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Abstract
The results of a comprehensive experimental and theoretical study is reported to empathize the optical properties 

of binary GaAs, ZnTe, CdTe and ternary Cd1-xZnxTe (CZT) alloys in the two energy regions: (i) far-infrared (FIR), 
and (ii) near-infrared (NIR) to ultraviolet (UV). A high resolution Fourier transform infrared spectrometer is used 
to assess the FIR response of GaAs, ZnTe, CdTe and CZT alloys in the entire composition 1.0 ≥ x ≥ 0 range.  
Accurate model dielectric functions are established appositely to extort the optical constants of the binary materials. 
The simulated dielectric functions ( )ε ω  and refractive indices )(~ ωn  are meticulously appraised in the FIR → NIR → 
UV energy range by comparing them against the existing spectroscopic FTIR and ellipsometry data. These outcomes 
are expended eloquently for evaluating the polarization dependent reflectivity R(λ) and transmission T(λ) spectra of 
ultrathin CZT/GaAs (001) epifilms. A reasonably accurate assessment of the CZT film thickness by reflectivity study 
has offered a credible testimony for characterizing any semiconducting epitaxially grown nanostructured materials of 
technological importance.  
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Introduction
The binary cadmium chalcogenides (CdX with X=S, Se, Te) and 

their ternary (Cd1-xYxX with Y=Be, Mg, Zn, and Hg) alloys belong to 
the group of a II-VI semiconductor family – exhibiting many intriguing 
properties with a wide-range of applications in photovoltaics, x-ray, 
γ-radiation sensors, electro-optical modulators including its usage as 
a substrate for HgCdTe based infrared (IR) detectors. As compared to 
the traditional Si and Ge detectors, requiring cryogenic cooling and 
consuming high power – the II-VI based devices [1-6] are compact, 
expend less power, operate at room-temperature and display unique 
features for processing more than one million photons/second/mm2. 
In recent years, the growing interest for exploiting Cd1-xZnxTe (CZT) 
epifilms over group-IV semiconductors has been its ability to concoct 
alloys with accurate control of composition x and thickness d. The 
other advantages of utilizing these materials in device engineering 
include the accessibility of low-cost, large area, and electrically 
conductive substrates, such as GaAs. For the technological needs, the 
imperative qualities of CZT comprise of its higher atomic number Z, 
high mass density ρ and large bandgaps Eg [1.45 eV (CdTe), 2.26 eV 
(ZnTe)] for ensuring enhanced energy resolution and higher detection 
efficiency. While the key interest in Cd1-xZnxTe alloys, and (CZT)m/
(ZnTe)n superlattices (SLs) aspires assessing their electrical and optical 
characteristics by controlling x, m and n – the film thickness d plays 
an equally important role in regulating the efficiency of electro-optical 
devices, e.g., an accurate thickness of buffer and epifilm is required for 
fabricating sensors, detectors, and solar-cells [4-6].  

The II-VI based electronics demand [7-10] high-quality crystalline 
materials with fewer defects.  In the as grown CZT alloys, the constraints 
of phase diagram necessitating higher growth temperatures usually 
instigate intrinsic defects. In the electronic industry, as the veracity of 
using semiconductor materials intensifies – so does the compulsion 
of employing reliable and reproducible methods for appraising their 
distinctive qualities. In assessing the nature of defects and degree of 
crystallinity, many experimental techniques have been employed in 
the past, such as the Fourier transform infrared (FTIR) reflectivity and 
transmission [9,10], Raman scattering (RS) [8], photoluminescence 

(PL) [11], synchrotron X-ray diffraction (S-XRD) topography [1-3], 
and deep level transient spectroscopy (DLTS) [12], etc. In addition, the 
spectroscopic ellipsometry (SE) is perceived as an equally valuable tool 
for appraising the optical constants of semiconductor materials and 
evaluating the epifilm thickness [13].

