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ABSTRACT

Cdi—xZn,Te (CZT) is an important semiconductor for applications in radiation detectors. As the Zn concentration x varies, the bandgap of
CZT changes accordingly, and this composition-dependent behavior is commonly described by a bowing parameter b that is independent of
x. For CZT alloys, however, the measured b exhibits a broad range of values, from very small to near unity, across CZT samples fabricated
by different methods, experimental conditions, and labs. Such a large variation likely originates from the microscopic details of the atomic
structure in CZT. In this study, first-principles modeling is performed to theoretically investigate how atomic arrangements influence the
bowing parameter. It is found that the large variation in the bowing parameter may arise from uneven atomic distributions in partially ordered
configurations, which represent intermediate states between fully disordered and fully ordered alloy structures. In particular, a completely
random Zn distribution is observed to yield small bowing parameters, whereas partially ordered structures tend to give rise to much larger
values. By comparing ZnTe/CdTe interface models with fully disordered models, valuable insights are provided into the relationships among
atomic arrangements, atomic-scale inhomogeneity, and the electronic properties of CZT. Finally, the disorder-limited resistance values of the
CZT alloy models are calculated and compared.

© 2026 Author(s). All article content, except where otherwise noted, is licensed under a Creative Commons Attribution (CC BY) license
(https://creativecommons.org/licenses/by/4.0/). https://doi.org/10.1063/5.0324018

65:€€:81 920 JOGWBNON Z0

I. INTRODUCTION

The development of next-generation room-temperature detec-
tors for high-energy radiation, such as beta rays, gamma rays, and
X rays, is significant for a broad range of applications in medicine,
astronomy, high-energy physics, and defense.'” Over the past three
decades, the Cadmium Zinc Telluride (CZT) semiconductor has
emerged as the material of choice for such detectors, owing to its
excellent optoelectronic properties, high atomic number, and large
mass density.* For radiation detector applications, material homo-
geneity is a critical factor for achieving high performance. How-
ever, CZT materials often contain high concentrations of extended
defects such as grain boundaries and Te inclusions, which can affect

electronic properties and charge-carrier transport.” As a result,
advancing crystal growth techniques to produce high-quality CZT
remains a key area of research. Currently, CZT crystals can be
synthesized using a variety of methods, including the Bridgman
method,” zone refining technique,” vertical gradient freeze tech-
nique,® and traveling heater method.” In addition to improving
crystal quality, understanding the relationship between atomic-
level structure and fundamental properties is crucial for com-
prehending these materials and optimizing their use in detector
applications.'’”"” In semiconducting pseudobinary alloys, properties
such as the bandgap and lattice parameter often exhibit non-linear
variation with composition. To describe this behavior, a bowing
parameter b is incorporated into the equation for the bandgap of
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CZT, Eq(x), which relates it to the bandgaps of CdTe and ZnTe
[E¢(CdTe) and Eg(ZnTe), respectively], and the Zn content x, as
expressed in the following equation:"

E¢(x) = (1 - x)Eg(CdTe) + xEg(ZnTe) - bx(1 - x). (1)

