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Luminescent properties of plastically deformed
ZnS-Cu(Al) crystals
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The photoluminescence spectra, the polarization diagrams and the glow curves of the
previously plastically deformed ZnS-Cu(Al) crystals are presented. The transformation
of the G-Cu “mB-Cu luminescence centres as well as the decreasing number of the
G-Cu centres parallel to the optical axis of the crystals have been observed.

1. Introduction

It is known [1] that apart from point defects in the synthetic ZnS crystals
there occur also nonperiodic changes in the sequence of the close packed layers.
Moreover, the ZnS crystals are, in fact, systems of different polytypes, hardly
distinguishable one from another. It seems that these faults are due to similar
values of Madelung’s constant [2] (1.638 for cubic 30 structure and 1.641 for
hexagonal 2H structure), and of enthalpy (—48.5 kcal/mole and —45.3 kcal/
mole), respectively. For both the structures the first and the second coordina-
tion spheres composed of only one type of atoms situated at the same lattice
distances are identical, whereas the third and the further coordination spheres
are different. The dopant, as another atom differing in size and charge from the
host lattice atom, disturbs the existing thermodynamic equilibrium of the
crystal, the migration of such dopants towards the surface of the growing crys-
tal increases their concentration which, in turn, generates the formation of
growth faults. In the case described, it can be expected that the concentration
mf the dopants will increase in the vicinity of the stacking faults. The increase
of the concentration of copper as activator on the (111) plane in ZnS has been
reported, for example, in [3]. Zinc sulphide crystals obtained by various methods
differ not only by their structure (amount of the hexagonal and cubic phases),
but also by the concentration of point defects and random dopants. These
defects play the role of the luminescence centres, often exhibiting the properties
of the acceptor pair. The distribution of these centres in ZnS-Cu(Al) crystals
is not isotropic [4-6, 9, 10].

A remarkable tendency of ZnS crystals to various polytypic modifications,
as well as a distinct anisotropy of the spatial orientation of luminescence centres,
have encouraged us to undertake the studies on the luminescence of the pre-
viously plastically deformed ZnS crystals.
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It seems that the plastic deformation of crystal, understood as a motion
of dislocations and a displacement of the atomic layers by several interatomic
distances, should cause the change in the orientation of the luminescence cen-
tres, partial dissociation of the donor-acceptor pairs, disappearance of some
luminescence centres and the change of the concentration of the electron traps-

2. Experimental results and discussion

The experimental results of luminescence studies of ZnS-Cu(Al) crystals present-
ed below have been obtained with the help of a standard equipment*
The spectral and polarization measurements were made at room temperature
using an Hg 365 nm line excitation. The glow curves have been recorded during
the crystal heating at a constant rate of 0.3 K/s.

ZnS-Cu(Al) crystals grown from the vapour phase, with the concentration
of Cu and Al being of about 10~5¢g/g ZnS, have been used for investigations-
The plastic deformation of the crystal has been realized in the device constructed
specially for this purpose which enabled a continuous increase of the stress and
the measurements of the deformation degree.

mil

Fig. 1. Orientation of the crystal with respect to-
the stress direction (F)

The crystal has been ground and polished in form of a cuboid, so as to deflect
the optical axis from the stress direction by 45° (Fig. 1). Such an orientation
of the crystal facilitates its deformation [7] because the closely packed planes:
(111) are generally the displacement ones.

The effect of a stable plastic deformation can be easier achieved after the
crystal is heated up to about 500 K. Before this deformation the photolumines-
cence spectra, the polarization diagrams, and the integral and coloured thermos
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luminescence have been investigated. The consecutive stages of the plastic
deformation and the stress distribution inside the crystal located between the
polarizer and the analyser have been observed on the screen using polarized
light. After the deformation the crystal has been cooled to room temperature
and all the above mentioned luminescence measurements were repeated again.

2.1. Photoluminescence

The luminescence spectra of the nondeformed and deformed ZnS-Cu(Al) crystals

are shown in Fig. 2. The deformation degree was equal to about 10% The

intensity of the photoluminescence emission (as a relative number of the quanta

N) of the crystal was measured for two positions of the analyser: parallel —
and perpendicular — J+(0°) to the optical axis of the crystal.

