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IIpedcmasneno opuzinanvui pesyromamu
cunmesy nanocmpuxcuie Zn0O 3a 00nomoz0t0
HUsbKOMeMnepamypHux memooié na nioxaao-
Kax niobamy nimiro. Bnepwe npodemoncmpo-
8AHO <OpIiEHMOBAHI KaAHAAU>, AKI GUHUKAIOMD
nicaa eionany 3apooxo6020 wapy npu memne-
pamypi 400°C i ceiduamv npo nouamox npo-
uecy xpucmanizauii. Ilpoananizoeano enaue
eaacmugocmeil 3apooxosozo wapy Zn0, cop-
M0BAH020 301b-2¢1b MemOOOM, HA Mopdome-
MPUMHI XAPAKMEPUCMUKYU CUHMEI08AHUX 210PO-
mepmanvHuM MemoooM HAHOCMPUNCHIG

Knmouosi caosa: 3apooxosuil wap, 30.b-
2ev, 2idpomepmanvHuil Memoo, HAHOCMPUNC-
Hi ZnO

= yu

IIpedcmasnenvt opusunanvhvie pe3yrvma-
mot cunme3da nanocmepcreti ZnO ¢ nomowbro
HUSKOMeEMNEPAMYPHLIX MeM0008 HA NOOILONC-
Kax nuobama aumus. Bnepevte npodemoncmpu-
POBAHBL <OPUEHMUPOBAHHBIE KAHATLL>, KOMO-
Pole 603HUKAIOM NOCJIe OMICUZA 3aPOObLIULEBOZ0
caos npu memnepamype 400°C u ceudemenw-
cmeyom o Hauae NPoOUecca KPUCMAaiaIu3auuu.
IIpoananusupoeano éausnue ceoticme 3apoovt-
wes020 cn10s Zn0, chopmuposannozo 30v-z2ev
Memodom, na mopomempuueckue xapaxme-
PUCMUKU CUHME3UPOBAHHBIX 2UOPOMEPMATL-
HbIM MeMOoOoM HaAHOCMeEPICHEL

Knatoueswvie cnosa: 3apooviumesviii caoil,
30/1b-2e/1b, 2UOPOMEPMATLHBIL MemO0, HAHO-
cmepoicnu ZnO

0 =,

1. Introduction

Zinc oxide (ZnO) has been commonly used in its bulk
polycrystalline form for over a hundred years in a wide ran-
ge of applications: ointments, catalysts, paint pigmentation,
piezoelectric transducers and varistors [1].

Nowadays unique ability to form a variety of nanostruct-
ures such as nanowires, nanoribbons/nanobelts, nanocombs,
nanorings, nanocages, nanocastle, nanofibers etc. have attr-
acted considerable attention to this material for application
in a wide range of nanoscale devices. Nanostructured ZnO
is a suitable material for electronics, photonics and sensing
due to having mechanical, piezoelectric, semiconductor, op-
tical and electrical properties, biocompatibility, nontoxicity,
chemical and photochemical stability, high specific surface
area, optical transparency, electrochemical activities; it pro-
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vides strong bonding sites and have large surface-to-volume
ratio [2].

2. The overview of recent publications

Among complicated and expensive traditional fabrication
techniques such as VLS [3] and MOCVD [4], low-tempera-
ture synthesis methods of single-crystalline ZnO nanostru-
ctures become more accepted. While electrochemical low-
temperature growth [5] allows obtaining well-aligned ZnO
nanorods on the conductive films the combined with sol-gel
technique hydrothermal method is suitable for nanostruct-
ures synthesis almost on any substrates. The hydrothermal
method has following advantages: low-cost, ease handling,
scalability, opportunity to form various structures subject to




process parameters. Sol-gel technique of the seed-layer synt-
hesis is a low-cost process as against ALD [6]. Moreover it is
attractive due to ability to conveniently synthesize the films
with required properties for a given application. The length,
diameter, tilting and crystallinity of the nanorods are highly
dependent on the crystalline properties (i.e., grain size) and
regularity of the seed-layer.

