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Abstract
Dual phase SrTiO3:ZnO nanocomposite films with varied composition ratios were fabricated by
sol–gel processing and applied as cathodic buffer layers (CBL) for inverted polymer solar cells,
and demonstrated enhanced power conversion efficiency. Basic properties of SrTiO3:ZnO CBL
films were examined by means of XRD, XPS, AFM, UV–vis absorption spectra, and goniometry.
When the cathodic buffer layers were assembled to solar cells, the device properties including
incident photon-to-current conversion efficiency (IPCE), power conversion efficiency, and
electron mobility were investigated systematically. SrTiO3 in CBL was found to be amorphous
or quasiamorphous. Although more detailed experiments are needed, SrTiO3 is more likely to
have some local ordering structure with aligned TiO6 octohedra, i.e., quasiamorphous phase,
and thus possesses spontaneous polarization as reported in the literature (Frenkel et al., 2005
[1]; Frenkel et al., 2007 [2]; Ehre et al., 2007 [3]; Ehre et al., 2007 [4]; Ehre et al., 2007 [5]).
Such spontaneous polarization is likely to induce a self-built electric field to prevent electron
recombination on the interface of the bulk heterojunction (BHJ) active layer and cathodic
buffer layer (CBL), and result in high power conversion efficiency.
& 2014 Published by Elsevier Ltd.
Introduction

Polymer solar cells (PSCs) have undoubtedly caught world-wide
attention due to its acceptable energy conversion efficiency,
potential to furnish low cost solar electricity, and capability to
achieve portable application [6–10]. Based on electron flow
Published by Elsevier Ltd.
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directions in the devices, PSCs can be divided into two main
structures: the conventional and inverted structures.

A conventional structure of PSCs consists of the bulk
heterojunction (BHJ) active layer made by blending polymer
donor [11–13] with fullerene acceptor [14,15] in organic
solvents and spin-coated on the top of indium tin oxide (ITO)
glass modified by the hole transporting layer (HTL), such as,
poly(3,4 ethylenedioxylenethiophene):poly(styrene sulfonic
acid) (PEDOT:PSS), molybdenum oxide (MoOx), etc. [16–19].
A low work function metal served as the top electrode,
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typically aluminum, is evaporated on the top of BHJ layer.
Excitons generated in the BHJ active layer then separate to
electrons and holes, and electrons will be transported and
collected on the top electrode; holes, on the other hand, will
diffuse and go through the ITO glass to the external load. The
conventional structure can be represented as: ITO/hole
transporting layer (HTL)/(BHJ) active layer/Al. Enormous
progress has been made recently through design and synth-
esis of new low band gap donor polymers, control of nano and
microstructures of active polymer layers, and optimization of
solar cell device structures, leading to a great advancement
in power conversion efficiency, 10.2%, the highest record
achieved to date [20], very close to dye-sensitization solar
cells with 12.3% [21], and amorphous silicon solar cells with
13.4% [22]. Despite the rapid development of new low band
gap donor polymers, and the significant advancement in
power conversion efficiency, conventional structure polymer
solar cells suffer from rapid performance degradation due to
low work function top electrode, and unstable interface
between ITO substrate and HTL [29-34], which is unaccep-
table for practical applications.

