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ABSTRACT: A photovoltaic cell of CuPc:P3HT:PCBM was introduced to extend the light absorption in the visible wavelength between

300~500 and 550~800 nm. By fabricating the photovoltaic cells of ITO / PEDOT:PSS / CuPc:P3HT:PCBM / BCP / Al with small- 

molecular and polymer donating materials blended layer, we demonstrated a high PCE of 4.20% with high Jsc of 10.05 mA/cm
2
. This

performance of photovoltaic cell with the blended layer of small-molecular and polymer can be competitive with that of tandem cells.
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Nomenclature

PCE : power conversion efficiency, %

Jsc : short circuit current, mA/cm2

Voc : open circuit voltage, V

FF : fill factor

Subscript

CuPc : copper phthalocyanine

P3HT : poly(3-hexylthiophene-2,5-diyl)

PCBM : [6,6]-phenyl-C61 butyric acid methyl ester

OPV : organic photo voltaic

ITO : indium tin oxide

Di water : deionized water

IPA : isopropyl alcohol

PEDOT : PSS : poly(3,4-ethylenedioxylenethiophene): 

polystyrene sulfonic acid

N2 : nitrogen

SMU : source measure unit

LUMO : lowest unoccupied molecular orbital

HOMO : highest occupied molecular orbital

1. Introduction

Recently, photovoltaic devices on organic materials such as 

small-molecular and polymer materials are of huge interest 

because of their attractive properties such as large area, excellent 

mechanical flexibility, low production cost, and simple fabrication 

process1-11). Therefore, many researchers have made an effort to 

improve the PCE of OPV cells12-20). Polymer photovoltaic cell 

has many advantages in production process such as spin coating, 

inkjet printing, screen printing, and roll-to-roll process for glass 

or flexible substrate. However, the PCE of photovoltaic cells 

using small-molecular or polymer layer is still low due to the 

narrow absorption of small-molecular and polymer materials, 

and it remains a major limitation in achieving high PCE9,23). 

Thus, tandem photovoltaic cell which significantly increases 

the light absorption, has been researched by using different 

absorption spectra materials24-33). However, since the tandem 

photovoltaic cells are complicated process and expensive production 

cost, it is not easy to commercialize.

Therefore, in this paper, we suggest new photovoltaic cell 

structure to be able to have the tandem effect in a view point of 

the light absorption enhancement to replace the materials used 

in complicated tandem process. In particular, we used CuPc as 

a small-molecular donating material and P3HT as a polymer 

donating material to expand the wavelength range of a light 

absorption. In addition, by applying the CuPc:P3HT:PCBM 
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Fig. 1. (a) Schematic structure for photovoltaic cell fabricated 

with the new blending layer. (b) Energy level diagram 

showing the HOMO and LUMO energies level of each of 

the component materials. (c) Molecular structures of 

chemical used in this study. CuPc as a small-molecular 

and P3HT as a polymer are donating materials. PCBM 

and BCP are electron acceptor and hole/exciton blocking

materials, respectively

blended layer using spin-cast process in photovoltaic cells, we 

investigated the performance of photovoltaic cells fabricated 

with a CuPc:P3HT:PCBM blended layer.

2. Experimental

ITO anodes (150 nm thick) were deposited on glass substrates 

by RF-magnetron sputtering in Ar/O2 mixture ambient using a 

sintered ceramic target of ~10 wt% SnO2-doped In2O3 after 

cleaning process34). The ITO glass had a sheet resistance of 

15 Ω/□, as measured with a CMT-SR100 M-MP system 

(Changmin Tech, Korea). The ITO glass substrates (50 mm × 50 

mm) were cleaned in an ultrasonic bath with a cleaning agent 

and then rinsed in DI water and hot IPA. They were dried in a 

vacuum oven at 100°C for more than 12 h. The CuPc:P3HT: 

PCBM was dissolved in chlorobenzene at a weight ratio of 

(CuPc weight ratio : 0.5, 1 and 2):2:1 and stirred at 50°C on the 

hot plate for more than 72 h in the glovebox before spin casting 

to form the blend layer. To photovoltaic cells fabricated, the 

ITO glass substrate was treated in a 354 nm UV lamp during 60 

sec and, continuously, placed at a 200 W oxygen plasma flow 

for 30 sec. A thin layer of PEDOT:PSS (Baytron PVPAI 4083) 

was spin-coated onto the ITO glass with a speed of ~2000 rpm 

for 60 sec after filtered through 5 μm pore size (Whatman, PTFE 

SYRINGE FILTER) and then baked at 140°C for 10 min in 

glovebox. The CuPc:P3HT:PCBM blended solution was filtered 

through 5 μm pore size. The CuPc:P3HT:PCBM blended layer 

was then spin-cast at ~1000 rpm for 60 sec on top of the 

PEDOT:PSS layer and then baked at 150°C for 10 min in 

glovebox. Continuously, the BCP layer was deposited by thermal 

evaporation as a hole/exciton blocking layer on the CuPc:P3HT: 

