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Effects of different growing conditions on
the structure and properties of obtained by sol-
gel method ZnO seed-layer film are observed.
The recent progress in the field of synthesis of
ZnO seed-layer film for growing of vertically
oriented nanorods is given. The correlation be-
tween type, concentration of sol-gel and an-
nealing temperature of ZnO seed-layer film for
obtaining of high-quality ZnO nanorods is es-
tablished. Reference 15, figures 5, tables 1.
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Introduction

Nowadays ZnO became a promising compo-
nent in a wide range of nanoscale devices for fu-
ture application. It is an attractive material for elec-
tronics, photonics and sensing due to having exotic
and versatile properties such as mechanical, pie-
zoelectric, optical and electrical properties, bio-
compatibility, nontoxicity, chemical and photo-
chemical stability, high specific surface area, opti-
cal transparency, electrochemical activities and so
on [11]. On other hand, ZnO is attracting consider-
able attention due to its unique ability to form a va-
riety of nanostructures such as nanowires,
nanoribbons/nanobels, nanocombs, nanorings,
nanocages, nanocastle, nanofibers etc. ZnO nano-
rods/nanowires have been employed as bio- or gas
sensitive element of acoustic wave sensors [15].
ZnO nanorods provide giant effective surface area
and strong bonding sites and this way allow more
precision managing of their properties and charac-
teristics.

ZnO can be manufactured in a controlled man-
ner to produce nanostructures with a uniform size,
distribution and orientation by vapor-phase synthe-
sis, laser ablation, electrochemical method, chemi-
cal method, hydrothermal method etc. Hydrother-
mal method has many advantages when compared
to the most common vapor-phase synthesis, such
as low-cost, low temperature, scalability and ease
handling.

Generally, there are two main steps in ZnO
nanostructures growing: (1) preparation of a seed-
textured ZnO thin layer and (2) the nanostructures
array growth. For the first step atomic layer deposi-
tion (ALD) [2], RF sputter deposition [1, 3], sol-gel
method [4-10, 12-14] can be applied. Sol-gel tech-
nique of the seeds preparation is a low-cost proc-
ess. Moreover it is attractive due to ability to con-
veniently synthesize the films with required proper-
ties for a given application. The length and diame-
ter of the nanowires are highly dependent on the
crystalline properties (i.e., grain size) of the seed-
ing layer films. Typical pre-seeding methods in-
clude thermal decomposition of the precursor; spin
coating of sol-gel solution and annealing at certain
temperature to improve ZnO particles adhesion to
the substrate. The type and concentration of pre-
cursor, annealing temperature have an obvious in-
fluence on the surface structure of ZnO films.

Nowadays there is intensive study of ZnO
properties and application in nanotechnology and
others fields, but not all problems are solved, such
as correlation between growth conditions, geomet-
ric parameters and properties of these structures.
Solving of these problems allows enhancement of
the application in various devices.

In this paper the effects of different conditions
of ZnO seed-layer growing by sol-gel method are
discussed and critical revive of the recent progress
in this field is given.

Effect of the precursor material

It was shown that the morphological features of
the sol-gel derived thin films of ZnO depend
strongly on the choice of the precursor materials. In
general, zinc acetate is the precursor material for
preparation of ZnO films using sol—gel process or
spray pyrolysis techniques [4, 8]. However, zinc ni-
trate [13] has also been used for preparation of the
seed layer.

The work [6] has shown that the films of ZnO
prepared by using zinc nitrate exhibit dendrites
while those using zinc acetate are uniform and
smooth. As an example, the set of micrographs in
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Fig. 1 depict the general character of morphological
features as revealed by SEM for the ZnO film
grown on a Si substrate by using zinc nitrate as the
precursor material. From the micrographs, it ap-
pears that the films are patchy and not continuous.
There are dendrites with agglomeration in certain
areas on the film. This nature of morphology was
typical of using zinc nitrate as the starting material.
Figure 2 depicts a typical micrograph obtained
for the ZnO film by using zinc acetate as the pre-
cursor material. The difference in the morphological
features in Fig. 2 may clearly be noticed from those
shown in Fig. 1. In the case of use of zinc acetate
as the precursor material the morphology of the
film is very smooth with no dendrites being formed.

Fig. 1. A set of SEM micrographs showing the den-
dritic character of morphological features of the ZnO
thin film grown on Si substrate by sol-gel spin proc-

ess using zinc nitrate as the precursor material [9]

Explanations have been offered involving basic
chemical processes in the preparation of two types
of sols used for growing such films. Zinc nitrate first
crystallizes in the form of small crystallites of zinc
nitrate followed by decomposition on heating to
give small crystallites of zinc oxide. On the other
hand, zinc acetate first hydrolyzes followed by the
process of condensation, poly-condensation and
finally give smooth films of zinc oxide on heating at
450°C.

