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ABSTRACT 
 

  In this paper we will outline the opportunities for 
flexible OLED devices, both for display and 
solid-state lighting applications. We will present our 
recent data, and discuss future challenges, for low 
power consumption phosphorescent OLED 
technology fabricated on flexible substrates to enable 
a new generation of energy efficient electronic 
devices.  
 

INTRODUCTION 
We are entering a new age for electronics, which 

can now be fabricated on unconventional substrates. 
Using organic materials, and in particular 
phosphorescent OLED technology, extremely high 
conversion efficiencies of electrical energy into light 
can be achieved. This enables a whole new 
opportunity for flexible displays and energy efficient 
solid state lighting. 

Flexible displays have drawn attention from many 
researchers around the world because of their unique 
features, huge market potential, and at the same time, 
significant technical challenges. Even with limited 
flexibility, these devices offer slim form factor, 
ruggedness, and freedom of design for applications 
such as cell phones, mp3 players and TVs. OLEDs 
offer numerous advantages for displays including 
saturated colors, ultra fast switching, thin form factor, 
a vivid visual appearance and, when using 
phosphorescent OLED (PHOLED) technology, lower 
power consumption than equivalent AMLCDs.  

There is also a huge opportunity for flexible OLED 
lighting. Given that incandescent lamps are being 
banned for their energy inefficiency, there is a real 
need for energy efficient OLED lighting, and in 
particular new form factors offered by flexible or 
conformable OLEDs. OLED light sources, based on 
phosphorescent OLEDs,  are becoming very energy 
efficient, and their operational lifetimes have 
improved dramatically over the last few years.  
 

FOLED FABRICATION AND RESULTS 
1. Substrate and backplane 

There are two main substrate choices for flexible 

OLED devices, plastic and metal foil. Thin plastic 
films can have excellent flexibility, although their 
thermal properties limit the maximum process 
temperature, which can impact the backplane 
fabrication process for display applications.  
Conventional Si-based TFT backplane processes for 
AMOLED displays require temperatures in excess of 
300C which cannot be supported by current practical 
plastic substrate candidates. Flexible metal foil offers 
a number of desirable advantages that include 
enhanced thermal and mechanical durability, an 
important characteristic for high-temperature TFT 
processing, excellent permeation barrier properties, 
and potentially lower cost when compared to the 
flexible plastic substrates that are available today.  

As a disadvantage, conventional metal foils are 
rough and require planarization before deposition of 
TFTs and OLEDs. UDC is pursuing both plastic and 
metal foil substrates for flexible OLED devices. 
 
2. Phosphorescent OLEDs 

 
Low power consumption AMOLED displays can be 

achieved with high efficiency phosphorescent OLEDs 
(PHOLED™). In conventional fluorescent OLEDs, 
the internal quantum efficiency is limited to 
approximately 25 % since only the singlet excitons 
recombine to emit light. In a PHOLED system, 
however, heavy metal atom centers enable efficient 
spin-orbit coupling [1]. The spin-orbit coupling allows 
both singlet and triplet excitons to be harvested as 
phosphorescent radiation in the guest-host systems, 
leading to internal quantum efficiencies (“IQE”) of up 
to 100% [2]. The higher efficiencies lead to at least 
three times reduction in display temperature rise 
compared to a fluorescent OLED display [3]. This is 
an important consideration for mobile devices.  

The very high IQE makes PHOLED technology 
ideal for both flat panel display and solid-state lighting 
applications, and close to 100% internal emission 
efficiency has now been reported for all primary 
colors. Additionally, phosphorescent device lifetimes 
have rapidly increased to be competitive with the best 
in the industry. Two recent examples of red PHOLED 
performance includes bottom emission devices with 
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CIE of (0.67,0.33) and (0.65,0.35) and luminous 
efficiency and LT50 lifetime at 1000 nits of, 
respectively, 22 cd/A and  24 cd/A and 200,000 hours 
and 300,000 hours.  Very recent progress in green 
PHOLEDs has achieved 63cd/A and LT50 lifetime at 
1000 nits of 500,000 hours. Advancements are 
continuously being made in blue PHOLED device 
performance. 

Figure 1 shows simulations of the power 
consumption of a 3.5” display showing video content 
operating at 300 cd/m2 for various technology options. 
Also shown for comparison is power consumption of 
an equivalent AMLCD backlight operating at 375 
cd/m2, having similar visual performance to an 
AMOLED operating at 300 cd/m2. While the AMLCD 
backlight consumes 550 mW, the plot shows power 
savings that can be achieved by incorporating 
PHOLED technology. Firstly using just a red 
PHOLED sub-pixel power consumption can be 
reduced to 406 mW, the addition of green PHOLED 
sub-pixels leads to a further power reduction to 172 
mW, and the use of an all PHOLED system will 
reduce power consumption to 109 mW.  

Low power consumption is a key display 
requirement for mobile applications. The use of 
PHOLED technology enables displays to have lower 
power consumption than a backlit AMLCD, 
significantly extending battery life for mobile devices, 
and providing significant power savings compared to 
the use of fluorescent OLED technology. 
The high conversion efficiency of PHOLEDs has 

additional benefits to AMOLED technology, and 
particularly to flexible AMOLED displays. The lower 
drive current requirement of PHOLEDs will make it 
easier to use amorphous silicon (a-Si) (and perhaps 
eventually organic TFTs) as the backplane TFT 

technology. These technologies will be very important 
as they enable backplanes to be fabricated at lower 
temperatures than conventional LTPS, facilitating the 
launch of AMOLEDs on plastic substrates. 

In addition the lower drive current requirement of 
PHOLEDs also reduces the display operating 
temperature, which will extend the display operational 
lifetime. Lower pixel currents will also allow for lower 
bus line resistances, enabling thinner metallization, 
which will also simplify the manufacture of displays on 
flexible substrates. 

