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Microsoft shows how it combines Azure with
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Pluggable . Fully
Oi? Increased integration and innovations iokgitod
HVM Today Co-package Optics Optlcal I/O

Front plate Ethernet Compliant
pluggable optics
Ethernet Compliant

Total bandwidth 100 - 400 Gbps 1.6- 3.2 Tbps 40 Tbps 160 Tbps
BW/shoreline 5-20 Gbps/mm 50-200 Gbps/mm 5 Tbps/mm 10 Tbps/mm
Energy efficiency 30 pJ/bit <15 pJ/bit 3pJd/b <1pJ/b
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OFC2023 : Ayar LabsEA\VRB M TbpsiiFEiERG E
http://www.iccsz.com/site/cn/News/2023/03/31/20230331030457214644.htm
MAEFCERM £ H01i82023/3/31 11:03:45 4R#E Nina | @& I5E MGKEEIRN Y (#5£23687)

{2 : Ayar LabsH#HAIE %A (In-pac kaje:l‘f"l| O A=Eg 1048 LU FRIEIRFI10RLL RAITHER |, DBty S, AVHPCHIANZS
FEEFRER , LEF MRS S TERE,

ICCIfl (%%% : Nina ) fEOFC2023EAiE] , Ayar Labs , —5REEEATOREIG R EERNMSE | AFhET
REMNMTbpsINEIED ERE(WDM MR Z, BT 5GlobalFoundries, Lumentum, Macom, Sivers Photonics<s
SRS A SNSRI S EMESTE | RO 7iX— R BiEE |, pEETSRNBIRE TSI EEEE. It
Ah , ZAEIRSEEK{EQuantify PhotonicsTEELCW-WDMFEZMNHF & &7 7 SuperNovaytiE,

NVIDIA Craig Thompson : NVIDIARINETSEFEESRKAWDMSEIEEZ L HIEA | 12
HIFERINREERE. EOFC’ 2023 L , Ayar LabsEIR AHETRHEFEVOBRAE R |
PA2.048 ThpshYEEASEHREM— N TeraPHY 2V O R BHMEIB—MNEH | (EAH4N
eS| TEEEA32Gbps , SFRRANEE256Gbps , LMEF1049FPAVE

communications Ieuders

At OFC 2023, Ayar Labs will showcase its CW-WDM optical I/O solution moving data from one TeraPHY™
optical I/O chiplet to another TeraPHY chiplet at 2.048 Tbps, powered by SuperNova™ light sources. Each
SuperNova powers 8 optical ports in each TeraPHY I/O chiplet. With 8 precisely spaced wavelengths
modulated at a data rate of 32 Gbps, each optical port delivers 256 Gbps of bandwidth. Each TeraPHY
chiplet therefore provides a throughput of 2.048 Tbps in each direction, or 4.096 Tbps bidirectional.

The 2023 Optica Executive Forum is co-located with OFC and will feature a keynote presentation, three-
panel discussi lghtmng sturtup round, and an executive fireside chat. This event is an exclusive
opportunity for attendees to spend a full day with senior executives, connect with industry leaders and
decision-makers, and ask challenging questions.

Fabricated in the GF Fotonix process, the electro-optical transceivers in the TeraPHY chiplet are fully

integrated and achieve error-free data transmission without FEC (forward error correction). Perhaps more
importantly, the data transfer consumes less than 5 pJ/bit, providing the power density and performance per
watt needed to achieve trillions of Al connections in advanced HPC designs and more.

8 optical ports in each TeraPHY I/O chiplet. With 8 precisely spaced wavelengths
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Newsroom > News Releases

Lockheed Martin, Ayar Labs Partner To Advance Microchip Connectivity
Y I e Bhimesbeoii iy msivadidi

capabilities

S ]B|=]v]o]6]a)

BETHESDA, Md. and SANTA CLARA, Calif. - Oct. 12, 2022 - Lockheed Martin, [NYSE: LMT) and Ayar
Labs, a leader in chip-to-chip optical connectivity, teday announced a strategic collaboration to
develop future sensory platforms that leverage Ayar Labs’ advanced optical input-output (1/0)
microchips that use light to transfer data faster, at a lower latency, and at a fraction of the power of
existing electrical 1/0 solutions. The new platforms could be used across Department of Defense
[DoD) applications to capture, digitize, transport, and process spectral information.

Pv AyarLabs

LOCKHEED MARTIN _"‘

“As the complexity and amount of data grows on the battlefield, faster decision-making is essential.
New innovative system architectures, coupled with Al and machine learning techniques, are needed
for our customers’ mission success,” said Steve Walker, chief technology officer and vice president,
Engineering & Technology at Lockheed Martin. "Ayar Labs’ optical interconnect solution provides
the necessary technology to process spectral information with greater speed and lower latency for
next-generation system designs.”

