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The features of I = f(A) and I = f(x) dependences in Cd,_Zn,Te crystals containing a
variety of two-dimensional structural defects, which become manifested under simultane-
ous action of biasing and modulating fields, have been exposed and explored. Basing on
comparison of spectral and coordinate photocurrent dependences and their wavelet-spectro-
grams obtained at appropriate polarity, frequency, and on-off time ratio characteristics of
the modulating square pulse voltage, an relation has been found between certain wave-
length ranges of spectral instability and coordinates of structural defects aggregates
originating those waves.

BuisiBiensr u wmcciemoBambl ocobenmocTu sapucumocteir I = f(A) m I = f(x) Kpucramnos
Cd,_Zn,Te, comep:amux AByMepHBEIe IedeKTHI CTPYKTYPHI, KOTODBIE IDPOABJIAIOTCA IIPU
OJHOBPEMEHHOM BO3[eMCTBMM CMEIAINero u MoayJupyolilero moJjgeii. Ha ocuose comocras-
JIEHUSI CIEeKTPAJbHBIX M KOOPAMHATHLIX 3aBHCHUMOCTEH (OTOTOKA M HX BeHBJIET-CIEKTPO-
rpaMM, IOJYYEHHBLIX IIPU COOTBETCTBYIOIUX IIOJSPHOCTH, YACTOTE U CKBAXKHOCTUA MOIYJIHUDPY-
omero I1-o6pasHOro HANPsSIMKEHUA, YCTAHOBJIEHA CBSA3b MEMKAY OIPeIeeHHBIMU NUAIla30HaMU
IJUH BOJH CIHEKTPAJbHON HEYCTONUYMBOCTH M KOOPAHMHATAMU IIOPOMKIAMINMX WX aHcaMmOiei
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A variety of two-dimensional structural
defects is a feature of Cd,_,Zn,Te crystals.
Some aggregates of the two-dimensional
structural defects (2DSD) are among the
main factors limiting the wide usage of the
crystals as ionizing radiation sensors [1].
The 2DSD aggregates cause a low useable
material yield in crystalline boule (20 to
30 %) and essential difficulties in manufac-
ture of detectors with the working element
volume exceeding 1 cm? [1, 2]. The 2DSD
influence on the photosensitivity spectrum
is manifested itself as the response instabil-
ity in certain spectral ranges [3, 4]. At the
same time, it is difficult to identify the
2DSD which influence significantly the
crystal electrophysical properties. There-
fore, the main purpose of this study is a
search for complementary detection methods
of 2DSD aggregates causing the photore-
sponse instability.
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The spectral and coordinate photocurrent
dependences were studied in Cd,_/Zn,Te (x =
0.1 to 0.2) crystals with resistivity p =
1010:1011 () . ecm. The crystals were grown
by the High-Pressure Vertical Bridgman
(HPVB) method in various conditions. The
2DSD distribution character was studied by
optical, dielectric, and acoustic methods [5].
The In—Ga and Au contacts were deposited
onto the opposite largest faces of
11x11x2 mm3 size parallelepiped-shaped
samples. The 2DSD were placed in parallel or
perpendicular planes to the largest faces of
the sample. The steady-state photocurrent
spectra (PHC) and photocurrent dependences
I = f(x) on the position coordinate x of a
monochromatic probe were measured in the
biasing electrical field of E; = 10+3-102 V/em
strength using an electrometric transducer
on the basis of AD745 operational ampli-
fier. The signal was converted to digital
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form at a high sampling frequency of
10%4:10% kHz, thus providing reliable ex-
perimental data processing in the MATLAB
software package. In some experiments, ad-
ditional square-pulse modulating pulse volt-
age of positive or negative polarity with
U,oq = 1060 V amplitude, 0.1+30 kHz
frequency and on-off time ratio n=20:50
from a G5-60 generator was added to the
bias field E,. The crystal surface was
scanned using a monochromatic optical
probe of 50+70 um width by moving sample
automatically at a speed of 0.5 to
10 mm/min. The dielectric crystal response
was studied in 200 Hz to 10 kHz frequency
range by means of measuring bridge con-
verter with a separation system of polariza-
tion and dissipative components of dielec-
tric response [6].

