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Energy efficient on-chip optical interconnect link
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• Minimum energy per bit:

~aJ/bit
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Drawing inspired by E. Macii, 
Ultra Low-Power Electronics and Design. 

• Minimum energy per bit:

~ CV2 → pJ/bit/cm
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Light sources for on-chip optical interconnect
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Spontaneous emission

𝜆0~1000nm
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Antenna-LED for optical communication 
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Examples of antenna-enhanced emitters
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• Electrical injection is straight forward
• Directional light emission for

coupling into waveguide
• > 100 GHz direct modulation rate
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No antenna

Antenna-enhanced electroluminescence 
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~100-fold increase in spontaneous emission rate
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200-fold enhancement of spontaneous emission rate
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Time-resolved light emission
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High efficiency despite high surface recomb. velocity
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Process induced surface damage

Time-resolved photoluminescence

Surface needs to be protected
during fabrication!
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Improved process with ultra-clean surface
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Efficient waveguide Coupling 

Cross-section of simulated power flow

Perspective view of the parabolic reflector

Waveguide coupling efficiency 
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Summary

 Demonstrated 200-fold enhancement of spontaneous emission 
rate of electrically injected nanoscale III-V LED

 High efficiency possible despite large surface recombination 
velocity of III-V surface

 Ultra-clean InGaAs surface using sacrificial Al2O3

 Efficient and broadband coupling to single-mode on-chip 
waveguide is possible.
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Antenna mode

Advantages:
• Electrical injection is straight forward
• Self-aligned
• Directional light emission
• Thermal heat-sink

Top view
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Spontaneous emission enhancement measurement

 Antenna enhancement directly increases quantum efficiency
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𝐼𝑛𝑟

Can radiative recombination ever exceed 
non-radiative recombination?
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Electroluminescence measurement
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Toward >100 GHz direct modulation rate at high efficiency

Theoretical 3dB frequency and efficiency

 MOCVD growth by Fitzgerald
group (MIT)

 Multiple quantum well (MQW) 
active region

 Doped active region and 
cladding layers

 Highly doped n-contact layer

Efficiency
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Advantages:
• Electrical injection is straight forward
• Self-aligned fabrication
• Directional light emission for

coupling into waveguide
• > 100 GHz direct modulation rate

Top view
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Cut-away drawing

Electrically-injected III-V antenna-LED


