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The influence of the oxide buffer layer (OBL) on the power conversion efficiency (PCE) in inverted poly (3-
hexylthiophene) : fullerene derivative [6,6]-phenyl-C61-butyric acid methyl ester (P3HT : PCBM) photovoltaic cells was
investigated. Three different hole buffer layers (HBLs) of poly (3,4-ethylenedioxythiophene): poly (styrene sulfonate)
(PEDOT : PSS), tungsten-oxide (WO3), or molybdenum-oxide (MoO3) were used to improve the charge generation between
the P3HT : PCBM and the Ag electrode. Atomic force microscopy images showed that the surface of the P3HT:PCBM active
layer with a MoO3 OBL was smoother that with a PEDOT : PSS layer or a WO3 layer and without a HBL. The PCE of the
OPV cells with a MoO3 OBL was higher than those of the inverted OPV cells with a PEDOT : PSS layer or a WO3 layer and
without a HBL. The inverted OPV cells containing a MoO3 OBL with a high-work function provided a large interface between
the P3HT : PCBM active layer and the Ag electrode due to charge generation, resulting in an enhancement of the device
performances for the OPV cells with a MoO3 OBL.

PACS numbers: 72.40.+w, 82.47.Jk, 78.30.Jw
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Introduction 

Harvesting energy directly from the sunlight using
photovoltaic technology has been extensively recognized
as a crucial component of future global energy
production [1]. Organic photovoltaic (OPV) cells, which
directly convert sunlight into electricity, have been
receiving considerable attention due to their high-
mechanical flexibility, low cost, and simple fabrication
process [2-4]. The prospect of promising applications of
OPV cells in optoelectronic devices has led to substantial
research and development efforts to enhance the power
conversion efficiency (PCE) and the life time of the OPV
cells [5]. Poly(3,4-ethylenedioxythiophene) : poly(styrene
sulfonate) (PEDOT : PSS) is commonly used as a hole
transport layer of the PEDOT : PSS in OPV devices to
facilitate extraction of photogenerated holes, and to
ensure that electrons flow into the cathode. Unfortunately,
the stability and life time of the OPV devices was
affected due to the acidic nature, hygroscopic and low
stability of PEDOT : PSS layer [6-8]. A frequently
employed structure to solve this issue is to invert the
layer structure.

OPV cells with an inverted device architecture, in
which the positions of the anode and cathode were
reversed, were employed in order to overcome these
problems [9, 10]. The efficiency of the fabricated

inverted OPV cells is significantly affected by a hole
buffer layer (HBL), such as a PEDOT : PSS layer, a
tungsten-oxide (WO3) layer, or a molybdenum-oxide
(MoO3) layer [11, 12]. Among the various kinds of the
HBLs, the PEDOT : PSS layer deteriorates the device
performance of the OPV cells due to a chemical
reaction with the electrodes and to damage to the active
layer [13]. The HBL with a low-work function was
susceptible to the degradation of the OPV cells due to
the existence of the oxygen and moisture, resulting in
the deterioration of the device performance [14]. A
transparent metal-oxide HBL with a high-work function,
which affects effective hole injection efficiency and
high-chemical stability, can encounter major problems
of PEDOT : PSS layer [15, 16]. Even though some
investigations concerning the device characteristics of
inverted OPV cells containing a PEDOT : PSS HBL
have performed to enhance their PCEs and lifetimes,
very few studies on the fabrication of inverted OPV
cells with alternative HBLs instead of the PEDOT : PSS
HBL have been performed.

This paper reports data for the effect of an oxide buffer
layer (OBL) on the PCE in inverted P3HT : PCBM OPV
cells. Atomic force microscopy (AFM) measurements
were performed to determine the surface morphologies of
the poly (3-hexylthiophen) : [6,6]-phenyl-C61-buytyric
acid methyl ester (P3HT : PCBM) active layer with
and without a HBL layer. Current density-voltage (J-V)
measurements were performed to investigate the electrical
characteristics of the fabricated OPV cells with various
HBLs.
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Experimental Details 

The inverted OPV cells with a HBL fabricated in this
study were prepared on indium-tin-oxide (ITO)-coated
glass substrates, and the sheet resistance of the ITO
thin film was approximately 10 Ω/sq. The ITO
substrates were cleaned in acetone and isopropanol for
10 min by using an ultrasonic cleaner and were rinsed
in de-ionized water thoroughly. After the chemically
cleaned ITO substrates had been dried by using N2 gas
with a purity of 99.99%, the surfaces of the ITO
substrates were treated with an ultraviolet-ozone
cleaner for 10 min at room temperature. After the
prepared ITO substrates had been introduced into a
glove box with a high-purity N2 atmosphere, the ZnO
solution was coated on the ITO substrates by using
spin coating at 3000 rpm for 31 s [17, 18]. The active
layer was prepared by dissolving P3HT:PCBM in a
molar ratio of 1 : 0.8 using 1-2 dichlorobenzene as
solvent [19]. The mixed solution was stirred for 15 h
under continuous stirring at 50oC. Then, the solution
was deposited on the PEDOT : PSS layer by using spin
coating at 1500 rpm for 61s and was annealed at 145oC
for 10 min. A WO3 or MoO3 OBL with thickness of 10
nm was deposited by using thermal evaporation. Then,
an Ag layer with a thickness of 80 nm was formed by
using thermal evaporation. Schematic diagrams of the
structures and the energy levels of the fabricated Ag/
HBLs/P3HT : PCBM/ZnO/ITO cells with various
HBLs are shown in Fig. 1.

