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ABSTRACT

In this thesis, Zn;xCdxSe.'epilayers of zinc-blende phase were grown on the
GaAs substrates were studied- by using micro-Raman scattering experiment. At
ambient pressure, two peaks labeled as transverse optical (TO) phonon mode and
longitudinal optical (LO) phonon mode are observed for each Zn; xCdySe epilayers.
From the Raman spectra, the vibration frequency decreases and the linewidth
increases with the Cd concentration. The lattice vibration mode behavior of
Zn;xCdySe epilayers belongs to the one-mode behavior. The high pressures were
generated by using a diamond anvil cell. For Zn;_«CdySe epilayers with x = 0.00, 0.06,
0.08, 0.14, 0.25, and 0.32, all Raman peaks blue shifted to higher frequencies when
the pressure was increased. As the pressure was increased to the transition pressure,
the LO phonon disappeared. The disappearance of the LO phonon in Raman spectra at
high pressure is attributed to the semiconductor to metal phase transition. The
metallization occurred when the crystal structure transformed from a four-coordinated
zinc-blende (ZB) phase into a six-coordinated rock-salt (RS) phase. As X was
increased, the semiconductor to metal-transition pressure decreased. The decrease in
transition pressure with X implies the decreasing crystal stability with X. Finally, we
also calculated the pressure variation of the phonon frequencies and Griinesien

parameters of the two optical modes.
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Chapter 1

Introduction

The wide band gap II-VI compound semiconductor family has attracted intense
interest for the past decades due to its applications in optoelectronic devices. In
particularly, ZnSe-based ternary compound semiconductors, such as Zn,;,Cd,Se,
Zn;Mn,Se, have attracted much attention due to its tunability in lattice constant and
band gap. Among them, Zn; ,Cd,Se is one of the most intenerating compounds
because its band gap covers most of visible light region from blue to red. Ternary
compound Zn;,Cd,Se was widely used as an active layer in a strained single
Zn; Cd,Se quantum well with ZnSSe or'ZnSe barrier of the II-VI semiconductor
blue-green diode lasers [1, 2,73]. As a:result;. the: optical and electrical properties of
Zn;,Cd,Se epilayers grown by molecular beam epitaxy (MBE) were studied
extensively.

In past decades, several kinds of high pressure studies on III-V and II-VI
semiconductors have been performed. Ves et al. investigated the band shift of ZnSe as
a function of pressure by transmission experiment [4]. The structure transition from
zinc-blende to rock-salt phase was identified by optical absorption experiment. The
x-ray diffraction experiments were carried out to observe the structure transformations
at high pressure by McMahon et al. [5] and Greene et al. [6]. The resistance
measurement revealed metallization process at high pressure of semiconductor [7].
Usually, the semiconductor-metal transition pressure can be identified by the
energy-dispersive x-ray diffraction (EDXD) which measures change of crystal
structure. It accompanies disappearance of the longitudinal optical (LO) phonon mode

in Raman spectra [8]. Hence, the Raman scattering studies under hydrostatic pressure



is a powerful tool to investigate the phase transition of crystal structure of
semiconductor materials.

Raman scattering studies at high pressure for III-V and II-VI semiconductors have
received much attention in recent year [9, 10, 11]. Recently, the Raman scattering
experiments were applied to study the pressure effect on Zn; . Fe,Se [8], Zn;,Co,Se
[12], and Zn; Mn,Se [13, 14] crystals. To our knowledge, study of Zn,.Cd,Se
epilayers of zinc-blende phase grown by molecular beam epitaxy is rare. In this thesis,
the Raman scattering of Zn;,Cd,Se epilayers at room temperature and under
hydrostatic pressure reported.

In Chapter 2, the experimental details of highpressure Raman scattering were
described. The experimental results of the lattice vibration of Zn;_,Cd,Se epilayers at
high pressure were presented,sin- Chapter 3. Finally, Chapter 4 concludes our

experimental results and gives.-future direction.



Chapter 2

Principle of Experiment

In this chapter, we describe the experimental techniques used in this thesis. The
experimental techniques include high-pressure technique, and micro-Raman scattering
measurement. The sample preparation which was used in the high-pressure experiment

is also presented.

