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ABSTRACT

Material structures and optical morphology
of the grains, deposited on the surface of a film,
using optical and spectroscopic techniques, are
studied. Using scanning electron microscopy,
structures of the grains deposited on the substrate
are analyzed. Optical and electrical properties of
aligned ZnO rods vertically grown on stainless
steel (SS) foil are studied. Transparency, absorp-
tion is measured and band gap is determined.
Spectroscopic and electrical techniques are used
to study the microscopic and electric properties
respectively.
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troscopy, absorption, thin films.

PERMBLEDHJE

Me ané té metodave optike dhe spektrosko-
pike jané analizuar strukturat materiale dhe pam-
jet morfologjike té disa grimcave filmike. Me ané
té mikroskopit elektronik jané analizuar vetité op-
tike dhe elektrike té kétyre grimcave me pérbérje
ZnO té cilat kishin formé té shkopthave. Eshté
matur transparenca, absorbimi dhe éshté pér-
caktuar gjerésia e brezit gjysmépércues. Me ané
té metodave spektroskopike dhe elektrike jané
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hulumtuar vetité mikroskopike dhe elektrike té
grimcave né fjalé.

Fjalét kyce: nanostrukturat, spektroskopia
fluoreshente, absorbimi, filmat e hollé.

INTRODUCTION

Aligned ZnO nanorods grown on polycrys-
talline substrates have promising optoelectronic
applications. Novel samples with such structures
were electrodeposited on stainless foil from a
ZnCl, and other materials [1-2]. Well-aligned and
free-standing hexagonal grains with 100-nm di-
ameter and closely-packed could be grown nor-
mal to the substrate [2].

Zinc oxide is a remarkable multifunctional
semiconductor with a unique set of proper-
ties suitable for applications in a wide range of
emerging domains such as solid-state lighting,
nanotechnology, transparent electronics and
spintronics [2-4]. It has band gap energy of 3.37
eV (300 K) and large exciton energy of 60 meV.
Electro deposition is a cost- effective method for
the growth of calcogenide and oxide films and
their nanostructures [5, 6]. There have been many
reports on the synthesis of ZnO nanowires using
various growth methods [7-12]. Some research
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groups have studied the synthesis of ZnO nano-
wires on a Si substrate [11, 12].

Despite much progress in the synthesis of ZnO
nanowires, there have been only rare reports on
the synthesis of high quality ZnO nanowires with-
out a catalyst on a Si substrate at low temperature.
In addition, only few reports regarding the study
of the growth behavior and the growth mecha-
nism of ZnO nanowires have been explained.
New research has been recently triggered by the
availability of ZnO nanostructured materials that
are characterized by exotic properties extremely
interesting for electronics, optics and photon-
ics devices. Applications of ZnO nanostructures
in nanosensors , field effect transistors, optical
switches, solar cells, etc., have been demonstrated
[13, 16].

Since the demonstration of room temperature
optically pumped lasing in ZnO microcrystallite
thin films in 1997 [13, 14], efficient excitonic ultra-
violet stimulated emission (SE) and lasing actions
have been investigated in many forms of ZnO
nanostructures. These studies can be mainly clas-
sified into two groups including the ultraviolet
SE and lasing actions in microcrystallite thin films
deposited on substrates and in ZnO powder [16].
However, for the fabrication of ZnO nanodevices,
it is still a challenge to prepare ZnO products with
alow SE pump threshold by a simple and effective
synthesis method [17].

The large exciton binding energy, which is
much greater than the thermal energy (26 meV,
300 K), inhibits thermal depopulation of the low-
est, radiative transition, and then results in more
efficient excitonic emission at room temperature
[18]. These are highly advantageous to realize a
nanolaser with a low and temperature- insensitive
optical-gain threshold, a narrow emission line, and
high-temperature stability. Since Yang et al dem-
onstrated the room-temperature ultraviolet (UV)
laser in a ZnO nanowire array grown on saphire
substrates[17], optically pumped UV stimulated
emission and lasing have been widely studied
in nanopowder, nanowires, nanobelts and thin
films at room temperature. Nanostructures have
a higher surface to volume ratio than the bulk
material. For ZnO nanowire, the deep-trap-type
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emission (green emission) from surface state and
near-band-edge emission (UV emission) always
exist simultaneously [19].

