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Abstract: We report the performance of polythiophene/fullerene solar cells with a hole-collecting buffer layer that was 

made using composite films of functionalized multi-walled carbon nanotube (f-MWCNT) and poly(3,4-

ethylenedioxythiphene):poly(styrenesulfonate) (PEDOT:PSS). The MWCNT was functionalized with carboxyl groups to 

bestow solubility in a weak base solvent for mixing with PEDOT:PSS. Results showed that the optical transmittance of 

the PEDOT:PSS/f-MWCNT composite layer coated substrate sample was slightly improved in some parts of visible and 

infrared regions. The polymer solar cells with the PEDOT:PSS/f-MWCNT buffer layer exhibited improved short circuit 

current density but other parameters became poorer than those of control device. 
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 Polymer solar cells have been extensively studied be-
cause of their great expectations for cheap energy conversion 
of solar light to electricity [1-3]. Compared to all-small mo-
lecule based solar cells, polymer solar cells have advantages 
in terms of low-cost large area production and better flexibi-
lity (reliability under mechanical stress). In a broad sense, 
the final goal of polymer solar cells can be flexible and semi-
transparent “plastic” solar cells which can be easily attacha-
ble to windows in buildings, leading to next generation ultra-
slim building integrated photovoltaics (US-BIPV) [4]. In 
order to realize this target, the lifetime and/or reliability of 
polymer solar cells should be secured. 

 To date, most of polymer solar cells employ a hole-
collecting buffer layer between (transparent) electrode and 
active layer, whether the cell type is normal or inverted. A 
typical most widely used hole-collecting buffer layer is 
poly(3,4-ethylenedioxythiophene):poly(styrenesulfonate) 
(PEDOT:PSS) [1-6]. However, the PEDOT:PSS buffer 
layers have a drawback owing to the lack of high optical 
transmittance in the deep red and infrared regions which 
cover over 40 % photons of entire solar radiation arrived at 
the earth surface from sun. 

 Considering the intrinsic optical property of carbon nano-
tube (CNT) [7], CNTs can be employed to improve the opti-
cal transmittance of PEDOT:PSS layers. Although couple of 
studies on blending of CNT and PEDOT:PSS have been car-
ried out for organic light-emitting devices (OLEDs), no re-
port has been out so far for their applications to polymer 
solar cells [8-10]. 
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 In this work, we attempted to apply composite films of 
CNT and PEDOT:PSS to polymer solar cells with a poly-
thiophene/fullerene active layer. In particular, functionalized 
multi-walled carbon nanotubes (f-MWCNT) were synthesi-
zed to secure better compatibility with PEDOT:PSS compo-
nents through improving their solubility in a weak base sol-
vent. The optical absorption and transmittance spectra were 
measured using the PEDOT:PSS/f-MWCNT film coated 
substrates. A control device with the pristine PEDOT:PSS 
layer was also fabricated at the same time for the investiga-
tion of device performance change. 

 

 

 

 

 

 

 

 

 

Fig. (1). Illustration of device structure and chemical structures of f-

MWCNT and PEDOT:PSS used for hole-collecting buffer layer. 

 

 MWCNT was functionalized with carboxyl groups and 
dissolved in dimethylformamide (DMF) (see Fig. 1). This 
functionalized MWCNT (f-MWCNT) was mixed with 
PEDOT:PSS (Clevios, PH500) at a volume ratio of 40:60 
and was subject to ultrasonic treatment for well dispersion 
(dissolution). Regioregular poly(3-hexylthiophene) (P3HT) 
and 1-(3-methoxycarbonyl)-propyl-1-phenyl-(6,6)C61 
(PCBM) were used as received from Rieke Metals and Na-

Glass

ITO

PEDOT:PSS/f-MWCNT

P3HT:PCBM  

Al   
A

V

O O

S

S
O

OO

H

n

n

f-MWCNT

COOH

COOH

HOOC

PEDOT:PSS



2    The Open Physical Chemistry Journal, 2010, Volume 4 Lee et al. 

no-C, respectively. Blend solutions of P3HT and PCBM 
were prepared in chlorobenzene as a solvent at a solid 
concentration of 60 mg/ml. The pristine PEDOT:PSS and/or 
PEDOT:PSS/f-MWCNT blend solutions were spun onto pre-
patterned indium tin-oxide (ITO) coated glass substrates at 
2500 rpm for 1 min (we note that prior to the film coating 
the ITO-coated glass substrates were cleaned using acetone 
and isopropyl alcohol and finally cleaned with UV-ozone). 
The spin-coated films were annealed at 230 

o
C for 15 min, 

leading to ~80 nm thick buffer layer. On top of these buffer 
layers, P3HT:PCBM blend solutions were spun at 1500 rpm 
for 30 sec and then soft-baked at 50 

o
C for 15 min. Finally, 

Al (~100 nm thick) top electrodes were deposited by conven-
tional thermal evaporation process, defining the final device 
structure with an active area of 0.09 cm

2
 (Fig. 1). The optical 

absorption and transmittance spectra of the buffer layers 
were measured using an UV-visible spectrophotometer (op-
tizen 2120UV, Mecasys). The solar cell performance was 
measured using a solar cell measurement system equipped 
with an electrometer (Keithley 2400) and a solar simulator 
(Newport-Oriel). The incident light intensity was 100 
mW/cm

2
 at air mass (AM) 1.5G condition. 

