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ABSTRACT 

The main objective of this study is to fabricate ternary blend polymer solar 
cells (PSC) with an optimized morphology of an active layer using solvent annealing 
with subsequent thermal annealing treatment. Three phases of experimental works 
have been designed in order to achieve the above objective. In phase I, the influences 
of spray coating time on the optical and morphological properties of the thin films 
were investigated. It was found that 10s to be the most suitable deposition time to 
produce thin films with an acceptable roughness, root means square (RMS):17.5nm, 
together with good absorption properties and crystallinity.  In order to improve the 
performance of the PSC, ternary blends of the active layer which consists of poly (2, 
5-dihexyloxy-1, 4-phenylenevinylene) (PDHeOPV), poly (3-hexylthiophene) (P3HT) 
and phenyl-C61-butyric acid methyl ester (PCBM) were prepared in phase II. The 
effects of PDHeOPV weight ratio on the optical and morphological properties of the 
thin films were investigated by varying the weight ratio from 0.5 to 2. The addition 
of PDHeOPV at higher weight ratio has further disrupted the chain packing of P3HT 
and thus reduced the crystallinity of P3HT. Nevertheless, the addition of PDHeOPV 
improved the light harvesting property of the ternary blend as there was an increment 
in absorbance area. In phase III, the effects of different post treatments on the 
performance of spray coated P3HT: PDHeOPV: PCBM for an active layer in PSC 
were studied. The annealing temperatures were varied from 130˚C to 150˚C while 
the annealing time was fixed at 10 min. The atomic force microscopy (AFM) results 
revealed that the samples that underwent solvent and thermal annealing treatment 
had higher crystallinity of P3HT or phase separation in these samples was mostly 
favored. The peak absorption for P3HT: PDHeOPV: PCBM thin film was higher 
compared to P3HT: PCBM thin film. The x-ray diffractometer (XRD) spectra 
showed that the structure of the samples would evolve at high thermal annealing 
temperature (150°C) due to weak intermolecular force in P3HT molecules. This 
contributed to the low crystallinity of the films which consequently affects the 
absorption properties of the films. The PSC devices were prepared in inverted 
structure using 1:0.5:1 (P3HT: PDHeOPV: PCBM) active layers in order to observe 
the performance of the PSC. It was found that, thermal annealing at 130°C lead to an 
improvement in short circuit current (Isc= 4.08±0.061 mA/cm2) and slightly increased 
open circuit voltage (Voc= 0.49±0.03V) compared to the ambient PSC. Interestingly, 
the thermal annealed (150ºC) ternary blends PSC demonstrated a significant 
performance enhancement under continuous illumination (120 min) without any sign 
of degradation. Thus, it is concluded that the P3HT: PDHeOPV: PCBM coupled with 
thermal annealing has a great potential for the fabrication of PSC with improved 
power conversion efficiency (PCE) and stability at simplicity and shorter 
manufacturing time compared to a tandem structure.  
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ABSTRAK 

Objektif utama kajian ini adalah untuk menghasilkan campuran pertigaan sel solar 
polimer (PSC) dengan morfologi optimum lapisan aktif menggunakan rawatan 
penyepuhlindapan pelarut diikuti dengan penyepuhlindapan haba. Tiga fasa eksperimen telah 
direka bentuk bagi mencapai objektif di atas. Dalam fasa I, pengaruh masa salutan semburan 
terhadap ciri-ciri optik dan morfologi filem nipis telah dikaji. Keputusan menunjukkan 
bahawa 10 saat merupakan masa yang paling sesuai untuk menghasilkan filem nipis dengan 
kekasaran yang boleh diterima, root mean square (RMS) 17.5nm,  bersama-sama dengan 
ciri-ciri penyerapan dan penghabluran yang baik. Dalam usaha untuk meningkatkan prestasi 
PSC, adunan pertigaan lapisan aktif yang terdiri daripada poli (2,5-diheksiloksi-1,4-
fenilinvinilin) (PDHeOPV) dan poli (3-heksiltiofen (P3HT) dan fenil- C61- butirik metil ester 
asid (PCBM) telah disediakan pada fasa II. Kesan nisbah berat PDHeOPV kepada sifat optik 
dan morfologi filem nipis telah dikaji dengan mengubah nisbah berat dari 0.5 hingga 2. 
Penambahan PDHeOPV pada nisbah berat yang lebih tinggi, mengganggu susunan rantaian 
P3HT dan oleh itu mengurangkan penghabluran P3HT. Namun begitu, penambahan 
PDHeOPV telah menambah baik ciri-ciri penuaian cahaya kerana terdapat kenaikan dalam 
kawasan serapan. Kesan pasca-rawatan yang berbeza pada filem nipis P3HT: 
PDHeOPV:PCBM juga telah dikaji pada fasa III. Suhu penyepuhlindapan telah diubah dari 
130˚C hingga 150°C dan masa penyepuhlindapan ditetapkan pada 10 minit. Keputusan daya 
atom mikroskopi (AFM) mendedahkan bahawa sampel yang menjalani rawatan 
penyepuhlindapan pelarut dan haba mempunyai penghabluran P3HT dan pemisahan antara 
fasa yang lebih tinggi. Puncak penyerapan bagi filem nipis P3HT: PDHeOPV: PCBM adalah 
lebih tinggi berbanding dengan P3HT: PCBM. Spektrum pembelauan sinar-x (XRD) 
menunjukkan bahawa struktur sampel akan berubah dengan suhu penyepuhlindapan haba 
yang tinggi (150°C) disebabkan oleh daya antara molekul yang lemah di dalam molekul 
P3HT. Ini akan menyumbang kepada penghabluran yang rendah dan seterusnya memberi 
kesan kepada ciri-ciri penyerapan filem. Peranti PSC telah disediakan dalam struktur terbalik 
menggunakan 1: 0.5: 1 (P3HT: PDHeOPV: PCBM) sebagai lapisan aktif untuk mengkaji 
prestasi PSC. PSC dengan penyepuhlindapan haba pada suhu 130°C menunjukkan arus litar 
pintas (Isc= 4.08±0.061 mA/cm2) yang baik dan terdapat sedikit peningkatan pada voltan litar 
terbuka (Voc= 0.49±0.03V) berbanding PSC ambien. Menariknya, sampel PSC yang 
menjalani rawatan haba pada suhu 150ºC menunjukkan peningkatan prestasi yang signifikan 
di bawah pencahayaan yang berterusan (120 minit) tanpa sebarang tanda kemerosotan. Oleh 
itu, dapat disimpulkan bahawa adunan pertigaan P3HT: PDHeOPV: PCBM dan rawatan 
penyepuhlindapan haba mempunyai potensi yang besar untuk membangunkan PSC dengan 
kecekapan (PCE) yang lebih baik, kestabilan yang tinggi serta masa pembuatan yang singkat 
berbanding dengan struktur seiring. 
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CHAPTER 1  

INTRODUCTION 

1.1 Research Background 

Nowadays, most of the developing countries such as China, India and 

Malaysia are moving towards renewable energy. The main purpose of the shift from 

fossil fuel (such as petroleum, natural gas and coal) to renewable energy sources is to 

decrease the emission of greenhouse gases. Renewable energy may refer to any 

energy that comes from natural resources such as sunlight, rain, wind, geothermal 

heat and tides which are renewable. In Malaysia, the government had announced the 

National Renewable Energy Policy and Action Plan with a goal of increasing 

renewable energy from 1% to 5.5% of electricity supply by 2015 [1, 2]. By looking 

at the geographical location of Malaysia which situated in the equatorial region with 

an average radiation of 4,500 kilowatt hour (kWh) per square meter, it is an ideal 

location for large scale solar power installations [3]. Thus, solar power technologies 

are one of the renewable sources with great potential in Malaysia. During this 

decade, the field on solar energy has seen a near exponential growth by looking at 

the number of published scientific articles and citations [4].  

 

 

Photovoltaic provides some clear advantages to other renewable sources of 

energy and is an option for energy generation. At present, most of the commercial 

photovoltaic cells are based on inorganic crystalline such as crystalline silicon [5]. 

These types of solar cells can harvest up to as much as 24% of the received solar 
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energy and this value is very close to the theoretically predicted upper limit of 30% 

[6]. However, the production of these solar cells still requires many energy intensive 

processes at high temperatures (400-1400ºC) and high vacuum conditions with 

numerous lithographic steps leading to relatively high manufacturing costs [6]. This 

demonstrates that the technologies which allow low fabrication costs with acceptable 

conversion efficiencies (up to 10% power conversion efficiency) are now desired.      

 

 

Polymer solar cells (PSC) have potential advantages such as low 

manufacturing cost, light-weight and flexibility [7]. Based on these advantages, a lot 

of researches on polymer solar cells have been conducted to make this type of solar 

cell competitive as the photovoltaic technology [8-10]. Bulk heterojunction (BHJ) 

structure which consists of the intermixing of a conjugated polymer and fullerene in 

blend films has brought about a significant enhancement of the dissociation interface, 

leading to high power conversion efficiency (PCE) up to 6% [11, 12].  Based on the 

performance that has been showed by BHJ PSC, extensive research has been 

conducted in these types of solar cells concentrating on the various process 

parameters that affects its performance such as the blending ratio of donor and 

acceptor materials, processing conditions and annealing conditions [11, 13].  

 
 
 
 

1.2 Problem Statement 

Normally, polymer solar cells (PSC) consists of binary blends of electron-

donor material and electron acceptor material (D: A). Most of the current researches 

in binary blends PSC focusing on the polymer: fullerene blends due to their 

impressive performance in photovoltaic efficiency.  Among the reported PSC 

systems in the literature, the poly (3-hexylthiophene) (P3HT): phenyl-C61-butyric 

acid methyl ester (PCBM) systems currently represent the state-of-art in PSC [14]. 

New devices structure such as tandem structure [15-18] and ternary blends PSC [19-

21] have also been developed to further enhance the performance and stability of 

PSC.   



3 

 

Ternary blends active layer consists of two electron-donor polymer and one 

electron-acceptor polymer (D1: D2: A) or one electron-donor polymer and two 

electron-acceptor polymer (D: A1:A2) have been recognized as an efficient strategy 

to further enhance efficiency and/or enhanced stability of the polymer bulk 

heterojunction (BHJ) solar cells [22]. This approach may lead to the optimization of 

both short circuit current (Isc) and open circuit voltage (Voc) through proper choice of 

the materials. This method is interesting since it does not involve complex design 

and fabrication as tandem cell approach [23]. Somehow, it is quite surprising that 

there are limited published results focused on ternary blend active layer particularly 

by adding an additional electron donor or electron acceptor in polymer: fullerene 

systems. 

