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Al Optical Processing Technologies
Extend Moore’s Law

TODD HAUGEM, Chief Executive Officer, Enablence Technologies

New hvbrid solutions maximize the capacity and efficiency
of planar lightwave circuit technology and combine it

with the miniaturization and active integration of SiN and

SiPH platforms.

HE SURGE B DEMAND FOR ARTIFICIAL
intelligence (Al is resulting in
enormons compuiing power and

memory requirements. Af the sume
time the industry 1s experiencing the
hreakdown of Moore’s law. To address
these conflicting realities, the industry
is investing heavily and increasingly

in the transition (rom electironics 1o
photonics to alleviate these challenpes.
When successful, photonics will resume
the advancement of Moore™s law,
enabling the computing requiraments of
Al and the next wave of technological
IAVATiGNs.

Characteristic

Planar Lightwave

The rapidly evolving optical Al
processing market focuses on devel-
oping hardware and software solutions
specifically designed to address the
computational challenges of traditsonal
semiconductor architectures. While
clectronics took decades o enalyle
innovations such as Chat GTP, opdical
processing s leveraging Al itself o
rapidly evolve and overcome lmitations
in a fraction of the time.

This is creating opportunitics. for cs-
tablished players like Intel and Nvidia, 3
host of pew technology companies such
as Lightmatter, component suppliers

Silicon Nitride

like Enablence, as well as traditional da-
tacenter companies such as ACH, These
innovalors aim to transform the com-
puting landscape by enabling terabyie
networking, exascale Al duta centers,
autonomous vehicles, and robotics.

Limitations of traditional
semiconductor technologies
Intensifying demand for Al processes
such as pattern recognition and data an-
alytics achieved by matrix computation
rEUires iMmmense Computing power,
According to OpenAl, the computa-
tional power needed  Contirued on page 2

Silicon Photonics
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Figure 11. The graphs above show various energy-delay-product (EDF)
benchmarking results: left is the EDP ratio of SpinFET-to-MOSFET with p-type

W52 and Wie2 channels, as a function of circuit activity factor (AF) for out-of-
plane electric fields (E5) of 107 Wim, 5=107 \m, 1108 vim, and 5=108 W at 100K,
The black dashed line {ratio = 1) demarcates the regions where SpinFETs (green)
and MOSFETs (red) show more EDP benefit. The right graph comparas the energy
consumption (£) and switching defay ratias of SpinFET to MOSFET in digital dircuits

at AF=1 for both p-W52 and p-Whe2,

Optical

e both materials and device engi-
neers o advance the state-of-the-ari
(FIGURE 11). [n particular, the
authors reveal that the 20 material
graphene has spin diffusion lengths
=25 pm, and they show that circuits
based ot optimized 2D spin-FETs
outperform their MOSFET coun-
terparts by an order of magnitude
in energy delay, and by two orders
of magnitude in energy efficiency.
(Paper 3.4, A Marerials-Device
Co=Design Framework for Re-
alizing Ultra Energy-Efficient
Alt-20-8Spin-Logic Circuits with
2D-Materials,™ 5. Fhang et al, UC-
Santa Barbara/Zhejiang Univ.) =8

Contined from page X

to traim Al has doubled gvery 3.4
months since 2012 (The computing
power needed 1o train Al is now
rising seven times faster than ever
before | MIT Technology Review), a
roughly I0x increase in mmpu!ing
power per year, The training of an Al
maodel like GPT-3 consumes power
equivalent 1o deiving 112 gas powered
cars for an entire year (2104, 10350
pdf {arxivorg)). Graphics Processing
Units (GiPLs) have been the preferred
architecture for Al processing due to
their parallel processing capabilities,
However, they have inherent limita-
tiens. Traditional electronie GPLU pro-
cessing methods, which are generally
limited to a fow GHz, ultimately
cannot meet the super-high-speed
aind low-latency demands of data
processing & modern Al ccosysiem.
Moreover, GPUs face limitations in
mintaturization and frequency con-
straints that result in overheating and
energy inefficiencies,

PLC, SiN, SiPH Technologies offer
alternative energy cificient paths
The promise of photonic chips for
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computation is emerging as a signif-
icant technological advancement that
will overcame the traditional electronics
limitations. Photonic chips are superior
in speed, enetgy consumption, and
handwidih while generating minimal
heat. Photonic processaors operite
efficiently at room temperature,
minirmizing the need for the specialized
cooling systems found in data centers
employing traditional CPUs and GPLUSs,

Photonics technology is based on
three platforms, Planar Lightwave
Cirguits (PLO), Silicon MNitride (SiN),
and Silicon Photonics (SiPH)

Historically desipners and manutise-
turers have focused on homogenous
solutions leveraging a single photonic
technology. This limited photonics”
ability 1o solve the most complex
problems.

Now, manufacturers can turn to
a myriad of hybrid solutions that
maximize the capacity and efficiency
of PLC technology and combine it
with the miniaturization and active
antegration of SiN and SiPH plat-
forms. These hybrid solutions enable
photonics to address the complex

computing tasks required by Al,
helping fo usher in new waves of
technolegical innovations.
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