All studied samples that were cut out of
ingots of 50 mm diameter were subdivided
into two groups. The first group includes
crystals that are most optically uniform and
have relatively low density of structural de-
fects, voids, and inclusions. The second
group samples (cut out of the ingots grown
at higher crystallization front curvature)
contain various boundaries formed by two-
dimensional (twins, blocks, slip bands, etec.)
and other structural defects. Those samples,
in turn, were subdivided into two types.
The 2DSD were situated in parallel (type
IIH) and perpendicularly (type II)) to the
largest faces of the first type and second
type samples, respectively. The photocur-
rent spectra of first group samples contain
one peak reproducible well at repeated
measurements. At the same time, the PHC
spectra of all second group samples include
a larger spectral region and show some fluec-
tuations. In addition, the I = f(A) depend-
ences for the of type II, samples contain
additional peaks (Fig. 1, curve 2) and also
depend on direction and strength of the bi-
asing field. Thus, electrostimulated photo-
conductivity is observed in such crystals
[7]. Some of the observed peaks are repro-
duced poorly at repeated scanning of the
photocurrent spectra. The photocurrent and
photodielectric response spectra of second
group samples contain a series of sections
that differ in the photoresponse change rate
and have fuzzy boundaries. Therefore, the
decomposition method offered in [8] are un-
suitable in this case. However, preliminary
studies have shown that the wavelet analy-
sis is an effective way to spectral depend-
ences decomposition. The method makes it
possible to distinct clearly the regions with
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Fig. 1. Photocurrent spectra for the second-
group Cdjg¢Zng,Te crystal of II, type:
under simultaneous influence of biasing
field E, and modulating positive square
pulse voltage U, , at on-off time ratio n =
20 (1); under only biasing field E, (2);
under simultaneous influence of biasing
field E, and modulating negative square pulse
voltage U, ,; at on-off time ratio n =15 (3).
For all I = f()) dependences E, =300 V/cm,
U,u=15V,d =10 kHz.
different photoresponse change rates and to
define the corresponding scale parameters
(and, respectively, the frequency ranges)
using the wavelet spectrograms [9, 10]. In
fact, a rather narrow frequency range of
9.5 to 10 kHz corresponding to the region
of fast photocurrent variation and con-
nected with the peak A =862 nm in the
wavelength range 860+865 nm was revealed
in the wavelet spectrogram applying the
Haar wavelet to the I = f(A) dependences
(Fig. 1, curve 2). Two other regions of fast
photocurrent variation in the 830+845 nm
wavelength range (Fig. 1, curve 2) that are in
fact impossible to find out visually in this
dependences, are clearly seen and localized in
a wider (5 to 11 kHz) frequency range in the
appropriate wavelet spectrogram.

The photocurrent spectrum rebuilding is
a feature of the type I/, second group sam-
ples as the strength variations of the exter-
nal biasing field or its direction inversion.
So, some peaks increase, while others de-
crease or disappear. This can be accompa-
nied by appearance of new maxima, but al-
ready in other wavelength ranges. In this
connection, it was of interest to study the
spectral photocurrent dependences for the
type II, samples under simultaneous bias-
ing field and square-pulse modulating volt-
age of different polarity at the frequencies
determined by wavelet spectra analysis and
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corresponding to the peaks and regions of
fast photocurrent variation. As it was ex-
pected, application of modulating field
causes rebuilding of spectral dependences.
So, the positive polarity square-pulsed volt-
age causes peaks in the 830+ nm spectral
range at 833 nm and 842 nm (Fig. 1, curve 1),
while the negative modulating voltage pro-
motes the amplitude increasing of A = 862 nm
peak (Fig. 1, curve 3) and appearance of low
photosensitivity region in the 857+860 nm
range. The disappearance of long-wave
maximum at A =862 nm and the appear-
ance of a fast photocurrent variation region
yet in the wavelength range is a feature of
positive square pulses influence. All these
facts are due obviously to changing of domi-
nating photosensitivity bands at positive
modulating voltage and suppression some of
those at negative one.

