
 

   

Al-Khwarizmi 

Engineering   
Journal 

 

Al-Khwarizmi Engineering Journal, Vol. 14, No. 3, September, (2018) 

P.P. 12- 19 

 

 

Construction and Characterization of Organic Solar Cell and Study 

the Operational Properties 
 

Majid H. Majeed*           Mohamed Abdul Kareem**       

Esraa H. Ali *** 
*Middle Technical University/ Baghdad/ Iraq 

**,*** Department of Technical Material Engineering / Middle Technical University/ Baghdad/ Iraq 

*Email: mtuniversity@gmail.com 

**Email: muhamedliver19@gmail.com 

***Email: esraa87hussein@gmail.com 

 
(Received 10 July 2017; accepted 10 January 2018) 

https://doi.org/10.22153/kej.2018.01.004 
 

 

Abstract 

 
This article reviews the construction of organic solar cell (OSC) and characterized their optical and electrical 

properties, where indium tin oxide (ITO) used as a transparent electrode, “Poly (3-hexylthiophene- 2,5-diyl) P3HT / Poly 

(9,9-dioctylfluorene-alt-benzothiadiazole) F8BT” as an active layer and “Poly(3,4-ethylenedioxythiophene)-poly (styrene 

sulfonate)” PEDOT: PSS which is referred to the hole transport layer. Spin coating technique was used to prepared 

polymers thin film layers under ambient atmosphere to make OSC.  The prepared samples were characterized after 

annealing process at (80 ͦ C) for (30 min) under non-isolated circumference. The results show a value of filling factor (FF) 

of (2.888), (0.233) and (0.28) and power conversion efficiency (PCE) of (0.0055), (3.333 � 10-6) and (0.0004), where 

these results were obtained by Keithley Electrometer Model 6517B, while spectral response is being utilized by LEOI-94 

Monochromator and Keithley 6517B Electrometer. 

 
Keyword: Organic Solar Cell, P3HT, F8BT, PEDOT, PSS, Spin Coating. 

 
 

1. Introduction 

 
The need for an energy where its sources are 

un-depleted, can be manufactured and 

environmentally friendly with no emitting of CO2. 

Sources do not need millions of years to produce 

naturally like oil and coal. All these requirements 

and needs make Organic solar cells the suitable 

solution where it also not causes soil toxicity if it 

was thrown away [1] and [2]. 

OSCs are a recommended technology 

nowadays due to their flexibility and low-cost 

production. Typically, the organic solar cell based 

on a blend of acceptor and donor material [3] and 

[4]. Depending on the acceptor material there are 

two types of OSCs; polymer/fullerene and 

polymer/polymer solar cell [5] Where the first 

group refers to a blend of polymer donor with 

fullerene derivative acceptor such as (P3HT: 

PC61BM) which is intensively most studied and 

improved their efficiencies for about 10%. The 

second group is indicating a blend of polymer 

donor with polymer acceptor which is investigated 

recently where their efficiencies are about 2% or 

less [5] and [6]. 

The organic solar cell OSCs is developed 

throughout the last ten years where this 

development including the synthesis of advanced 

material that been used, OSCs structure and 

fabrication process which is getting simple [4]. 

Depending on the displacement of charge carriers 

through the solar cell layers, the geometries of 

OSCs can be divided into two groups: the normal 

and the inverted solar cell [7] and [8]. 

The reason that makes fullerene derivative 

acceptor like PCBM give higher efficiencies than 
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polymer acceptor like F8BT is due to the excitons 

dissociation, electron–hole mobility and the work 

function between Lowest Unoccupied Molecular 

Orbital (LUMO) donor and LUMO acceptor [5]. 

The working principle based on four stages [4] as 

shown in Fig.1. The following steps explain by 

details this mechanism: 

1- Absorption of the incident light by the donor 

material through the transparent electrode (ITO) 

[3]. 

2- Generation of Excitons at the donor. 

3- Excitons dissociation at the (D/A) interface, 

where the positive and negative charges transfer to 

the electrodes.  

4- Charge collection at the electrodes. 

 

 
 

Fig. 1. The four stages of work principle that 

indicated by energy level. 
 

