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SURFACE AND OPTICAL PROPERTIES OF TINDIOXIDE NANO-FILMS 
INFLUENCED BY THE INITIAL SOLUTION COMPOSITION

The surface morphology and optical absorption results of nanostructured SnO2 films, obtained 
using polymers are presented in the work. Optical densities dependencies and evaluation of electronic 
parameters of films are fulfilled for solutions with different contain of tin component. The forbidden 
zone width correlation is noticed for different compositions of solutions. The dimensional quantiza-
tion energy, calculated by two different methods has similar results.

tion. The four-valent tin acetyl acetonate (Sn(acac)4) 
of 1%, 5% and 10% concentrations were used. The 
polymer concentration was one and the same in all 
types of films and was 0,1% of polyvinilacetate.

The tin dioxide layers’ surface morphology was 
investigated by the industrial atom-force microscope 
(ÀFÌ) NanoScope IIIa (Digital Instruments, USA) 
– Courtesy of Lashkarev Institute of Semiconductors 
Physics of Ukrainian National Academy of Sciences. 
Measures were fulfilled by silicon probe with nominal 
radius ~10 nm (firm-producer NT-MDT, Russia), in 
a regime of a periodical contact (Tapping Mode TM). 
The investigated area surface was 500 500 nm2.

The optical absorption for transitions in the waves’ 
interval 300–750 nm was measured for SnO2 layers 
aiming the evaluation the initial solutions’ (acetyl ac-
etonate of Sn (1, 5 and 10%) influence upon the lay-
ers electronic properties. The standard methods were 
used for spectrophotometer CF-46 measurements.

EXPERIMENTAL RESULTS 

The 3-D AFM images for films’ surfaces are given 
at Fig. 1. The least uniform structure is seen for the 
layers, obtained of the solvent with the initial content 
of Sn(acac)4 (1%). The layers become more uniform 
with Sn(acac)4 concentration growth in the initial sol-
vents.

The optical density absorption spectra D( !) are 
given at fig. 2, while analyzing the edge of absorption 
band form it is important to know, only the spectral 
changes of the absorption coefficient, but not it’s va-
lue.

In the optical density spectrum there are two peaks: 
in the red region (1,85 eV for 1%, 1,88 for 5% and 
1,84 eV for 10% Sn(acac)4 and specific for tin dioxide 
peak in the nearest UV region (for 1% — 3,6 eV; for 
5% — 3,5 eV; for 10% — 3,6 eV). The sharp break in 
the UV spectrum may be caused by different reasons. 
It is known [3] that tin dioxide is transparent for the 
nearest UV, and besides that, the glass substrate ab-
sorption gives principal changes to investigated films’ 
spectrum.

INTRODUCTION

Tin dioxide is one of few materials, which may be 
obtained and preserved in a nano scale. It has good 
chemical resistance in aggressive medias and is highly 
sensitive to the environmental changes. These prop-
erties define the preferable use of this material in 
a gas analysis as adsorptive-sensitive elements [1]. 
Quantum-dimensional effects, typical for nanosized 
grains’ materials, allows to extend their application 
to electronic technique. Such materials’ properties 
essentially depend upon the technique of their pro-
duction and many technological parameters. The rea-
gent composition, temperature and time peculiarities 
of the technology essentially influence the chemical 
methods of production. 

Structure’s difference and film materials’ proper-
ties are practically well developed in the optical inves-
tigations. 

An optical radiation interaction investigation re-
sults in transmission spectra of semiconductor films, 
allow to define forbidden zone width, optical transi-
tions at the absorption edge, and to evaluate phonons’ 
and electrons’ dimensional quantization energy.

SAMPLES PRODUCTION TECHNIQUE AND 
THE INVESTIGATIONS METHODS

Transparent thin films of nanostructured tin diox-
ide were obtained using the polymer materials. The 
technique described in [2] comprised several stages, 
which include the polymer material solution prepa-
ration in the solvent and the thin containing organic 
compound insertion into it. The solution formed was 
deposited on the glass substrate, dried and annealed in 
a muffle. The temperature and time of annealing cor-
responded to the temperature and time of polymer‘s 
decomposition. After the polymer‘s decomposition 
products were fully taken away, and the oxidation was 
over, the thin tin dioxide layers were formed with de-
veloped nanoscale structure.

