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The paper reports our experimental data on growth, morphology, optical and electrophysical properties
of NaBiTe: thin films grown by thermal evaporation in vacuum. The structural characteristics and electric
field-induced properties of semiconductor NaBiTe: films with Cr contacts are investigated. Room-
temperature time dependence of the current flowing through the investigated structures under applied
electric field is also discussed. The influence of some aggressive atmospheric impurities on NaBiTe: films

characteristics is described for the first time.
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1. INTRODUCTION

Thin films of complex ternary chalcogenide com-
pounds are characterized by a wide range of physical
and chemical properties. Nevertheless, the various in-
vestigations of such materials were rarely carried out
with using an opportunity to obtain systematic infor-
mation about the subject of the study. Two main factors
should be noted: i) only relatively small number of
chalcogenide materials may be evaporated producing a
stoichiometric film. The deviations from stoichiometry
observed experimentally led to sufficient changes of
necessary characteristic of the sample; ii) self-
organization processes which are typical for complex
multicomponent systems cause the phase transitions
leading to oxidation, amorphous phase crystallization,
time evolution of stoichiometry, etc. [1].

As it is known, crossing from elementary Group IV
crystal semiconductor Ge and Si to similar binary com-
pounds AIIBV (A = Ga, In, B=As, Sb, Bi) brings more
complex crystal structures and ionic components of the
chemical bonds due to appearance of two sorts of or-
dered atoms. Further complication of chemical compo-
sition in ternary compounds causes change of atoms in
the cation sublattice resulting in new physical proper-
ties. Therefore, their structural, optical and electric
properties attract special interest of researchers work-
ing in field of nanotechnology and nanoelectronic appli-
cations [2-4].

Earlier we have studied electric field-induced char-
acteristics of NaSbSes: [5].

The presence of chalcogene element makes it possi-
ble to affect the stability and sensitivity to ambient
environment of the respective thin films creating a per-
spective for using them as active elements of sensor
devices [6].

The paper describes experimental results on growth,
structure, optical and electric field-induced characteris-
tics of thin films prepared from NaBiTe2 chalcogenide
semiconductor. This compound crystallizes in NaCl-like
cubic lattice with parameter a = 0,639 nm.
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2. EXPERIMENTAL

NaBiTesz thin films with different thicknesses (60 —
200 nm) were deposited on glass substrates from
Knudsen cell under vacuum level P=10-3 Pa. The av-
erage rate of deposition was operated by change of the
evaporator temperature and estimated to be 0.1 —
0.5 nm/s. The area of the samples was measured to be
6 x 32mm?, the distance between electrodes had not
exceeded 30 mm.

The microstructure and phase composition of the
films have been studied by transmission electron mi-
croscopy (TEM) and diffraction methods.

AFM investigations of as-grown samples and after
NO exposition were carried out.

Two sets of NaBiTez samples were prepared: with
Cr contacts for electric studies and without them for
optical investigations. To provide maximum accuracy of
the electric measurements focusing on NaBiTe: films,
the investigated layers were deposited on the sub-
strates with Cr contact pads previously prepared by
vacuum resistive evaporation. Before Cr deposition the
substrates were chemically treated and then heated in
vacuum in the temperature range 600-700 K. The
thickness of the chromium pad was about 1000 nm.

Studies of the electric field-induced properties were
carried out in vacuum (in the growth chamber in situ)
as well as in open air at normal atmospheric conditions
and under applied electric field up to 105 V/m.

3. STRUCTURAL INVESTIGATIONS

Two sets of films were selected for structural stud-
ies: the first family of as-grown layers (glass substrate,
Ts = 300 K) and the second group of specimens deposit-
ed on the glass substrate at the room temperature after
annealing in air under normal atmospheric conditions.

As is shown in Fig.1, the film microstructure is
characterized by presence of small disperse particles.
The microcrystalline phases are good seen in the elec-
tron-diffraction patterns. The electron beam-induced
anneal leads to the film crystallization and re-
evaporation of tellurium. After annealing in air under
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normal atmospheric conditions at 7'= 373-393 K nano-
crystals Bi2Tes and NaTes as well as nanoparticles are
observed (see Fig. 2).

The heat treatment of the films in air is accompa-
nied by the formation of BiO3s and TeOz2 oxides.