In the inverted PSC structure, on the contrary, the
electron flow path is opposite to that of the conventional
one. A cathodic buffer layer, usually metal oxide, such as
ZnO, TiOx, Nb2O5, Cs2CO3, or Al2O3 [19, 23–33], is deposited
on ITO glass to reduce its work function in order to lower the
barrier of electron transfer to the ITO electrode. In addi-
tion, this kind of metal oxide needs to have the hole
blocking and electron collecting ability to enhance the
power conversion efficiency [34]. The top electrode is
replaced by high work function metal, such as silver, to
fulfill hole collection. The entire inverted structure changes
to ITO/metal oxide layer/(BHJ) active layer/hole transport-
ing layer (HTL)/Ag. Recently, the study on inverted PSCs is
very common since inverted structure can improve the
stability of conventional structure by replacing the air
sensitive, low work function top electrode (aluminum) with
a stable, high work function one (silver or gold), and also
eliminate the interface between the acidic PEDOT:PSS hole
transporting layer and ITO glass. With an appropriately
fabricated cathodic buffer layer, the inverted polymer solar
cells have demonstrated much improved cyclic stability
[35,36]. However, compared with conventional PSCs,
inverted structure PSCs typically possess a relatively low
power conversion efficiency possibly due to the electron loss
on the interface between the BHJ active layer and the
metal oxide layer. For example, the best conventional P3HT:
PCBM device exhibited 4.4% PEC, slightly higher than the
best inverted device (4.2%) from the same lab [37]. It is
possible for inverted polymer solar cells to achieve compar-
able power conversion efficiency with the conventional
structure polymer solar cells if the charge loss at the
interface of cathodic buffer layer is reduced [37]. Hence,
numerous studies focus on the surface modification of metal
oxide with self-assembled monolayers, such as C60-SAMs,
saline or C60 molecules [38–42], manipulating its morphology
and surface energy, and new material doping to enhance its
electron collecting ability, such as Al-doped ZnO (AZO), Ga-
doped ZnO (GZO), and zinc tin oxide (ZTO) [43–45].

In this paper, we introduced a quasi-amorphous perovs-
kite complex metal oxide strontium titanate (SrTiO3)
admixed with zinc oxide (ZnO) by sol–gel processing as
cathodic buffer layers for inverted structure PSCs. Perovs-
kite complex metal oxides, ABO3, do not have a close
packed anion lattice and thus offer a number of possibilities
in manipulation of its chemical composition and crystal
structure to achieve various desired physical and chemical
properties. Most of them are ferro-, pyro- and piezoelectrics
as the cations inside the oxygen octohedra have a large
space to rattle, leading to high dielectric constant [46]. The
high dielectric constants (300–20,000) are the combination
of both large atomic/electronic polarization in large-sized
cations, and large ionic polarization as a result of large
rattling space for cations inside oxygen octohedra [47,48].
Compared with ZnO, SrTiO3 has a higher dielectric constant
(�104) [49], similar band gap structure [50], but lower
electron mobility [51]. Such a high dielectric constant
material would favor the effective charge transfer in PSCs
[52]. In addition, the cations inside the oxygen octohedra
are commonly small in radius, making the six coordinated
structure stable only at high temperatures. At low tem-
peratures, the cations would shift away from the center of
the deformed oxygen octohedra and result in a separation
of positive and negative charge centers, or better known as
spontaneous polarization [1-5]. It was hypothesized that the
material with larger dielectric constant and spontaneous
polarization, such as SrTiO3, may create an internal electric
field while PSCs operation [53]. By tuning the SrTiO3:ZnO
ratio in the cathodic buffer layers, the power conversion
efficiency of the inverted PSCs was found to vary accord-
ingly. The possible mechanism and influences of the compo-
sition, crystallinity, and surface properties of dual phase
SrTiO3:ZnO nanocomposite CBLs on the photo-to-electrical
energy conversion have been discussed.

Experiment

Materials

Regioregular poly(3-hexylthiophene-2,5-diyl)(P3HT, 4002-E
grade) was purchased from Rieke Metals, Inc. [6,6]-phenyl-
C61-butyric acid methyl ester (PCBM, 99.0% purity) was
purchased from American Dye Source, Inc. Poly(3,4 ethyle-
nedioxylenethiophene):poly(styrene sulfonic acid) (PEDOT:
PSS, Clevios 4083) was purchased from H.C. Starck. Zinc
acetate (Zn(CH3COO)2, 98.0%), 2-methoxyethanol (CH3OCH2-
CH2OH, 99.0%), amonoethanolamine (NH2CH2CH2OH–2H2O,
99.0%), Strontium acetate (Sr(CH3COO)2, 97.0%), and tita-
nium (IV) isopropoxide (Ti(C12H28O4), 97%) were purchased
from Sigma-Aldrich. All the chemicals were used as received
without further purification.