In quantum-size nanowires, the surface-trap-
state recombination may quench the near-band-
edge emission entirely [18, 19]. However, the
situation in realizing stimulated emission is quite
different. The dependence of the ratio of the near-
band-gap emission to the deep-level emission on
the excitation energy from different ZnO samples
was discussed [20].

In this work we discuss the structure the op-
tical properties of aligned ZnO rods vertically
grown on stainless steel (SS) foil. The choice of
SS foil is due to its low cost and mechanical flex-
ibility and the fact that little is known about the
properties of ZnO electrodeposited on SS [19,20].
Two techniques are applied for deposition of
nanostructures on SS foil: Chemical deposition
(CD) and electro deposition technique. Our study
is concentrated mainly on the films obtained by
ED technique. As gown and annealed cases of
the films deposited by ED techniques are char-
acterized by using optical and spectroscopic ap-
proaches.

Both fundamental research and progress in po-
tential device applications have stimulated many
efforts on ZnO materials. Despite extensive inves-
tigations, some fundamental luminescence prop-
erties of ZnO are still not fully understood, such
as the origin of the room temperature photo lumi-
nescence PL [19, 20]. In this work we study PL of
Zn0O at room temperature. The optical transition
energies (absorption and emission) of samples
were determined by transmittance and photolu-
minescence spectroscopy.

EXPERIMENTAL PROCEDURE

Chemical deposition (CD) and Electro depo-
sition (ED) technique are applied for deposition
of the thin films on the SS foil. The experimental
details of the procedure for the CD technique are
given elsewhere [21-23], here we focus mainly on
some relevant details for ED deposition of the thin
film.

Electro deposition was performed from a 800-
ml aqueous ZnCl, solutions (5-9 mM) containing
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0.1 M KClI as the supporting electrolyte. The ref-
erence and the counter electrodes were Ag/AgCl
(SSC) and Pt, respectively. The solution tempera-
ture was maintained constant in the range 60-80
°C for the preparation of different samples. The
SS substrate (AISI302), used as a working elec-
trode, was cleaned in an ultrasonic bath of etha-
nol just before the deposition process which was
performed at a cathode potential of - 630 mV to
- 1000 mV with respect to the reference electrode.
The solution was continuously purged with pure
oxygen during the deposition period which var-
ied from 50 to 80 minutes. The samples were im-
mersed in a boiling hydrogen peroxide solution
for 3 to 10 minutes. The post-deposition thermal
annealing of samples was performed in pure oxy-
gen at atmospheric pressure (400 C°, 1h).

The film thickness was determined gravimetri-
cally from its mass and using a density of 5670 kg/
m?. For some samples thermal annealing was per-
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Fig. 1. The Setup for measurement of the Photoluminescence

formed in a tube furnace. In some cases films were
lifted from their metallic substrate and transferred
onto glass using transparent epoxy. Composition,
morphology and structure of the films were stud-
ied using scanning electron microscopy, SEM (Jeol
JSM-6300) and x-ray diffractin XRD (Siemens D500,
Cu K, 0154056 nm). Photoluminescence mea-
surements were performed at room temperature
using a setup consisting of Nd:YAG laser (excita-
tion wavelength355 nm), optical multichannel ana-
lyzer (EG&G PAR 1689), 0.35-m monochromator
(McPherson-270), optical waveguides and filters.
We used Photoluminescence phenomenon
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to characterize the films and get insight into its
microscopic and dynamic structure the photolu-
minescence to characterize the ZnO films. The ex-
perimental setup is shown in figure 1.

