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AND PERFORMANCE PARAMETERS OF THE ORGANIC SOLAR CELL
Yasser A. M. Ismail*, Naoki Kishi** and Tetsuo Soga** 

Departments of  *Third Generation Solar Cells Laboratory, Physics, Faculty of Science, Al-Azhar University, 
Assiut 71121, Egypt and **Frontier Materials, Nagoya Institute of Technology, Nagoya 466-8555, Japan 

ABSTRACT
In the present article, we try to illustrate the behavior of the most common organic solar cell under the influence of polymer

molecular weight (in the range of 21,100-128,800 g/mol) on light harvesting and device performance parameters. The present 
work demonstrates that, the molecular weight of donor polymer plays an important role in the light harvesting and perfor-
mance of a common-bulk heterojunction organic solar cell based on poly(3-hexylthiophene) (P3HT), as a donor polymer, and 
[6,6]-phenyl-C61-butyric acid methyl ester (PCBM), as an acceptor. Through this study it is found that, the optical absorption 
of P3HT:PCBM solar cell active layer is increased by increasing P3HT molecular weight. This may be as a result of increasing 
active layer thickness and/or increasing backbone chain length of the polymer. In the same time, the absorption wavelength 
range is narrowed and the absorption peak position is shifted towards lower wavelengths due to the entanglement in polymer 
chains and reduction in polymer crystallinity at higher P3HT molecular weights. The external quantum efficiency (EQE) of the
investigated solar cells is increased by increasing P3HT molecular weight until the molecular weight that entangles the P3HT 
chins and, therefore, restricts the charge carrier transfer and, then, reduces the EQE of the P3HT:PCBM solar cell. The per-
formance parameters of the P3HT:PCBM solar cell are improved by increasing P3HT molecular weights around 25,300 g/mol 
and, after that, deteriorated at higher P3HT molecular weights up to 128,800 g/mol as a result of polymer chain entanglement 
and reduction of the P3HT crystallinity. The present study shows that the best P3HT molecular weight is 25,300 g/mol, which 
produces power conversion efficiency around 2.5 %.

Keywords: Organic solar cells; Polymer molecular weight; Light harvesting; Device performance parameters

1. INTRODUCTION

Organic photovoltaic, the technology to con-
vert sun light into electricity by employing thin 
films of organic semiconductors, has been the
subject of active research over the past 2 de-
cades and has received increased interest in re-
cent years by the industrial sector [1]. Organic 
solar cells offer considerable promise for use 
in new solar energy technologies due to their 
flexible material properties and potential for
low-cost manufacture [2]. Solar cells based on 
a bulk heterojunction of regioregular poly(3-
hexylthiophene) (P3HT) (which forms the hole-
transport network) and [6,6]-phenyl-C61-butyric 
acid methyl ester (PCBM) (which forms the 
electron-transport network) have been reported 
among the highest performing material systems 
to date and have been considered as the largest in 
researchers’ investigations and studies [3-8] for 
improving their power conversion efficiencies.
Beside improvements on the device side like 
thermal [4] or solvent annealing procedures, use 
of selective solvents [9], and solvent mixtures 
[10], an essential part came from continuous im-
provements in the material itself, i.e., reduction 

of synthetic impurities, higher regioregularities 
[11], and increased molecular weight [12-14]. 

