
Charge Mobility and Recombination in a New
Hole Transporting Polymer and Its
Photovoltaic Blend
Mein Jin Tan,† Wei-Peng Goh,† Jun Li,† Gaurav Pundir,§ Vijila Chellappan,*,† and
Zhi-Kuan Chen*,†

Institute of Materials Research and Engineering, ASTAR (Agency for Science, Technology and Research), 3 Research
Link, Singapore 117602, and Department of Mechanical Engineering, National University of Singapore,
9 Engineering Drive 1, Singapore 117576

ABSTRACT The charge mobility in a new hole transporting polymer, poly(2,6-bis(thiophene-2-yl)-3,5-dipentadecyldithieno[3,2-b;2′,3′-
d]thiophene) (PBTDTT-15), and its blend with (6,6)-phenyl-C70-butyric acid methyl ester (PC70BM) in a weight ratio of 1:3 at ambient
atmosphere condition was investigated using time-of-flight (TOF) photoconductivity and photoinduced charge extraction by linearly
increasing voltage (PhotoCELIV) techniques. The bulk heterojunction based photovoltaic (PV) blend (PBTDTT-15:PC70BM (1:3)) exhibited
a promising power conversion efficiency (PCE) of 3.23% under air mass 1.5 global (AM 1.5G) illumination of 100mW/cm2. The charge
mobility and recombination properties of the best performing cells were investigated. The hole mobility in the pure PBTDTT-15 was
in the range of 4 × 10-4 cm2/(V s), which was reduced almost 5 times in the PBTDTT-15:PC70BM (1:3) blend. The PhotoCELIV transient
observed for the photovoltaic (PV) blend was dominated by electrons, with the charge mobility of the order of 10-3 cm2/(V s), and a
weak shoulder at a long time scale due to holes. The effective bimolecular recombination coefficient (�) obtained for the PV blend
deviated significantly from the Langevin recombination coefficient (�L) indicating a phase-separated morphology. The obtained results
indicate that the PBTDTT-15:PC70BM blend can be potential for organic solar cell applications.
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1. INTRODUCTION

Research on π-conjugated materials have increased in
recent years due to its solution processability, pro-
viding the potential for low cost fabrication in various

optoelectronic applications such as photovoltaics (1), light
emitting diodes (2, 3), and field-effect transistors (4, 5).
Photovoltaic cells of a blend of π-conjugated polymers and
fullerene derivatives have attracted significant research
interest as the efficiency of bulk heterojunction (BHJ)-based
polymer solar cells are making impressive improvements in
the recent years (6-11). The most commonly used polymer
solar cells consists of Poly(3-hexylthiophene):[6,6]-phenyl
C60-butyric acid methyl ester (P3HT:PCBM) and gives a
power conversion efficiency (PCE) of around 5% (9). How-
ever, the energy conversion efficiency and stability of the
polymeric solar cells needs to be considerably improved for
these solar cells to be considered for practical applications.
As a result, extensive synthesis efforts have been devoted
in order to design new conjugated polymers with low band
gaps to absorb the portion of the solar energy spectrum with
the highest flux and to improve the air stability. Yu et al. (11)
have demonstrated a polymer solar cell with PCE of ∼5.6%

using a new semiconducting copolymer consists of alternat-
ing thieno-[3,4-b]thiophene and benzodithiophene (PTB1)
blended with PC70BM. Recently, Park et al. (11) have shown
a promising solar cell efficiency of 6.1% using poly[N-9′′-
hepta-decanyl-2,7-carbazole-alt-5,5-(4′,7′-di-2-thienyl-2′,1′,3′-
benzothiadiazole (PCDTBT) and PC70BM composite (12). In
addition to the development of new low band-gap polymers,
it has been shown that the efficiency of polymer solar cell
can also be enhanced by stacking one or more solar cells
with nonoverlapping spectral response in order to cover the
broader solar spectrum compared to the single junction cells
(13). Although, the device performance of different new
polymers have been evaluated by various research groups,
the charge transport properties of those new polymers and
its BHJ photovoltaic blend are not investigated in detail.
Charge transport is one of the major parameters affecting
the device efficiency and stability of polymer solar cells. The
charge-transport properties of the well-established organic
photovoltaic blends such as P3HT:PCBM and MDMO-PPV:
PCBM have already been investigated by Pivirikas et al. (14)
and Mozer et al. (15) using photoinduced charge extraction
by linearly increasing voltage (PhotoCELIV) technique. It has
been shown that the photovoltaic characteristics in well-
optimized devices are not limited by the charge transport
or recombination as the electron and hole mobilities are
highly balanced. However, the situation may be different in
new photovoltaic blends containing new electron donors or
electron acceptors, and thus it is important to investigate the
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charge transport properties in order to maximize the device
performances of those new PV layers.