Fig. 1 - TEM image, diffraction and microdiffraction pat-
terns of the NaBiTeqy films with 30 nm thickness deposited
on the glass substrate at T; = 300 K under deposition rate
0.1 nm/s (the original sample)

Fig. 2 - TEM image, diffraction and microdiffraction pat-
terns of the NaBiTey films with 80 nm thickness deposited
to the glass substrate at Ts = 300 K under deposition rate
0.5 nm/s after annealing in air under normal atmospheric
conditions

4. RESULTS OF ELECTRICAL
MEASUREMENTS AND THEIR DISCUSSION

Electrical measurements were performed at the
room temperature under applied electric field up to
104 V-m-L. The current-voltage characteristic of the film
is illustrated by the Fig. 3.
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As it is shown, this dependence is of exponential
character typical for metal-semiconductor structures.
Such a characteristic may be qualitatively described as
follows:

J(E) ~ joexp[(eEdun+ A)/kBT], 1)

where E is the applied electric field, dun is the distinctive
tunneling length, A is the tunneling parameter defined
numerically, and jo stands for a saturation current [7].
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Fig. 3 — Room-temperature current-field characteristic of
the investigated sample (Cr-contacts)

For more detailed study of current mechanisms in
the investigated structure the experimental curve was
rebuilt in semi-log and double log scales (Fig. 4, a, b).
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Fig. 4 — Semi log current-field characteristic of the investi-
gated sample (Cr-contacts) (a) and double-log one (b)
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Double-log recalculation of the experimental cur-
rent-voltage dependence shows the smooth superposi-
tion of at least three modes of the carriers transport:

e current caused by the carriers injected from the
metallic contact under the applied voltage 50-100 V
[8];

e velocity-saturation regime under the applied volt-
age up to 120 V, where I ~ (2eg0vsat Vo/L?), Usat is de-
termined from the experimental data and L is the
thickness of the film;

e The current governed by so-called “3/2”-law as the
applied voltage increases: I ~ (4deeo/9L2)(2e/m*)V2(Vy)3/2,
The time evolution of the film conductivity is also

interesting. Fig. 5 illustrates this dependence for the
as-grown films. As is shown (Fig. 5), the conductivity of
the film rapidly decreases during first 30 min of meas-
urement and then monotonously decreases during fol-
lowing 50 min.

Current density J, A/mm?

0 10 20 30 40 50 60
Time t, min

Fig. 5 — Time dependence of the current flowing through the
investigated NaBiTey film in vacuum after its preparation

The experimental dependence j(f) can be qualita-
tively described as

J(@®) ~ jorexp(= t/7), @

where jo and 7 are the initial current density and so-
called stabilizing time, respectively. Both terms are
functions of the film parameters in vacuum (the carri-
ers’ mobility and scattering mechanism on the surface
relief are crucial).

5. GAS SENSITIVITY INVESTIGATIONS

Optical and surface properties before and after NO
exposure were studied.

In order to examine gas sensitivity the as-grown
films were placed in the closed chamber with different
NO concentration at the room temperature.

Fig. 6 plots experimental transmission spectra of
the investigated samples after interaction with nitro-
gen monoxide of various concentrations. As is shown,
the films demonstrate significant changes of their opti-
cal characteristics even at low concentrations of the
aggressive gas. As the nitrogen monoxide concentration
increases, the transmission of the examined layers is
also increasing (Fig. 6).

After the NO exposition the film relief is significant-
ly changed.

Fig. 7 presents the typical AFM image of the as-
grown sample (a) and after NO exposure (b). The
standard image numerical processing enabled to esti-
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mate the parameters of the surface roughness (Table 1),
where:

R. is a medial roughness of profile;

Ry is a root-mean-square roughness of profile;

R: is a medial roughness of a profile on 10 points.
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Fig. 6 — Transmission spectra of the original NaBiTey film
and after nitrogen monoxide exposure under concentration:
10 mg/m3 and 10% mg/m3 during 60 min, sensor operating
temperature 300 K
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Fig. 7 — AFM image of NaBiTey film surface (the as-grown
sample) (a) and after NO exposure (b)
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Table 1 — Roughness of NaBiTes film surface before and
after NO exposition

Roughness Initial No
Ra, nm 0.9 0.3
Ry, nm 1.2 0.5
R:, nm 5.5 1.9

Another important question is how the conductivity
of the films changes under exposure of different ag-
gressive environments. The time profile of the DC cur-
rent flowing through the sensor in response to adsorp-
tion and desorption of different gases as a very im-
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portant characteristic of the device [9] had been also
investigated.

Fig. 8 demonstrates current response curves meas-
ured after undergoing the examined samples to sulfur
hydroxide (a) and NHs (b) gas exposure at the room
temperature. These data point out sensitivity and re-
sponse of the films to NHs and HsS exposure. As one
can see, the reversible adsorption takes place, but the
problem of time stability is to be solved. So that, this
material appears to be perspective in gas sensors de-
velopment.
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Fig. 8 — Current response of the investigated NaBiTey thin film at different concentration of HsS (a) and NHg (b), sensor

operating temperature 300 K

6. CONCLUSIONS

We yielded NaBiTez thin films on glass substrates.