The laser beam used for excitation is collimat-
ed in order to control its size or to focus the light
at the required place on the optical axis. In front of
the beam ZnO film to be characterized is placed.
The laser beam and the fiber collecting the flores-
cent light are placed at the same side of the film,
as shown in the Fig. 1. Perpendicular to the plane
of the film is placed an optical fiber collecting the
fluorescent signal and transmitting to the slit of a
monochromator. In front of the slit the other end
of the optical filter is placed. The output electrical
signal from the monochromator is transmitted to
an Optical Mulichannel Analyzer OMA. The in-
tensity of the laser beam used for fluorescent ex-
citation can be changed by changing the output
laser power, or by focusing the light illuminating
the film. The film is placed on a stage, with 5-de-
gree of freedom, making possible to reach the op-
timal position for the maximum of the collected
fluorescent signal by the fiber that could be seen
on the screen of the OMA.

REesuLts

In this section the results obtained by chemi-
cal deposition and electro deposition technique,
optical and spectroscopic analysis are presented.
Since the experimental procedure is given in sec-
tion 2, here only required comments and relevant
points akin to the particular experiment and cor-
responding result will be elaborated.

CHEMICAL DEPOSITION TECHNIQUE

Here are presented results of chemical deposi-
tion (CD) technique. Two different cases were stud-
ied. In the first case the film was deposited by using the
solution ZnCl, + NaOH. In second case a new film was

Fig. 2.Image surface of the films obtained by CD for two different solutions.
2. a. The case of Zn Cl; solution, 2. b. The case for the ZnSO, solution
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Fig.3.a Fig. 3.b

Fig. 3. Images of surface of the thin films obtained by electro deposition
3. a) the case of lower concentration, 3. b) the case of higher

deposited by using the solution ZnSO, + NaOH.

ZnO films were deposited on a glass substrate by im-
mersion of the substrate in zincate solution kept at room
temperature and hot water at relatively low temperature
(100°C).

The detailed procedure for the deposition is similar
to the one given in [19], where a steel substrate was
used instead of a glass substrate.

Two different cases of CD for different solutions are
presented in Figures 2.a,b. While in Figure 2.a is shown
the image for the deposition of ZnCl,, in Figure 2. b
the case of ZnSO, solution is shown. In the first case
the round shaped grains composed in a random struc-
ture can be seen. In the second case the more compact
grains forming a relative smooth surface is shown. In
both cases the features such as the shape of the grains
can not be seen. The rod shaped grains perpendicular
to the surface of the SS foil can be obtained by using
ED technique. The shape of the grains, their sizes and
position of their axis are some of factors that determine
the band gap structure of the film. For this reason we
study the ED-based film.

ELECTRO DEPOSITION TECHNIQUE

ZnO thin rods are synthesized by electro de-
position technique. The film containing the rods
is annealed at a temperature of 400 °C. Results of
scanning electron microscopy of the film before
(as grown) and after annealing in the figure 3 are
shown. The case of the as grown film is shown
in figure 3.a. The isolated rods forming a random
pattern can be seen. It is expected that incident
light on this film will be scattered randomly gen-
erating wavelets and leading to a speckle pattern.
Therefore this kind of film can not be used for
information processing using the coherent laser
source.

Figure 3.b shows the plane view of the sample
after the annealing process is performed. A close
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Fig. 4. The optical transmittance spectrum for sample 3.b.

examination of this image reveals that it is formed
from the closely-packed hexagonal rods covered
with a thin ZnO film. This kind of deposition and
annealing process would yield a continuous film
which can be used as a contact to one end of the
arrayed rods, suitable for device applications. The
incident light on this film will be reflected in a
regular fashion leading to a pattern similar to a
mirror reflection.

OPTICAL TRANSMITTANCE

A double-beam spectrophotometer (Cary SE) was
used to measure the optical transmittance of the film
(Figure. 2.b). The procedure of measurement is given
elsewhere [21, 23]. The experimental results of the
transmittance are shown in Figure 4. Data used of
the same graph are used to calculate absorption
and band-gap structure, results are shown inset
the same figure.

The optical transmittance (T) versus wave-
lengths is shown in figure. 4. The transmittance
increases when the wavelength is higher. The max-
imum and saturated value of transparence corre-
sponds to the wavelengths 800-1300 nm. E repre-
sents the photon energy.