In this paper, we report a new thiophene and dithieno-
thiophene based hole transporting polymer: poly(2,6-bis-
(thiophene-2-yl)-3,5-dipentadecyldithieno[3,2-b;2′,3′-d]thio-
phene) (PBTDTT-15) and its photovoltaic properties in a
blend of PBTDTT-15:PC70BM (1:3). Polymers based on
dithienothiophene (DTT), a sulfur and electron rich building
block, have been attracting a lot of interest (16). DTT
derivatives have been applied to optoelectronic applications
such as organic thin film transistors (OTFT) (17, 18), as well
as OPV and hybrid solar cells (19, 20), thus confirming its
vast potential. Power conversion efficiency (PCE) for DTT
derivative based PSCs so far have reached 1.40% for this
class of materials (21). Insertion of DTT units to a poly-
thiophene backbone yield polymers that have lower HOMO
energy levels with respect to polyalkylthiophene, conferring
better stability in ambient conditions (12). In this study, we
observed a PCE of 3.23% for the newly synthesized PBT-
DTT-15 polymer blended with PC70BM using a simple device
architecture of glass/ITO/PEDOT:PSS(40 nm)/PBTDTT-15:
PC70BM (1:3) (300 nm)/Al (100 nm). The obtained device
results indicate that this photovoltaic blend may be a poten-
tial candidate for solar cell applications as it showed promis-
ing PCE and air stability. Therefore, the charge transport
properties of this photoactive layer of similar composition
were investigated. There is no known report on charge
transport properties of DTT derivatives and its copolymers.
The charge transport properties in photovoltaic blends can
be successfully investigated using PhotoCELIV technique;
however, it is difficult to distinguish the sign of the carriers
measured using PhotoCELIV. Therefore, we used both Photo-
CELIV and time-of-flight (TOF) photoconductivity techniques
in order to obtain the electron and hole mobility in the pure
polymer and its photovoltaic blend. The effect of charge mobil-
ity and charge recombination properties on the density of
photocharges were also studied and discussed in detail.

2. EXPERIMENTAL SECTION
The new hole transporting polymer: poly(2,6-bis(thiophene-2-

yl)-3,5-dipentadecyldithieno[3,2-b;2′,3′-d] thiophene) (PBTDTT-
15) with high molecular weight has been synthesized by the
Stille coupling polymerization in chlorobenzene with tris(diben-
zylideneacetone)dipalladium and tri(o-toyl)phosphine as cata-
lyst system. The molecular weight of the PBTDTT-15 was
estimated by gel-permeation chromatography (GPC) analysis in
a THF solution relative to polystyrene standards. The number
average molecular weight (Mn) was 80 000 with a polydispersity
index (Mw/Mn) of 5. The electrochemical properties of the
resulting polymers were studied by cyclic voltammetry (CV)
with a three-electrode cell in a 0.1 M solution of tetrabutylam-
monium hexafluorophosphate (Bu4NPF6) in CH3CN. The highest
occupied molecular orbital (HOMO) level, calculated from the
onset of the oxidation potentials obtained from CV curve of the
polymer film, was 5.05 eV, about 0.15 eV larger than that of
regioregular P3HT (4.9 eV) measured under the same conditions
ensuring higher oxidative stability.

The newly synthesized PBTDTT-15 polymer was dissolved in
1,2-dichlorobenzene (DCB) solution at a concentration of 10 mg/
mL. The chemical structure of the polymer is shown in Figure
1 (inset). Blends of PBTDTT-15 with PC70BM were prepared in

the concentration ratio of 1:3 in DCB. Fifteen microliters of 1,8-
octanedithiol additive was mixed in 1 mL of PBTDTT-15:PC70BM
to control the nanophase separation of the spin-coated film.
PC70BM was selected as the n-type material because it has better
light absorption in the visible region than PCBM. The patterned
ITO glass substrates were first sonicated in a detergent bath for
half an hour, followed by a rinsing of deionized water for 20
min. This was succeeded by sonicating in an acetone and iso-
proponal bath for 15 and 20 min, respectively. The cleaning step
was concluded by drying the substrates in an oven at 80 °C for
at least an hour. The substrates were subjected to an ozone
plasma treatment for 10 min before a 40 nm thick PEDOT:PSS
was spin-coated onto the ITO surface. The photoactive layer was
spin-coated onto the PEDOT:PSS layer and left to dry for 2 h. A
100 nm thick aluminum was deposited onto the photoactive
layer via thermal evaporation as the cathode. The active area
of the device is 4 mm2. Devices without PEDOT:PSS layer was
used for charge transport studies.

