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We studied the luminescent and photovoltaic properties of poly(9,9-dioctylfluorene-co-bithiophene) (F8T2) based on ITO/ 
PEDOT:PSS/F8T2/Bphen/LiF(0 or 1 nm)/Al and ITO/PEDOT:PSS/F8T2:PCBM/Bphen/Al. A stable and bright yellow emis-
sion was obtained from polymer F8T2, and the electroluminescence power reached 45 W at a 15 V driving voltage. Polymer 
F8T2 shows a broad absorption band from 400 to 500 nm, and has a shorter absorption edge at about 560 nm compared to that of 
the typical electron donor P3HT (650 nm). The photoluminescence quenching of F8T2 occurs with only a small fraction of 
blended PCBM due to the effective exciton dissociation at the interface between F8T2 and PCBM. Polymer solar cells (PSCs) 
using F8T2:PCBM as the active layer show a low power conversion efficiency (PCE) of 0.10% with an open circuit voltage (Voc) 
of 0.91 V and short circuit current density (Jsc) of 0.23 mA/cm2. The PSCs using F8T2:P3HT:PCBM as the active layer have a 
Voc of 0.85 V and Jsc of 3.02 mA/cm2, improving the PCE by about 0.90%. We attribute the improved cell performance to the 
higher number of photons harvested by P3HT molecules.  
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Organic optoelectronic devices have developed rapidly 
during the past few decades because of their advantages of 
easy large-area fabrication, light weight, and low fabrication 
cost. The operational model of organic light emitting diodes 
(OLEDs) is reverse with polymer solar cells (PSCs). The 
aim of research on both kinds of devices is high conversion 
efficiency from electricity to light or the reverse. Recently, 
the power conversion efficiencies (PCEs) of PSCs has 
reached 7% using narrow bandgap poly[4,8-bis-substituted- 
benzo[1,2-b:4,5-b′]dithiophene-2,6-diyl-alt-4-substituted- 
thieno [3,4-b] thiophene-2,6-diyl] (PBDTTT)-derived pol-
ymers doped with (6,6)-phenyl C60 butyric acid methyl ester 
(PCBM) under the standard solar spectrum AM1.5G [1,2]. 

The electron donor band gap and energy level alignment  
between donor and acceptor strongly influence the absorp-
tion, exciton dissociation and charge transfer, finally deter-
mining the PCE of PSCs [3–5]. Fullerene and its derivatives 
are considered to be the best electron acceptors so far, 
which is attributed to its ultrafast photo-induced charge 
transfer, high electron mobility, and better phase separation 
in the blend films [6,7]. The lowest unoccupied molecular orbit 
(LUMO) of typical donor material P3HT is about 0.5 eV 
higher than that of PCBM, which favors electron transfer 
from P3HT to PCBM. However, the relatively high-lying 
highest occupied molecular orbit (HOMO) limits the max-
imum open-circuit voltage (Voc) and causes oxidation insta-
bility of the cells at ambient conditions [4]. To further im-
prove the photovoltaic propriety of PSCs, effort should be 
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devoted to the precise control of the HOMO and LUMO 
energy levels, structural modification for forming a pre-
ferred morphology in the blend film with PCBM, strong and 
broad visible absorption with high charge carrier mobility, 
and structural regularity [8]. The HOMO and LUMO ener-
gy levels of F8T2 are 5.5 eV and 3.1 eV, which shows a 
relatively larger band gap of 2.4 eV. The energy barrier 
between the HOMO of F8T2 and LUMO of PCBM is about 
1.8 eV, which favors obtaining a higher Voc from F8T2: 
PCBM-based cells. The energy difference between the 
LUMOs of the donor and acceptor should be larger than  
0.3 eV for efficient charge separation, which strongly de-
termines the short circuit current density (Jsc) of cells [9,10]. 
The charge separation should be effective according to the 
LUMO energy levels of F8T2 and PCBM. Based on the 
above information on F8T2, we fabricated PSCs with 
F8T2:PCBM or F8T2:P3HT:PCBM as the active layers. It 
is worth noting that F8T2’s properties are very similar to 
those of poly[2-methoxy-5-(2′-ethylhexyloxy)-1,4-phenylen-     
evinylene] (MEH-PPV), a workhorse material commonly 
used in PSCs and OLEDs [11,12]. PSCs using MEH-PPV 
as the donor show a bigger Voc and limited Jsc compared to 
PSCs with P3HT as the donor material [13,14]. A series of 
interfacial layers, LiF, MoO3 and ZnO, were applied to im-
prove device performances [15–19]. In this study, we used 
ultrathin LiF interfacial layer to improve OLED perfor-
mance and Bphen interfacial layer to enhance PSC perfor-
mance.  