Aiming to determine the initial gels’ composition 
influence (as a technological factor) upon their surface 
morphology the samples were prepared with different 
quantity of the tin containing filler in the initial solu-
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Fig. 1. 3-D AFM images of films’ surfaces: à — 1%, b — 5%, c — 
10% Sn(acac)4 in the initial solvent (image size 500 500 nm2)
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Fig. 2. The optical density spectra of nanostructured SnO2 films, 
obtained from 0,1% PVA solutions  and different Sn(acac)4 

content (1, 5 and 10 %)

DISCUSSION OF RESULTS

The AFM images analysis allows concluding about 
grain nanoscale structure in the films. Average grains’ 
size, determined from the images, consists 10–15 nm. 
The least uniform films were obtained of low concen-
tration Sn(acac)4 solution. 

The forbidden zone width and optical transitions 
character were defined using optical absorption edge 
investigation. The optical density in the absorption 
edge region is presented at fig. 3.
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Fig. 3. Optical density spectra at the absorption edge region: 
1 – 1%, 2 – 5%, 3 – 10% Sn(acac)4 in the initial solution.

The results were replotted in " #
1

0
SD f$ !  (s = 1/2, 

3/2, 2,3) coordinates for the optical transitions types 
definition, and presented at fig. 4.
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Fig. 4. The replotted optical density of the investigated layers in 
the absorption edge region at s=3. Dot and dash line corresponds 

to the same one at fig. 3

The best rectification of a curve takes place at 
1/s =1/3 corresponding to optical density dependence

" #
1

0
SD f$ ! ; This corresponds to indirect forbidden 

transitions with phonons participation. 
The nearest UV zone absorption, which corre-

sponds to the absorption edge at calculation gives the 
forbidden zone width: for 1% — 2,96 eV, for 5% — 
2,95 eV, for 10% Sn(Acac)4 – 2,935 eV. Phonons’ en-
ergy is — 0,14 eV for 1%, 0,07 eV for 5%, 0,135 eV for 
10% Sn(Acac)4.

The calculations results are given at a table

Table

Sn(acac)4 content 
in the solution for 
films production 

1% 5% 10%

Eg 2,96 eV 2,95 eV 2,935 eV

 % 0,14 eV 0,07 eV 0,135 eV

The forbidden zone width values obtained for 
SnO2 layers exceed the known values of amorphous 
layers of this material, which are 2,75–2,8 eV [3]. At 
the same time these values are lower Eg values of crys-
tal tin dioxide. Thus, it may be supposed the consider-
able amount of nanosize crystal clusters in tin dioxide 
amorphous film. 
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As it may be seen from the table, the forbidden 
zone width decreases with the tin containing compo-
nent concentration growth. This coincides with the 
conclusion in [4] that the zone width grows with pores’ 
and grains’ sizes decrease in nanoscale which is a speci-
fic one. Hence, it may be concluded about nanocrystals’ 
sizes decrease in the investigated films, with Sn(Acac)4 
concentration decrease. 

For the cases 1% and 10% Sn(Acac)4in the initial 
solution phonons’ energies are nearly similar 0,14 and 
0,135 eV. For the second case it is divisible by 0,07 eV, 
which allows to suppose several phonons participation 
in the optical absorption. The possibility of phonon 
34 meV in SnO2 is reported in [5]. Taking this into ac-
count it is possible to say about multi phonons (2 and 
4) transitions in the material at the light absorption. 

The optical absorption character witnesses about 
density states tails in the forbidden zone, which de-
fines the energy Eg difference, obtained in our research 
from the reported crystal SnO2 value. The absorption 
peak for IR zone, which corresponds energies: (1,85 
eV for 1%, 1,88 for 5% è 1,84 eV for 10% Sn(Acac)4) 
is situated in the forbidden zone of the material.  This 
may witnesses about some density states in the forbid-
den zone and is specific for amorphous or degener-
ated semiconductor [6].

The results obtained gave the possibility to cal-
culate the dimensional quantization energy for the 
films. The effective mass values for SnO2 carriers are 
different in different sources. The Bohr’s exiton ra-
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using data of [7] gives the value ~2,67 nm, and using 
data of [3] — ~1,28 nm. The holes localization on the 
quantum dimensional object was supposed, therefore 
aB value practically approaches the Bohr’s radius for 
electron in SnO2 (~2,75 nm). 

