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Introduction

Metal oxides (MOs) have picked up an impressive research enthusiasm because of its minimal effort and straightforward
handling steps and high potential for the electronic and optoelectronic applications [1-4]. The advance in the field of using
MOs for gas detecting application was highlighted by the high detecting capacities of MOs and their physical properties, for
example, electrical transport, attractive, optical reaction, warm conductivity and superconductivity [5-9]. The MOs
semiconductor materials have been broadly examined in gas detecting applications because of their simplicity of recognition
both oxidizing and decreasing gasses. Among different MOs semiconductors, ZnO is an immediate, wide band crevice

Citation: Salman SR, Mohammed MA. Structural and Surface Roughness Effects on Sensing Properties of ZnO Doping with Al Thin Films
Deposited by Spray Pyrolysis Technique. Int J Chem Sci. 2017;15(4):211
© 2017 Trade Science Inc. 1


mailto:Mohammed.Ahmed@qu.edu.iq

www.tsijournals.com | October-2017

(Eg=3.37 eV at room temperature) and most encouraging multifunctional material in view of its plenitude in nature, more
affordable and has high exciton restricting vitality of 60 meV, which makes the exciton state stable even at room temperature
[10,11]. Moreover, its biodegradable and biocompatible properties likewise make it a reasonable contender for different

applications [12-20].

ZnO based electronic gadgets, for example, gas sensors are anticipated to be a superior worker and empower the new
capacities [21]. Besides, the streamlined doped ZnO thin film has a tremendous potential for understanding the detecting
properties and their working component. Be that as it may, the negative and less uncovered surface territory of ZnO
nanostructure ought to be controlled amid the amalgamation procedure to improve the detecting capacity. In this way, to
blend and investigate the detecting conduct of the doped ZnO nanostructure and to additionally comprehend the bits of

knowledge of detecting component is one of the points of the present reviews.

The doped and un-doped nanostructures of the ZnO thin films have been orchestrated with using a few techniques, for
example, sputtering [22], sol gel [23] and spin coating [24] etc. The basic element between the said procedures is the
necessity of complex and controlled condition that prompts an expansion in cost and intricacies all the while. Be that as it
may, a non-vacuum based (CSP) prepare, a non-vacuum process, is more helpful, alongside minimum costly and reasonable

for substantial territory of affidavit [25].

One of the upsides of this procedure in regard to doping of tests is that it is anything but difficult to dope the specimens of
any component whose salt can be disintegrated in the shower arrangement. The developing worldwide worries for ecological
security, contamination and its impacts have invigorated the consideration of the exploration group in the creating field of gas
sensor. CO is generally created in transportations and mechanical apparatuses and it is perilous in nature and its spillage
recognition is likewise a critical issue. The uses of the MOs for gas detecting has been generally considered. In any case, the
testimony of nanocrystalline thin films of Al-doped ZnO and their morphological and basic impact on gas detecting

properties are once in a while found in the writing.

In the present review, we report the amalgamation of ZnO and Al-doped ZnO based thin films by a basic and cheap strategy,
i.e., CSP and it is described to assess its gas detecting properties. Structure and surface morphology of the films were
researched by (XRD), (AFM) and scanning electron microscopy (SEM). The sensor reactions of unadulterated and Al-doped
Zn0O movies were contemplated for CO gas. The impact of working temperature on sensor response of kept films towards CO
introduction is discussed.

Experimental Method

Pure and doped ZnO:Al films on a glass substrate were deposited by CSP technique. Zn(CH3C00),.2H,0 and AICl;-6H,0
was utilized as source materials for the testimony of thin films. Glass substrates were cleaned with water, then washed with
ethanol, then using ultrasonic cleaner. 0.1 M forerunners were dissolved in ethanol. Al doping concentration changed from 2
to 4 wt%. The mixing was utilizing using an ultra-sonication for 20 min. The resulting solution was sprayed onto the glass
substrate by atomizer. The deposition temperature was maintained at 40°C. The distance between the substrate and atomizer

was 30 cm.
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Characterization

X-ray diffraction investigation was utilized to perceive the precious stone structure of ZnO pure and doped films using X-ray
diffraction instrument type (Shimadzu 6000) with wavelength of 1.5045 A and the scanning range 20°-80°. Surface
topography of these films was studied by atomic force microscopy (AFM) using a Digital Instruments, Inc. BY3000. The
morphology of thin films was examining by scanning electron microscopy (SEM) type Inspect 550. Gas sensing experiments

were performed with were measured by using homemade equipment at an operating temperature 100 to 300°C.

