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Hemispherical encapsulant

• The LED structure is placed in a
tiny reflective cup so that the light
from the active layer will be
reflected toward the desired exit
direction

• Epoxy resin (n=1.4-1.7) is often
used as encapsulant to increase
light extraction from the LED
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Epoxy increases extraction efficiency !

Dome-shaped epoxy encapsulant
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Die-shaped devices
Die-shape for enhanced light extraction

Truncated-inverted pyramid is one of the most efficienct LED designs 
but has an additional cost of die shaping.
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Double heterostructure LED
Homojunction LED has two main problems limiting ηint :
1. Surface states on the p-layer à nonradiative recombination
If the surface is far removed from the LED junctionà reabsorption
2. Photons are emerging from large effective volume (since the electrons 

can diffuse over long distances before recombining with holes)

These problems can be solved by using double heterostructure design! 

No bias Under forward bias
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Current-spreading layer
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Current-spreading layer

Current-spreading layer = 
window layer

Depression in center due to top 
contact
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LED package design

Besides the chip, various components are needed for thermal 
regulation, producing the desired spectrum, regulation electrical 
characteristics or creating the appropriate light distribution.
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LED package design



ELEC-E3210 Optoelectronics

5

4 LEDs for telecommunication

LEDs for lighting/displays

Outline

P. Bhattacharya: chapter 5
J. Singh: chapter 9

LED structures 3



ELEC-E3210 Optoelectronics

Attenuation in plastic fibers
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Numerical aperture

Snell law: cairair nn qq sinsin 1=
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Coupling efficiency

We consider a Lambertian source from e.g. a planar LED put in 
close proximity to a fiber with numerical aperture NA. We suppose 
that the light source is punctual

Planar LED
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Burrus-type LEDs

Multimode 
optical fiber

Epoxy to held the butt-coupled 
fiber in place
Metal contact

n+-GaAs, substrate
n-AlGaAs
GaAs, active layer
p-AlGaAs
SiO2 insulating layer
Metal contact

50μm

In the Burrus-type LEDs, the fiber is brought only a few mm away 
from the active region

Coupling efficiency:  1-2%
Lambertian light source not ideal for fiber coupling

Etched well to avoid 
reabsorption 
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Microlens LEDs

Multimode 

optical fiber

Microlens (TiO2:SiO2) 

collimates the divergent 

radiation from LED

Metal contact

n+-GaAs, substrate

n-AlGaAs
GaAs, active layer
p-AlGaAs
SiO2 insulating layer

Metal contact

50μm

Coupling efficiency:  up to 15%
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LED with integrated lens

Multimode 
optical fiber

Metal contact

n+-GaAs, substrate
n-AlGaAs
GaAs, active layer
p-AlGaAs
SiO2 insulating layer

Metal contact

50μm

Coupling efficiency:  up to 15%
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LED with integrated lens
80μm

Despite problems with larger divergence and coupling of 
the beam, surface-emitting LEDs will remain important in 
large-volume, low-cost applications and for short-
distance chip-to-chip communication.
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Edge-emitting LEDs

In the edge emitter, the light is emitted in a relatively direct 
beam resulting in improved coupling into smaller fibers with an 
output similar to a laser 
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AlGaInP/GaAs LEDs for plastic optical 
fiber communications
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InGaAsP/InP LED for 1300 nm
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Resonance Cavity LED (RCLED)

• Insert a light-emitting active region into an optical 
microcavity à optical mode density changes

• Resonant cavity: mode density has maximum at 
emission wavelength

• Enhanced spontaneous emission
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RCLED cavity modes

• RCLEDs are designed to overlap the natural emission band 
with an optical mode
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First RCLED
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RCLED emission spectrum

• Narrow emission line
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650 nm RCLED for communications 
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LED displays

Time square jumbo 
screen in New York 
made of 18 millions 
of LEDs

3 primary colors
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Advantages of LEDs for lighting

• LEDs can emit light of an intended color without the use of color filters

• Directional light emission

• Dimming and control capability

• Rapid on-off cycling capability without detrimental effects

• Resistance to mechanical failure (vibration etc. breaking)

• Extended lifetime

• Instant on at full output

• Size and form factor
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White LEDs
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Phosphor based white LEDs

Emission spectrum 
of a phosphor-
based white LED 
manufactured by 
Nichia Corporation
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Source efficacy (2012)
• Incandescent ~15 lm/W

• Halogen ~ 22 lm/W

• Fluorescent  ~ 60-120 lm/W

• HID ~100-120 lm/W

• LED white package ~100-140 lm/W

• LED lamp ~70-90 lm/W

Efficiency and Cost of White-Light Sources

Long-term goal from US dept of Energy:
• 224 lm/W by 2025 in cost-effective market-ready systems

“Widespread use of LED lighting has the greatest potential impact on energy
savings in the United States. By 2027, widespread use of LEDs could save

about 348 TWh (compared to no LED use) of electricity: This is the 
equivalent annual electrical output of 44 large electric power plants (1000 

megawatts each), and a total savings of more than $30 billion at today's 

electricity prices. “
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Organic and polymer LEDs
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Organic and polymer LEDs
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Organic and polymer LEDs