 

The last stage refers to the collecting of charge 

carriers where electrons and holes move toward 

negative and positive electrodes, respectively [3], 

[4], [9] and [10]. The whole process of the normal 

organic solar cell can be summarized by the 

absorption of photons through the donor material 

where the electrons in “the Highest Occupied 

Molecular Orbital HOMO level” excited to “the 

Lowest Unoccupied Molecular Orbital LUMO 

level”, which is no longer occupied LUMO level 

but instead of that there are “partially occupied 

molecular orbital POMO” [4]. The generated 

exciton is tending to shift toward the D-A 

interface. In the next stage, the electron in donor 

LUMO level is transferred to the acceptor LUMO 

level [10]. It must be mentioned that the working 

principle of the inverted organic solar cell is a little 

bit different due to the layers’ sequence.  

 

2. Solar Cell Parameters  

 
The power conversion efficiency PCE is the 

ratio of the output Power to the input power, where 

PCE [11]. 

PCE =  �� ���  ���  
	
�

                                       …(1) [3] 

The fill factor FF refers to the ratio of actual 

maximum power output  (�
��� to the theoretical 

power output that represents the product of short-

circuit current and open-circuit voltage. [12] 

FF = ������
������

                                               ...(2) [3] 

The Spectral Response (S.R.) refers to the effect of 

the different incident light spectrum on a solar cell. 

If the produced current (I) in solar cell is divided 

by the incident light power (P), the responsivity 

spectrum (Rλ) is produced with (A/W) unit [13] 

R� � �
	                                                     ...(3) [13] 

EQE or IPCE refers to “Incident Photon to 

Converted Electron” or “Internal Photon to 

Current Efficiency” which represents collecting 

photocurrent as a response to the incident light, as 

shows in the equation below [14]: 

���� �  
��� ���

���� � 

	
�� � 
!
���  �  "#$%� &� '
� 

( �'
�       ...(4) [14] 

  Where Pin is the input light irradiance 

(W/m2), Vmp and Jmp are voltage and current at the 

maximum power, J sc is the short circuit current 

density (mA/cm2) or (μA/cm2), Voc; the open 

circuit voltage (volt) and λ is the wavelength. 

It is well known that every single device 

generating electricity has an internal series 

resistance. In the solar cell the internal resistance 

Rs is a result of some reasons like the contact mode 

between the semiconductor and the electrode 

metal; the current flow direction through the 

emitter and solar cell as well as the resistance 

between two electrodes. [15] [16] 

Isc Rs = 
' ) *

+  ln .�� + ��� '/* 0���⁄
��

2                    ...(5) 

Where Io is the reverse saturation current = 

0.01μA/cm2 , n is the ideality factor ≈ 1, k is the 

Boltzmann constant = 1.38*10-23 J/K, T is the 

temperature in Kelvin (K) ≈300 K at room 

temperature and q is the charge of electron = 

1.6*10-19 C. [11] 
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3. Experimental Work  

3.1 Sample Preparation  

 
ITO glass with (3*3cm2) was etched from  

(0.5 cm) tip by HCL acid with zinc grain and 

cleaned by acetone for 10 min with magnetic 

stirrer then with (0.2%) (Hellmanex III Ossila, 

C141) dissolved in DI-water for 10 min in 

magnetic stirrer after that the samples were 

immersed inside hot DI-water for 10 min with 

stirrer then the samples were stored in DI-water at 

ambient temperature.  

On the top of cleaned ITO sample, a hole 

transport layer of “Poly (3,4-ethylene 

dioxythiophene)- poly (styrene sulfonate) 

PEDOT: PSS” (Ossila, M124) was spin coated at 

(3000 rpm) for (60 sec), annealed at (150 ͦ C) for 

(10 min). The active layer was constructed from 

“Poly (3-hexylthiophene- 2,5-diyl) (P3HT)” 

(Ossila, M102) and “Poly (9,9-dioctylfluorene-alt 

benzothiadiazole) (F8BT)” (Ossila, M231) as 

“donor/acceptor bulk heterojunction (BHJ)”, 

where it is prepared by dissolved in chlorobenzene 

and stirrer at (70 ͦ C) over 14 hours in darkroom. 

This blend is spin coated at (2000, 3000 & 2500 

rpm), where these samples are annealed at (80 ͦ C) 

for (30 min). An Aluminum electrode was 

evaporated by vacuum thermal evaporation at the 

etching tip.  The design of sample is illustrated in 

Fig. 2. 