The thickness of the films was measured using a surface
profiler (KLA-Tencor P10 surface profiler). The absorbance
measurements (UV-Vis) of the blend system were carried out
using a Shimadzu UV-3101PC spectrophotometer. Current
density-voltage (J-V) measurements were carried out in an
inert environment (MBraun glovebox, N2 atmosphere) under 1
Sun (AM1.5G) conditions using a solar simulator (SAN-EI Electric
XES-301S 300W Xe Lamp JIS Class AAA) with an intensity of
100mW/cm2.

The PhotoCELIV setup consists of a pulsed Nd:YAG laser,
pulse generator, function generator and a digital oscilloscope.
The sample was excited using the laser (pulse width <4 ns, pulse
repetition rate 1 Hz) through the ITO side of the device. The
photogenerated charge carriers were extracted using a linearly
increasing voltage pulse of various amplitudes. The built-in field
in the device was compensated by applying an offset voltage
which is equivalent to the work function difference between the
electrodes. The PhotoCELIV transients were recorded by varying
the amplitudes of the voltage ramp, pulse widths and the time
delay between the laser pulse and voltage pulse. The detailed
photoCELIV measurement conditions were described some-
where else (22-24). The charge mobility and the density of
photogenerated charge carriers were calculated from the time
taken to reach the photocurrent maximum and the area of the
photocurrent transients obtained from the transients. The
charge recombination behaviors were also studied by varying
the intensity of the laser and delay time between the laser pulse
and the voltage pulse. The TOF photoconductivity measure-
ments were carried out on thick films by generating the pho-
tocarriers at the ITO side of the device with simple device
architecture of ITO/photoactive layer/Al. The light source used
for the TOF experiment is a pulsed Nd:YAG laser; wavelength
532 nm; pulse width <4 ns, pulse repetition rate 1 Hz. The

FIGURE 1. Absorbance spectrum of pure PBTDTT-15 and PBTDTT-
15:PC70BM blend films; inset: the chemical structure of PBTDTT-15
polymer.
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photocurrent under the influence of applied electric field was
monitored across a variable resistor (R ) 50 Ω to 500Ω) using
an oscilloscope. Care was taken to ensure that the time constant
of the setup is less than the transit time (RC < tt). The laser
excitation intensity was adjusted in order to avoid the space
charge effects. The experimental details of TOF photoconduc-
tivity setup can be found somewhere else (25, 26).

3. RESULTS AND DISCUSSION
3.1. Absorption Spectrum of Pure PBTDTT-15

and Its Blend with PC70BM. The absorption spectrum
of pure PBTDTT-15 and its blend with PC70BM is depicted
in Figure 1. The chemical structure of PBTDTT-15 is shown
in Figure 1 inset. The spectrum for pure PBTDTT-15 shows
a peak at around 550 nm, with a shoulder at around 580
nm. The absorption range is between 400 to 630 nm. The
absorption spectrum of PBTDTT-15:PC70BM is slightly red-
shifted, thus aligning more toward the portion of the solar
spectrum with higher flux compared to the P3HT: PCBM
system.

3.2. Current Density-Voltage (J-V) Character-
istics. The current density-voltage characteristics (J-V) of
the solar cell with device architecture of glass/ITO/PEDOT:
PSS(40 nm)/ PBTDTT-15:PC70BM (1:3) (300 nm)/Al (150 nm)
was measured. In order to maintain the integrity of the
devices, the characterization was performed in an inert (N2)
glovebox environment. The current density-voltage (J-V)
graph is shown in Figure 2 and the photovoltaic parameters
are summarized as an inset. The highest PCE of 3.23% was
obtained for the devices annealed at 100 °C for 10 min. This
is the highest PCE achieved so far for OPV devices based on
DTT derivatives. The device efficiency may be increased
further by optimizing the solvent evaporation rate and
thickness of film. This confirms the potential of DTT deriva-
tives for use in photovoltaic applications.