Using AFM data and me values from literature, the 
dimensional quantization energy may be estimated 
according formula in [8]:
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Nanocristallites’ radius mean value in our case ac-
cording to atom force microscopy data was 5–7 nm. 
By substituting these values to the dimensional quan-
tization energy formula given in [9], we shall obtain 

dimensional quantization energy value 
01

eE  (for levels 
with l = 0 n = 1) using effective masses data from [7] 
~0,63 eV, and from [3] - ~0,31 eV. If the same energy 
is calculated from the measured optical density spec-
tra results, as a difference of the first absorption maxi-

mum energy value, corresponding to energy 01,e

g
E E/  

and forbidden zone energy values (2,96 eV – 1%, 
2,95 eV – 5% and 2,935 eV – 10% Sn(acac)4), then 
we shall obtain the following mean values [0,64 010,09] 
eV for 1%; [0,551010,08] eV for 5%; [0,66 010,1] eV for 
10%. The 15% error is considered. 

In our case, the Bohr’s mean radius for nanocrys-
tallite is twice exceeds Bohr’s radius value. At the 
same time, as it is shown in [8], holes dimensional 
quantization energy, practically did not influence the 

absorption spectra types. The calculations methods 
using optical absorption spectra give good matching 
of results. 

CONCLUSIONS

After the surface morphology and optical absorp-
tion investigations of tin dioxide films obtained from 
solutions of various compositions, the following re-
sults were obtained:

— The forbidden band value dependence on the 
tin containing substance quantity in the initial solu-
tion. The band gap was 2,96 eV for 1%, 2,95 eV for 
5%, 2,935 eV for 10% Sn(Añàñ)4. Thus, the tin con-
taining fuller concentration growth in the initial so-
lution gives the forbidden zone value decrease in the 
obtained films. This may witnesses about nanocrystal-
lites’ sizes growth in the films.

— The phonons’ component plays the principal 
role in the light absorption. The phonons’ energies, 
which took part in the optical transitions were 0,14 
eV for 1%, 0,07 eV for 5% and 0,135 eV for 10% of 
Sn(Añàñ)4 and correspond to multyphonons transi-
tions.

— The optical absorption character, witnesses 
about density states “tailes” in the forbidden zone. 
This defines energy Eg, difference between obtained 
in our work and for crystal SnO2. 

— evaluation of a dimensional quantization is ful-
filled by two methods: analytically using AFM data, 
and by means of optical density spectra; results ob-
tained by these two methods are in a good agreement.

References

1. Microstructure and physical properties SnO2 thin films / 
S. I. Rembeza, T. V. Svistova, E. S. Rembeza, O. I. Borsyakova 
// Semiconductors (Russian Academy of Sciences Journal), 
2001, Vol. 35, ed.7, P. 796–799.

2. Production and properties of thin nanostructured films of 
tindioxide / V. S. Grinevich, L. N. Filevskaya, V. A. Smyntyna, 
Yu. N. Anisimov, S. N. Savin, T. V. Borovskaya. — Collection 
of scientific works. The Chernivtzy University Scientific 
Herald. Chernivtzy: Ruta, 2005, — P. 72–76.

3. Optical and electrical properties of tin dioxide doped films / 
G. P. Skornyakov, T. P. Surkova, V. I. Sokolov, S. I. Martynova, 
T. P. Chukina. — In the book: Optical investigations of 
semiconductors. Sverdlovsk. 1980. — P. 90–93.

4. Bisi O., Ossicini S., Pavesi L. Porous silicon: a quantum sponge 
structure for silicon based optoelectronics // Surface Science 
Reports, 38, 2000, P. 1–126.

5. Peercy S., Morosin B. Pressure and temperature dependence 
of the Raman-active phonons in SnO2, Phys. Rev. B7, 2779 
(1973).

6. Emin D. in L. Kazmersky (ed.) Polycrystalline and amorphous 
thin films and device, translation in to Russian, (“MIR” 
publishing house ed., Moscow, 1983). — P. 24–66.

7. Button K. J., Fonstad C. G., Debrodt W. Determination of the 
electron masses in stannic oxide by submillimeter cyclotron 
resonance, Phys. Rev. B4, 4539 (1971).

8. Kulish N. R., Kunets V. P., Lisitsa M. P. The semiconductor 
microcrystals absorption spectra at the condition of 
dimensional quantization. Ukrainian Physical Journal, 35, 
1817–1821 (1990).

9. The absorption spectra evolution at the transition from bulk 
to quantum-dimensional crystals CdSxSe1-x / N. R. Kulish, V. 
P. Kunets, M. P. Lisitsa, N. I. Malysh. — Ukrainian Physical 
Journal, 37, 1141-1146 (1992).