Equation (1) is very useful for optoelectronic applications,
as it gives the bandgap of the CZT crystal for any Zn con-
centration x. Numerous experimental studies have been con-
ducted to determine the bowing parameter b of CZT. Hsu et al.
grew Cd;—.Zn,Te mixed crystals with the Zn content x ranging
from 0 to 1 using a high-temperature and high-pressure vertical
Bridgman-Stockbarger method, reporting a measured bowing para-
meter of 0.376 eV.!* Reno and Jones reported an experimental
bowing parameter of 0.460 eV based on photoluminescence spec-
tra of epitaxial Cd;—_xZn,Te thin films.'” Kartopu et al. synthesized
polycrystalline Cd;_.Zn,Te thin films using metalorganic chemi-
cal vapor deposition (MOCVD) and reported bowing parameters
around 0.7 and 0.3 eV from optical and photoluminescence spec-
tra.'® Using the Tran-Blaha modified Becke-Johnson (mB]) poten-
tial to determine electronic properties, Mimouni et al. obtained a
bandgap bowing parameter of b ~ 0.46 eV for the Cdi_Zn,Te
alloy and found that volume deformation is the main reason for
the bowing effect.'” In fact, these and other previous investigations
reported CZT to have a range of bowing parameters, ranging from
0to 0.9 eV across different samples.'” *" This is unlike other binary
semiconductors for which a relatively constant bowing parameter
can be experimentally determined.”” Some theoretical studies have
attempted to elucidate this puzzling behavior by employing the vir-
tual crystal approximation (VCA) models or special quasi-random
structures™ (SQS) to calculate the bowing parameter.”‘l5 Neverthe-
less, the underlying causes of these inconsistencies remain unclear
and warrant further analysis, as the VCA model overlooks atomic
distribution and SQS only accounts for the bowing parameter in
fully disordered configurations.

In this study, we propose and theoretically verify by first-
principles modeling that the broad variation in the bowing para-
meter for CZT likely arises from the uneven microscopic atomic
arrangements of Cd and Zn. While fully disordered and fully
ordered configurations exhibit uniform atomic distribution pat-
terns, the actual structural scenario of CZT may lie between these
extreme states, represented by partially ordered configurations.
Modeling such partially ordered (PO) configurations turns out to
present some significant challenges. Indeed, it is known that the
bandgap is strongly dependent on stress-induced lattice deforma-
tion, and varying the Zn content leads to significant changes in the
lattice parameter. Therefore, it is possible that experimental CZT
materials contain clustered regions of CdTe and ZnTe that induce
lattice deformation, causing variations in the bowing parameter. To
model the clustering effect, we use partially ordered (PO) structures.
Ideally, PO structures are CZT crystals containing nonuniform
regions of CdTe and ZnTe. Such PO structures require substantial
computational resources for density functional theory (DFT) calcu-
lations. Therefore, to reduce the prohibitive computational cost and
obtain a qualitative picture, we mimic the non-uniformity using sim-
ple interface models (Fig. 2), using layers to represent clustering of
different concentrations for given supercell sizes. Note that there are

pubs.aip.org/aip/adv

essentially infinite possibilities to choose from, and we pick the sim-
plest structure to study the idea that the wide range of the observed
bowing parameters may be related to clustering effects. Our results
indicate that partially ordered configurations increase the bowing
parameter from 0.3 to 0.7 eV, which suggests that the broad range
of the bowing parameters observed experimentally may be related
to these partially ordered CZT structures. In addition, isotropic
pressure reduces the bowing parameter in disordered configura-
tions while increasing it in partially ordered configurations, which is
attributed to the different bulk moduli of ZnTe and CdTe. Through
band-structure and resistance calculations, this study reveals that
partially ordered configurations can trap carriers, leading to reduced
detector performance. Our atomistic modeling provides valuable
insights into the complex interplay between atomic-scale structure
and electronic properties, offering practical suggestions for design-
ing CZT-based devices with optimized properties for applications in
radiation detection and beyond.

