
4

1. INTRODUCTION 

Tin oxide SnO
2
 is well known as material for gas 

sensors [1-8]. The most important reasons of tin ox-
ide use in sensor applications are chemical stability 
to different aggressive chemical pollutants and high 
temperature treatment [1]. Those advantages allow 
fabricating different types sensors, based on tin oxide 
to different gases [2]. Another application of tin oxide 
thin films is optics where they have been successfully 
used as transparent conducting electrodes in optical 
devises [2-7]. Tin oxide thin films have been success-
fully used for measurements in liquids to detect am-
monia in water [2]. 

It was published that tin oxide films consisting of 
nanoparticles showed different properties from typical 
polycrystalline films [3-8]. The optical characteriza-
tion of the films was performed in [4]. The thickness 
and refractive index have been calculated. The crystal-
line size was estimated by means of optical methods 
using the absorption spectra [4]. It was observed blue 
shift of optical absorption spectra in comparison with 
polycrystalline samples [4]. The value of band gap es-
timated from optical absorption spectra was 0,2-0,6 
eV bigger, than to tin oxide single crystal (E

g
=3,6 eV). 

Electrical characterization of nanocrystalline tin 
oxide films has been performed in [3, 4]. No Shotky 
barriers have been observed and non ohmic behavior 
was verified [3]. However, the correct explanation of 
charge transfer in tin oxide tin oxide nanocrystalline 
films has not been performed. 

In this work experimental results of investigation 
of electrical properties are reported. Current-voltage 
and temperature dependence of current have been 
performed. Results of structural properties of the films 
have been reported. Activation energies were deter-
mined. Conductivity mechanism in tin oxide nano-
crystalline films has been proposed. 

2. EXPERIMENTAL 

Tin oxide thin films were deposited with electro-
static spray pyrolysis technique, described in [1-3]. 
For deposition, tin chloride (IV) ethanol solution was 

used [2]. Tin chloride concentration of sprayed solu-
tion and sprayed solution volume were kept constant 
and equaled c=0,01 mol/l and v=10 ml, correspon-
dently. Glass substrates, with pretreatment in ethanol 
and ultrasonic bath, were used for films’ fabrication. 
Applied static voltage between capillary and glass sub-
strate was 17 kV. After deposition, the obtained sam-
ples have been annealed at 793 K during 1 hour. 

I-V characterization was measured in the range 
of 0-200 V under different temperatures 293-393 K. 
Temperature dependence of current was performed at 
the same temperature range and with applied voltage 
kept constant 60 V. 

Atomic Force Microscopy (AFM) has been per-
formed on the deposited SnO

2 
layers in order to inves-

tigate the surface morphology of the films. 
XRD measurements have been performed with 

Philips X’Pert-MPD (CuK
 
, !=0,15418 nm) difrac-

tometer to identify the nature of deposited material 
and determine crystalline size. 

 

Fig. 1. AFM image of tin oxide film. 
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3. RESULTS AND DISCUSSION 

The thickness of obtained films, estimated by 
means of profilometer Tencor P7, was 310 nm. AFM 
images of tin oxide nanocrystalline films are presented 
in figures 1, 2. The images refer to 5x5  m2 and 800x800 
nm2 areas of tin oxide surface. The one can see that 
the film had polycrystalline structure with well shaped 
grains. Wiskers of 200-250 nm height were observed on 
the surface of the film. It points to high concentration 
of point defect on the surface of thin films [2]. Surface 
roughness (Rms) of the films was 26,2 nm, what seems 
to be suitable for sensor application. 

XRD data is presented in figure 3. The one can see 
peaks at 2": 26,5 , 34,5, 37,8 , 51,4, corresponding to 
tetragonal crystalline phase of tin oxide and one peak 
at 2"=65,2, which represents orthorhombic phase of 
tin oxide [7,8]. 