 As shown in Fig. 2 (top panel), both pristine PEDOT:PSS 
and PEDOT:PSS/f-MWCNT films exhibited quite a similar 
absorption spectra in the survey scan (we note that the strong 
absorption at the wavelengths below ~350 nm is owing to 
the ITO-glass substrates). However, the enlarged spectra 
showed a difference between the two spectra (see inset fi-
gure). Interestingly, the absorption intensity (optical density) 
became slightly higher for the PEDOT:PSS/f-MWCNT 
composite film than the pristine PEDOT:PSS film in the part 
of visible light region (400 ~ 550 nm). This can be attributed 
to the influence of light scattering because the scale of phase 
segregation between PEDOT:PSS and f-MWCNT compo-
nents was not on a nanoscale (data are not shown here) so 
that submicron-sized aggregates were found partly in the 
composite film by the examination with an optical micros-
cope. In contrast, at the wavelengths above ~550 nm, the 
absorption was lower for the PEDOT:PSS/f-MWCNT com-
posite film than the pristine PEDOT:PSS film. This indicates 
that the PEDOT:PSS absorption was suppressed by the ad-
ded f-MWCNT component. As a consequence, the optical 
transmittance in the ranges between 550 nm and 1110 nm 
was slightly improved at the expense of visible light transpa-
rency below 550 nm (Fig. 2 bottom panel). 

 The dark current density – voltage (J-V) characteristics 
are shown in Fig. (3). The device with the pristine 
PEDOT:PSS layer exhibited a typical dark J-V curve that is 
usually observed in the device with the P3HT:PCBM active 
layer [1-6]. In contrast, a leakage-like J-V curve was measu-
red for the device with the PEDOT:PSS/f-MWCNT compo-
site film at a low voltage, which might be owing to the in-
fluence of phase-segregated morphology as mentioned above 
because a rough surface induced by phase segregation could 
result in a physical leakage path because of uneven thicknes-
ses and/or possible pin-holes. However, unlike high leakage 
devices, the present dark J-V curve of the device with the 
PEDOT:PSS/f-MWCNT composite film was not fully ohmic 
over the entire voltage range but showed a diode-like turn-up 
trend at a high voltage. Hence we conclude that the present 
device with the PEDOT:PSS/f-MWCNT composite film did 
still maintain a diode characteristic in the presence of partial 

leakage pathway, as observed in the inset figure that shows a 
high background current level. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. (3). Dark J-V characteristics of devices: (a) PEDOT:PSS and 

(b) PEDOT:PSS/f-MWCNT. Inset shows corresponding J-V curves 

on a semi-logarithmic scale. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (2). Optical absorption (top) and transmittance (bottom) spec-

tra of buffer layers coated on ITO-glass substrates: (a) PEDOT: 

PSS and (b) PEDOT:PSS/f-MWCNT. The inset (top panel) shows 

the enlarged spectra to find out the OD difference of the two sam-

ples.  
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Fig. (4). Light (AM 1.5G, 100 mW/cm

2
) J-V characteristics of de-

vices: (a) PEDOT:PSS and (b) PEDOT:PSS/f-MWCNT. Inset 

shows corresponding J-V curves on a semi-logarithmic scale. 

 

 The light J-V characteristics are shown in Fig. (4). Com-
pared to the control device with the pristine PEDOT:PSS 
layer, the device with the PEDOT:PSS/f-MWCNT compo-
site film showed less ideal photovoltaic curve shape when it 
comes to the steeper slope in the J-V curve at around short 
circuit condition. Interestingly, however, the short circuit 
current density (JSC) was higher for the device with the 
PEDOT:PSS/f-MWCNT composite film than the device with 
the pristine PEDOT:PSS layer. Here we can assume that the 
physical leakage current can be added to the finally collected 
photocurrent, but it is strange to say that because physical 
leakage paths do normally play a decreasing role in collec-
ting photocurrent at short circuit condition (lower voltages) 
owing to the harnessed charge recombination at around the 
leakage sites in the case of normal cells. 

Table 1. Summary of Photovoltaic Parameters for the Poly-

mer Solar Cells Made with Two Different Buffer 

Layers 

Buffer Layer 
JSC 

(mA/cm
2
) 

VOC 

(V) 

FF 

(%) 

PCE 

(%) 

PEDOT:PSS 9.79 0.59 46 2.66 

PEDOT:PSS/ 
f-MWCNT 

11.15 0.50 30 1.65 

 
 Hence, as shown in Table 1, the increased JSC ( JSC = 
1.36 mA/cm

2
) of the device with the PEDOT:PSS/f-

MWCNT composite film here is considered to be contribu-
ted from other sources such as the increased interface area 
between the PEDOT:PSS/f-MWCNT composite film and the 
P3HT:PCBM active layer, the increased out-of-plane 
conductivity for hole collection, etc, even though the physi-
cal leakages are still not excluded. Anyhow, unfortunately, 
both open circuit voltage (VOC) and fill factor (FF) were de-

creased compared to the control device, which did conse-
quently lead to the reduction in power conversion efficiency 
(PCE). 

 In summary, the influence of adding functionalized 
MWCNT to the PEDOT:PSS buffer layer on the perfor-
mance of polymer solar cells has been briefly studied, focu-
sing on the optical transmittance and device performance. 
The optical transmittance was slightly improved in the range 
of 550 ~ 1100 nm at the expense of visible light region (400 
~ 550 nm). Introducing the PEDOT:PSS/f-MWCNT compo-
site film as a hole-collecting buffer layer resulted in the im-
proved short circuit current density though other parameters 
were reduced leading to lowered power conversion efficien-
cy. Further control of the nanomorphology of PEDOT:PSS/f-
MWCNT composite films is expected to enable us to im-
prove the performance of polymer solar cells with 
PEDOT:PSS/f-MWCNT composite films. 
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