We studied the luminescent and photovoltaic perfor-
mance of F8T2 using ITO/PEDOT:PSS/F8T2/Bphen/LiF 
(0 or 1 nm)/Al and ITO/PEDOT:PSS/F8T2:PCBM (F8T2: 

P3HT:PCBM)/Bphen/Al. Experimental results for F8T2 
show a bright yellow emission under different driving volt-
ages. We obtained the photovoltaic performance of F8T2 by 
doping with PCBM. To optimize the PSC’s performance, 
the typical electron donor P3HT was doped with F8T2: 
PCBM to improve the photon harvesting. We studied the 
effect of different thicknesses of a Bphen interfacial layer 
on PSC performance. After the interfacial engineering on 
the OLEDs and PSCs, the maximum PCE of PSCs reached 
0.90% under illumination at 100 mW/cm2, and OLED in-
tensity reached 45 W at a 15 V driving voltage. 

1  Experimental 

The ITO substrates (sheet resistance 15/□) were cleaned 
consecutively in ultrasonic baths containing acetone, etha-
nol and de-ionized water and dried by high speed nitrogen 
gas. The cleaned substrates were treated by UV light ozone 
for 10 min to improve the ITO work function. A thin layer 
of poly-(3,4-ethylenedioxythiophene)-poly-(styrenesulfonate) 
(PEDOT:PSS) was spin-coated on the substrates at a speed 
of 3000 r/min for 40 s. The ITO substrates coated with 

PEDOT:PSS were transferred to a hot plate and annealed at 
120°C for 10 min. The polymer materials F8T2, P3HT and 
PCBM were dissolved in chloroform with a concentration 
10 mg/mL. Their blend solution was spin-coated on PEDOT: 
PSS-coated ITO substrates as the active layer. The pristine 
F8T2 solution was spin-coated on PEDOT:PSS-coated ITO 
substrates and used as the active layer for OLEDs. Subse-
quently, the substrates coated with different active layers 
were transferred to a vacuum chamber, and an interfacial 
layer of 4,7-diphenyl-1,10-phenanthroline (Bphen) was de-
posited on the active layer under 5×104 Pa. The LiF ul-
trathin film (1 nm) was deposited on the Bphen layer under 
5×103 Pa. The rate of deposition and final film thickness 
were monitored by a quartz crystal microbalance. The thick-
ness 100 nm aluminum cathode was evaporated under 5× 
103 Pa.  

The absorption spectra of all films were measured by a 
Shimadzu UV-3101 PC spectrometer. The photolumines-
cence (PL) spectra were measured by a PerkinElmer LS55 
fluorescence spectrometer. The current-voltage (I-V) char-
acteristics of PSCs were measured under illumination of 
100 mW/cm2 using a 150 W xenon lamp. The luminescence 
power and I-V characteristics of OLEDs were measured by 
a Keithley source meter 2410. The electroluminescence (EL) 
spectra were recorded by charge coupled device. Figure 1 
shows the chemical structures of the materials, OLED sche-
matic, and energy level alignment of the materials.  

2  Results and discussion 

2.1  The luminescence properties of F8T2 

EL spectra were measured under different driving voltages 
and are shown in the Figure 2. To confine the charge carri-
er’s recombination zone in the F8T2 layer, a hole blocking 
layer of Bphen with a higher HOMO level (6.1 eV) was 
inserted between F8T2 and LiF, as shown in Figure 1(e). 
The EL emission of F8T2 shows a bright orange emission 
peaking at 570 nm and a shoulder emission peaking at 605 
nm, which is identical with its PL spectra under excitation 
of 450 nm light. Figure 3 shows the current density and EL 
power versus driving voltage characteristics of two kinds of 
OLEDs with and without LiF ultrathin layer. It appears that 
the EL intensity of F8T2 was markedly improved by the 
insertion of the 1 nm LiF layer, which reaches 45 W under 
15 V. The turn-on voltage of OLEDs with a 1 nm LiF layer 
was decreased compared to the OLEDs without LiF layer, 
which could be attributed to the increase of electron tunnel-
ing into F8T2 layer due to the insertion of the LiF layer. 
The several potential functions of LiF ultrathin layer are 
already reported and are: (1) as a buffer, reducing the hot 
Al-bonding-induced degradation of the organic layer [7]; (2) 
dissociation of LiF resulting in doping of the organic layer 
and/or alloying of the metal cathode [20,21]; (3) forming a  
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Figure 1  Organic materials used. (a) F8T2; (b) P3HT; (c) Bphen; (d) PCBM; (e) schematic of polymer light emitting diodes; (f) energy level alignment 
materials used. 

