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INFLUENCE OF PULSED 266-nm LASER
RADIATION ON THE OPTICAL PROPERTIES
OF CdTe AND Cd0.9Zn0.1Te IN THE REGION
OF THE FUNDAMENTAL OPTICAL TRANSITION

Optical research of the transmittance and reflectance spectra of p-CdTe(111) single crystals
and Cd0.9Zn0.1Te solid solution specimens in a spectral interval of (0.8÷1.7× 10−6 m before
and after their laser irradiation at the wavelength 𝜆 = 266 nm to energy doses of 17.2–
47.01 mJ/cm2 has been carried out. The structural gettering, i.e. the absorption due to the
presence of regions in semiconductors with a defect structure that can actively absorb point
defects and bind impurities, was found to be the main mechanism of influence of a pulsed laser
radiation on the optical properties of thin near-surface layers in the studied crystals.
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1. Introduction

Detecting systems that can be used to effectively re-
veal and distinguish dangerous objects and radionu-
clides mainly include semiconductor sensors, which
are sensitive to ionizing radiation of various types.
In this aspect, special attention is paid to the CdTe
and Cd1−𝑥Zn𝑥Te semiconductor materials because of
their attractive physical characteristics. The atoms of
chemical elements in those compounds have relatively
large atomic numbers and substantial cross-sections
for the photoelectric absorption. The compounds
themselves possess rather large forbidden gap widths
and, accordingly, high resistivity values. Those ad-
vantages make the indicated semiconductors promi-
sing for the development of nuclear detectors that can
operate at room temperature without cooling.

According to numerous studies over the world, a
lot of attempts were made to design tools for detect-
ing and measuring X-rays and gamma radiation that
are based on metal-Cd(Zn)Te diodes [1–5]. One of
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the manufacturing stages of those sensor structures
includes the laser treatment of the material surface
[6, 7]. When studying the effect of laser radiation on
a functional materials used in electronics, two param-
eters are very important: the energy of laser radia-
tion, 𝐸, and the magnitude of the fundamental opti-
cal transition in a semiconductor, 𝐸0.

The study of the mechanisms of laser radiation
action on material is of importance for the further
progress of the laser technology. There are thermal
and non-thermal mechanisms. The latter include the
impact, photochemical, and plasma mechanisms of
laser treatment. In most cases, the thermal mech-
anism of laser treatment is the main among other
mechanisms of laser radiation action. The mecha-
nisms based on the non-thermal action of pulsed laser
radiation on semiconductor materials include the ion-
ization, non-radiative and radiative recombination,
and shock wave (structural gettering). The laser get-
tering technique makes it possible to avoid the emer-
gence of additional defects in the crystal and to create
the required configuration of a deformation field (lo-
cal areas) [8–10].



Influence of Pulsed 266-nm Laser Radiation on the Optical Properties

2. Experimental Results
and Their Discussion

In this work, in order to elucidate the mechanisms
of pulsed laser radiation action on thin near-surface
layers in semiconductors, the transmittance and re-
flectance spectra were measured within a spectral in-
terval of (0.8÷1.7) × 10−6 m for 𝑝-CdTe(111) sin-
gle crystals with the specific resistance 𝜌 = (2÷5)×
× 109 Ω cm and the Cd0.9Zn0.1Te solid solution spec-
imens with the specific resistance 𝜌 = (0.5÷3)×
× 1010 Ω cm. The measurements were performed be-
fore and after the laser irradiation.

The surface of researched specimens was firstly sub-
jected to a mechanical treatment (cutting, grinding,
polishing) followed by a chemical treatment (washing,
etching, washing) and the drying of specimens. At
the next stage, the specimens 5 × 5 × 0.5 mm3

in dimensions were subjected to the laser irradia-
tion. Namely, the crystal surface was uniformly ir-
radiated at room temperature (𝑇 = 300 K) with
the help of single pulses generated by an Nd : YAG
laser (𝜆 = 266 nm, the pulse duration 𝜏 = 5÷
6 ns, and the irradiation energy dose interval is 17.2–
47.01 mJ/cm2).

The optical phenomenon of electromagnetic wave
reflection is quantitatively characterized by the en-
ergy reflection coefficient (reflectance) 𝑅. The reflec-
tion coefficient 𝑅01 at the normal incidence of radi-
ation onto a semiinfinite isotropic medium (semicon-
ductor, solid) is determinedz by the formula

𝑅01 =
(𝑛− 𝑛0)

2
+ 𝜒2

(𝑛+ 𝑛0)
2
+ 𝜒2

, (1)

where 𝑛0 and 𝑛 are the refractive indices of the envi-
ronment and the semiconductor, respectively, and 𝜒
is the extinction coefficient of the semiconductor.