It is noteworthy that the photocurrent
fluctuations decrease at certain frequencies
of square pulse voltage. In addition, new
extremes appear in the spectra and repro-
ducibility of the existing ones becomes im-
proved. So, the 862 nm maximum is repro-
duced approximately in half of cases when
the modulating voltage is absent while, in
contrast, the fast photocurrent variation re-
gion is well observable. As the studies indi-
cated, this extreme is reproduced stably
only at negative modulating voltage and in
the narrow frequency range of 9.3 to
10.4 kHz that practically corresponds to the
above-mentioned range. In this case, the on-
off time ratio of modulating pulses should
be within limits of 10 to 20. For stable
appearance of peaks at 833 nm and 842 nm,
the frequency of positive polarity square
pulses should be chosen within a wider
range (5 to 10 kHz) that also corresponds to
the above frequency range determined from
the wavelet spectrograms. But in this case,
it is just the on-off time ratio value that is
of decisive importance and-should be of 18
to 20. As is seen, the reproducibility in
some spectral ranges depends essentially on
relation of additional modulating voltage
parameters, namely, frequency and on-off
time ratio. The time-frequency selectivity
evidences obviously the interrelation be-
tween the processes of transport, accumula-
tion, and recombination of nonequilibrium
carries that define the interconsistent band
rebuilding in the spectrum.

Note that the band rebuilding in the
spectrum was observed before in the ZnSe
crystals at the same experiment conditions,
i.e. when E, is parallel to the 2DSD bounda-
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Fig. 2. Dependences I = f(x) for the second-
group Cdj¢Zn,,Te of II, type: under only
bias field E,, L = 862 nm (I); under simulta-
neous influence of biasing field E, and modu-
lating negative square pulse voltage U, , at
on-off time ratio n =15, scanned at A =
862 nm (2); under only bias field E,, scanned
at A =833 nm (3); under simultaneous influ-
ence of biasing field E, and modulating posi-
tive square pulse voltage U, , at on-off time
ratio n = 20, scanned at A = 833 nm (4). For
all I =f(x) dependences E, =300 V/cm,
Upoa =15V, d,,; = 10 kHz.
ries. Therefore it is naturally to suggest
that these features are caused mainly by
some 2DSD aggregates. To verify this as-
sumption, we have investigated I = f(x)
photocurrent dependences for the second
group samples, where x is the narrow mono-
chromatic probe coordinate on the sample
surface (Fig. 2). The comparison of coordi-
nate photocurrent dependences obtained
during repeated scanning of the crystal sur-
faces at wavelengths corresponding to the
photoresponse fast variation ranges allowed
us to establish that the low reproducibility
regions appear only on the I = f(x) curves
for the type I, samples (region with coor-
dinates x = 0.6+2 mm separated by dashed
lines in the Fig. 2, curves I and 3). These
regions seem to include not only 2DSD but
also other structure defects, for example,
those appearing during the slip band forma-
tion. Those regions could cause the band
rebuilding in the photocurrent spectrum
under additional modulating field. Then the
asymmetry of several extremes appearing at
the biasing field inversion can be obviously
connected with local redistribution of the
contributions from complex photosensitivity
centers. The consideration of the biasing
field modulation with the pulse voltage con-
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firms that suggestion. So, some extremes in
the I = f(x) dependences were rebuilt for
the type II, samples whereas it was not
found for the type II) ones. In fact, it is
seen from the presented I = f(x) depend-
ences for the type II, crystal (Fig. 2) that
negative modulating square pulse voltage of
9.3 to 10.4 kHz frequency influences
weakly the extreme A while suppressing
strongly the B and C ones (Fig. 2, curve 2).
This explains the suppressed photosensitiv-
ity bands in long-wave region of the spec-
trum. However, positive polarity voltage of
5 to 10 kHz frequency influences causes an
inverse effect, i.e., increasing the extreme
A while practically not changing the ex-
tremes B and C. Thus, at the long-wave
photoexcitation, it is just the extreme A
that is dominant and obviously responsible
for the photocurrent peak at A = 862 nm.
At the scanning of the crystal surface with
monochromatic optical probe at 833 nm op-
erating wavelength, the extremes A and B
are substantially equal to one another (Fig.
2, curve 3). The competition thereof seems
to result in the appearance of a fast pho-
tocurrent variation region in the short-wave
part of spectrum and to be not accompanied
by appearance of additional peaks. While
the positive pulse voltage stimulates the
contribution of the maximum B and influ-
ences weakly the extremes A and C (Fig. 2,
curve 4) thus explaining the appearance of
the peaks in the short-wave part of the
spectrum, the negative voltage suppresses
strongly all extremes and does not promote
any essential transformation of I = f(x) de-
pendences. It follows that the additional
electrical stimulation with positive square
pulse voltage under the short-wave photoex-
citation causes the domination of extreme B
and thus promotes changing of the domi-
nant photosensitivity bands in the PHC
spectrum. It is seen that the coherent re-
building of the photocurrent spectrum in
the presence of additional square pulse volt-
age is caused by instability of certain re-
gions that contain aggregates of 2DSD and
other structure defects. This is confirmed
also by simultaneous studies of the pho-
tocurrent spectra in the local regions of
samples corresponding to the A, B, C max-
ima (Fig. 2) that were carried out using seg-
mented contacts. In fact, the obtained pho-
tocurrent spectra are characterized by sharp
narrow maxima and differ in 2,,,, values.
It is noteworthy that most samples under
additional modulating voltage do not show
the appearance or suppression separated
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peaks in the photocurrent dependences on
the coordinate of monochromatic probe but
only hardly visible changing of the pho-
tocurrent increase rates in certain regions.
To discriminate visually such regions is
often very difficult but due to possibility to
show up local photoresponse features using
wavelets [9, 10], those are well seen in the
wavelet spectrograms of the studied I = f(x)
dependences for the II, samples. In addi-
tion, certain scale parameters (and, respec-
tively, frequency ranges) corresponding to
the regions of the fastest photocurrent vari-
ation in the I = f(x) and I = f(\) depend-
ences are similar to each other. The ob-
tained experimental results point to the in-
terrelation between sources of the spectral
and spatial instabilities and their time and
frequency selectivity indicates a possibility
to reveal the structure defects aggregates of
specific type and size. In addition, the con-
sideration of the wavelet spectrograms ob-
tained in the presence of modulating field
and without it evidences other thinner in-
fluence features of two-dimensional and
other types of structural defects aggregates
on the photoelectric crystal properties that
is subject of our further investigations.