P3HT is a semiconducting polymer which, in 
the last decade, has found widespread use in the 
general area of organic electronics and photon-
ics in diverse applications such as polymer light 
emitting diodes [15], electro-chromic windows 
[16], nonlinear optical devices [17], batteries 
[18], artificial muscles [19], capacitors [20],
organic field effect transistors [21], and organ-
ic photovoltaics [22]. Regioregular P3HT has 
emerged as a model polymer to investigate the 
relationship between macromolecular configura-
tion, microstructure, and electronic properties. 
The molecular weight of polymer such as P3HT 
plays a prominent role in its physical properties 
which can affect the performance parameters of 
a solar cell composed of the polymer as a donor 
and fullerene derivative as an acceptor. Indeed, 
depending on the regioregularity and molecu-
lar weight, P3HT is a semi-crystalline polymer 
with a melting temperature of ca. 240 oC [23]. 
In addition, charge transport in P3HT has been 
found to display clear trends with molecular 
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weight and whether the film displays one-phase
(polycrystalline) or two-phase (entangled) mor-
phologies. Previously, Kline et.al [24] have dem-
onstrated that the field effect mobility of regio-
regular P3HT increases from 1.7 x10−6 cm2/Vs 
to 9.4x10−3 cm2/Vs in field effect transistors as
the molecular weight is increased from 3,200 to 
31,100 g/mol. The molecular weight was found 
to affect the way chains pack on each other 
and thus causes the variation in the observed 
mobility. It is worthwhile to note that much of 
the improvement in device performance results 
from the increased crystallinity and charge car-
rier mobilities of the P3HT and fullerene phases 
which reduced charge carrier recombination 
losses [11,25]. Such influences of polymer mo-
lecular weight on polymer crystallinity, charge 
carrier mobilities, and solar cell morphology en-
courage us to investigate the effect of polymer 
molecular weight on optical absorption and per-
formance parameters of the organic solar cell.  

In the present work, the importance of poly-
mer molecular weight for improving performance 
parameters of organic solar cells is illustrated. In 
addition, we try to construct a relationship be-
tween molecular weight of the materials used 
in solar cell active layer and the device perfor-
mance parameters. Here, the effect of variation 
of polymer molecular weight, in the range from 
21,100 to 128,800 g/mol, on optical absorption 
and performance parameters was investigated for 
the most common organic solar cell composed 
of P3HT as a donor and PCBM as an acceptor. 
The indium-tin-oxide (ITO)/poly(3,4-ethylene 
dioxythiophene)-blend-poly(styrene sulfonate) 
(PEDOT:PSS)/P3HT:PCBM/Al bulk hetero-
junction solar cell was constructed with varying 
molecular weight of P3HT in the solar cell ac-
tive layer. The optical absorption spectroscopy, 
photocurrent spectroscopy, and current density/
voltage (J/V) characteristics under AM1.5 white 
light illumination with an intensity of 100 mW/
cm2 are investigated for the solar cells. The pres-
ent study may increase our knowledge about the 
behavior of donor polymer under different mo-
lecular weights in the organic solar cell.

2. EXPERIMENTAL PROCEDURES 

2.1. Materials 

Regioregular P3HT (from Merck, Germany) 
and PCBM (from Nano Spectra, Japan) were 
purchased and used without further purification.
Using 1,2-dichlorobenzene (Tokyo Chemical In-
dustry Co. LTD, Japan) as a solvent, we prepared 
solution of the solar cell active layer through the 
blending of P3HT at different molecular weights 
as 21100, 25300, 40000, 51000, and 128800 g/
mol with the PCBM. The P3HT:PCBM blend 
had 1:1 weight ratio as a composition and 30 
mg/mL as a concentration. After blending P3HT 
with PCBM in amber glass bottles, the N2 gas 
was inserted for removing the oxygen with good 
sealing by Teflon tape. The blend solutions were
vigorously stirred at 150 rpm under 60 oC for 
more than 24 h outside glove box, and after that 
the blend solutions were further stirred for more 
than 4 days at room temperature under nitrogen 
atmosphere in a glove box to maximize mixing 
while avoiding touching the vial cap. 

2.2. FILM AND DEVICE FABRICATION  

For optical absorption measurement, the 
P3HT:PCBM blend films with different mo-
lecular weights of the P3HT were prepared by 
spin-coating (2000 rpm) the blend solutions onto 
clean ITO-glass substrates with thermal anneal-
ing using a digitally controlled hotplate at 110 oC 
for 10 min under nitrogen atmosphere in a glove 
box. The film preparation and thermal anneal-
ing conditions were kept the same as those of 
the corresponding complete devices for accurate 
comparison. 

