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1989 ðFirst Polymer Generated 

Light

CDT originated from work at the 
Cavendish Laboratory, Cambridge

In 1989, an investigation of an 
insulating transistor material 
glowed green-yellow between 
charged electrodes

The research teams quickly focused 
on the commercial potential of this 
effect
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CDT History

Sumitomo takes licence to CDT materials IP and invests in CDT 2001

Sumitomo enters into joint development agreement with
CDT for phosphorescent, dendrimer-based, solution processable 2003
P-OLEDs (IP acquired from OpsysLtd)

/5¢ ΨǎǇƛƴǎ ƻǳǘΩ ŦǊƻƳ /ŀƳōǊƛŘƎŜ ¦ƴƛǾŜǊǎƛǘȅ1992

CDT sold to US private equity groups 1999

Sumitomo acquired Dow Chemicals P-OLED assets, including key
polyfluoreneIP, and offered to CDT to merge this and its own P-OLED 2005
ƳŀǘŜǊƛŀƭǎ ŀǎǎŜǘǎ ŀƴŘ ƳŀǘŜǊƛŀƭǎ ŘŜǾŜƭƻǇƳŜƴǘ ŀŎǘƛǾƛǘƛŜǎ ǿƛǘƘ /5¢Ωǎ ςSumationJV

CDT acquired by Sumitomo Chemical 2007

CDT listed on NASDAQ 2004
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Small Molecule 
OLEDs
(SM-OLEDs)

Polymer OLEDs
(P-OLEDs)

Invented 1985by 
Tang, van Slyke
(Kodak)

Invented 1989 by 
Burroughes, Friend, 
and Bradley 
(Cambridge)

Emissive materials 
are small molecules

Emissive materials are 
long chain molecules

Vacuum deposition

Solution processing

SM-OLEDs and P-OLEDs

http://psl.snu.ac.kr/md.jpg
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In reality, a typical OLED device contains additional organic layers to the 
basic Anode/EML/Cathode structure

Not all of the layers shown below are used - examples shown below:

Cathode

Electron Injection layer (EIL)
Electron Transport Layer 

(ETL)

Emissive Layer (EML)

Hole Blocking Layer

Hole Transport Layer (HTL)

Electron blocking Layer (EBL)

Hole Injection Layer (HIL)

Anode

LiF/Al

Alq3

Doped Alq3

NPB

CuPc(copper phthalocyanine)

ITO

SM-OLED

Ba, Al

Polyfluorene

Interlayer

Hole Injection Layer (HIL)

Anode

P-OLEDGeneric Structure

Multilayersdeposited by vacuum 
deposition

Solution processing requires 
orthogonal solvents/cross 

linking

OLED Device Structure
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Light

Light emission results from recombination of injected charges
Charges can be introduced optically by light absorption

Hole
injection

Electron 
injection

Charge injection 
from contacts

Recombination
Exciton formation 
(neutral excited 
state)

HOMO

LUMO

Light Emission

Excitondecay 
Luminescence
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Polymer -OLED Chemistry

Molecular weight control and high molecular 

weights achievable 

Polymerization generally robust with respect to 

reaction conditions

Process suitable for various molecular architectures

Random

Alternating

Block

High purity achieved to meet the needs 

semiconductor industry

Scalable to >20 litre reactors
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LEP structure: conjugated polymer

Separate monomer units for different roles in polymer:

Polymer (random)

ET HT ETET EMITTER ET

Monomer unit

üElectron transport (ET)

üHole Transport (HT)

üEmitter
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Single Component Polymers

Controlled unit - sequence

Controlled molecular weight

Copolymerization with each functional unit

Backbone Electron affinitive Hole affinitive Emission

C8H17C8H17

R

R N
S

N

N N

R R

N

Optimize monomer ratio
- carrier - charge balance
- quantum yield

Integration of all functions using copolymer system
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Molecular Engineering

Chemical substituentsto basic molecule can give significant changes

Withdrawal/addition of electrons from the backbone

Torsion angle modification

HOMO, LUMO, bandgap, mobility and physical properties can all be modified

Example from PLED work at CDT

Substitution of alkyl chain with CF
3

results in

withdrawal of electrons from 

backbone

deeper HOMO and LUMO

larger energy gap (by 0.1eV) ð

blue-shifted emission
CF

3

C4H9
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CIE 1931 Chromaticity Chart

