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By comparing the I(¢)-dI/dt diagrams, wavelet-spectrograms of kinetics I(¢) and coor-
dinate dependences I(y) of photocurrent, the features of time and spatial photoresponses of
CdZnTe crystals are revealed and studied. It is shown that switching of the sensor from
the steady state to unsteady one is accompanied by the photoresponse signal energy
redistribution from high to low frequencies and a gradual transition of the instability

process to the larger scale levels.

IIyrem comocraBnenusi muarpamm I(t)-dI/dt, BeiiBier-crekTporpamMMm KuHeTukKu I(f) u
saBucuMocTell (POTOTOKa OT KoopAwHATHI [(Y) BBIABJIEHBI U HCCJIELOBAHBI OCOOGEHHOCTU Bpe-
MEHHOTO U IIPOCTPAHCTBEHHOro (POoTOOTKINKOB KpucrajaoB CdZnTe. Ilokasano, 4uto mepe-
KJIOUeHUe CeHCOopa M3 YCTOMYMBOTO COCTOSIHUSA B HEYCTONUYMBOE COIIPOBOMKAAETCS Iepepac-
npejieJIeHNEeM 9HEPrUU CUTHAJa (POTOOTKJIMKA C BHICOKMX YACTOT HA HU3KUE U IMOCTEIEHHBIM
IepexoloM IPOoIecca HeyCTOMYMBOCTA Ha 0oJjiee KPyIHBbIE MacuITabHble YPOBHU.

The variety of structural inhomogenei-
ties (SI) arising in piezoelectric CdZnTe
crystals under substantially non-equilibrium
conditions of their manufacture gives rise
to inhomogeneous interdependent elastic
and electric fields. Their reconfiguration
caused by external and internal factors
(power fields, irradiation, residual stress re-
laxation, radiation, temperature changes,
ete.) defines the evolving "structure” of the
sensor response. The character of such evo-
lution is determined from irreversible
changes in the crystals physical properties,
and their origination is hardly visible, being
manifested itself as the initiation of local in-
stabilities, spectral and other artifacts [1-4].
The reversible or irreversible changes in the
crystal characteristics causes transforma-
tions in the informative content of their
response which we have managed to find by
studying the local spectral instability via
the wavelet-analysis [5]. Automation and
computerizing of researches by increasing
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the sampling rate and application of modern
signal processing methods allow to trans-
form physical problems into informational
ones. This opens fundamentally new possi-
bilities to reveal the origin of the crystal
instability development and to study them,
that was the main purpose of this work.
The photocurrent kinetics I(¢) under dot-
ting-pulse photoexcitation and dependence
of the stationary photocurrent I on the
monochromatic optical probe coordinate y
were studied for Cd,_,Zn,Te (x = 0.1 to 0.2)
crystals grown by vertical crystallization
from the melt under various conditions and
containing a variety of two-dimensional
structural defects [6]. Gold or indium-gal-
lium contacts were deposited onto the oppo-
site largest faces of the samples having re-
sistivity p ~ 101921011 Ohm-em and shaped
as rectangular parallelepipeds 5x5x2 mm3.
The monochromatic optical pulse repetition
frequency was varied in the range
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Fig. 1. The photocurrent kinetics I(f) at the area-integral photoexcitation of a Cdjg¢Zn,Te crystal
(a) and the I(t)-dI/dt diagram (b) based thereon. Attractors: (a) I — 298-310 K; 2 — 348-356 K;

3 — 384-390 K; L. = 880 nm, E =103 V/cm.

