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WHY OPTICAL NETWORKS ON
CHIP?
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Optical networks are already connecting us

1980s our countries...

1990s our homes
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There is a trade-off of length vs. bandwidth

Mellanox View of 100G Data Center Fabrics
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Optical interconnects for increasingly smaller
distances, driven by bandwidth requirements

( )

Today — commercial
Optical connections in
data centers

Today — commercial
Optical connections
in/on boards

... 105 -100 Tbps...

— E‘*‘ Future
gl TR YIIIII T TY Optical interconnects
on processor (?)

\

Near future: 1 Thps...
I P ... 500 Thps

D. A. B. Miller, Proc. IEEE 97, 7 (2009)
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HOW OPTICAL NETWORK ON CHIP?
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Photonic integration: optical chips
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The number of components on an optical chip
doubles every two years: Smit’s Law

Timeline: complexity of electronic chips,
Moore’s Law exponential growth of

* bandwidlth;
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1985 1995 2005 2015 softwatre...

Timeline: complexity of optical chips
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Silicon photonics:
CMOS compatible nanophotonics

B silicon ~ metal interconnect
silicon oxide % n-doping
B germanium % p-doping

waveguide External laser
8 , modulator photodetector i typically needed]
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Electronic-photonic integration:
copper pillar bump bonding
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L. Carroll, Appl. Sci. 6, 12 (2016)
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Waferscale electronic-photonic integration:
through-oxide vias

Photonic Wafer CMOS Wafer
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N. DiLello Heidel, IEEE JSTQE, 22, 6 (2016)
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Monolithic electronic-photonic integration:
130 nm / 90 nm dedicated CMOS processes

Grating Coupler Ge Photodetector Waveguide Modulator MOSFET
Biahhbhkl s = e w
SiO2

Hochberg, IEEE Solid-State Circuits Magazine, Winter 2013
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Zero-change electronic-photonic integration:
45 nm / 32 nm CMOS processes
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Sun et al., JSSC. 50, 893 (2016)
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Monolithic electronic-photonic integration:
bulk CMOS process, 65-nm, 300-mm

Atabaki et al., Nature 556, 7701 (2018)
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STATUS OPTICAL NETWORKS ON
CHIP?
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Optical networks on chip: the future (?)

4 )
All components for an

optical network in silicon
have been realized by now)

) | R o S e P “'-"
qe s » 5= 7 s
Photonic network-layer== —3
Memory laye

Processor layer

lasers (UCSB) modulator (MIT) detector (OPSIS)
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Zero-change-process microprocessor with
optical 10
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< T 3mm \
Processor and memory RISC-V W\ Sun et al., Nature 528 (2015)
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Zero-change-process microprocessor with
optical 10
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Sun et al., Nature 528 (2015)
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HP’s CORONA architecture

Core Die
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On-chip lasers for energy efficiency and energy
proportionality

Metal contacts

on Silicon-

dioxide

l11/V diode with
quantum wells

SOl circuit
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SOl waveguide

Tapered mode converter Hybrid waveguide
Heck et al., IEEE JSTQE 19, 4 (2013) U C S B
Heck & Bowers, IEEE JSTQE 20, 4 (2014) Y o
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On-chip lasers for energy efficiency and energy

proportionality

(a)

Comb laser
Up to 20 dB

energy saving at

e (b)
lower utilization

Heck et al., IEEE JSTQE 19, 4 (2013)
Heck & Bowers, IEEE JSTQE 20, 4 (2014)
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Exponential technology trends converge

mature and commercial (being) commercialized

N

[ magnetics ] , [spintronics ]

Soice

http://spice-fetopen.eu/
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Overall SPICE objective: spintronic-photonic
integration platform

grating
couplers

photonic switch Iayer—l

fiber coupled
laser source

transparent MT) s
top contact , polarization-

, controlled
spintronic layer

short pulses

http://spice-fetopen.eu/
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More than Moore:
SPICE technology for sensors and RF

More than Moore: Diversification l

More Moore: HV Sensors
Miniaturization Analog/RF  Passives power Actuators Biochips
>
130 nm c%o Interacting with people and environment
N Non-digital content
90 nm ‘900 system-in-package
65 nm %Sh/l e
L Information s, :
, 45nm | processing
32 nm | Digital content
system-on-chip
22 nm | (SoC)
9 «
i Photodetector/ Flash memory p
V mn‘mﬂ“&mnco [ RAM  Microprocessor
Beyond CMOS

http://spectrum.ieee.orq
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