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Abstract: The enhancement of light absorption and photoluminescence quenching properties of the bulk
heterojunction ~ systems  which  were fabricated using  poly(N-vinylcarbazole) (PVK);
poly(N-hexylthiophene) (P3HT) and fullerene derivative 1-(3-methoxycarbonyl) propyl-1-phenyl-[6,6]
C61 (PCBM) were investigated. The optimized material showed a broad absorption in the region from
ultra violet to near infra-red and the photoluminescence quenching higher than 90%. The obtained
results provide further insight into photophysics of the heterojunction system and device performance

improvement by using this system as an active layer.
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I. INTRODUCTION

Application of conducting polymers to optoelectronic devices, such as light emitting diodes,
and solar cells are of practical significance, because the polymer mixture can be easily prepared
and modified by rich chemical procedures to meet optical and electronic requirements. Similar to
inorganic solar cells, charge carriers in organic photovoltaic are electrons and holes [1]. Mobility
of charge carriers in conducting polymers depend on © bonds and super position of quantum
mechanical wave function. Photovoltaic devices merely compose of conductive polymers as the
active materials have low electron mobility, and thus limit its performance. The performance of
organic solar cells is limited by weak absorption in red light, poor charge transport, and low
stability, but improvements are possible by optimizing materials and device structures [2].
Recent developments have shown that the use of interpenetrating electron donor-acceptor
heterojunctions in a number of materials such as polymer:fullerene [3-5], polymer:polymer [6],
and polymer:nanocrystal [7-9] can yield highly efficient photovoltaic conversions. Chirvase at al.
[10] find an optimum P3HT:PCBM ratio between 1:1 and 1:0.9 using chloroform as a solvent
and these have resulted in good agreement with that published by Pasquier at al [11]. The other
important reasons for the employment of PVK as a host are its favorable film-forming properties,
durability at higher temperatures and hole mobility around 10° cm?/Vs [12-15]. The active layers
used in organic solar cells have many practical advantages over conventional solar cell materials
such as silicon due to its simple methods of fabrication such as spin coating or drop casting.

In this study, the bulk heterojunction of blend conducting polymers and fullerene was
fabricated using poly(N-vinylcarbazole) (PVK); poly(N-hexylthiophene) (P3HT) and fullerene
derivative  1-(3-methoxycarbonyl)  propyl-1-phenyl-[6,6] C61 (PCBM). The blend
PVK:P3HT:PCBM enhances light absorption and improves carrier transport behavior. Some

kinds of organic solar cells (OSC) have been fabricated with the film of P3HT:PCBM and the



blend PVK:P3HT:PCBM as active layers. The current density - voltage (J-V) characteristics of

the devices were also studied.

1. EXPERIMENTAL

PVK, P3HT, PCBM were purchased from Aldrich Chemical Co. and used as received. Prior
to deposition, the substrates were successively cleaned by using mixture of acetone and alcohol,
alcohol and de-ionized water in an ultrasonic bath [16]. The thin films of pristine polymers,
blend polymers PVK:P3HT and PVK:P3HT:PCBM with the difference ratios of weight fraction
were obtained by mixing the components in chlorobenzene solvent. The solutions at
concentration of 13,75 mg/ml were spin-coated onto the substrates and dried in vacuum (~ 1073
mbar) at 120°C for 60 minutes. The thicknesses of the membranes were controlled both by spin
speed and by the concentration of the solution. The film’s thicknesses were measured using a o
step DEKTAK and were found to be around 120 nm. The surface morphologies of the films were
observed using “Hitachi” Field Emission Scanning Electron Microscopy (FE-SEM) S-4800. The
surface topographies of the polymer thin films were monitored using atomic force microscopy
(AFM; advanced scanning probe microscope, XE-100, PSIA) in tapping mode with a silicon
cantilever.  UV-visible absorption spectra of the films were recorded with UV-Vis
SP3000-Nano spectrometer. The photoluminescence (PL) spectra were carried-out by using a
FluoroMax-4 spectrophotometer. All the photo physical measurements were performed at room
temperature.

Indium-tin-oxide (ITO) and aluminium (Al) were used as an anode and a cathode,
respectively. The structure of the organic solar cells (OSC) were the following:
ITO/PEDOT:PSS/P3HT:PCBM/AI and ITO/PEDOT:PSS/PVK:P3HT:PCBM/AI. The ITO glass

substrates with a measured sheet resistance of 15 Q/square (Merck) was used after ultrasonically



cleaning in a series of organic solvents (ethanol, methanol, and acetone). The thin films of poly

(3,4-ethylenedioxythiophene):poly(styrenesulfonate) (PEDOT:PSS) were spin-casted onto the

ITO substrate at 300 rpm for 10s and at 3000 rpm for 60s, consecutively. The Al cathodes (100

nm) were thermally evaporated through shadow mask defining an active area of 0.04 cm?. The

current- voltage characteristics were measured at room temperature by using Keithley HP 4200

source measurement unit and a calibrated solar simulator (Oriel, Inc.) under AM 1.5G (100

mW/cm?) irradiation intensity.

I11. RESULTS AND DISCUSSION

Figure 1 presents the UV-Vis spectra of pristine PVK, P3HT (Fig.1la) and the blend

PVK:P3HT with the difference ratios of weight fraction (Fig. 1b).
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Fig. 1. (a) Normalized UV-Vis absorption spectra of the pristine polymers and (b)

UV-Vis absorption spectra of the blend polymer films.

