
Enhancing the Efficiency of MEH-PPV and PCBM Based
Polymer Solar Cells Via Optimization of Device
Configuration and Processing Conditions

En Chung Chang,1 Ching-Ian Chao,1 Rong-Ho Lee2

1Opto-Electronics and Systems Laboratories, Industrial Technology Research Institute, Hsinchu, Taiwan 310,
Republic of China
2Department of Chemical Engineering, National Yunlin University of Science and Technology, Yunlin, Taiwan 640,
Republic of China

Received 24 August 2005; accepted 2 November 2005
DOI 10.1002/app.23657
Published online in Wiley InterScience (www.interscience.wiley.com).

ABSTRACT: Polymer solar cells were fabricated based
on an interpenetrated network of conjugated polymer
poly(2-methoxy-5-(2�-ethyl-hexyloxy)-1,4-phenylenevi-
nylene) (MEH-PPV) as electron donor and fullerene deriva-
tive (6,6)-phenyl-C61-butyric acid methyl ester (PCBM) as
electron acceptor. The photovoltaic performances were
strongly dependent on the surface treatment of anode, conduc-
tivity of hole-transporting material, the thickness of MEH-PPV:
PCBM composite film, and the cathode configuration. Best
photovoltaic performances were obtained for the solar cell
constructed with O2 plasma-treated anode glass, high conduc-
tivity hole-transporting material PEDOT, photoactive film

thickness of 180 nm, and calcium/silver cathode. Open circuit
voltage of 0.79 V, short circuit current density of 4.79 mA/cm2,
fill factor of 44.4%, and 2.07% power conversion efficiency
were obtained for the solar cell under 80 mW/cm2 white light
from a halogen lamp. The influences of device fabrication
conditions and configuration on the photovoltaic performance
of MEH-PPV:PCBM composite film-based polymer solar cells
were discussed in detail. © 2006 Wiley Periodicals, Inc. J Appl
Polym Sci 101: 1919–1924, 2006
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INTRODUCTION

Development of efficient solar cells is considered one
of the new approaches to pursue inexpensive renew-
able energy sources. Organic solar cells are a promis-
ing alternative to conventional inorganic solar cells
because of the advantages of large area, flexible shape,
light weight, easy processing, and low cost fabrication.
The photovoltaic effects of the organic materials based
solar cells have been studied extensively, including
dye sensitized,1–4 small molecular,5,6 organic/inor-
ganic hybrid,7,8 and conjugated polymer/inorganic9,10

based solar cells.
The major advance in solar energy conversion effi-

ciency has been accomplished replacing the bilayer
device with the bulk heterojunction configuration for
the photoactive layer.9,11–13 Unlike the bilayer device,
the bulk heterojunction is able to circumvent the lim-
itation of the charge generation at a two-dimensional
network of photoinduced charge generating inter-
faces. The improvement of the bulk heterojunction

configuration lies in enhancing the solid state mor-
phology of conjugated polymer/fullerene derivative
blend, which results in higher power conversion effi-
ciency of the polymer solar cell.9,11–13 Therefore, the pho-
toactive layer of organic solar cells based on conjugated
polymer/fullerene derivative blends, such as poly(2-me-
thoxy-5-(2�-ethylhexyloxy)-1,4-phenylenevinylene) and
[6,6]-phenyl C61 butyric acid methyl ester (MEH-PPV:
PCBM), have been studied extensively over the past few
years.11,12,14,15

In addition to the morphology of the photoactive
layer, the device processing condition and configura-
tion also play an important role on the photovoltaic
performance of polymer solar cell. The plasma treat-
ment of the anode surface leads to the high value of
ITO work function and enhancement of hole injection
at the interface of indium tin oxide (ITO) and hole-
transporting layer (HTL).16–20 The insertion of the hole
transporting material (HTM) between ITO and photo-
active layer brings about the enhancement of the open
circuit voltage of the polymer solar cell.11 For the
conjugated polymer/PCBM based solar cell, the mor-
phology of the polymer blend and photovoltaic effect
were directly related to the concentration and solubil-
ity of electron acceptor PCBM in the casting sol-
vent.11,13,21 Brabec and coworkers have reported that
the chlorobenzene-cast photoactive layer shows
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nearly threefold value of power conversion efficiency
than the cell produced from toluene.13 It is attributed
to the fact that the better solubility of PCBM in chlo-
robenzene was obtained as compared to that in tolu-
ene. Moreover, the open circuit voltage in polymer
solar cells was strongly dependent on the electron
acceptor strength of the fullerene derivative.22 In ad-
dition, the cathode effect on the photovoltaic perfor-
mance has also been studied for the conjugated poly-
mer/PCBM based solar cell.11,22,23 Brabec et al. have
reported that higher fill factor and power conversion
efficiency were obtained for the cell with LiF interfa-
cial layer as compared to the cell without LiF layer.23

