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One of the most motivating areas of scientific research in printed electronics is Organic 
Light-Emitting Diode (OLED). They are engaging for use in next generation display and 
lighting technologies. In display applications, OLEDs have a broad range of emission 
colour and high power efficiencies in pliable substrates. In lighting applications, OLEDs 
appealing features such as broadband emission and inexpensive manufacturing 
process. The aim of this paper is to characterize and fabricate a double layer OLED. The 
emitting layer of the device is Poly [2-methoxy-5-(2-ethylhexyloxy)-1, 4-
phenylenevinylene] (MEH: PPV). The electrical characterization of the double layer 
OLED is performed using ATLAS tool. The thicknesses of the two layers are swept to 
show their effect on the OLED electrical characterization. In addition, two different 
devices with different thicknesses are fabricated using wet process. The electrical 
characteristics of the fabricated devices are measured and compared with the 
simulated one. 
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1. Introduction 

 
Recently Printed Electronics (PE) demonstrates a great interest in large area electronic systems. 

It could be counted as an emulator to the silicon based technology in some applications due to its 
elasticity, cheapness, lightweight and environmentally friendly [1]. It permits fabricating electronic 
systems on a flexible and low-cost substrate such as plastic, textile or paper [2, 3]. The expense of 
these systems is significantly much lower than the conventional silicon base electronics [4]. 
Nowadays, OLED has drawn the attention in PE for lighting and displaying applications. The first study 
of electroluminescence in organic materials was in 1950s by Bernanose then by Pope in 1963 and 
Helfrich in 1965. In 1990 the first OLED was presented by Burroughs which was based on polymer 
materials which called Polymer LED (PLED) [5]. 

The aim of this paper is to simulate and fabricate a double layer OLED. The electrical 
characteristics of proposed devices are simulated using Atlas tools from Silvaco. 
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The paper is organized as following; section I introduces the general structure of OLED. Section II 
explains OLED principle of operation. Section III shows the proposed devices. Section IV is the 
simulation result. Section V Shows experimental results and section VI is the conclusion. 

 
2. Principle of operation 

 
To enhance the performance of OLED it has several structures. It can be a single layer, double or 

multi layers [6]. This paper focuses on the double layer OLED. It consists of two organic layers 
confined between two electrodes cathode and anode as shown in Fig. 1. 
 

 

Fig. 1. Double layers OLEDs 

 
The first organic layer is Hole Transport Layer (HTL) and the second one is Emissive Layer (EL). The 

HTL transports only holes from the anode layer to the EL and blocks the electron from escaping out 
of the EL. The free electrons transport from the anode layer toward EL. The recombination of the 
hole–electron pair happens at the interface between the two layers, which inspire 
electroluminescence [7]. 
 

 

Fig. 2. Energy level diagram of double layer OLED 
 

When applying a forward bias, the anode has more positive electrical potential than the cathode. 
Hence, free electrons can pass the electron energy barrier ∆Ee which is the difference between 
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cathode work function φc and EL affinity χ as shown in Fig. 2. In addition, holes move from the anode 
into the HOMO of the HTL passing the hole energy barrier ∆Eh. This barrier is the difference between 
Ionization Potential (IP) of HTL and the anode work function φA. The recombination leading light 
emission occurs at the hetero-junction between the two organic materials which provides an excited 
state. This state, called exciton, depends on the total spin quantum numbers. It could be singlet or 
triplet exciton. The probability of triplet exciton is 75% while singlet is 25% [8, 9]. 
 
3. Device models 

 
The model used in organic materials bases on the one-dimensional time-independent drift-

diffusion transport model. It demonstrates the charge carrier transport inside the organic 
semiconductor. This model contains the continuity equation and the charge carrier mobility for 
electrons and holes [10, 11]. The Poole–Frenkel-like mobility model is the field-dependent mobility 
model used for a high electric filed. In that case, the mobility depends on the applied electric field as 
indicated by [12]. 
 

����� = ����	
� �
�            (1) 

 

����� = ����	
� �
�            (2) 

 
where E is the magnitude of the electric field, ��� and ��� are the zero field mobility’s of electron 

and hole respectively, and �� is material parameter. The recombination rate of free electrons and 
holes is described by Langevin’s theory [12]. The Langevin recombination rate is 
 

�� = �
� ��� + ����
            (3) 

 
where, ε is the permittivity of the organic material, q is the electron charge and n and p are the 
densities of free electrons and holes respectively. 
 
4. Proposed design and simulation results 

 
A double layers OLED is designed and characterized using ATLAS tool from Silvaco. As shown in 

Fig. 1 it is typically consisting of glass substrate coated with ITO as an anode, PEDOT:PSS as (HTL), 
MEH:PPV as (EL) and Al as cathode. 

