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ARTICLE INFO ABSTRACT

Article history: Thin films of iridium doped indium oxide @#@s:Eu)with different doping

Received 12 February 2016 ratio(0,3,5,7,and 9%) are prepared on glass arglesorystal silicon wafer substrates

Accepted 18 March 2016 using spray pyrolysis method. The goal of this aede is to investigate the effect of

Available online 20 April 2016 doping ratio on of the structural, optical and semgroperties . The structure of the
prepared thin films was characterized at room teatpee using X-ray diffraction. The

Keywords: results showed that all the undoped and dope®{lBu)samples are polycrystalline in

structure and nearly stoichiometric. UV-visible sjpephotometer in the wavelength
range (200-1100nm)was used to determine the d¢etieagy gap and optical constants
.The optical transmittance of 83% and the optiaidgap of 5.2eV for pure ,iDs
declare drastic reduction as Eu dopant introdadbe indium oxide and then return to
increase with further increase of doping ratio. Dest figure of merit of the films was
achieved for pure sample.

INTRODUCTION

Non-stoichiometric transparent conducting oxidé€®) such as tin oxide, cadmium oxide, zinc oxide,
indium oxide, etc., find a wide variety of applicets in microelectronic and optoelectronic devibesause of
their high optical transmittance in the visible ganwith high electrical conductivity. Among thesedium
oxide InO; is an n-type degenerate semiconducting oxide wiki¢inds optoelectronic applications such as flat
panel displays,solar cells, photodiodes (Fortun&tp2007, Biyikli, N., 2001) .05 is a wide-bandgap (3.75
eV) n-type semiconductor,with appreciable singlestal mobility (160 crhV™* s %) and high film transparency
in the visible region (> 90%) (Vygranenko, Y., 200For the past three decades many researchers have
reported on the physical properties ofQOn films formed by different deposition methods suah flash
evaporation (Kaleemulla, S., 2007), electron beaaperation (Subrahmanyam, A., U.K. Barik, 2005)/ridc
magnetron sputtering (Radhakrishna, B., 2000, Ched.,, S.C. Liu, 2006), laser deposition, molecltdaam
epitaxy (Huang, M.H., 2001), chemical vapor depositBourlang, A., 2008, Prathap,2006), sol-gelcpss
(Sailer, R.A., 2008), spray pyrolysis (Flores, M.2008; Moholkar, A.V., 2008), electrochemical dsition
(Ghimbeu, C.M., 2008were employed for preparing indium oxide films teeh present day science and
technological requirements. But less work has breeorted on the influence of doping with Eu whidfeets
the hole properties of J0; films prepared by spray pyrolysis method. The afrthis research is to determine
the effect of doping ratio the structural, opticahd electrical properties of JB; thin films prepared at room
temperature.

Basic Considerations:
The fundamental absorption edge of polycrystaltinerystalline semiconductors is the region inchhihe
electrons are excited from the valence band V.B¢éoconduction band C.B by absorbing the incidéwit@ns
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these photons should have energy equal or greladger the energy gap of semiconductors. The absarptio
coefficient @ )which is the decrement ratio of incident radiatielative to unit length in the direction of wave
propagation inside the medium is relating withdhsorbance (A) through the relation (Klopff&y., 1984):-

2303A
a= - 1)

Where (t) is the sample thickness. Many reseascfi¢o, W.H., 2008; Tauc, J., 1974) put the empirica
equation between the optical energy gag(aad energy of the incident photon which is :-

(a hv) = A(hv -Ep)' 2)
Where A is constantytis the energy of incident photon which can bewated using the equation:-
1240
= 3)

A(nm)

r is the order of the optical transition depegdon the nature of electronic transition .The titaos is
called direct if the extremities of V.B and C.B i¢the same K-space ,while the transition is daltgirect if
the transition possible only with phonon assistéd@ 0) (Pankov, J., 1971). Thus the value of (r) may be
1/2,2,3/2, and 3 corresponding to the allowed dlirabowed indirect, forbidden direct and forbiddiewirect
transition recpectively.The absorption edge becavite for polycrystalline and amorphous semicondrsct
because of allowed localized states are found éneergy gap, the width of these localized states e
calculated using Urbach Rule (Korotcenkov, G., 2007

— hv/Eg
a=aq.e @
Where §, ) is constant and s the width of localized states.

