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a b s t r a c t

Highly conductive and transparent amorphous IZO films were fabricated by combining deep ultraviolet
(DUV) excimer laser irradiation with solution combustion synthesis at low temperature. The influence of
laser energy densities on the crystallinities, surface morphologies, and optical and electrical properties of
the IZO films was investigated by using X-ray diffraction, scanning electron microscope, atomic force
microscope, UVevis spectroscopy, and Hall test. Additionally, Fourier-transform infrared spectroscopy
showed that DUV laser irradiation led to the removal of organic residuals and hydroxyl groups. X-ray
photoelectron spectroscopy showed that the percentage of metal‒oxide‒metal bonds in the IZO films
increased significantly after the laser irradiation, which was beneficial for the electron transportation. As
a result, the IZO films exhibited resistivity as low as 4.2� 10�3U cmwith average visible transmittance as
high as 91%, which yielded the highest Figure of Merit among the solution-processed transparent con-
ducting films prepared at a temperature as low as 200 �C.

© 2019 Elsevier B.V. All rights reserved.
1. Introduction

Oxide materials are becoming increasingly important in a wide
range of applications including transparent electronics and opto-
electronics [1]. Among them, transparent conductive metal oxides
are necessary component in optoelectronic devices such as liquid
crystal displays, organic light emitting diodes, solar cells, optical
sensors etc. [2,3]. Particularly, amorphous ternary metal oxide
semiconductors (MOSs) possess spherically symmetric heavy-
metal cation ns orbitals with (n‒1)d10ns0 (n� 4) electronic con-
figurations. The adjacent spherically orbitals may overlap and form
well-defined conduction paths [4]. In addition, amorphous MOSs
fabricated at low-temperature have ultra-smooth surfaces and are
devoid of grain boundaries. Those features can suppress interface
trap centers and obviate the primary limitation of mobility in
polycrystalline semiconductors. Thus, amorphous MOSs exhibit a
stimulating combination of high optical transparency, high electron
mobility, and ease of process integration [5].
Amorphous MOSs can be prepared by vacuum deposition
methods such as magnetron sputtering and pulse laser deposition,
as well as by chemical synthesis such as sol-gel [6‒12]. A pioneering
work reported by Raniero et al. demonstrated that magneton
supporting can be used to prepare high-performance transparent
conductive oxide at room temperature [8]. Gonçalves and co-
workers investigated the electrical, structural, morphological, and
optical properties of transparent conductive oxide films as a func-
tion of annealing temperature [9]. Fortunato et al. reported that
indium zinc oxide (IZO) film deposited at room temperature
exhibited an electron mobility as high as 60 cm2/V [10]. Lyubchyk
and colleagues have fabricated aluminum zinc oxide (AZO) films
with a high average visible optical transmittance around 88%, and a
low resistivity of 3� 10�4U cm [11]. Compared with vacuum
deposition, sol-gel method possesses advantages of simple equip-
ment, easy composition adjustment, and low-cost manufacturing.
Additionally, sol-gel method provides the possibility of directly
patterning MOS films and avoiding complicated photolithography
process. However, a high annealing temperature (usually �400 �C)
is required to obtain transparent conducting films with low elec-
trical resistivity (<10�3U cm) in the conventional sol-gel methods
[12]. High annealing temperature is incompatible with
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temperature-sensitive plastic substrates and yet is one of the most
important encumbrances restricting the applicability of the
solution-processed MOSs.

Recent efforts by the pioneering researchers have led to signif-
icant development in lowering the preparation temperature of the
solution-processed MOSs by solution combustion process [13], ul-
traviolet irradiation [14], post-annealing process optimization [15],
and so on. Among them, solution combustion process is a new sol-
gel exothermic reaction that uses fuel and oxidizer ligands as pre-
cursors, and is usually used to prepare the channel layer in the thin-
film transistors [13,16‒19]. A temperature as low as 200 �C is
enough to ignite the combustion reaction. The heat generated
during the combustion process of the precursors could help to
decompose the organic residuals and accelerate the metal‒oxide
condensation. Kang et al. optimized the composition ratio of
combustible In to Zn precursors and obtained low-resistivity IZO
films at 350 �C [20]. More recently, we have attempted to use the
solution combustion process to synthesize transparent conductive
MOS films at a temperature of 250 �C [21]. But the unavoidable
impurity residual made the resulting films exhibit a high resistivity
of 40U cm.