Despite the extensive technological needs, a limited number of 
experimental/theoretical studies are carried out on the fundamental 
properties of CZT alloys and SLs – especially the physics behind 
those attributes which ascertain their prominence at a practical level.  
Although, a significant amount of work exists dealing with the growth 
and electronic characteristics of II-VI materials – the structural, and 
optical properties of Cd1-xZnxTe are either scarcely known [6-8] or 
ambiguous. In the far-infrared (FIR) region 5 meV ≤ E ≤ 100 meV, 
while SE is recognized as an efficient method for exploring lattice 
dynamics and free carrier concentration in semiconductors – it has 
not yet been applied to study the phonons of CZT alloys. Again, no 
SE measurements are available for assessing the Cd1-xZnxTe/GaAs 
epifilm thickness. Earlier, the vibrational properties of Cd1-xZnxTe 
were acquired by using FTIR [9,10] and RS [8] spectroscopy with a 
limited alloy composition, x.  The results when analyzed by a classical 
method envisioned a “two-phonon-mode” behavior. Recently, we have 
performed extensive micro-Raman and extended X-ray absorption 
fine-structure (EXAFS) measurements on the Bridgman-grown 
Cd1-xZnxTe alloyed samples [14,15] in the entire composition range 
1.0 ≥ x ≥ 0.0 and comprehended their phonon and structural traits.  
A careful evaluation of the experimental data by an average-t-matrix 
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Green’s function (ATM-GF) approach has authenticated the “two-
phonon mode” stance [14].  While the composition-dependent EXAFS 
data revealed a bimodal distribution of nearest-neighbor bond lengths– 
theoretical analysis by first-principles bond-orbital model permitted 
an accurate appraisal of the lattice relaxations around Zn/Cd atoms in 
CdTe/ZnTe materials. One must note that only limited efforts have been 
made by SE to uncover the optical properties of CZT alloys in the near-
IR (NIR) to ultraviolet (UV) energy range [16-20]. From a theoretical 
stand point, it has now become possible [14,15] to expend pragmatic 
model dielectric functions (MDFs) of binary materials to elucidate 
structural and optical characteristics of semiconducting ternary alloys, 
and SLs grown on different substrates. Earlier, it was comprehended 
that only first principles methods could yield material characteristics 
with accuracies required of the experiments [21].  It is, therefore, quite 
intriguing to explore electrical and optical properties of novel CZT 
alloys [22-25] which are playing crucial roles in contriving IR detectors/
sensors, photovoltaic-cells, and many other optoelectronic devices [1-
6]. The purpose of this paper is to report the results of comprehensive 
experimental and theoretical investigations to apprehend the 
structural and optical characteristics of ultrathin (20 nm ≤ d ≤ 1.0 
µm) Cd1-xZnxTe epifilms prepared on GaAs substrate.  Accurate model 
dielectric functions are established appositely to extort the optical 
constants of all the involved semiconductor materials. The simulated 
dielectric functions ( )ε ω  and refractive indices ( )n ω  are meticulously 
appraised in the FIR → NIR → UV energy range by comparing them 
against the existing spectroscopic FTIR [9] and ellipsometry [20] 
data. A traditional approach of multilayer optics is used to simulate 
polarization dependent reflectivity [R(λ)] and transmission [T(λ)] 
spectra for ultrathin Cd1-xZnxTe/GaAs (001) epifilms of thickness 
ranging between 22 nm ≤ d ≤ 1 µm.  Theoretical results of R(λ) and 
T(λ) are compared, discussed and contrasted amongst the available 
experimental data [22-29] with concluding remarks presented in 
Section 7. An accurate assessment of film thickness by reflectivity study 
has offered a credible testimony for characterizing epitaxially grown 
nanostructured materials of diverse technological importance.

Experimental
Cd1-xZnxTe ternary alloys

The CdxZn1-xTe (0 ≤ x ≤ 1) samples used in the FIR (5 meV ≤ E ≤ 100 
meV) reflectivity measurements [9] were grown at the Massachusetts 
Institute of Technology using the Bridgman technique. The CZT 
ternary alloys were prepared by reacting the 99.9999% pure elemental 
constituents in the evacuated sealed quartz tubes at ~ 1150°C. The 
Cd composition values x determined from the mass densities and the 
precast alloys were re-grown by directional solidification at the rates 
of 1.2 mm/h in the adiabatic zone of a Bridgman-Stockbarger type 
furnace with temperature gradient set at about 15°C/cm.  The resultant 
boules cut into 1-2 mm thick slices perpendicular to the growth axis 
were annealed at 600°C in a Cd-saturated atmosphere for about 5 d 
to improve the crystalline perfection. Finally, the surfaces of the CZT 
sample were prepared by lapping, mechanical polishing, and etching in 
a bromine-methanol solution. The alloy composition x, set by the ratio 
of constituents before growth was confirmed by the x-ray diffraction 
and transmission measurements after preparation.  All the samples 
were found to be single-crystal with the zinc-blende structure.

