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Morphological and spectroscopic studies on the vertically aligned zinc
oxide nanorods grown on low and high temperature
deposited seed layer
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Vertically aligned zinc oxide nanorods were grown on low ahidh temperature deposited aluminium doped
zinc oxide seed layer by hydrothermal method and annealedniprove crystallinity. The morphology of the
seed layer and the grown nanorods were studied by field eimisscanning electron microscopy characterization
technique. The properties of the zinc oxide nanorods weralyred using laser spectroscopic studies. Resonant
Raman spectroscopy reveals the unique increase inAl@O) mode of vibration with increase in count. The
luminescence property of the nanorods was studied with phohinescence spectrometer. The vertically aligned
zinc oxide nanorods show, the very high band edge emissionhin ultraviolet region of the electromagnetic
spectrum.
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1. Introduction purchased from Sigma Aldrich and were used directly
without any further purification. Deionize¢Dl) water was

Being a naturally available abundant material on earth, ysed throughout the process. For seed layer deposition
having the unique electrical and optical properties with znO ceramic sputtering targets doped with 2 wt% ,8);

large exiton binding energy60 meV) and large band gap (5N purity) were purchased from ITASCO, Korea.
(3.4eV), zinc oxide (ZnO) finds a tremendous amount of

opportunities in research and scientific applicatig¢tls ZnO

nanostructures show unique properties as compared to itsz'l' Seed Layer Growth
bulk form. These nanostructures exists in many forms, Aluminium doped Zinc Oxide(AZO) seed layers were
0-dimensional quantum dotf?], 1-dimensional nanowires, deposited on Eagle XgComing glass substrate using
nanorods, nanoribbong3{5], 2-dimensional nanoplasts, DC magnetron sputtering12” MSPT, Hind High Vacuum,
nanodiscs[6,7] and 3-dimensional nanofoam, nanoflowers |ndia) technique. The substrates were initially washed with
etc. [8{10. Due to its tunable electrical and optical soap solution and rinsed. Subsequently sonicated in DI
properties, various forms of ZnO, both doped and undoped, water for 15min, followed by sonicating in acetone for
are considered as a potential candidates in many electronignother 15min. Finally, in the cleaning procedure, the
applications such as flat panel displays, light emittinglé®  sybstrates were cleaned in 2-proponal vapour. Before doing
solar cells, piezoelectric generators as well as in cosmetic spyttering to ensure the oxygen and other contaminant
and therapy{11{1€]. As the optical properties of the ZnO free environment, the chamber was initially evacuated up
nano structures strongly dependent on the size and shapeyy 5 10 mbar. The optimized process parameters for
controlling them becomes more importaftt7]. The prop-  the AZO seed layer deposition are maintained constant
erty of seed layer plays an important role in the structural, i oughout the process. AZO was deposited on substrates
morphological properties of the ZnO nanostructure. So, 4t o different temperatureroom temperature, 25C and

in this present work two types of seed layers were used, high temperature 250C) to study the effect of seed layer
room temperature sputter deposited seed layer and highj, e growth and dispersion of the nanorods.
temperature sputter deposited seed layer. On these two

types of seed layers, hydrothermal reaction was carried out ) .
at two different concentrations for two different time pede ~ 2-2-  Zinc Oxide Nanorod Growth

to study the properties of the grown ZnO nanostructures. ZnO nanorods were grown by hydrothermal method
using Zrn(NO3)s 6H,O and GHi2N4 in an equal molar
2. Experimental concentration. Both precursors mixed well in DI water

separately to obtain a clear solution and then transferred

ZnO nanorods were grown by hydrothermal method into a Teflon lined stainless steel autoclave. The auteclav
using zinc nitrate hexahydratéZn(NO;); 6H,0O) hexa- was closed tightly and kept in a furnace at 1@ for a

methylenetetramine (CgH12N4).  Both chemicals were particular time period. To study the impact of seed on
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Figure 1. Experimental design of the hydrothermal reaction.