ITO glass (10–15 Ω/sq) substrates were purchased from
Colorado Concept Coatings LLC. Samples were prepared on
ITO substrates (1.5� 1.5 cm2), which were cleaned prior to
use by ultrasonic agitation in a detergent solution, acetone,
and isopropyl alcohol, and then dried under nitrogen flow.

Preparation of the SrTiO3:ZnO cathodic
buffer layers

ZnO sol preparation
Zinc acetate dehydrate was first dissolved in a mixture of 2-
methoxy ethanol and monoethanolamine at room temperature.
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The concentration of zinc acetate is 0.1 M and the molar ratio
of monoethanolamine to zinc acetate was 1:1. The resulting
solution was stirred using a magnetic stirrer at 60 1C for 2 h to
yield a homogeneous, clear, and transparent sol.

SrTi(OR)x sol preparation
Strontium acetate was added in acetic acid and stirred till it
was completely dissolved. Acetylacetone was added as a
stabilizing agent, then titanium (IV) isopropoxide slowly
added to the solution by drip. The final concentration of SrTi
(OR)x sol is 0.1 M and it was kept stirring at room tempera-
ture for 2 h to form a homogeneous, yellow, and
transparent sol.

SrTi(OR)x:ZnO sol preparation
Both SrTi(OR)x and ZnO sol's concentration are 0.1 M, and
simply mixed these two sols with a molar ratio (SrTi(OR)x:
ZnO=0:100, 5:95, 10:90, 15:85, 20:80, 25:75) to form
SrTiO3:ZnO sol.

The SrTiO3:ZnO layers were spin-coated after the
prepared solution was aged at room temperature for
one day in order to make it more glutinous. The sols were
dropped onto ITO glass substrates, which were then spun
at 3000 rpm for 30 s. After processing, the samples were
immediately baked at 300 1C for 10 min and subsequently
annealed at 350 1C for 20 min in air to convert metal
oxide. Throughout the device fabrication process, we
fixed all the process parameters except for SrTiO3:ZnO
sol composition.

Device fabrication and characterization

The chlorobenzene solution of P3HT:PCBM (1:0.8 by weight)
containing (20 mg/mL) P3HT and (16 mg/mL) PCBM was
stirred in glovebox at 60 1C overnight. The solution was
allowed to cool to room temperature and then filtered
through a 0.2 μm polytetrafluoroethylene (PTFE) filter.
First, the P3HT:PCBM blend solution was spin-coated onto
the ITO substrates with the SrTiO3:ZnO buffer layer at
700 rpm for 30 s. Then the samples were baked at 225 1C
for 1 min to help in self-organization of P3HT, as well as to
drive away residual solvent and assist in the polymer
contact with the SrTiO3:ZnO cathodic buffer layer. Then,
the diluted PEDOT:PSS (Clevios PVP AL 4083) solution was
spin-coated onto the active layer to form the hole-transport
Figure 1 Inverted structure of PSCs and the corresponding
layer. The films were then baked at 120 1C for 10 min. A
100 nm thick Ag film was finally deposited under a vacuum
of 2� 10�6 Torr as the top electrode. The device structure
of space-charge-limited-current (SCLC) measurement is the
same, only without the PEDOT:PSS layer.

The I–V characteristics of the solar cell were tested in a
glovebox using a Keithley 2400 source measurement unit
and an Oriel Xenon lamp (450 W) coupled with an AM1.5
filter. A silicon solar cell certificated by the national renew-
able energy laboratory (NREL) was used as a reference to
calibrate the measurement conditions. The light intensity
used in this study was 100 mW/cm2.