2.1 Preparation of Sample

In this work, the Zn;.,Cd,Se epilayers of zinc-blende phase were grown on the
(001) GaAs substrates using the Veeco Applied EPI 620 molecular beam epitaxy
system. The GaAs substrate was mounted on melybdenum disk holder by Indium.
After the substrate holder was loaded on.-the transfer rod in the introduction chamber.
We turned on the oil free diaphragm-pump andthe turbo pump. When the introduction
chamber’s pressure is below 10 torr, we open the manual gate valve and transfer the
substrate holder (molybdenum disk) to the growth chamber by the substrate transfer
arm. The substrate temperature was raised up to 650 °C for removing the oxide on the
GaAs substrate. After clear RHEED pattern was observed, the substrate temperature
was decreased to 300 °C for growing the Zn,,Cd,Se epilayers. For the Zn,,Cd,Se
epilayers, the cell temperatures of Zn and Cd were ranged from 300 °C to 260°C and
from 230 °C to 210 OC, respectively. While, the cell temperature of Se was fixed at 175

°C. The substrate temperatures were set at 300 °C. Under the above growth conditions,

the growth rate of 0.35 A/s was obtained. The structures of Zn;.Cd,Se epilayers were

plot in Fig. 2.1. The sample thickness of Zn;.,Cd,Se epilayers was fixed to be about



0.5 pm. The growth parameters of the Zn;.,Cd,Se epilayers were shown in Table 2-1.

2.2 High-pressure Technique

2.2-1 Diamond Anvil Cell

The diamond anvil cell (DAC) was first developed by Jamieson, Lawson, and
Nachtrieb in 1959. The components of the diamond anvil cell are shown in Fig. 2.2. In
our experiment, the pressure was generated by using diamond anvil cell. The principle
of all high-pressure cells, is similar; a force F is applied to a small surface of area S,
creating a pressure P = F'/ S, which can be made large by reducing the size of the area
of contact. The basic operating principle of the DAC is very simple. A sample placed
between the flat parallel faces-of two opposed diamond anvil is subjected to pressure
when a force pushes the two opposed anvils together.

In the DAC, the sample. is placed between the flat faces (culets) of two
brilliant-cut diamonds. The culets are separated by a thin metallic foil (gasket) which
has previously been indented zone. There is a small hole constituting the pressure
chamber into which the sample is placed. The selection of diamonds and size depend
upon the type of DAC and the nature of investigation. Typical dimensions are 0.3-0.7
mm for the diameter of the culet, 0.3-0.2 mm for the thickness of the gasket, and about
50-100 pum for the diameter of the circular hole. The sample is normally immersed in a
fluid, which fills the chamber and acts as a pressure medium ensuring hydrostatic and
homogeneous conditions.

In the Fig. 2.2, A is the hemisphere rockers on which the diamond anvil was
mounted; B are two diamonds; C is a gasket. A spring lever-arm A is employed to

generate force on the diamond surfaces. Force is applied through the lever-arm, when



the Bellville spring washers are compressed by the turn of the screw, making the two
opposed diamonds pressing mutually. Then, we can generate a uniform and

continuously pressure as the screw is rotated.

2.2-2 Pressure Medium

In order to generate a hydrostatic pressure environment for samples, a fluid
pressure medium is required. Various fluids have been used, but a 4 : 1
methanol-ethanol mixture has been proved to be very popular. Unfortunately, the use of
fluids is valid only to about 10 GPa, since most liquids become solids above this
pressure. Deionized -water is also considered to be a pressure medium, but it transfers
to solid ice VI and ice VII at 0.6 and 2.1 GPa, respectively.

However, previous study ,shown thatithe RI-R2 splitting in the ruby fluorescence
was maintained well up to 16.7 GPa, therefore, the non-hydrostatic components of
water is not a serious problém below.'16.7 GPa [15]. In the present study, such a
splitting was well recorded up to 25.4/GPa as shown in Fig. 2.3. Hence, deionized
-water seems to be a suitable pressure medium in the high pressure study. For the reason

we choose deionized -water pressure medium in our experiments.

