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The results of deposition of ZnO seed-layer
on the silicon substrate, Al-coated silicon and
Al-coated lithium niobate substrates by sol-gel
method at sol concentration of 0,8 and 1,2 M
were introduced. It was shown that film rough-
ness and grain size had increased with increas-
ing of the sol concentration. The new results of
synthesis of ZnO vertically oriented nanorods
on the obtained thin seed-layer on the silicon
substrate by hydrothermal method were pre-
sented. The diameter and density of synthe-
sized ZnO nanorods were defined, the depend-
ence between such geometrical parameters and
seed-layer properties was shown. The obtained
results could be applied for design of acoustic
wave sensors and nanoscale devices.
References 5, figures 5.
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Introduction.

Introduction

Investigation of novel materials for nanoscale
devices is an actual problem for the present sci-
ence and technology. ZnO is attracting consider-
able attention due to its unique ability to form a va-
riety of nanostructures such as nanorods,
nanowires, nanoribbons/nanobels, nanocombs,
nanorings, nanocages, nanocastle, nanofibers etc.
ZnO nanorods/nanowires have been employed as
bio- or gas sensitive element of acoustic wave sen-
sors [4]. Hydrothermal method for synthesis of ZnO
nanostructures has many advantages when com-
pared to the most common vapor-phase synthesis,
such as low-cost, low temperature, scalability and
ease handling [1].

In the first part of our article [2] we made critical
review of the effects of different growing conditions
on the structure and properties of obtained by sol-
gel method ZnO seed-layer film for ZnO vertically
oriented nanorods growth. Almost any substrate
can be used for the growth of ZnO vertically ori-
ented nanorods by using ZnO seed-layer film, but

deposition on the Al film by sol-gel method have
not been completely studied. The sol concentration
is the most important parameter of growth process
of ZnO seed-layer film for obtaining of high-quality
ZnO nanorods.

In this part we presented the new obtained re-
sults of preparation of the ZnO seed-layer on Al-
coated silicon substrate, Al-coated lithium niobate
substrate and silicon substrate by sol-gel growth
method with the sol concentrations of 0,8 and 1,2
M. We reported about growing of ZnO nanorods on
silicon substrates with as-prepared different seed-
textured ZnO thin layers. The results could be use-
ful for manufacturing of novel acoustic wave sen-
sors, photoelectric transducer and nanoscale de-
vices.

Experimental details

There were two main steps in ZnO nanostruc-
tures growing: (1) preparation of a ZnO seed-layer
by sol-gel method and (2) the nanostructures array
growth by hydrothermal method. We carried out
two stages of study. The first stage consisted of a
ZnO thin seed-layer preparation on Al-coated sili-
con substrate, Al-coated lithium niobate substrate
and silicon substrate by sol-gel growth method.
ZnO nanorods were grown on silicon substrates
with prepared in the first stage different ZnO seed-
layers for the second stage of the study. We used
similar to [5] technic but with some improvement
which are described.

Initially the substrates were cleaned with hy-
drogen peroxide H,0O,at 30°C for 30 min. For the
first step zinc acetate dihydrate (ZnAc)
Zn(COOCHSs), -2H,0O was used as the starting
salt material to prepare ZnO thin films by sol-gel
method. The zinc acetate dihydrate was dissolved
in isopropanol ((CH3),CHOH). Then monoetha-
nolamine (MEA) HOCH,CH,NH, solution was

added at room temperature. The concentration of
zinc acetate was 0,8 and 1,2 mol/l and molar ratio
of MEA to ZnAc was kept to 1,0. The mixture was
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stirred by a magnetic agitator at 65°C until a clear
and homogeneous solution formed. Prepared sol-
gel was cooled to room temperature and filtered
with 0,22 ym membrane filter. Film deposition was
carried out in air at room temperature. The precur-
sor solution was spin coated at 3000 rpm for 30 s
on the substrates. After each coating the coated
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 crystal-
lization of the ZnO film [3]. After the deposition of
the fifth layer, the resulting thin films were annealed
at 400°C, in air for 1 h to obtain the homogeneous
and stable film.

