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Abstract-In this work, thermal annealing is investigated to augment photovoltaic conversion efficiency (PCE) in
bulk heterojunction polymer solar cells (BHJ-PSCs). Active layer (P3HT/PC70BM) and PEDOT: PSS films of these
PSCs contain copper oxide nanoparticles (CuO-NPs) and gold nanoparticles (Au-NPs) respectively. Thermal
annealing of P3HT/PC70BM thin films was performed at 150°C for 30 minutes. X-ray diffraction (XRD) and
differential scanning calorimetry (DSC) examination show an increased crystallinity of the heat-treated samples.
Atomic force microscopic analysis (AFM) shows increased surface roughness after annealing, producing extra
locations for crystallization of P3HT. Ultraviolet (UV)-visible as well as external quantum efficiency (EQE) spectra
show enhanced self-organization, enhancing both crystallinity of P3HT and phase separation of the spin coated
P3HT/PC70BM polymer films. However, ultraviolet-visible spectra do not show remarkable enhancement in light
absorption with increasing gold concentration of PEDOT:PSS thin film owing to localised surface plasmonic
resonance (LSPR) being distributed horizontally through the PEDOT:PSS film. PCE improved by 24% in the heat
treated (AU/PEDOT: PSS)/(CuO/P3HT/PC70BM) solar cells.

Keywords: Gold nanoparticles,CuO nanoparticles, Photovoltaic cells, crystallinity, Thermal annealing, thin films,
Plasmonic effect

1. Introduction structure [1,2]. Bulk heterojunction (BHJ) PSCs
_ _ benefit from a homogeneous donor-acceptor (D-A)
Polymer photovoltaic devices have been contact interface compared to the inorganic

attracting attention in recent years as photo counterpart. A homogenous D-A interface offers a

generating cells, owing to their simple device
structure, easy fabrication, light weight together with
optically and electronically adjustable molecular

longer free path for charge carriers, resulting in a
longer diffusional pathway and a larger coulomb
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interaction between electrons and holes. This is
triggered by the low dielectric constant of organic
semiconductors. Among various conventional donor-
acceptor structures, poly(3-hexylthiophene)/[6,6]-
phenyl-C70-butyric acid methyl ester (P3HT/PCBM)
mixture is highly encouraging due to the unique
properties of P3HT [3-5]. P3HT molecules possess
superior charge transport ability (1/10* — 1/10 cm?/V
s) and crystallinity in bulk state as well as expanded
photo-absorption and environmental stability. Several
researchers have attempted enhancing the PCE in
polymer based solar cells by various approaches.
These include the design of novel device structures,
producing materials with short energy gap,
morphological refining of polymer thin films,
upgrading photo generation ability, and creation of
higher electron-hole mobility by adjusting D-A
contact surface [6-9]. To enhance the molecular
ordering and surface morphology in spun-casted
polymer films, several strategies such as thermal/
solvent annealing [10-12] and using additives [13]
have been used successfully. This in turn will
increase light harvesting of P3HT:PCBM film and
improve PCE. Motaunget al. [14] obtained 1.03%
maximum PCE for ZnO incorporated P3HT: PCBM
devices which were heat treated up to 140° C. Kang
et al. [15] reported 3.86% PCE, 0.68V open-circuit
voltage (Vo) and 64% fill factor (FF) through post-
annealing at 170 °C.

