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Simultaneous study of thermostimulated depolarization and spectral sensitivity of pho-
toelectret state of the binary Cdl,—Pbl, crystal system allowed to separate characteristics
of the trapping centers associated with one- and two-dimensional nanocrystalline inclu-
sions of Pbl, in Cdl, matrix. Presence of non-stoichiometric cadmium in the studied
layered system and its mobility lead to complete disappearance of two maxima — of
thermostimulated depolarization and spectral sensitivity of the photoelectret state belong-
ing to one-dimensional Pbl, nanocrystals. Mechanisms of non-stoichiometric cadmium
influence on one- and two-dimensional Pbl, nanocrystalline inclusions in Cdl, crystal
lattice are proposed.

Keywords: layered crystals, nanocrystal, photoelectret state, thermostimulated depo-
larization, contact phenomena.

OpHoBpeMeHHOe HCCIefOBAHNEe TePMOCTUMYJINPOBAHHON IeMOJAPUBANNN U CIIeKTPAILHON
YYBCTBUTEALHOCTH (DOTOJIEKTPETHOIO COCTOSHUS OWHAPHON KPUCTAMJINYECKON CHUCTEeMBI
Cdl,~Pbl, mospommno pasneanTh XapaKTepUCTHKH LEHTPOB 3aXBaTa, 06YCIOBICHHBIX OTHO- 1
JABYMEPHHIMM HAHOKPHCTALIMYEeCKMMHU BEKIoueHmsamu Pbl, B marpuny Cdl,. Ilpucyrcreue
HECTEeXUMOMETPUUYECKOI0 KAaiMUA B MCCJAELYEeMON CJOUCTOM CHCTEeMe M ero IOJBUMHOCTDL IIPU-
BOJAT K IIOJHOMY MCYE3HOBEHMIO KAK MaKCHUMyMa TePMOCTUMYJUPOBAHHOM AEIOJAPUBALMY,
TAK U MaKCHUMyMa CIIEKTPAaJbHON UyBCTBUTEJIBHOCTU (POTORJIEKTPETHOI'O COCTOSHUSA, IIPUHAT-
JIeKaINIX OJHOMEPHEIM HaHokpucramiam Pbl,. IlpeamoseHb MexXaHUSMBI BIMAHUS HeCTe-
XHMOMETPUYEeCKOro KaJMUA HA OJHO- U JBYyMepHBIe HAHOKPUCTALINYecKue BRAouenuna Pbl, B
Kprcrananueckoii pemerke Cdl,.

BB CTEXiOMETPHYHOrO HANIUIIKY KaaMil0 Ha (OTOEJEKTPeTHI BIACTHBOCTI Kpuc-
ragiunoi cucremu Cdl,—Pbl,. O.B.I'anvuuncvruii, B.B.Bicmoscvruii, H.B.I'1ockoscvka,
J.I.Apuyvra, T.M. [Jemkis.

OpHouacHe OCHiAKeHHA TEPMOCTUMYJALOBAHOI [EMOJIAPU3allili Ta CHeKTPaJLHOI UyTJIN-
BocTi QoroerekTpeTHOr0 crany Ginaproi Kpucramiunoi cucremu Cdl,—Pbl, mossommio posni-
JUTA XAPAKTePHUCTHKMN IEHTPIE SaxXOIJIEHHA, 3yMOBJEHMX OJHO- T4 JLBOBHUMIPHUMN HAHO-
kpucraniuanmy BraouenHamu Pbl, B marpumio Cdl,. Ilpucyrricts HecrexiomeTpuuHOro
Kaamiro y mapysariii cucremi, mo mocaimxysanacs i fioro pyxJauBicTb IPUBOAATEL OO0 IOBHO-
ro 3HUKHEHHA fAK MaKCUMYMy TEPMOCTHMYJLOBAHOI Aermojspusallii, Tak 1 MakcuMymy
CIIEKTPAJBbHOI YYTJIUBOCTI (POTOEJIEKTPETHOrO CTAHY, 110 HAJEKATh OIHOBUMIPHUM HAHOKPIIC-
ragam Pbl,. 3ampomoHoBaHO MeXaHi3MHU BILIMBY HeCTeXiOMeTPHYHOrO KaiMilo HAa OZHO- Ta
ABOBUMIpHI HaHOKpucraniuni BKirouenna Pbl, y xpucramiumiit rparmi Cdl,.
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1. Introduction

Cdl, and Pbl, layered crystals occupy an
intermediate position between classical di-
electrics of A;B; type and A;Bg semiconduc-
tors by their physical properties. They can
substantially change their properties due to
polytypism and ability to intercalate, what
is of considerable practical interest.