The influences of device processing condition and
configuration on the photovoltaic performance have
been studied for the conjugated polymer/PCBM
based solar cell. However, the anode surface pretreat-
ment, HTL, morphology of photoactive layer, and
cathode configuration effects on the photovoltaic per-
formance have not been examined thoroughly. In this
study, the systematic optimization of polymer solar
cells with MEH-PPV : PCBM composite film was at-
tempted. The effect of anodic surface treatment on the
photovoltaic performance was carried out for the
polymer solar cells treated with oxygen, nitrogen, and
Ar-plasma, respectively. The optimized thin film pro-
cessing condition was determined by the performance
evaluation of polymer solar cells with different pho-
toactive layer thicknesses. Polymer solar cells with
different cathode configurations, such as Ag, Al, Ca/
Ag, and LiF/Al cathodes have been investigated for
the cathode effect on the photovoltaic behavior. The
photovoltaic performances of MEH-PPV : PCBM com-
posite film-based solar cells would be enhanced
through the aforementioned optimization of process-
ing conditions and device configuration (Fig. 1).

EXPERIMENTAL

The polymer solar cells were fabricated based on an
interpenetrated network of conjugated polymer MEH-
PPV and fullerene derivative PCBM. The MEH-PPV
was purchased from ADS (American Dye Source,
Canada; Mn � 320,000), and PCBM was used as re-
ceived from Prof. Y. Yang’s Lab of UCLA. The HTM
PEDOT/PSS (Baytron P CH8000 and Baytron P
AI4083) was purchased from Bayer. Solutions of the
conjugated polymer MEH-PPV and PCBM were pre-
pared with 1,2-dichlorobenzene (3 wt %) in the opti-
mized weight ratio of 1 : 4.13 The substrate of polymer
solar cells was an ITO-coated glass with a sheet resis-
tance of 15 �/sq (Applied Film). The calcium was
purchased from Furuuchi Chemical (CAM-2002A, Ja-
pan; 99.5%). The polymer solar cells were prepared
according to the following procedure. Glass substrates
with patterned ITO electrodes were well washed and

cleaned by O2, N2, or Ar-Plasma treatment. The thin
film of HTM PEDOT (Baytron P CH8000 and Baytron
P AI4083, Bayer) was formed on the ITO layer of a
glass substrate by the spin-casting method. The MEH-
PPV and PCBM-based photoactive film was spin-
coated from the 1,2-dichlorobenzene solution onto the
PEDOT layer and was dried at 80°C for 1 h in a glove
box. A high purity aluminum, silver, Ca/Ag, or LiF/
Al-based cathode was thermally deposited onto the
MEH-PPV and PCBM-based photoactive thin film in a
high vacuum chamber. The active area of the photo-
voltaic cell is 0.04 cm2. After the electrode deposition,
the polymer solar cell was transferred from the evap-
oration chamber to a glove-box purged by high purity
nitrogen gas to keep oxygen and moisture levels be-
low 1 ppm. The cell was then encapsulated by glass
covers, which was sealed with UV-cured epoxy glue
in the glove box. The deposition rate of cathode was
determined with a quartz thickness monitor (STM-
100/MF, Sycon). The thickness of the thin film was
determined with a surface texture analysis system
(3030ST, Dektak). The current density-voltage (J-V)
characteristics of the polymer solar cell were mea-
sured on a programmable electrometer with current
and voltage sources (Keithley 2400) under an illumi-
nation of 80 mW/cm2 (AM 1.5 solar simulator cor-
rected) white light from a halogen lamp.

