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Present spectra of photosensitivity of various types of heterojunctions based on lay-
ered crystals A'BY! made of the Van der Waals connection of pairs on heteromer as well
as covalent. We also discuss the features of excitonic bands of the crystals. Examples of
the first type, the heterojunction are pairs of n—InSe—p-InSe and p—-GaSe-n-InSe and
p—GaSe-n-In,Se;, n-SnS,—p-InSe. As examples of heterojunction with a the covalent bond
are the other systems: In,0,—-InSe, In,0,~Ga,0,-GaSe, In,0,~Ga,0,-GaTe. These hetero-
junctions formed with participation of their oxides of different chemical nature. In the
case when the oxide has leading properties, it plays a direct active role in the heterojunc-
tion formation. However, the formation of the heterojunction using high temperature
heating of the substrates at air, naturally leads to uncontrolled growth of its own oxides
on p—GaSe and p—GaTe which shows dielectric properties.
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IIpencTaBiaeHBl CIHEKTPBH (POTOUYBCTBHTEIBLHOCTH PA3JMYHEBEIX THIIOB I'€TEPOIIEPEXOL0B
Ha ocHoBe ciomethix Kpucrtannos AIBV! msrorosneHHbix Kak ¢ BAH-Zep-BAAILCOBON CBA-
3bI0 IIap HA reTeporpaHuIle, TAK U C KOBAJEHTHOU, OOCYKIAIOTCA OCOOEHHOCTH HUX €KCUTOH-
urx mojoc. [IpuMepaMu TEPBOTO THUIIA TeTepoliepexofa MOCHy:;Kuau mnapul n—-InSe—p-InSe, p—
GaSe-n-InSe, p-GaSe-n-In,Se;, n-SnS,—p-InSe. B kauecTBe reTepomepexoja ¢ KOBAJEHT-
HOH CBSA3BIO OKAa3aJIICh Ipyrue CHUCTEMBI: In,O5—InSe, In,05,-Ga,0,-GaSe,
In,0,-Ga,05,—GaTe. B cayuae, rge oxcupx obiagaer BeIyIIMMU CBOMCTBAMH, OH HIPAT
HEIIOCPEACTBEHHYI0 aKTUBHYIO POJb B (POPMHPOBAHUH rereporepexoga. Bmecre ¢ Tem, dop-
MUPOBAHME T€TepPOIIepexosa ¢ IIOMOINBI0 BBICOKOTEMIICPATYPHOI'O HAIPEBA IOLJI0MKEK HA BO3-
IyXe HEIPUHYMXKICHHO NPUBOJNJIO K HEKOHTPOJHUPYEMOMY POCTY COGCTBEHHBIX OKCHAOB HAa
p—GaSe u p—GaTe, KoTopble TPOABUIN AUJIEKTPUUYECKUE CBOMCTBA.

Excuronna ¢oTonposigHicTs reTepoCcTpyKTyp Ha OCHOBi cesieHy raJiw i cejeny iHmiro.
B.M.Kamepenuyx, 3J1.Kosaawk, I.I"Trauwyx.