The optical penetration depth of electromagnetic
waves into a semiconductor material, dopt, is equal to
1/𝛼, where 𝛼 is the absorption coefficient of the semi-
conductor. For semiconductors, if the photon energy
is higher than the absorption edge, the 𝛼-magnitude
has an order of 104–106 cm−1. Therefore, the re-
flected electromagnetic wave can probe only a very
thin layer near the specimen surface (about 1 𝜇m or
thinner).

From classical physics, it is known that the trans-
mittance 𝑇 of functional electronic materials at the
light wavelength 𝜆 can be given in terms of the reflec-

Fig. 1. Transmittance spectra of 𝑝-CdTe(111) single crystals:
initial specimen (1 ) and specimens irradiated to energy doses of
17.2 (2 ), 30.84 (3 ), and 47.01 mJ/cm2 (4 ). The laser radiation
wavelength is 266 nm

tion coefficient 𝑅01, the absorption index 𝛼, and the
specimen thickness 𝑑 by the formula

𝑇 =
(1−𝑅01)

2
𝑒−𝛼𝑑

1−𝑅01
2𝑒−𝛼𝑑

. (2)

In Fig. 1, the optical transmittance spectra 𝑇 (𝜆)
of 𝑝-CdTe(111) single crystals with the resistivity
𝜌 = (2÷5)× 109 Ω cm are shown for the initial speci-
men (curve 1 ) and the specimens irradiated to energy
doses of 17.2, 30.84, and 47.01 mJ/cm2 (curves 2 to 4,
respectively). As we can see, the indicated laser treat-
ment practically does not change the transmittance
of 𝑝-CdTe(111) single crystals, i.e. the variations in
the optical constants (the refractive index 𝑛, the ex-
tinction coefficient 𝜒, and the absorption coefficient
𝛼) are not significant.

Figure 2 demonstrates the optical transmittance
spectra 𝑇 (𝜆) of the solid solution Cd0.9Zn0.1Te with
the resistivity 𝜌 = (0.5÷3) × 109 Ω cm for the ini-
tial specimen (curve 1 ) and the specimens irradia-
ted to the same energy doses of 17.2, 30.84, and
47.01 mJ/cm2 (curves 2 to 4, respectively). Now,
as one can see from the figure, if the solid solu-
tion Cd0.9Zn0.1Te is laser-irradiated to energy doses
of 17.2 and 30.84 mJ/cm2, the transmittance of
this material is practically absent. But, at an energy
dose of 47.01 mJ/cm2, the transmittance becomes
even higher in comparison with the transmittance of
the initial specimen. Such a behavior of the trans-
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Fig. 2. The same as in Fig. 1, but for the Cd0.9Zn0.1Te solid
solution

Fig. 3. Reflectance spectra of 𝑝-CdTe(111) single crystals:
initial specimen (1 ) and specimens irradiated to energy doses of
17.2 (2 ), 30.84 (3 ), and 47.01 mJ/cm2 (4 ). The laser radiation
wavelength is 266 nm

mittance curves can be explained by laser-induced
changes of the optical constants both in thin near-sur-
face layers and in the bulk of the examined materials.

In Figs. 3 and 4, the optical reflectance spectra
𝑅(𝜆) in the region of the fundamental optical tran-
sition 𝐸0 are shown for the 𝑝-CdTe(111) single crys-
tals and the Cd0.9Zn0.1Te solid solution specimens,
respectively, subjected to the same laser treatment
(curves 1 correspond to the initial specimens, and
curves 2 to 4 to the specimens irradiated to en-
ergy doses of 17.2, 30.84, and 47.01 mJ/cm2, re-
spectively). As one can see, the reflectance of the
studied materials increases at higher energy doses
of laser irradiation. This fact is explained by the in-

Fig. 4. The same as in Fig. 3, but for the Cd0.9Zn0.1Te solid
solution

Fig. 5. Absorbance spectra of 𝑝-CdTe(111) single crystals:
initial specimen (1 ) and specimens irradiated to energy doses of
17.2 (2 ), 30.84 (3 ), and 47.01 mJ/cm2 (4 ). The laser radiation
wavelength is 266 nm

tegral effect, i.e. both a thin near-surface layer of
a semiconductor material with the complex refrac-
tive index �̃�𝑠 = 𝑛𝑠 + 𝑖𝜒𝑠 and the material bulk
with the complex refractive index �̃�𝑣 = 𝑛𝑣 + 𝑖𝜒𝑣,
which is different from that of the near-surface layer,
participate in the process of optical reflection. The
obtained reflectance spectra of the specimens tes-
tify that the laser irradiation stimulates impuri-
ties and defects to interact with each other, which
leads to the formation of neutral complexes and de-
creases the intensity of scattering processes by im-
purities. Hence, a thin surface layer in the stud-
ied material undergoes structural modifications. The
behavior of the reflectance spectra indicates that
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the main mechanism of laser irradiation action
has a non-thermal origin. Namely, it is structural
gettering.