CIE 1931 

Chromaticity 

Chart

P-OLEDs can be used to produce light of any visible hue and beyond
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Degradation 

Mechanism

Polymer 

Design 

High performance polymer-OLED displays  

Ink - jet process

Inks

Design of high-performance materials 

Device structure

for polymer OLEDs

Strategies of polymer OLED development

Efficiency

Color
Lifetime

Simulation Experiment Synthesis
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Current Materials Status

Spin/BE data Red Green Blue

Efficiency (cd/A) 11 31 28 50 8.0 6.0

Colour (C.I.E.)
x=0.67

y=0.32

x=0.63

y=0.37

x=0.35

y=0.60

x=0.30

y=0.63

x=0.14

y=0.21

x=0.15

y=0.14

LT(Spin) (hrs) 200k 350k 200k 100k 26k 13k

V@1kcd/m2(V) 6.0 5.7 4.4 ~6.0 ~5.0 5.0
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Higher contrast

Wider viewing angle

More vivid colours

Fast response time

Low power

Thinner form factor

Benefits of OLED Displays

LCD has proved a strong competitor on some of these features, 
increasing contrast with LED backlighting, improving viewing 
angle (by how it is defined), and minimising thickness
But OLED has maintained its advantage in contrast, response 
time and power efficiency
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Small/Medium OLED Displays

Small/medium displays are dominated by SMOLED

AMOLED panels from Samsung Mobile Displays (SMD) have 
73% market share, with the next closest manufacturer, 
RiTdisplay,  having 12% with their PMOLED panels

Source:DisplaySearchvпΩлф vǳŀǊǘŜǊƭȅ h[95 {ƘƛǇƳŜƴǘ ŀƴŘ CƻǊŜŎŀǎǘ wŜǇƻǊǘ
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Small/Medium OLED Displays

Recent products introductions ςCES and Mobile World Congress

Samsung Wave s8500
оΦоέ уллȄпул ΨǎǳǇŜǊΩ !ah[95

HTC Desire
оΦтέ урпȄпул ǘƻǳŎƘ !ah[95

Samsung EX1
оέ !ah[95

Samsung 700Z
тέ млнп Ȅ слл !ah[95
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Television Technology Dynamics

In the battle for technical dominance in television, LCD 
has triumphed to date.  Why?

LCD has been able to scale rapidly while maintaining 
high resolution (the shift to HD was less of a challenge)

Despite its conventional backlight, LCD has marketed a 
power efficiency advantage over Plasma at full 
brightness

LCD has continued to develop technical solutions to its 
weaknesses:

Contrast ratio ςLED backlighting

Efficiency ςLED backlighting helping here too

Viewing angle ςcontinuing to improve

Format ςgetting thinner and thinner
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2010 ðThe Year of 3D

Despite the cumbersome glasses, 3D television is expected to breath 
life into the television industry during 2010

240 Hz is the refresh frequency for the new 3D sets, with each eye 
getting 120 Hz through LCD shutter glasses

LCD suffers from artefacts 
running 3D content at 
this refresh rate

Plasma technology, with 
quicker response time, is 
well positioned to take 
advantage of 3D

Traditional LCD-dominant 
companies increased 
their plasma offerings at 
CES 2010
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On November 18th, 2009, the California Energy Commission approved a 
proposal regarding television energy efficiency standards.The legislation 
ƛƳǇŀŎǘǎ ƴŜǿ ǘŜƭŜǾƛǎƛƻƴǎ όруέ ŀƴŘ ǎƳŀƭƭŜǊύ ǎƻƭŘ ƛƴ /ŀƭƛŦƻǊƴƛŀ ŦǊƻƳ нлмм ƻƴǿŀǊŘǎΦ
TVs sold in California must consume 33% less energy by 01/01/11 and 49% less 
energy by 01/01/13.

Each point may represent several TV models

California TV Energy Regulation
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Perfect Storm for OLED?