SrTiO3:ZnO buffer layer characterization

The surface morphologies of the specimens were obtained
using AFM (Asylum Research MFP-3D Stand Alone AFM)
operated in the tapping mode. Optical transmittance spec-
tra were recorded using a Thermo Fisher Scientific (EVO30
PC) UV–vis recording spectrophotometer over the wave-
length range between 300 and 900 nm. XPS spectra and
secondary electron cutoff were generated using a PHI
Versaprobe system with an Al Kα X-ray source and a
100 μm beam size. The work function value was calibrated
with a pure gold foil (5.1 eV). Measurements were taken
while the sample was under ultrahigh vacuum (10�10 Torr).
The contact angle was measured by a gonoimeter, and each
sample was measured four times in different areas. X-ray
diffraction patterns were measured by Bruker F8 Focus
Powder XRD. The X-ray source is Cu-K-alpha radiation and
the scale range between 201 and 801.

Results and discussion

Figure 1 represents the inverted PSCs structure and the
corresponding energy level diagram in this study. The only
difference in all devices in this study was the amount of
SrTiO3 in cathodic buffer layer (CBL), while all the other
components, such as thickness of P3HT/PCBM, annealing
process, and measurement parameters, were kept the
same. The amount of SrTiO3 in ZnO sol was controlled from
0% to 25% (molar ratio), and in order to understand the basic
properties of this new material, UV–vis absorption spectra,
contact angle, atomic force microscopy (AFM), X-ray dif-
fraction (XRD), and X-ray photoelectron spectroscopy (XPS)
energy level diagram of the components of the devices.
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were applied to examine the surface morphology, properties
and chemical composition. The cathodic buffer layer's
transmittance in the visible light region is important in
inverted structure since the incident light has to pass
through the film first and be absorbed by the BHJ active
layer [54]. Figure 2 is the UV–vis absorption spectra of
various SrTiO3:ZnO thin films, and it is found that the UV–vis
absorption spectra have no significant difference regardless
of the amount of SrTiO3, and all SrTiO3:ZnO films have good
optical transmittance in the visible region and, thus, is
suitable to serve as a cathodic buffer layer in inverted
polymer solar cells.

Figure 3 shows the AFM and contact angle images of
SrTiO3:ZnO CBL, and the root mean square (RMS) surface
roughness and contact angle value are summarized in
Table 1. The thickness of CBL is about 10 nm as measured
by AFM, and does not change with the amount of SrTiO3

added into the film, the surface roughness of various SrTiO3:
ZnO films is around 2.4 nm, and the morphology is similar to
each other. The contact angle of the films with various
SrTiO3:ZnO ratio is in the range of 37–391, which means that
the surface energy has little change with the addition of
SrTiO3, and all the films are slightly hydrophilic.

The X-ray diffraction patterns of SrTiO3:ZnO=20:80 with
various thermal annealing conditions are illustrated in Figure 4
(a), and it can be observed that there are only ZnO character-
istic peaks under the 350 and 500 1C annealing processes, and
SrTiO3 and Zn2TiO4 characteristic peaks appeared when the
annealing temperature was increased to 900 1C. Owing to the
thermal restriction of ITO glass substrate, 350 1C – 20 min was
applied to anneal the SrTiO3:ZnO films used as cathodic buffer
layers in inverted polymer solar cells studied in the present
investigation. So in such cathodic buffer layers, no detectable
crystalline SrTiO3 was formed. Figure 4(b) compares the XRD
patterns of SrTiO3:ZnO=20:80 and pure ZnO annealed at
350 1C; the intensity of ZnO characteristic peaks is not propor-
tional to the amount of ZnO in CBL. Such a low diffraction peak
intensity and signal to noise ratio are strong indications of low
crystallinity and/or low content of crystalline phase of ZnO in
the SrTiO3:ZnO composite films. The relatively low crystallinity
of ZnO in SrTiO3:ZnO films is reasonable; the presence of SrTiO3
in CBL is likely to interfere and retard the ZnO crystallization
during thermal annealing [55]. Furthermore, SrTiO3:ZnO=20:80
film has Zn2TiO4 characteristic peaks after 900 1C annealing,
which suggests that some portion of ZnO in the film remained in
the amorphous phase under low temperature annealing
process.