3.3. Charge Mobility in Pure PBTDTT-15. The
charge mobility in pure PBTDTT-15 polymer layer of thick-
ness 390 nm was calculated using the PhotoCELIV measure-
ment on a device structure of ITO/PBTDTT-15(390 nm)/
Al(150 nm). The PhotoCELIV transients for different ampli-
tudes of linearly increasing voltage pulses with fixed pulse
width (20 µs) were recorded and shown in Figure 3a. The
time delay between the laser pulse and the voltage pulse was
fixed at 20 µs. It can be seen that the time taken to reach

the photocurrent maximum decreases with increasing the
amplitude of voltage pulse, indicating the electric field
dependence of charge mobility. The charge mobility was
calculated using the moderately conducting case, in which
the capacitor current is almost equal to the photocurrent
within the photoactive layer (15). The calculated charge
mobility was found to be 4.2 × 10-4 cm2/(V s) at an applied
electric field of 1.3 × 104 V/cm. The charge mobility was
almost equal to the charge mobility reported for pure P3HT
film which is around 4 × 10-4 cm2/(V s) at similar applied
electric fields (27). The charge mobility in a thick polymer
film (4.45 µm) at room temperature was also studied using
TOF photoconductivity (TOF) technique. The TOF transients
for holes obtained for different applied voltages are shown
in Figure 3b. The transit time was obtained from the log-log
plot of the TOF transients (Figure 3b, inset) and calculated
the charge mobility using the relation µ ) d2/VtT, where d is
the polymer film thickness, V is the applied voltage, and tT

is the transit time. The hole mobility in this polymer at
ambient condition is 2.7 × 10-4 cm2/(V s) at an applied
electric field of 1.5 × 104 V/cm, which increased to 6 × 10-4

cm2/(V s) at an applied electric field of 6.7 × 104 V/cm. The
obtained charge mobility from the TOF and PhotoCELIV
techniques (shown in Figure 4) using two different film
thicknesses shows good agreement, indicating that the
charge mobility was not affected by film morphology or
thickness of the film.

3.4. Charge Mobility in the Photovoltaic Blend
of PBTDTT-15 and PC70BM. The charge transport
properties of PBTDTT-15 blended with PC70BM in a ratio of
1:3 (w/w) (PBTDTT-15:PC70BM) were also studied using
PhotoCELIV and TOF technique. The film thickness used for
this investigation was 700 nm. The PhotoCELIV transients
for different amplitudes of voltage ramps are shown in
Figure 4(a). The time taken to reach the photocurrent
maximum decreased with an increase of the amplitude of
voltage ramp. The calculated charge mobility was in the
range of 3 × 10-3 cm2/(V s), which is 1 order of magnitude
higher than the charge (hole) mobility in the pure PBTDTT-
15 layer. Therefore, the fast carrier mobility in the photo-
voltaic blend was assigned to electron mobility as the
proportion of PC70BM in the blend is much higher than the
polymer. It can also be seen that there is an additional
shoulder in the PhotoCELIV transients at long times due to
holes; however, the hole mobility value is difficult to calculate
as the peak position is not clear. To identify the type of
charge carrier in the photovoltaic blend, the TOF photocon-
ductivity measurements were also carried out on the blend
system. The TOF transients for electrons are shown in Figure
4b. The log-log plot of the electron transients are shown in
Figure 4c. The electron and hole mobilities were obtained
separately by changing the bias condition of the device. It
was found that the electron and hole mobilities in the
photovoltaic blend were around 3 × 10-3 cm2/(V s) and 7.8
× 10-5 cm2/(V s), respectively, at an applied electric field of
1.5 × 104 V/cm. The variation of charge mobility with
applied electric field obtained from both PhotoCELIV and

FIGURE 2. J-V characteristics of a solar cell using PBTDTT-15:
PC70BM (1:3) photoactive layer; the obtained device parameters are
shown in the inset.
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TOF photoconductivity technique is shown in Figure 5. It can
be seen that the charge mobility in the photovoltaic blend
obtained by PhotoCELIV was close to the electron mobility
obtained by TOF photoconductivity technique. In addition,
the hole mobility in the photovoltaic blend was almost five
times slower than the hole mobility in the pure polymer and
this difference can be attributed to the change in film
morphology with the addition of PC70BM. The similar be-
havior has also been observed in poly[2-methoxy-5-(3,7-
dimethyloctyloxy)-phenylenevinylene]:PCBM (MDMO-PPV:
PCBM) blends, where the electron mobility is almost 2 orders
of magnitude higher than the hole mobility measured using
TOF photoconductivity technique (28).

