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DEVELOPMENT OF TRANSPARENT, CONDUCTIVE THIN FILM COATINGS ON
THE BASIS OF METALS

Abstract: The object of the study are thin films of metal oxides (zinc, tin), obtained by magnetron
deposition. The electrophysical properties of thin films of metal oxide semiconductors ZnO and SnO, are
investigated.

Technological regimes for obtaining metal oxide films by the method of reactive magnetron sputtering
are worked out. In the process of obtaining the films, the technological parameters-the substrate
temperatures, the pressure and the gas atmosphere during the deposition process, the discharge power, were
changed. The dependences of the transparency and resistivity of tin oxide and zinc oxide films on the
temperature of the substrate and the concentration of oxygen in the working gas are investigated, and the
optimal parameters of the film production process are determined. The observed dependences are explained
by the change in the composition of the films and by the deviation from stoichiometry.

The dependences of the film properties on the annealing temperature, on the gas composition of the
atmosphere during annealing are determined. High-transparency metal oxide films with low electrical
resistance were obtained.

Keywords: ZnO and SnO- metal oxides, electrical resistance, electrophysical properties.

Introduction exceeding the softening temperature of the

In recent years widely studied transparent ~ material [3]. Global growth in demand for
semiconductor oxides, such as InpOs, ZnO,  energy-efficient and  compact  devices
Sn0,, CdO, Gax0s, TiO2 and more complex  stimulates the deep interest of researchers in
binary and ternary oxides. There is a great this class of materials. From a scientific point
interest in production of transparent conducting  of view, these materials are also of significant
oxide (TCO) and transparent oxide interest. It may be noted the problem of
semiconductors for the development of obtaining n-type conduction by doping
photonic devices and transparent conducting  acceptors and donors. Such alloying lowers the
electrodes (TCE) for solar cells[1]. energy of the introduction of acceptors and

ZnO is one of the most promising allows you to enter them with a higher
materials for the creation of nanoelectronic  concentration, but its mechanism is not fully
devices and nanosystem technology [2]. understood. In addition, features of the band
Interest is due to a number of the electrical  structure, for example, single-valley valence
properties of ZnO: high melting point and  band in ZnO allows the use of these materials
thermal conductivity, photosensitivity, = as a model to test in theory calculations.
piezoelectric and pyroelectric effect, a wide = Among the transparent thin-film materials,
band gap, chemical stability, biocompatibility, = some compounds, for example, In20s, ITO
that allows the use of ZnO as a transparent  (IN2xSnxOs) are relatively well studied and
conductive oxide material. Zinc oxide has a low  widely used in practice. Others, for example,
resistivity and good optical properties and is  ZnO, SnOsz and double and triple solid
one of the most promising materials for  solutions, much less studied, but have the
creating transparent conductive coatings. The  promising properties. By changing the
problem of obtaining coatings with high ~ composition of the solution, can achieve the
conductivity at low substrate temperatures  desired band gap, as well as other physical and
(below 300 ° C) and without subsequent step of  chemical properties [4-6].
annealing is relevant, for example, in the
manufacture of solar multilayer coatings (as at Materials and methods of research
low temperatures retard the mutual diffusion Obtaining transparent conductive thin
layer), or by sputtering conductive coatings  ZnO and SnO: films was carried out in three
polymeric substrate at a temperature not  ways: by reactive magnetron sputtering in an
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oxygen atmosphere, and sputtering in an inert
atmosphere followed by annealing in air, as
well as by reactive ion beam sputtering.
Magnetron sputtering was carried out in a
chamber where vacuum is achieved beforehand
about 771° Torr. When the discharge capacity of
about 30 W deposition rate was 0.5-1 nm/c.
The physicochemical properties of the target
surface are not changed due to the thermal
diffusion, chemical interaction. Therefore, a
sputtering process permits layered remove
atoms from the target surface and thus obtain a
uniform film. Uniformity is also achieved by
rotating the substrate at a speed of 30 rev / min.
Continuouslybombarding of neutral atoms
deposited films and the negatively charged
argon ions and atoms of the reactive gas is
oxygen, which leads to the fact that the film
captures a large amount of gas and impurity
atoms.