Deep ultraviolet (DUV) laser irradiation, which offers rapid and
precise energy delivery in area and depth, is recognized as a
powerful tool for improving the conductivity of MOSs [16,22‒27].
DUV laser irradiation possesses highly desirable features of
noncontact processing, high accuracy, fast speed, and low thermal
budget. Although considerable attention has been paid in
improving the quality of solution-processed MOS films via opti-
mizing the number of impinging shots, pulse repetition frequency,
and laser power density, the trade-off between the low annealing
temperature and high conductivity is still undesirable. That is
because the low-temperature annealed MOS precursors do not
absorb the energy of DUV laser. There is still a strong demand for
ideal approaches that enable the formation of solution-processed
transparent and highly conductive MOS films at low temperature.

It is known that the solution combustion process could accel-
erate the formation of MOSs at relative low temperature, and high-
energy photon irradiation could efficiently degrade the organic
molecules. However, the combination usage of DUV irradiation
with solution combustion process to fabricate transparent
conductive MOS films, which will potentially overcome the
abovementioned shortcomings, is rarely exploited up to date. In
this study, highly conductive and transparent IZO films were pre-
pared by combining DUV excimer laser radiation with solution
combustion sol-gel method at low temperature. The dependency of
microstructures, surface morphologies, optical and electrical
properties of the IZO films on the DUV excimer laser energy den-
sities was systematically investigated. The IZO films with resistivity
as low as 4.2� 10�3U cm and average transmittance as high as 91%
were prepared at 200 �C. We demonstrated that both the removal
of residual organic matters and hydroxyl groups and the increase of
the percentage of metal‒oxygen‒metal (M‒O‒M) bonds contribute
to the improvement of optoelectronic performance of the IZO films.

2. Experimental

2.1. Preparation of IZO films

IZO precursor solution was prepared by separately dissolving
zinc acetylacetonate hydrate (Zn(C5H7O2)2�xH2O, 99.99%) and in-
dium nitrate hydrate (In(NO3)3�xH2O, 99.99%) in anhydrous 2-
methoxyethanol (CH3OCH2CH2OH, anhydrous 99.8%) solvent,
metal precursors were prepared at molar concentration of 0.3M.
All chemicals were purchased from Sigma-Aldrich. The experi-
mental scheme is illustrated in Fig. 1. The procedure can be
described as three steps. The precursor solution was agitated at
500 rpm for 12 h at room temperature and then aged over 24 h to
prepare the homogeneous solution. The total IZO solution was
obtained by mixing the molar ratio of In precursor: Zn precursor at
3 : 1. The precursor solution was spin-coated on a quartz substrate.
The spin-coating process was performed at a speed of 2000 rpm for
30 s. The precursor filmwas dried on a hot plate at 120 �C for 10min
to remove the residual solvent. After five cycles of spin-coating and
drying procedures, the resulting IZO films were annealed at 200 �C
for 1 h. During the annealing process, a highly intense exothermic
reaction occurred. The evolved heat can provide supplemental
energy to accelerate the transformation of metal hydroxides or
alkoxides into the amorphous IZO frameworks. Then the solution
combustion synthesized IZO films were irradiated with DUV KrF
excimer laser (l¼ 248 nm) at room temperature in the atmospheric
environment. The pulse duration of excimer laser was 20 ns, the
number of impinging shots was 200 with a frequency of 10 Hz. The
laser beam was a rectangular shape (2� 4 cm2) with the energy
density varied from 75 to 150mJ/cm2. The size of our sample was
2� 2 cm2. The uniformity of the films was checked by dividing the
sample into four part. The process reliability of our approach was
further verified by repeated fabrication of IZO film for 5 times. The
sheet resistance of each part and batch was measured with four-
probe system. Their approximately equal sheet resistances
confirmed the sample uniformity and method reliability. The IZO
films prepared with precursors composed of zinc nitrate and zinc
acetate were non-conductive, and thus the IZO films discussed in
this following were prepared with precursor composed of zinc
acetylacetonate if not specially mentioned.