Far-infrared reflectivity

The room temperature FIR reflectance spectra on the CdxZn1-xTe (0 
≤ x ≤ 1) ternary alloy samples were measured at near normal incidence 
by using a Bruker IFS66 spectrometer with KBr beam-splitter and a 

deuterated triglycine sulfate (DTGS) detector to achieve a good signal 
to noise ratio in the energy region 5 meV ≤ E ≤ 100 meV. The details 
of FIR measurements are described elsewhere [9] where we set the 
incident angle at about 9oC degrees–a negligible deviation from the near 
normal incidence.  The experimental reflectance spectra was analyzed 
theoretically by using a classical “Drude-Lorentz” methodology – 
creating effective MDF’s and including contributions from both the 
lattice phonons as well as free charge carriers. 

Theoretical Background
The customary SE parameters Ψ and ∆ are related [13] to the ratio 

ρ of the complex Fresnel reflection coefficients pr and sr , respectively 
for the incident light polarized parallel (||) and perpendicular (⊥) to the 
plane of incidence:

tan exp( )
p
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The SE method is considered quite methodical compared to the 
reflected intensity measurements – generally performed at a near 
normal incidence. Again, thickness measurement by in-line SE [13] 
has played an important role for monitoring the epitaxial film growth 
processes.  For extracting the optical constants and thickness of layer 
structured materials in the energy range of 0.5 eV to 10 eV, one needs to 
establish reasonably accurate MDF’s to simulate the complex dielectric 
functions, ( )ε ω  or refractive indices, ( )n ω for both the epifilms and 
substrates.  

In simulating the reflectance and transmission spectra of epifilms, 
a three phase (Figure 1) model (ambient (air)/film/substrate) [30] is 
considered to be convincingly adequate. For modeling the optical 
properties, we have pretended that both the epifilms and substrates 
form homogenous isotropic materials while the ambient is viewed 
as non-absorbing. In the framework of classical methodology of 
multilayer optics, the isotropic Cd1-xZnxTe film of thickness d (Figure 
1) is described by a material of complex refractive index 1n grown 
on a thick GaAs substrate of refractive index 2n . The incident light 
of wavelength λ from the ambient of refractive index 0n

 (≡1) causes 
many reflections and transmissions at the substrate/film and film/
air interface. Due to multiple reflections within the film, the reflected 
electric fields parallel and perpendicular to the plane of incidence adds 
up by a geometric series giving an Airy formula for the reflection xr  
coefficient (x ≡ s-, p- polarization) [14]:
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where, 01
xr , 12

xr  are the Fresnel coefficients describing the reflection at 
the respective interfaces between media of refractive indices 0n , 1n  
and among 1n , 2n . The film thickness d and the angle of incidence 
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Figure 1: The sketch of a three phase model for calculating reflectivity and 
transmission spectra of ultrathin Cd1-xZnxTe/GaAs (001) epifilms.
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ϕ are restricted within the phase factor 2 2 2
1 02 sind n nβ π φ

λ
= −  . By 

using Eq. (2) we have calculated the polarization dependent reflectivity 
2 | |x xR r= 

 spectra for ultrathin Cd1-xZnxTe epifilms prepared 
on GaAs (001) substrate. Similar calculations for the polarization 
dependent transmission 2 | |x xT t=   are also performed. The 
results presented are compared and contrasted against the limited 
experimental data [22-29].