2.2-3 Pressure Calibration

Various methods of pressure calibration involving the DAC have been used.
Pressure in the DAC was estimated by calculating force over area, the known fixed
point, and in high-pressure X-ray studies by internal markers such as NaCl or silver.
However, these methods are not convenient and are often proved to be inaccurate.

With the introduction of the ruby fluorescence method in 1972 by Foreman et al.

[16] a major obstacle with the DAC, namely, pressure calibration, was removed,



clearing the way for widespread use of the DAC for high-pressure physical
investigation. Foreman et al. first showed the R-line on Cr~-doped ALOs shift linearly
with hydrostatic pressure in the range of 0.1-2.2 GPa, and that the R-line broadens if the
ruby experiences non-hydrostatic stresses. A tiny ruby chip of 5-10 pm in the pressure
medium along with the sample, and the fluorescence of the ruby chip is excited by
either a Ar’” laser line or any source of strong light. Fig. 2.4 shows the energy levels
and the resulting absorption and luminescence for Cr™ ions in ruby [17].

Piermarinal et al. [18] calibrated the R-line to 19.5 GPa against the compression of
NaCl by using Decker equation of state for NaCl. The R-lines of ruby are intense, and
the doublet R1 and R2 have the delta wavelength 964.2 and 692.7 nm, respectively, at
atmospheric pressure. At high pressure these shifts to higher wavelength and the shift is

measured linearly with increasing pressure.

2.3 Micro-Raman Scattering Experiments

2.3-1 The Principle of Raman Scattering

All the Raman parameters — band frequencies and intensity, line shape and
linewidth, polarization behavior — can be used to characterize the lattice, impurities,
and free carriers in a semiconductor. The intensity gives information about
crystallinity. The linewidths increase when a material is damaged or disordered,
because these conditions increase the phonon damping or break the momentum
conservation during the Raman scattering process. The strengths and frequencies of
the phonons can be used to determine the degree of alloying in a ternary material
[19].

Raman scattering involves a change in photon frequency. When light



encounters the surface of a semiconductor, the following situations can usually
occur: for example, reflected, transmitted, absorbed, or Rayleigh scattered. In these
situations, there are no change in photon frequency. However, a small fraction of
light may interacts elastically with phonon modes, producing outgoing photons
whose frequencies are shifted from the incoming ones. These are the
Raman-scattered photons. The interaction of the incident light with optical phonons
is called Raman scattering. When the polarization of optical phonon is transverse
(longitudinal) relative to their wavevector of photon, it is call TO (LO) mode.
Photon gains energy by absorbing a phonon (anti-Stokes shifted), or loses energy by
emitting one (Stokes shifted). The law of conservation energy and momentum must
be applied in the process. The conservation conditions are
hv, =hv, £hy,, (2.1)
k. =k kg, (2.2)

¢ 9
l

Where the subscript “s” inithe formula stands for scattering: stands for
incident and “0” stands for optical phonen.  The puls sign stands fot anti-Stokes
shift and minus sign is stands for Stokes shift. Normally, the intensity of the
anti-Stokes modes is much weaker than that of the Stokes components, because
usually these are few phonons to be absorbed compared to the density of phonons

that can be emitted. Raman scattering is inherently a weak process, but lasers

provide enough power such that the spectra can be routinely measured [20].

2.3-2 Experimental Setup

The schematic diagram of the Raman scattering experiment is shown in Fig. 2.5. In
this work, the Raman scattering measurements were performed by a Jobin-Yvon

micro-Raman system. The Raman spectra at room temperature were excited by using



the 514.5 nm line from an argon-ion laser. Usually, a laser beam with a power of 90
mW was focused to a size of about 2 um on the sample surface in the DAC. To exclude
the Reyleigh scattering, we used notch filter to filter out the Reyleigh scattering of the
laser. The intensity of Raman lines were normalized to the power of the laser as
measure by a power meter and the backscattering Raman signals were collected by the
SPEX 1404 double-grating spectrometer and detected by a LN, cooled charge coupled
device (CCD). The spectrometer was controlled by a computer, which was used to store

and plot the collected data.

