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NMotivation

« Moore’'s Law for traditional electric integrated
circuits Is facing challenges.

 The requirement of electronic device down-
scaling has led to severe limitations.

* The available bandwidth per compute continues
to drop and will likely reach its end at 5 nm
technology node according to the 2013 ITRS.

 The Increasing demand for data movement,
requires novel Interconnect technologies over
classical electronic links, particularly in terms of
latency, energy efficiency and integration.
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Hybrid Photonic Plasmonic Interconnects (HyPPIs)
strategy combines photonics with plasmonic interconnect
technology and improves link performance in two ways:

HUPPI - exirinsic: The diffraction-limited photonic
devices are replaced with plasmonic counterparts, but

keep the low-loss SOI platform as the passive backbone.

HuUPPI - Intrinsic: Direct light source modulation with
electrical drivers and bypassing the electro-optic
modulator.
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We benchmark electrical, photonic, and plasmo
options and contrast them with Hybrid Photonic Plasmo
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Point-to-point  |latencuy:
IS defined as the time a
single bit of data packet
requires to travel from the
sender to the receiver.
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Bif Flow Density

Bit Flow Density (BFD) is the number of bits

transmitted through a certain chip width (cross-section)
to reach a specific required communication range (chip

ength). It combines the major performances, such as
Ink latency, overall throughput and link crosstalk, and
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IS the link length where the energy leakage is 25% from
one waveguide to Iits adjacent neighbor and the
propagation speed for different waveguide dimensions
are also considered in this work.
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In the center of its plot, indicating that plasmonic
links are only able to provide high BFD over chip
scales with smaller waveguide diameter and
medium gaps.

N || + For both photonic and HyPPI links, the high BFD

regions are correlated with both low crosstalk (large
waveguide width) and dense waveguide integration
(waveguide gap).

* Photonic interconnect and HyPPI shows low BFD

below 200 nm waveguide widths due to the light
diffraction limit of the SOl waveguide.
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In Capabllity-to-Latency-Energy-Area Ratio (CLEAR),
capacity and distance, on the numerator, are the two
capabilities that represent the number of bits and the
distance that the channel can send. The denominator has
all related factors that will reduce the overall performance
for the link. Therefore, this FOM favors the technology with
higher bit rate with lower latency, energy and area cost and
able to deliver the data through longer distances.
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Resulrs

HyPPl  hybridizes photonic with  plasmonic
Interconnects to provide a point-to-point link that shows
significant Iimprovements in performance relative to that
of pure photonic or pure plasmonic links In:

v P2P latency (< 100 ps/cm)

v Energy (< 20 fJ/bit)

v" Link throughput (> 200 GHz)

v' Communication length (> 1 cm)

v Bit Flow Density (0.1~ 0.5 Gbps/pm?, 1~ 3 orders
higher than other interconnect options)

v Broader CLEAR range (30 yum ~ 1 cm) which makes
up the short range of electrical interconnect (< 30

hm)
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