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In this paper, the transmission and reflection spectra of p-CdTe (111) single crystals and Cdi -.Zn,Te
(x =0.1) solid solutions in the range (0.8-1.7) '10-6 m before and after laser irradiation at the wavelength
A =355 nm in the energy range 5.8-21.0 mdJ/cm? are measured. It is shown that at optimal parameters of
laser processing we obtain an increase in the reflectivity of the investigated materials, which in turn is ex-
plained by the integral effect, i.e. both a thin near-surface layer and the volume of material take part in
the process of optical reflection (the complex refractive index of the surface layer i, is different from the

complex refractive index of the volume material 7 ). The obtained reflection spectra of the samples indi-

cate that during irradiation there is a laser-stimulated interaction of impurities and defects, which leads to
the formation of neutral complexes and a decrease in the intensity of impurity scattering processes. Exper-
imental studies on the effect of laser irradiation on the optical properties of these crystals, and the estab-
lishment of the main mechanisms of laser treatment (laser-induced modification) of the near-surface layer
are conducted. In p-CdTe (111) single crystals and Cd:-«Zn.Te (x = 0.1) solid solutions, cadmium, telluri-
um, zinc and their complexes play the role of the getter.
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1. INTRODUCTION

Semiconductor materials AI'BV! including CdTe and
Cdi1-+Zn,Te, are one of the most promising materials
that are used for different kinds of detectors of ionizing
radiation [1-4]. In laser irradiation of functional mate-
rials of electronic engineering two parameters are very
important: laser energy E and magnitude of fundamen-
tal optical transition of semiconductor Eo.

To optimize the technological processes of manufac-
turing detector instrument structures, as well as the
control of laser-stimulated processing, much attention
is paid to the study of mechanisms and processes that
occur during the interaction of this radiation with the
surface. Today, there are mechanisms of thermal and
non-thermal nature, in particular such as thermal,
shock, photochemical and plasma. In most cases, the
thermal mechanism of laser treatment is the main
mechanism of action of laser radiation, leading to
structural changes in the surface. Methods of laser-
induced processing of semiconductor materials (polish-
ing, gettering, implantation) allow to avoid additional
defects of the crystal and to create the necessary con-
figuration of the near-surface region (local areas) of the
studied structures [5-8].

2. EXPERIMENTAL RESULTS AND THEIR
DISCUSSION

In this paper, to elucidate the mechanisms of the in-
fluence of pulsed laser irradiation on thin surface lay-
ers of semiconductors we measured the transmission
and reflection spectra of p-CdTe (111) single crystals
with specific resistivity p = (2+5)-10° Q-cm; Cd1-«Zn,Te
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(x=0.1) solid solutions with specific resistivity
p =(0.5+3)-101°Q-cm in the range (0.8-1.7)-10-%m
before and after laser irradiation at the wavelength of
A =355 nm in the energy range 5.8-21.0 mdJ/cm?2.

The quantitative characteristic of the optical phe-
nomenon of reflection of electromagnetic waves is the
energy reflection coefficient R. The reflection coefficient
R at normal incidence or the reflection R of a semi-
infinite isotropic medium (semiconductor, solid) is de-
termined by the following relation:

2 2
R:m’ (1.1)

n+ny ) + 12
0

where n, no are the refractive indices of the material
under study and the environment, respectively; yx is the
extinction coefficient of a semiconductor. The optical
depth of dop: penetration of an electromagnetic wave
into a semiconductor material is 1/a, where a is the
absorption coefficient of the semiconductor. For semi-
conductors a above the absorption edge is of the order
of 10%+108 cm~1, so when reflected, the electromagnetic
wave will probe only a very thin layer near the sample
surface (about 1 pm or less).