2.4 Experimental Process

The Zn,..Cd,Se epilayers grown by. MBE were ground into thin films with the
thickness of 100 um the followed by chemical etching using NaOH mixed with H,O,
and deionized-water to remove the GaAs substrate. To obtain high pressure up to about
20 GPa, the Zn,.,Cd,Se epilayets and ruby chip (about 1 um in size) were sealed with
the pressure transmitting medium (deionized-water) in the sample chamber which was
a hole of 170 pm diameter and 100 pum thick drilled on gasket which has an original
thickness of 250 um. The epilayers without GaAs substrates were loaded along with
ruby powder into a diamond anvil cell. The pressure determination was done by

reading the peak position of the ruby R1 fluorescence line.



Table 2-1 Growth condition of Zn;_,Cd,Se epilayers.

Sample  substrate Zn Se Cd X
number (0) (C) (C) (C)
1 300 300 175 — 0.00
2 300 300 175 200 0.06
3 300 300 175 210 0.08
4 300 300 F/B 225 0.14
5 300 295 175 230 0.25

6 300 290 175 230 0.32




Zn,,Cd,Se 0.5 ym

GaAs (001)

Fig. 2.1 Schematic structure for Zn,; ,Cd,Se epilayers.
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Fig. 2.3 Ruby fluorescence verse pressure in a pressure medium of
deionized-water. The right -hand and left -hand side peaks of the plots present R1

and R2 peaks of the ruby fluorescence lines, respectively.
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Chapter 3

Result and Discussion

3.1 Raman Scattering of Zn,.Cd,Se Epilayers at

Atomspheric Pressure

We have measured the phonon frequencies of the Zn; ,Cd,Se epilayers at room
temperature and various pressures by Raman scattering system. In the backscattering
geometry used in our experiment, the LO phonon mode is allowed while the TO
phonon mode is forbidden. For the Raman scattering experiment, the GaAs substrate
were removed by mechanical polishing, At atmospheric pressure, two peaks labeled as
TO phonon mode and LO phonen modearetobserved for each Zn;.,Cd,Se epilayer in
Fig. 3.1. For x = 0.00, the TO ‘and LO are observed at 205.3 cm™ and 252.1 cm’,
respectively. For x = 0.06, the’TO and LIO-are observed at 203.1 cm™ and 248.5 cm™,
respectively. For x = 0.08, the TO and T.O are observed at 201.4 cm™ and 246.6 cm™,
respectively. We only observe one peak labeled as LO for x = 0.14, x = 0.25, and x =
0.32 at atmospheric pressure. The LO are observed at 241.3 cm™, 241.3 cm™, and
2402 cm’, respectively. The variation of these phonon frequencies with Cd
concentration fraction x is shown in Fig. 3.2. In this figure, phonon frequencies of
CdSe obtained from other reference are also shown by open circle and open square
[21]. From this figure, Raman measurements on samples of MBE grown Zn;_.Cd,Se
epilayers show a linear variation of frequencies with the Cd concentration fraction x.
The Raman peaks of Zn;_,Cd,Se epilayers decrease frequency and increase linewidth
with the increasing Cd concentration. It implies the softening of the lattice. This agrees