The optical behavior of materials utilizeddetermine its optical constants (refractiveeign), extinction
coefficient (k), real and imaginary parts of dieter constants §; , €, )). Several methods were proposed to
determine the optical constants, they involve spetibtometric measurements of reflectance (R) and
transmittance (T) of sample in the wavelength rafige extinction coefficient (imaginary part of thefractive
index) can be calculated by the relation (Pankgw,971):

al

arr
equation (1).
The refractive index (n) can be measured (whenréffiectance (R) and (k) are known) by using the
equation [22]:

4R, (R+] ©
(R-D? (R-1)

The complex indexN) is given by:

N =n-itk=4+¢ 7)
Whereg is the complex dielectric constant, given by:

E= 51 —1 52 (8)
The parametet, is the real part of dielectric constarny is the imaginary part of dielectric constant nfro

equations (9) and (10) one can obtained :

. T N7 — K ettt ettt et et et nteeeraees (9)

r

Ei T 2K et b 20)

..... (5)where A is the wavelength @ is the absorption coefficient which can be obtdinsing

2. Experiments:

In this work, InO; thin films were prepared on glass and single atysilicon wafer P-Type (111)
substrates using spray pyrolysis technique. Thayspryrolysis apparatus used in this work consista o
homemade spraying unit, a substrate holder witheheand an enclosure. The glass substrate is dwepzt
stainless steel plate. The condition of preparatdisted in table below:

Spray Parameters Optimum Value/ltem
Nozzle-Substrate Distance 30+2 cm
Gas Pressure 1 Bar
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Spray Time 5 sec
Stopping Time 10 sec
Substrate Temperature 325 °C
Solution Flow Rate 2 ml/min
Carrier Gas 0,
IN,03 0.1M
Eu 0.1M
Solvent HCI

The structural aspects were investigated by Xdifyaction (PW1840) using Cla radiation. Optical
transmission for samples was measured with a UWeisspectrophotometer Cary 100in the range 200-
1100nm.

RESULTS AND DISCUSSION

The XRD pattern of the undoped and Eu-dope@4nhin film prepared at different doping ratio deipped
on glass substrate is shown in Fig. 1. The resthitsv that the as deposited®3films was polycrystalline in
nature,by increasing the doping ratio the filmsikitta polycrystalline structure with (222) beirfietdominant
orientation. The introduction of iridium to thedigrepared films has significant effect on thecure i.e. the
crystallinity of the films was worsened , henbe grain size was reduced. The average grain aeticle
size) D of the thin films was calculated using the Scherguation (Korotcenkov, G., 2007): D = O\94
cod),wherel is the X-ray wavelengtlfj is the full-width at half-maximum of the (222) filéiction line and is
the diffraction angle of the XRD spectra. All ofthiffraction peaks can be indexed to the cubj©{fJCPDS
card no. 96-101-0589. No peaks corresponding t@feuobserved, indicating that iridium gets incogted
well into the InO; lattice. The reduction in the grain size attriloute increase in the density of the grain
boundaries. By further increase in the doping ratie XRD spectrum tend to approach amorphousctsimel
(Parthibab, S., 2009).The intensity ratio of thake(222) orientation decreases along with therdpmtio. By
increasing the doping ratio from 0 to 9%, the giiirte decreased from 14.5 nm to 8.48 nm and this g®od
agreement with the optical data which is found &bl€.2. The particle size is found to be 14.5, 184847,11.5
and 8.48 nm at the doping ratio of 0, 3,5,7and r@%pectively. It can be observed that the crystaflizes
decreases on elevating the doping ratio becauseahiag decreases the energy of ions or ion clsigigor to
collision with the substrates(Jeong,S.H.,2003).
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Fig. 1: XRD patterns of IgDs:Eu thin films doped with different doping ratio(i,Os , (b) InO; doped with
3% Eu,(c) InO3 doped with 5% Eu ,(d)b®; doped with 7% Eu,(e)D; doped with 9% Eu .

Table 1: Effect of Eu doping on XRD results of the@ thin films.

Sample | 20 (Deg.) F(‘E’)Ve'g’\;' dwExp.A) | GS@mm) | dwStd(d) | h card No.
21,2000 0.5650 41875 14,3048 41315 | (210 96-101-0589
27.4800 0.6120 3.0431 13.3633 32002 | (301) 96-101-0589
30.2200 0.5650 2.9550 14.5642 20214 | (222) 96-101-0589
a 32.8000 0.6350 2.7283 13.0413 27047 | (231) 96-101-0589
35.1400 0.5650 25518 14.7487 25300 | (400) 96-101-0589
37.2400 0.5650 2.4125 14.8373 23853 | (330) 96-101-0589
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45.2400 0.5880 2.0028 14.6366 1.9847 (341) 96-101-0589
49.0000 0.6000 1.8575 14.5506 1.8477 (512) 96-101-0589
50.5600 0.6120 1.8038 14.3557 1.7890 (440) 96-101-0589
60.1400 0.6350 1.5373 14.4563 1.5256 (622) 96-101-0589
b 30.5900 0.5560 2.9201 14.8130 2.9214 (222) 96-101-0589
35.3100 0.5400 2.5399 15.4388 2.5300 (400) 96-101-0589
[ 22.1000 1.2130 4.0190 6.6730 4.1315 (211) 96-101-0589
30.7000 0.5690 2.9099 14.4783 2.9214 (222) 96-101-0589
35.3800 0.4920 2.5350 16.9483 2.5300 (400) 96-101-0589
d 30.7200 0.7150 2.9081 11.5225 2.9214 (222) 96-101-0589
35.3800 0.6410 2.5350 13.0087 2.5300 (400) 96-101-0589
e 30.7900 0.9710 2.9016 8.4860 2.9214 (222) 96-101-0589