To improve the photon harvesting in PSCs,
the incorporation of inorganic nanoparticles (INPSs)
has been extensively investigated. Nanoparticles
(NPs); such as ZnO, TiOy, and CdSe can be
successfully incorporated into P3HT: PCBM layers
as electron acceptors [16]; whereas Au and Ag NPs
[17] have been used to enhance the photon
absorbance. CuO NPs were successfully incorporated
into the P3HT/ PC70BM active layer by our research
group. The PCE of cells with 0.6 mg CuONPs
increased by 40.9% due to enhanced -carrier
generation ability of P3HT: PCBM film [18, 19].
Meanwhile, a tremendous number of researches have
been carried out on the incorporation of Au NPs in
solar cells to investigate interfacial modifications for
better charge carrier collection and enhancement of
exiton dissociation. Chen et al. [20] reported 4.19%
PCE with a 20% improvement in gold NPs (35nm)
incorporated organic hybrid photovoltaic devices.
Xie et al. [21] incorporated a relatively small Au NPs
(18 and 35nm in diameter) into PEDOT/PSS,
P3HT/PCBM films, achieving 2.15% maximum PCE
with 22% enhancement. The incorporation of Au NPs
both in PEDOT/PSS
[Poly(3/4ethylenedioxythiophene)poly
(styrenesulfonate)] and active layers resulted in

~22% increase of PCE [22]. However, incorporation
of Au NPs only in PEDOT/PSS [23] improved the
PCE from 6.4% -7.6% with 18% enhancement due to
the forward-scattering of NPs. However, Chen et al.
[24] reported a strong near field surrounding gold
NPs caused by LSPR which is distributed
horizontally through PEDOT/PSS, resulting in
marginal photon absorption increment of P3HT/
PC70BM film.

This study is focused on improving the
power conversion efficiency of PSCs containing CuO
NPs incorporated in P3HT/ PC70BM film and Au
NPs in PEDOT:PSS film. For optimization of
surface-morphology of P3HT/ PC70BM and
PEDOT:PSS layers thermal annealing is considered
as a convenient technique. XRD and UV-visible
analysis were employed in studying morphological,
structural and optical improvement in the CuO
NPs/P3HT/PCBM-AU/PEDOT: PSS layers processed
by thermal annealing. Outcome of heat-treated hybrid
devices upon their electrical performance is presented
in this work.

2. Experimental Methods
2.1 Materials

Under the same experimental conditions, a
set of polymer based photovoltaic devices which
were varying in their Au and CuO NPs content were
fabricated and tested. P3HT was bought from Rieke
Metals and PC70BM from SES Research. They were
used as received. PEDOT/PSS mixed in distilled
water was obtained from Sigma Aldrich and same
amount of distilled water was added. Online
purchasing (Nanocs, Inc) was done for conducting
glass substrates (24 x 80 x 1.2 mm (12 Q/cm?) and
conducting layer 25 to100nm). Au (18 nm diameter)
and CuO (100 to 150nm diameter) NPs also were
ordered online (nanocs.com). Airgas-company
supplied purified N2 gas and Al coils with a diameter
of 0.15 mm were obtained online (Ted-Pella).

2.2 Fabrication of solar cells

The fabrication of Polymer based solar cells
containing gold and copper oxide NPs was done in a
glove box usingN, as the inert atmosphere. The
P3HT: PCBM:CuO NPs blendswereobtained in two-
steps.First, the P3HT-PC70BM blend was obtained
by diluting same amount ofregioregular P3HT and
PC70BM (10 mg each) with 2ml of chlorobenzene
(CeHsCl) andmixed constantly for 14 hours at a
temperature of 60° C.CuO NPs also were dispersed in
the same volume of C¢HsCl and added to the above
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mixture, so that weight ratios of ingredients
(P3HT/PCBM/CuO-NPs) in the final blend was
10:10:0.6 mg. In addition, different amounts of Au
NPs were added to 10 ml of PEDOT: PSS aqueous
solution, leading to six PEDOT: PSS solutions with
0, 0.02, 0.06, 0.10, 0.14, and 0.18 mg of NPs;
respectively.