In this structure the hole energy barrier ∆Eh is 5.0 - 4.9 = 0.1eV. It is relatively low due to the 
high value of IP of PEDOT:PSS. The electron energy barrier ∆Ee is 4.1 – 2.8 =1.3eV which is relatively 
high. The effect of thicknesses variation for both EL and HTL on the device electrical characteristic 
are examined. The PEDOT:PSS thicknesses are chosen to be 50 nm and 100 nm which are the same 
thicknesses obtained from fabrication. At each thickness of PEDOT:PSS, the MEH-PPV thickness varies 
from 50 nm to 200 nm. The I-V characteristics of all devices are shown in Fig. 3. The results show that 
the current increases as the thickness of PEDOT:PSS decreases and the MEH:PPV thickness increases. 
This is because when PEDOT:PSS layer thickness increases more holes are injected into the EL. On the 
other hand, the concentration of electrons injected from anode is less than holes due to the high 
electron energy ∆Ee. Accordingly, the concentrations of holes and electrons are unbalance which 
reduces the current. 



Journal of Advanced Vehicle System 

Volume 4, Issue 1 (2017) 1-6 

4 

 

Penerbit

Akademia Baru

 
(a) 

 
(b) 

Fig. 3. I-V Characteristics of (ITO/ PEDOT: PSS/ MEH-PPV/AL) with 
PEDOT:PSS thicknesses a) 50nm, b) 100nm 

 
In addition the turn on voltage is slightly decreased with increasing the thickness of MEH:PPV. 
 
5. Experimental details 

 
Two different devices with different thicknesses of MEH:PPV (EL) are fabricated. For both devices 

the thickness of PEDOT:PSS is the same. The fabrication technique is based on solution (wet) process. 
MEH:PVV Preparation: The MEH:PPV material is from Sigma Aldrich with CAS # 536512. Its average 
molecular weight is 150,000-250,000. It is dissolved in toluene solvent with concentration of 
15mg/ml. The solution is then left on the magnetic stirrer for 48 hours to grantee that the MEH:PVV 
is completely dissolved. 
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Device Fabrication: The two substrates are ITO coated glass from Sigma Aldrish. The area of each 
substrate is 2.5 X 2 cm2 with thickness 1.1 mm. The surface resistivity is 70-100 Ω/sq. The substrates 
are cleaned by acetone, de-ionized water (DI-water) then Isopropanol (IPA) for 20 min each in 
ultrasonic bath at 50oC. The samples then dried with Nitrogen flow. The samples are then baked for 
10 min at 50oC. For both samples the PEDOT:PSS material (CAS # 739316 from Sigma Aldrish) is then 
spin coated at 500 rpm for 10 sec to guarantee the solvent is completely evaporated. Then both 
samples are packed on hot plate for 10 min at100oC. The thickness of the film is 50nm which is 
measured by DektakXT surface profiler. For the first sample the MEH_PPV is spun coated with 500 
rpm for 10 sec then 1000 rpm for 30 sec to get a homogenous film. The sample is then packed at 
100oC for 10 sec. The thickness of the resulting MEH:PPV layer is 200nm. To get a difference thickness 
the second sample is spun coated with 500 rpm for 10 sec then 2000 rpm for 30 sec. The measured 
MEH:PPV thickness at this speed is 150 nm. For metallization, 100 nm AL cathode is deposited on the 
top of the MEH:PPV layer of both devices using a sputtering tool. The I-V characterizations for both 
devices are measured using Keithily 4200. The voltage is wept from -1 to 1V. The fabricated OLEDs 
show I-V characterization curves similar to the conventional diode. Fig.4 a. shows the I-V curve for 
the first OLED with 50 nm, 200 nm PEDOT:PSS and MEH:PPV layers thicknesses respectively. The 
measured result shows that the forward current is 6mA at 1V forward bias. The turn on voltage is 
0.2V. The I-V curve of the second OLED with 50 nm, 150nm PEDOT:PSS and MEH:PPV layers 
thicknesses respectively is shown in Fig.4 b. The measured current is 1.5mA when applying a 1V 
forward bias and the turn voltage is 0.25V. 
 
6. Conclusion 

 
This paper introduces the effect of thicknesses variation of the two polymer layers on electrical 

properties of two layers OLED. In addition, it shows the similarity between the simulation and 
measured results. The electrical properties of the OLEDs are simulated using ATLAS tool. 

The fabrication technique is based on wet process. The structure of the OLEDs is 
ITO/PEDOT:PSS/MEH:PPV/Al. The OLED with lower PEDOT:PSS thickness and higher MEH:PVV 
thickness shows a better electrical performance for both simulation and measured results. The hole 
energy barrier in the constructed OLED is less than the electron energy barrier. Hence more holes are 
injected toward the EL than electron injected from anode. Therefore the current is reduced with 
decreasing the MEH:PPV layer thickness. The simulated forward current for OLED with 50nm 
PEDOT:PSS thickness and 200nm is 7 mA while the measured value is 6mA for same applied forward 
potential. In addition, when the MEH:PPV thickness is reduced to 150nm with same PEDOT:PSS 
thickness the simulated current value is reduced to 2mA while the measured value is 1.5mA. 
 

 
(a) 
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(b) 

Fig. 4. Measured I-V characteristics of (ITO/ PEDOT: PSS/ MEH-PPV/AL) 
with PEDOT:PSS thicknesses 50nm and MEH:PPV thicknesses  a. 200 nm 
(1000 rom), b. 150 nm (2000 rpm) 
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