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ABSTRACT
Conjugated polymers offer flexible and lightweight solar cells devices which 
are fabricated via cost-effective solution processing techniques; however, these 
devices suffer from lower efficiency and short-term lifespan. To improve the effi-
ciency and stability of device, the knowledge of the mechanism of the sun light 
absorption, dissociation of excitons into the free electron-hole pair and their trans-
port to the collecting electrodes are essential. Herein, the impact of PCBM concen-
trations on photophysical and optical and properties of PTB7 were investigated 
by spectroscopic ellipsometer and fluorescence spectroscopy. It was noticed that 
with increase of PCBM concentrations, the dielectric constant (εr) and refractive 
index (n) of PTB7 thin films decreases which ascribed to the reduction of elec-
tric polarization and increase of the surface roughness. The emission intensity 
was noted to be dropped and charge carrier lifetime decreases for PTB7:PCBM 
bulkhetrojucntion as compared to pristine PTB7, confirms the charge transfer 
between donor and acceptor. The charge transport mechanism in PTB7 thin film 
was investigated in hole only device architecture by recording the temperature-
dependent current-density vs. voltage (J–V) curves. The charge transport for the 
temperatures above 220 K was governed by the trap-free space charge limited 
(SCL) conduction described by Mott-Gurney square law and switched to the 
trap-filling SCL conduction for T ≤ 220 K. For the temperature 220 K, the trap 
density Hb, hole mobility µ and characteristics trap depth Et were evaluated to be 
2.98 ×  1017  cm−3, µ = 6.08 ×  10−5  cm2  V−1  s−1and 25 meV, respectively.

1 Introduction

Organic solar cells (OSC) is an emerging photovol-
taic (PV) technology that offers the flexible, semi-
transparent, large-area and eco-friendly PV device 
[1–7]. Recently, the efficiency (η) of OSC has been 
improved and approaching towards the target value 

of 20% [8–13], however, it is still remains below the Si 
solar cells. Moreover, the long-term stability of OSC 
also poses a bottleneck in the commercialization of 
this technology. Various strategies including: encap-
sulation, interface engineering, solvent engineering, 
light trapping, photon management, material design, 
non-fullerene acceptors, optimization of device 
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architecture, etc. have been employed to improve the 
device performance and lifetime of OSC [14–20]. At 
an early stage, poly(2-methoxy-5-(2-ethylhexyloxy)-
1,4-phenylenevinylene) and thereafter poly(3-hex-
ylthiophene) were the most common polymer used 
in combination with [6, 6]-phenyl-C61-butyric acid 
methyl ester (PCBM), however, their performance 
remains ≤ 5% [21–23]. The low efficiency of OSC was 
primarily originated owing to the high exciton binding 
energy, low carrier mobility as well as short exciton 
diffusion length (10—20 nm). To solve this problem, 
the low band gap donor/acceptor (D/A) copolymers 
have been synthesized [24–30]. In a D/A copolymer, 
the photogenerated exciton quickly dissociated into 
the free electron and hole at the boundary of copoly-
mer and accelerate the charge transport towards the 
respective electrodes.

Po ly [ (e thylhexyloxy) -benzodi th iophene-
(ethylhexyl)-thienothiophene] (PTB7) is a D/A copoly-
mer with a band gap of 1.69 eV [31–39]. PTB7 in com-
bination with  PC70BM exhibits an efficiency over 9% 
[40]. Recently, Moiz et al. have simulated the solar cell 
performance PTB7:PC70BM using different electron 
transport layer (ETL) and proposed an efficiency of 
17.15% with zinc oxysulfide as ETL [41]. The efficiency 
of PTB7:PCBM based bulkhetrojunction device could 
be further enhanced through the solvent-vapor and 
thermal annealing [42]. The morphology of the active 
layer was improved by using 5-hydroxy-2-methylpy-
rimidine as an additive, resulting in the substantially 
increased in the device performance as well as the 
thermal stability of device [43]. To further enhance 
the performance of PTB7:PCBM-based OSC, in depth 
knowledge of the electrical, photophysical as well as 
optical properties of the active layer is crucial.