 

Figure 2  EL spectra of ITO/PEDOT:PSS/F8T2/Bphen/LiF/Al under 
different driving voltages.  

 

Figure 3  EL intensity and current density dependence on the driving 

voltage of ITO/PEDOT:PSS/F8T2/Bpehn/LiF(0 or 1 nm)/Al.  

dipole layer decreasing the electron injection barriers [22]. 
Lu et al. investigated the chemical structure of the interface 
between the Al/LiF bilayer cathode and tris(8-hydroxyquino-     
line) aluminum by using X-ray photoelectron spectroscopy 

[22]. There are two kinds of F at the interface; one is at-
tributed to LiF and the other F attached to the Alq3. This 
F-doped Alq3 layer could induce a downshift in molecular 
orbital levels and thus lead to a reduced electron injection 
barrier [23]. In this experiment, the hole current should re-
main constant because the same hole injection barriers are 
used for all OLEDs. The LiF layer could improve electron 
injection because of the lowered electron injection barrier, 
which could be supported by the increase in current density 
of OLEDs with LiF layers at the same driving voltage.  

2.2  Photovoltaic properties of F8T2 

Organic electronic materials have attracted much attention 
because of their versatile functions including bidirectional 
conversion between electric and light. The HOMO and 
LUMO energy levels of organic electronic materials are the 
main parameters determining the performance of organic 
electronic devices [24,25]. It is known that the Voc of PSCs 
is determined by either the difference between donor 
HOMO and acceptor LUMO or the work function differ-
ence of the electrodes or both [7,14]. The energy difference 
between the LUMOs of donor and acceptor should be larger 
than 0.3 eV for efficient charge separation, which strongly 
determines the Jsc of cells.  

We studied the photovoltaic characteristics of F8T2 and 
F8T2:P3HT: by doping with the commonly used electron 
acceptor PCBM. The UV-visible absorption spectra of F8T2 
and F8T2:P3HT doped with PCBM were measured and are 
shown in Figure 4(a). Polymer F8T2 shows a broader ab-
sorption range from 400 to 500 nm, and has a shorter ab-
sorption edge at about 560 nm compared to that of the typi-
cal electron donor P3HT (650 nm) [26]. The blended poly-
mer F8T2:P3HT thin films show much a broader absorp-
tion ranges from 400 to 650 nm, which is attributed to the 
absorption spectra overlapping between F8T2 and P3HT. 
The PL spectra of F8T2, F8T2:P3HT, PCBM and their thin 
films blends were measured and are shown in Figure 4(b).  
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Figure 4  (a) Absorption spectra of F8T2 and F8T2:P3HT before and 

after doping with PCBM; (b) PL spectra of pure F8T2, F8T2:P3HT before 
and after doping with PCBM, and PL spectrum of pure PCBM under exci-
tation of 450 nm light. The PL intensity of all polymers doped with PCBM 
is magnified more than 100 times for comparison.  

The PL spectrum of F8T2 shows one stronger emission 
peak at 570 nm and a shoulder emission peak at 605 nm 
under excitation by 450 nm light. The PCBM films show a 
much weaker emission, which is mainly attributed to a less 
efficient emission resulting from symmetry-forbidden sin-
glet radiative recombination as well as efficient intersystem 
crossing to the triplet state [27]. The PL intensity of F8T2 
was extensively quenched by doping with PCBM, which is 
attributed to effective exciton dissociation at the interfaces 
between F8T2 and PCBM. A similar phenomenon was ob-
served from the co-polymer F8T2:P3HT doped with PCBM.  