It is known from classical physics that the transmit-
tance of the functional materials of electronic engineer-
ing for the light wavelength 1 is expressed by the re-
flection coefficient R, the absorption index a, and the
thickness of the sample d by means of a relation
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Fig. 1 - Transmission spectra of p-CdTe (111) single crystals (a) and Cdi-.Zn.Te (x = 0.1) solid solutions (b): original sample is
curve 1 and the samples are irradiated with energy of 5.8 md/cm2; 10.4 md/cm?2, 21.0 md/cm? — curves 2-4, respectively. The wave-

length of the laser radiation is 355 nm

Fig. 1a shows the optical transmission spectra
T=f(1) of p-CdTe (111) single crystals with a specific
resistance of (2+5)-10° Q c¢m (original sample is curve 1
and the samples are irradiated with energy of
5.8 md/cm?2, 10.4 md/cm?2, 21.0 md/cm? — curves 2-4 re-
spectively). As seen from the figure, the transmittance
of p-CdTe (111) single crystals increases with irradia-
tion energy density of 5.8 md/cm? and at an energy of
10.4 md/ecm? — it decreases. At the same time laser pro-
cessing of these samples energy densities of 21.0 md/cm?2
transmittance is almost identical to that of the original
samples. Such a course of the transmission curves is
related to changes that occur in the thin surface layers
of the semiconductor material upon laser irradiation.

Fig. 1b shows the optical transmission spectra
T=f) of Cdi-+ZnsTe (x=0.1) solid solutions with a
specific resistance of (0.5+3)-10'9 Qc¢m (original sample
is curve 1 and the samples are irradiated with energy of
5.8 md/em?, 10.4 md/cm?, 21.0 md/cm?2 — curves 2-4 re-
spectively). As can be seen from the figure, the irradia-
tion of Cdi-xZnsTe (x=0.1) solid solutions by these en-
ergy densities significantly decreases compared to the
original samples. Fig. 2 shows the spectra of optical
reflection of p-CdTe (111) single crystals and Cd: -+Zn.Te
(x=0.1) solid solutions in the region of fundamental
optical transition Eo at this laser treatment (original
sample is curve 1 and the samples are irradiated with
energy of 5.8 md/cm?; 10.4 md/cm?, 21.0 md/cm? — curves
2-4 respectively).

As can be seen from Fig. 2, the reflectivity of the
studied materials increases with increasing laser energy
density. This is due to the integral effect, that is, in the
process of optical reflection involves a thin surface layer
of semiconductor material and volume of material (the
complex refractive index of the surface layer
g, =n,+iy, is different from the complex refractive

index of the volume material 7, =n, +iy,). The obtained

reflection spectra of the samples show that irradiation
occurs laser-induced interaction of impurities and de-
fects, leading to the formation of neutral complexes and
reducing the intensity of impurity scattering.

Since the reflection coefficient R =f (1) is related to
the transmittance 7'=f (1) and the absorption coeffi-
cient D = f (A1) by the ratio R+ T+ D =1 (thus the scat-
tering of the light wave in the sample is not taken into
account), the absorption spectra D=1— (R + T) of the
light (electromagnetic) wavelength A are also con-
structed in this paper [8].

The constructed optical absorption spectra
D=[1-(T+ R)] =f(2) of these materials are completely
correlated with the optical transmission spectra T = f(1)
and the reflection R = f(1). From the absorption spectra
(Fig. 3) of the material it is seen that the lower energies,
i.e. at the energies of light (electromagnetic) waves E
which is much lower than the fundamental optical tran-
sition energy Fo, absorption of p-CdTe (111) single crys-
tals after laser treatment with an energy density of
5.8 md/cm? and 21.0 md/cm? becomes smaller compared
to the original samples (Fig. 3a, curves 1, 2, 4). In laser
processing of p-CdTe (111) single crystals with an ener-
gy density of 10.4 md/cm?2, the absorption of the samples
is significantly increased (Fig. 3a, curve 3). For Cdi-
«ZnyTe (x =0.1) solid solutions, the absorption of the
samples is significantly increased after laser treatment
compared to the original samples (Fig. 3b, curves 1-4).