For organic solar cell fabrication, the ITO-
glass substrates (~10 Ω/cm2) were sequentially 
cleaned in an ultrasonic bath using acetone 
(twice) and methanol (once), rinsed with deion-
ized water, and finally dried in flowing nitro-
gen. To increase the work function of the ITO 
electrode and to improve the electrical connec-
tion between ITO and organic active layer, a 
layer of PEDOT:PSS (Clavios) was spin-coated 
(2000 rpm) onto ITO-glass substrate in air and 
dried using a digitally controlled hotplate at 150 
oC for 10 min under nitrogen atmosphere in a 
glove box. On top of the insoluble PEDOT:PSS 
layer, the P3HT:PCBM blend solutions, with 
different molecular weights of the P3HT, were 
spin-coated (2000 rpm) and dried, for remov-
ing any residual solvent, at 110 oC for 10 min 
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under nitrogen atmosphere in a glove box. An 
approximately 110-nm-thick Al electrode was 
thermally deposited onto the active layer using a 
vacuum deposition system at a pressure of about 
3 x 10−4 Pa through a shadow mask to obtain 25 
identical cells on one device with an active area 
of 3 x 3 mm2. Then, the devices were annealed 
in a nitrogen atmosphere at 140 oC for 4 min for 
increasing the electrical contact between solar 
cell active layer and Al electrode. The complete 
organic solar cells, with a configuration shown
in Fig. 1, were stored in the dark under nitrogen 
atmosphere until measurements.

2.3. MEASUREMENTS

The optical absorption spectra of the P3HT:
PCBM blend films with different molecular
weights of the P3HT was measured using a JAS-
CO V-570 ultraviolet/visible/near-infrared (UV/
vis/NIR) spectrophotometer. The optical light 
fell towards the coated side of the films using
an ITO-glass substrate in the reference position. 
The external quantum efficiency measurement
was performed for the devices using a halogen 
lamp and a monochromator. The J/V character-
istics of the devices under white light illumina-
tion were determined using standard solar irra-
diation of 100 mW/cm2 (AM1.5) with a JASCO 
CEP-25BX spectrophotometer J/V measurement 
setup with a xenon lamp as the light source and a 
computer-controlled voltage-current source me-
ter (Keithley 238) at 25 oC under nitrogen atmo-
sphere. The J/V characteristics were determined 
for several cells in one device, and we consid-
ered the solar cell having the best performance 
parameters in that device. All measurements 

were performed soon after preparation of the de-
vices to avoid any change in the photoelectric 
properties caused by aging.

3. RESULTS AND DISCUSSION

3.1. Effect of P3HT molecular weight on opti-
cal absorption of the solar cell

It is important to know that, the spectral 
range of the optical absorption compared to 
that of solar spectrum, absorption value, and 
the wavelength at which the absorption takes 
place are the factors affecting the total number 
of absorbed photons by solar cell active layer. 
The limitation in the light absorption across the 
solar spectrum limits the photocurrent of the so-
lar cells. The number of absorbed photons and, 
therefore, the generated photocurrent in a solar 
cell increases when the absorption range and ab-
sorption peak value increase for solar cell active 
layer. The number of absorbed photons in a solar 
cell active layer, also, increases when the active 
layer absorbs in the red or near infrared region 
of the solar spectrum, where there is the dense 
number of the light photons. 