As the oxygen pressure was measured
manometer to measure the partial pressure of
the second gas was shut off the flow necessary -
argon, and wait for pressure stabilization.
Therefore, to measure the partial pressure of
oxygen flow rate used. Checking the partial
pressure of oxygen, depending on the size of
the flow showed that this dependence is almost
linear. Therefore, the partial pressure is
determined by the flow-largest.

The samples were placed on a rotating
table, which temperature can vary from room
temperature to 450°C. Next to the table for the
thickness patterns placed measuring, which
measures the thickness of the layer deposited
on it by the density of the sprayed material and
changing the resonance frequency of the quartz
resonator, one side of which was deposited
measurable layer. The relative accuracy of the
thickness was 1 A. However, the absolute
accuracy of the thickness depends on how
many different particle flow, causing film
growth, at the site of the substrate and location
of the thicknessmeasuring.

Measurements were performedZnO film
deposition rate of discharge power and gas

pressure (total pressure, oxygen partial
pressure). In the 4% oxygen concentration
observed deposition rate drop further

stabilization deposition rate observed with
increasing oxygen concentration. This is due to
the oxidation of zinc misheniiz the appearance
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of oxygen in the gas atmosphere in the
processing chamber.

Rate of sputtering for a fixed total
pressure and partial pressure of oxygen
increases with increasing discharge power
monotonically as a value of ~ 15-25 watts of
power, a sharp increase in deposition rate due
to changes in discharge conditions, the
modified surface of the target: the speed of the
target of oxidation at this power spraying rate
becomes smaller. Therefore, to obtain high
deposition rates need to use higher discharge
power 25 W.

By changing the partial pressure of
oxygen in the growth process can be controlled
by the properties of films obtained by reactive
magnetron sputtering. Another method of
forming metal oxide films was magnetron
sputtering in an inert atmosphere. After
deposition on the substrates formed high-
quality metal film, which is oxidized in air and
in oxygen atmosphere during subsequent
thermal annealing.

A third method of producing the films
were ion-beam sputtering, using a special
vacuum chamber. Formation of a beam of Ar
and O ions occurred in the ring system of
electrodes, forming a complete cathode to the
anode, and magnets with crossed electric and
magnetic fields. The total discharge capacity
was about 300 watts. The targets of high-purity
zinc or tin sprayed beam bombardment of ions
Ar and O variations in oxygen partial pressure
of 0% to 100%. Used glass, quartz and silicon
substrates. Before coated substrates were
cleaning and degreasing the surface of the
procedure. The temperature of the substrate
during the deposition process was maintained
may vary from room temperature to 400°C.

Results and discussion

Obtaining of thin ZnO films was carried
out at various deposition conditions. The results
of this experiment are shown in Figure 1. As
seen from the figure for optimal reduction of
the resistivity were the total pressure in the
chamber 1,1 x 1072 Torr and the volume content
of oxygen partial pressure of 3-4 percent by
volume. Further decrease the total pressure in
the chamber leads to deterioration of film
transparency. Increasing the total pressure from
the optimal values results in a sharp increase in
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resistivity.
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Figure 1 - The dependence of the specific
resistance of ZnO oxygen partial pressure and
the total pressure in the chamber.

The existence of the optimum value of
oxygen concentration due to the fact that at low
oxygen content of the zinc is not in spraying
time to react with oxygen, and the metal inclu-
sions are generated, leading to additional scat-
teringof carriers and growth of specific resistiv-
ity. When an excess of oxygen concentration of
oxygen vacancies, which are donorsof electron,
drops sharply, which again leads to an increase
in resistance of the films. At the optimum pres-
sure of oxygen, apparently, the conditions for
the growth of stoichiometric film growth. On
the electrical properties of ZnO films deposited
by magnetron sputtering, are greatly influenced
by the substrate temperature. Immediately after
the deposition of the film have a resistivity of
about 10 ohmxcm. Analysis of the temperature
dependence indicative of the prevailing
influence of the scattering mechanism of
carriers by ionized impurities  specific
resistance dependence on temperature of the
substrate is shown in Figure 2. As seen from
the figure the resistivity first increases up to a
certain temperature, equal to 240°C, while then
decreases. When heating of the substrate in-
creases the grain size, thus increasing the con-
centration, however with increasing the carrier
concentration and mobility first decreases and
then increases. This kind of dependence ex-
plained by carrier trapping grain boundaries.
The obtained ZnO film with a grain size of
about 10 nm are shaped stolbchatayu and grains
axis oriented perpendicular to the substrate
plane. After film deposition characteristics