From relation (1.2) it is possible to obtain an ab-
sorption coefficient a for a given wavelength A of the
material under study

1 2RT*
a==In .
~(1-R)’ +\[(1-R)' +4T°R*

(1.3)

Based on the Heisenberg uncertainty principle for
energies K and time ¢ (AE - At > k), the relaxation ef-
fects in light absorption by a crystal are described by
the expansion parameter AE = A/t (the broadening of
the electronic transition Ko is related to the free charge
carrier life due their interaction with lattice vibrations,
impurities, defects including surface character), where
7 is the time of energy relaxation of the photo-generated
charge carriers [8].
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Fig. 2 — Reflection spectra of p-CdTe (111) single crystals (a) and Cdi-«Zn,Te (x = 0.1) solid solutions (b): original sample is curve 1
and the samples are irradiated with energy of 5.8 md/cm?2, 10.4 md/cm2, 21.0 md/cm? — curves 2-4, respectively. The wavelength of

the laser radiation is 355 nm
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Fig. 3 — Absorption spectra of p-CdTe (111) single crystals (a) and Cd:-.Zn,Te (x = 0.1) solid solutions (b): original sample is curve
1 and the samples are irradiated with energy of 5.8 md/cm?2, 10.4 md/cm2, 21.0 md/cm? — curves 2-4 respectively. The wavelength

of the laser radiation is 355 nm

According to the experimental data on the optical
transmission and reflection spectra (Fig. 1, Fig. 2) for
p-CdTe (111) single crystals with specific resistance of
(2+5)-10° Q cm and solid solutions Cdi-.ZnsTe (x = 0.1)
with a specific resistance of (0.5+3)-1010 Q cm the ener-
gy expansion of the optical spectra of these materials is
0.05 eV; 0.078 eV, respectively.

Energy relaxation time of photogenerated pairs  for
p-CdTe (111) single crystals and Cdi-:Zn.Te (x=0.1)
solid solutions is respectively equal to 1.316-10-1¢ s and
0.844-10 - s.

The authors of [8, 9] showed that oxide coatings
that are formed on the surface of the studied materials
are amorphous films with an approximate thickness of
0.5-7 nm. It should also be borne in mind that there is
a transition layer of oxide on the oxide-semiconductor
interface.

3. CONCLUSIONS

Optical studies of the transmission and reflection
spectra of single crystals p-CdTe (111), solid solutions
Cdi-+Zn,sTe (x=0.1) in the range (0.8-1.7):10-¢®m
before and after laser irradiation at the wavelength of
the light wave 4 =355 nm in the energy range of 5.8-
21.0 md/cm? showed:

a) an increase in the reflectivity of the investigated
materials in this laser treatment, which is explained by
the integral effect, that is, in the process of optical
reflection a thin surface layer of the semiconductor
material and a material volume are involved (the com-
plex refractive index of the surface layer i, =n_ +iy, is

different from the complex refractive index of the vol-
ume material 7, =n,+1iy,). On the basis of the ob-

tained reflection spectra, the studied samples, as well
as taking into account the parameters of laser-induced
surface treatment is laser-stimulated interaction of
impurities and defects, which in turn leads to the for-
mation of neutral complexes and reduce the intensity of
impurity scattering.

b) experimental studies have shown that the main
mechanism of influence of pulsed laser irradiation on
the optical properties of thin surface layers of the in-
vestigated crystals is structural gettering, that is, the
absorption due to the presence of sections of semicon-
ductors that have a defective structure and have the
ability to actively absorb defects. In p-CdTe (111) single
crystals and Cdi-xZniTe (x =0.1) solid solutions, the
role of getters play cadmium, tellurium, zinc and their
complexes.
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Bnoiue nasepHOro onpoMiHeHHs HA ONTUYHI BJacTUBOCTI BucokooMHuX kKpuctanis CdTe Ta
TBepaux pos3unHiB Cdi-.Zn,.Te B 06sacTi pyumamenTaabrHOro onTudHOro nmepexony Eo