The solar cell device structurethat
wasspuncoatedin this research is schematically
presented in figure 1. In a glove box with
Nzenvironment, the solar cell devices were
spuncoated by installing the PEDOT/PSS film on a
conductive glass plate and P3HT/PC70BM film on
the top of it. Using ultrasonic cleaning method, the
conducting glass substrates were cleaned with
ammonium hydroxide, hydrogen peroxide, distilled
water, methyl alcohol, and isopropyl
alcoholsuccessively. The 40 nm-thick
PEDOT/PSS/Au layers, which serveas thin hole-
transport layers, were prepared by spun-coating at
rotational velocity 0of4000rpm followed by heating at
120°C for 20 minutes in air. After the temperature of
the samples came back to ambient temperature, the
blends with P3HT:PC70BM: CuONPswere spun
coated at 1000 rpm for one to two minutes.

I_.WHG)

PIHT/P CTOBMY Cu O INPs (150-200nm)

PEDOT: PSSiAu INPs (40nm)

ITO 20-100nm)

GLASS (1mm)

AL G dlwmination

Fig.1.Graphical representation of the hybrid device
architecture

This active layer had 120 nm average
thicknesses and the device had 0.12cm? surface area.
Annealing was performed on all devicesinside an
inert ovenfor 30 minutesafter Al electrode deposition.
The annealing temperature was 150°C [18, 19].

2.3 Characterization

Under the general laboratory environment,
the electronic and thermal behaviour of PSCs with a
constant CuO NP content and different amount of Au
NPs were analysed. Current density—voltage (J-V)
characterization was carried for all PSCs. UV solar
simulator consists of AM 1.5G filter and lamp (xenon
lamp, Oriel Instruments) intensity of 100 mW/cm?
was used. A source meter (Keithley 2400) was
employed to obtain the J-V measurements. Device
parameters such as short circuit current density (Js),
open circuit voltage (Voc), Fill Factor (FF) and power
conversion efficiency were recorded in the PSCs
containing varying amounts of gold NPs under
ambient  environment. A quantum efficiency
measurement kit (Newport- serial number 425)
embedded in the solar cell simulator was used to
obtain EQE values. Merlin monochromator with a
300W Xenon arc lamp was used as a light source to
provide throughput to the cells in the experiment.

The optical properties of samples containing
varying amounts of gold NPs were obtained using a
PerkinElmer LAMBDA 650 spectrophotometer.
Crystallinity studies of the thin layers were
performed with a Bruker D8 XRD with a Cu/K-a
source under 40kV and 40mA tube current at a rate
of 0.2° per minute. Recorded range of the X-ray
spectra were from 4° - 7°. Differential scanning
calorimetry spectra were obtained using a TA
instruments Q2000 with 5°C per minute heating rate.
DSC samples had a weight range of 8-12 mg and
nitrogen gas flow rate to the DSC was 50 ml/min. An
Agilent 5420 atomic force microscope (AFM) was
used to analyze the surface morphology. The Pico
Image Basics and Gwyddion software were utilized
to determine the root mean square roughness (oms) of
surface under ACAFM noncontact mode with set
point 1.60, I-gain of 10 and scanned area of 2x2um
[18, 19].

3. Results and Discussion

3.1 Morphological analysis

Interface morphology between PEDOT:PSS,
P3HT/PCBM and electrodes has a crucial role in
defining electrical properties of PSCs. Therefore,
morphological regulation of thin layers of bulk
heterojunction devices is essential to enhance the
energy conversion efficiency. Thermal annealing
causes alterations in morphology of polymer thin
films. These changes were studied by AFM
illustrations of Au/PEDOT:PSS-P3HT/PCBM/CuO
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layers pre and post annealing at 150°C for 30
minutes.

At the I-gain value of 10 and set-point value
of 1.24, surface morphological studies of thin films
were carried out for 2x2 pm sample area under AC-

AFM non-contact mode. The AFM morphology of
PEDOT: PSS films containing different amounts of
Au NPs, before thermal annealing, is shown in Figure
2. This illustrates that surface becomes rougher than

Fig. 2.AFM illustrations of PEDOT: PSS layers with different concentrations of Au NPs before annealing. (a) Omg

(b) 0.02mg (c) 0.06mg (d) 0.10mg (e) 0.14mg (f) 0.18mg

the controls proportionate to the concentration of Au
NPs in layers. The oms Of the control layers was 0.36
nm and it was enhanced to 1.24 nm in the samples
containing 0.18 mg of gold NPs.