the growth of ZnO nanorods, seed layers were prepared atshows the FESEM images of ZnO nanorods grown at

two different temperature$25 C and 250C) on which the  high temperature deposited AZO seed layer. In each

ZnO nanorods have been grown. On both seed layers, theset of process condition, three images are given lower
solution concentration was varied, alike 0.1 M and 0.05 M. magnification, higher magnification and a tilted image to

Finally the hydrothermal reaction was carried out for 3h understand the nanorods growth and dimension. A general
and 6 h to study the growth of ZnO nanorods. The samplesSimilarity observed in both the set of FESEM images

were annealed at 45@ before characterization to improve (nanorods grown on low as well as high temperature

the crystalline and structural properties. The detailedrch deposited seed layers with respect to timéhat with

on the growth of ZnO nanorods using various process the decrease in the precursor solution concentration, the
parameters is given in the Fig. 1. For understandjiRy growth of nanorods are more dispersed. In all cases,
given to the seed layer deposited at room temperature”anorOds grown using 0.1M concentration solution were

(25 C) and ,H given to the seed layer deposited at high packed denser and in some cases they got aggregated _W|th
temperature (250 C). ,A“ is assigned to the precursor one another. Nanorods grown using 0.05M concentration

solution of concentration 0.1 M angB* assigned to the {arecu_rsor s;)htjrt]lon',:llzngg'l\ﬁugl nanoro\(/jvs_tr(]:atnh be. seen in tr}e
precursor solution of concentration 0.05 M. op view ot the Image. ' € Increase o

. .. the solution concentration, the dispersion of the nanorods

The morphology of the nanorods was studied by field o i .

o ; ; . decreased, this is because the increase in the precursor
emission scanning electron microscop@ESEM, Zeis ; . . .
GEMINI) and the structure was studied Beray difiraction solution concentration causes the increase in the nanorod
XRD C) K Righak Micro-R by yd hotol diameter reported by Polsongkram et§l8]. In all cases
( . uK , Righaky. Icro-raman -and photoiu- hydrothermal reaction was carried out for 2 different time
minescence(PL) spectra of the samples were recorded

. N , i ) periods, 3 and 6h respectively. 6h grown nanorods are
(Renishaw, in Vi using 325nm with 2400 gr/mm grating  gimost double amount longer than the rods gown for 3h.

excitations in the backscattering configuration and thermo T,¢ major difference between nanorods grown at the
electric cooled CCD detector using a 100x objective. room and higher temperature deposited seed layers is the
dispersion. During sputter deposition, the film deposited
at room temperature, the atoms and molecules are directly
nucleated on the substrate and then grow into islands so
that the ZnO molecules are more strongly bound to each
other than the substrate. This is because the energy of the

Fig. 2 shows the FESEM image of ZnO nanorods grown sputtered species in the plasma is higher than the surface
at room temperature deposited AZO seed layer and Fig. 3energy of the substrate. VolmeWeber kind of growth

3. Results and discussion

3.1. Electron Microscope studies
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Figure 2. Electron microscope image of zinc oxide nanorods grown ow temperature deposited aluminium doped zinc oxide seed
layer at(a) RA3, (b) RA6, (c) RB3 and(d) RB6.

takes place during this low temperature deposition and thisFig. 5 represents the XRD spectra of 3h grown ZnO
results in an individual cluster kind of thin film as shown nanorods grown a{a) room temperature deposited AZO
in Fig. 4a. During high temperature deposition of seed seed andb) high temperature deposited AZO seed. Spectra
layer, due to the high surface energy of the substrate, theshows only a peak at 382 , which corresponds to the
bonding between the sputtered species in the plasma and002) plane of the wurtzite structure of ZnO crystelCPDS
the substrate is good enough to form layer plus island# 36-145). Thisc-axis orientation of the nanorods confirms
growth. This results in textured surface of the AZO film the crystallinity of the vertically grown nanorods.