 

 

Based on the extensive literature review, it can be seen that one of the critical 

parameters to achieve efficient devices is the morphology of the active layer of BHJ 

thin films. Kim et al. [19] added an additional electron donor, MDMO-PPV to 

P3HT:F8BT systems which has higher highest occupied molecular orbital (HOMO) 

level than P3HT. They observed a very low PCE which attributed to charge blocking 

resistance that exist in the bulk phase of ternary blends. They suggested that the 

performance of the ternary blend solar cells can be further improved by controlling 

the morphology of the active layer via thermal or electrical approach. Machui et al. 

[24] introduced an amorphous polymer, PCPDTBT to a P3HT:PCBM blend and 

observed a dramatic  reduction of device efficiency due to the deterioration of 

electron transport in the ternary system [24]. Khlyabich et al. [23] study the influence 

of polymer miscibility on the open-circuit voltage (Voc) in ternary blend BHJ solar 

cells. They found that the miscibility of polymers had a major impact on the 

evolution of the Voc. 

 

 

Different ternary blends systems will produce different morphology 

depending on the types of materials used, donor to acceptor ratio, solvent, post-

deposition treatment and the processing of the thin films or devices. Nevertheless, 

the morphology formations of such ternary system are generally not well 
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documented and understood. To date, different approach has been taken by previous 

researchers to produce nano-scaled interpenetrating networks within the whole active 

layer to ensure efficient exciton dissociation and charge transport [25]. The methods 

that have been previously applied by the researchers to control morphology are by 

adding the processing additives [25, 26], thermal annealing at specific temperature 

[27-29], and controlling the solvent evaporation rate [30].  

 

 

By considering the current issues in ternary blend systems, the study 

conducted in this work focuses on the modification of the morphology of the active 

layer by implementing the solvent annealing with subsequent thermal annealing 

treatment. Both treatments are proven efficient in optimizing the phase separation 

between donor and acceptor materials [27]. For the first times, poly (2,5-dihexyloxy-

1,4-phenylenevinylene) (PDHeOPV) was used as an additional electron donor in 

poly (3-hexylthiophene) (P3HT): phenyl-C61-butyric acid methyl ester (PCBM) 

binary blends systems. It is worthy to describe the effects of PDHeOPV weight ratio 

on the photo physical, morphological, optical and crystalline properties of the ternary 

blends thin films. In addition, the understanding on the effects of ternary blends and 

thermal annealing towards the photovoltaic properties of polymer solar cells devices 

is crucial.  

 
 

 
 
1.3 Objectives of the Study 

The objectives of this study are: 

 

1) To prepare and characterize the spray coated ternary blend P3HT: 

PDHeOPV: PCBM thin films in terms of photo physical, morphological and 

optical properties.  
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2) To investigate the influence of P3HT: PDHeOPV: PCBM weight ratio on the 

spray coated ternary blend films in terms of photo physical, morphological 

and optical properties. 

 

3) To study the effects of solvent annealing and thermal annealing on the photo 

physical, optical and morphological properties of the P3HT: PDHeOPV: 

PCBM ternary blends systems. 

 

4) To fabricate the inverted ternary blends of P3HT: PDHeOPV: PCBM as an 

active layer in polymer solar cell devices  

 
 
 
 

1.4 Scopes of the Study   

In order to achieve the above objectives, few scopes have been drawn.  

 

i. Conducting a preliminary study to obtain the optimum spray deposition time 

by varying the spray deposition time from 10s to 20s to fabricate the P3HT: 

PCBM thin films. Substrate to nozzle distance and air pressure were set at 

7 cm and 1 bar, respectively. 

 

ii. Characterizing the spray coated thin films using optical microscope, atomic 

force microscope (AFM) and UV-Vis spectrophotometer.  

 

iii. Fabricating P3HT: PDHeOPV: PCBM bulk heterojunction (BHJ) thin films 

using spray coating method with different PDHeOPV weight ratio (0.5-2). 

 

iv. Characterizing the fabricated ternary blend thin films using differential 

scanning calorimeter (DSC), UV-Vis spectrophotometer, atomic force 

microscope (AFM), X-ray diffractometer (XRD), and photoluminescence 

(PL) spectroscope.  
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v. Performing post-deposition treatment (solvent annealing and thermal 

annealing) on the P3HT:  PDHeOPV: PCBM thin films by varying the 

thermal annealing temperature from 130 °C- 150 °C. The solvent annealing 

treatment was done   inside a petri dish for 15 min. The thermal annealing 

time were kept constant at 10 min.  

 

vi. Characterizing the annealed thin films using UV-Vis spectrophotometer, 

AFM, XRD and PL spectroscope.  

 

vii. Identifying the optimum P3HT: PDHeOPV: PCBM weight ratio in ternary 

blends under post-deposition treatment in order to produce the ideal thin films 

in active layer of polymer solar cells. 

 

viii. Fabricating the ternary blend polymer solar cells in inverted structure. The 

inverted structure used for this study was ITO/TiOx/P3HT: PDHeOPV: 

PCBM/PEDOT: PSS/PTE/Au. 

 

ix.  Investigating the photovoltaic performance of the inverted devices using 

semiconductor characterization systems. Devices illuminated by xenon lamp 

as the light source at an irradiation intensity of 100mW/cm2 and air mass 1.5 

filters (AM 1.5). 

 

x.  Investigating the effect of continuous illumination to inverted devices 

performance.  The light illumination times are varied from 0-120 min and the 

Isc and Voc values were obtained for every 30 min. 

 
 
 
 
1.5 Significance of the Study    

This study is expected to provide a better understanding on the relationship 

between physicochemical properties (e.g. crystallinity, roughness, optical) and 

performance of the PSC, hereby improving the device performance by finer 
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controlling the thin film morphology. It is known that the blend morphology can be 

controlled through post-deposition treatments such as thermal annealing and solvent 

annealing. These treatments are able to increase the relative crystallinity of the blend 

phases and consequently resulting in enhancing optical properties and transport 

properties. Thus, attempts are made to investigate the optimum post-deposition 

parameter for the formation of thin film in active layer of PSC. To the best of my 

knowledge, there is no published researches investigate on the effect of solvent 

annealing with subsequent thermal annealing to the photo physical, morphological, 

optical, crystalline properties and photovoltaic properties of ternary blends films, 

particularly by using  PDHeOPV as an additional electron donor in P3HT:PCBM  

systems. The effect of illumination time on the photovoltaic properties of ternary 

blend devices which is rarely reported is also investigated in this study.  The findings 

of this study are important to discover the mechanism of the annealing treatment in 

the molecular level. The outputs of this study have the potentials for developing PSC 

with enhanced PCE and are useful for future studies towards commercialization of 

PSC technologies.  

 
 
 
 

1.6 Organization of the Thesis 

The thesis consists of 8 chapters. Chapter 1 outlines brief information on the 

polymer solar cells and its current issues that leads us to conduct this research. The 

objectives, scopes and the significance of this study also been highlighted in this 

chapter. In Chapter 2, detailed information on the types of polymer solar cells, its 

operational principles and previous research on enhancing the PSC performance and 

stability were elaborated. Additionally, the method that has been employed by 

previous researchers to fabricate PSC is also discussed. Chapter 3 focuses on the 

experimental methods and characterization techniques that were used during this 

study.  
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 Results and discussion were deliberated in Chapter 4 - Chapter 7. Chapter 4 

describes in detail the effects of spray deposition time on the optical and 

morphological properties of P3HT: PCBM thin films. The spray deposition times 

were varied from 10s, 15s and 20s. The optimum deposition time were selected and 

were used to fabricate the thin film in Chapter 5.  Chapter 5 discusses on the effect of 

P3HT: PDHeOPV: PCBM weight ratio on the optical and morphological properties 

of the thin films. The miscibility of the blends with the PDHeOPV weight ratio 

variation was investigated using differential scanning calorimeter (DSC).  

 

 

The effects of solvent annealing and thermal annealing on the optical, 

morphological and crystallinity properties of the blends films are addressed in 

Chapter 6. The obtained properties were analysed and the best weight ratio of P3HT: 

PDHeOPV: PCBM were chosen to fabricate the PSC devices in Chapter 7. In 

Chapter 7, the dependence of the performance of ternary blends polymer solar cells 

on thermal annealing temperature is addressed. The effects of continuous 

illumination on the photovoltaic properties of inverted devices were examined by 

exposing the devices under continuous illumination for 120min. Finally, the general 

conclusions of this study and some recommendation for future work were listed in 

Chapter 8.  

 



 

 

 
 

REFERENCES 

1. Cai, W., Gong, X., and Cao, Y., Polymer solar cells: Recent development and 

possible routes for improvement in the performance. Solar Energy Materials 

and Solar Cells, 2010, 94(2): 114-127. 

2. Chua, S.C., Oh, T.H., and Goh, W.W., Feed-in tariff outlook in Malaysia. 

Renewable and Sustainable Energy Reviews, 2011, 15(1): 705-712. 

3. Sriram, S., Solar Power in Malaysia – Impediments to Growth, in Frost & 

Sullivan Market Insight. 2006. 

4. Nielsen, T.D., Cruickshank, C., Foged, S., Thorsen, J., and Krebs, F.C., 

Business, market and intellectual property analysis of polymer solar cells. 

Solar Energy Materials and Solar Cells, 2010, 94(10): 1553-1571. 

5. Kang-Shyang, L., Soniya, D.Y., Amrita, H., Nigel J. A., and C., S.A., 

Designs and Architectures for the Next Generation of Organic Solar Cells. 

Energies, 2010, 3: 1212-1250. 

6. Petritsch, D.I.K., Organic Solar Cell Architectures in Technisch-

Naturwissenschaftliche Fakult¨at 2010, Technischen Universit¨at Graz 

(Austria). 

7. Yamanari, T., Taima, T., Sakai, J., and Saito, K., Origin of the open-circuit 

voltage of organic thin-film solar cells based on conjugated polymers. Solar 

Energy Materials and Solar Cells, 2009, 93(6-7): 759-761. 

8. C.Krebs, F., Fabrication and processing of polymer solar cells:A review of 

printing and coating techniques. Solar Energy Materials & Solar Cells, 2009, 

93: 394-412. 

9. Chang, C.-L., Liang, C.-W., Syu, J.-J., Wang, L., and Leung, M.-k., 

Triphenylamine-substituted methanofullerene derivatives for enhanced open-

circuit voltages and efficiencies in polymer solar cells. Solar Energy 

Materials and Solar Cells, 2011, 95(8): 2371-2379. 



164 

 

 

10. Almantas, P., Helmut, N., and Niyazi Serdar, S., Influence of processing 

additives to nano-morphology and efficiency of bulk-heterojunction solar 

cells: A comparative review. Solar Energy 2011, 85: 1226-1237. 