The J-V characteristics of PSCs based on F8T2:PCBM 

(1:4) with different thicknesses of Bphen under white light 
illumination of 100 mW/cm2 were measured and are shown 
in the Figure 5. The Voc remains about 0.9 V for most of the 
fabricated cells with different Bphen thicknesses, and the 
maximum of Voc reaches 0.92 V when the thickness of 
Bphen is 0 nm. The large Voc could be supported by the rel-
atively low HOMO levels compared with P3HT, as shown 
in Figure 1. The Jsc of cells with different Bphen thicknesses  

 

Figure 5  J-V curves of cells using F8T2:PCBM as the active layer with 
different Bphen interlayer thicknesses. 

Table 1  Photovoltaic parameters of cells with different Bphen thickness 

No. Bphen (nm) Voc (V) Jsc (mA/cm2) FF (%) PCE (%) 

1 0 0.92 0.12 45.6 0.05 

2 2 0.91 0.23 45.5 0.10 

3 4 0.88 0.11 45.8 0.04 

 
 

is relatively small, which is attributed to its large bandgap 
(2.4 eV). Hoope et al. pointed out that only 30% of the 
photons in the whole solar spectrum have energy higher 
than 1.9 eV [27]. Therefore, F8T2 absorbs only a small 
fraction of irradiant light. It is very interesting that the Jsc 
can be markedly increased from 0.12 to 0.23 mA/cm2 and 
then decreased to 0.11 mA/cm2 when the thickness of the 
Bphen layer is increased from 0 to 4 nm in steps of 2 nm. It 
means that interface engineering can passivate interfacial 
charge trap states, forbid excitons quenched by metal elec-
trodes, control energy level alignment or enhance charge 
carrier extraction to optimize Jsc, resulting in high efficiency 
OPV cells [28]. In this experiment, the function of the ul-
trathin Bphen layer may be forbidding F8T2 excitons 
quenched by the Al electrode. However, the Jsc was also 
decreased with the increase of Bphen thickness due to the 
larger electron extracting buffer.  

Because of the limit of the absorption range of F8T2, an-
other polymer, P3HT, was doped into F8T2:PCBM with a 

weight ratio of 1:1:5. The same configuration cells were 
fabricated under the same conditions. The J-V characteris-
tics of the cells were measured and are shown in Figure 6. 
The main PSC parameters are summarized in Table 2. The 
Voc of cells with a co-polymer as the electron donor stayed 
in the range from 0.8 to 0.85 V, which was decreased by 
doping with P3HT and was larger than that of P3HT: 
PCBM (0.6–0.67 V) [27]. The underlying reasons may be: 
(1) the connection based on F8T2:PCBM and P3HT:  
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Figure 6  J-V curves of cells using F8T2:P3HT:PCBM as the active 
layer with different Bphen interlayer thicknesses. 

Table 2  Photovoltaic parameters of cells with different Bphen thickness 

No. Bphen (nm) Voc (V) Jsc (mA/cm2) FF (%) PCE (%) 

1 0 0.82 2.73 35.3 0.79 

2 2 0.85 3.02 35 0.90 

3 4 0.8 1.59 38.5 0.49 

 

PCBM sub-cells, and (2) the energy transfer between F8T2 
and P3HT, which is supported by the overlap between the 
emission spectra of F8T2 and absorption spectra of P3HT as 
shown in Figure 4. The Jsc of cells with a co-polymer as the 
electron donor was markedly increased to 3.02 mA/cm2 and 
also shows a very similar dependence on the Bphen layer 
thickness. The marked increase of Jsc is favored by the 
broader absorption range of P3HT:F8T2, especially in the 
longer-wavelength range.   

3  Conclusion 

The luminescent property of F8T2 was studied based on ITO/ 
PEDOT:PSS/F8T2/Bphen/LiF(0 or 1 nm)/Al. Both kinds of 
OLEDs show bright orange emission peaking at 570 nm and 
shoulder emission peaking at 605 nm. The EL intensity of 
OLEDs with 1 nm LiF interlayer reaches 45 W under 15 V. 
The PSCs with F8T2:PCBM as the active layer show a low 
PCE of 0.10% with a high Voc of 0.91V and Jsc of 0.23 
mA/cm2. The PSCs using F8T2:P3HT:PCBM as the active 
layer show a relatively larger Jsc and PCE, which is at-
tributed to the enhanced photon harvesting by P3HT mole-
cules. The ultrathin interfacial Bphen layer plays an im-
portant role in improving PSCs performance.  
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