Results and Discussion

FIG. 1 portrays the XRD of ZnO pure and doped thin films. The got diffraction of tests films are hexagonal crystal structure
of ZnO (JCPDS card document 36-1451). From the indicated XRD design in FIG. 1, it is watched that intensity of the peak
decreases with Al fuse in ZnO lattice and width has turned out to be more extensive approving little grain formation. Closely,

this behavior has been earlier reported by Kim et al. [26].

The crystallite sizes (D) of the ZnO:Al thin films was employed by using Scherer’s formula and is given by:

D— kA )
cost

Where k equal 0.94 (constant), A is wavelength of the X-Ray equal 1.542\, B is the full width at half maxima (FWHM) (in
radians) of the diffraction peak. The average crystallite size of films was found in TABLE 1. Note that the average of grain

size decreases with increasing Al wt%, this shows a development in the structural properties of the films.
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FIG. 1. XRD pattern of ZnO:Al thin films.
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TABLE 1. XRD parameters for ZnO:Al thin films.

Average
samples | (hkl) é? (d‘z ) (n‘:n) Fz’é';;\" ((;r-ﬁ) G,sg
eg g om)

(100) | 318 | 159 | 028106373 | 0.01517566 | 9.9184262

oo | 002) | 34 17 | 026336338 | 001593444 | 9.499821
pure| (101) | 36 18 | 024917723 | 0.01669322 | 911805119 | g 49144485

(102) | 47.8 | 239 | 0.19005701 | 0.01896957 | 8.34688012

110y | 57 285 | 0.16137187 | 0.01972836 | 8.34947521

(103) | 63 315 | 0.14736883 | 0.01972836 | 8.60581286

(112) | 68 34 | 013769846 | 0.01441688 | 12.1116474

(100) | 32 16 | 027935256 | 001669322 | 9.02124992

N S 175 | 0.25606423 | 0.01896957 | 8.00150207
%Al | (101) | 365 | 1825 | 024587771 | 0.01669322 | 913108348 | g piu1067s

(102) | 475 | 2375 | 0.19118717 | 0.01745201 | 9.06221345

(110) | 57 285 | 016137187 | 0.01972836 | 834947521

(103) | 63 315 | 0.14736883 | 002276349 | 7.45837115

112) | 68 34 | 0.13769846 | 0.01896957 | 9.204852

©002) | 35 175 | 025606423 | 001896957 | 800150207
Zno:avs| (100 | 365 | 1825 | 02456777 | 001669322 | 013108348 | . . -

Al (102) | 475 | 2375 | 019118717 | 0.01745201 | 9.06221345

(103) | 63 315 | 0.14736883 | 0.02276349 | 7.45837115

112) | 68 34 | 0.13769846 | 0.01896957 | 9.204852

Additionally, for more information on the amount of defects in the thin films, the number of layers (NI), micro strain (g),
dislocation density (8), specific surface area (SSA) [27] and texture coefficient T¢(hkl) [28] were evaluated as shown in

TABLE 2 from equations (2-6) respectively.

t
NI = E (2)
_ pcoso
4 3)
1
0= Yl 4)
SSA - 6000
Dxp

®)

Where p is bulk density for ZnO equal 0.88 gm/cmg.
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oo/
Te(hkl)= (hkt) * Yo(hir)

(6)
(1/N) [ I(hkl)/lo(hkl)]

Where, Tc(hkl) is the texture coefficient of the hkl plane, I(hkl) is the measured intensity, lo(hkl) is the relative intensity of

the corresponding plane given in PDF-2 data and N is the number of reflections.

From TABLE 2, The variation of layer number varies with pure and doped thin films in a random way. It is thought that the
quantity of drop plays a great role in this random change. The micro strain depends directly on the lattice constant (c) and its
value related to the shift from the JCPDS file no. 36-1451 value. The values of micro strain increase with increasing Al wt%
in the films. The dislocation density is the measure of amount of defects in a crystal. Note the value of average dislocation

density obtained in the present work decreases with increase of Al wt%.

This confirmed good crystallinity of prepared thin films. Also, From TABLE 2, show increase Specific surface area and
texture coefficient with increase of Al wt%. The surface of the synthesized materials is found to be very large and hence the

heterogeneous catalytic property of the material were tested and found positive response.

TABLE 2. Number of layers (NI), micro strain (g), dislocation density (8), specific surface area (SSA) and
texture coefficient Tc(hkl) for ZnO:Al thin films.

