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Abstract—Conjugated polymers are semiconductors that 

offer flexibility, simplicity and lower cost in the fabrication 

of polymer light emitting diodes (PLEDs), polymer 

transistors and circuits, polymer photodetectors and solar 

cells. They have a potential to lead to a technology that can 

monolithically integrate all the semiconductor devices 

mentioned above as well as polymer sensors and actuators. 

This paper presents a novel method as a post-fabrication 

treatment and its improvements over the performance of the 

light emitting and photovoltaic properties of PLEDs. 

Investigated PLED is made of indium tin oxide (ITO), 

poly(3,4-ethylenedioxythiophene) poly(styrenesulfonate) 

(PEDOT:PSS), poly[2-methoxy-5-(2'-ethyl-hexyloxy)-1,4-

phenylene vinylene] (MEH-PPV) and aluminum (Al). 

Following fabrication at room conditions, heat treatment is 

performed at 130Cº for one hour and electric field treatment 

is realized with voltage levels from 0 to -8V under 0.2 atm 

vacuum. Heat treatment after fabrication restores the light 

emitting function of otherwise not functioning PLEDs, which 

degrade due to exposure to oxygen and water vapors at 

normal room conditions. Electric field treatment reduces the 

turn-on voltage of PLEDs when they are used as light 

emitting devices. Electric field treatment of -1 volt reduces 

the turn-on voltage to 3 volts from 10 volts, which is the case 

for the devices with heat treatment only. It also improves 

open circuit voltages and short circuit currents of PLEDs by 

an order of magnitude when they are used as photo-

detectors or photocells. Devices treated with heat only show 

a short circuit current of around 0.5 nA and open circuit 

voltage of 5 mV under 500 mW/m
2 light intensity. These 

values improve to 5 nA and 55 mV respectively after the 

devices are electrically treated with -1 volt. Electric field 

treatment after the thermal treatment also improves the 

stability and uniformity of the devices. (Abstract) 

I. INTRODUCTION

Conjugated polymers are semiconductors that have 
attracted increasing attention in the past ten years, which 
enabled fabrication of light emitting diodes [1], transistors 
[2], electronic circuits [3] and photovoltaic cells [4]. They 
have a potential to realize a system that can integrate all 
the devices mentioned above monolithically. They can 

even be integrated to polymer micro-electromechanical 
systems (MEMS) to acquire sensing and actuation 
capabilities [5]. These kinds of polymer based systems are 
flexible, lightweight, easy to fabricate and have low cost. 
They can be produced in large areas [6]. However, when 
compared to their inorganic counterparts, polymer 
semiconducting devices currently have lower 
performances, less reliability, shorter lifetimes [7]. The 
main reason for this is the fast degradation nature of these 
polymers under oxygen and water vapor environment. 
Therefore, polymer semiconducting devices still need 
more research on the refinement of their fabrication, 
characterization and testing of their performances and post 
fabrication treatments for performance improvement.  

Figure 1. a) Cross sectional view of PLED b) Top view of the wire 
bonded samples 

Several groups have studied performance improvement 
and stability of organic materials used in polymer light 
emitting devices [8-11] and solar cells [12, 13]. In these 
studies, in order to increase the performance of polymer or 
to prevent degradation of semiconducting devices all 
fabrication steps are done in an inert environment like 
nitrogen. Similarly they have applied different treatment 
methodologies at some point of the fabrication process like 
UV ozone or chemical treatments applied to ITO or 
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conducting polymers. [8-13] However, all these extra 
precautions make the production harder and more costly. 
This paper presents a novel method, a post-fabrication heat 
treatment followed by an electric field treatment, and its 
influences on the performance of ITO/PEDOT:PSS/MEH-
PPV/Al PLEDs. Previously, a similar post fabrication 
treatment has been shown to work on polymer solar cells 
[14] or electroluminescent devices based on dendrimers, 
small molecule devices and polymers [15-17]. However, 
this is the first time a post fabrication thermal treatment 
followed by an electric field treatment in reverse bias is 
applied to PLEDs made with PEDOT:PSS and MEH-PPV 
and it is shown that it modifies their turn-on voltages and 
improves their photovoltaic properties.  

