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STM SURFACE TOPOGRAPHY AND UV PHOTOCONDUCTIVITY OF InSe, GaSe LAYER
SEMICONDUCTORS
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Photoconductivity spectra of InSe, GaSe layer semiconductor samples in the region of high energy (hv>>E,) and surface topography
receiving by Scanning Tunneling Microscope (STM) method of these samples have been investigated. The results both photoconductivity
and STM investigation showed that surface and bulk electron behaviors not so different. These allow investigate electron transitions in depth
of adsorption edge by simple photoconductivity method. STM surfaces topography unfolds new usage perspectives for layered crystals InSe,

GaSe.

Layer semiconductors InSe, GaSe due to peculiarity of
their crystalline structure are characterized by practical
absence ragged chemical bounds on a surface. Due to this
property their surface distinguishes weak adsorption ability.
As consequence of before stated conditions the lower density
of surface states allows to register high photosensitivity in a
wide spectral range including ultraviolet (UV) area of spectra
[1].

It is known that electronic properties of these crystals are
not so anisotropy as their mechanical properties. These
crystals are easily cleaved and almost without special
technological processing it is possible to receive samples
rather the big area surfaces with monolayer.

Researches of Auger spectra investigation have showed
are that surface concentration of adsorbents on InSe and
GaSe surfaces two or three order is lower than surfaces of
"usual" semiconductors [2].

On the one hand the above-stated properties of crystals
InSe and GaSe allow to create on their basis photosensitive
devices in a wide spectral range, especially in short-wave
area of a spectrum, and on the other hand to study of
behaviors optical transitions in depth of absorption edge by
means of a photoconductivity method, where Av>>E,.
Characteristic spectral dependences photoconductivity of

layered semiconductors InSe and GaSe on fig.1 are resulted
at the room temperature.
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Fig.1. Photoconductivity spectra of InSe and GaSe layer
semiconductors in the usual geometry (light being
incident normally to the layer surface and contacts being
installed upon the illuminated surfaces) of measurement
in 1 —6 eV region.
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Fig.2. Scanning Tunneling Microscope method surface topography of InSe layer semiconductor samples in air. Size of image is
correspondent to 280x280 A° /cm on x and y direction, 60 A° /cm on z direction.
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Fig.3. Scanning Tunneling Microscope method surface topography of InSe layer semiconductor samples in air where mechanical
cleaving occurred in different layers far one from another. Size of image is correspondent to sizes on fig.2.

For present purposes the surface topography of samples
InSe have been studied by the STM method in air. Before
receiving topography images of given samples have been
investigated of photoconductivity spectrums and were
observed high photosensitivity, particularly in UV areas of a
spectrum. On fig.2 the characteristic topography image of
InSe samples surface is shown by STM method. These
pictures distinctly show on reception favorable circumstance
rather big areas of monolayer surfaces by the mechanical
cleaved. On alongside with the assertion on surface of
samples InSe crystal is absent significant inclusions,
nevertheless in some places of topography images differences
for scans are clearly visible. The height of these differences
corresponds approximately to ~12—15 A°. It can be concluded
that on a surface can be have a place that defects of layers as
a transition crystal lattice translation from one layer to
another. Another event shown in Fig.3 where mechanical
cleaving occurred in different layers far one from another and
differences between scans much more than depth one or two
layers.
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Fig.4. Photoconductivity spectra of GaSe layer semiconductors
at different temperature.

Despite of the specified defects it is possible to observe
separate sites of a surface with practical consisting of one
monolayer. Due to opportunity STM it is easily possible to
define on surface areas of layered semiconductors InSe and
GaSe suitable for creation UV sensitive detectors and with
manipulation simple technology it is possible to fabricate
cheep UV devices.

The received results for samples from InSe layer crystals
one can say with confidence can be attributed to samples of
GaSe layer crystals.