Il. SYSTEM AND CALCULATION METHODS

In this study, completely disordered CZT configurations are
modeled using a 3 x 3 x 3 supercell containing 216 atoms, gener-
ated via the SQS method to randomize Zn/Cd occupations. The
SQS method, designed for modeling disordered occupancy systems,
identifies a special, nearly random configuration within a supercell
of a specified size, which has been effective in numerous calcula-
tions of disordered alloy structures.”””” This modeling process is
implemented using the mcsqs package within the Alloy Theoretic
Automated Toolkit (ATAT),” which is employed to identify the
optimal disordered configurations. The CZT configurations with Zn
content x values of 0 (a), 1/6 (b), 1/4 (c), 10/27 (d), 1/2 (e), 17/27 (f),
3/4 (g), and 5/6 (h) are illustrated in Fig. 1. To model the statistically
random alloy, the pair correlations within 14 A, triplet correlations
within 8 A, and quadruplet correlations within 6 A in the SQS super-
cells are adopted. The optimization procedure was terminated when
the objective function reached a threshold value below —2.99. It
is useful to mention that more negative values mean better qual-
ity at the cost of increased computational time, so a moderately
chosen value is picked to generate an adequate SQS configuration.
In addition, the configuration with x =1 is derived from the x = 0
configuration by replacing Cd with Zn. It is evident that Zn and
Cd atoms are randomly distributed within the supercells, with no
distinct ZnTe/CdTe clusters or interfaces observed. The disordered
configurations in Fig. 1 are called SQS-configurations in the rest of
this paper.

In contrast to the SQS configurations, the PO configurations
exhibit an uneven distribution of Zn and Cd atoms in the super-
cell, leading to local concentration differences of Zn and Cd. Due
to a positive mixing energy between ZnTe and CdTe, these con-
centration inhomogeneities may tend to form clusters with varying
Zn/Cd contents. The first-principles analysis of such cluster mod-
els is extremely challenging, as it requires a huge number of atoms
within the supercell, making property calculations prohibitively
expensive. In this study, we shall focus on the inevitable interfaces
between concentration differences across atomic clusters by cre-
ating ZnTe/CdTe interfaces along specific crystallographic planes.
Crystals tend to cleave along low-index and low-energy planes. In
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FIG. 1. Disordered CdZnTe configurations with the Zn content x values of 0 (a), 1/6 (b), 1/4 (c), 10/27 (d), 1/2 (e), 17/27 (f), 3/4 (g), and 5/6 (h) generated via the SQS
method, where bisque, royal blue, and pink spheres represent Cd, Zn, and Te atoms, respectively.

cubic structures, these planes include [100], [110], and [111] orien-
tations. For instance, CdTe frequently develops dislocations on its
(111), (110), and (001) surfaces.”” We therefore investigate the lim-
iting cases of the simplest possible PO-configurations as shown in
Fig. 2, where interfaces are oriented along the [100] direction, and
the ZnTe regions increase incrementally layer by layer, correspond-
ing to Zn content fractions of 1/6, 1/3, 1/2, 2/3, and 5/6. Similarly,
the ZnTe/CdTe interface models along the [110] and [111] direc-
tions are shown in Figs. S1 and S2, respectively. In the rest of this
paper, these are called ZnTe/CdTe PO-configurations. These con-
figurations are supercells periodically extended to form crystals, and
doubling the size of the supercell while keeping the Zn content the
same does not change the calculated bowing parameter. The purpose

is to use this simple model to mimic the nonuniform distribution
of ZnTe and CdTe clustering and qualitatively examine the effects
of such non-uniformity on the bowing parameter. Effects of more
realistic clustering on the bowing parameter in GaAs alloyed with
Sb were studied using an empirical tight-binding model.”’ Such
clustering could be a path toward future developments.

To assess the energy changes in the SQS-configurations and
ZnTe/CdTe PO-configurations, a mixing energy AE is defined by
the following equation, where Eczr represents the calculated total
energy of the CZT alloy, and Ecgre and Ezyre correspond to the
energies of CdTe and ZnTe in the same crystal structure:

AE = Eczr — [(1 = x)Ecdre + XEznte - (2)

[100]