Figure 1 Chemical structure and device configuration of
MEH-PPV and PCBM-based polymer photovoltaic cell.
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RESULTS AND DISCUSSION

The influences of device fabrication conditions and
configuration on the performance of MEH-PPV :
PCBM-based polymer solar cells were discussed as
follows:

Plasma treatment effect on anodic surface

The treatment of the ITO surface is important for the
improvement of photovoltaic cell performance due to
the reduction of hole injection energy barrier, and the
enhancement of hole injection at the interface of ITO
and hole-transporting layer.16–20 The current density
versus voltage characteristic of polymer solar cells
containing different plasma-treated ITO substrates is
shown in Figure 2. The values of photovoltaic perfor-
mances, such as open circuit voltage (Voc), short cir-
cuit current density (Isc), fill factor (FF), and power
conversion efficiency (�), are also given in the inset of
Figure 2. The thickness of the MEH-PPV : PCBM-
based photoactive layer was 180 nm. The result indi-
cates that the solar cell with O2-plasma-treated ITO
substrate exhibits the better photovoltaic performance
than the cells with N2 and Ar-plasma-treated sub-
strates. High value of open circuit voltage was ob-
tained for the cell with O2-plasma-treated ITO sub-
strate. Values of the fill factor and power conversion
efficiency of the O2-plasma-treated cell were similar to
those of the one treated with N2 plasma. Ar-plasma-
treated cell exhibits the poorest photovoltaic perfor-
mance among all the plasma-treated cells. This result
implies that the enhancement of the ITO work func-
tion was more significant for the O2-plasma-treated
ITO substrate in comparison with the other plasma-
treated cells. Moreover, the plasma treatment effect on

the open circuit voltage was more pronounced than
the short circuit current density. This is due to the fact
that the open circuit voltage was dominantly deter-
mined by the work function of ITO and HOMO value
of HTL.11 The value of short circuit current density
was directly related to the electron injection barrier
and serial resistivity of polymer-based photoactive
layer.

Hole-transporting layer effect on photovoltaic
performance

The HTM PEDOT has been widely used to improve
the brightness, efficiency, and operation stability of
polymer emitting devices, due to the high HOMO
value of PEDOT, and the improvement of the ITO
surface roughness and interface contact between ITO
and light emitting polymer film.24–27 Similarly, the
PEDOT has also been used as the HTM for the poly-
mer solar cell.11 Despite that the PEDOT effect on the
photovoltaic performances has been studied,11 the
conductivity effect of PEDOT on the photovoltaic per-
formances has not yet been investigated. Two PEDOT
materials with different conductivity (CH8000: �105

��cm and AI4083: �103 ��cm) were used to study the
hole-transporting effect on photovoltaic performance.
The current density versus voltage characteristic of
photovoltaic cells with or without different hole-trans-
porting layers (CH8000 and AI4083) is shown in Fig-
ure 3. The thickness of the MEH-PPV : PCBM-based
photoactive layer was 180 nm. The photovoltaic cell
containing PEDOT CH8000 (60 nm) as HTL exhibited
better photovoltaic performance as compared to the
cell without PEDOT. The interfacial PEDOT layer at
the anode led to an increase in the open circuit volt-
age. It is attributed to the high work function of PE-
DOT (�5.2 eV) with respect to that of ITO (4.4–4.7

Figure 2 Current density versus voltage characteristic of
photovoltaic cell with different plasma-treated anode sub-
strate; device configuration: ITO/(O2, N2, and Ar Plasma)/
PEDOT(AI4083)/MEH-PPV : PCBM/Ca/Ag; Photovol-
taic parameters are given in the inset: Voc in V, Isc in
mA/cm2.