The model dielectric functions

Far-IR to mid-IR energy range: For Cd1-xZnxTe ternary alloys, the 
contribution of polar lattice phonons to the dielectric response { ( )Lε ω } 
is evaluated within the reststrahlen band region by exploiting a classical 
“Drude-Lorentz” model [9]: 
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Here, the term xε∞ represents the weighted high-frequency 
dielectric function; ωTOjx- the CdTe-like and ZnTe-like TO-mode 
frequencies; Sjx- the oscillator strengths; jxΓ -the broadening values of 
TO phonons;  ωp represents the plasma frequency and pγ  its damping 
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the free carriers (electrons) are assessed from the effective mass m*, 
the carrier concentration η, magnitude of the electron charge e and 
mobility µ.  For simulating the reflectance and transmission spectra of 
Cd1-xZnxTe/GaAs (001) and/or (CdTe)m/(ZnTe)n/GaAs (001) SLs, the 
required ( )Lε ω for the substrate (GaAs) is calculated independently. 
To attain the best-fit parameter values in Eq. (3), we followed an 
efficient Levenberg-Marquardt algorithm [31] and used the non-linear 
simulations to minimize the error function Ξ over n data points:

exp 21Î | |
n

cal
i i

in
= ℜ − ℜ∑                     (4)

where, exp
iℜ , cal

iℜ  are the experimental and calculated values, 
respectively.

Near-IR to UV energy range: In the NIR to UV (0. 5 eV to > 7.0 
eV) spectral range, the dielectric behaviors of crystalline materials are 
strongly allied to their energy-band structures [13]. It has been well 
established that in semiconductors both direct and indirect band 
gap transitions near the critical points (CPs) affect optical dispersion 
relations. In the indirect-band-gap semiconductors, while the 
transitions take place at energies below the onset of the lowest direct 
transitions–in the direct-band-gap materials the transitions take part 
at energies above the onset of the lowest direct transitions [32]. The 
electronic energy band structures of CdTe, ZnTe and GaAs have 
been extensively studied both theoretically [33] and experimentally 
[34-41]. In the experimental studies, several inter-band transitions 
related to CPs at different parts of the Brillouin zone (BZ) have been 
identified by exploiting reflectivity [34], SE [13], electro-reflectance 
[35], thermo-reflectance [36], and wavelength-modulated reflectivity 
[37] techniques.  

In our simulations of the complex dielectric functions ( )ε ω  for the 
direct bandgap binary compounds CdTe, ZnTe and GaAs, we instigated 
Adachi’s [16,20] optical dispersion mechanisms by exploiting the 
modified model dielectric functions. Based on the Kramers-Krönig 
(KK) transformation, this methodology [32] predicts very well the 
distinct optical features of the perfect materials near CPs in the BZ.  

In this approach, one anticipates to have three fitting constraints for 
each CP transitions: the energy, strength and broadening parameter.  
For instance, the transition energies at CPs near Γ (i.e., at the center of 
the BZ); Λ or L (in the <111>); and X (in the <100>) points are labeled 
as E0, E0+∆0; E1, E1+∆1; and E2, respectively [20].  While the E0, E0+∆0, 
transitions at Γ point are of the three-dimensional (3D) M0-type – 
the E1, E1+∆1 transitions, take place in the <111> direction near Λ or 
L points in the BZ, are of 3D M1-type.  Since the M1-CP longitudinal 
effective mass is much larger than its transverse counterparts, one can 
treat 3D-M1 CPs as two dimensional (2D) minimum M0 [20].  Again, a 
pronounced structure in the optical spectra of CdTe and ZnTe near X 
point in the <100> direction having energy higher than E1+∆1 is labeled 
as E2.  In general, the E2 transition does not correspond to a single 
well-defined CP – it has been characterized by a damped harmonic 
oscillator.  

For calculating the optical constants of ternary Cd1-xZnxTe alloys, 
the CP energies are represented by quadratic expressions involving 
binary energy values and composition, x while the strength and 
broadening parameters are assumed varying linearly with x. The 
relevant expressions of MDFs reported elsewhere [32] for each energy 
gaps are used in assessing the spectral dependence of various optical 
constants – linked to the dielectric function ( )ε ω . For instance, the 
complex refractive index ( )n ω is allied to: 

( ) ( ) ( ) ( )n n ikω ω ω ε ω= + = 

                (5)

where, the refractive index ( )n ω , extinction coefficient ( )k ω  and 
absorption coefficient ( )α ω  are expressed as:
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4( ) ( )kπα ω ω
λ
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with 1( )ε ω = Re ( )ε ω  and )(2 ωε = Im ( )ε ω .

