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Light Emitting Diodes

Photoluminescence (PL Mode)
• Activated by light energy
• Conversion color from other light sources
• Light with shorter wavelength (higher energy)

Electroluminescence  (EL Mode)
• Activated by electronic energy
• Direct emission of colored light
• OLEDs, QLEDs, PeLEDs, etc. 



Generation of Light in Semiconductor LEDs
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Chip Structure of LEDs



Spectra of LEDs



Evolution of LED Light Sources
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Concepts of White LEDs



Optically Pumped WLEDs

Solid State Lighting Display Backlight

Blue (or UV) LED� Phosphors �White



Phosphor-LEDs



Luminescent Materials (Phosphors)



Requirements for Phosphors



Ce3+ Phosphors

Ce: Xe 4f1 5d1 6s2



Ce3+ Phosphors

Yttrium aluminium garnet (YAG, 
Y3Al5O12) is a synthetic crystalline 
material of the garnet group.



Ce3+ Phosphors



Optically Pumped White LEDs
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Optically Pumped White LEDs



Problems of Ce3+ Phosphors



The Future of WLEDs

Blue LED + Yellow Phosphor:
• Poor color rendering
• Circadian rhythms disruption
• Suppression of melatonin

An ideal phosphor:
• Near-unity PLQE
• Good spectral overlapping
• Excellent thermal and photo-stability
• Great color rendering



Solid State Lighting

Courtesy of Seoul Semiconductor



Electrically Driven Thin Film LEDs

Colloidal Quantum 
Dots

Phosphorescent 
Metal Complexes

Perovskite MaterialsOrganic Charge Transport Materials
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Organic Light Emitting Diodes



What is OLEDs?

Viable Candidates for: 
New generation flat full color displays
Superior to current LCD displays:
•Compact size
•Broader viewing angle
•Bright saturated colors
•Faster response
•More power efficiency
•Can be flexible and transparent

Illumination sources (white OLEDs)
•High power efficiency (2 to 3 times > incandescent lamp)
•Generate pleasing white light with high CRI
•Enable "designer color" on demand
•Provide new design opportunities for architects.



What is OLEDs?

The structure 
•About 1000Å organic layers sandwiched between 2 electrodes
•At least 1 electrode is transparent

Operation principle
•Charge carriers injection
•Migration
•Recombination
•Electroluminescence
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Why OLEDs?

•Compact size (as thin as 0.05 mm)
•Broader viewing angle (even 90° from normal)
•Bright saturated colors 
•Faster response (1,000 times faster than LCD) 
•More power efficiency (40%-50% less power consumption)
•Can be flexible and transparent (On plastic substrates)

•High power efficiency
•Generate pleasing white light with high CRI
•Enable "designer color" on demand
•Provide new design opportunitiesLig
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The First Efficient OLED

Cited
16591 times



How OLEDs work?
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• LUMO of ETL transport electrons;
• HOMO of HTL transport holes.
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How OLEDs work?

+

hn

A* → A+ hn

DEHOMO-LUMO ~ hn

exciton A*

The emission color is proportional to the 
DEHOMO-LUMO of emissive materials (exciton).

Lowest Unoccupied Molecular Orbital 

Highest Occupied Molecular Orbital 



Early Development of OLEDs



The First Polymer LEDs

Cited 13681 times



Doped emissive layer (EL).
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Efficiency is ~ 1%
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Doped emissive layer (EL).

HOST
DOPANT

Doping (0.5-1%) fluorescent dyes in the 
emissive layer

Efficiency is ~ 2-3 %

Förster energy transfer 

Dexter energy transfer 

Advantage:
Self-quenching of excitons is prevented.

Tune the color of OLEDs by controlling 
emission energies of dopants.
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Electrophosphorescence

Max theoretical quantum efficiency Fluorescent Phosphorescent

Internal 25% 100%
External 5% 20%

Harvested both by 

fluorescent  and 

phosphorescent dyesHeavy metal Ir and Pt 

complexes facilitate 

intersystem crossing •Experimentally determined singlet fraction for Alq3 based 

OLEDs = 22±3%  Baldo et.al., Phys. Rev. B ,1999
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The First Phosphorescent OLED

Cited 6450 times



Platinum Complexes



Iridium Complexes



Color Tuning Mechanism



Fabrication of OLEDs

•Three Types:
1.Vacuum Deposition/Vacuum Thermal Evaporation(VTE)
2.Organic Vapor Phase Deposition
3.Inkjet Printing



Vacuum Thermal Evaporation
• Ideally in vacuum chamber
• Very low pressure (10-6 or 10-5 Torr)
• Molecules gently heated until evaporation
• Condensed as thin films on a cooled substrate
• Thickness of each layer can be precisely controlled
• Disadvantages

• Evaporant condensed on cold walls can flake off, contaminating the system and substrate
• Very difficult to control uniformity and doping concentration over large areas 
• Very expensive and inefficient



Organic Vapor Phase Deposition
• Process

• Under low-pressure and in a hot-walled reactor chamber
• Carrier gas transports evaporated organic molecules onto cooled substrates
• Condensed into thin films

• Improves control over doping
• Controlled by both temperature and carrier gas flow rate

• Better for large-area substrates
• Advantage

• Use of a carrier gas increases the efficiency
• Reduces cost



Inkjet Printing
• Process

• Organic materials diluted into a liquid and sprayed onto substrates

• Similar to a standard inkjet printer

• Organic Vapor Jet Printing
• Developed at Princeton

• Uses vaporized organics instead of the liquid based jets of other inkjet printers

• Current Equipment Manufacturer
• MIT spinout Kateeva

• Advantages
• Drastically reduces manufacturing costs 

• Allows OLEDs to be printed onto very large films 

• Examples - 80 inch TV screen or electronic billboard



AMOLED

iPhone X Diamond Sub-Pixels 



Electrically Driven Quantum Dot LEDs

Cited by 2798



Quantum Dot LEDs



Perovskite LEDs



Metal Halide Perovskites

ABX3
A = Cs, CH3NH3
B = Pb, Sn, etc.
X = Cl, Br, I

Attractive Features:

§ Earth abundant elements

§ Solution processable

§ Low temperature processing

§ Excellent optical properties

§ Excellent electronic properties

§ High structure tunablity



The First Report of Efficient Perovskite LEDs at R.T.

Cited by 1654



The State of The Art



Outlooks and Challenges

• Efficiency (Approaching that of OLEDs)?
• Full color display and solid state lighting (Color tuning)?
• Stability (Material and device degradations)?
• Cost-effectiveness (Material and processing costs)?
• Environmental concerns (Lead free)?


