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The optical absorption, reflection and luminescence of CdTe:Ca were studied. It was established that the
obtained Ca doped surface layers are characterized by intense photoluminescence from 7= 8-10% in the edge
region. Radiation is formed due to interband recombination of free charge carriers and the annihilation of
excitons bound on isovalent impurities of Ca. The indicated components are observed in the differential optical
reflection spectra R in the surface layer obtained by doping CdTe substrates with an isovalent Ca impurity. It is

established that doping causes the formation of p-type conductivity.
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Introduction

Currently, one of the most promising materials for
the manufacture of electronics devices is cadmium
telluride. A unique set of its physicochemical parameters
is a prerequisite for the manufacture of optoelectronic
devices on its basis [1,2]. CdTe is direct-gap, can have
both n-type and p-type conductivity, has a band gap
(1.5 eV at 300 K), which is close to the optimal value for
converting solar energy into electrical energy [3]. All this
makes it attractive for use in solar energy. At the same
time, technologies for creating radiation sources of the
infrared region based on CdTe remain poorly studied.
For their manufacture, it is possible to create barriers of
various types using thin-film technology. However,
despite the simplicity of fabrication and their cheapness
compared to those obtained on crystals, manufacturing
techniques are currently not sufficiently studied in the
case of thin CdTe films [4,5]. In this regard, it is
important to search for manufacturing technologies and
the creation of thin near-surface layers on CdTe base
crystals, which make it possible to provide important
promising properties without affecting the basic
parameters of the base material. In addition, such a
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technology could be used later with a small correction for
the manufacture of structures based on other wide-gap 11-
VI compounds. It was shown [6, 7] that in the case of
other Il — VI compounds, in particular ZnSe, such
promising developments can be alloying with isovalent
impurities (IVI1). They fundamentally affect the optical
properties and cause highly efficient radiation. In
addition, an inversion of the conductivity type is
observed and a p-n-junction is formed. Therefore,
research is relevant and important to study the effect of
VI on the optical properties of CdTe.

I. Objects and research methods

Cadmium telluride base crystals were grown
according to the classical Bridgman method. They are
characterized by n-type conductivity and resistivity of
p~100 Ohm-cm. For studies of their properties,
substrates with a size of 4x4x1 mm?3 were cut out and
their chemical-mechanical treatment was carried out
according to the classical method. Doping with an
isovalent admixture of Ca was carried out in an aqueous
solution of Ca(NO3); [8].
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Optical properties of CdTe doped Ca

The electrical, optical, and luminescent properties of
undoped CdTe and specially doped surface layers of
CdTe:Ca were studied. The optical processes of
absorption, reflection, and luminescence were studied
using a universal optical setup, which made it possible to
carry out measurements both by the classical technique
and using the A-modulation method [9,10]. The optical
spectra were studied on an MDR-23 diffraction
monochromator, after which the optical signals were
recorded by an FEU-79 or FEP-112 photomultiplier.
Sources of diagnostic radiation were an ELC / C halogen
lamp with a monotonic smooth spectrum and an LGN-21
nitrogen laser with exciting radiation with A = 0.337 um
(ho ~ 3.68 eV). The latter was used to excite
luminescence on the obtained CdTe:Ca layers. The
measured signal was recorded using a synchrodetection
system, which at the modulation frequency Q the
emitted signals also made it possible to measure the
differential spectra of the first derivative of the optical
signal. Electrical and current-voltage characteristics were
studied by well-known classical methods [9] and also by
the method developed in [11].

I1. Research results and discussion

The optical properties of the CdTe base material
were determined from studies of optical transmission T

and reflection R . The transmission is characterized by
a typical spectral distribution in the photon energy range
ho =1-1.55 eV. The monotonic nature of the

dependence indicates the absence of uncontrolled
impurities that can be introduced during cultivation. At

the same time, in the range of (A >1.55 eV, a sharp
decrease in the transmission intensity is observed, the
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Fig. 1. Absorption spectra of the original cadmium
telluride. T = 300 K.
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Fig. 2. Optical reflection spectra of the original (1)
and doped Ca (2) CdTe. T =300 K.

character of which is characteristic of the long-
wavelength absorption edge. The absorption coefficient
is well approximated by the well-known analytical
expression for direct optical transitions, namely,

a=A" (hm— E, )% , Where A" is the known constant.

This is also confirmed by the linear nature of the
dependence constructed in coordinates using the widely
used technique [9]. An approximation of the linear
portion of this dependence to the energy axis for the
measured absorption on freshly cleaved CdTe plates
~ 40 um thick allows us to determine the band gap of
E, =15 eV at 300 K, Fig.1. The obtained value

correlates well with published data [13].

Doping of CdTe plates and substrates with an
isovalent Ca impurity does not affect the dependence of
the optical absorption curves and the value of a certain
basic material parameter of E; =1.5 eV. This indicates

the formation of a thin Ca-doped surface layer and the
absence of effects of doping processes on the properties
of the volume of the base material. Under such
circumstances, a study was made of A-modulated optical
reflection. The properties of base substrates and the
resulting CdTe:Ca layers were studied. The
corresponding differential curves R/ are shown in

Fig. 2. The main maximum at o (o =1.5eV is

observed for the starting material, which is explained by
optical transitions of charge carriers through the band
gap. A second feature was also found on the curves R

at (o =2.4 eV. The difference between 2.4-15 =

0.9 eV correlates well with the values of the energy of
optical transitions with the participation of the valence
subband, split off due to spin — orbit interaction A [3,

13]. Thus, the discovered property is due to the features
of the band structure of CdTe. They indicate the
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directness straightforwardness of the material and its
rather high structural perfection, which is confirmed by
the absence of additional extrema in the curves R/ and

T, inthe region 7w = 1-1.55 eV.