PCBM blended layer at a pressure of about 5×10-7 Torr and 

evaporated with 12 nm-thick. Finally, an Al electrode of about 

80 nm-thick was deposited by thermal evaporation at a pressure 

of about 5×10-7 Torr. The evaporation rates of the BCP layer and 

the metal electrode were 0.5 Å/s and 5 Å/s, respectively. All the 

electrical measurements were performed at a N2 gas ambient in 

a glove box at room temperature. The detailed photovoltaic cells 

structure and thickness for each organic functional layer are 

described as ITO (150 nm) / PEDOT:PSS (25 nm) / Blended 

layer (P3HT:PCBM or CuPc:P3HT:PCBM) / BCP (12 nm) / Al 

(80 nm). The photocurrent-density vs. voltage (J–V) characteristics 

was analyzed using HP 4155C SMU. The photocurrent was 

measured under a condition of AM 1.5G solar illumination at 

100 mW/cm2 (1 sun) supplied using a Newport 150 W solar 

simulator and the light intensity was monitored with a calibrated 

silicon photodiode for the AM 1.5G spectrum. The absorption 

spectra were measured on UV-visible (Shimadzu UV-3101PC, 

Japan) spectrophotometer. The detailed analysis samples structure 

for P3HT:PCBM and CuPc:P3HT:PCBM blended layer was 

then spin-cast at ~1000 rpm for 60 sec on the glass and then 

baked at 125°C for 10 min in a nitrogen (N2) glove box.

3. Results and discussion

Here, P3HT and CuPc were selected for the electron-donating 

material and the PCBM was used as the electron acceptor. The 
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Fig. 2. (a) UV-visible light absorption spectra of single layer of 

donating materials. (b) UV-visible light absorption spectra

of a P3HT:PCBM bulk heterojunction composite layer 

and a CuPc:P3HT:PCBM bulk heterojunction composite

layer in visible range

BCP layer was inserted as a hole/exciton blocking layer between 

blended layer (here, P3HT:PCBM or CuPc:P3HT:PCBM blended 

layer) and Al electrode. An ITO glass coated with PEDOT:PSS 

layer was adopted as the substrate. Fig. 1 shows a schematic 

cross sectional structure of the photovoltaic cell, the schematic 

energy level diagram, and chemical structure used in this study. 

In the blended layer, Voc is determined by energy level as 

shown in the Fig. 1(b). Fig. 1(b) presents that the difference of 

the lowest unoccupied molecular orbital (LUMO) level for the 

BCP and CuPc blending layer was 0.2 eV, indicating that 

separated electrons from blended layer are transferred to BCP 

layer. In addition, excitons and separated holes are transported 

to the highest occupied molecular orbital (HOMO) level. 

However, the difference of energy gap of HOMO level for the 

BCP and blending layer was almost ~1.8 eV, which means that 

excitons and the separated holes could not transport to Al 

electrode. In other words, the energy level of the junction between 

the blended layer and the BCP layer was perfectly matched to 

hole/exciton blocking and electron transport. In addition, HOMO 

and LUMO level of the CuPc material were 5.2 and 3.5 eV, 

respectively. These energy levels were similar to those of the 

LUMO level of BCP layer and the HOMO level of blending 

layer, respectively.

Fig. 2 shows the absorbance of the donating materials (here, 

CuPc and P3HT layer) and blended layer (here, P3HT:PCBM 

and CuPc:P3HT:PCBM layer) as a function of wavelength 

measured by UV-Vis. In Fig. 2(a), it was observed that although 

P3HT donating layer absorbed the light strongly in the wavelength 

between 450~650 nm, but did not in the other wavelength region 

(see red line). In the case of CuPc, the absorbance of the CuPc 

donating layer showed a strong band in a two range of wavelength 

between 300~400 and 600~750 nm. In addition, Fig. 2(b) shows 

the comparison of the absorbance of the P3HT:PCBM and the 

CuPc:P3HT:PCBM (weight ratio 1:2:1) blended layer as a 

function of wavelength. It exhibits that the absorbance of 

CuPc:P3HT:PCBM was higher than P3HT:PCBM that of show 

at in the wavelength between 300~400 and 600~750 nm. In 

addition, the tendency of the absorbance of CuPc:P3HT:PCBM 

on wavelength was almost same as that of P3HT, shown in Fig. 