The knowledge of the optical and photophysi-
cal properties of PTB7:PCBM-thin films can help in 
understanding the light absorption, exciton genera-
tion and dissociation into free electron and hole and 
their transport in device. By optimizing these aspects, 
the energy conversion efficiency of the OSC can be 
improved. Therefore, the effect of PCBM content on 
the photophysical and optical properties of PTB7 thin 
films was investigated by means of time-resolved 
fluorescence (TRF) spectroscopy and spectroscopic 
ellipsometer. These measurements provide the infor-
mation about the optical constants including refrac-
tive index (n), dielectric constants (εr, εi), extinction 
coefficient (κ), energy band gap  (Eg), charge carrier 
lifetime as well as the charge-transfer mechanism at 

the D/A boundaries of the PTB7:PCBM. Moreover, 
with the variation in the PTB7:PCBM ratio, the optical 
and photophysical propoerties of active layer will also 
affect. Therfore, variation of optical properties with the 
different PTB7:PCBM wt. ratio were also investigated 
in order to optimize the weight ratio of D/A in active 
layer.

Besides the optical and photophysical properties, 
the performance of a device is greatly influence by the 
electrical parameters of the active layer. For example, 
the electrical resistivity and charge mobility of the 
polymer thin film can affect the efficiency of charge 
transport within the solar cell, which in turn affects the 
overall PCE of the device. Moreover, the conjugated 
polymers are characterized by the high trap density 
which are distributed spatially and energetically in the 
bandgap of semiconductor [44–47]. These traps act as 
non-radiative recombination centers where charge car-
rier get trapped and no longer participate in photocur-
rent generation process. Therefore, to further enhance 
the device performance of OSC, the knowledge of 
these electrical parameters including, charge carrier 
mobility, defect density, trap distribution and depth, 
activation energy and variation of the quasi-Fermi 
energy level with applied bias is essential. Herein, the 
electrical properties of PTB7 thin films were investi-
gated in hole-only device configuration viz. indium tin 
oxide (ITO)/poly(3,4-ethylenedioxythiophene) poly-
styrene sulfonate (PEDOT:PSS) /PTB7/Au by record-
ing the J–V characteristics at different temperatures. 
The experimental results were analyzed by the SCL 
conduction mechanism with traps distributted expo-
nentially in space and important electrical parameters 
were evaluated.

2  Materials and methods

The ITO substrates were procured from Xin Yan Tech-
nology LTD which has the sheet resistance of 10 Ω/
square. The PTB7 (PDI ≤ 3.0, Mw = 80,000–200,000) and 
PCBM were acquired through 1- Material inc. Poly(3,4-
ethylenedioxythiophene)-poly(styrenesulfonate) 
(PEDOT:PSS) was purchased through Sigma Aldrich. 
Chlorobenzene (CB) and gold (Au) wire were acquired 
through Alfa-Aesar. The purchased chemicals and sol-
vents were used without any treatment.

To record the optical and photophysical proper-
ties, the samples were prepared on glass substrates, 
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whereas the hole-only device for the electrical char-
acterization was fabricated on ITO substrates. Before 
the start of sample fabrication, both glass and ITO 
substrates underwent a four steps cleaning process. 
First, they were treated with Hellmanex III (procured 
from Ossila), then rinsed with DI water, afterward 
immersed in acetone followed by methanol. The sub-
strates were ultrasonicated for 15 min during each 
step. The cleaned substrates were dried with nitrogen 
gas and finally placed in plasma for 30 min to elimi-
nate any remaining contaminants on their surfaces. 
The active layer solutions were made by 25 mg of 
PTB7 and PCBM in 1 mL of chlorobenzene (pH = 7) 
and allowed to be stirred for 12 h. Five solutions with 
different weight proportions of PTB7:PCBM (1:0, 
1:0.5, 1:1, 1:1.5 and 1:2,) were prepared. These solu-
tions were named PTB1:0, PTB1:0.5, PTB1:1, PTB1:1.5 
and PTB1:2, corresponding to their weight propor-
tions. To fabricate the hole transport layer, 100 µL of 
filtered (0.45 µm) PEDOT:PSS solution was dispensed 
on an ITO substrate and then spin-coated for 30 s at 
5000 rpm. After that the samples were annealed for 
10 min at 120 °C. Active layer was deposited inside the 
nitrogen-filled glove box by spin-casting the different 
PTB7:PCBM solutions at 2000 rpm for a period of 45 s, 
followed by annealing at 100 °C for 30 min. The fab-
ricated PTB7/PCBM films were annealead for 30 min 
at 100 °C. Finally, top Au contact for SCLC measure-
ments were applied using a thermal evaporation in a 
vacuum of 3×10–6 Torr.