shown in Fig. 4b [19,2]0. This causes low temperature

seeded nanorods grow in a more dispersed manner than thes 3. Raman spectroscopy studies

higher temperature seeded nanorods.
Zinc oxide crystal possesses wurtzite structure and

belongs toCg, 4 space group with two formula units

in the primitive cell. Group theory designates that there
The hydrothermally grown ZnO nanorods were subjected are eight sets of optical phonon modesi;2 2B;, 2E;

to annealing at 45QC for 2h to improve the crystallinity. and Z, are present in ZnO. Théy and E; modes are

3.2. X-ray Diffraction analysis
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Figure 3. Electron microscope image of zinc oxide nanorods grown ow temperature deposited aluminium doped zinc oxide seed
layer at(a) HA3, (b) HA6, (c) HB3 and(d) HB6.
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Figure 4. Electron microscope image of aluminium doped zinc oxidedstyer deposited afa) room temperaturg25 C) and(b) high
temperature(250 C).
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Figure 5. X-ray Diffraction pattern of Zinc Oxide nanorods grown Raman shift, ci

on (a) room temperature deposited Aluminium doped Zinc Oxide Figure 6. Resonant Raman spectra of zinc oxide nanorods grown
seed(RA3, RB3) and (b) high temperature deposited AZO seed on (a) low temperature deposited alumnium doped zinc oxide
(HA3, HB3). seed andb) high temperature deposited seed.

polar and active with both Raman and infrared. The

other two E; modes(E; low, E; high) are nonpolar, only 1600

Raman active. The vibrations of pol#¢ and E; modes - a
can polarize the unit cell, which creates a long range 14000 @ b
electrostatic field splitting the polar modes into longiitoal g 12000'_

optical (LO) and transverse opticdlTO) components[21]. = L

In non-resonant Raman scattering with the energy of the2 10000
incident photon below the optical gap of a semiconductor, © i
the observable Raman modes are determined by the Ramarg

= 8000F I\
6000}
]

selection rules considering the crystal symmetry as well as§
the propagation and polarization directions of the inciden £ -
and scattered light, while resonant Raman scattering occurgy’ 40001 #
when the energy of the incident or scattered photon ;

approaches the optical gap of the matefi]. The resonant 2000_ %‘ m
Raman spectra of annealed ZnO nanostructures grown 0 - : ol R N
using various process parameters were studied using 325 nm 34 32 30 2826 24 22 20 18
line of He Cd-laser as excitation source. The excitation Photon energy, eV

energy is close to the electronic interband transition @yer Figure 7. Photoluminescence image of vertically aligned Zinc

of wurtzite ZnO [23]. From the Figs. & andb the intense  oxide nanorods grown or(a) low temperature deposited seed
resonant multiphonon scattering is observed in the Raman[RB€] and (b) high temperature deposited se@dB3].
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Spectra of the ZnO nanorod arrays. This multiphonon [4] S. Lee, L. Lee, Y. Chang. Adv. Mater. Rekl101, 164 (2015).
scattering is clearly visible up to three orders which are [5] H. Huang, S. Wang. Angew. Cheri27, 979 (2014).
composed of three major bands centered at 570, 1154 and [6] V. Suresh, M. Huang, M. Srinivasan, S. Krishnamoorthy.
1730cm ! and are identified as the first orde;-LO), J. Mater. Chem.22, 21871(2012). .
the second order(A;-LO) and the third order (As-LO) [71 S. Anas, S. Rahul, K Babitha, R. Mangalaraja, S. Ananthaku-
optical phonon peaks respectively. This is because of the Z‘alihApleS‘ngSC'_s?VaS (2'0156 NuE M. Willander. Ph
excitation energy produced by the lasg8.814 eV} is close [8] A. Khan, - Abbasi, J. Wissting, O. Nur, M. Willander. Phys.
. St. Sol. Rapid Res. Letf7, 980 (2013).
to the photon scattering energy o%-LO phonons and . o
. . . [9] A. Rayerfrancis, Bhargav P. Balaji , N. Ahmed, B. Chandra,
thus the photon scattering b§y-LO phonons is maximum

