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The extraction-pyrolytic method has been applied to produce the ZnO
and CdO-ZnO thin films on glass and quartz glass substrates. According to X-
ray diffraction measurements, the ZnO and CdO phases have been produced
with an average size of crystallites about 842 nm in the films. The thickness
of the layers measured by a profilometer has been up to 150 nm. The surface
morphology measurements show that the surface of the films may be rough
and non-continuous. The SEM results confirm the dependence between the
preparation procedure and the quality of the thin film.
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1. INTRODUCTION

Zinc oxide ZnO is an n-type semiconductor. Due to its crystalline structure pa-
rameters, wide band gap (approximately 3.7 eV at room temperature), high exciton
bound energy (60 meV) and possibilities to embed several impurities, ZnO has good
optical, electrical, piesoelectrical and magnetic properties [1]. The above-mentioned
properties can be changed by adding appropriate amounts of impurities or by alloy-
ing ZnO with other materials. As an example, the band gap of the pure ZnO of 3.37
eV could be increased up to 7.8 eV by adding the MgO [2], or decreased to 2.3 eV
by adding the CdO [3]. ZnO serves as important material with various applications
in production of photodetectors, light diodes, biosensors, solar batteries, etc. [1],
[4]-[8].

CdO-ZnO thin films can be produced by several known technologies, such as
chemical vapour deposition, “sol-gel” technique, laser ablation, radio-frequency and
DC magnetron sputtering methods [9]-[14]. Each method has advantages and disad-
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vantages in terms of production procedures, equipment costs and resulting product
properties; therefore, the development of new semiconductor production methods
remains challenging.

The aim of the present research is to produce the thin films of CdO-ZnO by
the extraction-pyrolytic method (EPM) [14]. Comparing with other production tech-
niques of thin films the EPM has several advantages. In case of using the EPM
vacuum or high pressure, high electrical and magnetic fields, low or high tempera-
tures are not necessary. This technology is simple and corresponds to the ecological
standards. In principle, the EPM allows varying and optimising the composition,
structure and properties of composite materials [15].

2. EXPERIMENTAL PROCEDURE

In order to produce the thin layers of ZnO and CdO-ZnO, the cadmium and
zinc extracts were prepared. Zinc and cadmium were extracted from chloride so-
lutions by the caproic acid without use of organic solvents, previously adding the
sodium hydroxide solution in stoichiometric proportions. In order to remove the
sodium ions from the organic phase, the extracts were flushed 3 times with newly
prepared zinc chloride or cadmium chloride solutions. The extraction of the metal
cations occurs according to the cation exchange mechanism as shown by the follow-
ing reaction:

Me(”w) + nHR(O) 0+ nH(W),

where w refers to the water phase and o — to the organic phase.

— MeR,

In order to determine the exact concentration of cadmium in the cadmium ex-
tract, in a platinum crucible appropriate volume of the extract was heated to 600 °C
and held at this temperature for 30 minutes. The exact mass of the produced CdO
and the concentration of the cadmium extract were calculated. The concentration of
cadmium extract was found to be 0.31 mol/L.

In order to determine the exact concentration of zinc in the zinc extract, in a
platinum crucible known volume of cadmium extract was added to an appropriate
volume of zinc extract and the prepared mixture of extracts was heated to 600 °C
(in muffle furnace SNOL 8,2/1100 L “UMEGA”) and kept at this temperature for
30 minutes. In parallel, the procedure was repeated with the mixture of known vol-
ume of cadmium acetate dihydrate solution in ethanol with known concentration and
known volume of zinc extract. The ratio between zinc and cadmium in the produced
samples was determined by using the EDAX Eagle III Micro-XRF elemental analy-
ser. The found ratios were used to calculate the concentration of zinc extract. Two
independent calculations of the concentration of zinc extract gave the same results.
The concentration of zinc extract was found to be 0.048 mol/L.

In additional, the solution of the cadmium acetate in ethanol with a concen-
tration of 0.048 mol/L was prepared. In order to produce thin films with different
compositions, the prepared organic extracts and cadmium acetate solutions were
mixed in different proportions. Extracts and their solutions were additionally diluted
with caproic acid and ethanol. Defined volumes of prepared organic solutions were
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applied on the glass or the quartz glass substrates. The substrates were previously
treated by a 10 % NaOH solution, washed in hot water, dried and treated with di-
chloroethane in an ultrasonic bath. After the evaporation of the solvent, the samples
were heated under constant heating rate (v, ) from room temperature to the thermal
treatment temperature (T ) and held at this temperature for a definite time (t ).
Before the thermal treatment at high temperatures, the samples were dried at room
temperature. This cycle of the application of organic precursor and thermal treatment
in air was repeated several times. The conditions of the process are shown in Table 1.