The Delta-Flex TCSPC system fluorometer from 
Horiba (from Horiba) was employed to measure the 
steady state and time resolved decay spectra. A Delta-
diode with a wavelength of λ = 510 ± 10 nm was used to 
excite the samples and decay spectra was recorded at 
765 nm. The optical properties of thin films were eval-
uated by Horiba Smart-SE spectroscopic Ellipsometer 

in the wavelength region of 450–1050 nm. The spectro-
scopic data were analyzed by fitting the measured data 
with a software supplied by Horiba. The J–V charac-
teristics at different temperatures were recorded from 
Keithley 4200 SCS and the device temperature was 
controlled by Linkam LTS420 heating/cooling stage. 
The J–V results were fitted with MathCAD software to 
extract the important electrical parameters.

3  Results and discussion

3.1  Photophysical properties

To better understand how PCBM concentration affects 
the photophysical properties of PTB7, the steady-state 
and TRF spectra of PTB7: PCBM were measured which 
are shown in Fig. 1a and b respectively. The maxima 
of PL spectra was noted around at 753 nm, which is 
attributed to the decay of excitons from the excited 
state to the ground state [48, 49]. The PL intensity 
found to be fully quenched for PTB7:PCBM films even 
for the lowest concentration of PCBM. The decrease in 
PL intensity in PTB7:PCBM-thin films is corresponds 
to the transfer of electron from PTB7 to the PCBM [50, 
51]. In other words, the photoexcited exciton dissoci-
ates at the interface of PTB7/PCBM and the electron 
transfers to the PCBM while the hole remains in PTB7 
[52]. It can be noticed from TRF decay spectra shown 
in Fig. 1b that the PCBM accelerates the decay in PTB7, 
attributed to the faster exciton diffusion in the pres-
ence of acceptor PCBM. The TRF spectra was fitted 
with the bi-exponential decay function [53–55]:

where the time constant τ1 corresponds to charge 
transfer at the PTB7/PCBM interface and time constant 
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Fig. 1  a The steady-state PL 
and b time-resolved fluores-
cence spectra of fabricated 
PTB7:PCBM-thin films.
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τ2 is related to the lifetime of exciton in PTB7 bulk 
[56],  B0,  B1, and  B2 are the fitting constants, which are 
listed in Table 1. It can be noticed that the lifetime 
τ1 decreases, indicating the exciton dissociation and 
faster charge transport across PTB7/PCBM interface. 
On the contrary, the lifetime τ2 increases, suggesting 
longer living charge carriers in PTB7 bulk. Further-
more, the sample PTB1:1.5 has the shortest value of 
τ1, confirming the fastest charge transfer for this D/A 
combination. Moreover, for the PTB7:PCBM concen-
trations 1:0.5 the decay is faster due to increase of 
defect density in active layer, however, the decay is 
slowing down with increase of concentration indicat-
ing the charge transfer from PTB7 to PCBM.