I1.0. 'eunaps, C.M. JleBunprmii

Incmumym pizuru nanienposionukie imeni B.€. Jlawkapvosa HAH Ykpainu,
npocnexm Hayru, 41, 03028 Kuis, Yikpaina

¥V maniit po6oTi MPOBEAEHO ONTUYHI TOCTIIKEeHHS CIEKTPIB IIPOIYyCKAHHS Ta BIIOMBAHHA MOHOKPHUCTAJIIB
p-CdTe (111) rta tBepaux po3umuis Cdi-.Zn,Te (x = 0,1) B mianaszoni (0,8-1,7) 10 -6 m 110 Ta micss JIa3€PHOrO
ONIPOMIHEHHS HA JOBXKMHI eJIEKTPOMATHITHOI XBHJIl A = 355 HM B iHTepBaJi eHeprii 5,8-21,0 mJlxx/cm2. Ilo-
Ka3aHo 301JIbIIeHHS BiIOMBAIOUOl 3MATHOCTI JOCIIAMKYBAHNX MaTepialliB IIPH JAHIN JasepHii oOpoOIl, 1m0
TOSICHIOEThCS 1HTErpabHUM edeKTOM, TOOTO B IIPOIleCl OITHYHOTO BIIOMBAHHSA IIPUIMAE y4ACTh TOHKHMA
IPUIIOBEPXHEBUH IIap HAIIBIPOBIIHUKOBOIO MaTepiayly Ta 00'eM MaTepiasly (KOMILIEKCHHN MOKA3HUK 3a-
JIOMJIEHHS TIPUIIOBEPXHEBOTO0 IIapy ﬁs BIJIPI3HAETHCA Bl KOMILIEKCHOTO MOKA3HUKA 3aJI0MJIEHHS 00’ €MHOro

MmaTepiany 7,). OTpuMaHi CIeKTpH BiOMBAHHSA 3PA3KIB CBIIYATH, 10 IIPU ONTPOMIHEHH] BiIOYBaeThCA JIa3e-
PHO-CTHMYJIbOBaHA B3a€MOZ1s JOMIIIOK 1 1edeKTiB, 1[0 IPHUBOJUTE O YTBOPEHHS HEATPaIbHIX KOMILIEKCIB
Ta 3MEHITeHHS 1HTeHCHBHOCTI IIPOIECIB JOMINTKOBOTO PO3CIIOBAHHS. BCTAHOBJIEHO, II0 OCHOBHUM MEXaH13-
MOM BILJIUBY IMILyJIBCHOT'O JIA3€PHOTO OIIPOMIHEHHsI Ha OIITUYHI BJIACTUBOCTI TOHKUX IIPUIIOBEPXHEBUX IIAPIB
IOCTIIPKEHNUX KPUCTAJIB € CTPYKTYypHe reTepyBaHHsI, TOOTO IOIJIMHAHHSI, 00yMOBJIEHE HASBHICTIO J1JISHOK
HAIBIPOBIIHUKIB 10 MATh JedeKTHY CTPYKTYPY 1 BOJIOAIIOTH 3JATHICTIO aKTUBHO IIOTJIMHATH TOYKOBI Jie-
dextn 1 3p’a3yBatm momimku. B momoxpucranax p-CdTe (111) ta tBepaux posumuax Cdi-«Zn.Te (x =0,1)
POJIb TeTepa BUKOHYIOTH OKHCJIN KaJMII0, TEJIYPY, IINHKY Ta 1X KOMILJIEKCH.

Kmouori ciosa: CdTe, CdZnTe, [Iponyckanus, Binousauus, [lorsmmmuanns, JlazepHe orrpoMiHeHHs.
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