Fig. 2. SEM micrograph showing the smooth charac-
ter of morphological features of the ZnO thin film
grown on Si substrate by sol-gel spin process using
zinc acetate as the precursor material [9]

Effect of the sol concentration

Bai et al. [14] presented synthesis of ZnO
nanowires by the hydrothermal method, using sol—
gel prepared ZnO seed films. Sol concentration
was the controlled parameter for the preparation of
ZnO seed-layer films.

The textured ZnO seed-layer films were depos-
ited on the Si substrates using the sol-gel method
with various sol concentrations ranging from 0.05
to 1.2 M.

It was established that the roughness in-
creased with increasing concentration of precursor
until a maximum value of 5.9 nm was obtained. Af-
ter this point, the roughness decreased as the con-
centration increased. From the experimental data,
it was found that the concentration of precursor af-
fects the surface morphology of the ZnO seedlayer
films. The ZnO films with the concentration of pre-
cursor of 1.0 M have a larger grain size than those
prepared at other concentrations. The larger
roughness appears to be due to the larger size of
the ZnO grains in the films.

Figure 3 [14] reveals the surface morphologies
of ZnO seedlayer films prepared with different con-
centration of precursor. It is found the grain size in-
creases with increasing of the concentration of pre-
cursor. Moreover, from the cross-sectional view of
SEM images the SEM data also demonstrate that
the thickness of the seed films increases as the
concentration of precursor increases. The average
thickness of the films with the concentration of pre-
cursor of 0.05, 0.1, 0.3, 0.5, 1.0, and 1.2 M are 25,
38, 50, 67, 93, and 136 nm, respectively.
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Figure 4 [14] shows the FE-SEM plan and
cross-section views of the ZnO nanowires synthe-
sized by the hydrothermal method on Si substrates
covered with a ZnO film. The ZnO films were used
as the seed layer to assist the growth of the ZnO
nanowires. The SEM images illustrate that the
length and diameter of the nanowires are highly
dependent on the crystalline properties (i.e., grain

size) of the seed-layer films. Nanowires with a
longer length and wider diameter were grown on
seed-layer films with better crystalline characteris-
tics. The SEM images show that the alignment of
the nanowires grown on the ZnO film prepared with
the concentration of precursor of 1.0 M is signifi-
cantly better than those prepared on a film with the
concentration of precursor of 0.05 M.

Fig. 3. FE-SEM plan-view images of ZnO seed-layer films prepared with different sol concentrations a 0.05 M,
b01M,c03M,d0.5M,e1.0M,f1.2M[10]

The estimated length and diameter of the
nanowires are 0.8 ym and 78 nm, respectively, for
films prepared with the concentration of precursor
of 0.05 M; meanwhile, those values are 1.2 ym and
140 nm for films prepared with the concentration of
precursor of 1.0 M.

According to the results in studies [5, 9, 12, 14],
the concentration of precursor of 1.0 M is the opti-
mum condition for the preparation of ZnO seed-
layer films. This allows for highly oriented ZnO
nanowires to be grown on a Si, 64° YX LiNbO3,
and glass substrate coated with the ZnO films by a
sol-gel method.
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Fig. 4 FE-SEM images of ZnO nanowires synthesized on a Si substrate coated with ZnO seedlayer films. The
ZnO films were prepared by the sol-gel method with different sol concentrations a 0.05 M, plan view b 1.0 M,
plan view ¢ 0.05 M, crosssection view d 1.0 M, crosssection view [10]

Effect of annealing

The effect of annealing the ZnO thin fiim at
three different temperatures (400°C, 500°C and
600°C) on its structural and optical properties was
studied by Nanda Shakti [10]. It was shown that
temperature of annealing have effected on proper-
ties of the film. Crystallite size of the films was

found to be less than 100 nm. The refractive index
and extinction coefficient showed some variation
with rise in annealing temperature of ZnO film. The
Optical energy band gaps gave value of 3.21 eV.

Hiroyo Segawa et al. [7] reported about Low-
temperature crystallization of oriented ZnO film us-
ing seed layers prepared by sol-gel method.

Table 1. Crystallite size along prominent diffraction planes for ZnO films annealed at 400°C, 500°C and 600°C

[14]
Annealing Crystallite Size (in nm) along diffraction planes
Temperature (°C) (100) (002) (101)
400 46 38 34
500 46 67 45
600 53 38 54
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Fig.5. SEM images of seed layers prepared on the hot plate at a 100°C, b 150°C, ¢ 250°C, and those prepared
at 100°C in a petri dish from precursors d 1.2 M ZnAc, e 0.5 M ZnAc, and f 0.5 M ZnAcH. The bars are 2 ym,
and the bars in the expanded image are 400 nm. d-2, e-2, and f-2 show the 40° images from upper side [15]

These results represented that the transparent
and high oriented ZnO films could be coated at
temperatures below 100°C, at which ZnO were
coated even on plastic substrate such as a poly-
propylene, under controlling the morphology and
the crystallinity of seed layer.