— eV

3.26 344 3865

I P, arb.un.
-

Fig.5. Photoconductivity spectra of GaSe layer semiconductors
near deep exciton state.
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It has been marked, that high photosensitivity in depth of  typical Wannier-Mott type excitons, others correspond to
absorption edge allows to studies the nature of optical excitations localized near the atomic site, possess the great
transitions in this spectrum region. The spectrum of binding energy (~90-100 meV), in small Bohr radii (~8 A°),
photoconductivity registered on sample GaSe are shown on  poorly participate in photoconductivity, and can be attributed
fig.4 at various temperatures. Apparently from fig.1 and fig.4 to intermediate type excitons. Photoconductivity spectra of
photoconductivity spectrums of samples InSe and GaSe  GaSe near deep exciton state at the different temperatures are
despite of increase adsorption coefficient factor resulted on fig.5. Deep exciton states originate from direct
photoconductivity signal decrease (~2-3 eV in InSe, ~3-4 eV transitions between states which have atomic-like wave
in GaSe) is observed. Energy interval of this spectrum area  functions. It is easy to annihilate these excitons mainly at the
coincides with spectrum area which optical transitions have  low temperature than rather dissociate and consequently their
excitons nature. Temperature influences research on  contribution on photoconductivity registered as deep minima.
photoconductivity spectra of InSe and GaSe layer The photoconductivity and STM investigation of layer
semiconductors samples show an opportunity rather precise  semiconductors InSe, GaSe are show that bulk and surface
registration deep excitons transitions in these crystals for electron behavior of given crystals is approximately
estimate their binding energy and Bohr radii. Temperature identically, more conclusions for bulk behaviors almost can
dependence photoconductivity spectra of these GaSe samples  be attributed to surface. At least monolayer surface of InSe,
are shown on fig.4. GaSe layer crystal can be utilized as easy prepare natural

Thus in InSe and GaSe layered semiconductors were semiconductor plane surface for building on this a new
observed two types exciton states. One are formed between nanometer devises and these blocks.
absolute extremes of a conductivity and a valet zone and it is
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InSe, GaSe LAYLI YARIMKEGIRICILORININ STM S9TH TOPOQRAFiYASI V@ SPECTRIN
ULTRABONOVSOYi OBLASTINDA FOTOKEGIRICILIYi

InSe, GaSe layll yarnmkegirici nimunaelerin yiksek enerji oblastinda (hv>>E,) fotokegiriciliyi vo hamin nidmunalerin
Skanirsedan Tunel Mikroskopu (STM) metodu ile seth topoqgrafiyasi tedqiq edilmisdir. STM va fotokegiricilik metodlarinin har
ikisindan alinan naticeler gosterir ki, sathi vo hacmi elektron xassaleri bir-birinden g¢ox farglenmir. Bu da udulma kanarindan
derin oblastda elektron kegidlarinin tabisatini sads fotokegiricilik metodu ile dyrenmaya imkan verir. STM sath topografiyasi InSe,
GaSe layl kristallarinin yeni magsadler glin istifadesina yollar agir.

3ap0aaunes Mareppam 3ap0aJu orisl

MOBEPXHOCTHAS TOIIOI'PA®US ITO METOAY CTM U Y® ®OTOIMPOBOANMOCTD CJIOUCTBIX
MMOJYIIPOBOJHHUKOB InSe, GaSe

HccnenoBansl CIeKTpBl POTONPOBOAUMOCTH 00pPA3IOB CIOUCTHIX NONMynpoBoaHNKOB InSe, GaSe n moBepxHOCTHAs TOHOrpadus 3TUX
e 00pasuoB merogoMm Ckanupytomeit TyrrensHONH Mukpockonuu (CTM). PesynpTatel, momydeHHbIE 000MMH METOAAMH ITOKA3bIBAIOT, YTO
JJICKTPOHHBIC CBOIMCTBA IIOBEPXHOCTH M 00BbEMa HE CHIIBHO OTIMYAIOTCSA. JTO MO3BOJISET M3ydaTh MICKTPOHHBIC EPEXO/bl B MIyOHHE Kpast
MOTJIOIICHUST TPOCTHEIM MeToAoM (oTomnpoBoauMocT. [loBepxHocTHast Tomorpadust mo Merogqy CTM  OTKpBIBaeT BO3MOXKHOCTH
HCIIOJIb30BAaHMS ATUX KPUCTAIIOB B HOBBIX JIPYTHX LEIISX.
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