11. Kohji, M., Michihiro, O., Hideo, O., Hiroaki, B., and Shinzaburo, I., Hybrid 

solar cells of layer-by-layer thin films with a polymer/fullerene bulk 

heterojunction. Solar Energy Materials & Solar Cells 2009, 93: 762-767. 

12. Zhu, H., Wei, J., Wang, K., and Wu, D., Applications of carbon materials in 

photovoltaic solar cells. Solar Energy Materials and Solar Cells, 2009, 93(9): 

1461-1470. 

13. Ray, B., Nair, P.R., and Alam, M.A., Annealing dependent performance of 

organic bulk-heterojunction solar cells: A theoretical perspective. Solar 

Energy Materials and Solar Cells, 2011, 95(12). 

14. Li, G., Yao, Y., Yang, H., Shrotriya, V., Yang, G., and Yang, Y., “Solvent 

Annealing” Effect in Polymer Solar Cells Based on Poly(3-hexylthiophene) 

and Methanofullerenes. Advanced Functional Materials, 2007, 17(10): 1636-

1644. 

15. Bin Mohd Yusoff, A.R., Lee, S.J., Kim, J., Shneider, F.K., Da Silva, W.J., 

and Jang, J., High-performance inverted tandem polymer solar cells utilizing 

thieno[3,4-c ]pyrrole-4,6-dione copolymer. ACS Applied Materials and 

Interfaces, 2014, 6(15): 13079-13087. 

16. Chen, C.C., Chang, W.H., Yoshimura, K., Ohya, K., You, J., Gao, J., Hong, 

Z., and Yang, Y., An efficient triple-junction polymer solar cell having a 

power conversion efficiency exceeding 11%. Advanced Materials, 2014, 

26(32): 5670-5677. 

17. Mitul, A.F., Mohammad, L., Venkatesan, S., Adhikari, N., Sigdel, S., Wang, 

Q., Dubey, A., Khatiwada, D., and Qiao, Q., Low temperature efficient 

interconnecting layer for tandem polymer solar cells. Nano Energy, 2015, 11: 

56-63. 

18. Shim, J.W., Fuentes-Hernandez, C., Zhou, Y., Dindar, A., Khan, T.M., 

Giordano, A.J., Cheun, H., Yun, M., Marder, S.R., and Kippelen, B., Inverted 

tandem polymer solar cells with polyethylenimine-modified MoO 

X/Al2O3:ZnO nanolaminate as the charge recombination layers. Advanced 

Energy Materials, 2014, 4(10). 



165 

 

 

19. Youngkyoo, K., Minjung, S., and Hwajeong, K., Polymer solar cells with 

ternary blend nanolayers. J Nanosci Nanotechnol 2008, 8(12): 6247-6252. 

20. Aziz, F., Ismail, A.F., Aziz, M., and Soga, T., Effect of solvent annealing on 

the crystallinity of spray coated ternary blend films prepared using low 

boiling point solvents. Chem. Eng. Process: Process Intensification, 2014, 

79: 48-55. 

21. Sharma, G.D., Suresh, P., Sharma, S.S., Vijay, Y.K., and Mikroyannidis, 

J.A., Effect of Solvent and Subsequent Thermal Annealing on the 

Performance of Phenylenevinylene Copolymer:PCBM Solar Cells. ACS 

Applied Materials & Interfaces, 2010, 2(2): 504-510. 

22. Lin, R., Wright, M., Puthen Veettil, B., and Uddin, A., Enhancement of 

ternary blend organic solar cell efficiency using PTB7 as a sensitizer. 

Synthetic Metals, 2014, 192: 113-118. 

23. Khlyabich, P.P., Rudenko, A.E., Street, R.A., and Thompson, B.C., Influence 

of Polymer Compatibility on the Open-Circuit Voltage in Ternary Blend Bulk 

Heterojunction Solar Cells. ACS Applied Materials & Interfaces, 2014, 6(13): 

9913-9919. 

24. Machui, F., Rathgeber, S., Li, N., Ameri, T., and Brabec, C.J., Influence of a 

ternary donor material on the morphology of a P3HT:PCBM blend for 

organic photovoltaic devices. Journal of Materials Chemistry, 2012, 22(31): 

15570-15577. 

25. Jeong, S., Woo, S.-H., Lyu, H.-K., and Han, Y.S., Effects of a perfluorinated 

compound as an additive on the power conversion efficiencies of polymer 

solar cells. Sol. Energ. Mat. Sol. C, 2011, 95(7): 1908-1914. 

26. Pivrikas, A., Neugebauer, H., and Sariciftci, N.S., Influence of processing 

additives to nano-morphology and efficiency of bulk-heterojunction solar 

cells: A comparative review. Solar Energy, 2011, 85(6): 1226-1237. 

27. Cugola, R., Giovanella, U., Di Gianvincenzo, P., Bertini, F., Catellani, M., 

and Luzzati, S., Thermal characterization and annealing effects of 

polythiophene/fullerene photoactive layers for solar cells. Thin Solid Films, 

2006, 511–512: 489-493. 



166 

 

 

28. Ryu, M.S., Cha, H.J., and Jang, J., Effects of thermal annealing of 

polymer:fullerene photovoltaic solar cells for high efficiency. Curr Appl 

Phys, 2010, 10(2, Supplement): S206-S209. 

29. Chen, F.-C., Ko, C.-J., Wu, J.-L., and Chen, W.-C., Morphological study of 

P3HT:PCBM blend films prepared through solvent annealing for solar cell 

applications. Sol. Energ. Mat. Sol. C., 2010, 94(12): 2426-2430. 

30. Kittichungchit, V., Hori, T., Moritou, H., Kubo, H., Fujii, A., and Ozaki, M., 

Effect of solvent vapor treatment on photovoltaic properties of conducting 

polymer/C60 interpenetrating heterojunction structured organic solar cell. 

Thin Solid Films, 2009, 518(2): 518-521. 

31. Yilmaz Canli, N., Günes, S., Pivrikas, A., Fuchsbauer, A., Sinwel, D., 

Sariciftci, N.S., Yasa, Ö., and Bilgin-Eran, B., Chiral (S)-5-octyloxy-2-[{4-

(2-methylbuthoxy)-phenylimino}-methyl]-phenol liquid crystalline 

compound as additive into polymer solar cells. Solar Energy Materials and 

Solar Cells, 2010, 94(6): 1089-1099. 

32. Zhang, H., Wicht, G., Gretener, C., Nagel, M., Nüesch, F., Romanyuk, Y., 

Tisserant, J.-N., and Hany, R., Semitransparent organic photovoltaics using a 

near-infrared absorbing cyanine dye. Solar Energy Materials and Solar Cells, 

2013, 118: 157-164. 

33. Yang, P., Zhou, X., Cao, G., and Luscombe, C.K., P3HT:PCBM polymer 

solar cells with TiO2 nanotube aggregates in the active layer. Journal of 

Materials Chemistry, 2010, 20(13): 2612-2616. 

34. Gunduz, B., Yahia, I.S., and Yakuphanoglu, F., Electrical and 

photoconductivity properties of p-Si/P3HT/Al and p-Si/P3HT:MEH-PPV/Al 

organic devices: Comparison study. Microelectronic Engineering, 2012, 98: 

41-57. 

35. Hammed, W.A., Yahya, R., Bola, A.L., and Mahmud, H.N.M.E., Recent 

approaches to controlling the nanoscale morphology of polymer-based bulk-

heterojunction solar cells. Energies, 2013, 6(11): 5847-5868. 

36. Pathak, M.J.M., Girotra, K., Harrison, S.J., and Pearce, J.M., The effect of 

hybrid photovoltaic thermal device operating conditions on intrinsic layer 

thickness optimization of hydrogenated amorphous silicon solar cells. Solar 

Energy, 2012, 86(9): 2673-2677. 



167 

 

 

37. Huang, Q.L. and Li, H.X., Recent progress of bulk heterojunction solar cells 

based on small-molecular donors. Chinese Science Bulletin, 2013, 58(22): 

2677-2685. 

38. Wang, T., Pearson, A.J., Lidzey, D.G., and Jones, R.A.L., Evolution of 

Structure, Optoelectronic Properties, and Device Performance of 

Polythiophene:Fullerene Solar Cells During Thermal Annealing. Advanced 

Functional Materials, 2011, 21(8): 1383-1390. 

39. Petr, P.K., Beate, B., and T., B.C., Efficient Ternary Blend Bulk 

Heterojunction Solar Cells with Tunable Open-Circuit Voltage. Journal of 

the American Chemical Society, 2011: 110819174839087. 

40. Benanti, T. and Venkataraman, D., Organic Solar Cells: An Overview 

Focusing on Active Layer Morphology. Photosynthesis Research, 2006, 

87(1): 73-81. 

41. Scharber, M.C. and Sariciftci, N.S., Efficiency of bulk-heterojunction organic 

solar cells. Progress in Polymer Science, 2013, 38(12): 1929-1940. 

42. Zimmermann, B., Würfel, U., and Niggemann, M., Longterm stability of 

efficient inverted P3HT:PCBM solar cells. Solar Energy Materials and Solar 

Cells, 2009, 93(4): 491-496. 

43. Zhu, Y., Xu, X., Zhang, L., Chen, J., and Cao, Y., High efficiency inverted 

polymeric bulk-heterojunction solar cells with hydrophilic conjugated 

polymers as cathode interlayer on ITO. Solar Energy Materials and Solar 

Cells, 2012, 97: 83-88. 

44. Yang, X. and Uddin, A., Effect of thermal annealing on P3HT:PCBM bulk-

heterojunction organic solar cells: A critical review. Renewable and 

Sustainable Energy Reviews, 2014, 30: 324-336. 

45. Chidichimo, G. and Filippelli, L., Organic Solar Cells: Problems and 

Perspectives. International Journal of Photoenergy, 2010. 

46. Boland, P., Lee, K., Dean, J., and Namkoong, G., Design of organic tandem 

solar cells using low- and high-bandgap polymer:fullerene composites. Solar 

Energy Materials and Solar Cells, 2010, 94(12): 2170-2175. 

47. Tore, N., Parlak, E.A., Usluer, O., Egbe, D.A.M., San, S.E., and Aydogan, P., 

Effect of blend ratio on poly(p-phenylene-ethynylene)-alt-poly(p-phenylene-



168 

 

 

vinylene) polymer solar cell. Solar Energy Materials and Solar Cells, 2012, 

104: 39-44. 

48. Tumbleston, J.R., Yang, L., You, W., and Ade, H., Morphology linked to 

miscibility in highly amorphous semi-conducting polymer/fullerene blends. 