One must note that 1( )ε ω  describes the refraction of photons at any 
energy range, while 2 ( )ε ω  plays a crucial role near the characteristic 
resonances where the material absorbs electromagnetic radiation.  For 
instance, in polar semiconductors, the distinct resonances in the FIR 
energy region arise from the transverse optical (ωTO) vibrational modes.  
In bulk materials, the optical constants can be appraised by SE [13] and 
other experiments [34-41] – exploiting specific wavelengths ranging 
from FIR → NIR → UV. Theoretically, the dielectric functions ( )ε ω or 
refractive indices ( )n ω are extorted fitting SE data by expending the 
well-known KK analysis [13]. However, such a methodology cannot 
be offered to explicate the optical properties of epilayers prepared 
on a substrate.  Again, from the traditional transmission/reflectance 
methods [27,28] adopted by others – it is equally impractical acquiring 
optical parameters of ultrathin films due to small and feeble interference 
patterns.  Here, we have extorted the energy dependent dielectric 
constants by using accurate MDFs for both the binary GaAs and 
ternary Cd1-xZnxTe alloys and successfully evaluated epifilm thickness 
by assimilating a procedure outlined.

Numerical Computations and Results 
Optical constants in the FIR region

In the photon energy range 100 meV ≥ E ≥ 5 meV, we have 
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established the MDFs for CdTe, Cd1-xZnxTe and GaAs in terms of 
harmonic oscillators within the classical “Drude-Lorentz” methodology 
[9]– requiring contributions from the polar lattice phonons and free-
charge carriers (Table 1a and 1b).  In Figure 2a, we displayed our 

experimental results of the FIR reflectivity at near normal incidence 
for GaAs and compared it with the best-fit model calculation (using 
Eq. (3)). The derived optical parameters n, k and ε1, ε2 are included in 
Figures 2b and 2c, respectively.  The perusal of Figure 2b has revealed 
the long wavelength TO phonon energy near ~34 meV (~ 270 cm-1) at 
the peak of 2 ( )ε ω  while the LO phonon mode (Figure 2c) is perceived 
near ~37 meV (~ 295 cm-1) at n = k with 1( )ε ω = 0.  For Cd1-xZnxTe alloy 
[9] with x = 0.2, the analysis of our FIR reflectivity spectra (Figure 3a) at 
near normal incidence offered optical parameters (Figures 3b and 3c) 
in excellent affirmation to the RS results [14] revealing CdTe-like (TO1, 
LO1) and ZnTe-like (TO2, LO2) modes.  Not only these observations 
provided strong corroboration to the polarization dependent results 
(Figure 3d) but are also found consistent with the recent elucidations of 
the two-phonon-mode behavior predicted by RS and modified random 
element iso-displacement (MREI) model [8-10]. In the absence of FIR-
SE data for Cd1-xZnxTe alloys, our simulations of ε1 and ε2 agreed fairly 
well with the experimental data of Cd0.925Be0.075Se [42].

Optical constants in the NIR-UV region

By exploiting Adachi’s formalisms [13,16] and using the modified 
MDFs, we have numerically simulated ε1, ε2, n, k at the photon energy 
range of 10 eV ≥ E ≥ 0.5 eV for both the binary and ternary alloy 
semiconductors.  Theoretical results of the optical constants shown in 

0.

0.

0.

0.

1.

R
efl

ec
tiv

ity

0

2

4

6

8

0

20 2

GaA

25 30

s

a) 

0 35

TO

Energy (m

40

LO

meV)

45

Calc.
Expt.

 

50

Figure 2a: Comparison of the experimental FIR reflectivity spectra for GaAs 
represented by blue color open circles ( ) with the best fit simulated reflectivity 
results shown by red color solid line ( ) using a classical Drude-Lorentz model 
(Eq. 3) with parameter values from Table 1 b) – green colored vertical arrows 
are used to represent TO and LO modes.

0

2

4

6

8

10

12

20 25 30 35 40 45 50

k

n

LO

TO

GaAs

Energy (meV)

n,
 k

Figure 2b: The simulated results of index of refraction n(ω) and extinction 
coefficient k(ω).