ITpexcraBieHo cuexTpu QOTOUYTIMBOCTI PI3HHX THIIIB reTepollepexoiiB Ha OCHOBL 1Iapy-
sarux kpucranis AlBV!) BuroroBienux sk 3 Ban-Zep-BaaJbCiBCHKUM 8B’S8KOM Iap Ha rere-
poMe:Ki, TaKk i 3 KOBaAJEHTHHUM, OOrOBOPIOIOTHCA OCOOJIHMBOCTI IX eKcUTOHHHX cMyr. IIpukia-
JaMM TIepIIoro TUIY rereponepexony € mnapu —InSe—p—-InSe, p-GaSe-n—InSe, p—GaSe-n—
In,Se;, n-SnS,—p—-InSe. B akocTi rereponepexofy 3 KOBAJEHTHUM 3B’ A3KOM BUABHUJIMCH iHIT
cucremu: In,05-InSe, In,0,~Ga,0;,-GaSe, In,0,-Ga,0,—GaTe. V sBumagxy, me oKcup Bo-
JoJie MPOBiZHMMM BJIACTHUBOCTAMU, BiH Bimirpasas 6esmocepefHI0 aKTHUBHY POJb y (opmy-
BaHHI Tereporepexony. BoaHouac, (popMyBaHHS rereporepexoiy 3 HOIIOMOIOK BHCOKOTEMIIepa-
TYPHOI'O0 HArPiBy HiAKJIALOK HA IIOBiTPi, HEBUMYIIIEHO HPUBOLIIO O HEKOHTPOJBOBAHOI'O POCTY
BaacHUX okcuxaiB Ha p—GaSe i p—GaTe, AKi npoABUIM AieJeKTPUYHI BIACTUBOCTI.
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1. Introduction

Interface of heterostructures is a transi-
tion range from one crystal lattice to an-
other one. The translation symmetry in this
range is broken and atom vibrations can differ
from those in the bulk of the crystals. Usually
the binding energy of excitons is smaller in
comparison to the room temperature thermal en-
ergy kT and, therefore, they can be observed in
absorption spectra only at the low temperatures.
As light absorption in heterostructures takes
place on the interface, where phononvibrations
differ from that in bulk, it is worth to expect
changes in excitonic spectra. The interface range
with changed phonon energies can exceed the
lattice parameters of both contacting phases.

In this paper we present photosensitivity
spectra for various heterostructures based
on layered III-VI compounds and peculiari-
ties of their excitonic bands discussed.

2. Experimental

There are many reasons to use layered
crystals InSe, GaSe, GaTe and others for
preparation of heterostructures. Firstly,
these compounds have a layered crystalline
structure. It makes it possible to receive
substrates with (001) plane without dan-
gling bonds due to the presence of weak Van
der Waals forces between the layered. The
absence of dangling bonds determines a low
density of electron surface states. As a re-
sult, the method of Van der Waals contact
between two heterogeneous materials is
widely used in the technology of production
of heterostructures based on the layered
crystal [1]. In this paper this method was
used to prepare n-InSe—p-InSe, GaSe-InSe,
In,Se;—GaSe, and InSe-SnS, heterostruc-
tures. Secondly, low density of the surface
electron states can be achived in an oxide-
semiconductor system, as it occurs in mod-
ern silicon technology. It is caused by dis-
placement of the interface into the depth of
silicon. Oxidation of the layered crystal also
leads to formation on their surfaces of in-
dium and gallium oxides, which can play
functional role in operating the heterostruc-
tures. At the same time, oxidation is a sim-
ple way to create potential barriers [2]. By
using this method the In,O3-InSe heteros-
tructures were prepared. In order to pre-
pare heterostructures, containing In,O3(Sn),
we have used the method of pyrolysis of
chemical solutions of indium and tin chlo-
rides [8]. By using this method the In,O3—
Ga,05—-GaSe, and In,03;-Ga,05-GaTe het-
erostructures were obtained. The presence
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Fig. 1. Spectra of relative quantum efficiency
of photocurrent of various heterojunctions at
room temperature. a) I — GaSe-InSe; 2 —
n-InSe-p-InSe; 3 — SnS,~InSe; 4 — In,Se,—
GaSe. b) I — In,05-InSe; 2 — In,05,-Ga,05—
GaTe; 3 — In,05-Ga,0;-GaSe.

1.0 15 2.0

of intrinsic oxide Ga,05 for GaSe and GaTe
is a result of substrates heating in the air
at formation of In,O5(Sn) films.
Photosensitivity spectra for the different
heterostructures were investigated at the room
temperature in photodiode mode by means of
installation with a MDR-3 monochromator. Its
spectral resolution was below 26 A/mm.

