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Abstract  

In this research, the electrical and optical properties of 

nanostructured Indium Tin Oxide (ITO) films were 

investigated.  The ITO films were deposited by ion 

assisted e-beam evaporation with the glancing angle 

deposition (GLAD) technique on commercial ITO 

substrates, followed by annealing treatment. The results 

of crystal structure showed that the nanostructured ITO 

films are polycrystalline and cubic bixbyite structure 

(222). The sheet resistance and average transmission at 

the visible region were 12.17  sq−1 and 89 %, 

respectively. The films presented the lowest resistivity 

and good transparency, where the sheet resistance and an 

average transmittance were 11.21  sq−1 and 91% after 

annealing. The omnidirectional characteristics for a 

wide range of incident angle (0 − 80°) of nanostructured ITO film which was annealed at 300 °C had higher optical 

transmission than films without annealing. This work eventually proved that the plasma treatments have effectively promoted 

the performance of the dye-sensitized solar cells and confirmed their potentials in the real-world applications.  
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Introduction  

Transparent conducting oxides (TCO) are the most 

widely used as front optoelectronic devices such as solar 

cells, flat panel displays, and light-emitting devices[1 – 6]. 

Most commonly used TCO films are aluminum-doped zinc 

oxide (AZO), fluorine-doped tin oxide (FTO), and indium 

tin oxide (ITO). Among them, ITO film is one of the most 

widely used materials for TCO film because of its unique 

properties such as highly degenerate n-type material with an 

optical bandgap of 3.50 − 4.30 eV, good electrical 

conductivity, high optical transparency, and long-term 

stability [8 − 10]. In addition, the nanostructure ITO films 

properties showed high optical absorption, enhance 

antireflection, and low reflective index due to the increasing 

of randomly diffused light of surface-to-volume ratios  

[10 – 12]. However, the way of increasing electrical 

conductivity and optical transparency of ITO film was 

applied by depositing seed layer indium tin oxide grown, 

followed by growing ITO films to obtain preferred (222) 

crystalline orientation in mixed argon and oxygen gas [13]. 

Additionally, post-deposition annealing treatment of the 
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films was practically used [12]. After post-deposition 

annealing of ITO film at temperatures higher than 200 °C 

was effective on the grain size of crystallinity [14], resulting 

in increasing crystallinity of ITO film. The improvement of 

the optical and electrical conductivity properties by 

annealing have been involved with the local ordering of the 

structure during crystallization and oxygen vacancies 

creation/annihilation that depends on the atmosphere of 

annealing systems.   

 In this report, nanostructured ITO films which were 

fabricated on commercial ITO (ITO Commercial  

11.50  sq−1) and annealing treatment at different 

temperatures. Therefore, quality of nanostructured ITO 

films, surface morphology, electrical conductivity, and 

optical properties have been investigated. 

Materials and Methods 

 Nanostructured ITO films were fabricated on Si wafer 

(100) and commercial ITO substrates by ion assisted e-beam 

evaporation with the GLAD technique at range of incident 

angle of 85° with respect to the substrate normal angle. The 

commercial substrates coating by ITO were used for 

characterization of the optical properties. These were 

chemically cleaned by acetone, isopropyl alcohol and 

deionized water in an ultrasonic cleaning system. Then, 

substrates were dried in nitrogen flow. The nanostructured 

ITO films on Si wafer were used for crystallinity and 

morphological characterization. Inside the chamber for 

deposition, the base pressure was 8 × 10−7 Torr, and the 

working gas oxygen flow rate of 8 sccm was fixed at 

operated pressure of 1 × 10−5 Torr during deposition to 

produce low energy oxygen ions. The ion gun current and 

voltage were fixed at 1 A and controlled at 120 V, 

respectively. After the deposition, all the prepared samples 

in the same conditions were separately annealed in the 

furnace in ambient for about 2 h at temperatures 200, 300 

and 400 °C. The film thickness of all samples was fixed as 

80 nm by controlling the deposition time. The XRD results 

of nanostructured ITO films were determined by grazing-

incidence X-ray diffraction (KTTRAXIII, Rigaku). The 

morphological structures were studied by field-emission 

scanning electron microscope (SU8030, Hitachi). The 

electrical properties were measured by Four-point-probe 

(Jandel RM3). Additionally, the optical transmission was 

conducted using a UV-Vis-NIR spectrophotometer (Cary 

7000, Agilent). The light source was performed at a normal 

incident angle from the film surfaces in the wavelength 

range from 200 − 2,000 nm for direct transmission 

measurements. Angle-dependent transmission was 

measured between 0 − 80° for scattered transmission 

measurements. 