Like Plasma technology, one of OLEDs strengths is its 
rapid response time suitable for 3D content

Unlike Plasma technology, OLEDs can market their 
superior energy efficiency

Taking the 3D TV trend 
and energy legislation 
together, it is clear 
that OLED televisions 
are poised to be the 
next generation TV 
technology
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OLED Television ðCurrent Status

Manufacturer Size Resolution Date

Sony ммέ 960 x 540
Available since 
2007

LG мрέ 1366 x 768
Nowavailable in 
Korea

AM-OLED TVs Available in Q1 2010

Despite Sony announcing in mid-February 2010 that they are 
ceasing production of the XEL-1 for sale in Japan, they will 
continue selling in the US and Europe.  This could represent a 
transition to larger panel production.
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At CES 2010, Samsung showed 
ǘƘǊŜŜ омέ ŘƛŀƎƻƴŀƭ {ah[95 ¢±ǎ 
running 3D content 

Large OLED TV Status

Sony also showed three 3D 
{ah[95 ¢±ǎ ŀǘ нпΦрέ 
diagonal
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Pricing is the biggest hurdle
Yield
Backplane challenges
Materials challenges

{ŎŀƭƛƴƎ Ǉŀǎǘ нлέ ƛǎ ƴŜȄǘ 
largest hurdle

Lifespan follows closely 
behind ςimage sticking a 
significant challenge to 
avoid the fate of Plasma

OLED TV ðRemaining Hurdles

Source: 5ƛǎǇƭŀȅōŀƴƪΩǎEntry Strategy for
OLED into Large-Size TV Market 2008
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Remaining POLED Challenges

Blue lifetime
Colour point challenges
Lifetime challenges

Cautious perception of inkjet printing as a robust 
manufacturing technology

Flat pixel challenges
Wet-ability of bank challenges
Challenge of swathe-free panels, with
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Blue Colour Point Challenge

With 0.12 blue can use colour filter to 
tune to EBU Blue (0.06)

Loss of efficiency > 70% loss in 
EQE

Modelled EBU Blue 
requirements for a 60k hour 
ƭƛŦŜǘƛƳŜ ǇŀƴŜƭ ŀǘ плέ ŘƛŀƎƻƴŀƭΥ

Á A native CIEy0.06~500 hours (at 
1000 cd/m2)

Á A native CIEy0.12 filter tuned to 
0.06 ~5000 hour

Á Non-EBU requirement with 
native untunedCIEy0.12 ς2,500 
hours

EBU Blue
0.12
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Competitors ïTwo Classes

Currently Available Energy Saving Technologies

Fluorescent (incl. CFL)

Inorganic LED

Other OLED

P-OLED vs. Competitive Technologies
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Issues with Fluorescents

Lifetime ïcan be shorter than advertised

For example, 6000-15000 hours continuous use vs.1000 hours 

if turned on and off every 5 minutes

Lamps contain Mercury (up to 5 mg of Mercury in a CFL)

Potential for widespread Hg contamination in incinerators and landfill

Practical efficiencies drop due to fixture losses (drivers, reflectors etc)

Installed luminaire efficiencies around 30-60 lm/W

Historical issues addressed in modern bulbs

Slow turn-on

Poor colour rendering

UV- Emission

Non-dimmable

Noise

33

http://www.thelightworks.net/index.php?main_page=product_info&cPath=37_73&products_id=1473&zenid=o41q27iu949jikthmm65k079e0


© CDT 2010

OLED and Inorganic LED

OLEDs are best suited to applications requiring 

uniform, diffuse large area emission

OLEDs are not a good match for point source 

or highly directional applications

Inorganic LEDs best suited to applications 

requiring point source of light

Inorganic LEDs are not a good match for 

uniform, diffuse large area emission

Requires diffuser materials, arrays of LEDs, 

costly assembly and integration

Inorganic and Organic LEDs are complementary 

and together will be able to cover a wide range of 

lighting needs

34

http://upload.wikimedia.org/wikipedia/commons/8/84/E27_with_38_LCD.JPG
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smOLED Devices

Source: Leo , Nature May 2009
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Many layers required for optimum performance

Ą Some reports of fewer layers (UDC = 5)

Each layer requires precise thickness control

Colour reproducibility

Optimum efficiency 

Yield remains an issue

Materials deposited by evaporation under 

vacuum

Poor material utilisation

Cost of vacuum equipment scales as ~dimension3

major issue ïespecially when considering 

manufacturing volume requirements for general 

lighting

Balance between speed and thickness accuracy
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Blue Green Red
Lm/W (no 

outcoupling 
enhancement) *

Fluorescent Fluorescent Phosphorescent 18-20

Fluorescent Phosphorescent Phosphorescent ~30

Phosphorescent Phosphorescent Phosphorescent 40-50

* Based on spectral calculations for given EQE & V

How to achieve the required Efficiency

With simple 
out-coupling

~45Lm/W

Increasing number of Phosphorescent colours used

Improving the out -coupling of light from the device
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P-OLEDs Progress-Efficiency