The XRD patterns were obtained by a PANalytical X’Pert PRO spectrometer
at the wavelength of 1.542 A (Cu K,). In order to calculate the mean size of crystal-
lites, preliminary processing of the resulting X-ray diffraction data was performed
by using Origin software. For the determination of the size of crystallites (z), the
Scherrer equation was used:

e KA
Bcosf’

where K is a dimensionless shape factor with a value of about 0.94, but varies with
the actual shape of the crystallite; 4 is the X-ray wavelength; f is the line broaden-
ing at half the maximum intensity (FWHM), after subtracting the instrumental line
broadening, in radians, which was calculated by using peak shape approximation
with the Pseudo-Voigt function; 6 is the Bragg angle.

The thickness-profile measurements of the thin films were performed by a
Vecco Dektak 150 Surface Profiler profilometer. The stylus radius was around 12.5
um and the stylus force equalled 0.03—-3 mg. The surface morphology of the thin
films was evaluated by scanning electron microscopy (SEM). Secondary electrons
and backscattered electrons were detected.

Table 1

Thin Film Preparation Conditions (I — Zinc Extract, II — Cadmium Extract,
III - Cadmium Acetate in Ethanol)

Abbreviation Type of used | Total number .
. . Composition | Volume of the
of the thin film | substrate and | of the applica- . . Thermal treat-
. . of the subli- sublimated .
and its expect- | the covered tion-thermal . ment condi-
. mated organic | precursor solu- .
ed chemical area of sub- treatment . . tions
o ) solution tion, mL
composition strate, cm cycles
Ly, =7°C/
A* min, T =300
790 Glass (19.5) 1 precursor | 0.82 C,t,,,= 0 min
(Zn0) 2.T, =350°C,
t =30 min
mixture of Vh?a‘-zls c
recursor [ min (cycles
P ’ 0.16 (cycles | 1-5), T =350
precursor 111 o ann.
B Glass (19.5) 5 and caproic 1-2) C (cycles
(CdO-7Z10) ‘ acid invofume | 032 (cycles | 1-4), T, =400
- 3-5) °C (cycle 5),
proportion of ¢ =5 min
1:0.147:1 ann.
(cycles 1-5)
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C Quartz glass mixture of 0.16 (cycles Ve =15 °C/
(CdO-7Zn0) (19.6) precursor I, 1-2) min (cycles
precursor III 1 0.32 (cycles | 1-5), T,,, =350
and caproic 3-5) °C (cycles
acid in volume 1-4), T =400
proportion of °C (cycle 5),
1:0.147:1 t,.. =5 min
(cycles 1-5)
D Quartz glass mixture of 0.15 (cycles Vi =15 °C/
(CdO-75Zn0) (19.6) precursor I, 1-8) min (cycles
precursor 111 1-8), T =350
and caproic °C (cycles
acid in volume 1-7), T =400
proportion of °C (cyclé 8),
1:0.0133:1 t =5 min
(cycles 1-7),
t =30 min
(cycle 8)
E Quartz glass mixture of 0.19 (cycles Vi =15 °C/
(4Cd0-7Zn0) (19.6) precursor I, 1-8) min (cycles
precursor 11 1-8), T _ =350
and caproic °C (cycles
acid in volume 1-7), T, =400
proportion of °C (cycle 8),
1:0.57:1 t,.=5 min
(cycles 1-7),
t .,=60 min
(cycle 8)
F Quartz glass mixture of 0.10 (cycles Ve =15 °C/
(CdO) (13.4) precursor 11 1-8) min (cycles
and caproic 1-8), T =350
acid in volume °C (cycles
proportion of 1-7), T =400
1:5.25 °C (cyclé 8),
t =5 min
(cyéles 1-7),
t =30 min
(éycle 8)
G Quartz glass mixture of 0.10 (cycles Vi =15 °C/
(CdO-7Zn0) (13.4) precursor I, 1-8) min (cycles

precursor 11
and caproic
acid in volume
proportion of
1:0.022:1.12

1-8), T =350
°C (cycles
1-7), T, =400
°C (cycle 8),
t, =5 min
(cycles 1-7),

t .,=30 min

a

(cycle 8)

*thermal treatment performed by inserting the sample in the preheated chamber
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3. RESULTS AND DISCUSSION

XRD patterns of the ZnO and CdO-ZnO thin film are shown in Figs. 1-4.
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Fig. 1. XRD patterns of films A and B.

For the ZnO thin film on the glass substrate, several diffraction maxima were
observed at (100), (002), (101), (012) and (110) crystallographic plane orientations.
For the thin film B on the glass substrate, the (100) and (002) crystallographic plane
orientations could be observed; however, the diffraction peaks were less intense
compared to the diffraction peaks on the ZnO diffractogram.
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Fig. 2. XRD patterns of films C and D.