Coexistence of strong ion-covalent bond-
ing within the [-Cd(Pb)-I layer and weak
interlayer interactions creates the basis for
synthesis of semiconductor compounds with
various physical properties — from ionizing
radiation detectors [1, 2] to devices for
holographic recording of information [3, 4].

Our previous studies of luminescence and
photoelectric properties of Cdl,—Pbl, system
and crystal surface by atomic force micros-
copy have established that Pbl, is embedded
in Cdl, crystal lattice in the form of
nanocrystalline inclusions [5, 6], the shape
of which is well described by a microcylin-
der model [7]. In this model, one- and two-
dimensional nanocrystals are distinguished
by the ratio of cylinder radius and its
height: long rods of small radius and tablets
of small thickness, respectively.

In this paper, investigation of spectral
sensitivity of photoelectret state (SS PES)
and thermally stimulated depolarization
curves (TSD) of Cdl,—Pbl, crystal system
was carried out, and influence of excess
cadmium on these characteristics was studied.

2. Experimental

In our work, crystals grown by Bridg-
man-Stockbarger method from the salt of
cadmium iodide, purified by a complex of
physical and chemical methods including
40-fold zone fusion were investigated. Spec-
tral analysis of purified raw material didn’t
reveal lead impurity in it, but optical and
luminescence characteristics of grown crys-
tals make it possible to estimate its concen-
tration as <0.001 %. In addition, crystals
doped with lead iodide and cadmium (up to
0.01 mol.%) were also studied.

To produce PES, samples were exposed to
light from the region of long-wave edge of
Cdl, self-absorption (855 nm) at low tem-
peratures in the electric field in order to
provide spatial generation of electron-hole
pairs. After photopolarization procedure,
the sample was short-circuited and stored in
PES. Curves TSD of photopolarized samples
were obtained by recording currents of the
electret state discharge upon heating of the
crystal at constant velocity.
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Fig. 1. Curves of thermostimulated depolari-

zation of undoped (I) and doped by lead (2)

and cadmium (8) Cdl, crystals.

Spectral sensitivity of photoelectret state
was determined in the process of photodepo-
larization by scanning low-intensity irradia-
tion with a constant number of light quanta
from the region of sample photosensitivity,
starting from long-wave edge. At the same
time, current of photodepolarization was reg-
istered, which is proportional to spectral sen-
sitivity on the assumption of slight release of
initial photoelectret charge.

3. Results and discussion

Fig. 1 shows TSD curves of undoped
(curve 1) and doped with lead and cadmium
(curves 2 and 3, respectively) Cdl, crystals.
Qualitative similarity of curves I and 2,
obviously, is due to the fact that undoped
Cdl, crystals contain traces of lead impu-
rity. Doping with lead allows us to recog-
nize the effect of activating impurity. In par-
ticular, comparison shows that maxima at
100, 160, 200 and 300 K are present in both
cases. Difference between TSD curves of
Cdl,—Pbl, crystals reveals itself in the growth
of intensity and widening of maxima in the
range of 180-240 K, as well as at 300 K.

Since crystals with non-stoichiometric
cadmium were grown from the same Cdl,
salt as undoped crystals, they contained
traces of the Pbl, impurity. Dominant TSD
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Fig. 2. Spectral sensitivity of photoelectret
state of Cdl, crystals with traces of lead im-
purities at different temperatures.