For the second step ZnO nanorods growth was
carried out at 65°C under stirring with a magnetic
agitator for 90 min on silicon substrates with pre-
pared in the first stage of the experiment different
ZnO seed-layers. The solution consisted of analyti-
cally pure zinc nitrate hydrate Zn(NOj), -6H,0

and analytically pure hexamethylenetetramine
CgHy N4 which were mixed with an equal molar

concentration. The chemicals were solved in deion-
ized water, resulting in a transparent solution. The
concentration of both zinc nitrate and HMT was
0,025 mol/l. At a temperature of about 65°C the so-
lution starts to become cloudy, indicating that the
chemical reactions have started. During the growth
process the solution was stirred in order to obtain a
homogeneous concentration and temperature
throughout the reactor volume. After the reaction
the samples are thoroughly purged with deionized
water and dried at room temperature.

Scanning electron microscopy (JEOL Ltd.,
NeoScope JCM-5000) was used to examine the
morphology of seed-layers and especially the di-
ameters of the ZnO nanorods.

Results and discussion

The ZnO seed-layers were deposited on the on
the Al-coated silicon substrate, Al-coated lithium
niobate substrate and silicon substrate using the
sol-gel method with sol concentrations of 0,8 and
1,2 M. Scanning electron microscopy images of the
layers on such substrates are presented on Fig.1,
2, 3 respectively.
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Fig. 1. SEM images of seed-layers deposited on the
Al-coated silicon substrate (a — the sol concentra-
tions was 0,8 M and b — the sol concentrations was
1,2 M)

The SEM images for all types of substrates
showed strong dependence between a sol concen-
tration and characteristics of seed-layer. At the sol
concentration of 0,8 M smooth layers with small
ZnO seeds and regular structure were obtained.
The seed-layers looked like a homogenous film.
The roughness of seed-textured layers increased
with increasing of the sol concentration. At the sol
concentration of 1,2 M seeds had apparent con-
tours and diameter 50-90 nm. In addition periodicity
property and uniformity were better for uncoated Si
substrate.
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Fig. 2. SEM images of seed-layers deposited on the
Al-coated lithium niobate substrate (a — the sol con-
centrations was 0,8 M and b — the sol concentrations
was 1,2 M)

The ZnO nanorods were grown on silicon sub-
strates with prepared ZnO thin seed-layers (Fig. 3)
using sol concentrations of 0,8 and 1,2 M. Scan-
ning electron microscopy images are presented on
Fig.4 and 5.

It was shown significant influence of sol con-
centration on the grain size of the ZnO thin seed-
layer. Parameters of seed-textured ZnO thin layer
affected the shape (alignment, length, diameter,
etc.) of the ZnO nanorods. The SEM images

Vac-High PC-Std. 15kV x 20000 008484 a
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Vac-High PC-Std. 15 kV x 20000

Fig. 3. SEM images of seed-layers deposited on sili-
con substrate (a — the sol concentrations was 0,8 M
and b - the sol concentrations was 1,2 M)

showed that the alignment of the nanowires grown
on the ZnO film prepared with sol concentration of
1,2 M is significantly better than those prepared on
the film with the sol concentration of 0,8 M. The di-
ameter of the nanorods are 35+10nm and
6215 nm respectively for films prepared with sol
concentration of 0,8 M and 1,2 M. The density of
the ZnO nanorods were 76-108cm-2 and
100-108 cm-2 for films prepared with sol concentra-
tion of 0,8 M and 1,2 M.
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Fig. 4. SEM images of ZnO nanorods synthesized on
a Si substrate coated with ZnO thin seed-layer using
sol concentrations of 0,8 M

Conclusion

In this paper new results of preparation of the
seed-textured ZnO thin layer on Al-coated silicon
substrate, Al-coated lithium niobate substrate and
silicon substrate by sol-gel growth method with sol
concentrations of 0,8 and 1,2 M we presented. It
was shown the significant influence of sol concen-
tration on the properties of seed-textured ZnO thin
layer and the shape of the ZnO nanorods. The
roughness, grain size of the ZnO films increased
with the increase of the sol concentration.