3. Results and discussion

All the obtained spectra were divided on
two groups. For comparison the heterostruc-
tures with weak Van der Waals coupling at the
interfaces were included to the first group.
The heterostructures with strong covalent
bonding, which appers at oxide-semiconductor
interfaces during oxide growth at the crystal
substrates, belong to the second group.

Photosensitivity spectra of the heteros-
tructures are shown in Fig. 1.

As one can see from the presented spec-
tra, there is a slight peak of different inten-
sity depending on heterostructures type at
their long-wavelength edge. It appearance

Functional materials, 24, 2, 2017



V.M.Katerynchuk et al. / Excitonic photoconductivity ...

Table. Parameters of crystal lattices and excitons in the layered materials and lattice mismatches

in the heterostructures

Material v-InSe B-GaTe e—GaSe SnS, In,Se, In,O4 Ga,04

a, A) 4.002 17.404 3.755 3.648 15.296 10.11 10.00
b, (A) - 4.077 - - 12.308 - -
c, (A) 24.946 10.456 15.95 5.899 4.0806 - -
Ry(meV) 14.5 18.9 20 - - - -
ra(A) 50 31.1 41.5 - - - -

lattice mismatches, 8, (%)
n-InSe-p-InSe| SnS,-InSe | GaSe-InSe | In,Se;GaSe | In,0;-InSe | Ga,0;-GaTe | Ga,0;,-GaSe
0 9.25 6.37 121.16 86.56 54.04 90.80

was supposed to be due to formation of ex-
citons. Comparison of these spectra to the
long-wavelength edge of the room tempera-
ture absorption spectra for the crystals of
InSe [4, 5] GaTe [6] and GaSe [7, 8] shows
that analogous excitonic peaks are not ob-
served. It is related to the fact that the
exciton binding energy in the layered mate-
rials prevails under the room temperature
thermal energy ET. Some exciton parame-
ters and the lattice parameters of the crys-
tals are listed in Table 1: a, b, and ¢ are the
lattice parameters; R, is the Rydberg con-
stant; rp is the Bohr radius of excitons.

As one can see from Table, for all the
heterogeneous structures we have §, > 1 %.
However the peculiarities of formation of
the heterostructures based on the layered
crystals make it possible to receive their
high parameters in spite of essential values
of §,. It is worth to note that there is a
correlation between the lattice mismatch
and the intensity of the excitonic bands in
the photosensitivity spectra. The higher is §,
the clearer excitonic peak becomes (Fig. la
— curves I and 4; Fig. 1b curves 2 and 3).
Such regularity makes it possible to have
found a serial dependence of the excitonic
bands as early as at liquid nitrogen tem-
perature. The analogous dependence in the
absorption spectra of the crystal was ob-
served only at the liquid helium tempera-
ture [5, 6, 8, 9]. Therefore investigations of
the excitonic photosensitivity have advan-
tages over those for absorption spectra. At
the same time the nature of the chemical
bonding at the interface does not affect es-
sentially the excitonic bands. For the both
heterostructure groups there are the exci-
tonic peaks of photosensitive spectra and
their intensity depends on heterostructure
kind and parameter elta. The appearance of
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the excitonic bands in the room temperature
photosensitivity spectra on contrary to their
absence in the absorption spectra can be ex-
plained by a change of phonon vibrations at
the interface regions where light is ab-
sorbed. Such a change is caused by lattice
mismatches destroying the translation sym-
metry at the interfaces.

4. Conclusions

Quantum efficiency spectra of photocurrent
were investigated for heterostructures based
on layered crystals of InSe, GaSe, GaTe,
Iny,Ses, and SnS,. The structures under investi-
gations were divided by two groups with re-
spect to chemical bonding nature at the inter-
faces — Van der Waals type or covalent. The
photosensitivity spectra of the both type het-
erostructures showed different intensity peaks
located at the long-wavelength edge attributed
to the formation of excitons. The appearance of
excitonic photosensitivity is supposed to be due
to change of phonon vibrations at the inter-
faces because of the lattice mismatches.
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