Large spontaneous emission rate enhancement
in a llI-V antenna-LED

Seth A. Fortuna?, Christopher Heidelberger?, Nicolas M. Andrade?,
Eugene A. Fitzgerald?, Eli Yablonovitch?, and Ming C. Wul

1University of California, Berkeley; Dept. of Electrical Engineering and Computer Sciences
’Massachusetts Institute of Technology; Dept. of Materials Science and Engineering

] .J( i
@ 4 (, W
- |
N
) & *‘}'l' 31( A Science & Technology Center Center for Energy Efficent v
! S SOency




Energy efficient on-chip optical interconnect link
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Light sources for on-chip optical interconnect

LASER Light Emitting Diode (LED)
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Spontaneous emission
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Antenna-LED for optical communication
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Examples of antenna-enhanced emitters
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Electrically-injected IlI-V antenna-LED
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Antenna-enhanced electroluminescence

~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

Antenna-LED
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High efficiency despite high surface recomb. velocity
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Counts (normalized)

Process induced surface damage
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Improved process with ultra-clean surface
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Efficient waveguide Coupling
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Summary

> Demonstrated 200-fold enhancement of spontaneous emission

rate of electrically injected nanoscale llI-V LED

> High efficiency possible despite large surface recombination
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velocity of llI-V surface
> Ultra-clean InGaAs surface using sacrificial Al,O,

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

\ 11/8/2017 Page 15
8

A Science & Technology Center Center tor Energy
roncs &

e . B
7 gl R
aa @O

= u\‘;}\



Y. AsScience & Technology Center

Acknowledgments

> Financial support

0 NSF Science and Technology Center for Energy Efficient
Electronics Science (E3S)

o Air Force Office of Scientific Research (AFOSR)
o Berkeley Sensor & Actuator Center (BSAC)

> Technical support
0 UC Berkeley Marvell Nanolab staff




Backup

A
‘ @i 11/8/2017 2017 Fall Retreat Page 17
X

¥

Q A Science & Technology Center Center tor Energy Efficent

Elesctronics Science




Electrically-injected IlI-V antenna-LED

Cavity-backed slot antenna

Dielectric filled “cavity”
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encapsulated InP/InGaAs ridge

cavity-backed slot antenna

Advantages:

Self-aligned

Thermal heat-sink
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Electrical injection is straight forward
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Spontaneous emission enhancement measurement

> Antenna enhancement directly increases quantum efficiency
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Can radiative recombination ever exceed
non-radiative recombination?

Injected
current

Non-
radiative

Radiative

ASS (Radiative current) I.,q = Vol.x Fx B, X n?ed"/ksT

p-substrate

A E ?
3
terf nergy Efficent
NicsS Science

F = antenna enhancement
SRV = surface recombination velocity

= —)K #*& A Science & Technology Center



Electroluminescence measurement

Optical image (frontside)
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Toward >100 GHz direct modulation rate at high efficiency
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cavity-backed slot antenna

Electrically-injected IlI-V antenna-LED

Top view

encapsulated InP/InGaAs ridge l {‘

electrical interconnect

Advantages:

Electrical injection is straight forward
Self-aligned fabrication

Directional light emission for
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> 100 GHz direct modulation rate
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