FIG. 2. Partially ordered structures along the [100] direction with the Zn content x of 1/6 (a), 1/3 (b), 1/2 (c), 2/3 (d), and 5/6 (e), respectively.
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The atomic positions and cell parameters are optimized using
the Vienna Ab initio Simulation Package (VASP),”' employing
projector-augmented-wave (PAW)?? potentials. A generalized gra-
dient approximation (GGA)*® for the exchange-correlation energy
with the Perdew-Burke-Ernzerhof (PBE) functional®* is employed,
and a plane-wave energy cutoff of 550 eV is applied to describe the
electronic wave functions in these calculations. To obtain more reli-
able electronic structure predictions, after the structural relaxation,
electronic band structures are obtained by a real-space Kohn-Sham
DFT solver, RESCU (Real space Electronic Structure CalcUlator),*”
employing DZP basis pseudopotentials and the more accurate exact
exchange HSE06 hybrid functional,’””” which corrects the underes-
timated bandgap of the semilocal PBE functional. We note in passing
that another relatively simple approach to correct the underesti-
mated bandgap is to use the GGA + U method. The calculated band
structures of CdTe and ZnTe in their primitive cells are presented in
Fig. S3. The computed bandgaps of 1.46 eV for CdTe and 2.14 eV for
ZnTe are consistent with previously reported values.”*

The ballistic resistance values of the CZT alloys are calculated
using a two-terminal device structure in which the central device
region is the CZT alloy material. This is performed by the nonequi-
librium Green’s function (NEGF) formalism as implemented in the
NanoDCAL quantum transport package.”® In the NEGF formal-
ism, the density matrix is computed by Eq. (3), where the lesser
Green’s function G* satisfies the Keldysh equation G~ = GRZ<G*,
the retarded Green’s function G* = (G*) is related to the system’s
Hamiltonian, and the lesser self-energy =< represents the injec-
tion of charge from the electrodes to the central region in the
two-terminal transport junction,

i [
p=-o- /G (E)dE. 3)

After the NEGF-DFT self-consistency is achieved, the transmis-
sion coefficient T(E) is calculated according to Eq. (4), where E is the
electron energy and I'y and I'; represent the coupling of the central
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region of the two-terminal junction to the left and right electrodes,
respectively,

T(E) = T,([,G"I,G"). (4)

Then the conductance G is obtained at the Fermi level Er by
Eq. (5), where e is the elementary charge and A is Planck’s constant,

2¢%
The resistance R is obtained as R = 1/G.

I1l. RESULTS AND DISCUSSION

The optimized lattice constants of disordered CZT in SQS-
configurations depicted in Fig. 1, under various pressures, are pre-
sented in Fig. 3(a). The results reveal that the effect of pressure on
CZT is largely consistent across different compositions x. The cal-
culated lattice constants for CdTe and ZnTe are 6.624 and 6.183 A
at 0 GPa, respectively, which agree well with previously reported
theoretical and experimental values.””*

The lattice mismatch between CdTe and ZnTe is ~5.8%, which
places this system in the moderate-mismatch regime (1%-7%).
For cubic crystal structures, the interplanar spacing is given by

d=a/\/ K + K + I, where a is the lattice parameter and (hkl) are
the Miller indices. While the presence of two atomic species (Cd/Zn
and Te) in CdZnTe means that the surface energetics are influenced
by factors beyond the interplanar spacing, the general trend remains
that lower-index planes exhibit lower surface/interface energies. Our
mixing energy calculations reveal that the [111] orientation exhibits
significantly higher mixing energy as compared to both the [100]
and [110] directions. Due to the cubic symmetry of the system, the
[100], [010], and [001] directions are crystallographically equivalent,
as are their related families of planes. Therefore, we focused on the
three fundamental low-index orientations [100], [110], and [111],