Figure 3 Current density versus voltage characteristic of
photovoltaic cell with different hole-transporting materials;
device configuration: ITO/PEDOT(CH8000, CH8000/HT1100,
AI4083, X)/MEH-PPV : PCBM/Ca/Ag; Photovoltaic parame-
ters are given in the inset: Voc in V, Isc in mA/cm2.
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eV).11 In addition to the open circuit voltage, the short
circuit current density was also increased with the
insertion of HTL, which was not mentioned previous-
ly.11 This result demonstrates that the PEDOT was
capable of facilitating the hole transporting and col-
lecting processes at the anode of the photovoltaic cell.
As a result, a higher short circuit current density was
obtained for the HTL-containing cell. High open cir-
cuit voltage and short circuit current density would
certainly result in the low fill factor and high power
conversion efficiency for the cell with HTL. Moreover,
the cell with the high conductivity PEDOT AI4083 (80
nm) exhibited better photovoltaic performance than
the cell with the low conductivity PEDOT CH8000.
The value of open circuit voltage was not increased
with increasing PEDOT conductivity. This is due to
the fact that the PEDOT CH8000 and AI4083 possess
similar HOMO values. High conductivity PEDOT
would also promote the hole transporting and collect-
ing processes at the anode of photovoltaic cell. As a
result, a higher short circuit current density was ob-
tained for the cell with the PEDOT AI4083 layer. Fur-
thermore, the cell with high conductivity HTL exhibits
a lower serial resistivity, which is responsible for the
increase of the fill factor and power conversion effi-
ciency.23 From the aforementioned information, the
best photovoltaic performance was obtained for the
cell containing high conductivity HTL. The conductiv-
ity of HTM plays an important role in the photovoltaic
performance of MEH-PPV : PCBM-based polymer so-
lar cell.

The thickness effect of polymer photoactive film

For the polymer photovoltaic cell, the photoactive
layer of MEH-PPV : PCBM would absorb solar light
and subsequently excite electron-hole pair. The elec-
tron-hole pair split into electron and hole would reach
the cathode and anode, respectively, and generate cur-
rent under the applied electron field. The photovoltaic
performance is closely related to the thickness of pho-
toactive layer. To study the thickness effect on the
photovoltaic performance, the polymer solar cell with
different photoactive layer thicknesses were fabri-
cated. Current density versus voltage characteristics of
photovoltaic cell with different photoactive layer
thicknesses is shown in Figure 4. The thicknesses of
MEH-PPV and PCBM-based photoactive layers are
ranged from 130 to 210 nm. The open circuit voltage of
the polymer solar cell was independent on the thick-
ness of photoactive layer. The 0.79 V of open circuit
voltage was obtained for the photovoltaic cells with
different photoactive layer thicknesses. The open cir-
cuit voltage was mainly determined by the hole injec-
tion energy barrier at the interface of ITO and hole-
transporting layer.11 The short circuit current density
was increased with increasing thickness of photoac-

tive layer. A maximal short circuit current density
with a thickness of 180 nm was obtained. This is due
to the fact that a stronger absorption of solar light was
obtained for the photovoltaic cell with a thicker pho-
toactive layer. As a result, a higher short circuit cur-
rent density was obtained. However, the fill factor was
decreased with increasing thickness of photoactive
layer. The value of fill factor was closely related to the
serial resistivity of photovoltaic cell. The thicker pho-
toactive layer leads to the higher resistance, and re-
sults in a lower fill factor of cell.28 Moreover, a maxi-
mal power conversion efficiency (1.78%) with a thick-
ness of 180 nm was obtained. The short circuit current
density, fill factor, and power conversion efficiency
were decreased as the photoactive layer thickness fur-
ther increased up to 210 nm. Upon increasing the
thickness of the photoactive layer, the factor of serial
resistivity becomes dominant and consequently the
short circuit current density breaks down because of
the low mobility of charge carrier.29 This also results in
the reduction of the fill factor and power conversion
efficiency. In addition to the lower charge mobility,
the restriction of exciton diffusion distance leads to the
low power conversion efficiency of solar cell with
thick MEH-PPV : PCBM composite film.9

Cathode configuration effect on photovoltaic
performance

To study the cathode configuration effect on the pho-
tovoltaic performance, the cells with different cath-
odes, including the Al, LiF/Al, Ag, and Ca/Ag metals
were studied. Current density versus voltage charac-
teristic of photovoltaic cells containing different cath-
ode configuration is shown in Figure 5. The PEDOT
AI4083 was used as the hole-transporting layer for the
photovoltaic cells, whereas the thickness of the MEH-