3.5. Charge Recombination Studies in Pure
PBTDTT-15 and Its Blend with PC70BM. Charge
recombination is one of the major parameters limiting the

efficiency of the photovoltaic devices. Therefore the charge
recombination behavior was investigated by studying the
dependence of photoCELIV transients on time delay after
the laser pulse as well as dependence on laser intensity. The
PhotoCELIV transients recorded in pure PBTDTT-15 film and
its photovoltaic blend for various delays after the laser pulse
are shown in panels a and b in Figure 6, respectively. It can
be seen that the photocurrent maximum decreased with
increasing time delay in both devices, indicating significant
charge recombination. In pure PBTDTT-15, there was no
significant shift in the tmax with the time delay, but for the
photovoltaic blend the tmax slightly shifts to shorter times
when the delay time increases. This could be attributed to
the fluctuation of internal electric field due to the space
charge effects as the photocurrent was nearly 4 times higher
than the capacitor current. It is important to note that the
PhotoCELIV transients for the photovoltaic blend showed an
additional shoulder at longer time, which was absent in the
pure film. The PhotoCELIV shoulder at longer time can be
attributed to the extraction of holes. It has been shown that
the simultaneous measurement of both electron and hole
mobility is possible through charge extraction by linearly
increasing voltage (CELIV) measurement on polymer het-
erojunction solar cell based on a copolymer of fluorene and
thiophene with highly loaded PCBM blend system (29). It
was also noted that the photocharge carriers can be ex-
tracted up to 500 µs after the laser pulse, indicating that the
lifetime of the charge carriers are significantly long in our
material. In the case of MDMO-PPV, the charge extraction
was possible only up to 50 µs, indicating that all the carriers
recombine within 50 µs (23).

FIGURE 3. (a) PhotoCELIV transients recorded for pure PBTDTT-15 film of thickness 390 nm; (b) linear plot of time-of-flight hole transients
measured for 4.45 µm thick PBTDTT-15 film; (c) inset shows the log-log plot of TOF hole transients.

FIGURE 4. (a) PhotoCELIV transients recorded for PBTDTT-15:PC70BM (1:3) blend film of thickness 700 nm; (b) linear plot of time-of-flight
hole transients measured for the same device; (c) Inset shows the log-log plot of TOF hole transients.

FIGURE 5. Electric field dependence of charge mobility in pure
PBTDTT-15 film and PBTDTT-15:PC70BM (1:3) blend film obtained
from PhotoCELIV and TOF-photoconductivity measurements.
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The dependence of photoCELIV transients on laser inten-
sity for the pure PBTDTT-15 film and for the PBTDTT-15:
PC70BM (1:3) blend film is shown in panels a and b in Figure
7, respectively. The magnitude of the photoinduced current
is increasing with the increase of laser intensity and no
saturation of photocurrent was observed for the laser inten-
sities studied. The tmax remains almost constant for different
laser intensities indicating that the charge mobility is almost
independent of number of photoinduced charge carriers.
The photoCELIV transients for the photovoltaic blend (Figure
7b) shows an additional shoulder at longer time scale that
is more visible at higher laser intensities compared to the
photoCELIV transients recorded for lower laser intensities.
This additional photoCELIV peak is attributed to the extrac-
tion of holes, which is consistent with our TOF photocon-
ductivity studies indicating that the hole mobility is nearly
an order of magnitude slower than the electron mobility.

The charge mobility and the number of photogenerated
carriers for various time delays after the laser pulse were
calculated. The variation of charge mobility and the number
of photocharge carriers with extraction time (tmax + tdel) is
shown in Figure 8(a). It can be seen that there was no
significant change in charge mobility with extraction time,
which indicates that the charge mobility is independent of
time. It has been shown in reports that the charge mobility
in most of the photovoltaic materials are time-dependent,
and generally it has been explained by the presence of broad
distribution of localized states (23). The time-independent
charge mobility obtained in our materials can be explained
by the narrow distribution of localized density of states. The
observed slight increase in the charge mobility with extrac-
tion time for PBTDTT-15:PC70BM photovoltaic blend may be
explained by the fluctuation in the electric field due to high
density of photocharge carriers. The variation of number of

FIGURE 6. PhotoCELIV transients for various time delays from the laser excitation in (a) pure PBTDTT-15 film and (b) PBTDTT-15:PC70BM (1:3)
blend film.

FIGURE 7. PhotoCELIV transients for various laser intensities in (a) pure PBTDTT-15 film and (b) PBTDTT-15:PC70BM (1:3) blend film.