Lockheed Martin is partnering with Ayar Labs in developing multi-chip package [MCP) solutions
which place high-density, high-efficiency optical I/0 chiplets in the same microelectronics package
as the radio frequency processing devices. The development and integration of Ayar Labs’
TeraPHY™ optical I/0 chiplets and SuperNova™ light source represent a faster, more efficient, and
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Micro-Ring
Resonators

Up to 1,000x smaller than
optical devices in
traditional ethernet
transceivers

112 Gb/s Post-TDECQ Eye
w/ NL-PD & NL-FFE

-2.5V MRM Bias, 0.88 dB TDECQ, 28°C
[H. Li ISSCC 2020]

Monolithic
Integration

" grating
coupers buffers

H
ng 4

Dense integration of all
electronics (TIAs, drivers,
equalization, control) and
photonics (waveguides,
modulators, detectors) on
a single CMOS chip

Optical
I/0O Chiplets

» TeraPHY™ chiplet for
in-package optical I/O

* Multi-Tbps with
<5pJ/bit

« Nanosecond latency
(no FEC required)

SoC In-Package
Integration

* Integration with state-
of-the-art
CPU/GPU/ASIC

* Direct from the
package optical 1/0

oot @ Al
106Gb/s PAM4 TIA Output

[H. Li ISSCC 2021)
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Epiwafers for Data communications
Leading innovation fram within

MNews: Optoelectronics

1 March 2023
Sign Up to Our Free
Ayar demos first 4Tbps optical solution, paving way for next-gen Al and data-center

designs

At OFC, Ayar is giving a first public demonstration showing its optical I/O solution moving data from one
TeraPHY optical I/O chiplet to another at 2.048Tbps each direction powered by its SuperNova light
source. SuperNova powers eight fiber links (using 64 highly accurate wavelengths operating at 32Gbps,
for eight wavelengths and 256Gbps per individual fiber) running error free at lower than 10ns of latency
and without needing forward error correction (FEC). This allows for a total bandwidth of 2.048Thps each
direction, or 4.096Tbps bidirectional. More importantly, the data transfer is using less than 5pJ/bit (LOW),
a high level of energy efficiency, providing the power density and performance per watt needed to
achieve Al models with trillions of parameters, advanced HPC designs and more.

(SuperNova) BT 641 SIEEIRIK, 81RIK/FLT

FElSeimiconductor Todayig G5
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8 wavelengths
8 ports
64 wavelengths

ISLC2022

High Wavelength Count Laser Sources for WDM CMOS

Optical Interconnects
Matthew Svsak'", Radek Roucka', Manan Raval', Fernando Luna', Sally El-Henawy', Johnathon Frey', Chen Li', Chong
Zhang', Sriharsha Kota Pavan', Asif Anwar Baig Mirza', Li-fan Yang!. Mark Wade', Chen Sun'
! dyar Labs, 3351 Olcott St, Santa Clara, CA 95054 USA

*Email: matt@ayarlabs.com

Abstract— We demonstrate a CW-WDM MSA compliant multi-wavelength source driving an error-free WDM CMOS optical
link. The SuperNova™ operates up to 100°C and outputs 64 optical carriers (8 wavelengths x 8 fibers), and together with the
TeraPHY™ chiplet, drives up to 2 Tbps from a CMOS die.

1. Introduction

Y Wavelength division multiplexing (WDM) technology based on silicon photonics (SiPh), integrated with
J[ - complementary metal-oxide-semiconductor (CMOS) electronics, is of interest for applications such as Al, HPC
a and low-power, high-speed optical [/O (OIO) [1,2].

architecture of the TeraPHY chiplet photonic macros based on
ring resonators.

(24)
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COMMENTS AND OPINIONS

Journal of Semiconductors
2019) 40, 050301
doi: 10.1088/1674-4926/40/5/050301

JOS

Precision photonic integration for future large-scale photonic

integrated circuits

Xiangfei Chen

College of Engineering and Applied Sciences, Nanjing University, Nanjing 210093, China

Ruigin Jin talks to Xiangfei Chen about the importance of this growing field.

Citation: X F Chen, Precision photonic integration for future large-scale photonic integrated circuits[J]. J. Semicond., 2019, 40(5),

050301. http://doi.org/10.1088/1674-4926/40/5/050301

Xiangfei Chen received the Ph.D.
degree in physics from Nanjing Uni-
versity, Nanjing, China in 1996. From
1996 to 2000, he was a faculty mem-
ber with the Nanjing University of
Post and Telecommunication Tech-
nology. From 2000 to 2006, he has
been with the Department of Elec-
trical Engineering, Tsinghua Uni-
versity, Beijing, China, as an associate Professor. Currently he is
a professor in Cellege of Engineering and Applied Sciences,
Nanjing University. Now his research has focused on the
photonic integrated circuits, microwave photonics and fiber-
optic sensors. Prof. Chen is a senior member of |EEE.