It has been found that at room temperature the dominating intensity in
the spectrum of the nondeformed crystal (dashed line) is that of the green lumi-
nescence characteristic of ZnS-Cu(Al), the concentration of Ou and Al being
comparable and not very high.

Fig. 2. Luminescence spectra of the nondeformed (dashed line) and plastically deformed
(solid line) ZnS-Cu(Al) crystals

During the deformation of the crystal one observed the gradual transforma-
tion of the luminescence spectrum from the green emission to the luminescence
with the prevailing blue emission.

Figure 2 shows that the shape of the luminescence spectrum of the non-
deformed crystal does not depend on the direction of the oscillation of the
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electric vector of the emission light. For both the parallel 1],(0°) and perpendi-
cular 1 £(0°) components the maxima of the emission intensity occur at the same
value of the energy Jv.

Besides the transformation of the spectrum one observes an increasing-
participation of the perpendicular component 1£(0°) if compared to that of
the parallel component 1]](0°) stated after the deformation of the crystal.

The contribution of the blue emission band (2.70 eV) present in the lumines-
cence spectrum of nondeformed crystal increases in the spectrum after deforma-
tion. Our observations indicate that the processes of the transformation of thes
spectrum due to the deformation of a crystal occur always, but their extent:
and the contributions of individual bands may be different, depending on the
type of the crystal.

It is known that the G-Cu emission band in ZnS-Cu(Al) crystal originates
from donor-acceptor pairs [4-6]. The substitutional copper ion is an acceptor
[8], and aluminium ion is a donor. Both the defects are localized at the same
sublattice instead of the zinc vacancies.

Blue emission band (B-Cu) is also related to the donor-acceptor pair but
the donor level, playing also the role of the excited state of the blue centre, is.
situated just below the conductive band of ZnS.

The transformation of the photoluminescence spectra observed in our crys-
tals confirms the fact that a certain number of the G-Cu luminescence centres-
are transformed into the B-Cu luminescence centres in consequence of the=
deformation of the crystal. Such an effect is probably due to dissociation of
some “green” donor-acceptor pairs situated between the stacking faults along
the glide planes. The liberation of the acceptors Cuznpermits the centres respon-
sible for the blue luminescence of the crystal to increase in number.

2.2. Polarization of luminescence

From the hitherto published papers [9, 10] it is known that the luminescence
of both the B-Cu and G-Cu copper emission bands is polarized perpendicularly
to the optical axis of the crystal. The polarization measurements [10] have
shown that the luminescence centres in ZnS-Cu(Al) crystals have axial symmetry
and that they can be oriented along the directions joining the nodes of two-
different sublattices or the nodes of the same sublattice of a ZnS crystal. In.
papers [9,10] it has been shown that in the investigated crystal an orientation-
limited degeneration of the luminescence centres occurs distinctly at tho
directions perpendicular to its optical axis.

The azimuthal polarization dependences P(<p) and Pn(g of the B-Cu and
G-Cu luminescence, obtained during polarized and unpolarized excitation of
the crystal have been shown in Fig. 3. The polarization diagrams of nondeform-
ed crystal are represented by the dashed line. The polarization diagrams of
the green luminescence (Fig. 3) give the evidence to increasing polarization
degree of the G-Cu luminescence of deformed crystal. These increased polariza-
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tions P(<p) and Pn{g) are probably due to the decreasing numbers of the green
centres (parallel to the optical axis of the crystal) and to the centres depolari-
zing the luminescence, the transition directions of which are oriented perpen-
dicularly to the c-axis.

Hence, in the emission spectrum of deformed crystal we observe the spectrum
transformation from the green to the blue luminescence and the increased degree
of the green luminescence polarization. The state of the polarization of the blue®
B-Cu luminescence behaves in a somewhat different way.