) S
35| - T
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--v--[110] 7 N
,530— - - - [100] // L
5 —=—SQS ,_/ .
5] . *- :
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FIG. 3. (a) The variation of the lattice constant in CZT as a function of Zn content x under different pressures. (b) The mixing energy of disordered and partially ordered CZT,
including the interface models along the [100], [110], and [111] directions, as a function of Zn content x.
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which provide a reasonable representation of the anisotropic prop-
erties in this material system. Under a given pressure, the lattice
constants of the SQS-configurations exhibit a nearly perfect linear
relationship with Zn content x, indicating that the bowing parameter
of the bandgap does not arise from lattice constant variations. The
mixing energy of the SQS- and PO-configurations of CZT is shown
in Fig. 3(b). The positive values of mixing energy indicate that CZT
is thermodynamically prone to decomposition into CdTe and ZnTe,
which explains the material’s tendency to exhibit compositional
inhomogeneity. Through systematic DFT analysis of the mixing
energetics of CZT, we found that the SQS-configurations consis-
tently exhibit better thermodynamic stability compared to both the
PO and the random configurations across the entire Zn compo-
sition range, suggesting that SQS configurations provide a physi-
cally representative model for completely disordered CdZnTe alloys.
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The SQS-configurations of CZT exhibit lower mixing energy com-
pared to the PO-configurations. The energy difference is relatively
small, amounting to a few meV/atom higher for PO-configurations
with interfaces along the [100] and [110] directions. In contrast,
PO-configurations with interfaces along the [111] direction show
the highest mixing energy, suggesting that concentration gradient-
driven interfaces are more likely to form along the [100] and [110]
directions. This difference may arise from the larger lattice mis-
match of the (111) surface, which features smaller interlayer atomic
distances and a larger primitive basis compared to the (100) and
(110) surfaces. Our calculations of the mixing energy across the
1-4 GPa pressure range (Fig. S4) demonstrate that the forma-
tion enthalpy of the alloy remains virtually constant. This pressure
independence clearly indicates that applied pressure has minimal
influence on both the thermodynamic stability and fundamental
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FIG. 4. Bandgap variation of CZT as a function of Zn content x at different pressures: (a) SQS-configurations, (b) PO-configurations along [100], (c) PO-configurations along

[110], and (d) PO-configurations along [111].
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properties of CZT. These computational results suggest that achiev-
ing high-quality CZT requires identifying methods at the atomic
scale to minimize the mixing energy or to enhance the energy dif-
ference between PO-configurations and SQS-configurations. This
objective could potentially be realized through strategic doping of
additional elements."’

The variation in Zn and Cd arrangements significantly influ-
ences the electronic structure of CZT. The HSE06 bandgap results
for SQS-configurations of CZT are presented in Fig. 4(a), where
the bowing parameter is determined to be 0.3162 eV at 0 GPa and
decreases with increasing pressure, reaching 0.2743 eV at 4 GPa,
indicating that the bowing parameter of SQS-configurations of CZT
remains close to 0.3 eV across the pressure range. For these con-
figurations, the effects of pressure on Cd-Te and Zn-Te bond
lengths are nearly identical, with both being compressed by similar
ratios under a given pressure. Consequently, the bowing parameter
exhibits minimal variation across different pressures. In contrast, the
PO-configurations of CZT containing ZnTe/CdTe interfaces along
the [100], [110], and [111] directions exhibit significantly higher
bowing parameters at 0 GPa: 0.7178, 0.7719, and 1.1536 eV, respec-
tively. The bowing parameters increase notably under pressure, as
shown in Figs. 4(b)-4(d), suggesting that the partially ordered con-
figurations can exhibit a bowing parameter around 0.7 eV. Notably,
for the PO-configuration along the [111] direction, the curve devi-
ates from a quadratic trend under pressure. These results further
reveal that disordered and partially ordered CZT exhibit entirely
opposite trends in the bowing parameter under pressure. This varia-
tion can be attributed to differences in the bulk moduli of CdTe and
ZnTe. The CdTe regions, with their larger lattice constants and lower
elastic constants,"”"” are more susceptible to pressure. The compres-
sion of these regions leads to lattice constants approaching those of
ZnTe, narrowing the bandgap and thereby increasing the bowing
parameter.

pubs.aip.org/aip/adv

The larger bowing parameter in PO-configurations of CZT can
be attributed to differing contributions of Cd to the valence bands,
as shown in the calculated density of states (DOS) in Fig. S5. For the
same Zn and Cd composition in Cdo5ZngsTe, the contributions of
Cd and Zn to the valence and conduction bands differ significantly
between SQS- and PO-configurations. In the SQS configuration, the
contributions of Cd and Zn to the valence and conduction bands are
nearly identical. However, in the PO-configurations, Cd exhibits a
significantly higher contribution, particularly in the valence bands.
Due to the smaller bandgap of CdTe, the overall bandgap of the bulk
CZT is therefore reduced compared to that of the SQS configuration,
resulting in a larger bowing parameter.