Polymer (United Kingdom), 2014, 55(19): 4884-4889. 

49. Chen, L.-M., Hong, Z., Kwan, W.L., Lu, C.-H., Lai, Y.-F., Lei, B., Liu, C.-P., 

and Yang, Y., Multi-Source/Component Spray Coating for Polymer Solar 

Cells. ACS Nano, 2010, 4(8): 4744-4752. 

50. Shih, C.-F., Hung, K.-T., Wu, H.-T., Fu, S.-W., Chen, H.-J., and Hsiao, C.-

Y., In situ monitoring of photovoltaic properties in organic solar cells during 

thermal annealing. Organic Electronics, 2012, 13(3): 373-376. 

51. Chen, L.-M., Xu, Z., Hong, Z., and Yang, Y., Interface investigation and 

engineering - achieving high performance polymer photovoltaic devices. 

Journal of Materials Chemistry, 2010, 20(13): 2575-2598. 

52. Wang, H., Zheng, Y., Zhang, L., and Yu, J., Effect of two-step annealing on 

the performance of ternary polymer solar cells based on P3HT:PC71BM:SQ. 

Sol. Energ. Mat. Sol. Cells, 2014, 128: 215-220. 

53. Wang, Y., Wei, W., Liu, X., and Gu, Y., Research progress on polymer 

heterojunction solar cells. Sol. Energ. Mat. Sol. C., 2012, 98: 129-145. 

54. Bian, L., Zhu, E., Tang, J., Tang, W., and Zhang, F., Recent progress in the 

design of narrow bandgap conjugated polymers for high-efficiency organic 

solar cells. Prog. Polym. Sci., 37(9): 1292-1331. 

55. Feng Lee, J., Hsu, S.L.C., Lee, P.I., Yi Chuang, H., Sue Chen, J., and Yang 

Chou, W., A new narrow bandgap polyfluorene copolymer containing 2,6-

bis-(3-hexyl-thiophen-2-yl)-anthraquinone unit for solar cell applications. 

Sol. Energ. Mat. Sol. C., 2012, 96: 218-225. 

56. Nam, M., Kim, S., Kang, M., Kim, S.-W., and Lee, K.-K., Efficiency 

enhancement in organic solar cells by configuring hybrid interfaces with 

narrow bandgap PbSSe nanocrystals. Org. Electron., 2012, 13(9): 1546-1552. 

57. Hsiang-Yu, C., Hoichang, Y., Guanwen, Y., Srinivas, S., Ruben, Z., Gang, 

L., and Yang, Y., Fast-Grown Interpenetrating Network in Poly(3-

hexylthiophene): Methanofullerenes Solar Cells Processed with Additive. J. 

Phys. Chem. C, 2009, 113: 7946-7953. 



169 

 

 

58. Ma, W., Yang, C., Gong, X., Lee, K., and Heeger, A.J., Thermally Stable, 

Efficient Polymer Solar Cells with Nanoscale Control of the Interpenetrating 

Network Morphology. Adv. Funct. Mater., 2005, 15(10): 1617-1622. 

59. Mekhilef, S., Saidur, R., and Safari, A., A review on solar energy use in 

industries. Renewable and Sustainable Energy Reviews, 2011, 15(4): 1777-

1790. 

60. Wurfel, P., ed. Physics of solar cells: From principles to new concepts. 2005, 

Wiley-WCH: Weinheim. 

61. Ruderer, M.A., Guo, S., Meier, R., Chiang, H.-Y., and Korstgens, V., 

Solvent-induced morphology in polymer-based systems for organic 

photovoltaics. Adv. Funct. Mater., 2011, 21: 3382-3391. 

62. Zhong, H., Yang, X., deWith, B., and Loos, J., Quantitative Insight into 

Morphology Evolution of Thin PPV/PCBM Composite Films Upon Thermal 

Treatment. Macromolecules, 2006, 39: 218-223. 

63. Eom, S.H., Park, H., Mujawar, S.H., Yoon, S.C., Kim, S.-S., Na, S.-I., Kang, 

S.-J., Khim, D., Kim, D.-Y., and Lee, S.-H., High efficiency polymer solar 

cells via sequential inkjet-printing of PEDOT:PSS and P3HT:PCBM inks 

with additives. Org. Electron., 2010, 11(9): 1516-1522. 

64. Martens, T., D’Haen, J., Munters, T., Beelen, Z., Goris, L., Manca, J., 

D’Olieslaeger, M., Vanderzande, D., De Schepper, L., and Andriessen, R., 

Disclosure of the nanostructure of MDMO-PPV:PCBM bulk hetero-junction 

organic solar cells by a combination of SPM and TEM. Synthetic Metals, 

2003, 138(1–2): 243-247. 

65. Jose M. Lobez, Trisha L. Andrew, Vladimir Bulovic, and Swager, T.M., 

Improving the Performance of P3HT Fullerene Solar Cells with Side-

ChainFunctionalized Poly(thiophene) Additives: A New Paradigm for 

Polymer Design. ACS Nano, 2012, 6: 3044-3056. 

66. Zhang, F., Xu, X., Tang, W., Zhang, J., Zhuo, Z., Wang, J., Wang, J., Xu, Z., 

and Wang, Y., Recent development of the inverted configuration organic 

solar cells. Solar Energy Materials and Solar Cells, 2011, 95(7): 1785-1799. 

67. Oo, T.Z., Mathews, N., Tam, T.L., Xing, G.C., Sum, T.C., Sellinger, A., 

Wong, L.H., and Mhaisalkar, S.G., Investigation of photophysical, 



170 

 

 

morphological and photovoltaic behavior of poly(p-phenylene vinylene) 

based polymer/oligomer blends. Thin Solid Films, 2010, 518(18): 5292-5299. 

68. Bi, D., Wu, F., Yue, W., Qu, Q., Cui, Q., Qiu, Z., Liu, C., Shen, W., and 

Wang, M., Improved performance of MEH-PPV/ZnO solar cells by addition 

of lithium salt. Sol. Energy, 2011, 85(11): 2819-2825. 

69. Cevik, E., İlicali, D., Egbe, D.A.M., and Günes, S., Bulk heterojunction and 

inverted type solar cells using a CN-PPV derivative. Solar Energy Materials 

and Solar Cells, 2012, 98: 94-102. 

70. Chatterjee, S., Banerjee, S., and Banerji, P., New polymer acceptor for solar 

cells application. Synthetic Metals, 2012, 162(7–8): 566-572. 

71. Eerenstein, W., Slooff, L.H., Veenstra, S.C., and Kroon, J.M., Optical 

modeling as optimization tool for single and double junction polymer solar 

cells. Thin Solid Films, 2008, 516(20): 7188-7192. 

72. Bundgaard, E., Shaheen, S.E., Krebs, F.C., and Ginley, D.S., Bulk 

heterojunctions based on a low band gap copolymer of thiophene and 

benzothiadiazole. Solar Energy Materials and Solar Cells, 2007, 91(17): 

1631-1637. 

73. de Freitas, J.N., Pivrikas, A., Nowacki, B.F., Akcelrud, L.C., Sariciftci, N.S., 

and Nogueira, A.F., Investigation of new PPV-type polymeric materials 

containing fluorene and thiophene units and their application in organic solar 

cells. Synthetic Metals, 2010, 160(15–16): 1654-1661. 

74. Thomas, K., Hans-Heinrich, H., and Dieter, N., Efficient Polymer Solar Cells 

Based on M3EH-PPV. Chem. Mater. , 2005, 17: 6532-6537. 

75. Li, G., Shrotriya, V., Huang, J., Yao, Y., Moriarty, T., Emery, K., and Yang, 

Y., High-efficiency solution processable polymer photovoltaic cells by self-

organization of polymer blends. Nat Mater, 2005, 4(11): 864-868. 

76. Lee, J.K., Ma, W.L., Brabec, C.J., Yuen, J., Moon, J.S., Kim, J.Y., Lee, K., 

Bazan, G.C., and and Heeger, A.J., Processing Additives for Improved 

Efficiency from Bulk Heterojunction Solar Cells. JASC Articles, 2008. 

77. Kawano, K., Sakai, J., Yahiro, M., and Adachi, C., Effect of solvent on 

fabrication of active layers in organic solar cells based on poly(3-

hexylthiophene) and fullerene derivatives. Sol. Energ. Mat. Sol. C., 2009, 

93(4): 514-518. 



171 

 

 

78. Ouyang, J. and Xia, Y., High-performance polymer photovoltaic cells with 

thick P3HT:PCBM films prepared by a quick drying process. Sol. Energ. 

Mat. Sol. C., 2009, 93(9): 1592-1597. 

79. Keawprajak, A., Piyakulawat, P., Klamchuen, A., Iamraksa, P., and 

Asawapirom, U., Influence of crystallizable solvent on the morphology and 

performance of P3HT:PCBM bulk-heterojunction solar cells. Solar Energy 

Materials and Solar Cells, 2010, 94(3): 531-536. 

80. Yasuda, T., Suzuki, T., Takahashi, M., and Han, L., Air-stable triarylamine-

based amorphous polymer as donor material for bulk-heterojunction organic 

solar cells. Solar Energy Materials and Solar Cells, 2011, 95(12): 3509-3515. 

81. De Sio, A., Madena, T., Huber, R., Parisi, J., Neyshtadt, S., Deschler, F., Da 

Como, E., Esposito, S., and von Hauff, E., Solvent additives for tuning the 

photovoltaic properties of polymer–fullerene solar cells. Solar Energy 

Materials and Solar Cells, 2011, 95(12): 3536-3542. 

82. Dang, M.T., Wantz, G., Bejbouji, H., Urien, M., Dautel, O.J., Vignau, L., and 

Hirsch, L., Polymeric solar cells based on P3HT:PCBM: Role of the casting 

solvent. Sol. Energ. Mat. Sol. C., 2011, 95(12): 3408-3418. 

83. He, Y., Chen, H.-Y., Zhao, G., Hou, J., and Li, Y., Synthesis and photovoltaic 

properties of biindene-C70 monoadduct as acceptor in polymer solar cells. 

Solar Energy Materials and Solar Cells, 2011, 95(7): 1762-1766. 

84. Kettle, J., Horie, M., Majewski, L.A., Saunders, B.R., Tuladhar, S., Nelson, 

J., and Turner, M.L., Optimisation of PCPDTBT solar cells using polymer 

synthesis with Suzuki coupling. Solar Energy Materials and Solar Cells, 

2011, 95(8): 2186-2193. 

85. Zhao, G., He, Y., He, C., Fan, H., Zhao, Y., and Li, Y., Photovoltaic 

properties of poly(benzothiadiazole-thiophene-co-bithiophene) as donor in 

polymer solar cells. Solar Energy Materials and Solar Cells, 2011, 95(2): 

704-711. 