with the observation that the high Cd concentration increases alloy potential



fluctuation [1]. With increasing Cd concentration, the phonon vibration mode has a
redshift, and the mode intensity weakens. The fact that the atomic radius of Cd is
greater than Zn leads to the increase in lattice constant. As a result, the frequencies of
the quasi-harmonic vibration of the crystal should be decreased. As shown in this
figure, the results of our experiments reveal that Zn,,Cd,Se is a one-mode system.
Whether a mixed crystal system A;,B,C will exhibit one-, two-, and mixed-mode
behavior type depends almost entirely on the relative masses of the atoms A, B, and C.
In the one-mode behavior, the zone-center optical phonon frequencies vary
continuously with concentration within the frequencies of the two end members. In
two-mode behavior, each TO-LO phonon pair for an end members degenerates to an
impurity mode of the other end member. Between these limits lies the mixed-mode,
which shows intermediate behayiors. Based on. this consideration, Chang and Mitra
have derived a criterion in order.to determine the one-, two-, or mixed-mode behavior
type [22]. The criterion for one mode behavior is-ma > upc i.e. for one-mode mixed
crystal, the mass of one substituting.element 1s smaller than the reduced mass of the
compound formed by the other elements, at both ends of its composition range [23]. If
this is violated the alloy will exhibit two-mode behavior. In our considerations, the
masses of each component are chosen as follows: mz, = 65.38 amu., mcq = 112.41
amu., and ms. = 78.96 amu.. For Zn; .Cd,Se, the mass of Cd is greater than the
reduced mass of ZnSe, and the mass of Zn is greater than the reduced mass of CdSe.
As a result, Zn;,Cd,Se epilayers exhibits one-mode behavior for all values of x
between 0 and 1. It is in agreement with our experimental results. However, there is
some controversy in the literature. Alonso et al. performed Raman measurements on
Zn;Cd,Se in the whole compositional range [21]. They found Zn;,Cd,Se exhibites a

mixed-mode behavior. J. Camacho et al. also found a mixed-mode behavior in



Zn; Cd,Se [24]. However, more recent Raman measurements seem to support that

Zn,;,Cd,Se has a one-mode behavior [23, 25, 26].

3.2 Raman Scattering of Zn,.Cd,Se Epilayers at

High Presssure

For the high-pressure Raman scattering experiments, high pressures were
generated by using the diamond anvil cell. When the pressure is increased, the force
acted on the crystal becomes larger and this force will compress the whole volume of
the crystal. Therefore the distances among atoms would accordingly decrease. When
atoms become closer to each other, the repulsion force induced by outer-shell electrons
of neighboring atoms becomes largér-and larger. And this makes the whole crystal
unstable. As a result, the whole crystal structure would change to a more stable crystal
structure. The structure change could induce energy shift of phonon, and it can be
studied by Raman scattering. The Raman spectroscopy of Zn;_,Cd,Se epilayers for x =
0.00, 0.06, 0.08, 0.14, 0.25, and 0.32 at various pressures and room temperature are
shown in Fig. 3.3-3.8. In Fig. 3.3-3.8, intensities of all these Raman modes decrease as
the pressure is increased. According to Fig. 3.3-3.8, we find that the LO phonon modes
disappeared and the TO phonon modes broaden at different pressure. For x = 0.00, the
LO phonon mode disappeared and TO phonon mode broadened at 12.9 GPa. For x =
0.06, the LO phonon mode disappeared and TO phonon mode broadened at 12.3 GPa.
For x = 0.08, the LO phonon mode disappeared and TO phonon mode broadened at
11.4 GPa. For x = 0.14, the LO phonon mode is disappeared and TO phonon mode
broadened at 7.1 GPa. For x = 0.25, the LO phonon mode disappeared and TO phonon
mode broadened at 10.0 GPa. For x = 0.32, the LO phonon mode disappeared and TO

phonon mode broadened at 9.5 GPa. Usually, the semiconductor-metal transition



pressure was identified by the energy-dispersive x-ray diffraction (EDXD) result which
corresponds to a change of the crystal structure and accompanies the disappearance of
the LO phonon mode [8]. As x is increased, the semiconductor to metal-transition
pressure decreased. However, we have found the transition pressure increased when Cd
concentration x is increased from 0.14 to 0.25. The transition pressures of the
Zn;_Cd,Se epilayers for x up to 0.32 are plotted in Fig. 3.15. The decrease in transition
pressure with x implies the decreasing crystal stability with x. However, the reason of
the increase in transition pressure is unidentified.