 

 

 

Fig. 2.  Fabrication sequences of normal OSC device 

with BHJ blend ITO/PEDOT: PSS/P3HT:F8BT/Al. 
 

 

3.2 Device Characterization  

       
Keithley 6517B Electrometer with a tungsten 

lamp (1200 W/m2) gives the JV- curve of each 

sample while the spectral response is being 

utilized by LEOI-94 Monochromator and Keithley 

6517B Electrometer. Fig.3 and Fig.4 show these 

devices. 

 

 
 

Fig. 3. Keithley 6517B Electrometer. 

 

 
 

Fig. 4. LEOI-94 Monochromator. 
 

 

4. Results and Discussion 

 
The complete device is illustrated in Fig (5) 

exhibiting a homogeneous and uniform 

distribution for PEDOT: PSS and the blend due to 

using static dispense method which refers to add a 

suitable amount of solution for whole the substrate 

and then rotates it. The current 

density–voltage (J-V) curve for the three samples 

illustrated in Figures (6), (7) and (8). These figures 

show results that indicate a low Voc and Jsc which 

means low FF and PCE   as illustrated in table (1), 

(2), (3), (4) and (5) where these low electrical 

properties are due to the non-isolated fabrication 

process where sample exposed to oxygen and 

humidity also the electrodes are connected to 

copper (Cu) wire by indium (In) at each tip 

(electrodes) this increase the series resistance Rs. 

[15] 

While the optical properties were affected by 

the spin coater speed that effects on the thickness 

of thin film. The spectral response shows the effect 
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of different wavelength on output current for OSC. 

IPCE is more elementary than Responsivity which 

is used in theory. [17] 

 

 

Fig. 5.  Normal OSC picture of samples. 

 

 
 

Fig. 6.  JV curve of (2000 rpm) spin coater speed 

sample. 

 

 
 

Fig. 7.  JV curve of (3000 rpm) spin coater speed 

sample. 

 

 

 
 

Fig. 8.  JV curve of (2500 rpm) spin coater speed 

sample. 

 

 

4.1 Calculations of Electrical Properties 
 

By Keithley Electrometer results for each 

sample we can calculate FF, PCE and Rs as shown 

in results table (1), (2), (3) and (4).,  ��� �
���  ���  

	
�
   and  

Isc Rs = 
' ) *

+  ln .�� + ��� '/* 0���⁄
��

2   

Where Isc =Jsc �9 cm2 

For Pin =2100 W/m2= 0.21 W/cm2 

 
Table 1, 

Electrical results obtained by Keithly Electrometer 

Sample No. Vmp Jmp Voc Jsc 

Sample-1- 0.013 0.09 0.027 0.015 

Sample-2- 0.0007 0.001 0.0015 0.002 

Sample-3- 0.012 0.007 0.024 0.0125 

 
Table 2, 

Fill Factor results 

FF 345645
378698

 
Results 

FF 1 0.013 � 0.09
0.027 � 0.015 

2.888 

FF 2 0.0007 � 0.001
0.0015 � 0.002 

0.23333 

FF 3 0.012 � 0.007
0.024 � 0.0125 

0.28                   

 
Table 3, 

Power conversion efficiency 

PCE 645  345  
CDE

 
Results 

PCE 1 0.013 � 0.09
0.21  

0.005571             

PCE 2 0.0062 � 0.011
0.21  

3.333 � 10-6       

PCE 3 0.012 � 0.007
0.21  

0.0004                    



 Majid H. Majeed                              Al-Khwarizmi Engineering Journal, Vol. 14, No. 2, P.P. 12- 19 (2018) 

 

15 

 

Table 4, 

series resistance result 

Rs [E H I
J  KL .M7 J 378 ENI 0M98⁄

M7
2] ÷ Qsc 

Result k Ω 

Rs1 [0.02587 ln .�%.%"�".R�"%STU�%.%#V "�W%%�".WX�"%S�Y �0%."WZ�"%S[⁄
%.%" 2] /0.135� 100R 199.97  

Rs2 [0.02587  ln .�%.%"�".R�"%STU�%.%%"Z "�W%%�".WX�"%S�Y �0%.%"X�"%S[⁄
%.%" 2]/ 0.018� 100R 4092.705 

Rs3 [0.02587  ln .�%.%"�".R�"%STU�%.%#$ "�W%%�".WX�"%S�Y �0%.""#Z�"%S[⁄
%.%" 2]/ 0.1125� 100R 17.256 

 
Table 5, 

compering between Fill factor FF, power conversion efficiency PCE and series resistance Rs results 

Sample Number Spin Coater Speed (rpm) Keithley Electrometer  

FF PCE Rs (KΩ) 

1 2000 2.888 0.0055 200 

2 3000 0.233 3.333 � 10-6 4093 

3 2500 0.28 0.0004 17.26 

 
The power conversion efficiency PCE and fill 

factor FF can be affected by the series resistance, 

where Rs is due to the internal resistance of the 

OSCs at the electrode especially at the indium with 

copper wire and at the measurement device such 

as Keithley Electrometer. 