ZnO nanorods on silicon substrates with as-
prepared different seed-textured ZnO thin layers
were synthesized by hydrothermal method. ZnO
nanorods grown on substrate with higher sol con-
centration for the ZnO thin seed-layer were more
vertical and had higher density. Obtained results
could be applied in manufacturing of novel acoustic
wave sensors and other devices for nanoelectron-
ics.
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Puc. 5. SEM images of ZnO nanorods synthesized on
a Si substrate coated with ZnO thin seed-layer using
sol concentrations of 1,2 M

Acknowledgment

The authors are grateful to Tokyo Boeki Tech-
nology Ltd. for providing the opportunity to carry
out the research on Scanning electron microscope
JCM-5000, NeoScope JEOL Ltd. at Laboratory of
express-microscopy of National Technical Univer-
sity of Ukraine “KPI”.

References

1. Bai Shr-Nan, Synthesis of ZnO nanowires by
the hydrothermal method,using sol-gel pre-
pared ZnO seed films / Shr-Nan Bai, Shich-
Chuan Wu // J Mater Sci: Mater Electron. —
2011. —22. — P. 339-344.

2. Bogdan A., Orlov A., Ulianova V., Growing pa-
rameters and quality of ZnO seed-layer film
(Part 1) / A. Bogdan, A. Orlov, V. Ulianova //
Electronics and Communications. -2012. —
Ne6.



20 OnekTpoHuka 1 cBA3b 2’ 2013

3. llican S., Preparation and characterization of Soc. Am. — 2012. — Vol. 131, Issue 2, — P.
ZnO thin filmsdeposited by sol-gel spin coating 1667-1667.
method / S. llican, Y. Caglar, M. Caglar // Jour- 5. Raoufi D., Raoufi T., The effect of heat treat-
nal of optoelectronics and advanced materials. ment on the physical properties of sol-gel de-
—2008. — Vol. 10, No. 10. — P. 2578 — 2583. rived ZnO thin films / Davood Raoufi, Taha

4. Lu Yicheng, Multifunctional Biosensor Based Raoufi // Applied surface science. — 2009. —
on ZnO Nanostructures / Lu Yicheng // Acoust. Vol. 225. — P. 5812-5817.

YK 539.21

MapameTpu pocTy Ta AKicTb NNiBKKU 3apoakoBoro wapy ZnO.
YacTtuHa 2

0. B. Eor.qal-ﬂ, A.T. Opnoaz, KaHa. TexH. Hayk, B.O. YnbsHoBa®
1Hay|<0|3o-,u,ocni,lJ,Hl/l|7| IHCTUTYT NpUKNagHOT eNeKTPOHIKu,

HauioHanbHWI TEXHIYHUIA yHIBepcUTET YKpaiHn “KUIBCbKMIA MOMITEXHIYHWIA IHCTUTYT”,
Byn. MNonitexHiyHa, 16, m. Kuis, 03056, YkpaiHa.

’HaLioHarnbHUI TeXHIYHWI yHiBepcuteT YKkpainu “KniBCbkuim nomiTeXHIYHNIA iHCTUTYT,
Byn. MNonitexHiyHa, 16, m. Kuis, 03056, YkpaiHa.

