
1. Introduction

It is essential to use a transparent electrode for many 

optoelectronic devices including electronic papers, organic 

light emitting diodes, and thin film solar cells. Until now indium 

tin oxide (ITO) has been most widely used transparent electrode 

in optoelectronic devices, flat panel display, and thin film solar 

cells1-3). Diverse preparation methods have been employed to 

fabricate conductive transparent ITO electrode including laser 

ablation, magnetron sputtering, reactive electron beam evaporation, 

reactive thermal deposition, spray pyrolysis, and sol-gel process4-6). 

Compared with many other methods, sol-gel method has 

advantages including easy control of solution concentration, 

coating on the desired area, cheap solution process without 

expensive and complicated equipment. The main goal of this 

research is to fabricate flexible and transparent electrode. 

Indium is a soft and highly ductile post-transition metal, which 

has Mohs hardness of 1.2. Therefore, doping indium to the 

conjugate polymer is a proper composite to achieve flexible and 

conducting electrode.

Conducting polymers including polypyrrole, polyaniline, 

polythiophene, polyphenylenevinylene, and poly (3,4-ethylene-

dioxythiophene)-poly (styreneswulfonate) (PEDOT:PSS) become 

a viable alternative to inorganic materials and have been used in 

many devices such as various types of solar cells, organic 

energy storages, and flexible electronics. Conducting polymers 

have superior advantages such as low cost materials and 

process, easy process, and flexibility7-9). Among the conducting 

polymers, PEDOT:PSS has been extensively used as an 

electrode for OLED, electrochromic windows, capacitor, and 

photodiode due to the high quality film formation by spin- 

coating and optical transparency. Insertion of PEDOT:PSS 

between the ITO and the emissive polymer leads to a dramatic 

increase the device lifetime and luminous efficiency. For these 

reason, many researchers have focused to increase the conductivity 

of the PEDOT:PSS by adding cosolvent (including dimethyl 

sulfoxide, ethylene glycol, methanol, and sorbitol) to the 

aqueous PEDOT:PSS solution and post-treatment of the spin- 

coated PEDOT:PSS film. This exploratory research focused on 

investigating the optical and electrical properties of indium 

doped PEDOT:PSS film.

2. Experimental

PEDOT:PSS (1.3 wt%), indium chloride (97 %) and HCl 

(36.5~38%) were purchased from Sigma Aldrich company and 

used without further purification. Deionized water (3 g) and HCl 

(30 mg) were added to a vial. Various amounts of indium 

chloride (10, 25, 50, and 75 mg) were added to the vials. 

PEDOT:PSS (3 g) was added to the indium solution with 
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stirring at room temperature. The solutions were spin-coated on 

glass substrate at 1000 rpm and heat treated at 150 °C. The 

resistance and UV-visible transmittance were measured using 

probe station and Thermo Scientific Genesys 10S UV-visible 

spectrometer, respectively. The field emission scanning electron 

microscope (FESEM) images of spin-coated PEDOT:PSS 

doped with various amounts of indium were obtained using 

JEOL ISM-7401 scanning electron microscope.

3. Results and Discussion

Commercially available PEDOT:PSS has greatly attracted 

attention because of it’s superior advantages including excellent 

thermal stability, high transparency in whole visible region, and 

aqueous solution processibility. However, low conductivity of 

PEDOT:PSS film limits variety use in research and industry, 

which is directly affect the performance of the device. Therefore, 

resolving the conductivity problem is a key factor to improve the 

device performance. Addition of organic materials including 

dimethyl sulfoxide, dimethylformamide, tetrahydrofuran, poly-

ethylene oxide, and sorbitol improved the conductivity. Fig. 1 

shows the pictorial representation of this research, which is doped 

indium chloride to PEDOT:PSS to improve the conductivity.

The UV-visible spectra of PEDOT:PSS films doped with 

various amounts of indium are shown in Fig. 2. The trans-

mittance increased as the wavelength reduced, which is 

advantageous for solar cell application. The transmittance 

drastically reduced for the shorter than 320 nm due to the 

substrate absorption. The transmittance increased with increasing 

the amount of doping level of indium, which could be explained 

that the PEODT:PSS was replaced by indium. This result 

implies that more sunlight can be transmitted with increasing 

the indium doping level.

Many researchers have focused on indium related properties 

in light emitting diode (LED) and solar cell applications with 

various conditions, especially in aggregation of indium. Treatment 

of trimethylindium significantly improved the quality of the 

surface morphology for green LED.10) It was reported that the 

aggregation of indium atoms improved the carrier concentration 

and showed stable electrical properties11). Therefore, investigation 

of indium doped materials is important to improve the electrical 

and optical properties for LED, solar cell, and other electronic 

devices. Figs. 3(a)-(d) show the surface FESEM images of 1.03, 

2.54, 3.65, and 4.47 wt. % indium doped PEDOT:PSS films, 

respectively. The 2.54 wt. % indium doped PEDOT:PSS film 

shows largest aggregation of indium. More than 2.54 wt. % of 

indium doped films show lower aggregation of indium. 

Fig. 4(a) shows the characteristic I-V curves of the indium 

doped PEDOT:PSS films. The resistance of the non-doped 

PEDOT:PSS film was 880 kΩ·cm, which was 26 times higher 

than the resistance of the 1.03 wt. % indium doped film. Doping 

small amount of indium drastically increased conductivity. Fig. 

Fig. 1. Schematic representation of indium doped PEDOT:PSS

Fig. 2. UV-visible transmittance spectra of PEDOT:PSS films 

doped with various amount of indium
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4(b) shows the effect of the indium doping to the resistance. 

Since the resistance of pure PEDOT:PSS film was too high to 

compare the indium concentration dependent resistance,  the 

plot of resistance of pure PEDOT:PSS film was removed for 

better comparison for the concentration dependency of the 

resistance as shown in inset Fig. 4(b). The resistance reduced 

with increasing the amount of indium and reached to 0.55 kΩ for 

the PEDOT:PSS film doped 4.47 wt. % of indium. Characteristic 

Schottky diode I-V curve was shown for the 4.47 wt. % indium 

doped film due to the work function change (work function for 

In (4.1 eV) and PEDOT:PSS (5.1 eV).

4. Conclusions

The conductivity and transmittance of the PEDOT:PSS film 

enhanced by doping indium. The UV-visible range transmittance 

increased with increasing the amount of doped indium. The 

FESEM image of 2.54 wt. % of indium doped PEDOT:PSS film 

showed large number of aggregated indium particles. The 

aggregated indium particles were disappeared with increasing 

the amount of indium. The resistivity of PEDOT:PSS film 

doped with 1.03 wt. % indium reduced approximately 26 times 

and further reduced with increasing the amount of indium. 

Fig. 3. Surface FESEM images of PEDOT:PSS doped with (a) 1.03, (b) 2.54, (c) 3.65, and (d) 4.47 wt. %

Fig. 4. (a) I-V curves of PEDOT: PSS films doped various amount of indium and (b) resistivity of PEDOT:PSS films vs doping level of 

indium
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