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Abstract - The highly conductive polymer, named poly(3,4-ethlyenedioxythiophene):poly(styrenesolfonate) (PEDOT:PSS), 
is investigated by using oxygen plasma (O2-plasma) to pattern a successful thin film. However, the characteristics of 
PEDOT:PSS thin film are improved through heating-stirred method (HS-M) and formic acid treatment (FA-T). The sheet 
resistance (Rs), surface roughness (Rq) and transmittance of PEDOT:PSS show the superb result of 43 Ω/square, 2 nm and 
80 %, respectively. And the effective pattern of PEDOT:PSS has excellent electrical performance via O2-plasma process to 
become the useful electrode. 
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I. INTRODUCTION 
 
How to enhance or keep the performance of 
optoelectronic device while reducing the cost during 
the fabrication is a huge and solemn topic for the 
human society. One of the important issues is what 
we can improve on the conductive polymer material 
because the combination between flexible 
optoelectronic device and polymer material is the 
main application in the future. The PEDOT:PSS, 
which is a highly conductivity of 1000 S/cm at least, 
was investigated and researched by many groups in 
the last decades [1-3]. Both the higher transmittance 
and lower Rs are the goals of PEDOT:PSS as a 
electrode in many photoelectric devices, including 
organic solar cells [1,4-6], organic light-emitting 
diode [7-9], supercapacitor and sensor. However, the 
balance between transmittance and Rs is the crucial 
factor to increase the transport of hole and electron. 
In this study, we have accomplished the enhancement 
of conductivity by using HS-M and FA-T. Compared 
to the conventional material, indium tin oxide, the 
pattern of PEDOT:PSS is also achieved through 
engaging the O2-plasma process [4]. 

 
II. DETAILS EXPERIMENTAL  
 
2.1. Materials and Procedures 
The PEDOT:PSS solution (1.3-1.7 wt% from H. C. 
Starck Baytron P PH-1000, purchased from Heraeus 
Co.) was firstly filtered with a 
polytetrafluoroethylene (PTFE) filter in 0.45 pore 
size to control the particle size. And the PEDOT:PSS 
solution was added by 4.0 wt% sorbitol solvent to 
basically increase the conductivity before stably 
stirred at 90 °C for 20 min on hotplate to further 
removal excess moisture and promote the quality in 
the solution [4,6]. In order to grow up the 
PEDOT:PSS thin film, the glass substrate was 
sequentially cleaned by performing consecutive and 

ultrasonic treatment in acetone, methanol, and 
deionized water for 5 min each. Moreover, pre-
cleaned glass substrate dried under a nitrogen blow. 
The prepared PEDOT:PSS solution were spin-coated 
onto the prepared glass substrate of 2000 rpm with 60 
sec and annealed at 120 °C for 15 min to fabricate 
PEDOT:PSS thin film afterwards [2-4, 10,11]. 
The FA-T was further dropped onto the PEDOT:PSS 
thin film to improve the surface morphologies and 
conductivity. The O2-plasma process, however, was 
used via radio frequency power at 30 W for 15 min at 
the pressure of 0.45 torr to etch the suitable pattern 
for the applied electrode. 
 
2.2. Mesurement of Characteristic 
The surface morphology and roughness were 
determined in noncontact mode in air by the atomic 
force microscope measurement (XE-70, Park 
Systems, Suwon, Korea). The transmittance and the 
Rs were measured using a UV–vis–NIR 
spectrophotometer (UV-3900, Hitachi, Tokyo, Japan) 
at the wavelength of 550 nm and four-point sheet 
resistivity meter (SRM103, Solar Energy Tech., 
Taiwan), respectively. 
 
III. RESULTS AND DISCUSSION 
 
The surface morphologies and roughness of 4.0 wt% 
sorbitol-doped PEDOT:PSS thin film with HS-M, 
FA-T, O2-plasma etching and FA-T after O2-plasma 
etching are shown in the Fig. 1. It is found that the 
difference of Rq on these four methods is not obvious 
but the grain region of each one is slightly different. 
We can judge the high-and-low level of the 
topography according to the depth and shallowness of 
the color. The grain region of HS-M is smooth than 
that of FA-T because the acid treatment would 
slightly etch the surface in the Fig. 1(a) and (b). 
Compared to the O2-plasma etching one, the grain 
region of FA-T has frequently sharp surface in the 
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Fig. 1(b) and (c), indicating the higher Rq of 2.10 nm. 
The grain region of FA-T after O2-plasma etching, 
however, has not only frequently acuity but also tiny 
destroy from the O2-plasma in the Fig. 1(c) and (d). 
The reason for the small destroy on the surface is 
attributed to the energy of oxygen ions on plasma 
type, which is causing the structural damage to 
polymer materials. After the impact of oxygen ions 
on plasma type, the carbon bond from π–stacking in 
the PEDOT and PSS monomer structure will break 
down. And the single carbon bond will bonding to the 
hydrogen ion after the breaking [1-3]. The detailed 
result about the Rs and transmittance is also shown in 
the Table 1. Although the Rq is slightly arise up from 
1.92 to 2.10 nm through the FA-T, we can 
successfully attain the similar value of Rs about 55 
and 43 Ω/square during the HS-M and FA-T 
fabrication, respectively. At the same time, we find 
that the value of Rs and transmittance for the HS-M 
and O2-plasma etching approach to consensus but the 
surface morphologies is clear different. Therefore, we 
decide to accomplish the pattern through O2-plasma 
after the PEDOT:PSS thin film is fabricated by FA-T. 
In the Fig. 2, we effectively completed the patterned 
PEDOT:PSS thin film, indicating that the value of Rs 
about 48 and higher transmittance of 80 %. 

 

 
Fig. 1. The surface morphologies and roughness of 

PEDOT:PSS thin film with (a) HS-M, (b) FA-T, (c) O2-plasma 
etching and (d) FA-T after O2-plasma etching. 

 

 
Fig. 2. The pattern of PEDOT:PSS thin film via O2-plasma 

etching. 

Table 1. The Rs, Rq and transmittance of 4.0 wt% sorbitol-
doped PEDOT:PSS via HS-M, FA-T, O2-plasma etching and 

FA-T after O2-plasma etching. 

 
 
CONCLUSIONS 
 
We have fluently achieved the pattern of 
PEDOT:PSS thin film via O2-plasma etching after 
FA-T process. However, a series of treatment and 
fabrication are designed to improve the conductivity 
of the PEDOT:PSS thin film. We also explain the 
reason for the enhancement of conductivity and how 
the bonding of carbon changes in internal structure of 
PEDOT:PSS after FA-T. Therefore, the PEDOT:PSS 
thin film as the substituted electrode will be an 
important index of development for the photoelectric 
components and scientific industry in the future. 
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