2.2. Characterization of IZO films

To investigate the thermal behaviour of the IZO films, ther-
mogravimetric analysis (TGA) and differential thermal analysis
(DTA, NETZSCH STA 449C) were implemented at a heating rate of
10 �Cmin�1. The crystal structure of the IZO films was characterized
by X-ray diffraction (XRD) using D/max 2500 XRD diffractometer
(Rigaku). Scanning electron microscope equipped with EDX (SEM,
Quanta 250 FEG) and atomic force microscope (AFM, Bruker
Dimension Icon) were used to characterize the morphologies and
compositions of the IZO films. Fourier-transform infrared spectra
(FT-IR, Thermo Fisher Scientific IS10 spectrometer) were measured
to detect the organic impurities. The surface chemical states of the
IZO films were analysed using X-ray photoelectron spectroscopy
(XPS, VG ESCALAB LKII) with Mg KR-ADES source. The optical
transmission spectra of the quartz substrate and IZO films were
characterized by the UVevis spectrophotometer (UH4150, Hitachi).
The electrical properties including electron concentration, mobility,
and resistivity of the IZO films were measured by a Lakeshore 7704
Hall effect system in the van der Pauw configuration. The thickness
of the IZO films were measured with a surface profiler (KLA-Tencor
Corp. USA, Alpha-Step D-120).

3. Results and discussion

To investigate the spontaneous exothermic reactions of the fuel
and oxidizer ligands, we conducted thermogravimetric analysis
(TGA) and differential thermal analysis (DTA) on various zinc pre-
cursors. The oxidizer was indium nitrate. TGA and DGA curves for
the precursors of zinc nitrate and indium nitrate were shown in
Fig. 2a. There was no obvious exothermic peak in the DGA ther-
mogram. The TGA curve shows that there was a mass loss at the
temperature range of 50e300 �C. The precursors of zinc acetate and
indium nitrate exhibited a similar behaviour (Fig. 2b). The initial
mass loss which occurred in the temperature range of 50e200 �C



Fig. 1. Schematic of the preparation process of IZO films.

Fig. 2. Thermogravimetric analysis and differential thermal analysis of IZO precursors composed of indium nitrate and various Zn precursors, (a) zinc nitrate, (b) zinc acetate, and (c)
zinc acetylacetonate.
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originated from the dehydration of the precursors and the volatil-
ization of the solvent. Another weight loss occurred at the tem-
perature range of 200e300 �C was ascribable to the conversion of
metal hydroxide to metal oxide via condensation, dehydroxylation,
polycondensation, and pyrolysis of the organic components [10]. It
was found from the TGA thermogram that a temperature higher
than 300 �C was required to form M‒O‒M lattice for the conven-
tional precursors. In contrast, when the precursors of zinc acety-
lacetonate and indium nitrate were used, both an intense
exothermic peak and a tremendous mass loss were observed at
140e160 �C (Fig. 2c). The weight of precursors was reduced by
about 50% before the temperature reached to 200 �C. These phe-
nomena were attributed to the removal of the organic components
by the combustion exothermic process of the precursors [6]. It is
noteworthy that a broad exothermic peak in the range of
300e350 �C was observed, suggesting a small mass loss related to
the dehydroxylation, densification, alloying reaction, and decom-
position of the residual organic ligands [13].

The absorption coefficient of the MOS films to the incident laser
is an important parameter while converting the photon energy
from a laser to heat. Fig. 3a shows the transmission spectrum in the
UV light range of the solution combustion synthesized IZO film
before DUV excimer laser irradiation. For comparison, the trans-
mission spectrum of the quartz substrate is also shown. According
to the equation a ¼ (1/d)ln[1/T], where d is the thickness and T
represents the measured transmittance, respectively. The absorp-
tion coefficient (a) of the original IZO film was calculated to be
6.7� 104 cm�1 which is almost four orders higher than that of the
quartz glass substrate. Therefore, the photon energy of the excimer
laser could be absorbed mostly by the IZO film, which could
instantaneously raise the temperature of the IZO film. Theoretically,
the temperature of IZO film and its substrate can be calculated by
using DT¼ aE/Сr in the adiabatic model, where E is the energy
density of DUV excimer laser, a, C and r is the absorption efficient,
specific heat, and density, respectively [28]. The subscripts 1 and 2
represents substrate and IZO film, respectively. First, we calculated
the temperature rise (DT1) of a 30 mm thick poly-
methylmethacrylate (PMMA) substrate under DUV excimer irradi-
ation. For the PMMA substrate with a1¼1.6� 103 cm�1 in the DUV
range, C1¼2 J g�1 K�1, r1¼1.5 g cm�3, DT1¼66 K. Second, we
calculated DT2¼1429 K, where a2¼ 6.7� 104 cm�1,
C2¼ 0.837 J g�1 K�1, r2¼ 7.0 g cm�3. Finally, we calculated the
temperature rise (DTꞌ1) of substrate caused by the heat transferred
from IZO film. DTꞌ1 can be calculated with DTꞌ1/DT2¼ C2 r2 h2/C1 r1
h1, where h represents the thickness, DTꞌ1¼5.6 K. Therefore, the
possible temperature rise of the substrate (DTꞌ1 þ DT1) was 73 K,
indicating that the plastic substrates can survive DUV excimer laser
irradiation.