86. Li, W., Zhou, Y., Viktor Andersson, B., Mattias Andersson, L., Thomann, Y., 

Veit, C., Tvingstedt, K., Qin, R., Bo, Z., Inganäs, O., Würfel, U., and Zhang, 

F., The Effect of additive on performance and shelf-stability of HSX-

1/PCBM photovoltaic devices. Organic Electronics, 2011, 12(9): 1544-1551. 



172 

 

 

87. Chambon, S., Mens, R., Vandewal, K., Clodic, E., Scharber, M., Lutsen, L., 

Gelan, J., Manca, J., Vanderzande, D., and Adriaensens, P., Influence of 

octanedithiol on the nanomorphology of PCPDTBT:PCBM blends studied by 

solid-state NMR. Solar Energy Materials and Solar Cells, 2012, 96(0): 210-

217. 

88. Jang, S.K., Gong, S.C., and Chang, H.J., Effects of various solvent addition 

on crystal and electrical properties of organic solar cells with P3HT:PCBM 

active layer. Synthetic Met., 2012, 162(5–6): 426-430. 

89. Park, C.-D., Fleetham, T.A., Li, J., and Vogt, B.D., High performance bulk-

heterojunction organic solar cells fabricated with non-halogenated solvent 

processing. Organic Electronics, 2011, 12(9): 1465-1470. 

90. Aïch, B.R., Lu, J., Beaupré, S., Leclerc, M., and Tao, Y., Control of the 

active layer nanomorphology by using co-additives towards high-

performance bulk heterojunction solar cells. Organic Electronics, 2012, 

13(9): 1736-1741. 

91. Boland, P., Lee, K., and Namkoong, G., Device optimization in 

PCPDTBT:PCBM plastic solar cells. Solar Energy Materials and Solar Cells, 

2010, 94(5): 915-920. 

92. Sun, Y., Welch, G.C., Leong, W.L., Takacs, C.J., Bazan, G.C., and Heeger, 

A.J., Solution-processed small-molecule solar cells with 6.7% efficiency. Nat 

Mater, 2012, 11(1): 44-48. 

93. Yang, L., Yan, L., and You, W., Organic Solar Cells beyond One Pair of 

Donor–Acceptor: Ternary Blends and More. The Journal of Physical 

Chemistry Letters, 2013, 4(11): 1802-1810. 

94. Hwang, I., McNeill, C.R., and Greenham, N.C., Evolution of phase 

separation upon annealing and the influence on photocurrent generation in 

ternary blend organic solar cells. Synthetic Met., 2014, 189: 63-68. 

95. Li, N., Machui, F., Waller, D., Koppe, M., and Brabec, C.J., Determination of 

phase diagrams of binary and ternary organic semiconductor blends for 

organic photovoltaic devices. Solar Energy Materials and Solar Cells, 2011, 

95(12): 3465-3471. 

96. Goubard, F. and Wantz, G., Ternary blends for polymer bulk heterojunction 

solar cells. Polymer International, 2014, 63(8): 1362-1367. 



173 

 

 

97. Cnops, K., Rand, B.P., Cheyns, D., Verreet, B., Empl, M.A., and Heremans, 

P., 8.4% efficient fullerene-free organic solar cells exploiting long-range 

exciton energy transfer. Nat Commun, 2014, 5. 

98. Lu, K., Fang, J., Zhu, X., Yan, H., Li, D., Di, C.a., Yang, Y., and Wei, Z., A 

facile strategy to enhance the fill factor of ternary blend solar cells by 

increasing charge carrier mobility. New Journal of Chemistry, 2013, 37(6): 

1728-1735. 

99. Nesterov, A.E. and Lipatov, Y.S., Thermodynamics of Polymer Blends. 

1998: Taylor & Francis. 

100. Yan, H., Li, D., Zhang, Y., Yang, Y., and Wei, Z., Rational Design of 

Ternary-Phase Polymer Solar Cells by Controlling Polymer Phase Separation. 

The Journal of Physical Chemistry C, 2014, 118(20): 10552-10559. 

101. Lu, L., Xu, T., Chen, W., Landry, E.S., and Yu, L., Ternary blend polymer 

solar cells with enhanced power conversion efficiency. Nat Photon, 2014, 

8(9): 716-722. 

102. Qin, D., Wang, W., Wang, M., Jin, S., and Zhang, J., The dependence of the 

cathode architecture on the photoactive layer morphology in bulk-

heterojunction polymeric solar cells. Semiconductor Science and Technology, 

2014, 29(12): 125011. 

103. Chang, S.-Y., Liao, H.-C., Shao, Y.-T., Sung, Y.-M., Hsu, S.-H., Ho, C.-C., 

Su, W.-F., and Chen, Y.-F., Enhancing the efficiency of low bandgap 

conducting polymer bulk heterojunction solar cells using P3HT as a 

morphology control agent. Journal of Materials Chemistry A, 2013, 1(7): 

2447-2452. 

104. Lin, R., Wright, M., Chan, K.H., Puthen-Veettil, B., Sheng, R., Wen, X., and 

Uddin, A., Performance improvement of low bandgap polymer bulk 

heterojunction solar cells by incorporating P3HT. Organic Electronics, 2014, 

15(11): 2837-2846. 

105. Chen, J., Yu, X., Hong, K., Messman, J.M., Pickel, D.L., Xiao, K., Dadmun, 

M.D., Mays, J.W., Rondinone, A.J., Sumpter, B.G., and Kilbey Ii, S.M., 

Ternary behavior and systematic nanoscale manipulation of domain 

structures in P3HT/PCBM/P3HT-b-PEO films. Journal of Materials 

Chemistry, 2012, 22(26): 13013-13022. 



174 

 

 

106. Kim, Y., Cook, S., Choulis, S.A., Nelson, J., Durrant, J.R., and Bradley, 

D.D.C., Effect of electron-transport polymer addition to polymer/fullerene 

blend solar cells. Synthetic Metals, 2005, 152(1-3): 105-108. 

107. Cooling, N., Burke, K.B., Zhou, X., Lind, S.J., Gordon, K.C., Jones, T.W., 

Dastoor, P.C., and Belcher, W.J., A study of the factors influencing the 

performance of ternary MEH-PPV:porphyrin:PCBM heterojunction devices: 

A steric approach to controlling charge recombination. Solar Energy 

Materials and Solar Cells, 2011, 95(7): 1767-1774. 

108. Ameri, T., Khoram, P., Min, J., and Brabec, C.J., Organic Ternary Solar 

Cells: A Review. Advanced Materials, 2013, 25(31): 4245-4266. 

109. Yang, F., Shtein, M., and Forrest, S.R., Controlled growth of a molecular 

bulk heterojunction photovoltaic cell. Nat Mater, 2005, 4(1): 37-41. 

110. Thompson, B.C. and Fréchet, J.M.J., Polymer-fullerene composite solar cells. 

Angewandte Chemie - International Edition, 2008, 47(1): 58-77. 

111. Hoppe, H., Glatzel, T., Niggemann, M., Hinsch, A., Lux-Steiner, M.C., and 

Sariciftci, N.S., Kelvin Probe Force Microscopy Study on Conjugated 

Polymer/Fullerene Bulk Heterojunction Organic Solar Cells. Nano Letters, 

2005, 5(2): 269-274. 

112. Zhokhavets, U., Erb, T., Hoppe, H., Gobsch, G., and Serdar Sariciftci, N., 

Effect of annealing of poly(3-hexylthiophene)/fullerene bulk heterojunction 

composites on structural and optical properties. Thin Solid Films, 2006, 

496(2): 679-682. 

113. Green, R., Morfa, A., Ferguson, A.J., Kopidakis, N., Rumbles, G., and 

Shaheen, S.E., Performance of bulk heterojunction photovoltaic devices 

prepared by airbrush spray deposition. Appl. Phys. Lett., 2008, 92(3): 

033301-3. 

114. Pivrikas, A., Neugebauer, H., and Sariciftci, N.S., Influence of processing 

additives to nano-morphology and efficiency of bulk-heterojunction solar 

cells: A comparative review. Sol. Energy, 2011, 85(6): 1226-1237. 

115. Hoppe, H., Niggemann, M., Winder, C., Kraut, J., Hiesgen, R., Hinsch, A., 

Meissner, D., and Sariciftci, N.S., Nanoscale Morphology of Conjugated 

Polymer/Fullerene-Based Bulk- Heterojunction Solar Cells. Advanced 

Functional Materials, 2004, 14(10): 1005-1011. 



175 

 

 

116. Smith, J., Hamilton, R., McCulloch, I., Stingelin-Stutzmann, N., Heeney, M., 

Bradley, D.D.C., and Anthopoulos, T.D., Solution-processed organic 

transistors based on semiconducting blends. Journal of Materials Chemistry, 

2010, 20(13): 2562-2574. 

117. Mikroyannidis, J.A., Tsagkournos, D.V., Balraju, P., and Sharma, G.D., 

Efficient bulk heterojunction solar cells using an alternating 

phenylenevinylene copolymer with dithenyl(thienothiadiazole) segments as 

donor and PCBM or modified PCBM as acceptor. Solar Energy Materials 

and Solar Cells, 2011, 95(11): 3025-3035. 

118. Mikroyannidis, J.A., Stylianakis, M.M., Cheung, K.Y., Fung, M.K., and 

Djurišić, A.B., Alternating phenylenevinylene and thienylenevinylene 

copolymers with cyano groups: Synthesis, photophysics and photovoltaics. 

Synthetic Metals, 2009, 159(1–2): 142-147. 

119. Mikroyannidis, J.A., Kabanakis, A.N., Sharma, S.S., and Sharma, G.D., Low 

band-gap phenylenevinylene and fluorenevinylene small molecules 

containing triphenylamine segments: Synthesis and application in bulk 

heterojunction solar cells. Organic Electronics, 2011, 12(5): 774-784. 

120. Guan, Z., Yu, J., Huang, J., and Zhang, L., Power efficiency enhancement of 

solution-processed small-molecule solar cells based on squaraine via thermal 

annealing and solvent additive methods. Solar Energy Materials and Solar 

Cells, 2013, 109: 262-269. 

121. Pandey, A.K. and Nunzi, J.-M., Impact of selective thermal annealing on 

rubrene–C60 heterojunction solar cells. Synthetic Metals, 2012, 162(23): 

2171-2175. 

122. Chu, C.-W., Yang, H., Hou, W.-J., Huang, J., Li, G., and Yang, Y., Control 

of the nanoscale crystallinity and phase separation in polymer solar cells. 

Applied Physics Letters, 2008, 92(10). 