Bwin.19 T1. 2017

74

were stable at room temperature in air. This
demonstrates that the composition of the films
iIs in the region of homogeneity. Research
shows influence subsequent thermal treatments
(Figure 3), the annealing of the films (grown
under optimal for low resistance conditions)
under vacuum resulting in a further reduction of
resistance. Therefore, annealing accompanying
the change in the phase composition of the
films, increasing the concentration of oxygen
vacancies. This agrees with literature data shear
stoichiometric excess ZnO in the direction of
metal. Aligning the phase composition may al-
so lead to reduction in the number of scattering
centers. There was a decrease in resistance after
annealing in vacuum is approximately two or-
ders of magnitude compared with the initial
value immediately after spraying. A significant
decline was observed in the resistance in range
250-350°C. Also performed and a reverse pro-
cess of annealing in a vacuum, where observed
to return to the original resistance value.
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Figure 2 — The dependence of the specific

resistance of ZnO on the substrate temperature.

When the atomic defects are mobile
enough, their concentration can be changed by
the reaction between the film and the surround-
ing atmosphere. Adjusting the concentration of
intrinsic defects in the binary compound by an-
nealing them in the air can be changed in a
wide range of electrical properties of ZnO
films. Figure 4 shows the dependence of the
resistivity of the annealing temperature in air.
As seen from the figure annealing in air leads to
a sharp increase in resistivity. When growing,
and heat treatment of initial ZnO films often
realized conditions when the vapor pressure of
the metalloid less pressure necessary for the
stoichiometric composition and therefore ex-
cess or deficiency of one of the connection
components provides one or the other type of




conductivity. ZnO film is annealed at high tem-
peratures above 300°C, contain an excess of
zinc and as a consequence, have electronic
conductivity.
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Figure 3 — The dependence of the specific
resistance of the ZnO temperature annealing in

vacuum.
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Figure 4 — The dependence of the specific
resistance of the ZnO
annealing temperature in air.

The main reason for determining the
propensity for the electronic conductivity type
is that the metalloid present in molecular form.
Thermodynamic analysis gives an indication of
ratio various defects and their behavior in a
steady state of equilibrium.

The repeated annealing films in a vacuum
after annealing in the atmosphere also leads to
the opposite effect, ie, film resistance returns to
its original value. After subsequent heat
treatment had stable film properties, i.e.
resistivity retains its value and at room
temperature. Thus, by varying the annealing
temperature in a vacuum of ~1073 Pa in the
atmosphere and can be adjusted over a wide
range of films and set the desired resistance
value of the specific resistance. With the use of
silicon as substrate p-type heterostructure p-Si
— n-ZnO. Obtained structures have diode
current-voltage characteristics (CVC). Typical
results are shown in Figure 5. Immediately after
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deposition the CVC were less pronounced
diode character. The series resistance and
leakage currents heterostructures fell sharply
during the annealing in air at 750 and 900°C.
This indicates homogenization interface Si-
Zn0O, a sharp decrease during the annealing of
the concentration of surface defects and
lowering the electrical resistance of the
interface. Note that the resulting heterostructure
had a significant photosensitivity. Measurement
of spectral dependences of photosensitivity of
the structures obtained show that the highest
photosensitivity is observed in the range from
400 to 700 nm. This area is an area of silicon
self-absorption, and for ZnO - region of
impurity  absorption.  Consequently, the
photosensitivity is provided by light generation
of electron-hole pairs in silicon and exploded in
heterojunction Si-ZnO due to the built-in
electric ~ field. Figure 6 shows the
photosensitivity of the two samples after
annealing at 300°C (curve 1) and 400°C (curve
2). Annealing at a higher temperature of 400°C
results in a greater photosensitivity is
apparently due to annealing of defects at the
interface Si-ZnO.