Figure 2 shows the optical transmittance curves famction of wavelength for the f@s:Eu thin films that
are prepared with different doping. It is cleamfiothe figure that the average transmittance othhefilms is
more than 85% for wavelengths in the 500-1100 nmgeaindicating the good transparency of the thimsf
Moreover, it can be seen that the optical transmitt observed in the films decreases with the @sereof
doping ration in the first but then increase witintinues increase of doping ratio, indeed the tréitgnce
decreases from 85% to 22% with an increase in tmnd ratio from O to 5% and then return to inceets
32%with further increase of doping ratio. Furtherejchigh transmittance in the films may be ascriteetess
scattering effects, structural homogeneity andebetrystallinity. A red-shift in the absorption edgvas
observed as iridium added to the hot material. Naigthy the red-shift of the cut-off edge take glas a result
of reduction in to grain size, arises from doping{&,L.E.,2003). This may be attributed to the tiwezof the
defect states in the gap or the strain . With tluegase of doping ratio from 5 to 9%, there is UVshifts to
shorter wavelength which is accompanied by increddgand gap as can be seen later, this is knowtheas
Burstein—Moss shift.

—— Pure In203
Doped with 3% Eu
—— Doped with 5%Eu
100 —=— Doped with7%Eu
+— Doped with 9%Eu

B /f
60
40

20

Transmittance%

200 300 400 500 GUQ (nm) 700 800 900 1000 1100

Fig. 2: Transmittance spectra for the Eu-dopegDithin films obtained at different doping ratio.

The refractive index (n) afindoped and Eu doped,® films with different doping ratio were measured
and plotted as function of waveleng#) {(n Fig .3.It was found that(n)decreased with i the range (200-
1100) nm,on the other hand Bt500nm which lies in middle of spectrum of the #parent region, the
refractive index exhibit to change in non systematquence with doping ratio i.e. increases infitlsé and
then decreases with further increase of doping rattdeed n increases from ( 2.08 to 9.01 ) witlréasing of
doping ratio from 0 to 5% and then return to deseeawhen Eu ratio increases to 9%. indicating that t
increasing of doping ratio made the samples filnmsemopaque to the incident light in the first then return
be more transparent to the incident light. The ddpace of the extinction coefficient (k) on the welngth is
shown in Fig.4. It is evident that the values of {kere reduced, become smaller at the region beyoad
absorption edge, they are relatively small withréasing of X).It is remarked that (k) values at500nm
increased from (0.082 to 0.284 as Eu introducetthechost material but then k decreases with fuitherease
of Eu .The increasing of k can be attributed toitleeeasing of absorption coefficient ,hence k wélincreased
according to equation (5), while the decreasing &f ascribes to eliminating of defect states raspme about
the absorption processes in the band gap. Reah@ginary parts of dielectric constamt &nde, ) of undoped
and Eu doped b®;s films with different doping ratio were calculateding equs.( 9 and 10 ). The dependence of
() and € ) on @) are shown in Figs.(5) and (6) ,it is concludeat the variation ofg) mainly depend on the
value of () because the smaller value of (k) comparison \@if) ,while the imaginary part of dielectric
constant ) mainly depend on (k) values which are relatethéovariation of ¢ ).

The variation of ¢ hv)? (a hv)“? with photon energy ¢h for direct and indirect allowed transition are
plotted in Fig.7 and 8 farndoped and Eu doped,®s films with different doping ratio , the optical egg gaps
are determined which are listed is Table.l. Itleacthat direct (Eg)decreases as Eu adddd,@; films ,
although (Eg) increases with further increase @fing ratio, moreover (Eg) decreases from 5.2 18 &V
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when Eu ratio increase from 0 to 3%nm, while (Eggreases to 3.5 eV as Eu ratio increases to/986 .the
indirect energy gap show the same sequence witingloptio , notworthy the indirect band gap valees
lower than those direct bangap values . The drdsticease in the energy gap at 3% doping ratielased that
this sample attain maximum particle size (14.8ns)seen from table.1 .The optical bandgaps obtaioed
doped films are much lower than that of undopee. Gine reduction of the bandgap is in good agreemith
the red shift observed from transmittance speaisatd the Burstein—Moss effect .