-50

0

50

100

150

20 25 30 35 40 45 50

ε
2

ε
1

LO

TO

GaAs

Energy (meV)

ε 1, ε
2

Figure 2c: The real )(1 ωε and imaginary )(2 ωε  part of the complex dielectric 
function )(~ ωε  for GaAs.

(a) Cd1-xZnxTe[9]300K
CdTe-like mode ZnTe-like mode

x ε∞ S1 ωTO1  (cm-1) Γ1 (cm-1)  S2 ωTO2 (cm-1) Γ2 (cm-1) η 1014 cm-3 m*/m m cm2/V-s
0.0 8.52 3.7 141.7 8.63    2.06 0.11 138.4
0.1 6.66 3.67 144.8 9.29    3.07 0.11 120.07
0.2 8.17 3.2 145.6 9.28 0.45 171.73 13.10 4.83 0.11 100.0
0.3 7.96 2.90 149.2 12.9 0.64 176.52 11.51 4.35 0.11 90.0
0.4 8.00 2.36 152.2 11.64 1.07 178.62 10.33 6.05 0.12 87.0
0.5 7.81 2.2 152.0 13.72 0.93 182.07 9.83 8.27 0.12 85.0
0.9 7.05 0.15 158.0 15.0 2.33 182.0 7.72 19.12 0.14 61.2
1.0 6.91    3.64 182.5 5.48 22.10 0.15 64.47

(b) GaAs[9] 300K                                                                                                                                                                                    
ε∞ S ωTO  (cm-1) Γ (cm-1)

11.1 1.95 268.2 2
a) Ref. [9]
Table 1: Experimental FTIR (300K) data fitted exploiting the dielectric response model. The set of parameters are evaluated by least square fitting procedure a) for the 
ternary Cd1-xZnxTe alloys and b) for GaAs in the long wavelength limit.
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Figures 4a-4e for CdTe, ZnTe and GaAs are compared with the existing 
SE data [38-40]. Not only, the dispersions of the pseudo-dielectric 
functions (Figures 4a-4e) concurred well with the experimental data 
for the binary materials–the results have clearly revealed distinct CP 
features from the band structures arising from inter-band transitions.  
In calculating the optical constants for the Cd1-xZnxTe ternary alloys 
with x=0.0, 0.11, 0.64, 0.86 and 1.0 (Figures 5a and 5b), we have 
evaluated the CP energy parameters from the values of its binary 

counterparts and used the quadratic expressions involving x, while the 
energy strength and broadening parameters are obtained deliberating 
linear dependence articulations on x.  Once again, the results (Figures 
5a and 5b) of the optical parameters for ternary Cd1-xZnxTe alloys are 
found not only consistent with the limited SE data [16-19] but has also 
provided clear revelations of the composition dependent CP energy 
shifts and widths.

0

0.2

0.4

0.6

0.8

1.0

14 16 18 20 22 24 26 28 30

Expt.
Calc.

LO
2

LO
1

TO
2

TO
1

Cd
1-x

Zn
x
Te

x = 0.2

Energy (meV)

R
efl
ec
tiv
ity

a) 

Figure 3a: Comparison of the experimental FIR reflectivity spectra of Cd1-xZnxTe 
(x=0.2) with the best fit calculation from the classical Drude-Lorentz model (Eq. 
3) with parameter values from Table 1a.

0

2

4

6

8

10

14 16 18 20 22 24 26 28 30

k
nLO

2
LO

1

TO
2

TO
1 Cd

1-x
Zn

x
Te

x = 0.2

Energy (meV)

n
, 
k

Figure 3b: The simulated results of index of refraction n(ω), extinction 
coefficient k(ω).

