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ABSTRACT

This paper presents the structural properties ©f2md ZnO:Al (2, 4, 6 and 8)%. nanostructurethimdi
deposited at 456C on glass substrates by chemical spray pyrolysthichness (150+5 nm). The structure of ZnO and
ZnO:Al is nano-structure films were found to exhils hexagonal wurtzite structure. The structwtatails and
microstructure were obtained from X-ray diffracti@mows that the increase of Aluminum concentratansed to
decrease the grain size, interplaner spacing. Thiace Morphology of the films was studied by usthg Scanning
Electron Microscopy (SEM), Atomic Force Microscof#FM), and the Transmission electron microscopy NIJE

sensitivity of films increases with the increasédbtoncentration and substrate temperature.
KEYWORDS: Zno: Alnanostructures, Aluminum Doped, And StruatiProperties

INTRODUCTION

Transparent conducting oxides (TCOs) are a speldak of materials that can simultaneously be bptitally
transparent and electrically conducting and, ab,sare acritical component in almost all thin-fighotovoltaic devices.
TCOs are generally based ona limited class of metadle semiconductors such In203, ZnO and SnO2ctwhi
aretransparent due to their large band gap andatssmtolerate very high electronic doping concaidns to yield
conductivities of 1000 S/cm or higher. Semicondu@oO is the subject of research for a lot of aggilons for the past
several years, because the material is bio satamichally stable, biocompatible and nontoxic. ZnG laaband gap of
around 3.2-3.37eV at R.T. [1, 2]. It has strongomic and exciton binding energy of 60 meV [3]. Zh@&s low resistivity
and high transparency in the visible range and Mgt trapping characteristics [3, 4]. ZnO hagated increasing
attention as a potential material for devices daefectronic such as low threshold blue UV lassddar cells, LEDs,
sensors, display devices and photodetectors [BrT&cent years, it has been found that ZnO casyhthesized by various
routes such as electron beam evaporation techn[g§lie chemical spray pyrolysis technique [1], RF rthal
plasmaevaporation [6], sol gel method [3, 7], anecipitation methods[1, 7]. Among these methodscipitation has
many advantages over the other methods, for exantpeunsophisticated and a low cost method [28]4 Zinc oxide
(Zn0O) has been used in a wide range of productmémy years, including, among others, varistordasa acoustic wave
devices and cosmetics. Besides these establisipdidadjpns, ZnO and its ternary alloys are now deing considered as

potential materials for optoelectronic applicatiosisch as light emitting diodes, photovoltaic, sessdisplays, etc[9].
EXPERIMENTAL

Nanostructure films of ZnO, ZnO: Alprepared byagppyrolysis deposition (SPD) technique in air framnc
nitrate [(Zn (NQ)..6H,O)- 99.9% purity, molecular weight (297.4 g/mole)dnd using aluminum nitrate [(Al
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(NO3)3.9H,0) 99.9% purity, molecular weight: 375.13 g/maoDjluted with distilled water to concentration of hadties
equal 0.075 M. The deposition method involves tkeodnposition of an aqueous solution of zinc nitrdtke spray
solution is sprayed onto heated substrates hed8@C. The time of the deposition is 3 sec. each 42 €ammpressed air
is used as a gas carrier and it is fed with thetsol into a spray nozzle at a readjusted constemhization pressure. Film
thickness t=150+5 nm). Diffraction studies are carried outngsiX- Ray with filtered Culd radiation 0.15406 nm

wavelengths) was performed to identify the crystalphases present in the deposited films.

RESULTS AND DISCUSSIONS
Structural Analysis

The XRD graphs of ZnO and ZnO: Alnanostructure $ilare shown in figure 1. It is obvious the nanadtne
film is polycrystalline for ZnO, ZnO:Al 2% and anpirous for ZnO:Al 6% and ZnO:Al 8%, which is an icafiion of
lattice Shrinkage [10]. Planes 100 and 101 are grawth aluminum doping concentration of 2% and #ff disappear

for more Al concentration, beside the growth of @l&he is exhibit for ZnO pure.
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Figure 1. X-Ray Diffraction Pattern of Zno And Zno: Al Nanostructure with Concentration (2, 4, 6 And 8 %

www.bestjournals.in

editor.bestjournals@gmail.com




Study of Aluminum Doped ZnO Thin Films Deposited orGlass 79
Substrate for an Application of H;and Nh; Gases Sensing

The values which measured by XRD instrument dfakition angle(R), Inter planer spacing(d) and Full Width at
Half Maximum (FWHM) are in table (1). The lattiparameterg and cwere calculated from the XRD pattern using the
equation [11, 12].

1 4 h?+hk+k? 12

w3l 1ta ©
The micro straing) can be calculated from the relation [13]:

e = [ICASTM—CXRDI % 100% (10)
CasTmM

According to the values in table (1), the intarpler spacing(d) is decreases with the increasakiminum

doping due to the ion size of the®A(r= 0.054 nm) interstitial in Z7i (r= 0.074 nm) [14].