However, samples subjected to thermal
annealing did not show a significant improvement of
surface roughness compared to those without
annealing. The square-roughness of the optimum cell
(containing 0.06 mg of Au NPs) was 0.88 nm.

Figure 3 indicates the effect of annealing on
P3HT/PCBM thin films containing various
concentrations of CuO NPs. AFM topography of
these thin films displays coarser surface spikes
compared to reference cells without CuONPs.The
highest orms value of layers containing 1mg CuO NPs
was 0.43 nm compared to 0.15 nm in the layers with
no CuO NPs. The best performed device having a
CuO NPs concentration of 0.6mg showed a oms Of
0.34nm. After thermal annealing of thin films
containing P3HT/PCBM/CuO NPs at 150°C over 30
minutes, surface roughness of thin films without CuO
NPs was 0.43 nm and it increased up to 1.01 nm in
the thin films with 1mg of CuO NPs. The heat treated
cells with 0.6 mg of optimum CuO NPs concentration

exhibited a 0.82 nm oms Vvalue. The enhanced
roughness with thermal annealing could be attributed
to improved microscopic phase separation between
amorphous P3HT donor and amorphous PC70BM
acceptor molecules.

It is expected that higher roughness of the
thin film layers (PEDOT:PSS and P3HT/PCBM)
provides a larger contact surface in the interface at
AU/PEDOT:PSS-P3HT/PCBM/CuO  NPs  layers
which will boost charge collection efficiency at
electrodes yielding a higher power conversion
efficiency [25]. The charge carrier diffusion length in
the polymer thin films is a critical factor and it should
be limited to a few nanometers. The charge carriers
which are generated close to the electrodes can be
converted easily into photocurrent.

The XRD patterns (Figure 4a), exhibit an improved
self-organization of P3HT with incorporation of CuO
NPs into the P3HT/PCBM thin films. The diffraction
peaks intensities observed at 26 = 5.4° for P3HT:
PC70BM: CuO NPs thin films are related to the well-
organized P3HT molecular structure. P3HT
molecules which were liberated from amorphous
phase in the presence of Cu NPs and reorganized as

1083



Before
annealing

After
annealing

INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH

S.Li et al., Vol.5, No.4, 2015

separate molecules within polymer blend could be the
reason for this diffraction peaks which are observed
in the samples before annealing. However, XRD
peaks were not observed for PEDOT:PSS thin
filmsbefore or after incorporating gold NPs. It could
be due to the fact that these thin films did not have a
significant crystallinity.

5

\ -

.

0 mg CuO NPs

0.6 mg CuO NPs

1.0 mg CuO NPs

Counts per second

Fig. 3. AFM surface morphology of P3HT/PCBM thin films (pre and post annealing) with different amounts of CuO
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Fig. 4. XRD spectra for CuO NPs incorporated P3HT/PCBM thin films (a) pre annealing (b) post annealing

The XRD patterns (Figure 4a), exhibit an improved
self-organization of P3HT with incorporation of CuO
NPs into the P3HT/PCBM thin films. The diffraction
peaks intensities observed at 26 = 5.4° for P3HT:
PC70BM: CuO NPs thin films are related to the well-
organized P3HT molecular structure. P3HT
molecules which were liberated from amorphous
phase in the presence of Cu NPs and reorganized as
separate molecules within polymer blend could be the
reason for this diffraction peaks which are observed
in the samples before annealing. However, XRD
peaks were not observed for PEDOT:PSS thin films
before or after incorporating gold NPs. It could be
due to the fact that these thin films did not have a
significant crystallinity.Figure 4(b) indicates XRD
patterns of post annealed devices. The evident
increase in P3HT crystallinity may be attributed to
further enhancement of self-organization with heat
treatment. Being a fully amorphous material,
PC70BM did not give significant diffraction peaks
both with and without CuO NPs.