0.01+1 Hz. Thus, the pulse repetition duty
factor n was 2+20. The photocurrent kinet-
ics I(t) for the samples under dotting-pulsed
photoexcitation was measured in the field
of 10+10% V/em strength using an elec-
trometric transformer based on an AD795
operational amplifier. The signal was digit-
ized and the data obtained were processed
by computer using the wavelet-analysis in
the Matlab software package. The energy
distribution in the crystal response signal
was estimated by the frequency dependence
A2(f) of the squared wavelet-coefficient am-
plitude. The structural inhomogeneities
were revealed using the photo-electric
method by measuring the I(y) dependences
at the sample automated movement at a
constant speed from 0.5 to 10 mm/min with
respect to the 50-100 pm wide optical
probe. The crystals were photoexcited by
the optical probe from the 850+910 nm
wavelength range using the semiconductor
and laser light emitting diodes as well as a
halogen lamp with a set of infrared inter-
ference light filters. At the integral photo-
excitation, the optical beam diameter was 1
to 10 nm at 0.1+10 mW/ecm?2 radiation
power density. During the experiment, the
time dependences of photoresponse I(f) and
its change rate in time dI(¢)/dt were meas-
ured under the sample photoexcitation by
the probe or in integral mode. Therefore, it
was found to be possible to describe the
photoinduced state of the sensor electronic
subsystem at every instant ¢ by the pair of
the measured I(t), dI(t)/dt values and thus
to represent it graphically as a point in the
phase plane {I(¢), dI(t)/dt} [7]. The curve
formed in the phase plane by the {I(%),
dI(t;)/dt} points corresponding to consecu-
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tive time moments ¢; corresponds the phase
trajectory with a configuration representing
integratively the photoresponse. The power
of the photoinduced state subset arising
under excitation of the crystal by an optical
pulse is equal to the area enclosed in the
phase trajectory. Thus, the sets of the
I(t)-dI/dt phase diagrams obtained under
the simultaneous dotting-pulsed photoexci-
tation and monotonous heating or cooling
make it possible to study the steady (attrac-
tors) and unsteady photocurrent cycles of
the industrial photodetectors [8]. The heat-
ing and cooling of the samples was carried
out at a constant rate in the 293+450 K
temperature range during 10 to 120 min.

Our studies have shown that unsteady
electronic processes originate in the local
regions and modulate the integral sensor re-
sponse by forming its informative structure
[9]. In contrast, addition of an external dot-
ting modulating field promotes the develop-
ment or elimination of local instability, de-
pending on the field polarity. The instabil-
ity manifests itself explicitly only under
certain excitation pulse repetition frequen-
cies and duty factors [9]. That is, the re-
sponse instability exhibits features of a
process with a variable informative struc-
ture [10]. To reveal and study the struc-
ture, cyclic measurements are required.
Therefore, the photocurrent kinetics stabil-
ity was studied in the cyeclic mode followed
by its transformation into a set of
I(t)-dI/dt diagrams [4], which are essen-
tially signatures and represent the sequence
of the crystal dynamic states.

Indeed, the I(t)-dI /dt¢ diagrams constructed
basing on the crystal photocurrent kinetics
(Fig. 1la, b), not only allow to separate the
sequence of the states resulting in the pho-
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Fig. 2. Wavelet-spectrograms of the photocurrent kinetics I(¢f) for a CdygZny,Te crystal; A=
880 nm, E = 10% V/cm. Photoresponse state: a, steady; b, unsteady.

toresponse instability, but also represents
finer individual features of the informative
structure transformation. It is established
that the sets of limit cycles being attractors
correspond to the steady photoresponse
states in the I(¢)-dI/dt diagrams. This is
experimentally confirmed by following
facts: (a) certain temperature intervals AT
where the photoresponse amplitude is essen-
tially invariable correspond to such sets of
limit cycles; (b) at the constant photoexcita-
tion intensity, a monotonous temperature
photocurrent quenching is observed in the
temperature ranges corresponding to the at-
tractors; (c¢) the bias field strength E in-
crease by a factor of 2 to 3 does not result
in any loss of the limit cycle stability.

The process of photoresponse transition
from the steady states to unsteady ones has
a pronounced stepowise character and is ac-
companied by changes in the I(¢)-dI/dt sig-
nature shapes, where the smooth phase tra-
jectories are transformed into a sequence of
similar, but nonuniformly scaled bow-
shaped sections. This fact as well as another
one (all the revealed photoresponse features
manifest themselves only under periodic
pulse photoexcitation) indicate the origina-
tion of the self organized electron processes
in the crystal. Similarly to numerous proc-
esses in nature, the self-organization runs
according to a certain algorithm naturally
formed at growth, similar to those defining
the function of computer programs [11].
Thus, the character of the self-organization
dynamics integratively manifests itself in
change of the response signature shapes and
areas, and its finest features, in alteration
of informative structure. The consideration
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of the photoresponse informative content
makes it possible to study qualitatively the
character of the sensor switching from the
steady to unsteady state and to reveal the
competition between the fast and slow pho-
toresponse constituents.