II. EXPERIMENT 

A. Fabrication 

All fabrication steps are realized in ordinary room with 
the relative humidity of %40-50 and the temperature of 21-
26˚C. To understand the effects of treatments, the samples 
are selected from same wafer in close proximity. ITO 
coated PET sheets (Aldrich) with a sheet resistivity of 
35ohm/  are cut into 4” diameter wafer sized circles and 
attached to 1mm thick glass wafers with silicone gel. The 
samples are cleaned using ultrasonic cleaner in acetone, 
isopropyl alcohol and deionized water for 3 minutes. To 
eliminate the hydrophobic nature of aqueous dispersion of 
PEDOT:PSS (Sigma) on PET surface and to clean the 
surface of the ITO from organic residuals, oxygen plasma 
with a power of 1.3W is applied for 15 minutes under 
300mTorr vacuum. After the filtration of PEDOT:PSS 
with a 0.25 m syringe filter, a film of approximately 
80nm thickness is obtained by spin-coating the solution at 
1200rpm speed for 30 seconds. To increase the 
conductivity of the PEDOT:PSS film, the sample is baked 
at 110˚C under nitrogen, N2, environment for one hour and 
under 0.2 barr vacuum for one hour in sequence.  

Figure 2. Temperatures of the treatment stages 

MEH-PPV is dissolved in toluene, 4mg / mL and 
stirred at 50˚C on hot plate for at least 4 hours until it is 
fully dissolved. After filtering the mixture with a 0.25 m
Teflon syringe filter, MEH-PPV solution is spin coated at 
1000rpm to obtain approximately 100nm of film thickness. 
At the end, film is baked at 65ºC for one hour.  

To deposit aluminum electrode, a shadow mask is 
prepared from a 50 m thick copper foil. Vacuum chamber 
with a base pressure of 10-6 Torr is used to evaporate 
120nm of aluminum layer. A shadow mask with 3 mm 
wide holes is aligned perpendicular to the patterned ITO. 
As a result 3x3mm2 square test cells are obtained as shown 
in Figure 1.  

B. Treatment 

Post fabrication treatments developed in this work 
consist of heat treatment and the electric field treatment 
immediately following that. Heat treatment is done for a 
specific duration on a hotplate at a specific temperature 
and in a low vacuum nitrogen environment. This treatment 
removes most of the absorbed oxygen and water vapors 
inside the devices. This is immediately followed by 
electric field treatment. Electric field treatment is done at 
the same vacuum and temperature values as the heat 
treatment. In addition, a negative voltage is applied to the 
devices for a specific duration making them reverse 
biased. Finally, this treatment is finished by a cooling 
stage as shown in Figure 2. 

Figure 3. Biasing details of electric field treatment 

The temperature of annealing must be higher than the 
glass transition temperature of the polymers. Optimum 
temperature for heat treatment is found to be 150˚C from 
the I-V and luminance measurements. However, 130˚C is 
used due to physical stress and operation difficulties of 
PET substrates. The time required for the annealing is 
offered as one hour, since any further treatment did not 
cause any further improvement [17]. Electric field 
treatment is realized with voltage levels from 0 to -8V. 
After one hour of heat treatment under 0.2 bar vacuum at 
130˚C in dark environment, samples are biased with 
different voltage levels. The durations of the treatment 
phases and the temperatures are given in Figure 2. The 
bias voltage of each sample is decreased in steps of 
1V/5min as shown in Figure 3. In the electric field 
treatment stage, in addition to reference cell which is not 
connected to a certain bias supply, -1, -2, -3, -5, -8 
potential levels are tested to determine its effect. The 
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reference cell represents the case in which only heat 
treatment is applied to the device. 

At the end of treatment processes, samples are 
packaged immediately and cooled down to room 
temperature without breaking the vacuum. A couple 
millimeter thick layer of hot melt silicone (Henkel) is used 
to encapsulate the devices. The thickness of the 
encapsulation is made quite thick to eliminate water or 
oxygen diffusion to semiconductor polymers.  

III. RESULTS AND DISCUSSION 

In this work, heat treatment under vacuum is used for 
the purpose of reviving the functionalities of PLEDs 
contaminated with oxygen and water vapor in the 
environment. Different from a typical fabrication process 
in literature; fabrication is done at ordinary room 
conditions without using glove-boxes. Therefore, during 
each steps of the fabrication, polymer material is polluted 
by humidity and oxygen in the environment and the 
resulting device did not emit light when forward biased or 
did not behave as a photo detector or solar cell when tested 
in a solar simulator. Heat treatment under vacuum 
followed by packaging under the same conditions restored 
the light emitting characteristics of PLEDs. However, the 
devices did not show any photovoltaic properties. 

