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ABSTRACT
Organic photovoltaic cells have been fabricated using copper phthalocyanine CuPc as electron donor and C60 or
PCBM as electron acceptor. We have investigated the I-V measurements of two different structures: ITO/PEDOT:
PSS/(CuPc: C60 or CuPc: PCBM)/BCP/Al. We have observed that the substitution of PCBM by C60 scales up the photocurrent and the efficiency of the devices. As for the open-circuit voltage and the fill factor, we have seen that Voc and
FF depend on the energy difference between the highest occupied molecular orbital (HOMO) of CuPc and the lowest
unoccupied molecular orbital (LUMO) of C60 or PCBM.
Keywords: CuPc, C60, PCBM, Energy Levels, Organic Photovoltaic Cells

1. Introduction
Organic photovoltaic cells have recently attracted considerable attention because they are low cost and easy to
process [1-4]. Photoactive layer can be created by blending these small molecules together; this molecule/molecule junction is named bulk heterojunction. The most
suitable condition to establish efficient exciton dissociation in a bulk heterojunction is that the LUMOmolecule1>
LUMOmolecule2 and HOMOmolecule1 > HOMOmolecule2 and
the difference between these levels respectively is higher
than the binding energy of a photo-generated exciton.
The molecule2 can accept an electron from the conduction band of the molecule1 and is therefore called electron acceptor (A). So, the molecule1 is the electron donor
(D).
In this work, the copper phthalocyanine was chosen as
photoactive dyes. CuPc is used as electron donor, which
has a significant absorption in the visible spectral range
[5,6]. Fullerene C60 and the fullerene derivative PCBM
([6,6]-phenyl-C61-butyric acid methyl ester) are used as
electron acceptor [7,8]. Therefore, blending these materials is thought to be very promising as photoactive layer
for photon-to-electric energy conversion. In addition, a
hole blocking layer, bathocuproine (BCP), is inserted between the organic photoactive layer and the aluminium
cathode and an electron blocking layer, Poly (3,4-ethylene
dioxythiophene): poly (styrenesulfonate), PEDOT:PSS,
on top of the indium tin oxide ITO anode (Figure 1).
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The aim of this work is to present the effect of energy
levels of the electron acceptor materials on organic photovoltaic cells and to investigate the implication of the
electrostatic forces resulting from the energy difference
between HOMODonor-HOMOAcceptor and LUMODonorLUMOAcceptor levels of organic materials on the photocurrent and on the efficiency of copper phthalocyanine
based organic solar cells.

2. Experimental Details
Photovoltaic devices have been fabricated using spin coating and thermal co-evaporation processes. The organic
active layers have been deposited between ITO/PEDOT:
PSS as photo-anode and BCP/aluminium as photocathode.
The PEDOT: PSS (BAYER) has been spin-coated onto
the ITO coated glass. The copper phthalocyanine CuPc
(99% purity), fullerene C60 (99.99% purity) and fullerene derivative [6,6]-phenyl-C61-butyric acid methyl
ester (PCBM, 99.5% purity) were purchased from Aldrich and used without further purification. In this work,
in a nitrogen atmosphere at ambient temperature in a
glove box, CuPc: PCBM or CuPc: C60 were dissolved
into a mixed dichlorobenzene and trifluoroacetic acid
solution at a weight ratio 3:1 and deposited using doctor
blade technique. The thickness was checked by cross
section visualization using a scanning electron microscope (SEM).
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Figure 1. Structure and energy diagram of the solar cells:
ITO/PEDOT: PSS/CuPc: PCBM or CuPc: C60/BCP/Al.

Finally, Bathocuproine (BCP, 99.99 % purity) and aluminium contacts were deposited using vacuum evaporation at a pressure of 10–5 Pa. After thermal evaporation,
the devices were to be annealed at 140˚C for 5 min.
To study the properties of the different samples, photoactive layers were subject to ultraviolet-visible absorption spectrophotometry and atomic force microscope
(AFM). The photovoltaic properties of the cells were
studied by current voltage (I-V) measurements under a
solar simulator generating AM1.5 light (1000 W/m2) irradiance.

3. Results and Discussion
AFM (Figure 2) observations allow to follow the evolution of the surface morphology and the structure of the
CuPc: C60 and CuPc: PCBM thin films. They clearly
show the presence of dense packing film with a smooth
surface. The blended CuPc: C60 films Figure 2(d) appear as a CuPc planar molecules blended with C60 nearspherical shape molecules (Figure 2(b)); the bulk heterojunction is randomly distributed in a homogeneous matrix. This proximity of the electron donor molecules and
those of CuPc acceptor is essential for charges transport.
The films made from CuPc: PCBM blend (Figure 2(e))
have a smoother morphology than that of the pure CuPc
and PCBM films. CuPc: PCBM surface morphology
shows PCBM islands surrounded by CuPc molecules.
The AFM measurements confirm the formation of a good
bulk heterojunction—both at the level of CuPc: PCBM
and CuPc: C60—which should improve exciton separation and charges transport and consequently enhances
photocurrent and power conversion efficiency of the solar cells.
Figure 3 shows the absorption spectra of CuPc, CuPc:
C60 and CuPc:PCBM. CuPc has a strong electro- nic
transition varying from 300 to 800 nm, with the typical
three absorption peaks related to the π-π* transition at
around 340, 630 and 740 nm. For CuPc: PCBM film, the
Copyright © 2011 SciRes.