Results and Discussion 

 The surface and cross section images of nanostructured 

ITO films on Si wafer are shown in Fig. 1(a) and Fig. 1(b). 

Fig. 1(a) indicated the surface of the sample (as-deposited: 

ASD) with increasing annealed temperature at 100, 200, 300 

and 400 °C, respectively. The surface morphologies before 

and after annealing were nearly identical. The results from 

FE-SEM indicated that the temperature annealing had no 

Fig. 1  (a) surface and (b) cross section images of nanostructured ITO films with various annealed temperature in the range 

of 100, 200, 300 and 400 °C. 
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effect on ITO nanostructure films. Our results are similar to 

those reported in literatures [15]. The cross sectional 

exhibiting a nanostructure of ITO films growth because of 

the shadowing effect. 

 

 

Fig. 2  Diameter and length of nanostructured ASD ITO 

films and annealed at different temperature in vacuum. 

 

 Fig. 2 shows the diameter and length of the 

nanostructured ITO films. The diameter of nanostructured 

ITO films annealing at 100, 200, 300, and 400 °C were 

30.38, 29.90, 30.06 and 32.28 nm and length were 78.62, 

75.29, 76.27 and 80.12 nm, respectively. Both of parameter 

exhibited a gradual change. 

 The XRD peaks of the nanostructured ITO films on Si 

wafer fabricated ASD and annealed at different temperature 

were shown in Fig. 3 The nanostructured ITO films 

deposited ASD and annealing at 100 − 200 °C were 

determined to be amorphous. The annealing at 300 °C, the 

nanostructured ITO film has revealed the XRD peaks which 

can be assigned to (211), (222), (400), (440) and (622) 

planes at 2 degree of 21.13°, 30.70°, 35.60°, 51.30° and 

60.63° respectively, indicating polycrystallinity with a cubic 

bixbyite structure (JCPDS 01089-4198). The nanostructured 

ITO films which were annealed at 300 and 400 °C showed a 

prominently strong (222) peak due to the preferable 

orientation of the structure at high temperature [13,15]. 

Moreover, it was observed that the crystallinity of 

nanostructured ITO film continuously increased with the 

increased temperature of the annealing temperature [16]. 

 The sheet resistance of samples using four-point probe 

measurements, as shown in Fig. 4. The as-deposited ITO 

film was compared to the ITO film followed by annealing of 

nanostructured ITO films, indicating the sheet resistance of 

12.17  sq−1 and annealed ITO films were 12.41, 12.25, 

11.21 and 11.52  sq−1 of annealing temperature at 100, 200, 

300 and 400 °C, respectively. The lowest resistivity of  

11.21  sq−1 was obtained from the film that was annealed 

at 300 °C, indicating that all annealed samples were 

acceptable to use as the TCO material for optoelectronic 

applications. 

 

 

Fig 3. XRD peaks of the different nanostructured ITO films. 

 

 

Fig. 4  Sheet resistance of ITO nanostructured films that was 

measured by four-point probes. 

 

 Fig. 5 (a) shows UV-visible light transmittance of 

nanostructured ITO films on commercial substrates, which 

were 89.75, 89.34, 89.10 and 89.53% of annealed 
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temperature from 100 – 400 °C, respectively. It was found 

that ITO films showed an average optical transmittance in 

the visible region (380 − 780 nm) which was higher than 

commercial ITO.  

 The omnidirectional anti-reflection characteristics of 

nanostructured ITO films were shown in Fig. 5(b), at 

specific wavelength range at 500 nm. The result was similar 

to those reported in literatures [16], which was a wide range 

of incident angle (0 − 80°). The graph showing the 

nanostructured ITO films of annealed temperature from  

100 − 400 °C had omnidirectional transmission higher than 

the commercial ITO reference at all incidence angles due to 

the performance of the samples were sensitive to the incident 

angle and the Fresnel reflections from the rear sides [12]. 

Thus, nanostructured ITO films were applied to 

antireflection coatings of TCO applications. 

Conclusion 

 Nanostructured ITO films were deposited by ion 

assisted e-beam evaporation with different temperature of 

annealing treatment. The crystal structure of nanostructured 

ITO films was mostly polycrystalline with the cubic bixbyite 

structure (222). The lowest resistivity of 11.21  sq−1, was 

obtained from the film that was annealed at 300 °C. The 

average optical transmittance of 89.75 % in the visible 

region could be obtained when the optimum temperature of 

annealing treatment was used. The nanostructured ITO films 

were found to have better optical properties than commercial 

ITO. Thus, the annealing treatments effectively promoted 

the performance of nanostructured ITO film and improved 

potential of optoelectronic applications. 
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