The structure of our samples is microcrystalline
with typical grain size about 30 nm. Anneal leads to
the film recrystallization, evaporation of tellurium and
oxidation.

Charge transport mechanism was also investigated.
It was determined that time dependence of the film
conductivity under applied DC electric field is caused
by different processes of the carriers’ injection and sur-
face recombination. Room-temperature current-voltage
characteristics revealed a smooth superposition of drift-
diffusion current, velocity saturation mode and ballistic
regime at the all range of applied voltage (0-140 V).

The influence of some aggressive gases on NaBiTez
films properties was studied for the first time. The op-
tical transmission and surface relief changes under
interaction with NO. Adsorption of such atmospheric
impurities as HaS and NHj3 result in conduction drift.

So NaBiTe: thin films appear as perspective objects
for gas sensors development.
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Hanocrpykrypabie Tonkue miéuku NaBiTe: u ux ceoiicrea
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B craTbe mpe/icTaBIeHBl HALY 9KCIIEPUMEHTAIBHbBIE PE3YJIBTATHI [0 POCTY, MOP(OIOrUH, OIITHUECKUM U
anmexTpoduamdecknM cBoiictBaM ToHEUX 1IeHOK NaBiTes, BoIpameHHBIX TepMUYECKUM HCIIApEHWEM B Ba-
KyyMme. V37105KeHbl pe3yIbTaThl CTPYKTYPHBIX HUCCJIEIOBAHUN U dJIEKTPUYECKUX naMepenwnii eHok NaBiTez
¢ Cr xorrakramu. Takske 00Cy K IAI0TCSA BpeMeHHBIE 3aBUCHMOCTH TOKA, IIPOTEKAIOIIETO Yepes UCCIeTyeMbIe
CTPYKTYPHI [IPU MOCTOSHHOM IIPUJIOSKEHHOM 3JIEKTPUUIECKOM II0Jie IIPU KOMHATHOM TemIeparype. Brepesie
OIIMCAHO BJIMSTHYE HEKOTOPBIX aIrPeCCUBHBIX aTMOC(EPHBIX IpUMecei Ha xapakrepucTuku rieHok NaBiTes.

Knrouessie cnosa: Toukwme miénkn, xamproreHuasr, NaBiTez, crpykrypa, MOBepXHOCTHEIN pesbed, OUTH-
YecKoe MPOILyCKAHNE, dJIEKTPUUECKHUe CBOMCTBA, MEXAHU3MBI 3apSA [0IIePeH0Ca, Fa30Bas YyBCTBUTEILHOCTD.
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HanocrpykrypHi Touki mrisku NaBiTe: Ta ix BmacTusocTti

B.I. Binosepuesal, I[.0. 'aman?!, I M. Xaan2?, A.O. Mamaanyii!, H.JI. Ipaxouenxo!?, JI.T'. IleTpenxo!

! Hauionanwvrwili Texniunuli Yuisepcumem «Xapriscokuil Ilonimexniunuii Incmumym», ayn. @pyuse, 21, Xapkis,
61002 Yrpaina
2 University of Technology, Distelstr.11, D-67657 Kaiserslautern, Germany

VY crarTi mpefcTaBieH] HAIll eKCIePUMEeHTAIbHI pe3yJIbTaTH 0 POCTY, MOP(OJIOTIi, ONITHYHUM 1 eJIeKT-
podizuunuM BiractuBocTssM ToHEUX IIiBok NaBiTes, 1mo 0ysio BEpOIIEHO TEPMIYHHM BHIIAPOM y BaKyyMi.
Jlormameni pe3ysabTaT CTPYKTYPHUX JOCTIIKEHDb Ta eJeKTpuuHnx BuMipiB mwiiBok NaBiTe: 3 Cr kouTak-
Tamu. Takoxk 06TOBOPEHO YACOBI 3AJIEMKHOCTI CTPYMY, 10 T€Ue Uepes Ifi CTPYKTYPU IIPH IOCTIHHOMY ITPHUKJIA-
JIEHOMY eJIEKTPUYHOMY TIOJIi TIpK KIMHATHIM TemmepaTypl. Brepiie omvicano BILIUEB JeIKUX arpeCUBHUX aT-

MocdepHUX TOMIIIOK Ha xapakrepucTukd waiBok NaBiTes.

Kirouosi cnora: Tonxki miiBky, xansroreninu, NaBiTes, crpykrypa, moBepxHeBuil pesbed, OITHYIHE IIPO-
MyLIeHHs, eJIEKTPUYHI BJIACTUBOCTI, MEXaHI3MU 3apAI0IIEPEHOCY, Ta30Ba 1y TIIUBICTb.
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