Fig. 3b shows the XRD patterns of the DUV excimer laser-
irradiated IZO films. The energy density of the DUV excimer laser
varied from 75 to 150mJ/cm2. There was no diffraction peak when
the laser energy density was less than 100mJ/cm2, suggesting that
the IZO film was amorphous in this laser energy range. A weak
In2O3 (222) diffraction peak was observed at the laser energy



Fig. 3. (a) XRD patterns of the solution combustion synthesized IZO films irradiated
with different DUV excimer laser energy densities. (b) Absorption spectra of the so-
lution combustion synthesized IZO film and the quartz substrate in the UV light range.

Fig. 5. (a) Optical transmission spectra in the visible light region of the IZO films
irradiated with different laser energy densities, (b) corresponding average diffusive
(Tdiffusive) and specular transmittance (Tspecular), and the difference between them
(Tdiffusive ‒ Tspecular). The inset in (a) is the RMS surface roughness and average trans-
mittance of the DVU excimer laser-irradiated IZO films at different energy densities.
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density of 125mJ/cm2, indicating that a small amount of In2O3
nanocrystals were formed in the amorphous IZO films. As the laser
energy density increased to 150mJ/cm2, the crystallization of In2O3

was enhanced and its diffraction peak became stronger. Nakata
et al. have numerically estimated that the temperature of the laser-
irradiated MOS film increased exponentially with the increase of
Fig. 4. SEM (aed) and the corresponding AFM (eeh) micrographs of the IZO films irradia
the laser energy density [28]. The high absorption coefficient of the
IZO film enabled them to absorb most of the incident DUV photon
and convert the photon energy into the phonon energy. Thus,
increasing the DUV excimer laser energy density raised the IZO
films temperature and led to the precipitation of a small number of
In2O3 nanocrystals.
ted with the DUV excimer laser density of 0, 100, 125, and 150mJ/cm2, respectively.
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The surface morphology of the IZO films changing with the DUV
excimer laser energy densities was characterized by scanning
electron microscope (SEM) and atomic force microscope (AFM).
Fig. 4aed and 4eeh show the SEM and AFM images of the IZO films
obtained at laser energy densities of 0, 100, 125 and 150mJ/cm2,
respectively. As shown in Fig. 4a and e, the surface of the solution
combustion synthesized IZO film was smooth and void-free, with a
low root-mean-square (RMS) surface roughness of 0.35 nm. Fig. 4b
and f show that the IZO film surface became rough and the RMS
surface roughness reached to 3.3 nm after 100mJ/cm2 laser irra-
diation. We further measured the thickness of the film by using a
step profiler. It is found that the thickness of the IZO films decreased
from 80 to 62 nm after the laser irradiation. The increase of the RMS
surface roughness after laser irradiation can be attributed to the
removal of the organicmatters and the tensile stress induced by the
rapid cooling after the laser annealing. When the laser energy
density increases to 125mJ/cm2, the RMS surface roughness
decreased to 2.7 nm, which can be attributed to the densification of
the IZO film (Fig. 4c and g). However, as the laser energy density
increased to 150mJ/cm2, some pinholes appeared on the surface of
IZO film and the RMS surface roughness was back to 3.6 nm (Fig. 4d
and h) due to the surface re-evaporation and the precipitation of
In2O3 nanocrystals. Additionally, the composition of IZO films was
analysed by using EDX. The actual atomic concentrations of indium
incorporated in the films were different from the starting values
and changed with the DUV excimer laser densities. At 100, 125 and
150mJ/cm2, the actual atomic concentrations of indium ([In]/
[Zn þ In]) was 0.65, 0.44 and 0.38, respectively. The concentration
of In varied with DUV excimer laser densities is probable due to
evaporation of In Refs. [29,30].

