoluminescence lines of
transform infrared reflectance spectrosc@gyIR). The con-  ruby powder was used for pressure calibration.
centration dependence of both LO and TO phonon frequency

is found to .foIIow Fhe previous theoretical predictibhiow- IIl. RESULTS AND DISCUSSION
ever, additional vibration mode was observed at the energy
between the TO and LO phonons. The Raman spectra from ZnSgTe, epilayers are shown

Recently, the pressure effect on the physical properties dh Fig. 1. Forx=0.08, the peak positions of the LO and TO
semiconductors has attracted a lot of attention. ¥eal®  phonons are at 248 and 198 chrespectively. The overtone
observed the band-gap shift of ZnSe at high pressure. Itkiof the LO phonon is observed at 495 chThe weak peak at
et al® found the pressure-induced semiconductor to meta#i43 cmi ! is attributed to the overtone of the weak structure
transition. Aroraet al!* found the splitting of the TO phonon (* A”), which is on the low-energy side shoulder of the LO
at 2.8 and 5.4 GPa. Lét al*? studied the luminescence of phonon at 222 cit. A weak peak at 293 citt is identified
the deep phosphorous and arsenic impurities in ZnSe at highs the LO phonon of the GaAs substrate.)Ais increased,
pressure. We have attributed the disappearance of the LOO, TO, and also the weak pedk A”) exhibit a redshift,
phonon at pressures around 10 to 13.5 GPa to the semicowhich implies the softening of the lattice. Asis increased
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FIG. 1. Raman spectra from ZnSgTe, epilayers.
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FIG. 2. Concentratior(x) dependence of LQopen squargs
peak A (open circley and TO (open triangles frequencies for
ZnSq _,Te epilayers.
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FIG. 3. Raman spectra and FTIR reflectance spectra for
ZnSe g5T€y 0g and ZnSg 19l €, 1 epilayers.

further, the weak structurg’ A” ), whose energy is between
that of the TO and LO phonon, becomes weaker and difficult
to resolve from the LO phonon peak. However, the Te-
concentratior(x) dependence of peakcan be observed bet-
ter from its overtone. Fox=0.21, the overtone of the weak
structureA is at 432 cm?, while the overtone of the LO
phonon is at 480 cimt.

Thex dependence of the Raman shifts for LO, TO and the
weak peakA of ZnSeq _,Te, epilayers are summarized in
Fig. 2. For highx samples, the TO and peakbecome in-
visible in the Raman spectra. The energy determination of
these two peaks was made from the FTIR spectra, shown in
Fig. 3 forx=0.08 andx=0.21. In Fig. 3, the LO phonon of
ZnSq _,Te, epilayer is invisible in the FTIR spectra due to
the selection rule, which prohibits the existence of a LO
phonon in the FTIR spectra. The TO phonons of the
ZnSq _,Te, epilayer and GaAs substrate dominate the FTIR
spectra. However, peak, which is relatively weak com-
pared to LO in the Raman spectra, exists in the FTIR spectra
where LO is not observed. It implies pe@kexhibits TO
character. On the other hand, in the Raman spectra, over-
tones of both peald and LO are observed in Fig. 1. While,
the TO overtone is not observable. The above investigations
suggest that peak exhibits both TO and LO phonon char-
acter. Therefore, we attribute peak to the degenerate
LO-TO phonon mode.

In Fig. 2, thex dependence of the Raman shifts for LO
and TO phonons are similar to the previous theoretical pre-
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FIG. 6. Concentration dependence of semiconductor to metal-
transition pressure for Znge, Te, epilayers.
TO A Z ambient
I pressure rent investigation suggests that the lattice vibration mode
! ! ! ! ' behavior of ZnSe_,Te, epilayers is intermediate mode be-
180 210 240 270 300 havior rather than one-mode behavior. This calls for a modi-
Raman Shift (cm'1) fication in the theoretical calculation. Let us recall the novel

optical properties of Te-bound exciton observed in
FIG. 4. Raman spectra of ZnggTe, o4 epilayers at high pres-  zngq  Te, 346 The existence of Te-bound exciton results
sure. from the large difference in electric negativigetween the
o 8 ) ) Te and Se atom¥ which induces a particular local electric
diction made by Genzedt al.” However, in their work, N0 fie|q 1o trap excitons. The local electric field also affects the
lattice vibration mode, whose energy is betweaen that of thgyrength of the chemical bonding, which can be expressed by
LO and TO phonons, was predicted. Genge&l” reported  he strength of the force constant of the lattice vibration in
that th_e lattice V|bra_t|on of ZnSe, Te, exhibits a one-mode ZnSe_,Te,. Note that the macroscopic force constant is
behavior. The predicted second LO (hCand second TO  gated to the microscopic dielectric constant, which is very
(TO,) lie below the first LO (LGQ) and first TO (TQ),  gensitive to the variation of polarization induced by the local

which are mentioned above. In this paper, we have observegectric field, using the Born-Huang procedéreshich is
that a weak peak A,” which is the degenerate LO and TO g/ =w$(80+2/8 +2), whereF and M are the micro-

phonon mode lies between LO and TO. As a result, the Curécopic force constant and mass of the atom, ands., are