Table 1: XRD Patterns, Lattice Parameted Spacing,FWHM and Micro Strain For Zno and Zno: Al
Nanostructure Films Deposited Atsubstrate Temperatre 450°C on Glass Substrates

HKl | Doping (%) | 26(deg.)| D(m) | A(Mm) | C(nm) g"t'rcarl‘:] FWHM(Deg.)
0 - - -
100 2 32.1224| 2.78424 0.32150 | 0.51508| 0.0107 0.4219
4 32.1617| 2.78093 0.32111 | 0.51447| 0.0119 0.4295
0 34.4751| 2.59943 0.32450 | 0.51989| 0.0015 0.3961
002 2 34.8989| 2.56883 0.32068 | 0.51377| 0.0132 0.4219
4 34.8463| 0.256259| 0.31990 | 0.51252| 0.0156 0.5167
0 36.2462| 2.47637 0.32505 | 0.52077| 0.0002 0.3938
101 2 36.6198| 2.45196 0.32184 | 0.51564| 0.0097 0.5667
4 36.6393 2.4507| 0.32168 | 0.51537| 0.0102 0.4442
The averagecrystallet sizg was calculated by Scherer equation [15]:
kA
Dg = Bcos (0) @)

Wherel is the wave length of incident X-ray radiatiopis the intrinsic full width at Half Maximum of theeak ,
and 0 is the Bragg's diffraction angle of the respectkieD peak .Assumes the world Warren that the maétiead
representation of curves resulting from the XRDedefs primarily on the amount of similarity betwebase curves and

functions of each of the Cauchy and Gauss, in #s& considered curve X-ray diffraction is similarfinction Cauchy

and take the form oj% the correction is given by the following relatstnip, which was called (Scherer's correction):
+k“x

Bes = Bm — Bi )
Whereg,,:is the measured full width at Half Maximum of theag,B,: is the instrumental broadening [16], where
(B,) = 0.11 deg. for the used instrument. Compensation equatiom(&)e relationship (1) we get:

kA

by = BBy cos®) (3)

In the case considered XRD curve similar to thecfion Gauss which takes the form‘fzxz) theaccuracy to be
higher because of the great similarity between fhoisction and the diffraction curves; it was sudgds(Warren

correction) form;

editor.bestjournals@gmail.com www.bestjournals.in




80 Rashid Hashim Jabbar

ﬁcsz = B‘mz - ﬁiz 4)
This correction called (Warren's Correction). Cemgation equation (4) in the relationship (1) we ge

Dy = — 5)

! BB cos(6)

Since the output line shape does not resembl&thess curve and Cauchy curve completely, so tredaBons
have limited operation values. If the intensity v@irdoes not sharp may be used (Scherer's corrgaio@Warren's
Correction) former because the difference betwiervalues given by relations (3) and (5) is nagdamwhich means that
the decrease of the curve breadth means that finet ef the amountf;) is significant,since the width of the curve irth
half intensity (FWHM) is inversely proportional witcrystallite size according to equation (1), tleeréase in (FWHM)
leads to increase in the crystallite size, whictansethat few crystal defects are present in thepkarMoreover, Warren

was suggested a relationship takes into accourgegbmetric meaning which is [17, 18]:

Bes = \j(ﬁm - ﬁi),’ (ﬁmz - Biz) (6)

Compensation equation (6) in the relationshipané)get:

D. = ki (7)

g
j (ﬁm—m/ (Bm®-Bi*)cos (8)

The crystallite size of (100),(002) and (101) glsuuising equations (1,3,5 and 7), where the clyttalecreases
with the increase of Aluminum doping concentrat@snshown is in table (2).

Table 2: The Crystallet Size for 100, 002 And 101
Plane of Zno, Zno: Alnanostructuré&ilms

) Doping Crystallet Size (nm) Dislogation
00 [ eaw)| ea@| ea®)| eal) | gt
0
100 2 20.5 27.7 21.2 24.2 1.70
4 20.1 27.0 20.8 23.7 1.78
0 219 30.4 22.8 26.3 1.44
002 2 20.6 27.9 21.4 24.4 1.68
4 16.8 21.4 17.2 19.2 2.71
0 22.2 30.8 23.1 26.7 1.41
101 2 15.4 19.1 15.7 17.4 3.32
4 13.6 16.4 13.8 15.0 4.43

The dislocation densifg) which represents the defect in the film was deteedhfrom the formula [11]:
0=-= )

»  Surface Morphology

TEM shows the mean size of the grains more thab Xhhis difference in the size refers to this féwt “TEM
shows the size of the particles and XRD shows ike eof the crystallites” [19]. The presence of Zmpherical

nanoparticles along with a few nanorods was obseageshown in figure (2). The grain sizes of splatparticles were

editor.bestjournals@gmail.com www.bestjournals.in




Study of Aluminum Doped ZnO Thin Films Deposited on Glas 81
Substrate for an Application of H;and Nh; Gase: Sensing

found to be in the range of (6 33-nm). This results and TEM images of ZnO the fihin pattern agree witr20, 21].