The surface morphologies make a significant influence on the
optical transmittance of the IZO films. Fig. 5a shows the specular
transmission spectra of the IZO films irradiated by 0e150mJ/cm2
Fig. 6. (a) FT-IR spectra, and (bed) N 1s, In 2d, and Zn 2p XPS of the solution combustion
laser energy densities. The red line in the inset shows the average
transmittance versus the laser energy density, in which all the IZO
films have an average transmittance higher than 84% in the visible
region. At the energy density of 125mJ/cm2, the IZO film exhibited
the highest visible transmittance of 91%. The black line in the inset
of Fig. 5a shows the dependence of the RMS surface roughness on
the laser energy density. We found that the variation trend of the
average specular transmittance was opposite to that of the RMS
surface roughness. These phenomena are reasonable because the
IZO films with rough surface scattered more visible light than the
flat ones. The difference between the diffusive transmittance and
the specular transmittance (Tdiffusive ‒ Tspecular) confirmed the above
explanations. As shown in Fig. 5b, the diffusive transmittances were
comparable for all the IZO films. The IZO film irradiated by 125mJ/
cm2 laser energy showed the lowest (Tdiffusive ‒ Tspecular). The IZO
film irradiated by 150mJ/cm2 DUV excimer laser exhibited lower
specular transmittance than that of 125mJ/cm2. These results are
consistent with the previous report [29], and was attributed to the
enhanced light scattering of the IZO film irradiated with high-
energy DUV excimer laser.

To investigate the effects of DUV excimer laser irradiation on the
bonding states in IZO films, Fourier-transform infrared (FT-IR)
spectra and X-ray photoelectron spectra (XPS) analyses were con-
ducted. Fig. 6a shows the FT-IR spectra of the solution combustion
synthesized IZO films without and with 125mJ/cm2 laser irradia-
tion. The broad peaks at 3430, 1588, and 1296 cm�1 were related to
the OeH and CeO stretching vibrations, COO� asymmetric vibra-
tion, respectively [11]. The vibration modes at 2943 and 2836 cm�1

were assigned to the symmetric and asymmetric CeH stretching
vibration [5]. In contrast, the DUV excimer laser-irradiated IZO film
did not show any CeH, CeO, COO� or OeH vibrations. Based on
these results, we confirmed that DUV excimer laser irradiation
effectively removed the carbon and hydroxyl bonds in the solution
synthesized IZO films without and with DUV excimer laser irradiation, respectively.



Fig. 7. O 1s XPS of the solution combustion synthesized IZO films without (a) and with
(b) DUV excimer laser irradiation.

Fig. 8. (a) Variation of the carrier concentration, Hall mobility, and resistivity with the
DUV excimer laser energy densities of the IZO films. (b) Fabrication temperature
dependence of the FoM of the landmark MOS transparent conductors reported in the
literature [10,11,21,23,25,29,43‒45].
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combustion synthesized IZO films. Fig. 6b shows that N 1s peak in
the IZO film disappeared after excimer laser irradiation, suggesting
that DUV excimer laser can effectively decompose the nitrate
compounds in the IZO films. Fig. 6c and d show that the In 3d2/5 and
Zn 2p3/2 peaks, which are known to be located at 444.6 and
1021.5 eV and represented the IneO and ZneO bonds for the IZO
film [30,31], shifted to lower energy of 444.1 and 1020.4 eV after the
DUV excimer laser irradiation, respectively. Choi et al. observed a
similar peak shift towards low-bonding energy with increasing
thermal annealing time [32]. Those phenomena are related to the
improved crystallographic structures of IZO and the enhanced
bonding between the metal and oxygen atoms.

Fig. 7a and b show the O 1s XPS of the solution combustion
synthesized IZO films without and with DUV excimer laser irradi-
ation, respectively. The Gaussian functionwas used to complete the
deconvolution of the O 1s XPS peaks. The three components,
located at 529.5± 0.2, 531.2± 0.2, and 532± 0.2 eV, were assigned
to the M‒O‒M bonds, oxygen vacancies, and hydroxyl group,
respectively [13,33e36]. The three types of O composition in the
IZO films were calculated based on the ratio of the integrated areas
of each O 1s peak to that of the total O 1s peak. We found that the
solution combustion synthesized IZO film contained many hy-
droxyl groups before the laser irradiation, which agrees well with
our observations in the FT-IR spectra. After the laser irradiation, the
percentage inM‒O‒Mbonds increased from 21.1% to 49.4%, and the
percentage in M‒OH bonds decreased from 32.7% to 9.5%. These
results demonstrate that DUV excimer laser irradiation converts
the M‒OH bonds into M‒O‒M bonds efficiently. Because the hy-
droxy groups in the IZO films can work as the scattering centers
[37], decreasing the number of hydroxy groups can improve the
carrier mobility of the IZO films, as we will discuss below.