The variation of Raman shift of LO and TO for ZnSe, Zngo4CdgosSe,
Zny.9,Cdy0sSe, Zng s6Cdo.14Se, Zng 75Cdo 25Se, and Zng 6sCdy 32Se epilayers as a function
of pressure are shown in Fig. 3.9-3.14, respectively. The circles and squares represents
for TO mode and LO mode, respectively. The lines are quadratic polynomial fitting
lines that conclude the behavior of each Raman medes with increasing pressure. From
these figures, one can clearly-see the variation of-different Raman modes at different
pressures.

It is clear that for Zn,_Cd,Se epilayers with x = 0.00, 0.06, 0.08, 0.14, 0.25, and
0.32, all Raman modes blue shift to higher frequencies when the pressure increases.
The relationship of these Raman mode frequencies versus pressure of ZnSe,
Zn904Cdoo6Se, Zng9,CdoosSe, ZngseCdo14Se, Zng75CdoasSe, and ZngesCdg3aSe
epilayers can be obtained by the quadratic polynomial fitting and are plotted as the
solid curve, in Fig. 3.9-3.14, respectively. The solid symbols shown in the figures are
the results of our experimental data. The quadratic polynomial fitting formulas for

ZnSe are expressed as follows:

®,, =252.1+3.28P—0.041 P 3.1)

@, =205.3+4.66P —0.090 P> (3.2),



for Zng 94Cdp gsSe are expressed as follows:

w,, =248.7+4.73P-0.165P* (3.3)

@, =203.3+4.88P—0.071P° (3.4),

for Zng 9oCdy osSe are expressed as follows:

w,, =246.2+3.50P-0.008P° (3.5)

w,;, =205.3+3.95P-0.071P° (3.6),

for Zng 36Cdo 14Se is expressed as follows:

w,, =243.2+2.55P-0.208P° (3.7),

for Zng 75Cdy25Se is expressed as follows:

w,, =241.5+3.73P - 0.041P> (3.9),

similarly, for Zny ¢sCdy 32Se, the fitting formulas can be expressed as follows:

@y ='239:2+4.92P=0.162P° (3.9),

where @ is the wavenumber in cm™ and! P" is the pressure in GPa.
In general, the crystal ionicity can be expressed by the Griinesien parameters,
which can be calculated from the pressure shifts of the LO and TO phonons of

Zn; Cd,Se measured by the micro-Raman scattering experiments. The Griinesien

parameter y, for a quasi-harmonic mode i of frequency , is defined by [27]

_ Oho _10he k do
" oy B o o dp

(3.10),

where S is the isothermal volume compressibility; v is the molar volume in
cm3/mol; k, 1s the bulk modulus for Zn;.Cd.Se. The bulk modulus of Zn;..Cd,Se is

unknown, but the values of £k, =65.6 GPa [28] and k.., =54.6 GPa [29]. In our

samples, Cd concentration x is low. Hence, &y, ;5 Was taken as 65.6 GPa from the



value of ZnSe at zero pressure. The pressure effect on Raman vibration modes of
Zn; Cd,Se at room temperature are shown in Table 3-1. As a comparison with
previous works [30], we found y,, >y,, for all Zn,..CdSe epilayers. This indicates
that as the crystal is compressed, there is a decrease in the ratio of LO and TO mode
frequencies. Further, the calculated y,,/7,, for ZnSe, Zn94CdoosSe, and
Zny9,CdyosSe are 1.752, 1.256, and 1.298, respectively. This manifests that ZnSe has a
higher ionicity than Zn 4Cdg 0sSe and Zng 9:Cdg osSe.

We may use a spring model to explain why Raman modes blue shift to higher
frequencies with increasing pressure. As mentioned before, the interaction force
between any two neighboring atoms in a crystal can be considered as having a spring
connecting to each other. The force constant of this spring will be different depending
on the strength of chemical bonding between. atoms. We may consider the force
constants between atoms become. larger as the pressure was increase. As a result, the

phonon vibration energy increases asthe pressure is increased.
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Table 3-1 Effect of pressure on various Raman vibrational modes of Zn;_.,Cd,Se at

. dw,
room temperature. The value of mode frequencies @,, pressure dependenced—’ , and
p

mode Griinesien parameter y, were obtained at ambient condition.