Fig. 2(a) shows optical absorption of P3HT:
PCBM blend films with varying P3HT molecu-
lar weight in the solar cell active layer. As shown 
in this figure, the absorption of P3HT in the
films occurs around the wavelength of 511 nm
during the range 384-654 nm, while the PCBM 
absorbs around the wavelength of 332 nm dur-
ing the range 284- 384 nm. It can be observed 
from Fig. 2(a) that the increase in P3HT molecu-
lar weight affects the absorption of the solar cell 
active layer through: (1) increase in the absorp-

3. Results and discussion

3.1. Effect of P3HT molecular weight on optical absorption of the solar cell

It is important to know that, the spectral range of the optical absorption compared to that o f 
solar spectrum, absorption value, and the wavelength at which the absorption takes place are the 
factors affecting the total number of absorbed photons by solar cell active layer. The limitation in 
the light absorption across the solar spectrum limits the photocurrent of the solar cells. The number 
of absorbed photons and, therefore, the generated photocurrent in a solar cell increases when the 
absorption range and absorption peak value increase for solar cell active layer. The number of 
absorbed photons in a solar cell active layer, also, increases when the active layer absorbs in the red 
or near infrared region of the solar spectrum, where there is the dense number of the light photons. 

Fig. 2(a) shows optical absorption of P3HT:PCBM blend films with varying P3HT molecular 
weight in the solar cell active layer. As shown in this figure, the absorption of P3HT in the films 
occurs around the wavelength of 511 nm during the range 384-654 nm, while the PCBM absorbs 
around the wavelength of 332 nm during the range 284- 384 nm. It can be observed from Fig. 2(a) 
that the increase in P3HT molecular weight affects the absorption of the solar cell active layer 
through: (1) increase in the absorption peak value, (2) decrease in the absorption wavelength range, 
and (3) shift in the absorption peak towards lower wavelengths. As shown in Fig. 2(a), the increase 
in optical absorption peak value takes place from 0.2 to 0.42 (with about 52% increment) with 
increasing P3HT molecular weight from 21,100 to 128,800 g/mol, respectively. 

The optical absorption spectroscopy is an efficient tool for detecting the organization of the 
molecules in crystalline domains as stated by Vanlaeke et al. [26]. The observed increase in the
absorption peak value with increasing P3HT molecular weight may be attributed to the increase in 
film thickness due to the increase in the solution viscosity of the P3HT:PCBM blend. In general, the 
increase in molecular weight of polymers means the increase in the number of monomers (building 
units of the polymer) constituting the polymer. Therefore, the number and/or length of polymer 
chains will increase with increasing molecular weight of polymer. The increase in number of 
polymer chains tends to increase the density of entanglement points between polymer chains, and 
consequently the viscosity of the polymer will increase with increasing molecular weight of 
polymer. Koppe et al. [27] observed that the higher the molecular weight of P3HT the higher also is 

Al 110 nm

PEDOT:PSS
P3HT:PCBM

Glass

ITO

Light

(a)                    (b) (c)

Fig. 1. (a) Cross-sectional view of P3HT:PCBM organic photovoltaic device and chemical structure of (b) 
P3HTand (c) PCBM.
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tion peak value, (2) decrease in the absorption 
wavelength range, and (3) shift in the absorption 
peak towards lower wavelengths. As shown in 
Fig. 2(a), the increase in optical absorption peak 
value takes place from 0.2 to 0.42 (with about 
52% increment) with increasing P3HT molecu-
lar weight from 21,100 to 128,800 g/mol, re-
spectively. 

The optical absorption spectroscopy is an 
efficient tool for detecting the organization of
the molecules in crystalline domains as stated 
by Vanlaeke et al. [26]. The observed increase 
in the absorption peak value with increasing 
P3HT molecular weight may be attributed to the 
increase in film thickness due to the increase in
the solution viscosity of the P3HT:PCBM blend. 
In general, the increase in molecular weight of 
polymers means the increase in the number of 

monomers (building units of the polymer) con-
stituting the polymer. Therefore, the number 
and/or length of polymer chains will increase 
with increasing molecular weight of polymer. 
The increase in number of polymer chains tends 
to increase the density of entanglement points 
between polymer chains, and consequently the 
viscosity of the polymer will increase with in-
creasing molecular weight of polymer. Koppe et 
al. [27] observed that the higher the molecular 
weight of P3HT the higher also is the viscosity, 
i.e., the density of entanglement points between 
polymer chains. Therefore, the viscosity of the 
P3HT:PCBM blend can increase with increas-
ing P3HT molecular weight. Otherwise, the 
observed increase in the absorption peak value 
with increasing P3HT molecular weight can be 
accounted to the increase in the polymer back-
bone chain length which normally increases 