Hence, it can be concluded that only P3HT
crystallization is affected by the addition of CuO NPs
and thermal annealing but there is no effect on
PC70BM crystallinity as it is a fully amorphous
material [26]. The annealed samples with CuO NPs
concentration of 0.6mg exhibited the maximum
crystallinity. Further increasing the concentration of
CuO NPs beyond 0.6 mg, resulted in a decrease of
crystallinity. This can be attributed to aggregation
and inadequate diffusing of CuO nanoparticles in the
polymer blend, uncontrolled phase separation and
disruption of P3HT molecular organization [27]. As
presented in Figure 5, annealing increases the
intensity of diffraction peaks of hybrid devices
containing various concentrations of CuO NPs.
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600 |- —&— Before annealing

—&— After annealing

400

200 1 " 1 N 1 N 1 " 1
0.0 02 04 0.6 0.8 10
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Fig. 5.XRD Diffraction peak intensity before and
after annealing

Differential Scanning Calorimetry (DSC)
was used to further investigate the relationship
between annealing treatment and crystallinity of
P3HT:PC70BM. Equation 1 was used to calculate the
percentage crystallinity (X¢) of P3HT phase in the
P3HT:PC70BM:CuO NPs active layer.

% Crystallinity (X,) = (*2=2%) 100 Q)

Where AHpindicates the melting enthalpy
(in J/g of sample) of half-crystalline polymer in the
mixture, AHcandAHare the  enthalpies  of
crystallization and melting of fully-crystalline
polymer (AH of P3HT=99 J/g) [15] respectively.

As shown in Figure 6, the crystallinity
percentage improves slowly with increasing CuO
NPs concentration in P3HT/PC70BM structure,
before annealing. Nevertheless, it has remarkably
enhanced after annealing treatment. This behaviour
can be due to P3HT/PC70BM phase separation and
recrystallization of P3HT as single molecules. When
the amount of CuO NPs was increased higher than
0.6mg the percentcrystallinity of the annealed
samples began to decline. It is clearly eveident that

10

8 :///\‘\‘
r —=a— Before annealing

—&— After annealing
6}

Crystallinity (%)

0 " 1 " 1 1 1 " 1 " 1

0.0 0.2 0.4 0.6 0.8 1.0
Weight of CuO NPs (mg)
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crystallinity data obtained by both XRD and DSC are
comparable.

The UV visible absorption spectra of the
Au/PEDOT:PSS and P3HT/PC70BM/0.6mg CuO
NPs blend films were obtained to further explain the
outcome of heat treatment on the optical properties of
PSCs. The absorption intensities of all Au NPs
incorporated solar cells improved after thermal
annealing. This increased absorption intensities are
attributed to the enhanced crystallinity of P3HT by
annealing treatment combined with improved optical
absorption caused by CuO NPs incorporated in
P3HT/PC70BM layer. However, the absorption
spectrum of PEDOT:PSS/P3HT:PCBM/0.6 mg CuO
NPs solar cells did not show any significant
improvement with increase of Au NPs concentration
in the PEDOT:PSS thin film, as shown in Figure7.
This can be attributed to the strong near field
surrounding the Au NPs due to the LSPR which is
distributed horizontally through the PEDOT:PSS thin
film, instead of penetrating upward into the
P3HT/PC70BM layer,thus causing less optical
absorption [28].

0.9

—v—No Au NPs
0.02mg Au NPs
—e— (0.06mg Au NPs
—=&—(0.10mg Au NPs
0.14mg Au NPs
—»—0.18mg Au NPs

0.8 -

o7 |
0.6 —
0.5 I
0.4 I
0.3 I
0.2 I

0.1

0.0

-0.1

400 450 500 550 600 650 700

Wavelength (nm)

Fig. 7.Optical absorption spectra of annealed PSCs
with Au NPs incorporated PEDOT: PSS

The EQE measurers the ratio between the
incident photons on the solar cell from the input
source and the generated free electron hole pairs by
the device.Table 1 shows peakEQE values for
annealed and non-annealed devices containing
different concentrations of Au NPs.