FIGURE 8. (a) Dependence of the number of collected charges (p) and charge mobility (µ) with extraction time in pure PBTDTT-15 and in
PBTDTT-15:PC70BM; (b) dependence of number of collected charges and charge mobility with laser intensity in PBTDTT-15 and PBTDTT-15:
PC70BM.
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photocharge carriers with carrier extraction time (tmax + tdel)
is also shown in Figure 8a. It is observed that the carrier
concentration decreased continuously with time due to
recombination. It has been reported that the recombination
behavior in disordered semiconductor materials can be well-
explained by the bimolecular recombination (30, 31). The
simple bimolecular decay can be described as dp/dt )-�p2,
where � is the bimolecular recombination coefficient and p
is the density of photogenerated charge carriers. The solution
to the bimolecular decay is given by p(t) ) p0/(1 + p0�t),
where p0 is the initial density of photocharge carriers. The
solid line in Figure 8a is a fit to the simple bimolecular decay
and the � values were estimated as the model can reason-
ably fit our experimental data. The estimated � and p0 for
pure PBTDTT-15 film was found to be 9 × 10-12 cm3/s and
2.2 × 1015 cm-3, whereas in PBTDTT-15:PC70BM blend it
was found to be 8.8 × 10-12 cm3/s and 3.7 × 1015 cm-3,
respectively. The obtained � in our materials is almost 1
order of magnitude higher than the value reported for pure
regio random poly(3-hexyl thiophene) (30); however, it is in
the same range as in poly(dialkoxy p-phenylene vinylene)
(PPV) (32).

Generally, it has been shown that the bimolecular recom-
bination in organic semiconductors such as PPV (32) and
MDMO-PPV:PCBM blends (27) are of Langevin type, where
the recombination is diffusion controlled. The simple Lan-
gevin type recombination can be described as �L ) e(µe +
µh)/εε0, where �L is Langevin type bimolecular recombination
(BR) coefficient, e is the electronic charge (1.602 × 10-19 C),
µe and µh are the electron and hole mobility, ε is the
permittivity in free space (8.85 × 10-14 F/cm) and ε0 is the
dielectric constant of the polymer, which is assumed to be
∼3. By using the fastest charge mobility of ∼3 × 10-3 cm2/
(V s) for PBTDTT-15:PC70BM blend, and 4 × 10-4 cm2/(V s)
for pure PBTDTT-15 layer, the calculated �L is found to be
1.8 × 10-9 cm3/s and 2.4 × 10-10 cm3/s, respectively.
Therefore, the ratio of �/�L is found to be ∼5 × 10-3 and
∼4 × 10-2 for the PBTDTT-15:PC70BM blend and the pure
PBTDTT-15 layer. The observed �/�L for PBTDTT-15:PC70BM
blend shows very good agreement with the value reported
for P3HT:PCBM blend, which is around 1 × 10-4. The
obtained results indicate that the bimolecular recombination
in our materials was less than the Langevin type bimolecular
recombination. The reduced bimolecular recombination can
be attributed to a strong phase separated morphology in
PBTDTT-15:PC70BM blend. The reduction in bimolecular
recombination coefficient has already been observed in
highly optimized P3HT:PCBM composites (14).

The dependence of charge mobility and number of pho-
togenerated charge carriers on laser excitation intensity was
studied. Figure 8b shows the variation of charge mobility and
the number of photogenerated charge carriers with laser
intensity. It has been observed that the charge mobility was
almost independent of laser intensity, indicating concentra-
tion-independent charge mobility characteristics in these
materials. The number of photogenerated charge carriers
showed linear dependence at lower laser intensities, whereas

at high laser intensities, it showed sublinear dependence
indicating bimolecular recombination behavior.

4. CONCLUSION
The charge mobility and recombination properties in a

new dithienothiophene-based hole-transporting polymer
and its blend with PC70BM were investigated using Photo-
CELIV and TOF photoconductivity technique. The charge
mobility in the bulk heterojunction-based photovoltaic blend:
PBTDTT-15:PC70BM (1:3) is in the order of 1 × 10-3 cm2/(V
s), with a promising solar cell power conversion efficiency
(PCE) of 3.23%. The hole mobility in the pure polymer is in
the order of 1 × 10-4 cm2/(V s). The carrier dynamics in the
photovoltaic blend show reduced non-Langevin type bimo-
lecular recombination of the order of 8.8 × 10-12 cm3/s at
room temperature. The better charge mobility and reduced
bimolecular recombination indicates that the PBTDTT-15:
PC70BM (1:3) is an efficient photovoltaic blend for polymer
solar cell applications.
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