3.2  Optical properties

The spectroscopic ellipsometer is a surface-sensitive, 
non-destructive technique extensively employed to 
study the optical properties of thin films. The meas-
urement of spectroscopic ellipsometer provide the 
optical parameters constants including: n, κ, εr, εi, 
optical band gap  (Eg) surface roughness (r) as well as 
the thickness of thin film (d). The optical parameters 
are determined by measuring the change in ampli-
tude (ψ) and phase shift (Δ) of incident light upon 
reflection from film surface. The measured data were 
theoretically fitted with the New-Amorphous Dis-
persion formula given by: [57–60]:

where 
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n∞ is the high frequency refractive index.
The fitting of experimental data was carried out 

using the effective medium approximation (EMA) 
optical model shown in Fig. 2a [61]. The experimen-
tal data exhibits a good fitting with the theoretical 
model as illustrated by solid lines in Fig. 2b. Moreo-
ver, the curve fitting constant χ2 < 2 further confirms 
the validity of this model. The parameters extracted 
from the fitting of the experimental ellipsometer data 
are listed in Table 2. Film thickness of pure PTB7 
was found to be ≈ 117 nm with a roughness of 6 nm. 
Moreoever, the film thickness gradually decrease 
with increase of PCBM content while roughness of 
hybrid films were noted to be slightly higher with a 
value of ~ 10 nm.

Figure 3a–d illustrates how optical constants vary 
with respect to the wavelength of light. The peak value 
of the n for pure PTB7 was observed  nmax = 2.33 around 
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Table 1  The TRF decay fit 
parameters of PTB7:PCBM 
thin films

Film τ1 (ps) B1% τ2 (ps) B2% τ avg (ps) χ2

PTB1:0 256 2 35 98 153 1.15
PTB1:0.5 177 34 39 66 122 1.80
PTB1:1 143 54 98 46 126 1.54
PTB1:1.5 71 49 72 51 71 1.13
PTB1:2 23 70 135 30 103 1.87

Fig. 2  a The optical model 
that was employed to fit the 
measured data b (symbol) 
The ratio of amplitude 
change (ψ) and phase shift 
(Δ) of PTB7 thin film. (Solid 
line) theoretically generated 
curve using new amorphous 
dispersion model.
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713 nm, which is similar to that of the P3HT [60]. The 
refractive index found to be gradually decreases as 
the concentration of PCBM increases in PTB7. The 
peak refractive index of PTB1:0.5, PTB1:1, PTB1:1.5 
and PTB1:2 was noted to be 2.19, 2.05, 1.68 and 1.56, 
respectively. The decrease in the value of n with PCBM 
corresponds to the drop in the polarization of films 
due to charge transfer between PTB7 and PCBM as 
well as the increase of surface roughness as presented 
in Table 2. Moreover, with the increase of PCBM con-
tent, the charge carrier concentration (nc) increases, 

consequently decrease in the value of refractive index 
n could be explained through the formula [62]:

where ω0 is the frequency of incident light, εopt is the 
optical permittivity, e and m* are the charge and effec-
tive mass of the electron, respectively. On incorpora-
tion of PCBM in PTB7 film, the excitons dissociate at 
the D/A boundaries, creating free electrons and holes, 
consequently,  nc increases while refractive index 
decreases.

The optical bandgap of pristine PTB7 was evalu-
ated to be 1.69 eV which is higher than the 1.60 eV 
[63], 1.64 eV [64], and close to the 1.70 eV [65] of the 
reported values. The band gap was found to be higher 
for hybrid PTB7:PCBM film as compared to pristine 
films. The increase in the band gap with the PCBM 
content can be explained through the decrease in the 
value of n. As n decreases, the density of states (DOS) 
around the top of the valence band (VB) and bottom 
of conduction bands (CB) decreases, leading to an 
increase in the energy required to excite an electron 
from the top of VB to the bottom of the CB, as a result 
optical bandgap increases [66, 67].
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Table 2  Optical parameters evaluated from the fitting of the 
experimental spectroscopic Ellipsometer data

