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Abstract ⎯ Patterning of the cathode layer of the polymer 
displays has been realized by shadow masking or high cost 
dry etching techniques so far. In this research, patterning 
of aluminum (Al) cathode electrode of polymer light 
emitting diode (PLED) made up of indium tin oxide (ITO), 
poly(3,4-ethylenedioxy thiophene) poly(styrenesulfonate) 
(PEDOT:PSS), poly[2-methoxy-5-(2'-ethyl-hexyloxy)-1,4-
phenylene vinylene] (MEH-PPV) and Al is done by wet 
etching in an acidic etchant. PLEDs in passive matrix 
display after fabrication did not emit light. However, they 
started to work after post fabrication thermal and electric 
field treatments. A 200x200 µm2 pixel had a turn-on 
voltage of 6 V and a maximum current of 80 µA at 12 V.  
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I INTRODUCTION 
After the invention of conjugated polymers [1,2], 
organic material based systems have been 
increasingly attracting attention since their 
fabrication is easier, simpler and cheaper. 
Application of electroluminescent polymers to 
displays makes polymeric thin film devices more 
valuable. Compared to inorganic displays, 
polymer light emitting diode (PLED) displays 
are thinner, lighter and mechanically flexible [3]. 
Furthermore, this technology also enables the 
fabrication of polymer transistors [4], electronic 
circuits [5] and photovoltaic cells [6]. 
Eventually, these entire devices can be 
monolithically integrated together. They can 
even be integrated to polymer micro-
electromechanical systems (MEMS) [7,8].  
      Polymers are soluble in common solvents. 
Because of this, deposition of the polymer layers 
can be realized in many simple ways, like spin 
coating, ink-jet printing, soft printing and roll to 
roll (or off-set) printing. These methods make it 
possible to produce polymer devices in large 

areas [9]. Although polymer semiconducting 
devices currently have lower performances and 
less reliability with shorter lifetimes [10], their 
advantages in fabrication and the possibility of 
using variety of polymers with different 
chemical, electrical, optical and mechanical 
properties compensate for these weaknesses.  
      PLED passive matrix displays are usually 
fabricated by patterning a transparent cathode 
material with a high work function, typically 
ITO. Hole transporting and light emitting 
polymer layers are then spin coated and dried as 
a film without patterning. Finally, an anode 
material is deposited and patterned orthogonal to 
the cathode patterns. The hardest part in this 
fabrication is the patterning of the metallic 
cathode layer since it requires shadow masking 
process or dry etching systems. Dry etching of 
cathode electrode can be realized by high priced 
laser or ion etching systems. The edge 
smoothness of the lines patterned in laser 
machine is not good and this process requires the 
machine calibration. [11]. Ion etching systems 
are expensive. On the other hand, shadow 
masking is time consuming, difficult to align and 
rather a costly process. Moreover, metal 
patterning through shadow mask does not result 
in high resolutions as compared to lithographic 
processes.  
      The wet etching of cathode layer have not 
been applicable to polymer junctions so far since 
the water in lithographic development lifted off 
the PEDOT:PSS layer and degraded the polymer 
layers. This paper presents a new method for the 
fabrication of passive matrix ITO/PEDOT:PSS/ 
MEH-PPV/Al display using all wet etching and 
lithographic processes. In order to pattern the Al 
layer, a photoresist layer is patterned on top of it 
using a regular lithography process. Al is then 
etched using an acidic etchant. Devices are 
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rinsed in acetone and dried with nitrogen 
afterwards. These processes result in PLEDs that 
do not emit light. However, using the post 
fabrication treatment procedures that we have 
developed in our previous work [12], PLEDs are 
revived and start to emit light. 

II EXPERIMENT 
All fabrication steps are realized in ordinary 
room conditions with the relative humidity of 
40-50 % and the temperature of 21-26 ˚C. ITO 
coated PET sheet with a sheet resistivity of 
35ohm/  (Aldrich) is attached to 1mm thick 
glass wafers with silicone gel. To make passive 
matrix display, ITO layer is patterned as lines 
perpendicular to cathode lines. Photoresist 
Shipley 1828 is patterned over ITO with 2.8µm 
thickness by spinning at 4000rpm. After 
developing photoresist in MF319, ITO layer is 
wet etched in 1:1 (H2O:HCl) aqueous solution 
for one minute. Photoresist is stripped in 
acetone. The ITO wafers are cleaned after 
lithography using ultrasonic cleaner in acetone, 
isopropyl alcohol and deionized (DI) water for 3 
minutes. To eliminate the hydrophobic nature of 
PET surface against aqueous dispersion of 
PEDOT:PSS (Sigma) and to clean the surface of 
the ITO from organic residuals, oxygen plasma 
with a power of 1.3 W is applied for 15 minutes 
under 300 mTorr vacuum. It is also reported that 
oxygen plasma treatment of ITO improves the 
performance of the device since it decreases 
surface roughness [12] and improves the work 
function of ITO [13]. 
      The solution of PEDOT:PSS is filtered with 
a 0.25 µm syringe filter just before the spin 
coating. Thickness of around 100 nm hole 
transporting layer, PEDOT:PSS, is obtained by 
spin-coating at 1200 rpm for 30 seconds. To 
increase the conductivity of the PEDOT:PSS 
film and remove the solvent inside, 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. The temperature of the sample 
changed smoothly to minimize the surface 
tension over the layers. 
      MEH-PPV is dissolved in toluene with a 
density of 4 mg / mL. The MEH-PPV / toluene 
solution is stirred at 50 ˚C on hot plate for at 
least 4 hours until the polymer is fully dissolved. 