. . S. Dhara. Physica B57, 96 (2015.
enhanced[24]. According to the Raman selection rule, [10] W. Gao, Z. Li. Int. J. Nanotechrs, 245 (2009).

the peak at 570cm' corresponds to theA-LO phonon,  [11] T. Hwang, I. Yang, O. Kwon, M. Ryu, C. Byun, C. Hwang et

this will appear when ZnO nanorods grown along the al. Jpn. J. Appl. Physs0: 03CB06(2011).

c-axis[25]. Overtone modes up to three orders are observed.[12] P. Thiyagarajan, M. Kottaisamy, N. Rama, Rao M. Ramachan-

With an increase in the order of overtone, the count is also dra. Scripta Mater59, 722 (2008).

increased which is a sign of good crystallinjg6]. [13] A. Rayerfrancis, Bhargav P. Balaji, N. Ahmed, S. Bhat-
tacharya, B. Chandra, S. Dhara. Solar Cells. Sili&n31
(2015).

[14] M. Soomro, O. Nur, M. Willander. MRS Proc., 15%8013).

Photoluminescence spectra of the ZnO nanorods grown[15] T. Goto, S. Yin, T. Sato, T. Tanaka. Int. J. NanotetGn48

using room temperature and high temperature deposited  (2013. .

seed layers were shown in the Fig. 7. The exciton 16 H. Mirzaei, M. Darroudi. Ceram. Int43, 907 (2016.

recombination emissiorffluorescence in ZnO causes the [17] C. Jagadish, S. Peartotinc oxide bulk, thin films and

background in the Raman spectf24], from this observation nanostructures(Elsevier, Amsterdam, 2006

. . . . [18] D. Polsongkram, P. Chamninok, S. Pukird, L. Chow, P. Lupan,
the nanorods grown at 0.05M concentration having high G. Chai et al. Physica B03 3713 (2008).

luminescence property is confirmed and the photolumi- [19] J. Venables, G. Spiller, M. Hanbucken. Rep. Prog. PH{.,
nescence characterization was done for those samples. = 399 (1984.

The photoluminescence count of nanorods grown on high[2g] K. Kim, H. Kim, C. Lee. Mater. Sci. Eng. B8, 135(2003.
temperature deposited seed was higher than the nanorod$21] K. Alim, V. Fonoberov, M. Shamsa, A. Balandin. J. Appl.
grown on room temperature deposited seed. This may be Phys.,97, 124313(2005.
due to the nanorods grown at high temperature deposited[22] K. Alim, V. Fonoberov, A. Balandin. Appl. Phys. Let86,
seed are more crystalline and defect free. 053103(2009).
[23] Y. Tong, L. Dong, Y. Liu, D. Zhao, J. Zhang, Y. Lu et al.
. Mater. Lett.,61, 3578(2007).
4. Conclusion [24] Z. Mao, W. Song, X. Xue, W. Ji, L. Chen, J. Lombardi et al.
J. Phys. Chem. C1,16, 26908 (2012).

Vertically aligned ZnO nanorods were going using [25] R. Zhang, P. Yin, N. Wang, L. Guo. Solid State Ski,,865

hydrothermal method on ZnO seed layer deposited at (2009).

room temperature and 25@€. The molar concentration of [26] S. Chakraborty, S. Dhara, T. Ravindran, S. Pal, M. Kamryddin
chemicals used in hydrothermal process were maintained  A. Tyagi. AIP Advances], 032135(2011).
at 0.05 and 0.1M and process was carried out for 3hps.sa515 K V. Emtsev

and 6 h respectively. The dispersion of the nanorods was

found to be dependent on molar concentratiody (LO)

mode and it overtones were observed in resonant Raman

spectra and their count increased with the increase of

order of overtone which is a sign of good crystallinity.

The photoluminescence count of nanorods grown on high

temperature deposited seed was higher than the nanorods

grown on room temperature deposited seed.
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3.4. Photoluminescence
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