 

4.2 Calculations of Optical Properties 
 

While spectral response shows the effect of 

different wavelength on output current for organic 

solar cell OSC, the EQE illustrates the efficiency 

of OSC at different wavelengths. Quantum 

efficiency EQE is more elementary than 

Responsivity which is used in theory. Keithley 

Electrometer model 6517B with the grating 

monochromator give the optical properties of the 

organic solar cell. 

R� � �
	         

IPCE � EQE �  
Jcd �ef

dg�� � 
Phi� μW

cm#��
 �  1240� eV nm� 

λ �nm�  

For example, at wavelength of (500 nm). 

R�1 = 
%.%%%#Z 

#.X%q  = 8.899� 100Z mA/W 

���� � �r� �  
%.%#VVV ���

���� � 

W"#""".""� � 
!
��s

 �  "#$%� &� '
� 
Z%% �'
�    

EQE1= 2.2 � 100V 

R�2 = 
%.%%%VVZ 

#.X%q  = 2.758� 100$ mA/W 

���� � �r� �  
%.%XR""  ���

���� � 

W"#""".""� � 
!
��s

 �  "#$%� &� '
� 
Z%% �'
�    

EQE2= 6.8422� 100V 

R�3 = 
%.%%%#WX 

#.X%q  = 8.472� 100Z mA/W 

���� � �r� �  
%.%XR""  ���

���� � 

W"#""".""� � 
!
��s

 �  "#$%� &� '
� 
Z%% �'
�    

EQE3= 2.1� 100V 

Figure (9) indicates the effect of different 

spectrums on (2000 rpm) spin coated sample OSC. 

In which the cell shows increased response from 

(400 nm) until reaching (500 nm), then a slight and 

gradual decrease in responsivity at (600 nm) 

followed by a slight increase at (700 nm) then a 

sharp decreased. This plot shows the proper band 

width is about (500-700 nm).  

Figure (10) shows that at (500 nm), the 

maximum EQE was (0.000022%), while this 

diagram gives information about the collected 

electron per incident light flux, it also shows a 

slight decrease in quantum efficiency. This 

decrease means that the incident light effect or (Pin 

effect) is very small on the quantum efficiency of 

this cell.  

Figure (11) indicates the effect of incident light 

on (3000 rpm) spin coated sample where the 

highest responses at (500 nm) followed by a slight 

decrease then a little increase at (750 nm), where 

the bandwidth is about (500-750 nm).  

Figure (12) shows that at (500 nm), the 

maximum EQE was (0.000068%). This IPCE was 

larger than that of sample-1- , this can explain by 

the effect of the fabrication process of this sample, 

where the spin coater speed was (3000 rpm) this 

can decrease the thickness of active layer which 

effect on the efficiency of (electron/hole) pair 

generated and efficiency of interfacial charge 

transfer which effected on IPCE. 

Figure (13) illustrated the spectral response of 

(2500 rpm) spin coated sample that shows a 

sensible response from (500-750 nm), where the 

highest response at (500 nm) followed by a slight 

decrease at (650 nm) then a little rise at (750 nm). 

Figure (14) shows that at (500 nm), the maximum 

EQE was (0.000021%), where the spin coater 
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speed was (2500 rpm) this can decrease the 

thickness of active layer which increases the 

Quantum efficiency but the recombination of the 

charge carrier at the interface after examined for a 

while cause drop in IPCE.  

 

 
 

Fig. 9.  Spectral Response of (2000 rpm) spin coated 

sample. 

 

 
 

Fig. 10.  Quantum Efficiency of (2000 rpm) spin 
coated sample. 

 

 
 

Fig.11. Spectral Response of (3000 rpm) spin coated 

sample. 