Existing studies present the structural analysis of nano-
structures using scanning electron microscopy method and
X-ray analysis [7, 8]. Most of the works are devoted to the
analysis of the influence of the hydrothermal synthesis proc-
ess parameters on the structural properties of the synthesiz-
ed nanostructures [1, 9, 10], but different authors presented
obtaining of unequal nanostructures at the same process
parameters. Therefore, it seemed interesting to use others
methods such as optical microscopy to analyze the structural
features of the seed-layer surface microares which have stro-
ng effect on nanosrtuctures formation and find fundamental
peculiarity of the synthesis process.

3. Goal and tasks of the research

The main goal of this study was analysis of peculiarit-
ies of ZnO seed-layer synthesis by optical microscopy and
scanning electron microscopy methods and definition of
influence of seed-layer structural features on morphometric
characteristics of ZnO nanorods such as length, diameter, ti-
Iting, aspect ratio and crystallinity. The tasks of the research
included formation of ZnO seed-layer on the lithium niobate
(128-XY LiNbO3) substrate by sol-gel method, its charact-
erization by optical microscopy and scanning electron mi-
croscopy methods, ZnO nanorods synthesis on as-prepared
substrates by hydrothermal methods, its characterization by
microscopy methods and X-ray analysis.

4. Materials and methods

Two main steps in ZnO nanostructures growing by hyd-
rothermal method were used. There were (1) preparation of
a ZnO seed-layer by sol-gel method for providing crystalli-
zation centers and (2) nanostructures array growth in salt
solution.

Initially the 128-XY LiNbOj substrate was cleaned
with hydrogen peroxide at 30°C for 30 min. For the first
step zinc acetate dihydrate (ZnAc) Zn(COOCH3),2H,0
was used as the starting salt material to prepare ZnO thin
films by sol-gel method. The ZnAc was dissolved in isopr-
opanol ((CH3)9CHOH). Then monoethanolamine (MEA)
HOCH,CH,NH; solution was added at room temperature.
The concentration of ZnAc was 0,3 mol/I and molar ratio
of MEA to ZnAc was kept to 1,0. The mixture was stirred
by the magnetic agitator at 65 °C until the clear and hom-
ogeneous solution was formed. Prepared sol-gel was cooled
to room temperature and filtered with 0,22 um membrane
filter. Film deposition was carried out in air at room tempe-
rature. The precursor solution was spin coated at 3000 rpm
for 30 s on the substrate. After each coating the obtained
film was dried at 100 °C for 30 min at the sintering furnace.
The preheat-treatment temperature at 100 °C is required
for the complete evaporation of organics and the initiation
of formation and crystallization of the ZnO film. After the
deposition of the fifth layer, the resulting thin films were

annealed at 400 °C in air for 1 h to obtain the stable film
with crystallization centers.

Second step was carried out in zinc nitrate based solu-
tion. Analytically pure zinc nitrate (Zn(NOj3)»-6H,0) and
hexamethylenetetramine (CgHaNy) were used in equim-
olar concentration. The concentration of zinc nitrate was
0,05 mol/1. The chemicals were solved in deionized water,
resulting in a transparent solution under magnet stirring for
5 min at room temperature. The pH of the growth medium
significantly effect on the final structures grown on the sub-
strates [8]. The water solution of sodium hydroxide (NaOH)
was added dropwise for obtaining pH=7. The as-pretreated
LiNbOj substrate with formed seed-layer was immersed and
suspended in the mixed solution and the growth of ZnO
was carried out by heating the reaction solution from room
temperature to 95-98 °C and then stayed for 2 h without any
stirring at the sintering furnace. The as-grown pattern was
rinsed with deionized water for several times and dried in air
at 60 °C before characterization.

Optical microscopy (Leitz Ergolux Trinocular Micr-
oscope) was used to examine the morphology of the ZnO
seed layer. Scanning electron microscopy (Hitachi S4800)
was used to define the seeding structure and morphometric
characteristics of nanostructures as well. The structural
properties of the as-prepared ZnO nanorods were charac-
terized by X-ray diffractometry (Rigaku ULTIMA 1V) in
asymmetric mode.