The EQE spectrum improved over the
wavelength range of 350 - 620 nm. Before annealing

Fig. 6.Crystallinity measurements using DSC before
and after annealing

EQE (%)
Au NPs
(mg) Before After
annealing annealing

0 53 60
0.02 57 60
0.06 61 69
0.10 55 62
0.14 48 52
0.18 38 40

Table 1. The EQE measurements of Au/PEDOT:
PSS/P3HT/PCBM/CuO-NP devices before and after
annealing

the devices with 0.18, 0.14, 0.10, 0.06 and 0.02 mg of
Au NPs had highest EQEs of 38%, 48%, 55%, 61%
and 57% respectively, while that of the reference cell
was 53%.However, after annealing the maximum
values of the EQE spectra increased in all the devices
to 40%, 52%, 62%, 69%, 60% and 60% respectively,
as illustrated in Figure 8. The Au NPs which are
incorporated in PEDOT:PSS thin film have a major
effect on enhancing the hole collection ability of
solar cells. The EQE enhancement is brought about
by an increase of three factors, namely charge
motilities, hole collection as well as light absorption
[29, 30]. Therefore, it can be concluded that
enhanced crystallinity, due to thermal annealing and
electrical effects such as charge collection, charge
mobility and exciton dissociation due to Au NPs, are
more crucial than the plasmonic effects. However, at
higher concentrations of Au NPs, the EQE starts to
decrease. The reason behind this could be the excess
amount of Au diffusing into the active layer and
changing the P3HT/PCBM nanoscalemorphology
which leads to minimization of the exciton
dissociation.
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Fig. 8. Effect of annealing on the EQE values of
PSCs with Au NPs

Table 2 summarizes the measured
photovoltaic parameters, which are Jsx, Vo, FF and
PCE of all fabricated devices. PSCs were annaeled at
a temperature of 150°C which exceeds the glass
transition temperature of P3HT. There was a
significant improvement of all the parameters
following heat treatment.

The J-V characteristics measurements of
devices without annealing revealed a Js.0f6.484
mA/cm? in the control celland it increased to 7.491
mA/cm? in cells incorporated 0.06 mg of Au NPs
with a 15.5% increment. This enhanced short circuit
current improved PCE from 2.96% - 3.51%. Fill
factor of the device increased from 68 to 69.21% and
the open-circuit voltage (Voc) did not change by
adding gold NPs. Gold NPs incorporated in
PEDOT:PSS thin film contributed for about 18%
increase in PCE as a result of notably improved Js
and FF. There was a drastic improvement of PCE
with increasing Au NPs concentration in the PEDOT:
PSS thin film up to 0.06 mg and then started to
decrease beyond this point.

However, after thermal annealing the trend
of Vo did not change with increasing the amount of
Au NPs in PEDOT:PSS; whereas Jsc improved from
7.996 to 9.092 mA/cm? and FF increased from
68.26% to 70.11%. Consequently, PCE elevated to

4.34% from 3.70%, leading to a 17% enhancement in
the cells containing 0.06 mg of gold nanoparticles. Js
enhancement also closely follows the EQE pattern.
Based on power conversion efficiency equation (PCE
= Voc*Jsc*FF/total incident power density) Vo, Jsc,
and FF are significant factors in determining the
overall PCE. Higher Vg, Js, and FF result in higher
PCE. The PCE values of the CuO NPs incorporated
solar cells before and after annealing are shown in
Figure 9.