The reflection, 𝑅, transmission, 𝑇 , and absorption,
𝐷, coefficients are coupled by the relation 𝑅+𝑇+𝐷 =
= 1 (the scattering of electromagnetic waves in the re-
searched specimens is not taken into account). The-
refore, in this work, we also plotted the absorbance
spectra 𝐷(𝜆) = 1 − [𝑅(𝜆) + 𝑇 (𝜆)] calculated for the
studied materials (Figs. 5 and 6). They completely
correlate with the corresponding optical transmit-
tance, 𝑇 (𝜆), and reflectance, 𝑅(𝜆), spectra. These
spectra show that the absorption in 𝑝-CdTe(111)
single crystals laser-treated to energy doses of 17.2,
30.84, and 47.01 mJ/cm2 diminished in comparison
with the initial specimens in the low-energy spec-
tral interval, i.e. at light (electromagnetic) wave en-
ergies 𝐸 much lower than the energy of the fun-
damental optical transition E0 (Fig. 5). In the case
of the Cd0.9Zn0.1Te solid solution, the absorption
in the studied specimens considerably increased af-
ter their laser treatment to energy doses of 17.2 and
30.84 mJ/cm2 (Fig. 6, curves 2 and 3 ), but substan-
tially decreased after the laser treatment to an energy
dose of 47.01 mJ/cm2 (Fig. 6, curve 4 ). It should be
noted that solid solutions, as a rule, contain inhomo-
geneities both on the surface and in the bulk of the
specimens.

On the basis of the Heisenberg uncertainty princi-
ple Δ𝐸Δ𝑡 ≥ ~ for the energy 𝐸 and the time 𝑡, the
relaxation effects of the light absorption in crystals
are described by the broadening parameter Δ𝐸 = ~/𝜏
(the broadening of the electronic transition 𝐸0 is cou-
pled with the lifetime of free charge carriers because
of the interaction of the latter with lattice vibra-
tions, impurities, and defects, including surface ones),
where 𝜏 is the time of energy relaxation of photogen-
erated charge carriers [11]. According to experimen-
tal data obtained for the optical transmittance and
reflectance spectra (Figs. 1–4) for 𝑝-CdTe(111) single
crystals with the resistivity 𝜌 = (2÷5)×109 Ω cm and
the Cd0.9Zn0.1Te solid solution specimens with the re-
sistivity 𝜌 = (0.5÷3)× 1010 Ω cm, the energy broad-
ening in the optical spectra of those materials equals
0.05 and 0.071 eV, respectively. The energy relaxation
time of photogenerated charge carriers was found to
equal 𝜏 = 1.316×10−14 s for 𝑝-CdTe(111) single crys-
tals and 𝜏 = 0.927×10−14 s for the Cd0.9Zn0.1Te solid
solution.

Fig. 6. The same as in Fig. 5, but for the Cd0.9Zn0.1Te solid
solution

According to the literature data [12–14], oxide coat-
ings on the surfaces of the studied materials were
amorphous films, the thickness of which varied from
0.5 to 7 nm. It should be noted that there exists an
intermediate oxide layer at the semiconductor-oxide
interface.

3. Conclusions

The transmittance and reflectance spectra of 𝑝-
CdTe(111) single crystals and Cd0.9Zn0.1Te solid so-
lution specimens were measured in a spectral interval
of (0.8÷1.7)×10−6 m before and after their laser irra-
diation at the wavelength 𝜆 = 266 nm to energy doses
of 17.2–47.01 mJ/cm2. The measurements allowed us
to make the following conclusions.

a) The reflectance of researched materials increased
after their laser treatment. It can be explained by the
integral effect, i.e. both a thin near-surface layer of a
semiconductor material with the complex refractive
index �̃�𝑠 = 𝑛𝑠 + 𝑖𝜒𝑠 and the material bulk with the
complex refractive index �̃�𝑣 = 𝑛𝑣 + 𝑖𝜒𝑣, which is dif-
ferent from that of the near-surface layer, are engaged
into the process of optical reflection. The obtained
reflectance spectra of the specimens testify that the
laser irradiation stimulates impurities and defects to
interact with each other, which leads to the formation
of neutral complexes and diminishes the intensity of
scattering processes by impurities.

b) The main mechanism of influence of a pulsed
laser irradiation on the optical properties of thin near-
surface layers in the studied crystals is the struc-
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tural gettering, i.e. the absorption associated with the
presence of semiconductor regions that have a defect
structure and can actively absorb point defects and
bind impurities. In 𝑝-CdTe(111) single crystals and
Cd0.9Zn0.1Te solid solution specimens, the cadmium,
tellurium, and zinc oxides, as well as their complexes,
play the role of getters.