The band gap is determined graphically by in-
terpolation based on our experimental data and
on calculation performed by a computer. The plot
shown in the inset figure shows the band gap val-
ue 3.34 eV. This number is the numerical value of
the graph obtained by computer calculation. The
variation of ZnO band gap with deposition pa-
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Figure 5. The room-temperature
photoluminescence of sample 1, before (inset)
and after being annealed in air for 1 h at 400
°C. The sharp peak at 532 nm is the second
harmonic of the excitation source.

rameters is reported to be in the range 3.27-3.55
eV [11, 14, 21]. Our result is within this range.

Absorption vs. energy analysis is given in the
appendix of this work*.

PHOTOLUMINESCENCE ANALYSIS

Photoluminescence of the film shown in Figure
3. b is studied and results are shown in Figure 5.
Figure 5 shows the room temperature PL spectra
of the same film: as-grown (before) and after the
film is annealed. In case of as grown film a high
and relatively narrow peak is shown to be at 387
nm wavelength. A broader PL peak is at wave-
length of 580 nm. The sharp peak at 532 nm is
not associated with PL effect. This peak is e very
narrow indicating that it comes from a coherent
source. This is the light coming from Nd-Yag laser
we used for excitation and for generating the PL.

After the film was annealed the PL spectra is
measured and shown in figure 5. Its peak appears
to be at 383nm. Actually this is the red shifted
peak which is at wavelength of 378 nm of the in-
set spectra. The broader peak (at 580 nm) shown
in as grown case is suppressed completely after

Aktet e Takimit Vjetor, Vall. II, Nr. 2

185

the film is annealed.

CONCLUSIONS

ZnO films grown on SS substrates, with dif-
ferent techniques show different surface textures.
The SEM images representing the films obtained
by CD technique show that randomly shaped
grains are distributed on the surface of the sub-
strates. In this work the study is focused is in case
of ED technique where the individual rods can be
distinguished. Here, the grains or rods grow pref-
erentially along the c-axis normal to the substrate.

The optical and the spectroscopic investigation
have revealed useful properties of the films depos-
ited by ED technique. The optical transmittance
of the film is 90%. The band gap value is 3. 34eV.
Therefore this film can be used for optoelectronic
devices. The application of this film for making a
Schottky diode will be reported in the future.

PL results are shown for the as grown and when
annealing process is performed on the same film.
In case of the as grown film the UV emission band
at 378 nm and broad band emission at 580 nm are
obtained. The latest peak value emission appeared
because of the radiative recombination of photo-
generated holes with electrons with the single ion-
ized oxygen vacancies of the surface.

The red shift of spectra with a peak value at 383
nm is measured for the same film after the anneal-
ing process is performed. This peak value is part of
UV spectra and originates from the recombination
of free excitons through an exciton-exciton colli-
sion corresponding to near band edge emission of
wide band gap. PL spectra obtained after anneal-
ing is performed, show a complete suppression of
the broad band emission at 580 nm. Disappearance
of this band emission and red shift of the peak from
578 nm to 378 nm will be studied in our future
work. However, we report here that due to the in-
tense room temperature UV emission rod-shaped
nanostructures grown by ED on the SS substrates
open the way to valuable applications in optical
devices and may be applicable in fabrication of
electronic devices.
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APPENDIX

1) ENERGY AND WAVELENGTH OF LIGHT

In 1900 Max Plack discovered that all natural
oscillating systems of natural frequency v, have
discrete energies E = n hv (where n is a natural
number, h is Planck’s constant h=6.63 x 10 **J.s, v
is the frequency of oscillating system). Einstein in
1905 introduced the concept that light consists of
pointlike quanta of energy E=hv.

By using formula v = ¢/A, the expression for
energy becomes E= ch/A. Therefore E can be re-
placed by A and vise versa.

2) TRANSPARENCY AND ABSORPTION

The band gap transitions in a semiconductor
film are normally evaluated from the measure-
ment of the film absorption coefficient c. as a func-
tion of the incident photon energy, E. From the
linear part of a plot of (aE)* against E, the direct
transition energy and from a (a.E)"/2 versus E plot
the indirect transition energy can be measured.

a=a, exp(E — E")
Ell
where o and E  are two constants. E_ coincides,
roughly, with the energy of the lowest free exciton
at zero lattice temperature.