—— Pure In203
—=—Doped with 3% Eu

10 —— Doped with 5%Eu
—=—Doped with7%Eu

—— Doped with 9%Eu

200 300 400 500 600 700 800 900 1000 1100

2 (nm)

Fig. 3: Variation of refractive index with the wavelenddr the Eu-doped h®j; thin films obtained at different
doping ratio.

—— Pure 203
—— Doped with 3% Eu
—o— Doped with 5%Eu
—=— Doped with7%Eu
—— Doped with 9%Eu

200 300 400 500 600, 700 800 900 1000 1100
A (nm)

Fig. 4: Variation of extinction coefficient k with wavelgth for the Eu-doped h©O; thin films obtained at
different doping ratio.
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—— Doped with 5%Eu
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Fig. 5: Variation ofg, with the wavelengtlfior the Eu-doped h©s thin films obtained at different doping ratio.

The electrical properties were determined. Intosk, the gas sensing properties of thggEu thin films
which are deposited by spray pyrolysis technique @l@racterized for NOThe sensitivity, (S) of the film is

(Ry Q)
(ResQ)

The dynamic response /recovery time cycle forftw samples grown at doping ratio 0,3,5,7,and 8% i
NO, ambient are shown in Fig. 6. It is obvious that finst sample (undoped sample) has higher seitgitiv

the incoming gas and moreover. Generally, it ispted that a more resistive sample with higher moegs is
better compared to another due to its better treppituation for reducing the gases (Korotcenkoy,2804).

defined as the ratio between the surface resiswitte film in air (R) and gas (§: S =
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Generally, films with higher resistance declaregreater response to the reducing ambient gas .bEftiavior

indicates direct correlation between the gas respoand the film stoichiometry.Generally, when the

conductivity (resistivity) is low (high), the respge to the reducing gases is high. According to X@gults
(Fig.1), the undpoed sample which shows lower at@n of stoichiometry compared to the residuahsles,
hence, as expected better sensitivity was obsdordte pure sample as shown in Fig.(10).

€

—— Pure In203

—=— Doped with 3% Eu
—— Doped with 5%Eu
—=- Doped with7%Eu
—— Doped with 9%Eu

200 300 400 500

A (nm)

600 700 800

900 1000

1

00

Fig. 6: Variation ofg; with the wavelengtifor the Eu-doped W®; thin films obtained at different doping ratio.

@) @n” @)y10"
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30 Doped with 3% Eu
2 Doped with 5%Eu
- Doped Wth79%Eu

© Doped with 9%Eu

hv (eV)

Fig. 7: Variation of ¢thv)? versus (b)for the Eu-doped k©; thin films obtained at different doping ratio.
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Fig. 8: Variation of @thv)? versus (b)for the Eu-doped WOs thin films obtained at different doping ratio.

Table 2: The optical parameters of,{Ds:Eu thin films .

1 E E
Sample % o (cn) K n & & (eV)dgirect (eV)in%irect
Pure InO; 85.30 7951 0.032 2.086 4.352 4.352 5.20 4.9
Doped with 3%Eu 54.45 69908 0.284 2.995 8.889 8.88 3.18 3.2
Doped with 5%Eu 22.03 48018 0.191 9.019 81.307 ®1.3 3.20 3.26
Doped with 7%Eu 39.33 36963 0.147 5.819 33.837 333.8 3.50 3.40
Doped with 9%Eu 32.78 28338 0.113 7.628 58.166 6.1 3.50 3.30
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Fig. 9: The dynamic response versus recovery time cycléofdin,Os:Eu thin films sensors.

Conclusions:

Thin films of undoped and Eu doped@j with different doping ratio in the range (3,5,an8 9%)were
prepared on glass and single crystal silicontsates by spray pyrolysis method at room tempegatliResults
shows that the doping is considered as main pasmmethich has significant effect of structural eseshsing
properties of the prepared films. Furthermoreucttral, optical and electrical properties of tileng were
studied and optimized conditions are obtained Xtay diffraction patterns showed that the all upeld and
doped thin films which were deposited with differedoping ratio were pollycrystalline. The gas sagsi
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analysis reveals that the gas sensitivity is higbepure samples which contains both higher sgrfaughness
and electrical resistivity.

Sessitivity
°
&

0 2 4 6 8 10
Doping ratio%

Fig. 10: Sensitivity versus doping ratio for,@s:Eu thin films sensors.
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