-50

0

50

100

14 16 18 20 22 24 26 28 30

ε
2ε
1

LO
2

TO
2

LO
1

TO
1

Cd
0.8

Zn
0.2

Te

x = 0.2

Energy (meV)

ε 1, ε
2

c) 

Figure 3c: The real )(1 ωε and imaginary )(2 ωε parts of the complex dielectric 
function )(~ ωε .
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Figure 3d: The polarization dependent transmission (upper panel) and 
reflectivity spectra (lower panel) for Cd1-xZnxTe (x = 0.2) with an incident angle 
ϕ = 45°.
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Reflectivity and transmission spectra

By incorporating the energy dependent optical constants and 
following the methodology outlined, we have calculated (Figures 6a-
6d) the optical reflectivity [R(λ)] (blue line) and transmission [T(λ)] 
spectra (green line) as a function of photon wavelength λ(~150 - 1800 
nm) for several ultrathin Cd1-xZnxTe epifilms prepared on n-type GaAs 

(001).  Theoretical results of R(λ) appraised at near normal incidence 
are displayed and compared against the existing experimental data (red 
squares) for various ultrathin ZnTe/GaAs (001) and Cd0.89Zn0.11Te/
GaAs (001) epifilms [26] having thicknesses ranging between 22 nm–
129 nm. The perusal of Figures 6a-6d clearly revealed that the simulated 
reflectivity spectra not only concurred well with the experiments – the 
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Figure 4c: Similar results [as of a)] showing comparison of the experimental 
complex dielectric function )(~ ωε with the best fit spectra for ZnTe.
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complex refractive index )(~ ωn  with the best fit spectra for ZnTe.
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Figure 4e: Similar results [as of a)] showing comparison of the experimental 
complex dielectric function )(~ ωε  with the best fit spectra for GaAs.
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modified model dielectric functions for Cd1-xZnxTe (x = 0.11, 0.64 and 0.86).
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Figure 6a: Comparison of the experimental reflectivity (open red square Ref. 
[26]) spectra with the simulated reflectivity (solid blue lines) and transmission 
(solid green lines) spectra for different Cd1-xZnxTe/GaAs (001) epifilms: for x=1 
and d=22 nm.
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in the transparent photon energy region – except that they disclosed 
the broad intensity modulations. Moreover, for all the material samples 
studied here – the film thicknesses d assessed by reflectivity studies 
have concurred copiously with the apparent values appraised from 
the high resolution X-ray diffraction (HR-XRD) ω/2θ scans and other 
measurements [41].

Thickness dependence: In Figures 7a and 7b, we have displayed 
the results of our model calculations for the optical reflectivity and 
transmission spectra of ZnTe/GaAs (001) as a function of λ (100 - 2500 
nm) for film thicknesses d varied between 100 nm to 1000 nm. The 
reflectivity R(λ) and transmission T(λ) spectra have clearly revealed 
interference fringes in the highly transparent photon energy region 
(λ>548 nm).  As expected for thicker films – we perceived emergence 
of fringes when the conditions of constructive and destructive 
interferences are met between the light waves reflected off the top and 
bottom of the film – causing maxima and minima, respectively.  From 
the calculated results of transmission T(λ) spectra for ZnTe/GaAs 
films, we also noticed that with the increase of film thickness from 100 
nm to 1000 nm, the transmittance (Figure 7b) decreased – eliciting a 
sharp absorption edge near λ ≡ 548 nm.  For ZnTe films with thickness 
d>400 nm, our assessed optical band gap Eg (≡ 2.26 eV) from the 
absorption band edge concurred very well with the PL measurement 
of Eg for the bulk material.  In thinner films (d<400 nm) we noticed the 
absorption band edge divulging a slight blue shift i.e., veering towards 
the lower λ – possibly prompting slightly larger optical band gaps. This 
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Figure 6b: Comparison of the experimental reflectivity (open red square Ref. 
[26]) spectra with the simulated reflectivity (solid blue lines) and transmission 
(solid green lines) spectra for different Cd1-xZnxTe/GaAs (001) epifilms: for x=1 
and d=59 nm.
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Figure 6c: Comparison of the experimental reflectivity (open red square Ref. 
[26]) spectra with the simulated reflectivity (solid blue lines) and transmission 
(solid green lines) spectra for different Cd1-xZnxTe/GaAs (001) epifilms: for x=1 
and d=104 nm.
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Figure 6d: Comparison of the experimental reflectivity (open red square Ref. 
[26]) spectra with the simulated reflectivity (solid blue lines) and transmission 
(solid green lines) spectra for different Cd1-xZnxTe/GaAs (001) epifilms: for 
x=0.11 and d=129 nm.
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Figure 7a: Thickness dependent reflectivity for ZnTe/GaAs (001) epifilms with d 
ranging from 100 nm-1000 nm.
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Figure 7b: Transmission spectra for ZnTe/GaAs (001) epifilms with d ranging 
from 100 nm-1000 nm.