In contrast to the thin film B on the glass substrate, on the diffractogram of
thin film C, which was produced on the quartz glass substrate, additional diffrac-
tion maxima at crystallographic plane orientations (111), (200) and (202) could be
observed. By comparing the diffraction maxima of all thin films with the data of
the Crystallography Open Database [16]-[18], it turned out that all the diffraction
maxima (100), (002) and (101) corresponded to the hexagonal wurtzite ZnO struc-
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ture. However, the (111), (200) and (202) diffraction maxima corresponded to the
cubic CdO structure (creation of mixed ZnO and CdO crystallographic phases was
not observed). Taking into account that all diffraction maxima of the thin films were
observed at several orientations of crystallographic planes, we concluded that our
investigated thin films had polycrystalline structures. Creation of Cd Zn,_O crystal-
lographic phase was possible only in case of sample B because of shifting of the dif-
fraction peak (100) towards lower angles  (Cd Zn,_ O — solid solution of zinc oxide
and cadmium oxide; xCdO-yZnO — a mixture containing several phases, x and y are
moles). In case of sample D, the shifting of ZnO diffraction peaks was not observed.
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Fig. 3. XRD patterns of films E and F.

On the diffractograms of samples E, F and G intensive diffraction maxima
are visible, which correspond to the otavite CdCO,. The presence of CdO phase with
cubic structure in the samples is also confirmed. The presence of mixed Cd Zn, O
crystallographic phase is not confirmed by XRD.
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Fig. 4. XRD pattern of film G.
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In air the second reaction is possible:

CdO+CO, —21C 5 CdCO,.

The process of the formation of cadmium carbonate after decomposition of or-
ganic precursors is also possible, but the process described by the above-mentioned
reaction has a higher chance to occur. The process of the decomposition of organic
precursors should be performed and investigated in inert atmosphere at higher tem-
peratures. Thin films produced after thermal treatment should be cooled in inert at-
mosphere to avoid the interaction with carbon dioxide.

The calculated average size of crystallites in the ZnO thin film on the glass
substrate is 8-39 nm. For the thin films with chemical composition of CdO-7Zn0O,
the size of the crystallites of ZnO phase is 15-19 nm and 8—14 nm for the glass and
quartz substrates respectively, and the sizes of CdO crystallites are 842 nm. It could
be observed that the size of the ZnO crystallites diminished in presence of the CdO
phase in the sample. The intensities of the diffraction peaks of ZnO phase became
also weaker. It is possible that the presence of cadmium affects the formation of ZnO
phase with high crystallinity.
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Fig. 5. SEM microphotograph of sample A (A — at lower magnification; B — at higher magnification).

The surfaces of the samples A and C are shown in Fig. 5 and Fig. 6, respec-
tively. The surface of sample A has a lower quality and is rougher.

The bad quality of the thin film A can be explained by the intensive gas release
process when a larger amount of organic precursor is decomposed (see Table 1). The
uniform organic layer is not always formed on the substrate after the evaporation
of diluent (after thermal treatment non-continuous oxide film is produced); hence,
the additional cycle of the application of organic precursor and thermal treatment is
necessary to produce a more uniform oxide film. In addition, the temperature of 350
°C may not be sufficient for the total decomposing of organic precursor, so some
amorphous phases may remain in the thin film A. The results of analysis of SEM
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microphotograph are in a good correspondence with the results of profile measure-
ments of the thin films.
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Fig. 6. SEM microphotograph of sample C (A — at lower magnification; B — at higher magnification).

Measurements of the thickness of thin films showed that the thin ZnO film on
the glass substrate was 150 nm thick, whereas the thickness of the thin films with
chemical composition of CdO-7ZnO on both the glass and the quartz glass substrate
equalled approximately 100 nm. It was established during the production of thin
films that the thickness of the resulting film could be controlled by varying the vol-
ume of applied organic solution.

4. CONCLUSIONS

Zn0O and CdO-ZnO thin films have been produced for the first time by the
extraction-pyrolytic method. The produced CdO and ZnO layers are polycrystalline
with an average size of crystallites about 842 nm. The formation of the cadmium
carbonate phase in the CdO containing films has been confirmed. The resulting qual-
ity of thin film depends on its production technology.
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ZnO UN CdO-ZnO PLANO KARTINU IEGUSANA AR EKSTRAKCIJAS-
PIROLITISKO METODI

A. Cvetkovs, O. Kiselova, U. Rogulis, V. Serga, R. Ignatans

Kopsavilkums

Darba ZnO in CdO-ZnO plano kartinu iegtsanai uz stikla un kvarca stikla
pamatném tika izmantota ekstrakcijas-pirolitiska metode. Rentgenstaru difrakcijas
dati norada uz ZnO un CdO kristalisko fazu veidoSanos ar vid&jo kristalitu izmé&ru
8-42 nm kartinas. Ar profilometru noteiktais iegtito kartinu biezums sasniedza 150
nm. Virsmas morfologijas mérijumi parada, ka kartinas var biit nelidzenas un var
pilnigi neparklat pamatnes virsmu. Mainot kartinu iegtiSanas tehnologiju, var butiski
ietekmet parklajumu kvalitati. Par to liecina iegtitas kartinu SEM mikrofotografijas.
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