Crystalline size and lattice strain have been deter-
mined in figure 4, according to equation [7, 8]: 

 
# $ # $cos sin0,9

d

%& " ' & "
( )

! !
 (1) 

Fig. 2. 2-DAFM image of surface of tin oxide films. 

Previously [4], the crystalline size of tin oxide, de-
posited at the same conditions, determined from opti-
cal absorption spectra was 5,2 nm. However analysis of 
the AFM data showed surface agglomerates with aver-
age size of about 20 nm (fig. 2). On the other hand, 
crystalline size value, determined by XRD method, 
was compatible with optical absorption data. Simi-
lar behavior has been observed in [7], when electron 
microscopy images gave crystalline size of 100 nm 
whereas XRD analysis showed particles with 10 nm 
size. This phenomenon can be explained by formation 
of agglomerates by low size crystallites. 

I-V characteristics are presented in fig.5. In or-
der to analyze charge transfer mechanism they have 
been plotted in different scales (fig.6, 7). At low volt-
ages (U<50 V) the one can see linear parts in Fren-
kel-Pool’s scale [3]. It may say that under low applied 
voltages the dominant mechanism is hoping conduc-
tivity within surface trapping states. Calculated value 
of trapping potential was 0,25 eV. The nature of the 
trapping levels have been discussed in [3, 8]. It is said 
that trapping states can be formed tin oxide biographic 
defects at grain boundaries and crystalline interfaces 
[8]. 
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Fig. 3. XRD data of tin oxide thin films. where d-crystalline 
size in nanometers, !=0,154 nm, " — diffraction angle, corre-
sponding to XRD peak, %–peak width at half maximum, ' –lat-
tice strain [8]. The obtained values were 5,54 nm and 0,027 for d 
and ', correspondently. 
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Fig. 4. Determination of crystalline size and lattice strain of 
tin oxide thin films. 
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Fig. 5. I-V plots of tin oxide thin films. 
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Fig. 6. I-V plots, rebuilt in Frenkel’s-Pool scale. 

With increase of applied voltage (U>50 V) mea-
sured I-V data showed Ohmic behavior. Only at T>353 
K nonlinear part was observed. 

Temperature dependence of current, measured 
under constant value of applied voltage U=60 V, was 

plotted in 
1

ln ~I
T

scale and two linear parts were 

found (fig.8). Activation energy values were 0,16 eV 
and 0,24 eV for low and high temperature regions 
correspondently. The activation energies E

1
=0,16 eV 

and E
2
=0,24 eV correspond to double ionized oxygen 

vacancies and defect states [8]. The one can see good 
correlation between energy values determined from 
I-V measurements and temperature dependences of 
current. In both cases the same surface states have 
been observed. 
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Fig. 7. I-V plots, rebuilt in double logarithm scale. 

CONCLUSION 

Electrical and structural properties of tin oxide 
nanocrystalline films have been investigated. AFM 
analysis showed that the obtained films had poly-
crystalline nature with rough surface and wiskers, 
what makes these films attractive for sensor applica-
tions. 

XRD measurements showed peaks, typical for tin 
oxide. Crystalline size, determined from XRD mea-
surements, was 5,54 nm. T 

I-V data showed two main charge transfer mecha-
nisms. Under applied voltages U<50 V at room tem-
peratures the charge transfer mechanism satisfies 
Frenkel-Poole equation for hopping conductivity, 
within surface states with activation energy 0,25 eV. 
Under U>50 V the Ohm’s mechanism dominates. 