9

UDC 621.315.592

V. A. Smyntyna, L. N. Filevskaya, V. S. Grinevich

SURFACE AND OPTICAL PROPERTIES OF TINDIOXIDE NANO-FILMS INFLUENCED BY THE INITIAL SOLUTION 
COMPOSITION

The surface morphology and optical absorption results of nanostructured SnO2 films, obtained using polymers are presented in the 
work. Optical densities dependencies and evaluation of electronic parameters of films are fulfilled for solution with different contain 
tin component. The forbidden zone width correlation is noticed for different compositions of solutions. The dimensional quantization 
energy, calculated by two different methods has similar results.

ÓÄÊ 621.315.592

Â. À. Ñìèíòèíà, Ë. Í. Ô³ëåâñüêà, Â. Ñ. Ãð³íåâè÷

ÂÏËÈÂ ÑÊËÀÄÓ ÂÈÕ²ÄÍÈÕ ÐÎÇ×ÈÍ²Â ÍÀ ÏÎÂÅÐÕÍÅÂ² É ÎÏÒÈ×Í² ÂËÀÑÒÈÂÎÑÒ² ÍÀÍÎÏË²ÂÎÊ ÄÂÎ-
ÎÊÈÑÓ ÎËÎÂÀ

Ó ðîáîò³ ïðåäñòàâëåí³ ðåçóëüòàòè äîñë³äæåíü ïîâåðõíåâî¿ ìîðôîëîã³¿ é îïòè÷íîãî ïîãëèíàííÿ íàíîñòðóêòóðîâàíèõ ïë³-
âîê SnÎ2, îòðèìàíèõ ç âèêîðèñòàííÿì ïîë³ìåð³â. Ðîçãëÿíóòî çàëåæíîñò³ îïòè÷íî¿ ãóñòèíè ³ ðîçðàõîâàí³ åëåêòðîíí³ ïàðà-
ìåòðè ïë³âîê ç ðîç÷èí³â ç ð³çíèì âì³ñòîì îëîâîâì³ùóþ÷î¿ ðå÷îâèíè. Ïîì³÷åíî êîðåëÿö³þ øèðèíè çàáîðîíåíî¿ çîíè ïë³âîê 
³ ñêëàäó ãåë³â äëÿ îäåðæàííÿ ïë³âîê. Åíåðã³ÿ ðîçì³ðíîãî êâàíòóâàííÿ, ðîçðàõîâàíà ïî äâîõ ð³çíèõ ìåòîäèêàõ, äàº áëèçüê³ 
çíà÷åííÿ.
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Â. À. Ñìûíòûíà, Ë. Í. Ôèëåâñêàÿ, Â. Ñ. Ãðèíåâè÷

ÂËÈßÍÈÅ ÑÎÑÒÀÂÀ ÈÑÕÎÄÍÛÕ ÐÀÑÒÂÎÐÎÂ ÍÀ ÏÎÂÅÐÕÍÎÑÒÍÛÅ È ÎÏÒÈ×ÅÑÊÈÅ ÑÂÎÉÑÒÂÀ ÍÀÍÎÏ-
ËÅÍÎÊ ÄÂÓÎÊÈÑÈ ÎËÎÂÀ

Â ðàáîòå ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèé ïîâåðõíîñòíîé ìîðôîëîãèè è îïòè÷åñêîãî ïîãëîùåíèÿ íàíîñòðóêòó-
ðèðîâàííûõ ïëåíîê SnO2, ïîëó÷åííûõ ñ èñïîëüçîâàíèåì ïîëèìåðîâ. Ðàññìîòðåíû çàâèñèìîñòè îïòè÷åñêîé ïëîòíîñòè è 
ðàññ÷èòàíû ýëåêòðîííûå ïàðàìåòðû ïëåíîê èç ðàñòâîðîâ ñ ðàçëè÷íûì ñîäåðæàíèåì îëîâîñîäåðæàùåãî âåùåñòâà. Çàìå÷åíà 
êîððåëÿöèÿ øèðèíû çàïðåùåííîé çîíû ïëåíîê è ñîñòàâà ðàñòâîðîâ äëÿ ïîëó÷åíèÿ ïëåíîê. Ýíåðãèÿ ðàçìåðíîãî êâàíòîâà-
íèÿ, ðàññ÷èòàííàÿ ïî äâóì ðàçëè÷íûì ìåòîäèêàì, äàåò áëèçêèå çíà÷åíèÿ.