 

 

 
 

Fig. 12. Quantum Efficiency of (3000 rpm) spin 

coated sample 

 

 
 

Fig.13. Spectral Response of (2500 rpm) spin coated 

sample 

 

 
 

Fig. 14.  Quantum Efficiency of (2500 rpm) spin 

coated sample 
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5. Conclusions 

 

The (2000 rpm) spin coated sample show stable 

electrical and optical properties while this sample 

is fabricated at (2000 rpm) which can be 

represented as the suitable speed for fabrication 

this type of organic solar cell. The power 

conversion efficiency PCE and fill factor FF can 

be affected by the series resistance, where Rs is due 

to the internal resistance of the OSCs at the 

electrode especially at the indium with Copper  

 (Cu) wire. The optical properties such as 

responsivity Rλ and IPCE is affected by the 

fabrication process by manipulating the thickness 

of active layer where it decreases with increasing 

speed of spin coater that effect on the 

donor/acceptor interface which effect on the 

exciton generation and collection. The results 

show the poor electrical properties of P3HT: F8BT 

blend due to the low work function where the 

P3HT LUMO/ F8BT LUMO offset is 

(~ 0.3 eV) and the suitable value generally is (0.5 

eV). Higher optical and electrical response can be 

obtained by reducing the annealing temperature up 

to (80 ͦ C) for a longer time (30 min), this is due to 

the fabrication process is done at ambient 

condition without gloves-box. Using a static 

dispensation method can increase the homogeneity 

of spin-coated polymer layers and make a uniform 

thin film. The prepared samples from PEDOT: 

PSS dispersion is suitable to use dispersion 

without filtering or stirrer. 
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  الخلاصة

  
ودراسة العادية   العضوية . هذا البحث يتضمن تصنيع الخلايا الشمسيةالاخيرة بشكل واسع ) في الآونةOSCsأستعملت الخلايا الشمسية العضوية (

  وتأثير مختلف الاطوال الموجية على ذلك النوع من الخلايا.  )FF) ومعامل التعبئة (PCEخصائصها الكهربائية والضوئية مثل كفاءة تحويل الطاقة (

-٢،٥-هيكسيلثيوفين-٣) وطبقة فعالة من المانح والمستقبل مكونة من بولي (ITO–قصدير الانديوم (زجاجة  من أوكسيد اشفاف اتتضمن الخلية الشمسية قطب

(ستيرين سلفونات)  -إثيلينيدوكسيثيوفين) بولي-٣،٤طبقة من بولي ( فضلا عن) F8BTبنزوثياديازول (-ألت-ديوكتيل فلورين-٩،٩) و بولي (P3HTدييل) (
)PEDOT: PSS بقة ناقلة للشحنات الموجبة.) الذي يستعمل ط  

إلكتروميتر لقياس  طة سابوتم الفحص ) لتحسين أداء السطح البيني للمانح والمستقبل. BHJتم إستعمال تقنية الطلاء بالغزل الدوراني حيث استخدم مزيج (
مخطط الاستجابة  فضلا عنعلى مخطط التيار والفولتية ومطياف الاستجابة الطيفية لأجل الحصول    B)٦٥١٧ Keithley-التوصيلية الكهربية للتيار المستمر 

  الطيفية.

على  (0.28) و (0.233) و (2.888)كانت نتائج العينات الثلاثة (الاولى والثانية والثالثة ) للخلايا العادية: بالنسبة لمعامل التعبئة كانت نتائج العينات هي 
على التوالي، مأخوذة من مخطط التيار والفولتية،   )0.0004(و )3.333 � 10-6 (و )0.0055(التوالي وبالنسبة لكفاءة تحويل الطاقة كانت نتائج العينات  

  وهي تمثل الخواص الكهربائية حيث لوحظ تأثير المقاومة المتسلسلة على كفاءة الخلية.

ي الاستجابة الطيفية للخلايا اللشمسية فكان لتغيير سرع الدوران لجهاز الطلاء بالغزل الدوراني تأثيير في كفأءة الكم الخارجية بينما لوحظ تأثير عملية التصنيع ف
)EQE و ٣٠٠٠) و (٢٠٠٠لعينات تم طلاء الطبقة الفعالة منها بسرع ((%0.000021) و  (%0.000068) و  (%0.000022)) والتي اعطت نتائج (
)٢٥٠٠ (rpm التوالي. على  