Surface chemical analysis was carried out by means of
X-ray photoelectron spectroscopy (XPS) (Figure 5) and the
work function was calculated using the secondary electron
cut-off region; the surface element distribution and work
function are summarized in Table 2. As shown in Figure 5,
the intensities of Zn 2p (1021.8 eV) and 3S (139.8 eV) peaks
decrease with the increasing amount of SrTiO3. On the other
hand, the intensities of Ti 2p (458.8 eV) and Sr 3d (134.3 eV)
peaks increase with the increasing SrTiO3 amount in CBL.
The binding energy of Ti 2p3/2 is located at 458.8 eV which
shows that SrTiO3 was formed on the surface [56].

The approximate composition of the SrTiO3:ZnO surface
can be determined by dividing the individual peak areas by
their respective atomic sensitivity factor (ASF). Since there
is no database of metal oxide's ASF, we simply used the
calculated ASF with SrTiO3:ZnO=15:85 as the standard to
obtain various SrTiO3:ZnO films' surface composition. From
Figure 5(b) and Table 2, it was found that the amount of
strontium is similar to the SrTiO3:ZnO sol precursor solution,
and the work function of SrTiO3:ZnO decreases with the
increasing amount of SrTiO3 from �4.2 eV for pure ZnO film
to �4.53 eV (SrTiO3:ZnO with a molar ratio of 25:75); the
low work function is favorable to electron transfer from the
BHJ active layer to the cathodic buffer layer in the inverted
polymer solar cell application [57].

SrTiO3:ZnO films with various amounts of SrTiO3 are
applied as cathodic buffer layers in inverted polymer solar
cells, and the power conversion efficiencies are summarized
in Table 3, and I–V curves are shown in Figure 6. From
Table 3, compared with pure ZnO CBL, with a small amount
of SrTiO3 (o15%) addition, the fill factor is found to increase
from 0.57 to 0.65, and the open circuit voltage also
increases slightly from 0.61 to 0.63 V, whereas the short
circuit current remains almost constant at around 10 mA/
cm2. As a result, the overall power conversion efficiency
increases from 3.58% to 4.1%. However, if the amount of
SrTiO3 is greater than 15%, the power conversion efficiency
starts to reduce, and it is caused by the decrease in fill
factor, which is probably attributable to the smaller elec-
tron mobility in SrTiO3, as will be discussed further later in
the paper. The maximum power conversion efficiency was
achieved in an inverted PSC with the cathodic buffer layer
consisting of SrTiO3 10%.

The IPCE spectra are shown in Figure 7; since the short
circuit current of each device is similar, there is no significant
difference in IPCE spectra with various SrTiO3 amounts. This
observation is very reasonable considering the fact that the
optical transmittance through the buffer layers remains the
same regardless of the amount of SrTiO3 and thus the amount
of photons entering the polymer layers is the same. The open
circuit voltage increase from 0.61 to 0.63 V with the addition
of SrTiO3 might be due to SrTiO3:ZnO's work function
decreasing from �4.2 to �4.5 eV while SrTiO3 was added.
The cathodic buffer layer's work function decrease is favor-
able to electron transfer from the BHJ active layer to the
cathodic buffer layer and result in higher Voc [57].



Figure 3 The surface morphology and contact angle of various SrTiO3:ZnO/ITO glasses.

Table 1 The root mean square (RMS) surface roughness
and contact angle of various SrTiO3:ZnO/ITO glasses.

Device Roughness
(nm)

Contact angle (deg)

Pure ZnO 2.49 38.1
SrTiO3:ZnO=5:95 2.38 37.5
SrTiO3:

ZnO=10:90
2.45 38.3

SrTiO3:
ZnO=15:85

2.30 37.6

SrTiO3:
ZnO=20:80

2.41 39

SrTiO3:
ZnO=25:75

2.48 39.8
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Fill factor can be contributed by series and shunt
resistance in the device, and it can be calculated by the
inverse of the slope near Voc and Jsc to represent the overall
resistance and the recombination in the device, respec-
tively. Compared with the pure ZnO buffer layer, the
cathodic buffer layer with a small amount of SrTiO3

(o15%) has the same series resistance but larger shunt
resistance, which means that electron recombination can be
reduced by the addition of SrTiO3, leading to a larger fill
factor. While increasing the amount of SrTiO3 to 20% or 25%,
the large series resistance becomes predominant, and
results in low power conversion efficiency.