Thus, in CdZnTe crystals, the spectral
and spatial instabilities of photoresponse
are interrelated. The simultaneous influence
of the biasing and modulating fields has been
found to cause rebuilding of the I = f(x) and
I = f(A) dependences which is accompanied
by suppression or changing dominant photo-
conductivity bands taking place depending
on the modulating voltage polarity. The
comparison of spectral and coordinate pho-
tocurrent dependences and their wavelet
spectrograms obtained at the appropriate
polarity, frequency and on-off time ratio of
modulating voltage makes it possible to re-
veal the interrelation between certain wave-
length ranges of spectral instability and co-
ordinates of structural defects aggregates
that cause it. It is just the wavelet analysis
of the dependences that provides the reliable
determination of boundaries for the appropri-
ate crystals regions that cause photoresponse
instability in crystals.

This study was supported by the Funda-
mental Researches State Foundation of
Ukraine.
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ExexkTpoiHayKoBaHi ceKTpajJbHA Ta MPOCTOPOBA
HecTilikocTi doToBiaryky kpucrauxie CdZnTe

B.II.Muzanv, O.C.Domin

BusiBmeno i mocaimskeno ocobamBocti samesxkmocreirt I = f(A) ta I = f(x) masa Kpucrauis
Cd,_Zn,Te, mo micTaTs ABOBUMIDHI medeKTH CTPYKTYPH, AKi BUABIAIOTHCA IPU OSHOYACHIMH
mil smimryBasbHOro Ta MomyJoBajdbHOro mosiB. Ha ocHOBiI 3icraBieHHsS CIEKTPaJbHUX i
KOODPAMHATHUX B3ajiesKHOCTel (oToCcTPpyMy Ta 11X BeHBJIEeT-CIIEKTPOrPaM, OJEpP:KAHUX I[IPU
BiAIIOBiZHMX IMOMSAPHOCTi, yacToTi Ta BigHOCHiII TpHBaJOCTi MPAMOKYTHHX iMIIyJIbCiB MOIY-
JIIOBAJbHOI HAIPyru, BCTAHOBJEHO 3B S80K MiK IEeBHMMH [gianasoHaMU [TOBXKHUH XBHJb
CIIEKTPaJIbHOI HecTifiKocTi Ta KoopamHaraMu aHcamMOJIiB medeKTiB CTPYKTypH, IO iX IIOPOJ-

JKYIOTb.
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