the static and high-frequency dielectric constant is the

340 — $ LOmode frequency of the TO phonon. Therefore, in the theoretical
a geakA* calculation, the impurity mode frequenciesfe
307 = TOmode =(Fzre/M1d Y2 and fse=(Fznsd/Msd¥2 which corre-
a0 © To wnlt mede spond to the vibration of Te in ZnS&=0 limit) and Se in
—— Qudratic polynomial fitings ZnTe (x=1 limit) have to be modified for better fittirfy">
v’g 280 Where, Fzn1e (Fznsd IS t'he force_constant, which reflects
the strength of the chemical bonding, between the Zn and Te
Ezeo i o ° o © (Zn and Sgatoms. My, andMg, are the masses of the Te

and Se atoms. The force constarfo=1.73x10°
amux(cm 12, and F;,g= 2.01x 10° amux (cm™%)? which
were obtained by the theoretical fitting to the impurity mode
frequencies of mixed crystafs,should be adjusted to
Fznre=6.46x 10° amux (cm 1?2 and Feg,se=2.91x10° amu
X (cm™1)? for a proper fit to the current experimental data.
Compared with the force constantF,,s—=2.16x10°
amux(cm Y)? (Ref. 16 and Fzre=1.57x10°F amu
x (cm )2 (Ref. 17, the modification of the force constant is
very substantial due to the unique physical property of
ZnSq_,Te, .°
Pressure (Gpa) The Raman—scattering spectra Qf the Z@]g%‘ée_om epil-
ayer at high pressure is shown in Fig. 4. At ambient pressure,
FIG. 5. Pressure dependence of Raman shifts for TQ, TQ,, the Raman shifts for LO, peak, and TO are at 250, 230,
peakA, peakA*, and LO of ZnSggeT &, o4 €Pilayers. and 208 cm?, respectively. As pressure is increased to 3.1

Raman Sh
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GPa, LO, peakh, and TO phonon energies exhibit a blue- The Raman spectra taken at high pressure for the other
shift. This implies the increasing force constant, which re-ZnSe _,Te, epilayers are similar to Fig. 4. Asis increased,
sults from the shortening of lattice constaihtardening of the semiconductor to metal-transition pressure decreases.
lattice). As pressure is increased further, the LO peak beThe transition pressures of the ZnSgTe, epilayers forx up
comes weaker. Above 12.9 GPa, the LO phonon is no longeio 0.54 are plotted in Fig. 6. The decrease in transition pres-
observed in the spectra. The disappearance of LO is attritsure withx implies the decreasing crystal stability withAt

uted to the semiconductor to metal transitfdms the semi-  x=0.54, the transition pressure drops to 7.3 GPa. The de-
conductor becomes metal, the excitation laser beam for thereasing crystal stability with the concentration of the third
Raman spectrum is not allowed to penetrate into the samplelement was also observed in the;Cgvin, Te mixed crys-

As aresult, LO is not observed. Whereas, Raman peaks thals. Qadriet al. found that theB;-B; phase-transition pres-
exhibit TO character are still observable due to the fact thasure of Cd_,Mn,Te mixed crystals drops from 3.2 to 2.4
transverse surface lattice vibrations are allowed regardless @pa asx is increased from 0 to 0.Y. The elastic stiffness
the sample is semiconductor or metal. The current result isnoduli of the Cd_,Mn, Te mixed crystals drops about 20%
consistent with the previous investigation of ZnSe andasx is increased to 0.52.

Zn,_,FeSe crystalg?

In Fig. 4, the dotted lines represent the curve fitting to the
Raman spectra, although for some peaks the curve fitting
looks quite artificial. However, the focus is to point out the To summarize this paper, we have found that the lattice
disappearance of the LO phonon at high pressure, which igibration mode behavior of Zn$e, Te, epilayers belongs to
clear in the spectra. In Fig. 4, for TO and pe&kpressure- the intermediate mode behavior. The microscopic force con-
induced splittings are observed. j[@nd TQ split from  stants F,,. and F,,s. Were evaluated to be 6.46
TO mode at 3.1 and 8.6 GPa. While peak splits from  x10° amux(cm ™ )? and 2.9 10° amux(cm %)?, respec-
peak A at 11.5 GPa. The splitting of the vibration mode tively. The disappearance of the LO phonon in the Raman
implies the occurrence of a new phase, which results fronscattering at high pressure is attributed to the semiconductor
the structural transition caused by applied pres$tfEhe  to metal transition. The transition pressure was found to de-
splitting can be observed in the summary plot in Fig. 5. Thecrease with Te concentration
curves represent quadratic polynomial fitting. The phase-
transition pressure labeled in Fig. 5 By, P,, andP; mark
the pressures where the splitting of TO phonon and peak
occur. These types of phase transiti@tructure transition This work was supported by the National Science Council
are not identified. However, this is not the major concern inunder Grant Nos. NSC87-2112-M-033-004 and NSC88-
our current article. The main point is to study the Te-2112-M-033-003. Partial support was from Grant No. CY86-
concentration dependence of thHe,, semiconductor to RG-001. W.C.C. would like to acknowledge support from
metal-transition pressure. CYCU.
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