123. Zhang, L., Xing, X., Zheng, L., Chen, Z., Xiao, L., Qu, B., and Gong, Q., 

Vertical phase separation in bulk heterojunction solar cells formed by in situ 

polymerization of fulleride. Sci. Rep., 2014, 4. 

124. Ho, C.-S., Huang, E.L., Hsu, W.-C., Lee, C.-S., Lai, Y.-N., Yao, E.-P., and 

Wang, C.-W., Thermal effect on polymer solar cells with active layer 

concentrations of 3–5wt%. Synthetic Metals, 2012, 162(13–14): 1164-1168. 



176 

 

 

125. Lee, J.-h., Sagawa, T., and Yoshikawa, S., Morphological and topographical 

characterizations in spray coated organic solar cells using an additional 

solvent spray deposition. Org. Electron., 2011, 12(12): 2165-2173. 

126. Kim, Y., Kim, G., Lee, J., and Lee, K., Morphology controlled bulk-

heterojunction layers of fully electro-spray coated organic solar cells. Sol. 

Energ. Mat. Sol. Cells, 2012, 105: 272-279. 

127. Colsmann, A., Reinhard, M., Kwon, T.-H., Kayser, C., Nickel, F., Czolk, J., 

Lemmer, U., Clark, N., Jasieniak, J., Holmes, A.B., and Jones, D., Inverted 

semi-transparent organic solar cells with spray coated, surfactant free 

polymer top-electrodes. Solar Energy Materials and Solar Cells, 2012, 98: 

118-123. 

128. Kang, J.-W., Kang, Y.-J., Jung, S., Song, M., Kim, D.-G., Su Kim, C., and 

Kim, S.H., Fully spray-coated inverted organic solar cells. Sol. Energ. Mat. 

Sol. Cells, 2012, 103: 76-79. 

129. Yap, J.H., To, T.T., and Adams, S., Monte Carlo Morphological modelling of 

a P3HT:PCBM bulk heterojunction organic solar cell. Journal of Polymer 

Science, Part B: Polymer Physics, 2015, 53(4): 270-279. 

130. Georgiou, D., Laskarakis, A., Morana, M., Karagiannidis, P.G., and 

Logothetidis, S., Non-destructive optical characterization of phase separation 

in bulk heterojunction organic photovoltaic cells. Solar Energy Materials and 

Solar Cells, 2014, 125: 190-197. 

131. Yuan, J., Dong, H., Li, M., Huang, X., Zhong, J., Li, Y., and Ma, W., High 

polymer/fullerene ratio realized in efficient polymer solar cells by tailoring of 

the polymer side-chains. Advanced Materials, 2014, 26(22): 3624-3630. 

132. Hu, Z., Zhang, J., Xiong, S., and Zhao, Y., Performance of polymer solar 

cells fabricated by dip coating process. Sol. Energ. Mat. Sol. Cells, 2012, 99: 

221-225. 

133. Lim, S.-L., Chen, E.-C., Chen, C.-Y., Ong, K.-H., Chen, Z.-K., and Meng, 

H.-F., High performance organic photovoltaic cells with blade-coated active 

layers. Sol. Energ. Mat. Sol. Cells, 2012, 107: 292-297. 

134. Chang, Y.-H., Tseng, S.-R., Chen, C.-Y., Meng, H.-F., Chen, E.-C., Horng, 

S.-F., and Hsu, C.-S., Polymer solar cell by blade coating. Org. Electron., 

2009, 10(5): 741-746. 



177 

 

 

135. Lee, J.-h., Sagawa, T., and Yoshikawa, S., Thickness dependence of 

photovoltaic performance of additional spray coated solar cells. Thin Solid 

Films, 2013, 529: 464-469. 

136. Steirer, K.X., Reese, M.O., Rupert, B.L., Kopidakis, N., Olson, D.C., Collins, 

R.T., and Ginley, D.S., Ultrasonic spray deposition for production of organic 

solar cells. Sol. Energ. Mat. Sol. Cells, 2009, 93(4): 447-453. 

137. Park, S.-Y., Kang, Y.-J., Lee, S., Kim, D.-G., Kim, J.-K., Kim, J.H., and 

Kang, J.-W., Spray-coated organic solar cells with large-area of 12.25 cm2. 

Sol. Energ. Mat. Sol. Cells, 2011, 95(3): 852-855. 

138. Jeong, J.-A., Lee, J., Kim, H., Kim, H.-K., and Na, S.-I., Ink-jet printed 

transparent electrode using nano-size indium tin oxide particles for organic 

photovoltaics. Sol. Energ. Mat. Sol. Cells, 2010, 94(10): 1840-1844. 

139. Voigt, M.M., Mackenzie, R.C.I., King, S.P., Yau, C.P., Atienzar, P., Dane, J., 

Keivanidis, P.E., Zadrazil, I., Bradley, D.D.C., and Nelson, J., Gravure 

printing inverted organic solar cells: The influence of ink properties on film 

quality and device performance. Sol. Energ. Mat. Sol. Cells, 2012, 105: 77-

85. 

140. Krebs, F.C., Fabrication and processing of polymer solar cells: A review of 

printing and coating techniques. Sol. Energ. Mat. Sol. Cells, 2009, 93(4): 

394-412. 

141. Hu, Z., Zhang, J., Xiong, S., and Zhao, Y., Annealing-free, air-processed and 

high-efficiency polymer solar cells fabricated by a dip coating process. Org. 

Electron., 2012, 13(1): 142-146. 

142. Krebs, F.C., Pad printing as a film forming technique for polymer solar cells. 

Sol. Energ. Mat. Sol. Cells, 2009, 93(4): 484-490. 

143. Jørgensen, M., Hagemann, O., Alstrup, J., and Krebs, F.C., Thermo-cleavable 

solvents for printing conjugated polymers: Application in polymer solar cells. 

Sol. Energ. Mat. Sol. Cells, 2009, 93(4): 413-421. 

144. Krebs, F.C., Jørgensen, M., Norrman, K., Hagemann, O., Alstrup, J., Nielsen, 

T.D., Fyenbo, J., Larsen, K., and Kristensen, J., A complete process for 

production of flexible large area polymer solar cells entirely using screen 

printing—First public demonstration. Sol. Energ. Mat. Sol. Cells, 2009, 

93(4): 422-441. 



178 

 

 

145. Girotto, C., Rand, B.P., Genoe, J., and Heremans, P., Exploring spray coating 

as a deposition technique for the fabrication of solution-processed solar cells. 

Sol. Energ. Mat. Sol. Cells, 2009, 93(4): 454-458. 

146. Voigt, M.M., Mackenzie, R.C.I., Yau, C.P., Atienzar, P., Dane, J., 

Keivanidis, P.E., Bradley, D.D.C., and Nelson, J., Gravure printing for three 

subsequent solar cell layers of inverted structures on flexible substrates. Sol. 

Energ. Mat. Sol. Cells, 2011, 95(2): 731-734. 

147. Dupont, S.R., Oliver, M., Krebs, F.C., and Dauskardt, R.H., Interlayer 

adhesion in roll-to-roll processed flexible inverted polymer solar cells. Sol. 

Energ. Mat. Sol. Cells, 2012, 97: 171-175. 

148. Schrödner, M., Sensfuss, S., Schache, H., Schultheis, K., Welzel, T., 

Heinemann, K., Milker, R., Marten, J., and Blankenburg, L., Reel-to-reel wet 

coating by variation of solvents and compounds of photoactive inks for 

polymer solar cell production. Solar Energy Materials and Solar Cells, 2012, 

107. 

149. Saitoh, L., Babu, R.R., Kannappan, S., Kojima, K., Mizutani, T., and Ochiai, 

S., Performance of spray deposited poly [N-9″-hepta-decanyl-2,7-carbazole-

alt-5,5-(4′,7′-di-2-thienyl-2′,1′,3′-benzothiadiazole)]/[6,6]-phenyl-C61-butyric 

acid methyl ester blend active layer based bulk heterojunction organic solar 

cell devices. Thin Solid Films, 2012, 520(7): 3111-3117. 

150. Susanna, G., Salamandra, L., Brown, T.M., Di Carlo, A., Brunetti, F., and 

Reale, A., Airbrush spray-coating of polymer bulk-heterojunction solar cells. 

Solar Energy Materials and Solar Cells, 2011, 95(7): 1775-1778. 

151. Lewis, J.E., Lafalce, E., Toglia, P., and Jiang, X., Over 30% transparency 

large area inverted organic solar array by spray. Sol. Energ. Mat. Sol. Cells, 

2011, 95(10): 2816-2822. 

152. Vak, D., Kim, S.-S., Jo, J., Oh, S.-H., Na, S.-I., Kim, J., and Kim, D.-Y., 

Fabrication of organic bulk heterojunction solar cells by a spray deposition 

method for low-cost power generation. Appl. Phys. Lett. , 2007, 91(8): 

081102-3. 

153. Hoth, C.N., Steim, R., Schilinsky, P., Choulis, S.A., Tedde, S.F., Hayden, O., 

and Brabec, C.J., Topographical and morphological aspects of spray coated 

organic photovoltaics. Org. Electron., 2009, 10(4): 587-593. 



179 

 

 

154. Kim, K.-J., Kim, Y.-S., Kang, W.-S., Kang, B.-H., Yeom, S.-H., Kim, D.-E., 

Kim, J.-H., and Kang, S.-W., Inspection of substrate-heated modified 

PEDOT:PSS morphology for all spray deposited organic photovoltaics. Sol. 

Ener. Mat. Sol. Cells, 2010, 94(7): 1303-1306. 

155. Nie, W., Coffin, R., Liu, J., MacNeill, C.M., Li, Y., Noftle, R.E., and Carroll, 

D.L., Exploring Spray-Coating Techniques for Organic Solar Cell 

Applications. Int. J. Photoenergy, 2012, 2012: 7. 

156. Guo, X., Zhang, M., Cui, C., Hou, J., and Li, Y., Efficient polymer solar cells 

based on poly(3-hexylthiophene) and indene-C60 bisadduct fabricated with 

non-halogenated solvents. ACS Applied Materials and Interfaces, 2014, 

6(11): 8190-8198. 

157. Perelaer, J., Smith, P.J., Wijnen, M.M.P., van den Bosch, E., Eckardt, R., 

Ketelaars, P.H.J.M., and Schubert, U.S., Droplet Tailoring Using Evaporative 

Inkjet Printing. Macromolecular Chemistry and Physics, 2009, 210(5): 387-

393. 

158. Kim, H., So, W.-W., and Moon, S.-J., Effect of Thermal Annealing on the 

Performance of P3HT/PCBM Polymer Photovoltaic Cells. Journal of the 

Korean Physical Society, 2006: 441-445. 