Using the NEGF-DFT transport package and Eq. (5), we also
calculated the ballistic resistance R of CdTe, ZnTe, ZnTe/CdTe PO-
configurations, and disordered SQS-configurations of CdosZngsTe,
with and without VCA doping. The calculated resistance values are
summarized in Table I. The undoped resistance ranges from 0.1 x
10" to 74 x 10'® Q) in different directions. Typically, a semiconduc-
tor exhibits very high undoped resistance, which sharply decreases
when doped with holes or electrons. The calculated resistances of
CdTe and ZnTe corroborate this behavior, and introducing a dopant
concentration of 107> (holes or electrons) reduces the resistance by
nearly ten orders of magnitude. However, the situation is different
for holes in the ZnTe/CdTe PO-configurations. The resistance val-
ues are about five orders of magnitude higher than those in CdTe
and ZnTe with the same hole doping concentration, indicating a bar-
rier for hole carriers; meanwhile, no significant trapping effects are
observed for electrons. This barrier may arise from the slightly lower
energy of hole carriers in CdTe than in ZnTe. As shown in Fig. 5, the
valence bands of ZnTe and CdTe exhibit an offset, creating a step-
like energy barrier for holes. Consequently, the carriers tend to flow
into and become trapped in the CdTe region, which leads to higher
resistance.

TABLE . Calculated ballistic resistance values for two-probe transport junctions of CdTe, ZnTe, the CdTe/ZnTe interface, and
Cdy52Zng5Te in the undoped case and with VCA doping at a concentration of 10~5. L and S denote the junction length and

cross-sectional area, respectively.

R(Q) Index  p-type (x10°) n-type (x10°) Undoped (x10') S (A% L (A)
[100] 0.7673 0.6638 0.1207 87.76 19.87

CdTe [110] 2.2265 0.4726 0.1085 124.12 18.74
[111] 3.7165 0.7701 0.3997 76.01 22.95

[100] 0.7783 0.6946 1.0813 76.46 18.55

ZnTe [110] 0.7780 0.4903 0.9567 108.14 17.49
[111] 1.3459 0.8431 5.1795 66.22 21.42

[100] 5.11 x 10° 2.1002 0.1662 81.42 19.42

ZnTe/CdTe interface  [110] 3.64 x 10* 0.6454 0.2023 115.23 18.20
[111] 5.71 x 10* 1.0224 0.6653 70.78 22.35

[100] 2.6966 0.7539 0.9570 81.96 19.10

[110] 72.818 0.5060 0.1960 11591 18.00

Cdo5ZngsTe [111] 3.3957 0.8636 1.3266 70.98 22.07
¥3[111] 3.1775 0.8226 5.9878 141.96 44.31

>5[012] 13.300 6.0148 73.995 91.63 57.27

AlIP Advances 16, 105023 (2026); doi: 10.1063/5.0324018
© Author(s) 2026

16, 105023-6

65:€€:81 920 JOGWBNON Z0


https://pubs.aip.org/aip/adv

AIP Advances ARTICLE

X%y

..... S [}
8| E < <
o | =
= =
151 [ 3
|51 2
S | £ Fermi Level © ™
g 'F ermi1 Level E
5] & eh
— 7 ~

ZnTe CdTe ¢

Energy Interface

FIG. 5. Schematic diagram of the positions of ZnTe and CdTe relative to the Fermi
level for hole carriers.

