
Organic LEDs (OLEDs) 
 
 

• Falls under the category of flat panel displays.  

 
• LCD as a mature technology has many 

limitations. 
 

Disadvantages of LCDs 
 

• LCD is a non-emissive display device. Applying 
an electric field across an LCD cell controls its 
transparency or reflectivity.  

 

 
Figure 1. Basic physical structure of LCD cell 

 

• The polarizers and the LC material absorb light. 
On a typical monochrome LCD display the 
polarizers alone absorb 50% of the incident light. 
On an active matrix display with a TFT layer, the 
light throughput may be as low as 5% of the 
incident light. This causes LCDs to be bulky and 
power hungry. 



• The LC cells are in fact relatively thin and their 
operation relatively power efficient. It is the 
backside light that takes up most space as well as 
power. In fact with the advent of low power 
microprocessors, the LCD module is the primary 
cause of short battery life in notebook 
computers. 

• Moreover, the optical properties of the LC 
material and the polarizer also causes what is 
known as the viewing angle effect. The effect is 
such that when a user is not directly in front of 
the display, the image can disappear or sometime 
seem to invert (dark images become light and 
light images become dark). 

 

Advantages of Organic Light Emitting Device as a 
Promising Alternative 
 
• OLED-based displays have the potential of being 

lighter, thinner and much more power-efficient 
than LC based displays.  

 

• Moreover, OLED-based displays do not suffer 
from the viewing angle effect even if the viewing 
angle approaches 90 degrees from normal. 

 

• OLEDs can also have a faster response time than 
standard LCD screens. Whereas LCD displays 
are capable of a 1 ms response time or 
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less offering a frame rate of 1,000 Hz or higher, 
an OLED can theoretically have less than 0.01 
ms response time enabling 100,000 Hz refresh 
rates. 

 

• The substrate used can be flexible such as PET 
(Polyethylene terephthalate,  a 
thermoplastic polymer resin of 
the polyester family). Thus flexible OLED 
displays, also called Flexible OLED or FOLED, 
may be produced inexpensively. Use of flexible 
substrates could open the door to new 
applications such as roll-up displays and displays 
embedded in fabrics or clothing. 

 
 

Organic LED Structure and Operation 
 
• An Organic LED is a light emitting device 

whose p-n junction is made from two organic 
compounds such as: Alq3 (Aluminum tri (8-
hydroxyquinoline)) and diamine (TPD- Tetra 
P-Phenyl diamine) etc. 

 
• One of them acts as emissive polymer and the 

other as conductive polymer.  
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Figure 2 . Typical Structure of an Organic LED and the Molecular Structure of Alq3 and 
TPD 
 
 



• The organic layer corresponding to the p-type 
material is called the hole-transport layer (HTL)  

• The n-type material is called the electron-
transport layer (ETL). 

• Usually HTL is the conducting polymer layer 
and  

• ETL is the emissive polymer layer.  
 

Similar to doped silicon, when ETL and HTL 
materials are placed to create a junction, the energy 
bands equilibrates to maintain continuity across the 
structure. Figure 3 shows the optical recombination 
from the energy band perspective. 
  
LUMO is Lowest Unoccupied Molecular Orbital, 
which corresponds to the conduction band in the 
energy diagram, and  
HOMO is Highest Occupied Molecular Orbital, 
which corresponds to the valence band in the energy 
diagram.  
 

When a potential difference is applied across the 
structure with proper polarity as shown in the figure, 
the emissive layer becomes negatively charged, while 
the conductive layer becomes rich in holes. 
Electrostatic forces bring the electrons and the holes 
towards each other. So, a drift current flows and 
electrons and holes recombine. This happens closer 



to the emissive layer, because in organic 
semiconductors holes are more mobile than electrons. 
The recombination of carriers at the junction emits 
photons.  
 
 

 
 

Figure 3 . Recombination process in an Organic LED  
 

 

Since an OLED emits light through a 
recombination process, it does not suffer from the 
viewing angle limitation like an LC based device.  
 

Moreover, the thickness of an OLED structure, which 
typically is less than a micrometer, allows for 
mechanical flexibility, leading to the development of 
flexible displays indicating the potential development 
of rolled or foldable displays.  
By ink jet printing or vacuum evaporation full colour 
application is possible for OLEDs as shown in the 
figures below. 
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• Different varieties of OLED depending upon material technology 
 
Small molecules OLED (SM-
OLED) 
 
e.g. Alq3 
 

 

Phosphorescent OLED 
(PHOLED) 
 
e.g. Iridium complexes such as 
Ir(mppy)3 (i.e. molecularly 
imprinted polypyrrole based 
synthetic materials) 
 

 

Organic Polymer LED (PLED) 
 
e.g. electroluminescent 
conductive polymer, such as 
Poly(p-phenylene vinylene) 
(PPV, or polyphenylene 
vinylene) 

 

 
 
 
 
 
 
 
 

http://en.wikipedia.org/wiki/PHOLED
http://en.wikipedia.org/wiki/Organoiridium_compound
http://linkinghub.elsevier.com/retrieve/pii/S0956566304002854
http://linkinghub.elsevier.com/retrieve/pii/S0956566304002854
http://en.wikipedia.org/wiki/Electroluminescence
http://en.wikipedia.org/wiki/Conductive_polymer


 Major disadvantages of OLEDs 
 

• Limited lifetime of different OLEDs as organic 
materials have shorter lifespan than common 
semiconductor materials. Moreover, life spans 
for different coloured OLEDs are not same. For 
example, blue OLEDs have much lower life span 
than red and blue OLEDs. So, screen burn in (or 
image-persistance) occurs. Moreover, proper 
colour balancing is also a problem. 

 
• Unlike LCDs OLEDs have poor reflectivity. So, 

in the outdoor condition poor readability is a 
problem. 

 
• Power consumption of OLEDs are much higher 

for images with white backgrounds (i.e. text or 
word documents) than documents with black 
background.  

 
 