SrTiO3:ZnO films could possess some local ordering struc-
ture with aligned TiO6 octohedra; small-scale TiO6
octohedra local ordering might have spontaneous polariza-
tion as it is in crystalline perovskite [1–5]. In this study, the
CBL went through a thermal annealing process, with an
anisotropic heating to induce the anisotropic stress/strain in
SrTiO3:ZnO films. In turn, the presence of anisotropic stress/
strain might induce some local ordering of TiO6 octohedra.
The crystalline ITO glass substrate directly in contact with
SrTiO3:ZnO films may also induce some local ordering. Such
spontaneous polarization is likely to induce a self-built
electric field while polymer solar cells are functioning. As
shown in Figure 8, the localized polar molecules SrTiO3 in
the cathodic buffer layer are in random orientations in the
dark condition or open circuit voltage condition when there
is no net electron flow in the device (Figure 8(a)). However,
while incident light is absorbed by the BHJ active layer and
generates excitons to form electrons and holes pair, the
electrons and holes go through different directions and form
a net electron field, which will polarize SrTiO3:ZnO films by
orienting the dipole moments of local ordering polar
molecules (Figure 8(b)). A similar concept is applied by
the self-assembled monolayer (SAM) treatment on the ZnO
surface with different dipole orientations and a substituent
on the 4-position of benzoic acid [53].

With a small amount of local ordering SrTiO3 in the
cathodic buffer layer, the positive interface dipole might
retard hole transport through the cathodic buffer layer, and
reduce the electron recombination on the interface of the
BHJ active layer and the cathodic buffer layer, which shows
fill factor improves the device performance. However, while
the SrTiO3 amount is too much, the positive interface dipole
becomes too strong to let any electron pass through.
Therefore, device performance encumbers with large elec-
tron transfer resistance on the interface of the BHJ active
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layer and the cathodic buffer layer, resulting in low fill
factor and poor performance.

In order to directly measure the resistance of the cathodic
buffer layer (CBL), we fabricate the device's structure (ITO/
CBL/Al) and measure its linear sweep voltammetry
(Figure 9). Since the thickness of CBL is only 10 nm, the
whole device is ohm contact. The inverse of the slope (I/V)
can represent the resistance of CBL. The results show that
the CBL's resistance has a similar trend as the series
resistance obtained from the I–V curve, which also directly
indicates that the reason for increase in series resistance in
the device is due to the SrTiO3 amount.

The electron mobility of the SrTiO3:ZnO film is deter-
mined by fitting the dark J–V curves for single carrier
devices with the SCLC model [58]. The electron-only devices
structure was ITO/SrTiO3:ZnO/P3HT:PCBM/Al fabricated to
evaluate the electron mobility of the SrTiO3:ZnO film by
the charge transfer model of SCLC. The current is given by
J=9/8� ε0� εr� μe�V2/D3, where ε0 is the permittivity of
free space, εr is the relative permittivity of PCBM, μe is the
electron mobility, and D is the thickness of the active layer.
From Table 3, compared with pure ZnO (3.76� 10�7 m2 V�1

s�1), the electron mobility of 5% and 10% SrTiO3:ZnO remain
in the same level as pure ZnO (�10�7 m2 V�1 s�1). With
continued increase of the SrTiO3 amount, the electron
mobility begins to drop (�10�9 m2 V�1 s�1), which
can correlate with the poor power conversion efficiency
results.



Table 2 The element amount fitting results and the value of work function of various SrTiO3:ZnO/ITO glasses. The XPS scan
range: 130–145 eV. The value of work function was calculated by secondary electron cutoff region. The atomic sensitivity
factor (ASF) of Zn and Sr is ASFZn=0.03567 and ASFSr=0.007684, respectively.