maxima of such crystals (curve 3) are located
at 110, 150 and 235 K, stair-like regions are
present at 180 and 260-270 K. Comparison
of curves I and 3 demonstrates that the ef-
fect of cadmium excess on characteristics of
trapping centers in Cdl, crystals associated
with Pbl, impurity is that TSD maxima at
100, 200 K and also above 280 K disappear
and the intensity of higher-temperature max-
ima at 110, 240 and 260 K increases.
Spectral sensitivity of Cdl, crystal with
traces of lead at 83 K is given by maximum
at 3.8 eV (direct band-to-band transitions)
and step at 3.5 eV (indirect transitions in
Cdl,) (Fig. 2). The first maximum disap-
pears already at 120 K, and the step con-
verts to a clear maximum, which position,
with increasing temperature, shifts to
3.4 eV and disappears after 220 K. Impu-
rity maximum at 3.23 eV associated with
nanocrystalline inclusions of Pbl, arises at
140 K and is present in the spectra up to
280 K. Within the range of 280-295 K, the
broad maximum at 3.4 eV located at Cdl,
self-absorption edge becomes predominant
in the SS PES. At 295 K, 3.1 eV maximum
of SS PES originates, which intensity in-
creases at 305 K, and the nature is associ-
ated with the influence of dislocations [5].
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Fig. 8. Spectral sensitivity of photoelectret
state of Cdl, crystals with excees cadmium
at different temperatures.

SS PES curves of Cdl, crystals with cad-
mium excess (Fig. 3) at 83 K possess maxima
within the band-to-band transitions (8.5—
3.8 €V). When temperature rises from 125 to
235 K, maximum 3.23 eV becomes larger
similar to the case of undoped crystals. Wide
photosensitivity maximum at 3.2 eV and
3.5 eV step within band-to-band transitions
are observed in Cdl,—Cd crystals at room tem-
perature. Spectral sensitivity of lead-doped
Cdl, crystals at 83 K (Fig. 4) consists of two
maxima 3.8 and 3.5-3.3 eV. At 1563-203 K
temperatures, narrow maxima of SS PES are
located at 3.35 and 3.15 eV. At higher tem-
peratures, low-energy peak dominates, its po-
sition at 315 K is shifted to 2.9 eV, inflex-
ions are observed at 3.2 and 3.1 eV.

Cdl,—Pbl, crystal system consists of iso-
morphous compounds belonging to the
structural type of cadmium iodide in which
layers of metal ions are located between two
layers of iodine ions. One-dimensional impu-
rity Pbl, crystals are localized near linear
defects of cadmium iodide structures (dislo-
cations); two-dimensional nanocrystalline
inclusions 4H-Pbl, are located on (0001)
crystallographic planes of cadmium iodide,
their optical characteristics are similar to
corresponding Pbl, single crystals [8].
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Table. Fitting of spectral sensitivity of
Cdl,—Pbl, crystal photoelectret state to cer-
tain temperature intervals of thermo-
stimulated depolarization maxima
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Fig. 4. Spectral sensitivity of photoelectret

state of lead-doped Cdl, crystals at different
temperatures.

Experimental results presented above
allow us to analyze the properties of two-di-
mensional Pbl, nanocrystals in cadmium io-
dine matrix by comparing characteristics of
lead-doped crystals and specially not doped
crystals containing "traces” of lead impuri-
ties (Fig. 2, 4). The most significant feature
of two-dimensional Pbl, nanocrystals in Cdl,
crystal lattice is the dependence of SS PES
on impurity concentration. In the presence
of lead impurity “traces”™ in SS PES, high-
energy activator exciton 3.2 eV band domi-
nates. Its spectral position doesn’t depend
on temperature. In lead-doped crystal there
is minimum of SS PES in this spectral re-
gion. Clear intensive maximum is predomi-
nant, its position shifts from 3.1 (at 150 K)
to 2.9 eV (at 315 K), what may be related
to interband transitions in Pbl, inclusions.

Comparing TSD and SS PES curves, it
can be noted that certain temperature inter-
vals of the former correspond to charac-
teristic maxima of the latter. In the first
approximation, four temperature intervals
are observed: low-temperature (100-120 K),
around 160 K, in the range of 190-240 K
and in the vicinity of room temperature (see
Table). Positional association shows that in
investigated Cdl,—Pbl, system there are at
least four main types of trapping centers
responsible for photoelectret state genera-
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tion. According to SS PES characteristics,
two low-temperature centers are associated
with Cdl, lattice, the third and fourth ap-
pear due to Pbl, nanocrystalline inclusions
and dislocations, respectively. It should be
noted that in Cdl, crystals with traces of
Pbl, impurity 3.2 eV maximum is prevail-
ing in the third temperature range. It is
owing to Pbl, high-energy exciton, which
spectral position practically doesn’t depend
on temperature. In lead-doped Cdl, crystal
minimum is observed under such conditions
and beginning from 153 K there appears
maximum 3.15 eV, which shifts to 2.9 eV at
315 K. Such spectral characteristics may be-
long to optical transitions to lower conduction
band of two-dimensional Pbl, nanocrystals.