T

Figure 2: TEM Image of Undoped Zno

Using scanning electron microscope (SE as shown in figure (3)The change in the morphology ZnO,
ZnO:Al nanostructure films is due to the difference inidomadius betweerAl*and zr** [14].The pictures of

morphological structure of tHféms were obtained by using an atomic force micogs/ are shown iFigure (4).

4 :15 0]

ZnO:Al 6% ZnO:Al 8%
Figure 3: SEM image of ZnO anZnO:B Nanostructure thn Films with Doping Concentration (2, 4, 6 and 8)%
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ZnO:Al 2% Zn0O:Al 4% Zn0O:Al 6% ZnO:Al 8%

Figure 4: Morphological of The Zno and Zno:B Nanostuctures With Concentration
(2, 4, 6 And 8) %. an Atomic Force Microscopy (AFM)
AFM and SEM images of ZnO and ZnO:Al thin filmspisited on glass substrate shows that the grae siz
decreased and the roughness increase with theasemf Aluminum ratio due to crystal distortiorused by the Al
concentrations, values of the grain size and roeggimeasured by AFM and SEM are shown in the {8hle

Table 3: Grain Size Calculated by AFM, SEM and Roubness Average of
Zno and Zno:Al Thin Films Deposited on Glass Substte

DAFM-PS DSEM-PS Sa(Roughness
SEmple (nm) (nm) Average)(nm)
Zn0O 31.4 29.2 6.8
Zn0O:B 2% 28.7 23.5 8.6
Zn0O:B 4% 25.1 19.7 9.1
Zn0O:B 6% 19.3 16.2 10.3
Zn0O:B 8% 16.8 12.5 11.5

Sensing Properties of H Gas

The sensing mechanism of ZnO towardsdds depends on the interaction between the reglgas and the
negatively charged © ions on the ZnO thin films surface, thereby cagisinvariation in conductance, as described by
equation [22]:

Hy(ad)— 2H" +2¢€ 2

So that, by the electrons released back into ti@ @nduction band and increasing the carrier dapdice ZnO
active layer, the resistance of the sensor is dsexeupon exposure to a reducing gas [23]. Figyra)(shows sensitivity
for ZnO, ZnO:Al nanostructure thin films as a fupat of operating time for Hgas with concentration (50ppm) at

R.T.[23].Figures (5, b) shows the sensitivity dimf vs. substrate temperature, in general the tsgfysincreases with
increasing of substrate.
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Figure 5: Sensitivity For Zno, Zno:Al With Doping Concentration (2, 4, 6 And 8)%.
Deposited on Glass Substratea Function of Operating Time for Hgas With
Concentration 50 Ppm for Substrate TempA) At R.T., (B) 100-250°c.

Sensing Properties of NH Gas

It is known that the sensing mechanism of ZnO towa\H; gas depends on the interaction between thereducing
gas and the negatively charged @ns on the ZnO thin films surface, thereby cagisinvariation in conductance, as

described by equation [24]:
2NH; + 30 — 3H,0 + N, + 3€ (4-3)

So that, by the electrons released back into ti@ @nduction band and increasing the carrier dapéice ZnO
active layer, the resistance of the sensor is dsexk upon exposure to a reducing gas [25]. Fighrea) shows the
sensitivity of ZnO and ZnO:Al as function of opengttime for NH gas at room temperature with concentration (50ppm)
at R.T. prepared at 45C. Figure(6, b) shows the sensitivity of films gsibstrate temperature, as shown in the figure
the sensitivity increase with increasing tempemuntil reach to highest sensitivity at #60then decrease above this

temperature, also the sensitivity increase witlndasing of aluminum-boron co-doped concentration.
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Figure 6: Sensitivity For Zno, Zno: Al With Doping Concentration (2, 4, 6 And 8) %.
Deposited on Glasssulat as a Function of Operating Time for NH Gas With
Concentration 50 Ppm foruBstrate Temperature, (A) At R.T., (B) 100-250 Oc
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CONCLUSIONS

It was found that the increase of concentratioAlaminum due to decrease of grain size in genandl varying

the morphology, 100, 002 and 101 planes has disapp&% and 8% doping concentration, the lattizestants decreases

with the increase of doping. ZnO and ZnO: Alnanadtires have been synthesized on glass substriatg aidow cost

spray pyrolysis deposition. The average roughnésheofilms increased with the doped concentratisoghat the thin

films sensitivity increases. Increase of substr@teperature leads to increase of sensitivity effiims.
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