Variations of the carrier concentration, Hall mobility, and re-
sistivity of the IZO films with laser energy density are shown in
Fig. 8a. The solution combustion synthesized IZO film was insu-
lative and its data were not listed here. The carrier concentration
and carrier mobility increased with increasing DUV excimer laser
energy densities (from 75 to 125mJ/cm2). Further, the carrier
concentration and carrier mobility of the IZO films decreased with
increasing DUV excimer laser energy density. A minimum re-
sistivity of 4.2� 10�3U cmwas obtained at the laser energy density
of 125mJ/cm2. These results are consistent with the composition
and surfacemorphology changes with the laser energy densities. As
discussed in our previous XPS and XRD analyses, when the DUV
excimer laser irradiation is moderate, DUV photons will eliminate
the organic residuals in the IZO films due to the photodegradation
and photothermal effects. As results, the IZO films will become
dense and the number of M‒O‒M bonds will increase at the same
time. The formation of M‒O‒M bonds is favorable for the s-orbital
overlap between adjacent In and Zn atoms, which can provide
conducting pathways for electron transportation and improve the
electrical conductivity of the IZO films. However, further increasing
the DUV excimer laser energy density to 150mJ/cm2 led to a
deterioration of the conductivity of the IZO film. That is because the
DUV excimer laser with large energy density introduce pinholes
and In2O3 precipitations, which resulted in an increase of the car-
rier scattering and a decrease of the electron mobility in the IZO
films. In addition, the electrical resistivity of the IZO film was
measured again after storing in ambient for a month. The resistivity
of IZO film increased only by 0.5 times due to the chemisorbed-
oxygen and/or water molecules permeation from atmosphere
into IZO film through the topmost surface [38]. Compare with the
high-temperature annealed polycrystalline AZO film whose re-
sistivity increased by about one time [39], the relatively stability of
IZO film was attributed to the nearly nonexistent grain boundaries
in amorphous film which may reduce the rate of oxygen and/or
water molecule diffusion to the film.

Generally, the transmittance and conductivity of the transparent
conducting films may conflict with each other. Thus, it is desirable
to achieve a balance between these two competing factors. The
Figure of Merit (FoM) can be expressed as follows: FoM¼ T10/Rs,
where T is the visible transmittance and Rs is the sheet resistance of
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transparent conductors. Higher the FoM means a better optoelec-
tronic performance [40‒42]. Considering that the preparation
temperature is a key factor that determines the FoM of the
solution-processed transparent conductive films, we provide the
plot of FoM-temperature in Fig. 8b. For comparison purposes, the
calculated FoMs of some landmark transparent conductors are also
provided. The IZO film prepared by combining solution combustion
process and DUV excimer laser irradiation has a FoM as high as
5� 10�4U�1 at a low fabrication temperature of 200 �C. That per-
formance is clearly superior to the AZO film prepared by combus-
tion process at 250 �C without laser irradiation [21], comparable to
the AZO film prepared by conventional high temperature sol-gel
method with laser irradiation [23], and superior to the IZO [25],
AZO [29], and IGZO [43] films prepared by conventional low-
temperature sol-gel method with laser irradiation. Although the
FoM of our IZO film is lower than some of landmark transparent
conductors composed of IZO [10] and hydrogen-doped AZO films
[11], the IZO films exhibit comparable optoelectronic performance
with the AZO films prepared by high-vacuum magnetron sputter-
ing and DUV laser irradiation thereafter [44,45]. To demonstrate
the possibility of preparation of IZO on flexible substrate, we pre-
pared an IZO film on a polyimide substrate by the same procedure
as on glass. The resistance of IZO film remained unchanged with a
bending radius of 3 cm.

4. Conclusion

In summary, we have developed a method to fabricate highly
conductive and transparent amorphous IZO films at low tempera-
ture by using solution combustion process and DUV excimer laser
irradiation. It was found that the DUV excimer laser irradiation led
to removal of organic residuals and hydroxyl groups, as well as
increase in the ratio of M‒O‒M chemical bond in the solution
combustion synthesized IZO films. With a laser energy density of
125mJ/cm2, an IZO film with carrier mobility of 5.5 cm2 V�1 s�1,
resistivity of 4.2� 10�3U cm, visible light transmittance of 91%, and
high stability in ambient was obtained at a temperature as low as
200 �C. These results demonstrated that the method developed in
this work has great potential to be used in the field of flexible
optoelectronics.
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