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Organic solar cells with stacked bulk heterojunction(BHJ) are investigated based on conjugated polymer. By using the
solution spin-coating method, Poly[2-methoxy, 5-(2' -ethyl-hexyloxy) -1,4-phenylene vinylene] (MEH-PPV) and ZnO
nanoparticles (50 nm) are mixed as the optical sense layer. Ag is used as inter-layer to connect the upper BHJ cell and the
lower cell. The structures are ITO/PEDOT:PSS/MEH-PPV /Ag / MEH-PPV:ZnO /Al. The open circuit voltage (VOC) of a
stacked cell is about 3.7 times of that of an individual organic solar cell (ITO/PEDOT:PSS/MEH-PPV /Al). The short
circuit current (JSC) of a stacked cell is increased by about 1.6 times of that of individual one.
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Organic solar cells have been paid a great attention because
of their promising cost effectiveness and environmental
benignity. Over the last 20 years, the development of organic
or “plastic” solar cells made significant progress from the
first working device[1-3] to more and more refined concepts[4,5].
Thus traditional Si solar cells meet competition from organic
ones.

Due to strong Coulomb interaction in organic materials,
photoexcited charged carriers quickly form singlet excitons
[6-8], which are dissociated and collected by the electrodes.
Donor-acceptor-type heterojunctions are demonstrated to be
effective for exciton dissociation[9,10]. But the diffusion length
of singlet excitons is short, usually 5-10 nm[11,12] in most pho-
tovoltaic materials, which are much shorter than the absorp-
tion depth required for efficient light absorption.

 Although special solar cell structures, such as bulk
heterojunction, can be used to achieve efficient light absorp-
tion and charge separation, they will impede severely charge
transport and are difficult to use in multilayered structures.
This paper investigates the bulk heterojunction organic solar
cells with stacked structure to overcome the difficulty. A
possible way to stack different solar cells is proposed to ex-

tend the spectral sensitivity over a broader wavelength region.
In this structure, an organic-inorganic compound intermingle
system is adopted. Our experiment indicates that this struc-
ture improves the performance of the solar cells effectively.

In stacked structure, two separate single PV cells are
jointed by a transparent electrode (Ag). This stacked struc-
ture is equal to two single cells in series, so the open circuit
voltage is improved, and the short circuit current is also im-
proved by applying ZnO nanoparticles.

Stacked cells with three structures are prepared for the
comparison: a. ITO/PEDOT:PSS/MEH-PPV /Al; b.ITO/
PEDOT:PSS/MEH-PPV /Ag / MEH-PPV /Al; and c.ITO/
PEDOT:PSS/MEH-PPV /Ag / MEH-PPV:ZnO /Al.

Fig.1 shows the schematic structure of device c.
ITO substrates are cleaned by ultrasonication in acetone

and isopropyl alcohol, and are dried by dry nitrogen. A 40 nm-
thick hole conductive layer of poly (3,4-ethylenedioxythi
ophene):poly(4-styrene sulfonate)(PEDOT: PSS) is spin-coated
on this substrate. Then a 80 nm-thick photoactive layer of
MEH-PPV is spin-coated on top of the PEDOT: PSS layer.
Then as the interlayer, a 15 nm Ag layer is deposited by ther-
mal evaporation at a vacuum of 1.33x10-4 Pa. Following the
interlayer, MEH-PPV layer or MEH-PPV: ZnO (the quality
proportion is 4:3) layer are formed in the same way as the
underneath layers (structure c). Finally, a 120 nm-thick alu-
minum layer is deposited by thermal evaporation at a vacuum
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Fig.1 The schematic structure of device c

of 1.33x10-4 Pa. The active electrode area of the cell is 6
mm2.

Current-voltage curves are measured by a Keithley 2410
source Measure Unit both in the dark and in the illumination.
The incident light is of the wavelength of 500 nm with an
intensity of 16.7 mW/cm2. The cells are illuminated from the
ITO side with a 450 W Xe lamp.

Fig.2 shows the current density (J)-voltage (V) charac-
teristics of the solar cells with various structure. Tab. 1 shows
open-circuit voltage (VOC), short-circuit current (JSC) and fill-
ing factor (FF) of the solar cells with different structures.

Fig.2 The density (J)-voltage (V) characteristics of three
structures of solar cells

Tab.1 Open-circuit voltage (VOC), short-circuit current (JSC)
and filling factor (FF) of the solar cells with different struc-
tures

Structure a Structure b Structure c
JSC (ìA/cm2)    4.39    1.13     7.07
VOC (v)    0.21    0.34     0.77
FF    0.24    0.27     0.23

In Tab.1, VOC of structure b is about 1.6 times of that of
structure a. VOC of the stacked cell with ZnO used as the up-
per cell (structurec) is about 3.7 times of that of structure a.
JSC of the stacked cell with MEH-PPV used as both upper
cell and lower cell (structure b) is reduced, but JSC of the
stacked cell with ZnO used as the upper cell (structure c) is
about 1.6 times of that of structure a.

The basis of our stacked cells are the bulk heterojunction
made of MEH-PPV:ZnO (50 nm) blends as photoactive
layers. Nanostructured metal oxides such as TiO2, ZnO and
SnO2 are interesting inorganic semiconductors because of the
ease of fabrication and control of film morphology, as well
as perfect interfacial properties. The polymer-inorganic hy-
brid solar cells integrate the advantages of solution spin-
coating, high-hole mobility, photosensitivity of conjugated
polymers and highelectron mobility of inorganic
semiconductors.

In our experiments, the optimal proportion of 4:3 of MEH-
PPV and ZnO are chosen as the active layer of stacked cells.
When the ZnO nanoparticles are blended with MEH-PPV as
shown in Fig.3, the electrons can cross through it very easily
and quickly, while only a few holes can cross through it, and
most of the holes are left in the active layer. Therefore, the
charge recombining ratio is reduced and the charge extrac-
tion efficiency is enhanced significantly. So the short circuit
current is improved.

Fig.3 The energy level diagram of the device with MEH-
PPV and ZnO as the active layer

In summary, the stacked structure of bulk heterojunction
(BHJ) organic solar cells is studied based on conjugated
polymer, Poly[2-methoxy, 5-(2' -ethyl-hexyloxy) -1,4-phe-
nylene vinylene] (MEH-PPV) and ZnO nanoparticles by the
solution spin-coating method. Ag as inter-layer is used to
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connect the upper BHJ cell and the lower cell. In this work,
VOC and JSC of the stacked cell increase by about 3.7 times and
1.6 times than that of single organic solar cell, respectively.
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