Conclusion

Almost any substrate can be used for the
growth of vertical ZnO nanorods by using ZnO
seed-layer film. ZnO nanostructures can be
successfully growth on Si, sapphire, glass, paper,

LiNbO3. The fabrication procedure for the growth
of the nanorods consists generally of two steps: (1)
preparation of a seed-textured ZnO thin layer and
(2) the nanorod array growth. Sol—gel technique of
seed preparation is a lowcost process and is
attractive as the film properties can be tailored
conveniently for a given application. In general,
zinc acetate is the precursor material for
preparation of ZnO seeds using sol-gel process.
The length and diameter of the nanowires are
highly dependent on the crystalline properties (i.e.,
grain size) of the seed-layer films. The
concentration of precursor and annealing
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temperature have a significant influence on the

surface structure of ZnO

films. The most

appropriate concentration of precursor is 1.0 M and
annealing temperature is 300-450°C for seed-layer
film ZnO to obtain vertically oriented nanorods
Zn0O.
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MapameTpu pocTy Ta AKicTb NNiBKKU 3apoakoBoro wapy ZnO
(wacTnHa 1)

O. B. boraaH, A.T. OpnoB, KaHa. TexH. Hayk, B.O. YnbaHoBa
HauioHanbHWin TexHiYHWI yHiBepeuTeT YkpaiHn “KUiBCbKUIA NONITEXHIYHWUIN IHCTUTYT”,
np. Nepemorn, 37, Knie-56, 03056, YkpaiHa.

Po3rnsiHyTo BNMB pPi3HOMaHIiTHUX YMOB CUHTe3y Ha CTPYKTYpy Ta BFIaCTMBOCTIi OTPUMAHOro 3a
OOMOMOror 305b-refib MeToay 3apoakoBoro wapy ZnO. NMoka3aHO OCHOBHi AOCATHEHHA Yy ranysi
CUHTe3y 3apoakoBoro wapy ZnO ans CTBOPEHHA BepTUKaNbHUX HaHOCTPUXHIB. BctaHoBneHo
3B’A30K MiX CKNnagoM, KOHLEHTpauielo 30Nnb-refnio i TemnepaTtypolo Bignany 3apoaKoBoOi NMIiBKU Ta
XapakTepucTMKaMmm 3apoaKoBOro wapy ans opmyBaHHS BUCOKOAKICHUX CTPUXKHEBUX CTPYKTYpP
ZnO. bion. 15, puc. 5, Tabn.1.

KntouoBi cnoBa: 3apodkosutli wap ZnO, 3onb-2e/b, 2ekcaziOpam Himpamy YUHKY, auemam UUHKY,
mewmnepamypa eidnarny.

YK 539.21

NMapameTpbl pocTa 1 Ka4ecTBO NJIEHKU 3apoAabiweBoro crnosa ZnO
(vactb 1)

A.B. borpaH, A.T. Opnos, kaH4. TexH. Hayk, B.A. YnbsaHoBa
HaunoHanbHbIN TEXHUYECKUI YHUBEPCUTET YKpanHbl “KNEBCKUIN MONTUTEXHUYECKUI NHCTUTYT,
np. MNMobeakl, 37, Kues-56, 03056, YkpanHa.

PaccmoTpeHO BnusiHne pasnuyHbIX YCIIOBUMA CUHTE3a Ha CTPYKTYpPY U CBOMCTBA NOJTy4YEHHOro
C nomouwblo 30Mnb-refib MeToAa 3apoAabiweBoro cnos ZnO. MNoka3zaHbl OCHOBHblE AOCTUMXEHUA B
obnacTtu cuHTe3a 3apogbliweBoro cnod ZnO AnA co3gaHusi BepTUKanbHbIX HAaHOCTepXKHen. YcTa-
HOBJIEHa CBA3b MeXAy COCTaBOM, KOHLEHTpaLuuMen 305b-reNns u TeMmnepaTtypon omkura sapopgbille-
BOW NIIeHKM M XapakTepucTUKaMu 3apoAbllueBoro crios Ans (oopMUPOBaAHUA BbICOKOKa4eCTBEH-
HbIX CTEepPXXHEBbIX CTPYKTyp ZnO. Bu6n. 15, puc. 5, Ta6n. .1.

KnroueBble cnoBa: 3apodsiwesnili criol ZnO, 30nb-2€Mb, 2eKkcazudpam HUmMpama yuHka, ayemam
UUHKa, memrepamypa onkuaa.

lMocmynuna e pedakyuro 26 Hos6ps 2012 e.