In this connection, of the most interest
was the detailed analysis of origination and
development processes of the photoresponse
instability using the wavelet-transformation
of the photoresponse kinetics. Fig. 2 shows
the wavelet-spectrograms of the photore-
sponse kinetics corresponding to the attrac-
tor and unsteady states obtained using the
Haar wavelet for one of the studied sam-
ples. The set of the localized spectral con-
stituents (Fig. 2a), with amplitudes (and
thus brightness) decreasing at the frequency
reduction are seen clearly. The number of
such constituents for the wavelet-spectro-
gram of the unsteady photocurrent kinetics
is 1.5 times less, that is related to limited
time frame of the response stability process
quenching (Fig. 2b). The wavelet is scaled
smoothly at increasing scale factors, that
made it possible to analyze the changes of
informative structure of time-and-frequency
signal image at high spectral resolution.
Thus, the power reduction of the certain
wavelet-coefficient subsets was revealed at
some frequencies and its increasing at other
ones. So in the frequency range 10 to
750 Hz and the time intervals 1 to 2 min
and 3 to 3.5 min (Fig. 2a, I and 2 regions),
the amplitudes of some spectral constituents
in the crystal response was observed accom-
panied by simultaneous increase thereof in
neighboring frequency ranges. Such altera-
tion of the time-and-frequency structure
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Fig. 3. Frequency distribution of the photoresponse signal energy.

image can be considered as the onset of the
unsteady state formation, i.e. as the origi-
nation of the instability nuclei the evolution
of which involves other scale levels. The
limit cycles in the I(t)—dI/dt diagram are
the sequence of the bow-shaped sections
being transited smoothly in each other,
which include the set of the photoinductive
states. Therefore, the photoresponse under
such conditions is stable as a whole, and the
influence of the instability nuclei thereon is
insignificant. This is testified also by the
discrete character of the signal energy dis-
tribution and its localization mainly at high
frequencies (Fig. 3a).

As is seen in Fig. 38b, the process of pho-
toresponse stability quenching is accompa-
nied not only by destruction of attractors
but also by transformation of the signal en-
ergy distribution from discrete to continu-
ous one, which is besides redistributed to-
ward low frequencies. Indeed, the greatest
amplitude have now the low-frequency con-
stituents in the 10 to 500 Hz interval, as is
indicated by the highest values of wavelet-
coefficients (Fig. 2b). Thus, the character of
the cycle type change in the I(¢)-dI/d¢ dia-
grams evidences the nonlinear crystal re-
sponse. This is confirmed by (a) coverage of
different phase plane regions by the trajec-
tories; (b) fast deviation of the phase trajec-
tories from attractor; (c) elements of cha-
otic behavior of trajectories at the limit
cycle destruction. The outcome of phase tra-
jectories beyond the attractor bounds for
some samples testifies on the one hand that
the crystal as the study object is a non-
linear dynamic system capable of the re-
sponse steady state restoration by means of
self-organization of the structure of inter-
connections, and on the other hand, points
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to the local instability transition to integral
one.

That is why of a particular interest was
to determine the spatial coordinates of
those SI sets, which are the nuclei of the
photocurrent kinetics instability. However,
even cyclic studies of the photocurrent de-
pendences on the monochromatic optical
probe co-ordinate I(y) at high signal sam-
pling rate and the probe position accuracy
at the crystal did not provide their precise
localization. Only for a small group of crys-
tals, the I(y) dependences obtained using
multiple scanning, it was possible to reveal
the poorly reproducible extremes and local
fluctuations of the photocurrent generated
by the non-uniformly scaled aggregates of
structural inhomogeneities. This is con-
firmed by studies of spatial photocurrent in
variable dotting-pulsed [9] and harmonic
[12] fields.