150 T T T T T

a 75070

-20=

HexeaHeR

) . L |
20 ET3 -10 3 0
uv

A
&

Figure 5 — Current-voltage characteristics
of structures p-Si — n-ZnO (line (a) and inverse
(b) branch) immediately after annealing in air at

750 and 900°C.
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Further increase of the annealing temper-
ature leads to the disappearance of the photo-
sensitivity, it is possible to explain the for-
mation of a high concentration of defects at Si-
ZnO boundary due to thermal stresses arising
from different thermal coefficient expansion
materials.

Photosensetive , J, relative units
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Figure 6 — Photosensitivity spectra of the
sample Si-ZnO, the last annealing at 300°C
(curve 1) and 400 ° C (curve 2).

From the data obtained it can be conclud-
ed that under conditions where sufficient atom-
ic defects are mobile, their concentration may
vary within wide limits by torate between the
film and the surrounding atmosphere. And an-
nealing the ZnO films SnOx air and vacuum
can change the electrical properties over a wide
range by controlling the concentration of intrin-
sic defects in binary compounds and receive the
desired value of the resistivity.

Conclusions
In this work studied the change property

of electric metal-oxide films deposited by
reactive ~ magnetron  sputtering  during
subsequent thermal annealing in a wide range
of temperatures. The dependence of the film
properties of the annealing temperature in the
annealing process. Obtained highly transparent
metal oxide film with low electrical resistance
detected  electric  characteristics  unique
correlation ZnO film during annealing in
vacuum and in air.
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DEVELOPMENT OF TRANSPARENT, CONDUCTIVE THIN FILM COATINGS ON
THE BASIS OF METALS

Abstract: The object of the study are thin films of metal oxides (zinc, tin), obtained by
magnetron deposition. The electrophysical properties of thin films of metal oxide semiconductors

ZnO and SnO: are investigated.

Technological regimes for obtaining metal oxide films by the method of reactive magnetron

sputtering are worked out. In the process of obtaining the films, the technological parameters-the
substrate temperatures, the pressure and the gas atmosphere during the deposition process, the
discharge power, were changed. The dependences of the transparency and resistivity of tin oxide
and zinc oxide films on the temperature of the substrate and the concentration of oxygen in the
working gas are investigated, and the optimal parameters of the film production process are
determined. The observed dependences are explained by the change in the composition of the films
and by the deviation from stoichiometry.
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The dependences of the film properties on the annealing temperature, on the gas composition
of the atmosphere during annealing are determined. High-transparency metal oxide films with low
electrical resistance were obtained.

Keywords: ZnO and SnO metal oxides, electrical resistance, electrophysical properties.

A.C.Aiimaram0OerToBa, K.A.Tayacapos
an-@apabu amvinoazvl Kazax ¥nmmuolx ynusepcumemi Aamameoi K., Kazaxcman

METAJII HETT3IHAEI'T MOJILAIP ) KOHE OTKI3T'TII )KYKA KABBIKIIAJIBI
KABBIHIAPADbI 93IPJIEY

AHHoOTanus. 3epTTey 00bEKTiCl MarHETPOHBIK TO3aHAATy apKbLIbl KOHABIPUIFAaH (MBIPBIL,
KaJlailbl) MeTall  TOThIKTapel. byn kymeicta ZnO xoHe SnOz MeTall  TOTBHIKTHI
KAPTHUIAHOTKI3TIIITEPIHIH KYKa KaObIKIIATapIbIH 1eTPOPU3NKAIBIK KACUETTEP] 3€PTTEIIH/II.

