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Light Emitting Diodes

 Basically p-n junction that are designed to produce light via a process called  

electroluminescence.

 In & outdoor  display

 Traffic signal

 Automobile indicator

 Solid state lighting

 Agriculture

 The radiative recombination of injected minority carriers (electrons and holes) in and near the 

semiconductor p-n junction.
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Light Emitting Diodes

• 40 % electricity savings (261 TWh) in USA in 2030 due to LEDs

 Eliminates the 30+ (1000 MW) power plants by 2030

 Avoids generating ~185 million tons of CO2
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Light Emitting Diodes
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Light Emitting Diodes

 Nichia Corp. (1996): Commercialization white LED using InGaN DH blue LED

 Nobel prize (2014)  Akasaki, Alamo, Nakamura : “for their invention of efficient blue light-emitting 

diodes which has enabled bright and energy-saving white light source”
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Light Emitting Diodes

www.lightemittingdiodes.com
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Light Emitting Diodes
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Light Emitting Diodes

• Highly strained InGaN layer

• High internal piezoelectric 

field
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Light Emitting Diodes

• Microstructures for efficient light extraction

• Rubicon Tech. (2014)
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Light Emitting Diodes

• Nanostructures for efficient light extraction

• RPI (2007)
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Light Emitting Diodes

(i) Flat surface

(ii) Micro-structure (MS)
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Total internal 
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Angle dependent reflectance

R = (RTE + RTM)/2

At least ~30 % reflection occurs at any 

incident angle!!

• Combination of Micro-/nano-structures
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Light Emitting Diodes
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(iii) Subwavelength Structures (SWSs)

Reducing FR

Difficult to control TIR

The electric field cannot penetrate the SWS 

region at above critical angle!
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Electric field intensity distribution

RCWA calculation

LED with SWSs or graded layer
- 24.3% (J. K. Kim et al., Adv. Mater 2008)

- 26.4% (Y. M. Song et al., OE 2009) red LED

- 31% (Y.-C. Lee et al., APL 2009)

- 30.2% (Y. M. Song et al., APL 2010) blue LED

~30% limitation
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Light Emitting Diodes

(i) PR patterning

PR

(ii) Dry etch for MS (iii) p- and n- metal 

deposition

(iv) Ag coating (v) Thermal annealing (vi) Dry etch for SWS

MS MS
p-metal

Ag

thin film
Ag NPs

p-metalp-metal

SWS on MS

Introduced in Nat. Photonics Research Highlight (2011)Opt. Express (2011)
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Light Emitting Diodes
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L-I-V curve for AlGaInP LEDs with 

SWS on MS

The light output power was improved by 72.4% for 

the LED with SWS on MS compared to the 

conventional LEDs

Schematic diagram for red 

LEDs with SWS on MS

SEM images of fabricated red 

LEDs with SWS on MS

72.4 %

~35%
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Light Emitting Diodes

• Multiple color generation

GIST, MSE (2014)
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Light Emitting Diodes

• Multiple color generation

GIST, ECE (2016)



Practical approaches – Inorganic LEDs

Homogeneous Anchors Heterogeneous Anchors

PR anchors

LED or Top Si

Si ribbon GaN GaAs / AlAs

Or SOI

Stamp

Plastic

Adhesive

Lift-off Transfer printing

wide

narrow

<110>

<111>



Other devices – Stretchable LEDs

Off-plane deformation

1 mm 1 mm

500 μm

360 degrees twisted

Initially flat

Shear

Strain (%)

40-40 20 200

Transfer printing of ILED

Small (2012) #42



Practical approaches – Inorganic LEDs

bent (r = 0.75 cm)
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Bendable system Bio-Integration

Multi-pixels and stretchable system

outer coils
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Cellular scale, tiny LEDs for implantable devices

30
Science 340, 211 (2013) #44

Cellular scale LEDs Multifunctional integrated systems



Cellular scale, tiny LEDs for implantable devices

31
Science 340, 211 (2013)

Conventional 

Optogenetics

(Optical fibers)

Injectable LEDs for freely moving mice



Cellular scale, tiny LEDs for implantable devices

32
Science 340, 211 (2013)

Temperature monitoring Light intensity monitoring

Maps of Location in a Y maze



Patch-type LEDs for Cerebral Oximetry

Epidermal optic diagnosis

Conventional

Cerebral oximetry

33
Nat. Comm. (2014) #53



Patch-type LEDs for Cerebral Oximetry

34
Nat. Comm. (2014) #53