From Fig.la, PVK shows the absorption in the ultra violet wavelength and maximum

absorption at 345nm due to the transition m-n* of carbazole groups [15]. P3HT reveals an



absorption in the region of 400 to 670 nm with a maximum absorption at 553 nm. The blend
PVK:P3HT shows the absorption in the ultra violet band with maximum at 345 nm and a broad
absorption ranged from 400 to 670 nm with maximum at 553 nm corresponding to PVK and
P3HT, respectively. It means that there was no chemical interaction between PVK and P3HT
molecules. When the content of PVK in the blend increase the UV light absorption intensity of
the blend increase and the visible light absorption decrease. At the ratio PVK:P3HT = 1:2
(weight fraction), the blend shows the good absorption intensity in UV as well in visible light.
This result can be explained by the fact that at the optimal ratio the internal interaction between
PVK and P3HT molecules caused the optimal distribution of the polymers in the blend. Thus, the
light absorption of the blend film is increased. In addition, the blend polymers with the ratio
PVK:P3HT equal to 1:2 has advantages over pristine polymers such as P3HT due to its ultra
violet light absorption and thermal stability. This blend with P3HT as matrix is quite promising
for its application in the OSC devices. The bulk heterojunction of the blend PVK:P3HT and
PCBM has been fabricated. The PCBM was well known as the acceptor in the heterojunction
materials which the conducting polymer acted as the donor [10, 11].

Photoluminescence (PL) quenching is proof that the photo-induced charge transfer in bulk
heterojunction film. In Fig. 2, the PL spectra of the blend bulk heterojunction materials with

excitation wavelength of 345 nm (Fig. 2a) and 553 nm (Fig. 2b) are plotted.
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Fig. 2. Photoluminescence spectra of the blend bulk heterojunction materials films,

excited at wavelength 345 nm (a) and wavelength 553 nm (b).

In the Fig. 2a, we can see that when the blend PVK:P3HT:PCBM = 0,5:1:1,5 (weight
fraction) was excited at 345 nm, the PL emission came from PVK due to the absorption light of
PVK molecules and its intensity decreased from 10762800 (for the PVK:P3HT film) to 7255740
(for the PVK:P3HT:PCBM film). The photoluminescence guenching was about 33%. When the
PVK:P3HT:PCBM film was excited 553 nm (Fig. 2b), the PL emission came from P3HT due to
the absorption light of P3HT molecules and the intensity decreased from 1454710 (for the
PVK:P3HT film) to 116050 (for the PVK:P3HT:PCBM film). The photoluminescence
guenching was up to 92%.

This phenomenon can be explained that the PCBM acted as the electron acceptor when it was
incorporated with PVK and P3HT which were the donors. As a result, the excitons can be more
efficiently separated to electrons and holes, which caused the decrease of the PL intensity. This
observation seems to indicate efficient exciton dissociation followed by the rapid photogenerated
electrons from PVK and P3HT transfer to the PCBM molecules.

The FE-SEM images of the blend films with the ratio PVK:P3HT = 0,5:1 and the blend bulk



heterojunction PVK:P3HT:PCBM = 0,5:1:1,5 (weight fraction) films were shown in Fig. 3.
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Fig. 3. FESEM of the surface of PVK:P3HT (a) and PVK:P3HT:PCBM (b) thin films.
From Fig. 3 we can see that the distribution of PVK and P3HT as well as PCBM were
perfected. The blend polymer and the bulk heterojunction thin films were in a uniform. The
surface’s roughness of the blends bulk heterojunction films were 33 nm and 25 nm for
P3HT:PCBM = 1:1 and PVK:P3HT:PCBM = 0,5:1:1,5 (weight fraction), respectively, as shown
in Fig. 4. These results imply that the PCBM content promotes fine surface morphology and
expects nanophase segregation, which can increase the interfacial area for exciton dissociation
between PVK, P3HT and PCBM. In this case, using PCBM has resulted in efficient charge

separations at the interface of PVK/PCBM and P3HT/PCBM.
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Fig.4. AFM images of P3HT:PCBM (a) and PVK:P3HT:PCBM (b) thin films.

To investigate the photovoltaic properties of the blend PVK:P3HT, the bulk heterojunction
solar cells were fabricated with the conventional device  configuration
ITO/PEDOT-PSS/P3HT:PCBM/LiF/Al and ITO/PEDOT-PSS/PVK:P3HT:PCBM/LIF/Al. The
active layers of the devices were deposited by spin-coating under ambient conditions.

Fig.5 shows the current density-voltage (J-V) of the devices containing the active layer
P3HT:PCBM = 1:1 and PVK:P3HT:PCBM = 0,5:1:1,5 (weight fraction). The short-circuit
current density (Jsc) of the devices [ITO/PEDOT-PSS/P3HT:PCBM/LIiF/Al) and
ITO/PEDOT-PSS/ PVK:P3HT:PCBM/LiF/AI) were 8.06 mA/cm? and 10.13 mA/cm?,
respectively. The increase in photocurrent of these devices can attribute to the increase light
absorption and efficient charge separation. However, the open circuit voltage (Voc) of these
devices wasn’t significantly improved and their fill factor (FF) were 0.61 and 0.48, respectively.
Thus, the power conversion efficiency (PCE) of these devices was remarkably improved from

3.18% to 3.62%.
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Fig.5. The current density-voltage (J-V) of the devices.

IV. CONCLUSION

We have fabricated and investigated the enhancement absorption light and
photoluminescence quenching properties of the blend conducting polymers using
poly(N-vinylcarbazole) and poly(N-hexylthiophene). The optimized material showed a broad
absorption in the region from ultra violet to near infra-red. The blend with the ratio
PVK:P3HT:PCBM = 0,5:1:1,5 (weight fraction) enhances light absorption and improves carrier
transport behavior. It takes advantages of both durability at higher temperatures and low cost
photovoltaic energy conversion and flexibility of the blend conducting polymers PVK:P3HT.
The positive outcome of using this kind of material as an active layer for solar cells is clear and

the obtained results justified solid improvement of solar cell performance.
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