PeakTuBTI MarHeTpOHIBIK TO3aHIATY 9/1iCl apKbUIbl METAJI TOTHIKTHI KAOBIKIIAIAP Iy IbIH
TEXHOJIOTHSUIBIK ~ peXuMi KacalbIiHAbl. KaObIKmiamapael ajmy MpoIecci Ke3iHAEe TOCEHIIT
TEMIIepaTypachl, MIAHJIATY MPOIEIiHAC KBICBIM MEH Ta3iblK atMocdepa, pas3psa KyaTbl CHSIKTHI
TEXHOJIOTUSUIBIK TTapaMeTpiiep e3repTitin TypAbl. Kanalibl MEH MBIPBIII TOTHIKTAPBIHBIH MOIIIPIIK
KOX(QQHUIMEHTI MEH MEHIIIKTI KeIepriIepiHiH TOCEHIII TeMIepaTypachl MEH KYMBIC T'a3bIHAAFbl
OTTEerl KOHIEHTPALMACHIHAH TOYENILIIrl 3epTTeNiHl, KaObIKIIagappl aly MPOLECIiHIH OHTAMIIbI
napaMmeTrpiiepi aHbIKTaIAbl. balKalaThlH TOYENAUTIKTep KaOBIKIIAHBIH KYPaMBIHBIH ©3repyiMeH
KOHE CTEXHMOMETpHUSZaH aybITKybIMeH TyciHmipiieni. KaObiKmiamap KacHeTiHIH —JKachITy
TeMIIepaTypachlHaH, >KachITy MpoIeci Ke3iHae aTMocepaHbIH Ta3fblK KYpaMblHAH TOYeJILIiri
aHBIKTANABL. OJJEKTPIIK KeIeprijiepi TOMEH MKOFapbl MOJAIp METall TOTBIKTHI KaObIKIaigap
QJTBTH]TBI.

Tyiiin ce3mep: ZnO xoHe SnO; MeTangapblHBIH TOTBIKTAPBL, D3JEKTPIIK KeIepri,
ANEKTPOPUBUKAIIBIK KACUETTED.

A.C.AiimaramberoBa, K.A.Tayacapos
Kasaxcxuit Hayuonanvuoiil ynusepcumem um. ano-Oapadu, . Armamei, Kazaxcman,

PA3ZPABOTKA ITPO3PAYHBIX, ITPOBOJAIIINX TOHKOIIVIEHOYHBIX
MOKPBITHIA HA OCHOBE METAJLIOB

AHHOTanus.O0BEKTOM HCCIICIOBAHUS SBJISIFOTCS TOHKHE TUICHKH OKCHIOB METAJUIOB (I[MHK,
0JIOBO), MOJYYeHHOE MAarHEeTPOHHBIM OCakAeHHEeM. B pabore mcciemoBaHbl 2IEKTPOPH3HYECKHES
CBOWCTBA TOHKHMX IUIEHOK METAJUIOOKCHIHBIX MOTYITpoBOAHUKOB ZNO uSnOx.

OtpaboTaHbl TEXHOJIOTUYECKHE DPEXHUMBI TOJNYYSHHS METAJUIOOKUCIHBIX IUICHOK METOIOM
PEaKTUBHOTO MArHETPOHHOIO pAaclbUICHHS. B  Tpolecce TOMydYeHHs IUICHOK MEHSUTUCH
TEXHOJIOTUYECKUE TTapaMeTpbl —TeMIIepaTypbl MOJJIOKKH, TaBICHHE W Ta3oBasg aTrMmocdepa B
mporiecce HambUICHHS, MOIIMHOCTh paspsiia. lccienoBaHbl 3aBUCHMOCTH OT  TEMIIEPATypHI
MOJUTOKKM M KOHIIEHTPALMM KHCIOpoJa B pabodeM ra3e KOd(PPHUIMEHTAa NPO3PAuyHOCTH |
YIENBHOTO COMPOTUBIICHHS TUICHOK OKCHIA 0JIOBA M IIUHKA, ONPEICIICHBI ONITUMAJIbHBIC TTApaMETPhI
nporiecca Mojy4eHus IIeHOK. HaOmromaeMble 3aBUCHMOCTH OOBSCHSIOTCS M3MEHEHHEM COCTaBa
IUICHOK ¥ OTKJIAHEHUEM OT CTEXHOMETPHH.

OmpeneneHpl 3aBUCUMOCTH CBOWCTB IJICHOK OT TEMITEPATyphl OT)KUTaA, OT Ta30BOTO COCTaBa
aTMocdepsl B Tporiecce OTKHUTa. [lodydeHbl BBICOKONPO3pPAaYHbIE METAIIOOKCHIHBIC TUICHKU C
HU3KUM HJIEKTPUYECKUM COMTPOTHUBICHUEM.

KawueBbie ciaoBa: Oxcumel metammioB ZnO uSnO;, snmeKTpUYecKoe COMPOTHBIICHUE,
aNeKTpodU3nIecKue CBONCTBA.
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