Sample PTB1:0 PTB1:0.5 PTB1:1 PTB1:1.5 PTB1:2

d (nm) 117 117 106 103 101
r (nm) 6 10 10 10 10
Eg (eV) 1.69 1.87 1.95 2.02 2.08
nmax 2.33 2.19 2.05 1.68 1.56
κmax 0.86 0.80 0.76 0.51 0.48
εr,max 4.28 3.94 3.76 3.32 3.10
εi,max 2.91 2.52 2.03 1.80 1.39
χ2 1.4 1.34 1.10 1.95 1.79

Fig. 3  The variation of opti-
cal parameters a n, b κ, c εr 
and, d εi.
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The variation of the κ as a function of the wave-
length of pure PTB7 and PTB7:PCBM hybrid thin 
films are displayed in Fig. 3b. The extinction coef-
ficient reflect the optical energy loss inside the mate-
rial which found to be decrease with the increase 
of PCBM content in thin films. The pure PTB7 films 
exhibits a peak value of κmax ~ 0.86 which drops 
to 0.48 for the PTB1:2 film (Table 2). The decrease 
in κ can be explained through the low absorption 
coefficient of PCBM as compared to PTB7. With the 
increase of PCBM quantity, the absorption coeffi-
cient of hybrid film decreases as a result the value 
of κ decreases. The variation of εr and εi with wave-
length are shown in Fig. 3c, and d, respectively. 
The peak of the εr and εi of pure PTB7 thin film was 
observed ~ 682 nm with a value of εr,max ⁓ 4.28. The 
dielectric constant was found to be almost constant 
on both sides of the peak with a value in the range 
of 3.4–3.5. Moreover, the εr of the PTB7 thin films 
was found to be decrease gradually with the increase 
of the PCBM concentrations. The peak value of the 
dielectric constant were noted to be 3.94, 3.76, 3.32, 
and 3.10 for the samples PTB1:0, PTB1:0.5, PTB1:1, 
PTB1:1.5 and PTB1:2, respectively. The lower value 
of εr in hybrid PTB7:PCBM-thin films indicates that 
photogenerated excitons dissociate faster than in 
pure PTB7, as confirmed by the shorter value of τ1 
in Table 1. The dissociation of exciton into the free 
charge carriers causes decrease the electric polariza-
tion, consequently, decrease of dielectric constant. 
Moreover, the increase of surface roughness also 
cause for the decrease of dielectric constant. The con-
stant ɛi reflect the dissipation of the electrical energy 
within the material. It can be noticed from Fig. 3d 

that ɛi exhibits a similar pattern as the extinction 
coefficient. The peak value of ɛi for the pristine PTB7 
was recorded around at 690 nm with εi,max = 2.91. The 
ɛi was also found to decrease with increase of PCBM 
amount. The with peak values of of εi was evaluated 
to be 2.52, 2.03, 1.80, and 1.39 for the samples PTB1:0, 
PTB1:0.5, PTB1:1, PTB1:1.5 and PTB1:2, respectively.

3.3  Electrical properties

In order to reveals the charge transport mechanism 
and evaluate the important electrical parameters, the 
J–V characteristics of PTB7 were recorded at different 
temperature in the hole-only device architecture of 
ITO/PEDOT:PSS/PTB7/Au as shown in the inset of 
Fig. 4b. It can be noticed from Fig. 4a and b that the 
J–V characteristics exhibit different behaviors at low 
and high temperatures. The Fig. 4a displays that the 
J-V characteristics at low temperatures (T ≤ 220 K) 
have three distinct regions: A, B and C with corre-
sponding slopes of one, greater than two and two, 
respectively. For a small bias (region A), the injected 
carrier density (ρ) is very small compared to ther-
mally generated charge density ( �

0
 ) and mathemati-

cally expressed through the inequality [68]:

where q is the fundamental charge, µ is the hole mobil-
ity, �

0
 is the permittivity of free space, �

r
 is the die-

lectric constant of material. The injected carrier den-
sity gradually increases with applied bias and when 
injected carrier density becomes equal to the density 
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of thermally generated carrier, the conduction mecha-
nism switch to trap-limited SCLC (region B) at a volt-
age given by Equation [68]:

where Hb is the total density of traps, N
HOMO

 is the 
effective density of traps at the edge of the highest 
occupied molecular orbital (HOMO) level. The current 
in the trap-limited SCLC region follows the Equation:

where l = Et/ kBT with E
t
= k

B
T
C

 is the characteristic 
trap energy and TC is the characteristics temperature 
of trap distribution. The Et is a crucial parameter, sig-
nifying the quality of the thin film and it is the energy 
level where trap density of drops to 1/e compared to 
the edge of HOMO level [46].

It can be noticed from Fig. 4a that the theo-
retically generated curves using Eq. 7 (solid black 
lines) exhibit good fitting to the experimentally 
measured J–V curve in region B. The parameters 
used to fit the trap-limited SCLC region at 220 K 
are; Hb = 2.98 × 1017 cm−3, NHOMO = 2.0 × 1017 cm−3, 
ɛr = 3.4, ɛ0 = 8.85 × 10−14 F/cm, µ = 5.9 × 10−5 cm2 V−1 s−1, 
d = 120 nm, and Tc = 290 K, corresponds to Et ~ 25 meV. 
The value of characteristics trap energy in PTB7 is 
small as compared to 45 meV for P3HT [69, 70] and 
86 meV for PCDTBT [46]. The low value of charac-
teristics trap energy indicates that room temperature 
thermal energy is enough to discharge the trapped 
charge.

With increase of applied bias, the density of 
injected carriers increases. Owing to the poor 
charge carrier mobility of organic semiconductors, 
the additional charge carriers cannot transport to 
the collecting electrode at the same rate at which 
they were being injected. These extra injected car-
riers start occupying the trap states, consequently 
the rate of the increase of current with applied bias 
decreases. As the applied bias increases and reaches 
the crossover voltage  VC, the J–V curve deviates 
from trap-limited SCLC, and the slope reduces to 
2 (region C). The change in the conduction mecha-
nism from trap-limited SCL to trap-free SCL was 
observed within a small range of crossover voltage 
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 VC ~ 13.20 V—14.90 V, which is given through the 
Equation:

where,

At crossover voltage, all the trap states are occupied 
by injected carriers and the transport mechanism in 
PTB7 thin film change from trap-filling SCLC conduc-
tion to trap-free SCLC conduction which is describes 
by the Mott-Gurney square law:

Moreover, the current in region C is independent of 
temperature, however, in region B, current increases 
with the temperature as illustrated in Fig. 5a. The total 
trap density Hb at different temperature was evalu-
ated using Eq. 8 and Eq. 9 which are presented in 
Table 3. It can be noticed from Table 3 shows that with 
the increase of temperature the trap density decrease, 
indicating occupation of traps states by charge carri-
ers that are thermally generated. The hole mobility in 
region C was evaluated to be 6.08 ×  10–5  cm2/Vs and 
remains constant with temperature. Figure 4b shows 
that the J–V characteristics in region B deviate from 
Eq. 7 for temperatures higher than 220 K and follow 
the Mott-Gurney square law. As discussed above that 
the density of thermally generated charge carriers 
increases with temperature. Thermally generated car-
riers start occupying the trap states, consequently trap 
density decreases with the temperature. Hence, charge 
transport in PTB7 film exhibits trap-limited SCLC for 
the temperature ≤ 220 K and switches to the trap-free 
SCLC for the higher temperature. The variation of 
mobility in region B as a function of temperature is 
illustrated in Fig. 5b, also the same listed in Table 3. 
The mobility was found to be temperature-depend-
ent and increases exponentially with temperature. 
The room temperature SCLC mobility of PTB7 was 
evaluated to be 6.08 ×  10–5  cm2/Vs, which is about one 
order higher than P3HT (1.4 ×  10–5  cm2/Vs) [69, 70] and 
PCDTBT (2.42 ×  10–5  cm2/Vs) [46]. A comparison of the 
electrical and optical parameters of PTB7, P3HT and 
PCDTBT thin films are presented in Table 4.