Device Sr 3d area Zn 3S area SrTiO3 (%) ZnO (%) Work function (eV)

Pure ZnO 0 3627 0 100 �4.2
SrTiO3:ZnO=5:95 201 3502 2.41 97.59 �4.39
SrTiO3:ZnO=10:90 503 2630 7.61 92.39 �4.43
SrTiO3:ZnO=15:85 976 2383 14.99 85.01 �4.34
SrTiO3:ZnO=20:80 1254 2235 19.47 80.53 �4.36
SrTiO3:ZnO=25:75 1656 1935 26.94 73.06 �4.53

Table 3 I–V characteristics of inverted PSCs with various SrTiO3:ZnO films as the cathodic buffer layer.

Device Voc (V) Jsc (mA/cm2) FF Efficiency (%) Rs (Ω cm2) Rsh (kΩ cm2) Electron mobility (m2 V�1 s�1)

Pure ZnO 0.61 10.16 0.570 3.58 1 6.8 3.76E�07
SrTiO3:ZnO=5:95 0.63 9.98 0.627 3.98 0.86 7.9 2.66E�07
SrTiO3:ZnO=10:90 0.63 10.08 0.647 4.10 0.88 18.2 1.77E�07
SrTiO3:ZnO=15:85 0.63 10.08 0.625 3.99 0.91 20.4 4.43E�08
SrTiO3:ZnO=20:80 0.63 9.75 0.484 2.96 3 10.2 1.33E�08
SrTiO3:ZnO=25:75 0.63 9.66 0.390 2.38 8.7 6.3 3.32E�09
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Furthermore, electron transfer through the CBL might
also be affected by the crystallinity of CBL. As Figure 4
(b) shows, the intensity of the ZnO peak is enormously
reduced in the presence of SrTiO3. The low crystallinity
of ZnO will affect the electron transfer through CBL, and
result in low electron mobility, high series resistance and
small fill factor. Further improvement of SrTiO3:ZnO CBL
can be expected by replacing the amorphous SrTiO3 with
crystal phase as well as improving the crystallinity
of ZnO.

It is clear that the admixing SrTiO3 with ZnO results in a
promising cathodic buffer layer for inverted polymer solar
cells. However, its full potential has not been explored as
the amorphous nature of SrTiO3 and low crystallinity of ZnO
in the sol–gel-derived nanocomposite CBL is seriously
compromised with low charge transfer property. Although
only a modest enhancement in power conversion efficiency
from 3.58% to 4.1% was achieved with SrTiO3:ZnO of 90:10
CBL, much greater improvement is anticipated if the films
are well crystallized for both SrTiO3 and ZnO.
Conclusions

Dual phase SrTiO3:ZnO nanocomposite films have been
fabricated and demonstrated as the cathodic buffer layer
in inverted polymer solar cells for an improved power
conversion efficiency. The device performance was found
to be strongly dependent on the amount of SrTiO3 in CBL.



Figure 8 Schematic energy level diagram of inverted polymer solar cells with SrTiO3:ZnO as the cathodic buffer layer. (a) The
device is under open circuit condition, and there is no net interface dipole. (b) The device is under illumination, electron field was
generated by electron and hole transfer to the opposite direction and there is a net interface dipole directed away from the
cathodic buffer layer.
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Figure 9 The linear sweep voltammetry of (ITO/CBL/Al)
device, and various SrTiO3:ZnO films were served as the
cathodic buffer layer.
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With a small amount of quasiamorphous SrTiO3 added in the
ZnO film, some local ordering structure with aligned TiO6

octohedra would likely form spontaneous polarization, and
induce a self-built electric field on the interface between
the HBJ active layer and CBL, which would prevent hole
transport through CBL and reduce electron recombination,
resulting in enhanced power conversion efficiency. However,
a continued increase in the amount of quasiamorphous
SrTiO3 in the ZnO film led to lower electron mobility. In
the present study, it was found that the composition of
SrTiO3:ZnO at 10:90 offered the best solar cell performance,
and the power conversion efficiency increases from 3.58%
(pure ZnO) to 4.1%, presenting 15% enhancement.
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