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ABSTRACT

In this work, the properties of aluminium doped Ztith films grown by spray pyrolysis are presentetihe
structural properties of the grown thin films werlearacterized by X-ray diffraction (XRD). The optiproperties
of the grown thin films were studied using UV-\isiBbsorption and transmission spectroscopy. Tlystaline
quality of the grown thin films gets degraded as Ath doping is increased. With increase in Al apercentage in
the spray solution from 0 to about 5 %, an incre@septical transmittance along with blue-shifttbe absorption
edge were observed for these Al doped ZnO this.fillith increasing the Al atomic percentage abo9é, shows
a decreasing trend in the optical transmittancene Tmprovement in transmittance may be due to thsepce of
Al,O3 or other Zn-O-Al phase in the thin films [1]. THecrease in transmittance for films grown from hagbmic
percentage of Al may be due to the degradatiohénctystallinity of the thin films. Further, Al diogg did not show
any noticeable change in the carrier concentratiorthe ZnO films indicating that Al is not acting a dopant in
the grown thin films.
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INTRODUCTION

Zinc oxide (ZnQ) is a lI-VI direct band gap semidaotor with a room temperature band gap of 3.3k large

exciton binding energy of the order of 60 meV [R]has attracted considerable attention for appboa in light

emitters and detectors in UV and visible wavelengtige, as a transparent conducting oxides andcgugfcoustic
wave devices. ZnO is relatively cheap and abundantpared to the commonly used indium tin oxideQ)T
transparent conducting films. Even though ZnO shwgh transparency in the visible wavelength regithe

electrical properties of undoped ZnO thin films am good enough for them to replace ITO [3]. Thace the
electrical properties of ZnO thin films, the elerteem group Il of the periodic table, such as Bla, and In, are
used as dopants into ZnO thin films. Among the abmentioned dopants, Al is very promising dopamttfe

enhancement of electrical properties of ZnO thimgi Furthermore, it has been observed that the gap of the
Al-doped ZnO thin films increases beyond the undogeO band gap of 3.37 eV and this is advantagéous
optical applications in the visible range. Varideshniques such as molecular beam epitaxy (MBHEgeplaser
deposition (PLD), magnetron sputtering, chemicgloradeposition (CVD), atomic layer deposition, élea beam

evaporation, spray pyrolysis, and sol-gel proces®been used to grow ZnO based thin films [4-A&jong these
methods, spray pyrolysis is simple and cheap metimothis study we attempt to grow Al doped Znntfiims by

spray pyrolysis. The grown thin films were charaetd by XRD and UV-visible optical absorption teajues.

MATERIALSAND METHODS

Experimental

The ZnO and Al doped ZnO films were deposited byagmyrolysis technique on glass substrates. Thesgl
substrates were ultrasonically cleaned in acetodengethanol and double distilled water before time deposition.
The spray solution was prepared from a 0.1M salutid zinc acetate hexahydrate dissolved in mixofre3:1
isopropy! alcohol and de-ionised water. A small antoof acetic acid was added to increase the dajubf zinc
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acetate. The films were deposited by spraying 50ofnihe solution through a glass nozzle onto heafieds
substrate kept at about 430° C. A PID temperatargraller controlled planar heater was used to lieatglass
substrates. Compressed air was used to spray tbh@osoand the spray rate of solution was maintairat
5ml/minute. Results of three sets of samples a@egmted in this work. The first set of ZnO thimf§l were grown
with 0, 1, 2, 3, 4, and 5 atomic percent of Al lire tspray solution. The second set of ZnO thin filmese grown
with 0, 1, 2, 3, 3.5, 4, 5 and 6 atomic percenblof the spray solution. The third set of ZnOrtlilms were grown
with 0, 2, 4, 6, 10, 15 and 20 atomic percent ofifAthe spray solution. The absorption and trartamite of the
films were measured with a Shimadzu UV-1800 spetintometer. The film thicknesses were measured avith
ellipsometer (Holmarc opto mechatronics, IndiangsDPSS laser (532 nm) beam. The structural chexiaation
of the films was carried out using Rigaku MiniFI6R0 X-ray diffractometer using CueK The van der Pauw
geometry is used to measure resistivity and Halisueement on the Al doped ZnO thin films. Silvestpavas used
to make electrical contacts to the films. Resistisnd Hall measurements were carried out usikgithley 2400
source measure system and Keithley 2000 multimeter.

RESULTSAND DISCUSSION

Structural properties:

The crystalline quality of the grown ZnO films wiasestigated by powder XRD. Fig.1-3 shows the XRidtgrn of
the three set of samples with different Al concatidns. The XRD spectra of the samples are in gmpdement
with diffraction standard (JCPDS) data belonging to bexal ZnO structure. The peaks corresponding to ZnO
reflection planes (1 0 0), (00 2), (1 01), (1)0(2 1 0) and (1 0 3) are shown both in Fig. 1lax 3. Apart from
the ZnO characteristic peaks, a peak at’{@2@licates as Xin the XRD plot) is observed in all the samples. |
addition to this, two more XRD peaks at about @& in the XRD plot) and 44X in the XRD plotwere observed
in some of the samples. The additional peaks, dttzar corresponding to ZnO, may be dugilor other Zn-O-Al
phases in the grown films [1, 11]. The appearari¢® 0 2) peak with maximum intensity in undoped @&i-doped
ZnO films indicates that the preferred orientatwithe thin films is along the-axis. The degradation in the
crystalline quality of thin films was observed wititreasing Al content, as shown Fig. 1, 2 and 3.
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Fig. 1 XRD pattern of first set of ZnO and Al doped ZnO thin films.
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Fig. 2 XRD pattern of second set of ZnO and Al doped ZnO thin films.
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Fig. 3 XRD pattern of third set of ZnO and Al doped ZnO thin films.
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Fig. 4 Absorption spectra of first set of ZnO and Al doped ZnO thin films.
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Fig. 5 Absorption spectra of second set of ZnO and Al doped ZnO thin films.
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Fig. 6 Absorption spectra of third set of ZnO and Al doped ZnO thin films.
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Fig. 7 Transmittance spectra of first set of ZnO and Al doped ZnO thin films.
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Optical properties:

The UV-visible absorption spectra of the Al dopedthin films are shown in Fig. 4 — 6 and transanite spectra
are shown in Fig. 7 - 9. A blue shift in the optiband edge was observed both in optical absaerptsowell as in
transmittance spectra, with Al doping. As showifrig 7- 9, the optical transmittance of the filmgially increases
with increasing Al doping up to 4-5 at% and trartsanice increases more than 80 % in the visibleoredgrurther
increase in Al doping leads to decrease in tratange. The improvement of transmittance and bluf ishthe
optical spectra of Al doped ZnO thin films may b@edo the presence of &; and Zn-O-Al phases in the thin
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Fig. 8 Transmittance spectra of second set of ZnO and Al doped ZnO thin films.
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Fig. 9 Transmittance spectra of third set of ZnO and Al doped ZnO thin films.

Scholars Research Library

600



K. Gopalakrishna Naik et al Arch. Phy. Res., 2013, 4 (4):20-27

films, and/or formation of nano-structured filmsedto Al doping [1]. The decrease in transmittant¢he films
grown from high atomic percentage of Al may be thuthe degradation in the crystallinity of the tfilms.

Electrical properties:

Table.l Resistivity and carrier concentration values of first set of samples.

Resistivity | Carrier concentration
Sample (Q-cm) n (cm?)

Zn0 0.1602 1.01xT0
ZnO:Al 1% 0.1793 1.38x1H
ZnO:Al 2% 0.1560 6.58x10
ZnO:Al 3% 0.1764 1.44x10
ZnO:Al 4% 0.1728 1.06x10
ZnO:Al 5% 0.2115 7.57x10

Table. 2 Resistivity and carrier concentration values of second set of samples.

s Carrier
Sample Resistivity concentration
(Q-cm) n (cn®)
ZnO 0.5306 0.77x10
ZnO: Al1% 0.6478 1.02 x10
ZnO:Al 2% 0.6412 0.80 x10
ZnO:Al 3% 0.6217 1.11 x10
ZnO:Al 3.5% 0.4258 1.01 x10
ZnO:Al 4% 0.4145 1.28 x10
ZnO:Al 5% 0.3160 1.80 x10
ZnO:Al 6% 0.3520 0.26 x10

Table. 3 Resistivity and carrier concentration values of third set of samples.

Sample Resistivity | Carrier concentration
(Q- cm) n (cnt)
ZnO 0.5306 0.77x10
Zn0: 2 % Al 0.4582 2.52x10
Zn0O: 4% Al 0.5538 3.69x10
ZnO: 6% Al 0.4086 1.46 x10
Zn0O: 10 % Al 0.4436 0.49 x10
Zn0O: 15 % Al 0.3729 0.50x10
Zn0: 20 % Al 0.5003 0.12 x10

The van der Pauw geometry was used for resistauity Hall measurements [12, 13] on the Al doped Zm®
films. Silver paste was used to make electricaltacts to the films. The van der Pauw method invelapplying
current and measuring voltages, (@ Vs) using four small contacts on the circumferencéhof film. Once all the
voltage measurements are taken, resistpgndpy, are derived as follows:

n

P =102 4 4

where ‘t’ is the thickness of the thin film in ctie values of fand f ' can be found from the standard plot gf f
verses (ResdRzz47) and fversus (BssdRezsy) [13]

The resistivityp in ohm.cm is given by

:pa+pb
p( 2 )

From the Hall voltage measurements, the averagecbefficient Ry can be calculated as follows:

V,..-V, . +V._, -V
=t 4-2+ -4+ 2 4 4 2
Ruc ( 4B| J
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V,. -V .+V. .-V
= t 3-1+ 1- 3+ 3 3t
Ruo ( 4B| j

(Rt R
R”‘( 2 j

where Rc and Ryp are hall coefficients in cffC, ‘t’ is the thickness in cm, ‘I’ is the curretitrough the sample in
amperes, B is the magnetic flux in Vs/ T Vs/ cni=10° gauss). The value of carrier concentration ‘n’ ten

calculated using the equation
( 1 j
n=| —
R

Table 1, 2 and 3 shows the resistivity and carcmncentration of the Al doped ZnO thin films. Notineable
change in resistivity and carrier concentrationthvil doping of ZnO thin films was observed. Theadtical data
indicates that Al'ions did not get substituted into Zrsites in the films, the Al atoms may be segregatexgrain
boundaries. These segregated Al atoms did notsadopant, therefore, no changes in electrical ptigsewere
observed.

where ‘q’ is the electron charge.

CONCLUSION

Aluminium doped ZnO thin films with hexagonal wutéztype polycrystalline structure and good optigahlity
have been prepared on glass substrates by spralysigr The crystalline quality of the grown thHifms gets
degraded as the Al doping is increased. The tratesme of the films prepared from spray solutioiith vl atomic
percentage up to around 5% was improved from thabhdoped ZnO films. The improvement of transnmitia and
blue shift in the optical spectra of Al doped Zrtintfilms were due to the presence 0f@4 and Zn-O-Al phases in
the thin films, and/or formation of nano-structufichs due to Al doping.
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