At the same time, Ca doping of CdTe substrates
leads to the formation of a thin layer, which is
characterized by a decrease in the half-width of the curve
maximum R at E, =15eV and the formation of

structurality, curve 2, Fig.2. At energies of
E, =1.458¢eV, an intense maximum is observed. Its

nature is well explained by studies of the luminescent
properties of CdTe:Ca. Note that doping of cadmium
telluride with an isovalent Ca impurity does not affect the
position of the main features of the differential curves.
This indicates that, as a result of chemical treatment,
another substance is not formed on the surface of the
base material.

Doping of CdTe with an isovalent Ca impurity leads
to the formation of intense photoluminescence.
Evaluation of its quantum efficiency n by a known
method made it possible to determine the value n ~ 8-
10% at 300 K [14]. We note that on unalloyed material it
was not observed even at T=77 K. According to
published data, n with possible doping with other types
of impurities gives a maximum value of 0.05-0.1% [13].

The effective luminescence of CdTe:Ca is observed

in the edge region at 7o = 1.3-1.6 eV. Its spectral

distribution is characterized by the presence of two
components, curve 1, Fig. 3. They are clearly manifested
in the case of Ca doped freshly cleaved plates, curve 2,
Fig. 3. The properties of the bands are fundamentally
different. Thus, the dominant band with a maximum at

ho = 1.458 eV is characterized by a shift of the
maximum to the high-energy region with a decrease in

the excitation level L. Secondly, the intensity | depends L
on the law I1~L'5. Thirdly, the shape of the strip is
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Fig. 3. Photoluminescence spectra of CdTe doped
Ca surface layers (1, 2): 1 — appropriately treated
surface of CdTe doped with Ca; 2 — freshly chipped
CdTe surface doped with Ca; 3 — the calculated
spectrum of interband radiation transitions.
T =300 K.
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Fig. 4. Depending on the excitation level L, the
position of the maximum xom (1) and the intensities

| of the exciton (2) and interband (3) components of
the radiation of the CdTe:Ca layers. T = 300 K.

characterized by asymmetry with a sharp decrease | in
the region of high maximum energies and a slow

decrease at no < hom. The indicated properties are

characteristic of exciton processes. In this case,
annihilation of excitons bound by isovalent impurities
takes place upon their inelastic scattering by free charge
carriers [15]. In addition, equidistant kinks are observed

in the low-energy region N, , which are consistent with

the energy of the LO phonon for CdTe, namely, o =

21 meV [13]. The above properties of the exciton band
are shown in Fig. 4, curves 1 and 2.

In the photon energy range 7w>- Eg, a second band is

observed with a maximumof 7w = 1.51 eV. The position
of its maximum is independent of L, and the half-width
hwip is ~ 1.5KT. The intensity at the maximum depends

on L by law I~L2 Such properties are inherent in
interband recombination of free charge carriers [12].

Accordingly, the intensity distribution is in good
agreement with the analytical expression, which
approximates it [12, 16]
ho—E
N, ~ (ho)’ Jho—E, exp| - g 1
2] ( a)) » 9 p( kT j ( )

Where k is the Boltzmann constant, T is the
temperature, N_ is the number of photons in a unit

energy interval. Note that it is these bands that are
observed in the study of optical reflection, Fig. 2. On the
curves given, they are indicated by the corresponding
symbols Eg and Eex. Their presence confirms the effect of
“purification” of the starting material as a result of
doping with an isovalent impurity, which is determined
by the features of its interaction with atoms of matter [6,
17].

An important consequence of doping in an aqueous
solution of Ca(NOQOs), is the creation of p-type
conductivity of the surface layer. The study of the
electrical characteristics of the ohmic contacts gives the
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corresponding linear dependence of the current when the The proposed technological alloying regimes do not
voltage changes and the symmetry of the forward and affect the properties of the base material and make it
reverse branches. In addition, the inversion of the possible to obtain surface layers with inversion of
conductivity type is also confirmed by studies of conductivity from n-type to p-type.

electrical conductivity with a thermal probe [11]. This
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JlocTipKeHo ONTHYHE TOrMWHaHHA, BinOuBanus i mominecuenuito CdTe:Ca. BcraHoBineHo, 1o oTpumadi
neroBai Ca MOBEPXHEBI IIapH XapaKTEPU3YIOThCS IHTEHCHBHOIO (oTonoMinecteHnieo 3 n==8-10% y kpaiiosiit
oGnacti. BunpominioBaHHS GopMyeThCsl BHACIIIOK MDK30HHOI peKOMOIHAI BUIBHUX HOCIiB 3apsmy 1 aHIrUIAIiero
3B’S3aHMX Ha i30BaJEHTHHX AoMimkax Ca eKCHTOHIB. 3a3Ha4yeHI CKIAJOBI CIIOCTEPIraloThes y MU(EpeHIIHHIX
CIIEKTPaxX ONTHYHOTO BiAOMBaHHA R/ y NPUIOBEPXHEBOMY MLIapi, OTPMMAaHOMY NpH JIETYyBaHHI i30Bal€HTHOIO

nomimkoro Ca migkinaguaok CdTe. BecraHOBIEHO, 110 J1eryBaHHS 00YMOBIIIOE YTBOPEHHS P-TUIY MPOBITHOCTI.
KiouoBi cioBa: Temypun KaaMmito, i30BaJIeTHA JOMIIIKa, ONTHYHE NOTJIMHAHHA 1 BinOWBaHHS, IHTCHCHBHA
(hOTOFOMIHECIICHTIsI.
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