Figure 4 Current density versus voltage characteristic of
photovoltaic cell with different photoactive layer thickness;
device configuration: ITO/PEDOT(CH8000)/MEH-PPV :
PCBM/Ca/Ag; Photovoltaic parameters are given in the
inset: Voc in V, Isc in mA/cm2.
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PPV : PCBM-based photoactive layer was 180 nm. The
result indicates that the photovoltaic cell with LiF/Al
cathode exhibited higher values of open circuit volt-
age, fill factor, and power conversion efficiency than
the cell with Al cathode. Moreover, a higher current
density was obtained for the cell with LiF/Al cathode,
even through the short circuit current density of cell
with LiF/Al cathode was slightly smaller than one
with Al cathode. In particular, the current density
decreased significantly with increasing voltage close
to 0.47 V while the cell with Al cathode was utilized.
The serial resistivity of the cell was reduced upon the
insertion of a thin LiF layer between the photoactive
layer and aluminum. This reduction of the serial re-
sistivity is responsible for the increase of the fill factor
and power conversion efficiency due to the formation
of a better ohmic contact.23 Brabec et al. have reported
that the fill factor and power conversion efficiency of
the cell with LiF interfacial layer increased by over
�20% as compared to those of the cell without LiF
layer.23 In this work, the pronounced enhancement of
the open circuit voltage and fill factor was over 44%,
whereas the power conversion efficiency was over
70%. In addition, the photovoltaic cell with Ag cath-
ode exhibited a better photovoltaic performance than
the cell with Al cathode did. This is due to the fact that
the Ag cathode (4.26 eV) possesses a lower work func-
tion than the Al cathode (4.28 eV) does.22 The cathode
with low work function was more favorable to the
injection of electron into cathode. Furthermore, the
performance of photovoltaic cell with Ca/Ag was bet-
ter than the cell with Ag cathode. The electrode prop-
erty was improved upon insertion of a Ca interfacial
layer between photoactive layer and Ag. The cell with
Ca/Ag cathode exhibits higher open circuit voltage,
short circuit current density, and power conversion

efficiency as compared to the cell with LiF/Al cath-
ode. This demonstrates that the Ca/Ag formed a bet-
ter ohmic contact with the photoactive layer than the
LiF/Al-based cathode did. The polymer solar cell with
Ca/Ag cathode shows the best performance than the
cell with other cathodes. The cathode configuration
effect on polymer solar cell is similar to that on the
polymer light emitting device.30 The polymer light
emitting device with Ca/Ag cathode shows higher
current density and luminescence intensity than the
devices with respective LiF/AL, Ag, and Al cathodes.
It is concluded that the performance of the MEH-PPV:
PCBM-based polymer solar cell was strongly depen-
dent on the cathode configuration.

CONCLUSIONS

The influences of device processing conditions and
device configuration on the photovoltaic performance
of MEH-PPV : PCBM composite film-based polymer
solar cells were investigated in this study. The photo-
voltaic performance was strongly dependent on the
factors such as the surface treatment of anode, con-
ductivity of hole-transporting material, the film thick-
ness of MEH-PPV : PCBM composite film, and the
cathode configuration. The solar cell with O2-plasma-
treated ITO substrate shows better photovoltaic per-
formance than the cells with N2 and Ar-plasma-
treated substrates. The plasma treatment effect on the
open circuit voltage was more pronounced than that
on the short circuit current density. Moreover, high
conductivity PEDOT was favorable for facilitating the
hole transporting and collecting processes at the an-
ode of polymer solar cell. As a result, excellent perfor-
mance was obtained for the cell with high conductiv-
ity PEDOT. In addition, the photovoltaic performance
was also dependent on the thickness of MEH-PPV :
PCBM composite film. A maximal power conversion
efficiency (� � 2.07%) with a thickness of 180 nm was
obtained. The photovoltaic performance of the poly-
mer solar cell was directly related to the cathode con-
figuration. The cell with Ca/Ag cathode shows better
performance than the cell with other cathodes (LiF/
Al, Al, and Ag). In a nutshell, the photovoltaic perfor-
mance of MEH-PPV : PCBM composite film-based
polymer solar cells would be enhanced through the
aforementioned optimization of processing conditions
and device configuration.

The authors thank Prof. Y. Yang of UCLA for providing
PCBM.
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