the viscosity, i.e., the density of entanglement points between polymer chains. Therefore, the 
viscosity of the P3HT:PCBM blend can increase with increasing P3HT molecular weight. 
Otherwise, the observed increase in the absorption peak value with increasing P3HT molecular 
weight can be accounted to the increase in the polymer backbone chain length which normally 
increases with increasing polymer molecular weight. By the increase in polymer backbone chain 
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Fig. 2. (a) Optical absorption of P3HT:PCBM active layer with increasing P3HT molecular weight and (b) 
the shoulders area in the P3HT absorption spectrum at the wavelengths of 549 and 601 nm.
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with increasing polymer molecular weight. By 
the increase in polymer backbone chain length, 
the number of absorbing organic groups in the 
polymer chain is increased, and, therefore, the 
absorption of the whole polymer increases at 
higher molecular weight. The observed nar-
rowing in the absorption wavelength range by 
increasing P3HT molecular weight may be at-
tributed to the increase in entanglement between 
P3HT chains, which tends to reduce the crystal-
linity of the polymer with increasing its molecu-
lar weight. In such a case, the microstructure of 
the P3HT in the blend film changes from chain-
extended crystals (at lower molecular weight) to 
a semicrystalline morphology where amorphous 
and crystalline domains are interconnected [28] 
with increasing P3HT molecular weight. The 
blue shift from 511 to 502 nm in P3HT absorp-
tion peak occurs with increasing P3HT molec-
ular weight from 21,100 to 128,800 g/mol, re-
spectively, in the P3HT:PCBM solar cell active 
layer, as shown in Fig. 2(a). This blue shift is at-
tributed to the increase in entanglement between 
P3HT chains, which tends to reduce the crystal-
linity of the polymer with increasing its molecu-
lar weight. The blue shift of the P3HT absorption 
peak occurring at higher molecular weight is an 
indication of decreasing conjugation length and 
crystallinity of the polymer. Depending on the 
observed blue shift in P3HT absorption peak, it 
can be concluded that the increase in P3HT mo-
lecular weight in the solar cell active layer tends 
to increase the energy gap of the P3HT polymer. 
However it can be observed from Fig. 2(a) that 
the increase in P3HT molecular weight does not 
shift the absorption of PCBM around the wave-
length range 284- 384 nm in P3HT:PCBM blend 
films.   

The suggested increase in chain entangle-
ment and, subsequently, the decrease in crys-
tallinity of P3HT with increasing its molecular 
weight can be proven through the decrease in 
vibronic structure of P3HT polymer which can 
be observed through the decrease in the height of 
the shoulders appearing in the absorption spectra 
of the P3HT polymer around the wavelengths 
of 430, 549, and 601 nm, as shown in Figs. 
2(a) and 2(b). The vibronic structure is gener-
ally explained in semiconducting polymers by a 

higher crystallization or ordering of intra-chain 
interactions [29]. Specifically, low molecular-
weight polymers form crystalline domains of 
cofacially π-stacked molecules, while the usu-
ally entangled nature of higher molecular-weight 
polymers leads to microstructures comprised of 
molecularly ordered crystallites interconnected 
by amorphous regions. These amorphous re-
gions may be the responsible for fluctuating the
vibronic structure in the P3HT molecules in the 
P3HT:PCBM blend film.