1. D.V. Korbutyak, S.V. Melnychuk, Ye.V. Korbut, M.M. Bo-
rysyuk. Cadmium Telluride: Impurity-Defect States and
Detector Properties (Ivan Fedorov, 2000) (in Ukrainian).

2. V.I. Khivrych, Effects of Compensation and Ionizing Ra-
diation in CdTe Single Crystals (Institute for Nuclear Re-
search of the NAS of Ukraine, 2010) (in Ukrainian).

3. P.J. Sellin. Recent advances in compound semiconductor
radiation detectors. Nucl. Instrum. Methods A 513, 332
(2003).

4. T.E. Schlesinger, J.E. Toney, H. Yoon, E.Y. Lee, B.A. Bru-
nett, L. Franks, R.B. James. Cadmium zinc telluride and
its use as a nuclear radiation detector material. Mater. Sci.
Eng. R 32, 103 (2001).

5. A. Owens, A. Peacock. Compound semiconductor radia-
tion detectors. Nucl. Instrum. Methods A 531, 18 (2004).

6. V.A. Gnatyuk, S.N. Levytskyi, O.I. Vlasenko, T. Aoki. For-
mation of doped nano-layers in CdTe semiconductor crys-
tals by laser irradiation with nanosecond pulses. Thai J.
Nanosci. Nanotechnol. 1, No. 2, 7 (2016).

7. P.O. Gentsar, O.I. Vlasenko. Electronic Phenomena in
the Optical Spectra of Near-Surface Layers and Bulk of
the Materials of the IV, AIIIBV, AIIBVI, and AIIIBVI

Groups (ART OK, 2017) (in Ukrainian).
8. V.A. Zuev, V.G. Litovchenko, V.G. Popov. Laser treat-

ment of thin surface layers of semiconductors. Kvant. Elek-
tron. 23, 33 (1982) (in Russian).

9. V.P. Veiko, M.N. Libenson, G.G. Chervyakov, E.B. Yakov-
lev. Interaction of Laser Radiation with Matter (Fizmatlit,
2008) (in Russian).

10. W.W. Duley. Laser Processing and Analysis of Materials
(Plenum Press, 1983).

11. A.M. Evstigneev, P.A. Genzar, S.A. Grusha, R.V. Kona-
kova, A.N. Krasiko, O.V. Snitko, Yu.A. Thorik. Collisional
broadening of optical spectra and its relation to mobility.
Fiz. Tekhn. Poluprov. 21, 1138 (1987) (in Russian).

12. F. Bechstedt, R. Enderlein. Semiconductor Surfaces and
Interfaces (Akademie, 1988).

13. Problems of Semiconductor Surface Science. Edited by
O.V. Snitko. (Naukova Dumka, 1981) (in Russian).

14. V.E. Primachenko, O.V. Snitko. Physics of Metal-Doped
Semiconductor Surface (Naukova Dumka, 1988) (in Rus-
sian). Received 16.02.20.

Translated from Ukrainian by O.I. Voitenko

П.О. Генцарь, С.М.Левицький, О.В.Стронський

ВПЛИВ IМПУЛЬСНОГО
ЛАЗЕРНОГО ОПРОМIНЕННЯ (ДОВЖИНА
ЕЛЕКТРОМАГНIТНОЇ ХВИЛI 266 нм) НА ОПТИЧНI
ВЛАСТИВОСТI CdTe ТА Cd0,9Zn0,1Te В ОБЛАСТI
ФУНДАМЕНТАЛЬНОГО ОПТИЧНОГО ПЕРЕХОДУ 𝐸0

В данiй роботi проведено оптичнi дослiдження спектрiв
пропускання та вiдбивання монокристалiв р-CdTe(111), а
також твердого розчину Cd0,9Zn0,1Te в дiапазонi (0,8–
1,7) · 10−6 м до та пiсля лазерного опромiнення на довжи-
нi електромагнiтної хвилi 𝜆 = 266 нм в iнтервалi енер-
гiй 17,2–47,01 мДж/см2. Встановлено, що основним механi-
змом впливу iмпульсного лазерного опромiнення на опти-
чнi властивостi тонких приповерхневих шарiв дослiджених
кристалiв є структурне гетерування, тобто поглинання, зу-
мовлене наявнiстю дiлянок напiвпровiдникiв, що мають де-
фектну структуру i володiють здатнiстю активно поглина-
ти точковi дефекти i зв’язувати домiшки.

Ключовi слова: CdTe, CdZnTe, пропускання, вiдбивання,
поглинання, лазерне опромiнення.
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