theoretical results have certainly encapsulated all the major observed 
features.  One must note that as the ZnTe (Cd1-xZnxTe)/GaAs (001) 
epifilms are too lean, the simulated (Figures 6a-6d) reflectivity [R(λ)] 
and transmission [T(λ)] spectra have divulged no interference fringes 
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Figure 8a: Polarization dependentreflectivity for ZnTe/GaAs (001) epifilm of 
thickness 100 nm for incident angle ϕ ranging from π/10-π/3.
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Figure 8b: Transmission spectra for ZnTe/GaAs (001) epifilm of thickness 100 
nm for incident angle ϕ ranging from π/10-π/3.

manifestation in ultrathin ZnTe/GaAs films while not clearly implicit 
has been recognized, however, in a few recent experiments [26,27] and 
attributed to the probable misfit strain between the films and substrate. 

Polarization Dependence: In Figures 8a and 8b, we have 
displayed our simulated results of the s- and p- polarized reflectance 
[ ( ), ( )s pR Rλ λ ] and transmission [ ( ), ( )s pT Tλ λ ] spectra for a 100 nm 
thick ZnTe/GaAs (001) epifilm by varying the angle of incidence ϕ 
from π/10 to π/3 (or from 18° to 60°).  The reflectance and transmission 
spectra for λ between 100-1500 nm in the two polarization states have 
revealed the typical dispersion features.  Our calculations (Figure 
8a) have divulged that the s-polarized reflectivity ( )sR λ  increases as 
the angle of incidence increases from 18 to 60° while the p-polarized 
reflectivity ( )pR λ decreases with the increase of incidence angle. On 
the other hand, the results of p-polarized transmission ( )pT λ  showed 
(Figure 8a) higher values at larger ϕ as compared to the s-polarized 
transmission ( )sT λ  spectra.  Moreover, the ( )pT λ  results at 60° have 
indicated that the ZnTe film is more transparent (~85% in the visible to 
NIR region) than for the ( )sT λ  state. This outcome is further verified 
by the fact that the simulated s-polarized reflectivity ( )sR λ is larger 
(Figure 8a) than the p-polarized reflectivity ( )pR λ . 

Summary and Conclusions
In summary, we have reported the results of a comprehensive 

experimental and theoretical study for understanding the optical 
properties of ZnTe (Cd1-xZnxTe) and GaAs in a wide spectral range 
covering the FIR (5 meV ≤ E ≤ 100 meV) and NIR to UV (0.75 eV ≤ E ≤ 
10 eV) energy regions.  By exploiting a Bruker IFS66 spectrometer, we 

have measured the FIR response for GaAs, ZnTe, CdTe and Cd1-xZnxTe 
alloys (1.0 ≥ x ≥ 0).  Different model dielectric functions are established 
for extracting the dielectric functions ( )ε ω  of the binary and ternary 
materials in the two energy regions.  In the FIR spectral range, the 
necessary MDFs are ascertained within the classical Drude-Lorentz 
[9] methodology by assimilating contributions from both the lattice 
phonons and free-charge carriers. In the NIR to UV energy region, 
we have instigated Adachi’s [16,20] optical dispersion mechanisms 
and extorted ( )ε ω  or ( )n ω  by exploiting the modified [32] model 
dielectric functions. The simulated energy dependent optical constants 
for the binary and ternary alloys compared favorably well with the 
existing FIR-SE and other experimental [22-29] data. These results are 
proven valuable for accurately assessing the film thickness d from the 
polarization dependent reflectivity R(λ) and transmission T(λ) spectra 
of ultrathin Cd1-xZnxTe/GaAs (001) epifilms.  Clearly, the outcome of 
this methodology has offered a credible testimony for characterizing 
any semiconducting epitaxially grown nanostructured films of 
technological importance.  
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