3.2. Effect of P3HT molecular weight on ex-
ternal photocurrent quantum efficiency of the
solar cell

The external quantum efficiency (EQE) is de-
fined as the ratio of the number of charges gener-
ated out of the device to the number of incident 
photons. The EQE spectra of the ITO/PEDOT:
PSS/P3HT:PCBM/Al solar cells with vary-
ing P3HT molecular weight in the active layer 
blends are shown in Fig. 3 in the wavelength 
range from 300 to 800 nm. The contribution of 
P3HT to the photocurrent of the solar cells is ob-
served in Fig. 3 around the wavelength of 490 
nm, where the P3HT has an absorption peak at 
511 nm, as shown in Fig. 2(a). Figure 3 shows 
an increase in the photocurrent of P3HT:PCBM 
solar cell with increase P3HT molecular weight 
up to 25,300 g/mol, and after that, the photocur-
rent decreases with further increasing P3HT mo-
lecular weight up to 128,800 g/mol. Generally, 
in organic solar cells, the EQE is affected not 
only by optical absorption but also by exciton 
dissociation, charge carrier transfer, and charge 
carrier collection at the electrodes. Therefore, 
the observed increase in EQE at lower P3HT 
molecular weights may be due to the improve-
ment in light harvesting, as shown in Fig. 2(a), 
which can generate larger amount of the photo-
current, while the subsequent decrease in EQE is 
attributed to the chain entanglement of the P3HT 
and the decrease in P3HT crystallinity at higher 
molecular weights which can restrict the charge 
carrier transfer through the solar cell active lay-
er. Therefore, it can be concluded that the opti-
cal absorption plays prominent role for increas-
ing EQE of the P3HT:PCBM solar cell only at 
lower P3HT molecular weights, while the chain 
entanglement and crystallinity of the P3HT play 
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prominent role for decreasing EQE of the P3HT:
PCBM solar cell at higher P3HT molecular 
weights. Figure 3 shows a small contribution of 
PCBM to photocurrent of the P3HT:PCBM solar 
cell around the wavelength of 380 nm, where the 
PCBM absorbs the light around the wavelength 
of 332 nm, as shown in Fig. 2(a).   

3.3. Effect of P3HT molecular weight on the 
performance parameters of the solar cell

In the present work, J/V characteristics of the 
ITO/PEDOT:PSS/P3HT:PCBM/Al devices have 
been measured as a function of P3HT molecu-
lar weight in the solar cell active layer. From the 
analysis of the J/V characteristics the photovol-
taic performance parameters, i.e., open circuit 
voltage (VOC), short circuit current density (JSC), 
fill factor (FF), and power conversion efficiency
(PCE), have been obtained for the investigated 
devices. Figures 4 and 5 show the variation of 
these parameters with increasing P3HT molecu-
lar weight in the solar cell active layer. Figure 4 
shows an increase in JSC with increasing P3HT 
molecular weight up to 40,000 g/mol, while the 
VOC, FF, and, consequently, PCE are increased 
by increasing P3HT molecular weight up to 
25,300 g/mol. After that, all devise performance 
parameters are decreased by increasing P3HT 
molecular weight up to 128,800 g/mol. 

The observed increase in JSC may be attributed 

to the increase in optical absorption which is able 
to generate excess of charge carriers in the solar 
cell active layer. Actually, the optical absorption 
is not the solely responsible for affecting JSC that 
can be affected further by charge carrier transfer 
in the solar cell active layer. The charge carrier 
transfer in the present investigation seems to be 
deteriorated at higher P3HT molecular weights, 
at which the P3HT chains are entangled and/or 
the P3HT:PCBM film thickness is increased that
results in reduction of charge carrier transfer in 
the solar cell active layer. Hence, the measured 
JSC is deteriorated as a result of deterioration of 
charge carrier transfer in the P3HT at higher mo-
lecular weights. The general perception in organ-
ic solar cells is that, the VOC is determined by the 
energy difference between the highest occupied 
molecular orbital (HOMO) of the donor and the 
lowest unoccupied molecular orbital (LUMO) of 
the acceptor [30]. Therefore, the possible reason 
of the observed increase in VOC is that the differ-
ence between HOMO of the donor polymer and 
LUMO of the acceptor PCBM increases with 
increasing P3HT molecular weight at 128,800 
g/mol. This increase is as a result of increasing 
energy gap of the P3HT due to the increase in 
its molecular weight, according to the above ar-
guments, and consequently, the VOC increases in 
the P3HT:PCBM solar cell.  