Average NI x 10"" (m™®) . Average SSA
Sample Averagee% | 510 | (migm) | | lo Average
(m?) Te(hkl)
400 410
20 800 810
pure 650 610
1.23227 0.00389 1.17559 | 723.687 | 290 300 0.123227
150 160
210 200
160 165
590 580
7105 650 650
% Al 660 670
1.54467 0.00423 1.3743 792.433 | 390 400 0.154467
360 340
360 370
320 310
950 930
1.4943 0.00425 1.39137 | 795.438 [ 700 710 0.1564
Zn0:4% 580 560
Al
510 520
160 165
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Encourage, the defect chemistry of these films was calculated from the XRD. Varieties of Ad/d with Nelson—Riley factor
(NRF) [29] for ZnO:Al (2% and 4% wt.) Films are appeared in the FIG. 2.

The standard information for d-separating estimations of ZnO were taken from JCPDS record no. 36-1451. It is watched
that with an expansion in aluminum convergence of the films, scattered-ness of Ad/d values increase. It derives the
presentation of stacking shortcomings with the joining of various grouping of aluminum in ZnO films. Subjectively, the
scattered-ness of Ad/d values show the thickness of stacking issues exhibit in the films [29]. It can, in this way, be construed
that aluminum joining prompts an expansion in the stacking issue thickness of the ZnO thin films with an increase in the

lattice parameter.
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FIG. 2. Ad/d vs. Nelson—Riley factor (NRF) for ZnO:Al thin films.

The morphology and microstructure of the surface of the ZnO:Al thin films were examined by the AFM. The ZnO:Al films
are appeared in FIG. 3. The surface morphologies for various doping centralizations of the films appear to be dense; the
topography pictures nearly don't show any changes and make known good quality films. The smooth surface was plainly
observed for ZnO pure, an increasing in Al add up to ZnO lattice appeared with a high surface roughness. The 4 wt% Al
doped ZnO thin films, showed that the littler particles agglomerated and made bigger globules particles as compares to
another. Subsequently, these results favor the shape distortion of crystallites in Al doped ZnO thin films ascribed to all the
more stacking defects display in the films. The root mean squares (RMS) roughness of thin films with 0%, 2% and 4% Al

are 14 nm, 17 nm and 20 nm. These results are like different reports [29,30].
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FIG. 3. AFM images of (a) ZnO Pure (b) ZnO: 2% Al (c) ZnO: 4% Al thin films.

FIG. 4 appear the SEM image of the ZnO:Al thin. The micrograph obviously modulation in the average grain size with an
increase in Al wt%. FIG. 4 demonstrates that the thin films are uniform and grains are around circular in nature. Both the
XRD image and the SEM micrographs infer that the expansion of Al in ZnO grid confines the development of grains. The
normal grain measure seen if there should be an occurrence of the immaculate ZnO film was around 95 nm and found to
diminish ~40 and ~23 nm for 2 and 4 wt% Al.

FIG. 4. SEM images of (a) ZnO Pure, (b) ZnO: 2% Al, (c) ZnO: 4% Al thin films.

The evaluated crystallite sizes utilizing Scherer's equation and from SEM micrographs for ZnO:Al films are not comparable

with each other, it might be expected to the presence of indistinct stage around the grains.

FIG. 5. Shows sensor response with CO concentration, it has been watched that the 4 wt% ZnO:Al sensor showed the most
extreme affectability to CO when contrasted with another. The sensor reaction increments with CO concentration up to 100

ppm and sensor reaction immersed past 100 ppm of CO gas presentation. The immersion in the sensor reaction past 100 ppm
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of CO gas credited to constrained response destinations existing on the film surface. The temperature-subordinate sensor
reaction of Al doped ZnO thin films was contemplated in the temperature scope of 100°C to 300°C to discover the ideal

working temperature for CO sensing.

FIG. 6 explain the sensor reactions as a function of temperature. The sensor response of 4 wt% Al is phenomenal at 175°C,
though ZnO thin films demonstrated sensor response at higher working temperature ~275°C. The sensitivity conducts of thin

films have been considered for various concoction inputs.
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FIG. 5. Sensor response vs. CO concentration for ZnO:Al thin films.
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FIG. 6. Sensor response vs. Temperature for ZnO:Al thin films.

Conclusion

In conclusion, we examined the effect of crystallite size, stacking deformity and higher surface roughness on the sensor
response of ZnO doped with Al by using CSP. The CSP method has given pinhole free thin films with a uniform dispersion
of grains and well disciple nanocrystalline ZnO based thin films. Deposited films have affirmed the polycrystalline nature
with wurtzite hexagonal structure and favored introduction along (002) plane. AFM and SEM showed spherical growth of
ZnO:Al grains. The 4 wt% Al doped ZnO sensor shows high response to CO. Best outcomes were achieved in 4 wt% Al
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doped ZnO sensor at 175°C. The extensive surface area, higher surface roughness and all the more stacking deformities are in

charge of upgraded sensor response to CO gas.
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