Continuing research to 

increase efficiency

Optical outcoupling

Fluorescent materials 

with high S:T ratios

Solution processable

phosphorescent 

materials

Materials and device 

optimisation, interlayer

òtuningó

electrons holes

Singlet

Excitons

Light

Triplet

Excitons

Light

P-OLED

Recombination
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General Lighting Market

Global lighting market is at least $80B annually

Residential
20%

Outdoor
26%

Industrial
12%

Commercial 
and 

Institutional
42%

Commercial and Institutional is also the best fit for diffuse lighting technologies, 
such as OLED

Commercial , Institutional and Residential have highest density of inefficient 
incandescent fixtures and bulbs ςsuch bulbs will be banned in the US from 2012

Asia-Pacific is fastest growing market with CAGR 5.63% between 2000-2010 and 
Europe has largest market with 27% in 2008

Source: US Lighting Market Characterization Volume 1: National Lighting Inventory and Energy

Consumption Estimate. September 2002 Source: MarketsandMarketsGlobal Emerging Lighting Market Report 2009
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Lighting Market

By 2018, the total OLED lighting market is expected 
to reach $6.3B US, with 112M m2 shipped1

1Source: DisplaySearchςOLED Lighting in 2009 and Beyond: The Bright Future
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Industrial Lighting

Smallest market segment

h[95Ωǎ ǳƴƛǉǳŜ ǇǊƻǇŜǊǘƛŜǎ Řƻ ƴƻǘ Ŧƛǘ ǾŜǊȅ 
well with this market

Cost is much more important over 
design, so a difficult market to enter for 
OLEDs

Possibly valuable in large area emission 
applications, but would need 
development to address challenges in 
brightness and stability
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Outdoor Lighting

Substantial market segment

h[95Ωǎ ǳƴƛǉǳŜ ǇǊƻǇŜǊǘƛŜǎ Řƻ ƴƻǘ Ŧƛǘ ǾŜǊȅ 
well with this market

Significant challenges in brightness and 
environmental stability (UV, heat, 
moisture)

Possibly valuable in signage 
applications, but would need significant 
development
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Residential Lighting

Substantial market segment

Market is open to greater design 
possibilities than Outdoor, Industrial

Performance requirements are less 
demanding than other segments, but 
this is a diverse market

Low voltage and DC driving may be the 
direction of future residential electric 
systems

Segment could be an early adaptor of a 
standardised OLED design, but it would 
likely have to fit existing design criteria
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Commercial and Institutional 

Lighting

This market is the best fit for diffuse 
lighting technologies, as fluorescents 
account for 75% of the segment

Luminaire designs are transferrable across 
the market segment

Luminaire designs for this market are more 
adaptable to fundamental building blocks ς
could be an early adaptor of a standardised 
OLED design, rather than having to design 
to fit the application

Opportunity to design a standard that the 
market will drive with OLED
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New Market Segment?

Do the features of OLED support an entirely new 
market segment?

OLEDs have the capability to be flexible, large-area 
sources.

Luminaireshave dictated the design and form factor 
of standardised bulbs ςcan OLEDs turn this on its 
head?

In the future, production costs for OLEDs could be 
significantly lower than competitors ςis this a gate to 
creating a new market segment? 
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OLED  Lighting Commercialisation

Source: Display Search Report
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The Choice

Printable OLED is THE future and quietly 
acknowledged by most major players to be so ς
vacuum processed small molecules is a 
transitional technology, and colour filter-on-white 
will not fly on efficiency considerations

The Choice:
Solution processed small molecule OLED
Solution processed polymer OLED
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Conclusions

For P-OLED, there is a LOT of covert activity 
behind the scenes by major players (with some 
notable exceptions) as market energy and 
performance standards elevate

OLED Lighting will drive materials development 
and expand the OLED supply chain for the benefit 
of display players

With the P-OLED lead in solution processing, the 
winds are shifting in its direction