Instead of the o one can introduce (-InT). This
is based on the experimental observation on the
transmutation in homogeneous absorbing medi-
um [See the books: R.W. Dichburn, Light, Transmis-
sion of light in an absorbing medium, pg. 440-444, In-
terscience Publisher, Inc, New York (1991), or EG.
Smith and T.A King, Optics and Photons, pg. 103-
107, John Wiley & Songs, Ltd. Chinchester, West
Sussex PO19 8SQ, England (2004)].

By performing In in both sides, and assuming
that I is 1, for a very thin film (this condition is
satisfied in our case) o is replaced by (-In T)

186

REFERENCES

1.0ZGUR U,, ALIVOV Y.L, LIU C., TEKE A., RESH-
CHIKOV M.A., DOGAN S., AVRUTIN V,, CHO S.J,,
MORKOCD H., J. Appl. Phys. 98 041301 (2005).

2. WANG Z.L,, |. Phys. D: Condens. Matter 16, R829
(2004).

3. SCHMIDT-MENDE L., MACMANUS-DRISCOLL
J.L., Mater. Today 10, 40 (2007).

4. NEWTON M.C., WARBURTON P.A., Mater. Today
10, 50 (2007).

5. LINCOT D., Thin Solid Films 487, 40 (2005).

6. PAUPORTE T., LINCOT D., Electrochim. Acta 45,
3345 (2000).

7.LAOJ.Y.,, HUANG].Y.,, WANG D.Z. and REN Z.F.
2003 Nano Lett. 3 235.

8. FAN H.J.,, BERTRAM F,, DADGAR A., CHRISTEN
J., KROST A. and ZACHARIAS M. Nanotechnology 15
1401(2004)

9. ZHANG Y., JIA H.B, WANG RM., CHEN CP,
LUOX.H., YU D.P.and LEE C.J. Appl. Phys. Lett. 83 4631(
2003)

10. TANG Q., ZHOU WJ]., SHEN J.M., ZHANG W.,
KONG LF. and QIAN Y.T. Chem. Commun. 712(2004).

11. PARK WI., KIM D.H., JUNG S.W. and YI G.C.
Appl. Phys. Lett. 80 4232,(2002)

12. FAN H.J.,, SCHOLZ R., KOLB EM. and ZACHA-
RIAS M. Appl. Phys. Lett. 85 4142 (2004

13. THAREJA RK., MITRA A. Appl. Phys. B 71
181(2000).

14. CAO H., ZHAO YG., HO S.T., SEELIG EW,,
WANG Q.H., CHANG R.PH., Phys. Rev. Lett. 82 2278
(1999).

15. BERGMAN L., CHEN X.B.,, MORRISON ].L.,
HUSO]J., PURDY AP, J. Appl. Phys. 96 675 (2004)

16. MILLERS D., GRIGORJEVA L., LOJKOWSKI W.,
STRACHOWSKI T., Rad. Meas. 38 589(2004).

17. HAN X.H., WANG G.Z, WANG Q.T.,, CAO
L, LIU RB., ZOU BS., HOU J.G., Appl. Phys. Lett. 86
223106(2005).

18. SUN CK, SUN SZ, LIN KH., ZHANG
K.YJ., LIU HL, LIU S.C., WU J.J., Appl. Phys. Lett. 87
023106(2005).

19. KONENKAMP R., WORD R.C. and SCHLEGEL
C. 2004, Appl. Phys.Lett. 85 6004 [16].

20. SHALISH I, TEMKIN H. and NARAYANAMUR-
TI, Phys. Rev. B 69 245401 (2004).

21.SHIW.S., CHENG B., ZHANG E.L. and SAMUL-
SKIA T.J. Appl. Phys. 98 083502 (2005).

22. RAKHSHANI AE., KOKAJ J.,, MATHEW ].,
Peradeep B., Appl. Phys. A 86,377 (2007).

23. KOKAJ J. and RAKSHANI A., J. Phys D: Appl.
Physics, 37,1-6 (2004).

24. KOKAJ J. et al. Appl. Phys. A, (accepted for pub-
lication).

WWW.all)-shlzenca.org