(8)V = V
C
= f (l)

qd
2
H

b

��
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(9)f (l) =

(
2l + 1

l + 1

)−1∕l
(l + 1)2

l(2l + 1)

(10)J =
9

8

�
0
�
r
�
V

2

d
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Furthermore, as discussed above, the charge car-
rier density inside the PTB7 films depends on applied 
bias and temperature. As the charge carrier density 
increases due to the applied bias and temperature, 
the quasi-Fermi level for the hole  (EF,p) decreases. The 
relationship between the quasi-Fermi level and the 
applied bias is expressed by Equation: [71, 75]

The quasi-Fermi level was evaluated by substituting 
the value of  Hb in Eq. 11 and illustrated as a function 
of applied bias in Fig. 6. Figure 6 shows that the  EF,p 
linearly decreases with the ln(V)  EF,P level at temco-
incides and at crossover voltage V

C
 , the quasi-Fermi 

(11)E
F,p

(V ) = k
B
T
C
ln

[
f (l)

qd
2
H

b

��
0
V

]

energy level coincides for all temperatures, indicating 
the filling of all trap states. Moreover, when applied 
bias, the quasi-Fermi energy level becomes zero i.e., 
 EF,p coincides with HOMO level. Additionally, for the 
applied bias less than  VC, the  EF,p decreases with the 
temperature, however, for V >  VC, it increases with 
temperature, attributed to two different conduction 
mechanisms in PTB7 thin films, i.e., trap-limited SCLC 
fwor V ≤  VC and trap-free SCLC for V >  VC.

Fig. 5  a log(J) vs. 1000/T 
plots at different applied 
biases. b Variation of SCLC 
hole mobility as a function of 
temperature.
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Table 3  Electrical parameters of PTB7 thin film at different tem-
peratures evaluated from the J-V characteristics

T (K) Hb  (cm−3) µ  (cm2/Vs) Et (meV)

140 4.19 ×  1017 1.74 ×  10–5 45
160 3.77 ×  1017 2.39 ×  10–5 37
180 3.71 ×  1017 3.23 ×  10–5 35
200 3.20 ×  1017 3.59 ×  10–5 28
220 2.98 ×  1017 5.9 ×  10–5 25
240 2.69 ×  1017 7.2 ×  10–5 24

Table 4  Comparison 
of optical and electrical 
parameters of PTB7, 
PCDTBT and P3HT thin 
films

Parameter/ Material Eg (eV) n ε∞ µ  (cm2  V−1  s−1) Et (meV) Hb  (cm−3)

PTB7 1.69 2.33 3.23 [72] 6.08 ×  10–5 25 2.98 ×  1017

PCDTBT 1.90 [73] 2.45 [74] 3.6 [74] 2.42 ×  10–5 [46] 86 [46] 1.28 ×  1017 [46]
P3HT 1.92 [60] 2.30 [60] 3.08 [60] 1.40 ×  10–5 [69] 45 [69] 1.50 ×  1017 [69]
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Fig. 6  Variation of quasi-Fermi level as a function of applied 
bias and device temperature.
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4  Conclusions

In conclusions, the different PTB7:PCBM compositions 
were investigated. The κ optical constants (n, κ, εr, εi) 
were found to be decreases with the increase of PCBM 
concentrations. The PL quenching and faster fluores-
cence decay with the increase of PCBM concentration 
indicates the charge separation at PTB7/PCBM inter-
face. The charge transport in PTB7 thin film was inves-
tigated in hole-only device and found to be governed 
by the Mott-Gurney square law for T > 200 K which 
and switched to the trap-filling SCL conduction at 
low temperatures. The trap density Hb, hole mobility 
µ and characteristics trap depth Et in PTB7 films were 
evaluated to be 4.19 × 1017 cm−3, 6.08 × 10−5 cm2V−1s−1, 
and 25 meV, respectively.
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