Fig. 3. Azimuthal dependences of the polarization of the B-Cu and Gr-Cu luminescence of
ZnS-Cu(Al) crystal excited by polarized — P(¢?), and unpolarized — Pn(@ UV radiation.
Dashed line represents the polarization diagrams of nondeformed crystal

The polarization diagrams of the blue luminescence of the deformed crystal
are more asymmetric than those of the non deformed one. It may be supposed
that the increase in the number of the blue centres in the deformed crystal,,
as compared with that of the nondeformed crystal takes place mainly at the
planes perpendicular to the optical axis of the crystal. The increases of absolute
values of polarization P{<p) and P n(q) for @ =0° are, most probably, due to the
increasing number of the centres, the transition momenta of which are perpen-
dicular to the c-axis.

The optical birefringence of the crystal affects undoubtedly the shape of
the polarization diagrams. The deformation of the crystal changes the bire-
frigence and its influence on the values P(<p) must be easily detectable for
9 = 45°.

2.3. Thermoluminescence

It can be supposed that the plastic deformation of a crystal changes not only
the relative concentrations of different luminescence centres but also the con-
centration of the electron traps due to the dissociation of some defect centres,
which in the case of the ZnS-Cu(Al) crystal might be AlZznor Vs.
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Fig. 4. Integral glow curves of the nondeformed
(dashed line) and plastically deformed (solid line)
ZnS-Cu(Al) crystals

Fig. 5. Colour glow curves of the ZnS-Cu(Al) crystal before (dashed line), and after (solid
line) plastic deformation

Figure 4 shows the integral glow curves recorded before (dashed line) and
after plastic deformation (solid line) of the crystal. A comparison of the thermo-
luminescence curves presented in Fig. 4 shows that the plastic deformation
of the crystal at Tx = 364 K =0.77 eY) lowers the glow peak which belongs
to the green emission centres. The glow peak at T = 160 K (Eg = 0.33 eY)
belongs also to the green emission centres. The most remarkable changes in
the shape of the TL glow curves due to the plastic deformation of the crystal
were observed in the low temperature region.
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The colour thermoluminescence curves (Fig. 5) proves that the low-tempera-
ture glow peak at about 130 K, being clearly shaped in the deformed crystal,
belongs to the blue B-Cu luminescence centres.

It seems that our hypothesis concerning the dissociation of donor-acceptor
pair in the deformed crystal, accompanied with the formation of new B-Cu
luminescence centres as well as new shallow trap levels related to these centres,
is confirmed by the carried out measurements.

The initial results of investigation of some luminescence properties of the
deformed ZnS-Cu(Al) crystals, presented above, confirm the assumption
that the luminescence can directly interfere with the orientation of the anisotro-
pic luminescence centres in these crystals.

The plastic deformation of the crystals, changing their optical birefringence,
affects the shape of the polarization curves and changes the anisotropy degree
of the centres, as well as their concentration along equivalent crystallographic
directions.

It seems that the results of our measurements confirm once more the axial
symmetry of the luminescence centres formed by the donor-acceptor pairs
which are able to undergo the dissociation or to change their orientation in
the crystal. These effects are manifested in the transformation of the emission
spectra as well as in the change of the polarization degree of luminescence and
in the deformation of the shape of thermoluminescence curves due to the de-
formation of crystal.
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JIOMHHeCUCHTHLie CBOHCTBa njiaCTHHHO 3g¢8p\I1ip8B3HHI>1X KpHCTaJlalos ZnS-Cu(Al)

EbUIH HCCJlie"OBaHtI CneKTpH @oTOBIOMHHBaiBHIiIHH, nOJiapH3aHHOHHLie flHarpaMMtl H KpHBLie TepMO-
JOOMHHeCpeBUHH naaCTHTOO AB@BpMHpBB3HHBIX KpHCTaUIOB ZNS-Cu(Al). McClieaOBaHHfl nOKa3ajlHr
to nocae AP@opM3iiHi1 KpHCTajuiOB nojiyaaeTCH TpaBK~opMamra peHTpoB G —CU b peHTpbi B—Cu.
Ebuio flOKa3aHO, hto mozkho onpeflejiHTb hx opneHTaiHio b KpHCTajuraaecKoa peraence.