MEH-PPV solution is spin coated at 1000 rpm to 
obtain approximately 100 nm of film thickness. 
Before the coating, solution is filtered with PTFE 
syringe filter. At the end, film is baked at 65ºC 
for one hour on hot plate. 
      Cathode layer, aluminum, is deposited in 
thermal evaporator at 5x10-6 Torr with a rate of 
5-8 Å/sec. To pattern the deposited cathode 
layer, 2.8µm thick Shipley 1828 photoresist layer 
is spin coated, exposed and developed. After the 
development, UV exposed regions of photoresist 
dissolve in the developer, MF319. Immediately 
following this step, without immersing it into 
any other solution, the sample is directly dipped 
into an acidic aluminum etchant consisting of 
4:4:1:1 phosphoric acid, acetic acid, nitric acid 
and DI water to etch the aluminum layer. Since 
DI water catastrophically damages the device by 
lifting off the PEDOT:PSS layer, the sample is 
never immersed into the water after the 
development in MF319. Similarly, after 1 minute 
etching in Al etchant, when Al patterns are 
formed, samples are washed in acetone and then 
dried in nitrogen flow. This step also strips the 
photoresist over the Al patterns. This is the key 
point in wet etching of the cathode metal. If the 
etching process is stopped with water, the sample 
is damaged significantly.  
      After the deposition and patterning of all 
layers, PLEDs do not emit light since the 
polymer layers are exposed to oxygen and water 
in air and in wet etchants and they degraded. 
Post fabrication thermal and electric field 
treatments are applied to the devices in order to 
revive their light emitting functions. Heat 
treatment is realized in a vacuum chamber 
equipped with a heater which is set to 130 ˚C 
inside 50 mtorr vacuum. Two hour treatment 
removes most of the absorbed oxygen and water 
vapors inside the devices. Electric field treatment 
is applied during the thermal treatment by short 
circuiting the cathode and anode electrodes to 
provide zero volt potential across the junction.  
      At the end of treatment procedures, samples 
are packaged immediately without breaking the 
vacuum. A couple millimeter thick layer of hot 
melt silicone purchased from Henkel is used to 
encapsulate the devices. The silicone is melted 
above 90˚C by turning on a separate custom 
made heater over the devices, which holds solid 
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silicone pieces. The thickness of the 
encapsulation is made quite thick to eliminate 
water or oxygen diffusion to semiconductor 
polymers. After encapsulation, without breaking 
the vacuum the samples are cooled down to 
room temperature so that silicone layer solidifies 
and acts as a diffusion barrier. It also makes 
devices robust against mechanical disturbances.  

III RESULTS AND DISCUSSION 
Polymer light emitting diode passive matrix 
display has been successfully fabricated by all 
wet etching and lithography processes. Low 
resolution shadow masking and high cost 
reactive ion etchers have been avoided. 
Lithography and wet etching of the cathode 
electrode do not damage devices if they are 
applied correctly. While patterning cathode 
electrode, if the devices are immersed into DI 
water the devices become significantly damaged 
as shown in Figure 1 since DI water lifts off the 
PEDOT:PSS layer. An acidic solution does not 
do this on the other hand. 

 
Figure 1. Picture of a PLED catastrophically damaged 
due to immersion into DI water after Al patterning. 

      By ending the wet etching of Al electrode in 
an acetone bath, devices are not damaged. 16 by 
16 passive matrix display, which is 
manufactured with this method, is shown in 
Figure 2. Electrical contacts between the display 
electrodes and the copper lines of the printed 
circuit board (PCB) are made by silver epoxy 
applied under microscope. Since PEDOT:PSS 
does not dissolve in solvents like acetone, 
toluene, chloroform, the acetone bath can not 
remove PEDOT:PSS layer. Similarly, acetone 

can not instantly dissolve the hard-baked MEH-
PPV layer. However, it might partly soften the 
polymer, because it dissolves the solid MEH-
PPV layer after approximately 30 minutes. 

 
Figure 2. Polymer passive matrix display mounted on 
patterned printed circuit board. 

 
Figure 3. Picture showing selected columns of PLED 
passive matrix turned on. 

      On the fabricated passive matrix, each cell 
can be addressed independently. Any row or 
columns can be selected, as it is shown in Figure 
3. Selected columns turn on successfully. This 
shows that acidic solution can selectively etch Al 
layer without damaging ITO or active polymer 
films under the Al patterns. 
      The electrical and electroluminescent 
response of a typical pixel of the fabricated 
polymer light emitting display is given in Figure 
4 below. While before the treatment junction 
behaves as a resistance, and above a certain level 
of voltage delamination of polymer layer is 
observed, after the post fabrication treatments it 
electrically behaves as a diode and emits light. 

     Selected                       Unselected

400 
µm 
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