Thus, our studies allowed to separate char-
acteristics of one- and two-dimensional Pbl,
nanocrystals. One-dimensional crystals are as-
sociated with dislocations that determine high-
temperature TSD maximum at 295-305 K.
In the 190-240 K range, high-energy exciton
(at the lowest impurity concentration) or opti-
cal interband transitions of two-dimensional
Pbl, nanocrystals (with increasing concentra-
tion of the latter) are observed.

Comparison of properties of undoped cad-
mium iodide crystals and cadmium-rich crys-
tals from the same raw material shows sig-
nificant effect of the latter on one-dimen-
sional Pbl, nanocrystals in cadmium iodide
matrix. It follows from our results that pres-
ence of non-stoichiometric cadmium impurity
leads to complete disappearance of TSD maxi-
mum (Fig. 1) and SS PES maximum (Fig. 3)
belonging to one-dimensional nanocrystals.

Non-stoichiometric cadmium also affects
the characteristics of two-dimensional Pbl,
crystals: TSD maximum at 202 K disap-
pears and higher-temperature maximum at
240 K come into existence, as well as redis-
tribution of intensity of low-temperature
maxima in the range of 90-110 K is ob-
served. Authors of [9] suggest a model of
hole center associated with cationic lead va-
cancy for trapping center at 202 K. In the
presence of non-stoichiometric cadmium,
the latter can fill it, destroying the existing
hole trapping center. In the same work, TSD
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maximum 110 K was ascribed to Pb*™*e cen-
ter. It is easy to see that the presence of non-
stoichiometric cadmium impurity near this cen-
ter will promote electron trapping by the latter.

Shift of TSD maxima in Cdl, crystals
with non-stoichiometric cadmium, typical
for the case of two-dimensional Pbl,
nanocrystalline inclusions, may be due to
formation of deeper trapping centers in the
metal layer of investigated crystals, which
include both lead impurities and non-
stoichiometric cadmium.

It should be noted that below room tem-
perature Cdl,—Cd crystals exhibit signifi-
cantly larger dark depolarization than in
Cdl, crystals. Its kinetics doesn’t change with
excitation of this crystal in wide spectral
range (2—4 eV) typical for polarization proc-
esses of non-electronic nature. This implies
that cadmium ions in Cdl, lattice are mobile.

Consequently, taking into account that Cdl,
layered crystals and Pbl, inclusions are isos-
tructural, cadmium and lead ions within metal
layer will be located at a distance of the order
of unit cell parameters in metal layer of corre-
sponding crystals when the joint system is
formed. Basing on the range of metal activity,
electron, appearing at the boundary between
them, will be localized on cadmium ions with
such a contact. This effect allows us to explain
disappearance of TSD maxima of one- and two-
dimensional Pbl, nanocrystals in the presence
of non-stoichiometric cadmium in Cdl,—Pbl,.

4. Conclusions

Simultaneous study of TSD and SS PES
in Cdl,—Pbl, crystal system allowed us to
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separate characteristics of trapping centers as-
sociated with one- and two-dimensional Pbl,
nanocrystals in Cdl, matrix. Four main types
of trapping centers are proposed, which are
responsible for PES formation in the studied
system: two of them are related to Cdl, lattice,
the third and fourth are due to Pbl;, nanocrys-
tals and dislocations, respectively.

It was established that the presence of
non-stoichiometric cadmium impurity re-
sults in complete disappearance of both TSD
and SS PES maxima that belong to one-di-
mensional Pbl, nanocrystals. Possible mod-
els of excess cadmium influence on charac-
teristics of two-dimensional Pbl, crystals
are considered.
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