5. Characterization of seed-layer and ZnO nanorods

Process parameters of chemical methods materials sy-
nthesis, substrate preconditioning and seed-layer growth
significantly affect the quality and the shape of the obtained
structures.

The Fig. 1, a was obtained by optical microscopy and
showed ZnO seed-layer with observed area of 200x270 pm.
The “boundaries” or “oriented channels” had appeared on
the seed-layer surface after annealing. It reminded “bre-
akdown channels”, which were described in [11] for ZnP,
and CdP, monocrystals after crystallographically oriented
electric discharge. Occurrence of such channels could be
evidence of crystalline structure formation of the layer. Cry-
stallinity of the seed-layer is a necessary criterion for single-
crystal nanorods growing. We carried out the deposition of
the ZnO seed-layer on isotropic material substrate (quartz
glass) to eliminate the effect of the piezoelectric substrate
and obtained the same result. Therefore, formation of “br-
eakdown channels” was caused by the seed-layer structure,
not by the process on the interface between the layer and the
substrate.

The scanning electron microscope (SEM) images
(Fig. 1, b) illustrated high quality regular ZnO seed-layer
synthesized by sol-gel method on LiNbOj substrate. The
diameter of the single seeds is about 50 nm.

The characterization of ZnO nanorods was carried out
by scanning electron microscopy (Hitachi S4800) and pre-
sented on Fig. 2.

The top-view and cross-sectional SEM images of the
7ZnO nanorods on LiNbOj substrate were obtained. From
observations of the Fig. 2, ZnO nanorods formed on the
seed-layer showed hexagonal structure almost along the full
length, the diameter was 35-65 nm and the length was about
0,5 um.



a

Fig. 1. ZnO seed-layer images observed under: a — optical microscope (observed area of
200x270 um); b — scanning electron microscope

There were problems in the determination of the distance
between adjacent rods due to their tilting, but the space be-
tween the bottom parts of the nanorods was 50 nm. Average
aspect ratio was equal to 9.3. The ZnO rod structures were
regularly situated all over the substrate surface.

From the cross-sectional SEM images (Fig. 2, b) it could
be mentioned that seed-layer wasn’t smooth. The roughness
of the seed-layer could cause tilting of the ZnO nanorods
due to the formation of nanorods along the c-axis but not in
vertical orientation.

Fig. 2. SEM images of ZnO nanorods grown on LiNbO; substrate: a — top-view;

b — cross-sectional

In comparison with electrodeposition technic, which
is described in [5], it should be noticed that deposition of
seed-layer has allowed formation of separated single ZnO
nanorods but tilted due to the roughness of seed-layer, when
in the case of electrodeposition on metal-coated LiNbO3
substrates overgrowth at the roots of ZnO nanorods is occ-
urred. It is expected that vertically oriented ZnO structures
can be obtained on smooth seed-layer, formed at adjusted
process parameters such as sol-gel concentration and anne-
aling temperature.

The crystalline phase of the nanorods was assessed by
conducting XDR measurements (Fig. 3).
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Fig. 3. Obtained in asymmetric mode XRD patterns of ZnO
nanorods grown on LiNbO3 substrate

It was carried out in asym-
metric mode, which allows ob-
taining information about the
crystalline phase of the surface
layer, substrate in this measur-
ement mode makes a minimum
contribution to the resulting X-
ray spectrum.

It could be seen that sy-
nthesized nanostructured film
demonstrated diffraction pea-
ks corresponding to the (100),
(002), (101), (102), and (112)
planes of hexagonal ZnO. Most-
ly vertical orientation of the nanostructures along the c-axis
was shown on the diffraction pattern by the most intensive
peaks corresponding to the plane (002). This implied that
atoms were arrangement in c-axis which was perpendicular
with the substrate and the nanorods had single-crystal
structure.

6. Conclusion

The results of separated
single zinc oxide nanorods sy-
nthesis on the lithium niobate
substrate by hydrothermal me-
thod were shown.