Figure 2. AFM images of a) PCBM, b) C60, c) CuPc, d)
CuPc: PCBM and e) CuPc: C60.

Figure 3. The absorbance spectra of: CuPc (solid line),
CuPc: PCBM (dashed line) and CuPc: C60 (dotted line).

peak at around 430 nm comes from the absorption of
PCBM. For CuPc: C60 film, the broad absorption band
in the range of 300 - 550 nm comes from the absorption
of C60 [9].
The I-V characteristics of the ITO/PEDOT: PSS/(CuPc:
SGRE
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C60 or CuPc: PCBM)/BCP/Al, under illumination are
plotted in Figure 4. ITO/PEDOT: PSS (50 nm)/CuPc:
C60 (50 nm)/BCP (5 nm)/Al device develops an open
circuit voltage VOC of 0.4 V, a short circuit current Isc of
4.03 mA/cm², a fill factor of 0.26 and an energy conversion efficiency of 0.43%. As for ITO/PEDOT: PSS (50
nm)/CuPc:PCBM (50 nm)/BCP (5 nm)/Al, we have a
VOC of 0.52 V, an ISC of 1.53 mA/cm² and a fill factor of
0.34 giving energy conversion efficiency of 0.27%. We
can see that the combination of CuPc: C60 or CuPc:
PCBM present an energy diagram which leads to excitons splitting and charges transfer. We know that organic
semiconductor materials excitons are strongly selfbounded and dissociated at the D/A interface. The energy
discontinuity between LUMO CuPc and LUMO C60 is
larger than that between CuPc and PCBM. The same can
be said about HOMO level. So, the resulting field (the
potential gradient at the junction) can overcome the exciton self-binding energy, which makes charges separation
better at the interface CuPc: C60 than CuPc: PCBM.
Moreover, experimental results have shown that a better
short circuit current and efficiency is obtained with
CuPc: C60 (Table 1). A better ISC and η may be obtained when LUMOs and HOMOs of the blended components have a strong offset of the band edges in order to
split the excitons [10].
On the other hand, with CuPc: C60, both the opencircuit voltage and the fill factor decrease, respectively,
to a value around 0.4 V and 0.26 compared to 0.52 V and
0.34 found in devices with CuPc: PCBM (Table 2).
Therefore, we can note that the open-circuit voltage and
the fill factor depend on the difference between the HOMO of the donor and the LUMO of the acceptor: (HOMO(CuPc)-LUMO(C60 or PCBM)) [11].
The efficiency η is defined as: η = ISC .Voc .FF/Pinc,
where Pinc is the incident power density. When compar-

Table 1. The energy differences in LUMO and HOMO, and
the efficiency.
CuPc: C60

CuPc: PCBM

1 eV

0.2 eV

1 eV

1 eV

Isc

4.03 mA/cm²

1.53 mA/cm²

η

0.43 %

0.27 %

HOMO(Donor)-HOMO
(acceptor)
LUMO(Donor) – LUMO
(acceptor)

Table 2. The HOMO (CuPc)-LUMO (C60 or PCBM), opencircuit voltage and fill factor.
CuPc: C60

CuPc: PCBM

HOMO(Donor)-LUMO(acceptor)

0.7 eV

1.5 eV

Voc

0.4 V

0.52 V

FF

0.26

0.34

ing ITO/PEDOT: PSS/CuPc:C60/BCP/Al and ITO/PEDOT: PSS/CuPc: PCBM/BCP/Al devices, we can observe that the increase of efficiency is due to the increase
of the photocurrent ISC which compensate the decreasing of both Voc and FF.

4. Conclusions
An organic small molecule photovoltaic devices, ITO/
PEDOT: PSS/CuPc: C60/BCP/Al, have been fabricated
and show improvement in performance compared to
ITO/PEDOT: PSS/CuPc: PCBM/BCP/Al devices. A better photocurrent and a better efficiency have been obtained when LUMO and HOMO of the blended components have a strong offset of the band edges. Moreover,
in the case of CuPc: C60 active layer, the open-circuit
voltage and the fill factor decrease, respectively, to a
value around 0.4 V and 0.26 compared to 0.52 V and
0.34 found in devices with CuPc: PCBM, which confirms that the VOC and the FF depend on the HOMO(CuPc)-LUMO(C60 or PCBM)).
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