45 -
—=&— Before annealing

—e— After annealing

S RPUR N N IR S B R R R
0.00 002 0.04 0.06 008 0.10 0.12 0.14 0.16 0.18 0.20

Weight of Au NPs (mg)

Fig. 9.PCE of the
AU/PEDOT:PSS/P3HT/PCBM/CuO-NP hybrid
devices before and after annealing

Open circuit voltage (Voc) has a linear
relationship to energized band levels within D-A
phases. The linear correlation of the Vo to the
energetic gap between donor’s HOMO level and
acceptor’s LUMO level can be shown as equation 2
[31, 32].

]/OC = g,D/A = Eg,D - (LUMOD - LUMOA)
@

The open circuit voltage (Vo) did not
change significantly, possibly since the LUMOs of
P3HT and PC70BM were constant. Hence, V. had
no effect on PCE increment in these cells [33, 34]. In
contrast, Jsc of the annealed samples has significantly
increased. This could be due to higher crystallinity
leading to superior charge movability [35-37]. The
annealing treatment of P3HT near the glass transition
rearranges the molecular organization in the blend.
This increases the charge propagation through P3HT
to PCBM molecules, thus improving Js in the
photovoltaic cells. Further, adding Au and CuO
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nanoparticles to PEDOT:PSS and P3HT/PCBM thin suggested that the gold NPs produce hopping sites in
films, produce hopping sites for the holes resulting in polymer structures resulting in a higher hole
a higher hole mobility. This process also contributes mobility.

to the enhanced Js.. The fill factor (FF) remained
nearly the same after annealing.Kim et al. [38]

Jsc(mA/sz) Voc(V) FF(%) PCE(%)
Au NPs
Before After Before After Before After Before After
(mg) . . : . : : : :
heating heating heating heating heating heating heating heating
0 6.484 7.996 0.673 0.678 68.00 68.26 2.963 3.701
0.02 7.006 8.176 0.678 0.679 68.52 68.92 3.255 3.826
0.06 7.491 9.092 0.677 0.681 69.21 70.11 3.510 4.341
0.10 6.901 8.025 0.685 0.680 67.02 68.33 3.168 3.729
0.14 5.984 6.921 0.671 0.672 67.54 67.17 2.712 3.124
0.18 4.195 4.752 0.673 0.677 65.91 66.64 1.861 2.144

Table 2.Performance parameters of Au/PEDOT:PSS/P3HT/PCBM/CuO-NP hybrid solar cells pre and post heat
treatment

Before

annealing

After

annealing

Fig. 10.EDX mapping showing the dispersion of gold NPs penetrated into thin active film before and after annealing
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However, further increase of Au NPs, This
morphology change causes a significant reduction of
donor/acceptor contact surface. The modified
donor/acceptor contact surface proportionally affects
the excitonic dissociation [39], thus lowering the
EQE and Jscof the cells.

4. Conclusion

In this work, P3HT/PC70BM polymer
blends were prepared adding 0.6mg of CuO NPs to
increase P3HT crystallization as well as to improve
the phase separation ability of P3HT/PC70BM. The
PEDOT: PSS layer was tuned by adding Au NPs (0-
0.18mg) to enhance the charge collection ability.
EQE analysis and UV Visible absorption spectra
exhibited improvement of self-organization ability
and crystallization of P3HT. EQE of the solar cells
increased due to increased charge collection at the
electrodes. However, since the near field surrounding
Au NPs caused by LSPR effect is distributed
horizontally through PEDOT:PSS film, there is no
significant improvement in light absorption with
increasing the amount of Au NPs in PEDOT:PSS thin
film. AFM analysis indicates a higher oms of cells
containing CuO NP, which indicates a larger space
for P3HT crystallization. Increasing the P3HT
crystallization discourages dissolving of PCBM
within P3HT phases, thereby separating PC70BM
phases from PC70BM/P3HT domain. At the
annealing conditions of 150°C for 30 minutes,
Au/PEDOT:PSS/ P3HT/PC70BM/CuO solar cells
exhibited 24% improvement in PCE due to increased
photo absorption with elevated exciton generation
rate, and enhanced hole electron mobility and charge
transport due to improved crystallinity.
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