The effects of electric field treatments are tested on 
both light emitting and photovoltaic properties of PLEDs. 
Its effect on light emission can be seen in Figure 4. For the 
devices that have been heat treated but not electric field 
treated known as unbiased cell, shown on the column 
named NC (not connected) in that figure, the turn voltage 
is relatively high and the uniformity is very poor. By 
applying negative electric field to the junctions after the 
fabrication and heat treatment, the turn-on voltage of the 
polymer light emitting devices falls down. These turn-on 
voltages increase slowly with the magnitude of the 
negative treatment voltage. For example, for a device that 
experienced only heat treatment (NC column in Figure 4) 
has a turn-on voltage of around 11 volts. However, a 
device that experienced both heat treatment and an electric 
field treatment with -1 volts (-1 column in Figure 4), has a 
turn-on voltage of around 4 volts. A device that is treated 
with -5 volts (-5 column in Figure 4), has a turn-on voltage 
of around 5 volts. Another advantage of electric field 
treatment is that the uniformity of the light emitting 
surface is improved. 

Photovoltaic response of the PLEDs is tested by 
measuring open circuit voltages and short circuit currents 
under both dark environment and the light source of a 
solar simulator with an intensity of 500W/m2. Figure 5 
shows the open circuit voltage response of the heat treated 
but not electrically treated PET/ITO/MEH-
PPV/PEDOT:PSS/Al PLED. The measured voltage is 
noisy and its average value when exposed to light is very 
small. On the other hand, after electric field treatment is 
applied the output voltage of the polymer device as shown 

in the same figure, is stabilized at a certain level and its 
average value (55 mV for -1 volt treatment) is an order of 
magnitude higher than the untreated (heat treated but not 
electric field treated) ones (5 mV).  

       
Figure 4.  Electric field treated rows of PLED samples 
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Figure 5. Effect of electric field treatment to the open circuit voltages 

Similar to the open circuit voltage characteristics of the 
treated and untreated samples, short circuit current 
performances are enhanced significantly after the electric 
field treatment. The results are shown in Figure 6. Before 
the electric field treatment, the short circuit response of the 
device when exposed to light can not be distinguished 
from the dark response. However, after the electric field 
treatment is applied, the intensity of the light shined on the 
device can be easily detected from its short circuit 
response (6 nA for -1 volt treatment). The average open 
circuit voltage and average short circuit current obtained 
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from electric field treated samples are strongly depended 
on the treatment voltages. These improvements in the 
photovoltaic operations of PLEDs are significant since 
they show that when right electric field treatment is 
applied to PLEDs after fabrication, they can also be used 
as photodetectors as well as light emitting devices. 
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Figure 6. Effect of electric field treatment to the short circuit currents. 

The light emitting property of a PLED can be restored 
with a heat treatment only step since it removes most of 
oxygen and water vapors absorbed inside PLEDs during 
fabrication steps. Further improvement of both the light 
emitting and photovoltaic functions of PLED by the 
electric field treatment after heat treatment is still under 
investigation. However, we predict that this is due to the 
alignment of the polymer chains under electric field. Since 
the polymer chains become mobile above the glass 
transition temperatures, they are reoriented by the applied 
electric field resulting in a more uniform structure. This 
new arrangement improves the chemical bonding between 
interfacial junctions, increases the mobility of the carriers 
and lowers the junction barriers. 

IV. CONCLUSION 

In this work, the effects of heat treatment and a 
following electric field treatment on PLEDs have been 
investigated. Treatment experiments are tested for three 
different fabrications and concurrent results have been 
observed. After the fabrication of square test cells heat 
treatment is performed at 130Cº for one hour. Electric field 
treatment is realized afterwards with voltage levels from 0 
to -8V. In the fabrication of PLEDs, no preventive 
measures are taken against exposure to oxygen and water 
vapors, which make the fabrication easier. Heat treatment 
after fabrication followed by packaging in the same 
conditions restores the light emitting properties of 
otherwise not functioning PLEDs by removing the 
absorbed oxygen and water vapors inside them. Devices 
that did not receive any post fabrication treatment did not 
show any light emitting or photovoltaic properties.  

Electric field treatment after heat treatment is applied 
to PLEDs made of PEDOT:PSS and MEH-PPV in reverse 
bias for the first time in this work. Light emitting and 
photovoltaic properties of PLEDs are improved compared 

to devices that are treated with heat only. Electric field 
treatment after heat treatment lowers the turn on voltage 
levels when used as a light emitting device. Turn-on 
voltage of a PLED drops to 3 volts when treated with -1 
volt in comparison to 10 volts when treated with heat only. 
When PLED is used as a photovoltaic device, its average 
value of the short circuit current and open circuit voltage 
increases by one order of magnitude compared to the 
values of the devices treated with heat only. Under 
500mW/m2 light intensity, 5 mV open circuit voltage and 
0.5 nA short circuit current values with heat treatment only 
improve to 55 mV and 5 nA respectively after electrically 
treated with -1 volt. Furthermore, the uniformity of the 
light emitting surface increases significantly after electric 
field treatment. 
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