Optical microscopy and
scanning electron micros-
copy were used to ascertain
the peculiarities of seed-layer
synthesis and to examine the
morphology of the formed st-
b ructures.

The “oriented channels” ca-
used by particular properties
of ZnO after annealing was
detected for deposited by sol-gel method ZnO seed-layers
for the first time.

The effects of structure and morphology of ZnO seed-
layer formed by sol-gel method on the morphometric and
structural characteristics of ZnO nanorods was analyz-
ed.

The formation of seed-layer allowed synthesis of se-
parated single ZnO nanorods with average aspect ratio
of 9.3, but tilted due to the roughness of seed-layer. It is
expected that vertically oriented ZnO structures can be
obtained on smooth seed-layer, formed at adjusted process
parameters such as sol-gel concentration and annealing
temperature.

The obtained new results could be applied for the
design of nanoscale devices and its functional or structu-
ral units such as sensing element of surface acoustic wave
sensors and energy storage cells for energy harvesting.
Application of ZnO nanorods will promote quality and
accuracy enhancement of sensing devices, manufacturing
simplification, and improvement of simulation techniques
due to mathematical representation simplicity of the regu-
lar-shaped structures.

The proposed method will ensure high repeatability
and consistency of production when all process parameters
are satisfied.
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Ananizyomocsa npunyunu po3pooxu peaxmueHux Kom-
NOHeHMIB8 eJleKMPUMHUX KiJl HA Pi6Hi pienans Makceenna
ma 6CMAaHOBNIOIOMbCA 3A2ANbHI NPUHUUNU CROCOOI8 ix
Koncmpyxmuenoi peanizauii. Ompumani pe3yromamu 6i0-
Kpuearomv wasx 00 cmeopeHHs iH0yKkmueHocmeu, €MHO-
cmeil ma mpancopmamopie Ha 3aca0ax 6UKOPUCMAHHSA
He Juwe cmpymy nposioHocmi, ane i cmpymy 3cyey, Ak
noXiOHOT NOMOKY 8eKMOPA eNeKmpPUHOL iHOYKUii

Kmouosi caosa: peaxmueni xomnonenmu, xornoenca-
mop, Komywxa iHoyKxmuenocmi, nomix eexmopa iHoYyKuii,
eMHiICcHUU mpancphopmamop

[, u|

Ananusupyromcs npunyunst paspadomxu peaxmueHvix
KOMNOHEHMO8 IeKmpuuecKux uenei Ha ypoeHe ypasHe-
nuti Makxceenna u ycmanasausaomes oduue npunyuno.
cnoco606 ux xoncmpyxmuenoi peanuzayuu. Ioayuennvie
pe3yvmamoL OMKPvIEAOM NYMb K CO30AHUI0 UHOYKMUBHO -
cmeil, emxocmetl U mpanc@opmamopos Ha 0CHOBe UCNOTb-
308aHUsL He MOJBLKO MOKA NPOGOOUMOCHU, HO U MOKA
CMeweHUus, Kax npou3eoo0Hol NOMoKa 6eKmopa 3aeKxmpu-
Y4ecKou unoyKuuu

Kntouesvte cnosa: peaxmugnvie KOMnoHeHmMbl, KOH-
dencamop, xamywka uHOYKMUGHOCMU, NOMOK GeKmopa

UHOYKYUU, eMKOCMHOU mpanchopmamop
u| o
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eJIEKTPOHHUX 3ac06iB. 30KpeMa HaeThes MPo TaKi MacuB-

Hi peakTUBHI KOMITOHEHTHU K iHAYKTHUBHICTh, EMHICTH

B pob6oti posrisigaoThesa 3acagiHudi NPUHIKIN PO3-
POOKM KOMIIOHEHTIB pajio TejeBi3iiHUX Ta 1HU(POBUX

ta Tpancdopmarop. Hespaxkaiounm Ha ymMasy KiJbKicTb
criocobiB peasizanii npobaemu ix MikpoMmiHiaToopusailii