159. Gfroerer, T.H., Photoluminescence in Analysis of Surfaces and Interfaces, in 

Encyclopedia of Analytical Chemistry, R.A.M. (Ed.), Editor. p. pp. 9209–

9231. 

160. Yavuz, N., Yuksel, S.A., Karsli, A., and Gunes, S., Inverted structure hybrid 

solar cells using CdS thin films. Sol. Energ. Mat. Sol. Cells, 2013, 116: 224-

230. 

161. Valdés, M.H., Berruet, M., Goossens, A., and Vázquez, M., Spray deposition 

of CuInS2 on electrodeposited ZnO for low-cost solar cells. Surf. Coat. Tech., 

2010, 204(24): 3995-4000. 

162. Ju, J., Yamagata, Y., and Higuchi, T., Thin-Film Fabrication Method for 

Organic Light-Emitting Diodes Using Electrospray Deposition. Adv. Mater., 

2009, 21(43): 4343-4347. 

163. Fukuda, T., Asaki, H., Asano, T., Takagi, K., Honda, Z., Kamata, N., Ju, J., 

and Yamagata, Y., Surface morphology of fluorene thin film fabricated by 



180 

 

 

electrospray deposition technique using two organic solvents: Application for 

organic light-emitting diodes. Thin Solid Films, 2011, 520(1): 600-605. 

164. Mario, P., Giovanni, P., and Rosaria, C., Flexible Solar Cells. Technology & 

Engineering. 2008, Germany: John Wiley & Sons 

165. Chu, T.-Y., Alem, S., Tsang, S.-W., Tse, S.-C., Wakim, S., Lu, J., Dennler, 

G., Waller, D., Gaudiana, R., and Tao, Y., Morphology control in 

polycarbazole based bulk heterojunction solar cells and its impact on device 

performance. Appl. Phys. Lett., 2011, 98(25). 

166. Li, G., Shrotriya, V., Yao, Y., and Yang, Y., Investigation of annealing 

effects and film thickness dependence of polymer solar cells based on poly(3-

hexylthiophene). J. Appl. Phys., 2005, 98(4). 

167. Bolleddula, D.A., Droplet impact and spreading of viscous dispersions and 

volatile solvents, in Department of Mechanical Engineering. 2011, University 

of Washington. 

168. Wengeler, L., Schmidt-Hansberg, B., Peters, K., Scharfer, P., and Schabel, 

W., Investigations on knife and slot die coating and processing of polymer 

nanoparticle films for hybrid polymer solar cells. Chem. Eng. Process: 

Process Intensification, 2011, 50(5–6): 478-482. 

169. Kim, Y., Shin, M., Kim, H., Ha, Y., and Ha, C.-S., Influence of electron-

donating polymer addition on the performance of polymer solar cells. Journal 

of Physics D: Applied Physics, 2008, 41(22): 225101. 

170. Campoy-Quiles, M., Kanai, Y., El-Basaty, A., Sakai, H., and Murata, H., 

Ternary mixing: A simple method to tailor the morphology of organic solar 

cells. Organic Electronics, 2009, 10(6): 1120-1132. 

171. Ruderer, M.A., Hinterstocker, M., and Müller-Buschbaum, P., Structure in 

ternary blend systems for organic photovoltaics. Synthetic Metals, 2011, 

161(17–18): 2001-2005. 

172. Valadares, M., Silvestre, I., Calado, H.D.R., Neves, B.R.A., Guimarães, 

P.S.S., and Cury, L.A., BEHP-PPV and P3HT blends for light emitting 

devices. Mat. Sci. Eng. C, 2009, 29(2): 571-574. 

173. Fink, J.K., High Performance Polymers. 2014: Elsevier Science. 



181 

 

 

174. Uemura, T., Yanai, N., Watanabe, S., Tanaka, H., Numaguchi, R., Miyahara, 

M.T., Ohta, Y., Nagaoka, M., and Kitagawa, S., Unveiling thermal transitions 

of polymers in subnanometre pores. Nat Commun, 2010, 1: 83. 

175. Cheremisinoff, N.P. and Cheremisinoff, P.N., Elastomer Technology 

Handbook. 1993: Taylor & Francis. 

176. Ngo, T.T., Nguyen, D.N., and Nguyen, V.T., Glass transition of PCBM, 

P3HT and their blends in quenched state. Advances in Natural Sciences: 

Nanoscience and Nanotechnology, 2012, 3(4): 045001. 

177. Kim, Y., Choulis, S.A., Nelson, J., Bradley, D.D.C., Cook, S., and Durrant, 

J.R., Device annealing effect in organic solar cells with blends of regioregular 

poly(3-hexylthiophene) and soluble fullerene. Applied Physics Letters, 2005, 

86(6): 063502-063502-3. 

178. Rodrigues, A., Castro, M.C.R., Farinha, A.S.F., Oliveira, M., Tomé, J.P.C., 

Machado, A.V., Raposo, M.M.M., Hilliou, L., and Bernardo, G., Thermal 

stability of P3HT and P3HT:PCBM blends in the molten state. Polymer 

Testing, 2013, 32(7): 1192-1201. 

179. Aiman Eid Al-Rawajfeh, Hasan A. Al-Salah, and Al-Rhael, I., Miscibility, 

Crystallinity and Morphology of Polymer Blends of Polyamide-6/ Poly (b-

hydroxybutyrate) Jordan Journal of Chemistry, 2006, 1(2): 155-170. 

180. Tuladhar, S.M., Sims, M., Choulis, S.A., Nielsen, C.B., George, W.N., 

Steinke, J.H.G., Bradley, D.D.C., and Nelson, J., Influence of side chain 

symmetry on the performance of poly(2,5-dialkoxy-p-phenylenevinylene): 

fullerene blend solar cells. Organic Electronics, 2009, 10(4): 562-567. 

181. Cho, S.-M., Bae, J.-H., Jang, E., Kim, M.-H., Lee, C., and Lee, S.-D., Solvent 

effect of the fibrillar morphology on the power conversion efficiency of a 

polymer photovoltaic cell in a diffusive heterojunction. Semicond. Sci. Tech., 

2012, 27(12): 125018. 

182. Cho, C.-K., Hwang, W.-J., Eun, K., Choa, S.-H., Na, S.-I., and Kim, H.-K., 

Mechanical flexibility of transparent PEDOT:PSS electrodes prepared by 

gravure printing for flexible organic solar cells. Solar Energy Materials and 

Solar Cells, 2011, 95(12): 3269-3275. 

183. Ayzner, A.L., Wanger, D.D., Tassone, C.J., Tolbert, S.H., and Schwartz, B.J., 

Room to Improve Conjugated Polymer-Based Solar Cells: Understanding 



182 

 

 

How Thermal Annealing Affects the Fullerene Component of a Bulk 

Heterojunction Photovoltaic Device. The Journal of Physical Chemistry C, 

2008, 112(48): 18711-18716. 

184. Omer, B.M., Optical Properties of Poly (3-hexylthiophene-2,5-diyl) and Poly 

(3-hexylthiophene-2,5-diyl) / [6,6]-Phenyl C61-butyric Acid 3-ethylthiophene 

Ester Thin Films. J. of Nano and Elec. Phy., 2013, 5(3): 4. 

185. Ayzner, A.L., Tassone, C.J., Tolbert, S.H., and Schwartz, B.J., Reappraising 

the Need for Bulk Heterojunctions in Polymer−Fullerene Photovoltaics: The 

Role of Carrier Transport in All-Solution-Processed P3HT/PCBM Bilayer 

Solar Cells. The Journal of Physical Chemistry C, 2009, 113(46): 20050-

20060. 

186. Noebels, M., Cross, R.E., Evans, D.A., and Finlayson, C.E., Characterization 

of spray-coating methods for conjugated polymer blend thin films. J Mater. 

Sci., 2014, 49(12): 4279-4287. 

187. Zapunidy, S.A., Martyanov, D.S., Nechvolodova, E.M., Tsikalova, M.V., 

Novikov, Y.N., and Paraschuk, D.Y., Approaches to low-bandgap polymer 

solar cells: Using polymer charge-transfer complexes and fullerene 

metallocomplexes. Pure Appl. Chem., 2008, 80: 2151-2161. 

188. Sauer, M., Hofkens, J., and Enderlein, J., Basic Principles of Fluorescence 

Spectroscopy, in Handbook of Fluorescence Spectroscopy and Imaging. 

2011, Wiley-VCH Verlag GmbH & Co. KGaA. p. 1-30. 

189. Albani, J.R., Structure and Dynamics of Macromolecules: Absorption and 

Fluorescence Studies: Absorption and Fluorescence Studies. 2011: Elsevier 

Science. 

190. Street, R.A., Carrier mobility, structural order, and solar cell efficiency of 

organic heterojunction devices. Appl. Phys. Lett., 2008, 93(13): 133308-3. 

191. Matsumi, N., Naka, K., and Chujo, Y., Extension of π-Conjugation Length 

via the Vacant p-Orbital of the Boron Atom. Synthesis of Novel Electron 

Deficient π-Conjugated Systems by Hydroboration Polymerization and Their 

Blue Light Emission. Journal of the American Chemical Society, 1998, 

120(20): 5112-5113. 



183 

 

 

192. O'Neill, L. and Byrne, H.J., Structure−Property Relationships for 

Electron−Vibrational Coupling in Conjugated Organic Oligomeric Systems. 

The Journal of Physical Chemistry B, 2005, 109(26): 12685-12690. 

193. Khenner, M., Morphologies and kinetics of a dewetting ultrathin solid film. 

Physical Review B, 2008, 77(24). 

194. Zhokhavets, U., Erb, T., Gobsch, G., Al-Ibrahim, M., and Ambacher, O., 

Relation between absorption and crystallinity of poly(3-

hexylthiophene)/fullerene films for plastic solar cells. Chemical Physics 

Letters, 2006, 418(4–6): 347-350. 

195. Dong, G., Susumu, I., and Koichiro, S., Effect of annealing on the mobility 

and morphology of thermally activated pentacene thin film transistors. 

Journal of Applied Physics, 2006, 99(094502): 1-7. 

196. Oklobia, O. and Shafai, T.S., A quantitative study of the formation of PCBM 

clusters upon thermal annealing of P3HT/PCBM bulk heterojunction solar 

cell. Solar Energy Materials and Solar Cells, 2013, 117: 1-8. 

197. Bagienski, W. and Gupta, M.C., Temperature dependence of 

polymer/fullerene organic solar cells. Sol. Energ. Mat. Sol. C., 2011, 95(3): 

933-941. 