2(a). This means that the absorbance of the CuPc blended layer 

was affected more by P3HT than by CuPc. 

Therefore, from the comparison of Figs. 2(a) and (b), it can be 

interpreted that although the absorbance for CuPc blended layer 

was influenced by P3HT, it increased in the wavelength between 

300~450 and 600~750 nm by CuPc. In other words, the absorbance 

of P3HT:PCBM layer in the wavelength ranging 300~400 nm 

and greater than 650 nm increased 151% due to the blending 

with CuPc. Therefore, we can estimate that photocurrent for 

photovoltaics with a CuPc:P3HT:PCBM blended layer can be 

more generated because the light absorption of CuPc generated 

more excitons than that of P3HT:PCBM blended layer.

Fig. 3 shows the performance of the photovoltaic cells as a 

function CuPc ratio of blended layer of under a condition of 100 

mW/cm2 AM 1.5G illuminations. The CuPc weight ratio was 

varied with 0.5, 1 and 2 wt%. It was confirmed in Fig. 3(a) that 

the Jsc increased from 8.64 (without CuPc) to 10.05 mA/cm2 

(CuPc 1 wt%) as the CuPc concentration increased up to 1 wt%, 

and the rapidly decreased with increasing a CuPc concentration. 

The Voc for all CuPc weight ratios were about 0.655 V, 
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Fig. 3. (a) The photocurrent density vs voltage for CuPc: 

P3HT:PCBM J-V characteristics of photovoltaic cells. 

(b) Comparison of open-circuit voltage vs. fill-factor 

characteristics. (c) Comparison of power-conversion 

efficiency vs. short-circuit current characteristics

indicating that Voc were almost independent CuPc ratio of the 

blended layer. This result could be confirmed from the energy 

band level in the Fig. 1(b). The HOMO and the LUMO level of 

the CuPc have 5.2 and 3.5 eV, respectively. Energy band level 

of CuPc was similar to that of the LUMO level of BCP layer and 

the HOMO level of P3HT:PCBM blended layer. Therefore, the 

CuPc could not influence on Voc. Therefore, the CuPc donating 

material of CuPc:P3HT:PCBM blended layer contributes on 

absorbing more light, and improves the characteristics of Jsc 

rather than Voc of the photovoltaic cell. Also, the FF was not 

changed with varying a CuPc ratio of blended layer, as shown in 

Fig. 3(b). As a result, it was observed that the reference 

photovoltaic cell of the P3HT:PCBM blended layer (weight 

ratio 2:1) exhibited a PCE of 3.739 % with Jsc of 8.64 mA/cm2, 

Voc of 0.655 V, and FF of 0.661 as show in Fig. 3(b) and (c). 

However, the photovoltaic cell with the CuPc:P3HT:PCBM 

(weight ratio 1:2:1) blended layer exhibited a PCE of 4.201 % 

with Jsc of 10.05 mA/cm2, Voc of 0.655 V, and FF of 0.639. 

Thus, PCE and Jsc of the photovoltaic cell fabricated with the 

CuPc:P3HT:PCBM blended layer increased to ~12.3 % and 

~16.5 % compared with those of the P3HT:PCBM blended 

layer, respectively. Jsc of photovoltaic was changed with varying 

a CuPc ratio. The PCE and Jsc were highest at a CuPc of 1 wt% 

and decreased at a CuPc of 2 wt%. This tendency was probably 

attributed to that CuPc is a small-molecule material almost 

insoluble in solvent completely. In addition, the generated 

excitons by light absorption could not be separated to exictons 

of photocurrent because the thickness of CuPc:P3HT:PCBM 

blended layer is getting thicker with increasing the CuPc weight.

4. Conclusions

In summary, we investigated the improvement of the light 

absorption of the P3HT:PCBM blended layer by additing a 

CuPc donating material. It was confirmed that the light absorption 

of the CuPc: P3HT:PCBM blended layer was improved by ~30 

% in the visible range, compared with the P3HT:PCBM blended 

layer. Therefore, by additing a CuPc donating material, more 

excitons were generated and photocurrent was enhanced with a 

proportion to the light absorption increased by the CuPc:P3HT: 

PCBM blended layer. In particular, we observed that the 

photovoltaic cell fabricated with the CuPc:P3HT:PCBM blended 

layer demonstrated the PCE of 4.201%, Jsc of 10.05 mA/cm2, 

Voc of 0.655 V, and FF of 0.639.
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