This trapping effect can be further demonstrated through var-
ious doping strategies. With the same ZnTe/CdTe [100] interface
model, increasing the doping concentration from 107> to 10™* leads
to a slight reduction in resistance to 8.87 x 10'° Q, while a dop-
ing concentration of 10° further reduces the resistance to 2.68 x 10°
Q, as the carrier concentration becomes sufficient to overcome the
energy barrier in the CdTe region. If holes with a concentration of
107> are exclusively doped at the ZnTe site, the resistance reaches
8.49 x 10" Q, comparable to the p-type doping value shown in
Table I. In contrast, doping the CdTe site results in a resistance of
1.72 x 10" Q, similar to the undoped configuration, thereby con-
firming the presence of a trapping effect in the CdTe region. We
conclude that microstructural inhomogeneity significantly impedes
carrier transport in CZT and degrades performance in detector
applications.

Finally, grain boundaries may also exist in the PO-
configurations. Using the Coincidence Site Lattice (CSL) grain
boundary (GB) models along the [111] and [012] directions, we
carried out a preliminary calculation of the resistance of £3 and
%5 twin GBs. The results indicate that the resistance of undoped
GB structures is higher than that of the bulk crystal and PO-
configurations of the alloy. However, for hole- and electron-doped
structures (via VCA), the resistance shows minimal differences
compared to the bulk and PO-configurations. This suggests that the
impact of GBs on resistance primarily arises from structural changes
in the lattice and increased atomic contact distances, rather than
directly affecting carrier mobility. The accumulation of carriers at
GBs is likely influenced by compositional inhomogeneities formed
near the interfaces. In addition, the CSL models, which consist of
only a few hundred atoms, may not fully capture the GB structures.
We hope to address this limitation in a future study.

IV. CONCLUSIONS

In summary, this study investigates the electronic properties
of CZT alloys, with a focus on the effects of pressure, band struc-
ture, and doping on completely disordered SQS configurations and
partially ordered interface configurations. HSE06 bandgap calcu-
lations reveal contrasting trends in the bowing parameter of CZT
under pressure for these configurations. SQS-configurations of CZT
exhibit a lower bowing parameter (0.3162 at 0 GPa) that decreases
with pressure, while PO-configurations of CZT with [100], [110],
and [111] interfaces show significantly higher bowing parameters
(0.7178, 0.7719, and 1.1536 eV, respectively) that increase under
pressure. This contrasting behavior is attributed to variations in Cd

pubs.aip.org/aip/adv

content in the valence bands, arising from the smaller bandgap of
CdTe as compared to that of ZnTe. These findings suggest that
the experimentally observed variation in the bowing parameter
reflects the degree of disorder and partial order within the CZT
alloy material, offering a possible explanation for the broad range
of bowing parameters of CZT across different experiments. The
quality of the CZT alloy can be improved by doping additional
elements, which reduce the system’s mixing energy and increase
the energy difference between partially ordered and disordered
structures.

Ballistic resistance calculations show that undoped CZT has
very high resistance, ranging from 0.1 x 10'® to 74 x 10'° Q,
which decreases significantly with hole or electron doping. Surpris-
ingly, partially ordered CZT with ZnTe/CdTe interfaces has higher
resistance for hole carriers than completely disordered CZT. This
behavior is attributed to a carrier trapping effect, where holes are
confined within the CdTe region due to its lower hole energy rel-
ative to ZnTe. This trapping effect is further validated through
doping concentration studies, which highlight the influence of dop-
ing levels on resistance. These findings emphasize the critical role
of atomic arrangement, microstructural inhomogeneity, and doping
in shaping the transport properties of the CZT alloy. The insights
gained from this study offer valuable guidance for designing CZT-
based materials with optimized electronic properties, particularly for
applications in radiation detection and beyond.

SUPPLEMENTARY MATERIAL

See the supplementary material for the partially ordered config-
urations along the [110] and [111] directions and the band structures
of CdTe and ZnTe in primitive cells using RESCU within the HSE06
functional.
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