198. Yoshihito, H., Akinori, S., and Shu, S., Effects of Molecular Structure on 

Intramolecular Charge Carrier Transport in Dithieno [3,2-b: 2',3'-d] Pyrrole-

Based Conjugated Copolymers. Int. J. Spectroscopy, 2012, 2012: 7. 

199. Hoke, E.T., Vandewal, K., Bartelt, J.A., Mateker, W.R., Douglas, J.D., 

Noriega, R., Graham, K.R., Fréchet, J.M.J., Salleo, A., and McGehee, M.D., 

Recombination in Polymer:Fullerene Solar Cells with Open-Circuit Voltages 

Approaching and Exceeding 1.0 V. Advanced Energy Materials, 2013, 3(2): 

220-230. 

200. Zhao, Z., Rice, L., Efstathiadis, H., and Haldar, P., Annealing and thickness 

related performance and degradation of polymer solar cells. Microelectronics 

Reliability, 2013, 53(1): 123-128. 

201. Khan, A., Jimenez, C., and Deschanvres, J.-l., Annealing effects on surface 

morphology, thickness and chemical phases of Sr-Cu-O thin film deposited 

by MOCVD. J. Pak. Mater. Soc. , 2010, 4(2): 63-70. 



184 

 

 

202. Wang, X., Rein, M., and Vlassak, J.J., Crystallization kinetics of amorphous 

equiatomic NiTi thin films: Effect of film thickness. Journal of Applied 

Physics, 2008, 103(2): 023501-6. 

203. Aziz, F. and Ismail, A.F., Preparation and characterization of cross-linked 

Matrimid® membranes using para-phenylenediamine for O2/N2 separation. 

Separation and Purification Technology, 2010, 73(3): 421-428. 

204. Bushroa, A.R., Rahbari, R.G., Masjuki, H.H., and Muhamad, M.R., 

Approximation of crystallite size and microstrain via XRD line broadening 

analysis in TiSiN thin films. Vacuum, 2012, 86(8): 1107-1112. 

205. Hayashi, Y., Sakuragi, H., Soga, T., Alexandrou, I., and Amaratunga, G.A.J., 

Bulk heterojunction solar cells based on two kinds of organic polymers and 

fullerene derivative. Colloids and Surfaces A: Physicochemical and 

Engineering Aspects, 2008, 313–314: 422-425. 

206. Huang, Y.-C., Chia, H.-C., Chuang, C.-M., Tsao, C.-S., Chen, C.-Y., and Su, 

W.-F., Facile hot solvent vapor annealing for high performance polymer solar 

cell using spray process. Solar Energy Materials and Solar Cells, 2013, 114: 

24-30. 

207. M. Islam, M. Islam, and, A.I., and Baerwolff, H., Influence of Thickness and 

Annealing Temperature on the Optical Properties of Spin-Coated Photoactive 

P3HT:PCBM Blend. Optics and Photonics Journal, 2013, 3: 28-32. 

208. T. Sakurai, S. Toyoshima, M. Kubota, T. Yamanari, T. Taima, K. Saito, and 

Akimoto, K., Structural study of P3HT and P3HT:PCBM thin films by 

synchrotron x-ray diffraction, in Photon Factory Activity Report. 2008. 

209. Yang, Q., Song, H., Gao, B., Wang, Y., Fu, Y., Yang, J., Xie, Z., and Wang, 

L., High open-circuit voltage polymer/polymer blend solar cells with a 

polyfluorene copolymer as the electron acceptor. RSC Advances, 2014, 4(24): 

12579-12585. 

210. Ohori, Y., Hoashi, T., Yanagi, Y., Okukawa, T., Fujii, S., Kataura, H., and 

Nishioka, Y., Organic Solar Cells Based on Ternary Blend Active Layer of 

Two Donors PTB7, P3HT and Accepter PCBM. Journal of Photopolymer 

Science and Technology, 2014, 27(5): 569-575. 

211. Yamanari, T., Ogo, H., Taima, T., Sakai, J., Tsukamoto, J., and Yoshida, Y. 

Photo-degradation and its recovery by thermal annealing in polymer-based 



185 

 

 

organic solar cells. in Photovoltaic Specialists Conference (PVSC), 2010 35th 

IEEE. 2010. 

212. Lattante, S., Electron and Hole Transport Layers: Their Use in Inverted Bulk 

Heterojunction Polymer Solar Cells. Electronics, 2014, 3(1): 132-164. 

213. Jørgensen, M., Carlé, J.E., Søndergaard, R.R., Lauritzen, M., Dagnæs-

Hansen, N.A., Byskov, S.L., Andersen, T.R., Larsen-Olsen, T.T., Böttiger, 

A.P.L., Andreasen, B., Fu, L., Zuo, L., Liu, Y., Bundgaard, E., Zhan, X., 

Chen, H., and Krebs, F.C., The state of organic solar cells—A meta analysis. 

Solar Energy Materials and Solar Cells, 2013, 119: 84-93. 

214. Kim, Y., Choulis, S.A., Nelson, J., Bradley, D.D.C., Cook, S., and Durrant, 

J.R., Composition and annealing effects in polythiophene/fullerene solar 

cells. Journal of Materials Science, 2005, 40(6): 1371-1376. 

215. Liu, J., Shi, Y., and Yang, Y., Solvation-Induced Morphology Effects on the 

Performance of Polymer-Based Photovoltaic Devices. Advanced Functional 

Materials, 2001, 11(6): 420-424. 

216. Stubhan, T., Salinas, M., Ebel, A., Krebs, F.C., Hirsch, A., Halik, M., and 

Brabec, C.J., Increasing the Fill Factor of Inverted P3HT:PCBM Solar Cells 

Through Surface Modification of Al-Doped ZnO via Phosphonic Acid-

Anchored C60 SAMs. Advanced Energy Materials, 2012, 2(5): 532-535. 

217. Yang, P.-C., Sun, J.-Y., Ma, S.-Y., Shen, Y.-M., Lin, Y.-H., Chen, C.-P., and 

Lin, C.-F., Interface modification of a highly air-stable polymer solar cell. 

Solar Energy Materials and Solar Cells, 2012, 98: 351-356. 

218. Stubhan, T., Ameri, T., Salinas, M., Krantz, J., Machui, F., Halik, M., and 

Brabec, C.J., High shunt resistance in polymer solar cells comprising a MoO3 

hole extraction layer processed from nanoparticle suspension. Applied 

Physics Letters, 2011, 98(25). 

219. Lafalce, E., Toglia, P., Lewis, J.E., and Jiang, X., Photo annealing effect on 

p-doped inverted organic solar cell. Journal of Applied Physics, 2014, 

115(24): 244511. 

220. Chambon, S., Destouesse, E., Pavageau, B., Hirsch, L., and Wantz, G., 

Towards an understanding of light activation processes in titanium oxide 

based inverted organic solar cells. Journal of Applied Physics, 2012, 112(9): 

094503. 



186 

 

 

221. Schmidt, H., Zilberberg, K., Schmale, S., Flügge, H., Riedl, T., and 

Kowalsky, W., Transient characteristics of inverted polymer solar cells using 

titaniumoxide interlayers. Applied Physics Letters, 2010, 96(24): 243-305. 

222. Hau, S.K., Yip, H.-L., and Jen, A.K.Y., A Review on the Development of the 

Inverted Polymer Solar Cell Architecture. Polymer Reviews, 2010, 50(4): 

474-510. 

223. Kim, C.S., Lee, S.S., Gomez, E.D., Kim, J.B., and Loo, Y.-L., Transient 

photovoltaic behavior of air-stable, inverted organic solar cells with solution-

processed electron transport layer. Applied Physics Letters, 2009, 94(11): 

113302. 

 

 

 

 

 

 


	farhanapy113011d15ttt-1.pdf
	MUKA DEPAN_PHD
	farhanapy113011d15ttp_24 MAY.pdf
	thesis declaration
	thesis2
	(529525811) brg pengesahan kerjasama
	title page_PHD_betul
	thesis3
	PRE ACCESS_24 MAY_2.pdf

	farhanapy113011d15ttt
	MUKA DEPAN_PHD
	thesis declaration
	thesis2
	(529525811) brg pengesahan kerjasama
	farhanapy113011d15ttt_new.pdf
	MUKA DEPAN_PHD
	thesis declaration
	farhanapy113011d15ttt.pdf
	MUKA DEPAN_PHD
	thesis1
	thesis2
	brg pengesahan kerjasama
	title page_PHD_betul
	thesis3
	Thesis combine_format latest_1-50
	Thesis combine_format latest_51_55_new
	Thesis combine_format latest_56-57
	58 thesis
	Thesis combine_format latest_59
	Thesis combine_format latest_60-79
	Thesis combine_format latest_80-197




	supervisor's declaration_phd
	farhanapy113011d15ttt-1.pdf
	MUKA DEPAN_PHD
	farhanapy113011d15ttp_24 MAY.pdf
	thesis declaration
	thesis2
	(529525811) brg pengesahan kerjasama
	title page_PHD_betul
	thesis3
	PRE ACCESS_24 MAY_2.pdf

	farhanapy113011d15ttt
	MUKA DEPAN_PHD
	thesis declaration
	thesis2
	(529525811) brg pengesahan kerjasama
	farhanapy113011d15ttt_new.pdf
	MUKA DEPAN_PHD
	thesis declaration
	farhanapy113011d15ttt.pdf
	MUKA DEPAN_PHD
	thesis1
	thesis2
	brg pengesahan kerjasama
	title page_PHD_betul
	thesis3
	Thesis combine_format latest_1-50
	Thesis combine_format latest_51_55_new
	Thesis combine_format latest_56-57
	58 thesis
	Thesis combine_format latest_59
	Thesis combine_format latest_60-79
	Thesis combine_format latest_80-197




	title page_PHD_betul
	farhanapy113011d15ttt-1.pdf
	MUKA DEPAN_PHD
	farhanapy113011d15ttp_24 MAY.pdf
	thesis declaration
	thesis2
	(529525811) brg pengesahan kerjasama
	title page_PHD_betul
	thesis3
	PRE ACCESS_24 MAY_2.pdf

	farhanapy113011d15ttt
	MUKA DEPAN_PHD
	thesis declaration
	thesis2
	(529525811) brg pengesahan kerjasama
	farhanapy113011d15ttt_new.pdf
	MUKA DEPAN_PHD
	thesis declaration
	farhanapy113011d15ttt.pdf
	MUKA DEPAN_PHD
	thesis1
	thesis2
	brg pengesahan kerjasama
	title page_PHD_betul
	thesis3
	Thesis combine_format latest_1-50
	Thesis combine_format latest_51_55_new
	Thesis combine_format latest_56-57
	58 thesis
	Thesis combine_format latest_59
	Thesis combine_format latest_60-79
	Thesis combine_format latest_80-197