weights which can restrict the charge carrier transfer through the solar cell active layer. Therefore, it
can be concluded that the optical absorption plays prominent role for increasing EQE of the 
P3HT:PCBM solar cell only at lower P3HT molecular weights, while the chain entanglement and 
crystallinity of the P3HT play prominent role for decreasing EQE of the P3HT:PCBM solar cell at 
higher P3HT molecular weights. Figure 3 shows a small contribution of PCBM to photocurrent of 
the P3HT:PCBM solar cell around the wavelength of 380 nm, where the PCBM absorbs the light  
around the wavelength of 332 nm, as shown in Fig. 2(a). 

3.3. Effect of P3HT molecular weight on the performance parameters of the solar cell

In the present work, J/V characteristics of the ITO/PEDOT:PSS/P3HT:PCBM/Al devices have 
been measured as a function of P3HT molecular weight in the solar cell active layer. From the 
analysis of the J/V characteristics the photovoltaic performance parameters, i.e., open circuit 
voltage (VOC), short circuit current density (JSC), fill factor (FF), and power conversion efficiency 
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The observed increase in FF with increasing 

P3HT molecular weight up to 25,300 g/mol, as 
shown in Fig. 5, is attributed to higher amount 
of charge carriers generated by optical absorp-
tion, which is affected by the increase in P3HT 
molecular weight up to 25,300 g/mol. While the 
following decrease in FF is attributed to the in-
crease in polymer chain entanglement and/or in-
crease in P3HT:PCBM film thickness, which in-
creases with increasing P3HT molecular weight 
up to 182,800 g/mol. It is well known that, the 
increase in polymer chain entanglement and the 
increase in active layer thickness tend to increase 
the series resistance in solar cell active layer and, 
therefore, tend to decrease the FF of the solar 
cell. Depending on the previous measured device 
performance parameters, the PCE of the investi-
gated solar cells can be shown in Fig. 5. From 
the data shown in Fig. 5, we can observe that the 
best P3HT:PCBM solar cell having higher PCE 
is that have 25,100 g/mol as a molecular weight 
of the P3HT. This solar cell has PCE on the mag-
nitude of 2.5 %. 

4. CONCLUSIONS  
As a conclusion, all the observed results in 

the present work demonstrate that, the molecu-
lar weight of donor polymer plays an important 
role in the performance of bulk heterojunction 
organic solar cells. It is found that, the increase 
in P3HT molecular weight in the solar cell ac-
tive layer increases P3HT absorption peak val-
ue due to the increase in active layer thickness 
and/or due to the increase in polymer backbone 
chain length. In addition, the increase in P3HT 
molecular weight in P3HT:PCBM solar cell 
active layer can entangle the polymer chains 
and decrease the polymer crystallinity which is 
proven through the fluctuation of vibronic struc-
ture of the P3HT molecules at higher molecular 
weights. The suggested decrease in P3HT crys-
tallinity tends to narrow the absorption wave-
length range and tends to shift the absorption 
peak towards lower wavelengths. Through pres-
ent investigations, it is observed that the increase 
in optical absorption of the P3HT:PCBM active 
layer (at lower P3HT molecular weights) tends 
to increase EQE, while the entanglement of the 
P3HT chains (at higher molecular weights) re-

stricts charge carrier transfer and, then, reduces 
the EQE of the P3HT:PCBM solar cell. The ef-
fect of P3HT molecular weight on the device 
performance parameters showed that, the perfor-
mance parameters of the P3HT:PCBM solar cell 
is improved at lower molecular weights around 
25,300 g/mol. While the device performance pa-
rameters are deteriorated as a result of polymer 
chain entanglement and reduction of the crys-
tallinity happening at higher P3HT molecular 
weights up to 128,800 g/mol. The present study 
showed that the best P3HT molecular weight is 
25,300 g/mol, which produces power conversion 
efficiency with around 2.5 %.  
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