For the majority of studied CdZnTe crys-
tals, the unsteady states of spatial pho-
tocurrent are more hidden. The assumption
that the origination and development proc-
esses of the instability states are manifested
equally both in the character of photore-
sponse kinetics I(¢) and in its spatial charac-
ter I(y) is confirmed by the comparison of
the wavelet-transformation results of the
I(t) and I(y) dependences obtained in the
same conditions. A characteristic feature of
the crystal steady spatial response (Fig. 4)
consists in the decomposition of the wav-
elet-spectrograms into a sequence of the
overlapping subsets of coefficients (and, ac-
cordingly, frequencies), with distinguished
spatial co-ordinates of each. Of a particular
interest are those coefficients subsets (Fig.
4, 1 and 2 regions) having the areas in the
informative space of wavelet-coefficients in-
creasing most quickly even at the 8 to 5 K
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temperature rise or the 5 to 10 V/em field
strength increase, that points to the transi-
tion of the instability process from one
scale levels to another. At the same time,
the coefficient subsets overlapping is ob-
served in the wavelet-spectrograms of I(t)
and I(y) dependences, that seems to be the
cause of the development character similar-
ity for the spatial and time photoresponse
instabilities. Indeed, a further increase of
temperature or field strength results in still
greater increase of the areas covering the
wavelet-coefficient subsets. When those be-
come practically fully merged, the spatial
photoresponse becomes unsteady. The re-
vealed alteration of the wavelet-spectro-
grams is observed in ranges of 0.4 to
0.7 kHz (Fig. 4, region 1) and 0.3 to
0.9 kHz (Fig. 4, region 2), which corre-
spond to the origination frequencies of the
photocurrent I(¢¥) kinetics instability.

It should be noted that the possibility to
reveal the co-ordinates of regions being
functionally the nuclei of instability is no
doubt of a practical importance. On the one
hand, this provides an efficient selection of
crystalline boule cuts to manufacture the
detectors and spectrometers already at early
technological stages and, on the other one,
indicates the high potential of the selective
electro-acoustic processing method [13]
based on the local "healing” of the crystal
instability sources.

Thus, the increase of the photoresponse
signal sampling rate and its wavelet-analy-
sis provide the reveal of the changes of
time-and-frequency image setting conditions
for transformation of informative structure
during the instability nuclei activation in
CdZnTe crystals. Comparing the wavelet-
spectrograms representing photocurrent ki-
netics I(t) and its co-ordinate I(y) depend-
ence in the informative space of the wav-
elet-coefficients, the overlapping of the
coefficient subsets has been revealed that
points to correlation between the local and
integral instabilities. It is shown that a fur-
ther development of the instability is ac-
companied by the signal energy redistribu-
tion from high to low frequencies and its
gradual transition to larger scale levels. The
time-and-frequency ranges of the instability
process origination determined from the
wavelet-spectrograms make it possible to
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Fig.4. The I={(y) dependence for a
Cdy¢Zng 4Te crystal and its wavelet-spectro-
gram; L =880 nm, T =298 K, E = 103 V/cm.

optimize the conditions of the electro-acous-
tic processing [13] and to forecast the char-
acter of photoresponse change in extreme
conditions.

This study was supported by the Funda-
mental Researches State Foundation of
Ukraine.
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Po3BUTOK YacoBOI Ta MPOCTOPOBOI HECTIiHKOCTeH
doToBigKIUKY ceHcOopiB Ha ocHOBi Kpucraais CdZnTe

A.B.Bym, B.Il. Muzanes, O.C.Domin

IInaxom cuiBcrasnenusi miarpam I(¢t)-dI/dt, BeiiBier-cnekrporpam Kimertuku I(f) Ta 3a-
JnexxkHOCTell I(y) BUABJIEHO Ta JOCIif:KeHO ocobJmBOCTi "acoBoro i mpocropoBoro oToBif-
kaukiB kpucranis CdZnTe. IlokasaHo, 1m0 HepeMUKaHHs ceHcopa 31 crifikoro cramy y
HeCTIMKUI CYNPOBOAIKYETHCA IIepPeposmojijioM eHeprii curxHaay (QOTOBIZKINKY 3 BUCOKUX
YacTOT Ha HU3bKI Ta IMOCTYNIOBUM IIEPEXOJOM IIpoIlecy HecTiifiKocTi Ha OijbIl BeJuKi Mac-
mTabHi piBHi.
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