The temperature dependence of current had two 
linear parts in Arrenius scale. The activation energies 
E

1
=0,16 eV and E

2
=0,24 eV concerned with oxygen 

vacancies and surface state defects. 
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Fig. 8. Temperature dependence of current of tin oxide nano-
crystalline films. 
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Ð. Â. Âèòåð, Â. À. Ñìûíòûíà, È. Ï. Êîíóï, Þ. À. Íèöóê, Â. À. Èâàíèöà 

ÌÅÕÀÍÈÇÌ ÏÐÎÂÎÄÈÌÎÑÒÈ Â ÒÎÍÊÈÕ ÍÀÍÎÊÐÈÑÒÀËËÈ×ÅÑÊÈÕ ÏË¨ÍÊÀÕ ÎÊÑÈÄÀ ÎËÎÂÀ 

Ðåçþìå 
Ñòðóêòóðíûå ñâîéñòâà íàíîêðèñòàëëè÷åñêèõ ïë¸íîê îêñèäà îëîâà áûëè èçó÷åíû ïðè ïîìîùè ìåòîäîâ àòîìíîé ñèëîâîé 

ìèêðîñêîïèè è äèôðàêöèè ðåíòãåíîâñêîãî èçëó÷åíèÿ. Áûëè îïðåäåëåíû ìîðôîëîãèÿ ïîâåðõíîñòè, âåëè÷èíû åå øåðîõî-
âàòîñòè, ðàçìåðîâ êðèñòàëëèòîâ è ìåõàíè÷åñêîãî íàïðÿæåíèÿ êðèñòàëëè÷åñêîé ðåøåòêè. Âîëüò-àìïåðíûå õàðàêòåðèñòèêè 
îáðàçöîâ áûëè èçó÷åíû ïðè ðàçíûõ òåìïåðàòóðàõ. Òåìïåðàòóðíàÿ çàâèñèìîñòü òåìíîâîãî òîêà áûëà èçó÷åíà. Ýíåðãèè àêòè-
âàöèè ïðîâîäèìîñòè áûëè îïðåäåëåíû. 

Êëþ÷åâûå ñëîâà: îêñèä îëîâà, âîëüò-àìïåðíûå õàðàêòåðèñòèêè, àòîìíàÿ ñèëîâàÿ ìèêðîñêîïèÿ è äèôðàêöèÿ ðåíòãåíîâ-
ñêîãî èçëó÷åíèÿ. 
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ÌÅÕÀÍ²ÇÌ ÏÐÎÂ²ÄÍÎÑÒ² Â ÒÎÍÊÈÕ ÍÀÍÎÊÐÈÑÒÀË²×ÍÈÕ ÏË²ÂÊÀÕ ÎÊÑÈÄÓ ÎËÎÂÀ 

Ðåçþìå 
Ñòðóêòóðí³ âëàñòèâîñò³ íàíîêðèñòàë³÷íèõ ïë³âîê îêñèäó îëîâà áóëî äîñë³äæåíî çà äîïîìîãîþ ìåòîä³â àòîìíî¿ ñèëîâî¿ 

ì³êðîñêîï³¿ òà äèôðàêö³¿ ðåíòãåí³âñüêîãî âèïðîì³íþâàííÿ. Áóëî âèçíà÷åíî ìîðôîëîã³ÿ ïîâåðõí³, âåëè÷èíè ¿¿ íåîäíîð³ä-
íîñò³, ðîçì³ð³â êðèñòàë³ò³â òà ìåõàí³÷íîãî íàïðóæåííÿ êðèñòàë³÷íî¿ ãðàòêè. Âîëüò-àìïåðí³ õàðàêòåðèñòèêè çðàçê³â áóëî äî-
ñë³äæåíî ïðè ð³çíèõ òåìïåðàòóðàõ. Òåìïåðàòóðíó çàëåæí³ñòü òåìíîâîãî ñòðóìó áóëî ïîáóäîâàíî. Åíåðã³¿ àêòèâàö³¿ ïðîâ³ä-
íîñò³ áóëè âèçíà÷åí³. 

Êëþ÷îâ³ ñëîâà: îêñèä îëîâà, âîëüò-àìïåðí³ õàðàêòåðèñòèêè, àòîìíà ñèëîâà ì³êðîñêîï³ÿ òà äèôðàêö³ÿ ðåíòãåí³âñüêîãî 
âèïðîì³íþâàííÿ. 