. . oj  dojldp dyj ldp
Sample mode fitting equation Vi
cm-l  cm-1/GPa 1/GPa
LO 252.1+3.28P-0.041R2 ., 252.1  3.28-0.082P  0.85  _0.03+1.12x10-3P
/nSe
TO 205.3+4.66P20.090P2 2053, 4.66-0.180P 149  _0.06+5.18x10-3P
LO 248.7+473P-0.165P2 1 "248.7 % 4.73-0.330P 125  _0.09+5.58x10-3P
Zn,,0,Cdg g6Se
TO 203.3+4.88P-0.071P2.<203.3 | 14.88-0.142P  1.57  _0.08+4.86x10-4P
LO 246.0+3.63P-0:008P2——246.0 / = 3.63-0.016P  0.97  _0.01+8.66x10-4P
Zny 9,Cdy 0gSe
TO 205.3+3.95P+0.071P2  205:3% 3.95+0.142P 126  0.02-1.67x10°3P
Zng 36Cdo 14Se LO 2432+2.55P+0208P2 1 112432 2.55+0.416P  0.69  0.10+3.37x10-3P
Zng75Cdg2sSe LO 241.5+3.73P-0.041P2  241.5  3.73-0.082P  1.01  _0.04+1.44x10-3P

Zng 6sCdg32Se LO 239.2+4.92P-0.162P2  239.2  4.92-0324P 134  _0.11+6.30x10°3P
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Fig. 3.1 Raman spectra of Zn;_,Cd,Se for x = 0.00, 0.06, 0.08, 0.13, 0.14, 0.25,

and 0.32 at ambient pressure.
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Fig. 3.4 Raman spectra of Zng 94Cdg 0¢Se at different pressure.

25



Zng.92Cdg ogSe

[

X2
11.4GPa

—_’//‘-’\\ia
10.4GPa

e e . 9.4GPa
s N 75GPa

6.1GPa

3.4GPa

M\_ 2.2GPa
—AJ; ambient

pressure
N 1

Raman Intensity (a.u.)

200 250 300 350
Raman Shift (cm™)

Fig. 3.5 Raman spectra of Zny 9,Cdg 0sSe at different pressure.
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Fig. 3.6 Raman spectra frequency of Zn gsCdy 14Se at different pressure.
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Fig. 3.7 Raman spectra frequency of Zng 75Cdo2sSe at different pressure.
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Fig. 3.9 Pressure dependence of LO and TO peaks for ZnSe.
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Fig. 3.11 Pressure dependence of LO and TO peaks for Zng 9,Cdy osSe.
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Fig. 3.12 Pressure dependence of LO peak for Zng 3¢Cdy.14Se.
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Fig. 3.13 Pressure dependence of LO peak for Zny 75Cdy2sSe.
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Fig. 3.14 Pressure dependence of LO peak for Zng 63Cdy 32Se.
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Chapter 4

Conclusion

The pressure-induced structural phase transition of Zn;,Cd,Se epilayers was
investigated using the micro-Raman scattering experiment. From the Raman
scattering experiment, we have measured the frequencies of LO and TO phonons in
Zn;_Cd,Se epilayers for x = 0.00, 0.06, 0.08, 0.14, 0.25, and 0.32 at room temperature
and various pressures. Indirect observation of the metallization of semiconductors was
proposed. The disappearance of the LO phonon is attributed to the metallization of the
Zn;_Cd,Se epilayers. The pressure-induced metallization for ZnSe, Zng94Cdy 06Se,
Zn¢.92Cdo.0sSe, Znp 36Cdo 14Se, Zne35CdoasSe, and Zn 63Cdg 32Se epilayers occurred
at 12.9, 12.3, 11.4, 7.1, 10.0, and 9.5 GPa, respectively. The observed reduction in the
structural transition pressure~of Zn;.€d,Se with-Cd concentration implies that the
replacement of Zn by Cd results in a decrease in'the metallization pressure. This also
indicates that the replacement of Zn by Cd results in a softening of the crystal bonding
and instability of the crystal structure. The pressure variation of the phonon frequencies

and Griinesien parameters of the two optical modes were also calculated.
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