MNMpencraBneHo pe3ynbTaTti OTPUMaHHSA 3apoAkoBoro wapy ZnO 3a 4ONOMOrow 3ofb-refib Me-
ToAy Npu KOoHUeHTpauisx 3ono 0,8 Ta 1,2 M Ha nigknagkax KpewmHilo, Ha nigknagkax KpeMHio Ta
HioboTy niTito 3 nniBKOK antoMiHito. oka3zaHo, wWo 3i 36iNblEHHAM KOHLUeHTpauii 30
LWOPCTKICTb NNiBKK Ta AiameTp 3epHa 36inblytoTbes. lNoaaHo pe3ynbTaTtv CUHTE3Y BepTUKaNbHUX
CTPUXHEBUX CTPYKTYP ZnO Ha OTpUMaHUX TOHKMUX MiliBKax 3apoAKoOBOro Liapy 3a A4ONOMOror mMe-
ToAy rigpoTepmanbHOro CUHTE3y Ha nigknagkax KpeMHito. BusHadyeHo giameTp i ryCTUHY CUHTE30-
BaHUX CTPUXHEBUX CTPYKTYP ZnO, noKa3aHO 3aNeXHiCTb TaKUX reOMeTPUYHMX NapamMeTpiB CTPUXK-
HEBUX CTPYKTYp BiA BRacTUBOCTENW 3apoakoBoro wwapy. OTpumaHi pe3ynbTatm MOXYTb OyTu
BMKOPUCTaHI ANl CTBOPEHHS1 CEHCOPIB Ha aKyCTUYHUX XBUNAX Ta HAHOPO3MipHMX npunaais. bion.
5, puc. 5.

KnrouoBi cnoBa: 3apodkosuli wap ZnO, HaHOocmpuxHi ZnO, 30rb-2efb, KOHUeHmpauis 307110,
2iépomepmarbHUl Memoo.
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MapameTpbl pocTa 1 Ka4ecTBO MNJIEHKU 3apoabiweBoro crnoa Zn0.
YacTtb 2

A.B. Eornal-ﬂ, A.T. Opnoaz, KaHa. TexH. Hayk, B.A. YnbsiHoBa>
'HayuHo-nccnenoBaTenbCKUin MHCTUTYT NPUKNAAHOI SNEKTPOHUKM,

HaumnoHanbHbIN TEXHUYECKUI yHUBEPCUTET YKpanHbl “KNeBCKUIN NONUTEXHUYECKUIN NHCTUTYT,
yn. MNMonutexHunyeckasq, 16, r. Kues, 03056, YkpauHa.

“HavmoHanbHbI TEXHUYECKWIl yHUBEpcUTET YKpauHbl “KNEeBCKNIN NONUTEXHUYECKUIA NHCTUTYT”,
yn. MNMonutexHunyeckas, 16, r. Kues, 03056, YkpauHa.

MpeacTtaBneHbl pe3ynbTaTbl NONy4YeHUA 3apoabiweBoro cnos ZnO ¢ noMouwbio 30Nb-refib Me-
Toaa Npu KoHueHTpauuax 3onsa 0,8 n 1,2 M Ha noanoXkax KpeMHUsi, Ha NoAJIoXKKax KpeMHus u
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HMoGarTa NUTUA Cc NNeHon antmMuHusA. NMokasaHo, YTO ¢ yBenMYyeHUneM KOHLIeHTpauuu 3051 Lepo-
XOBaTOCTb NMIEHKUM U AnamMeTp 3epHa yBenuuuBaloTcA. MpuBeaeHbl pe3ynbTaTbl CUHTE3a BepTuU-
KanbHbIX CTePXHEeBbIX CTPYKTYP ZnO Ha nony4eHHbIX TOHKUX NieHKaxX 3apoAablieBoro cros ¢ no-
MOLLLIO MeToA4a FMAPOTEePManbLHOro CUHTe3a Ha NopnoXkax KpeMHusi. OnpegeneHbl guameTp M
NJIOTHOCTb CMHTE3UPOBAHHbIX CTEPXKHEBbIX CTPYKTYpP ZnO, nokaszaHa 3aBUCUMOCTb TakuMX reomet-
pUYeCcKuX napaMeTPOB CTEpPXHEBbIX CTPYKTYpP OT CBOMCTB 3apoAbllieBoro cnos. MonyyeHHble pe-
3ynbTaTbl MOryT ObITb MCMOJIb30BaHbl AN CO3[aHUA CEHCOPOB Ha aKyCTUYeCKUX BOJIHAX U HaHO-
pa3mMepHbIX npubopos. Buobn. 5, puc. 5.

KnioueBble cnoBa: 3apodbiuwessili crioli ZnO, 30/b-2eib, HaHocmepxxHU ZnQO, KOHUeHmpauusi 30115,
2udpomepmarbHbilt Memoo.
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