AFM measurements were carried out to investigate
the surface properties of the P3HT : PCBM active layer
with and without a HBLs. J-V measurements were
performed to investigate the photovoltaic characteristics
of the inverted OPV cells with various HBLs under AM

1.5 simulated illumination with an intensity of
100 mW/cm2.

Result and Discussions 

Figure 2 shows the AFM profile images of the
P3HT:PCBM photoactive layer (a) without a HBL, (b)
with a PEDOT : PSS HBL, (c) with a WO3 OBL, and
(d) with a MoO3 OBL. The average root-mean-square
roughness value of the P3HT:PCBM photoactive layers
without a HBL and with a PEDOT : PSS HBL, a WO3

OBL, or a MoO3 OBL are 0.935, 2.042, 2.13, and

Fig. 1. Schematic diagrams of the device structures and the
corresponding energy band diagrams of the inverted OPV cell
with a HBL.

Fig. 2. AFM profile images of the P3HT : PCBM (a) without HBL, (b) PEDOT : PSS HBL, (c) WO3 OBL, and (d) MoO3 OBL.
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0.669 nm, respectively. AFM profile images showed
that the P3HT : PCBM active layer with a MoO3 OBL
had the best smoothness and the lowest pinhole density
with a low surface roughness. The surface of the
P3HT : PCBM active layer with a MoO3 OBL showed
the best morphology among those of the P3HT : PCBM
active layers with HBLs.

Figure 3 shows the statistical box chart for 28
numbers of the fabricated OPV cells. The statistical
box charts showed that Voc and Jsc values of the
inverted OPV cells without a HBL are unstable and
lower than those of the inverted OPV cells with a HBL.
However, the Voc and Jsc of the inverted OPV cell with
a HBL are significantly improved due to the high-work
function of the inserted HBL [20]. 

Even though the electrical characteristics measurement
was performed for several inverted OPV cells, only the
results for the best performance of the inverted OPV
cells were described in Fig. 4. Fig. 4 shows the J-V
curves of the fabricated inverted OPV cells utilizing
various HBLs. The device performances of the inverted
OPV cells utilizing various HBLs are summarized in
Table 1. The PCE, FF, Jsc, and Voc of the inverted OPV

cells without a HBL are 0.88%, 43.51, 5.01 mA/cm2,
and 0.40 V, respectively. The leakage current of the
inverted OPV cells without a HBL increases at the
contact between the cathode electrode and the active
layer due to the better morphology and the smaller hole
collection.

OPV cells performances were significantly improved
after inserting HBLs. The PCE, Jsc, and FF of the
inverted OPV cells with a WO3 OBL are 1.85%,
5.69 mA/cm2, and 56.96, respectively. The PCE, Jsc,
and FF of the inverted OPV cells with a MoO3 OBL
are 2.14%, 6.74 mA/cm2, and 58.58, respectively. The
PCE of the inverted OPV cell with a MoO3 OBL is
higher than that of the inverted OPV cell with a
PEDOT : PSS or WO3 HBL due to a lowest pinhole
density with low surface roughness provides a large
interface between the P3HT : PCBM active layer and
the Ag electrode. The LUMO levels of WO3 or MoO3

layer can provide a significant energy barrier for
electrons in PCBM and meanwhile the chance of
electron recombination were suppressed near the anodes
[21]. The LUMO level of MoO3 is higher than that of
general donor materials [22], the of MoO3 OBL can act
as an effective electron blocking layer compared with the
inadequate capability of PEDOT : PSS [23]. Furthermore,
MoO3 is regarded as a very stable material which can
serve as a protective layer to prevent undesired physical
and chemical reactions between Ag and P3HT:PCBM
active layers [24], resulting in an enhancement of the
device performances for the OPV cells with a MoO3

OBL.

Conclusions

Inverted OPV cells with a PEDOT : PSS, a WO3, or
a MoO3 HBLs were fabricated to investigate their
improvement in the PCEs. AFM images showed that
the surface of the P3HT : PCBM active layer with a
MoO3 OBL was smoother that with a PEDOT : PSS
layer or a WO3 layer and without a HBL. The PCE of
the OPV cells with a MoO3 OBL was 2.14% higher
than that of the inverted OPV cells without a HBL. The
inverted OPV cells containing a MoO3 OBL with a
high-work function provided a large interface between
the P3HT:PCBM active layer and the Ag electrode due
to charge generation, resulting in an enhancement of

Fig. 3. Statistical box graphs for the Jsc, the Voc, the FF, and the
PCE for 28 devices.

Fig. 4. J-V results for inverted OPV cells utilizing with and
without HBLs under 100 mW/cm2.

Table 1. Device performance of inverted OPV cells utilizing
various HBLs. 

HBL Voc (V) Jsc (mA/cm2) FF (%) PCE (%)

Without 0.40 5.01 43.51 0.88

PEDOT : PSS 0.64 5.53 45.39 1.62

WO3 0.57 5.69 56.96 1.85

MoO3 0.54 6.74 58.58 2.14
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the device performances for the OPV cells with a
MoO3 OBL.
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