 
3. Thin film encapsulation 

Another critical component for flexible OLEDs is the 
development of a flexible permeation barrier. OLEDs 
degrade as a result of exposure to atmospheric oxygen 
and water, causing oxidation and delamination of the 
metal cathode, as well as detrimental electrochemical 
reactions within the organic layers. Since most OLED 
work to date has been focused on the development and 
manufacture of glass-based displays, the degradation 
problem has been addressed by sealing the display in 
an inert atmosphere using a glass or metal lid attached 
by a bead of UV cured epoxy resin. Metal is an ideal 
oxygen/water permeation barrier, so OLEDs fabricated 
on metal foil only require encapsulation after 
deposition.  
 

Figure 1 – Simulated power consumption 
roadmap for 3.5” AMOLED display using different 
combinations of fluorescent and phosphorescent 
OLED technologies. Assumptions are 300 cd/m2, 
and a 40% video rate. Also shown is equivalent 
power consumption for backlit AMLCD 

Figure 2 –Results of 65C / 85% RH ageing of 
2mm2  test pixels encapsulated using thin film 
encapsulation.
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Recently, a novel permeation barrier has been 
developed using a single-chamber PECVD process 
capable of depositing a low stress, transparent single 
layer barrier film for flexible OLED encapsulation.  
The barrier is a single phase hybrid material made by 
PECVD from hexamethyl disiloxane and oxygen that 
combines the hermeticity of SiO2 with sufficient 
toughness like that of a silicone polymer, such that it 
appears not to form microcrack permeation paths. In 
accelerated storage tests at 65 °C and 85% relative 
humidity, halflives of OLEDs coated with this barrier 
have exceeded a year [4]. Figure 2 shows results of 
pixel photos and active area versus ageing. 
Preliminary results of this work show great promise.  

 
4. Flexible AMOLED Results 

We have demonstrated a full color AMOLED on 
metal foil, combining LG Displays’s innovative 
amorphous-Silicon backplane with our team’s  
high-efficiency PHOLED and FOLED® flexible 
technologies . The prototype is a portrait configured, 
4” QVGA, 100 ppi full-color OLED display, as shown 
in Figure 3.  The razor thin display was built on 76 
micron thick metal foil and offers 256 grey scale 
levels per color (8 bit).  The display can portray a 
variety of images, including full-motion video. 
The specifications of our finished flexible display is 
shown in Table 1. It can portray a variety of images, 
including full-motion video. 

 
Figure 3.  4” full color QVGA display with a-Si 
backplane built on metal foil (in collaboration with 
LG Displays) 
 
 
 
 
 
 

 
 
Table 1. Specification of UDC flexible QVGA 
phosphorescent AMOLED display 
 
5. Solid State Lighting 
 

Table 2- A comparison between various lighting 
technologies 

Display type  Top-emission OLED 

  Active area  
81.6 (H) X 61.0 (V) mm : 4” 
diagonal  

  Resolution  320 X RGB X 240  
  Pixel density  100 ppi  
  Colors     16.7 M  
  Luminance  100 cd/m2 - White  
  Contrast ratio 1,000:1  
  Driving voltage 15V  
  Bending radius   2”  
Power Consumption  <1 W 
  Panel thickness   0.3 mm   

  Fluorescent LEDs OLEDs 

Efficacy
(lm/W) 100  

80-120  
cool 

65-80   
warm 

100 lm/W
Lab demos 

CRI 80-85 

80 – 
white 
90 – 

warm 
white 

Up to 95 

Form 
Factor 

Long or 
compact gas 
filled glass 
tube  

Point 
source 
high 

intensity 
lamp 

Large area thin
diffuse source.

Flexible, 
transparent 

Safety 
concerns

Contains 
mercury 

Very hot 
operation None to date

LT70 
(K hours) 20 50 > 20  

Dimming
Yes, 
efficiency 
decreases 

Yes, 
efficiency 
increases 

Yes, efficiency 
increases 

Noise Yes No No 
Switching 
lifetime Poor Excellent Excellent 

Color 
Tunable No Yes Yes 
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Table 2 shows a comparison between various lighting 
technologies, showing the benefits of OLEDs. Table 3 
shows some recent UDC results of our PHOLED 
lighting, and Figures 4 and 5 are examples of flexed 
PHOLED light sources fabricated on metal foil, 
showing the potential for very novel form factors. 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Table 3 – Current status of UDC White PHOLEDs 

 

 
Figure 4 – Example of highly flexed white 
PHOLED on 50µm metal foil 
 

SUMMARY 
In this paper we have outlined key technical 
components for the development of low power 
consumption flexible OLED devices. Flexible metal 
foils are chosen as the substrate materials because of 
their excellent thermal, mechanical and  
 
 

Figure 5 – Example of conformal PHOLED on  
metal foil substrate 

 
permeation barrier properties. The use of phosphorescent 
OLED technologies enables low power consumption. We 
have built a flexible top emission QVGA color display on 
metal foil, packaged with a multi-layer thin film 
encapsulation and a conformable.  

We have also shown the potential for PHOLED 
technology to become a new form of energy efficient 
solid state lighting. 
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WOLED-1 
status 

WOLED-2 
status 

CRI 80 70 
Efficacy (lm/W) 
With x2 
outcoupling 
Enhancement 

64 102 

Lifetime LT70 (hrs) 
 >14,000 >10,000 

Luminance (cd/m2) 1000 1000 

Voltage 3.6V 3.5V 

Color Coordinate (0.44, 0.42) (0.41, 0.46) 

Color Temp (K) 3080K 3900K 