Since the proposal of the concept of photonic integ-
rated circuits (PICs), tremendous progress has been made. In
2005, Infinera Corp. rolled out the first commercial PICs, in
which hundreds of optical functions were integrated onlo a
small form factor chip for It h division
(WDM) systems'", then a munammmﬂy integrated 10 x
10 Gb/s WDM chip has been demonstrated, the channel
number is ten!?l, Like ICs, large-scale PICs (L5-PICs) will be
sure to be pursued. However, there are still some general
challenges associated with L5-PICs. The challenges for IlI-V
(mainly InP) PICs is the semiconductor process, which is not
mature for LS-PICs. Up to now, the channel number in com-
mercial lI-V WDM PICs by Infinera is still about ten or less.
For silicon photonics, the challenge is the silicon based light
source. The low cost and mature solution for silicon lasers is
still unavailable and only 4 x 25 Gb/s PICs are deployed by
Intel Corp. after 18-year R&D investment. Thus it is still un-
available for practical LS-PICs in the present times.

il
ip

Why need precision photonic integration? Of the is-
sues indicated above, another critical issue is how to increase
the integration density at a very low cost. For dense WDM
(DWDM), the standard wavelength spacing is 100 GHz or
~ 0.8 nm around 1550 nm. In order to produce the 0.8 nm
wavelength difference, the structural variation in grating pitch

ar ring radius etc. could be as small as ~ 0.13 nm, which is near
the size of a hydrogen atom. In future LS-PICs, there may be
many wavelength sensitive components and their adjustment
is realized by the change of the temperature. Because the max-
imum wavelength deviation may be as large as several nano-
meters, the maximum temperature change may be several
tens of degrees, which will be leading a very low yield in LS-
PICs. Therefore, precision wavelength control will be neces-
sary for general LS-PICs. For example, multi-wavelength laser ar-
rays (MLAs) with a high channel count are considered to be an
engine of LS-PICs, but high-velume production of MLAs with ac-
curate wavelength control and low manufacturing cost still re-
mains a huge challenge. Currently, the distributed feedback
(DFB) lasers used in MLAs are fabricated using electron beam
lithography (EBL), which offers from high resolution fabrica-
tion but low throughput because of the long writing time®. It
is also well-known that EBL suffers from drawbacks such as
blanking or deflection errors and shaping errors. Very few refer-
ences have discussed the non-unifermity of the wavelength spa-
cing of the devices fabricated using EBL. In Ref. [4], it is shown
that using EBL, only 35% lasers have a wavelength variation of
less than + 0.2 nm. Ref. [5] shows that the error associated with
the EBL process may be as large as 3 nm. In Ref. [6], when the dif-
ference between the two rings is only about 0.4 nm, the optic-
al response is completely different. This shows that although
the optical components are much larger than transistors in ICs,
the higher process precision control is necessary for PICs. We
can call this as precision photonic integrated circuits (preci-
sion PICs). Precision PICs means the resonance wavelength
(channel) spacing will be controlled precisely.

What is reconstruction-equivalent-chirp (REC) tech-
nique for semiconductor laser and laser array? REC tech-
nique, which is first proposed by us, is a simple technigue that
anly sampled Bragg grating (SBG) is used to design and fabric-
ate lasers and laser arrays with complex grating structures.
Through changing the sampling pattern, equivalent chirp (con-
tinuous change) or equivalent shift (discrete change) of the
sub-gratings (Fourier components) in the SBG can be pro-
duced. The Bragg wavelengths of the sub-gratings can also be
changed with the sampling period. Thus various sub-gratings
with complex structures can be obtained by pre-designing the
sampling pattern. Sampling period is usually several micromet-
ers, which can be formed by using normal photolithography.

©2019 Chinese Institute of Electronics ’
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TABLE IV
FixeD WAVELENGTH DFB LASER ARRAY YIELD ESTIMATED FROM THE YIELD
OF A SINGLE DFB LASER OBTAINED FROM OUR INTEGRATED CHIPS

OA < 10.2 nm dA <+0.5 nm
1 LD/A 2 LD/A 1 LD/A 2 LD/A
1A 35% 58% 74 % 93 %
4 As 1.5% 11% 30% 76 %
8 As 0.02% 1.2% 9% 57 %
16 As 08 % 33%
From: “Multiwavelength DFB laser array transmitters for ONTC reconfigurable optical net stbed”. Journal of lightwave

technology 14(6) 1996, 967-974, Tien-Pei Lee, et. al.”

o DURSCIGE: 16N KIEIFRIBE<+-0.5nmBIEmEBNA 0.8%
RIGER: 60N KICJLTHR 100%
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The CW-WDM MSA: Defining laser standards for
Al, HPC and high-density optics
Matt Sysak
Editor CW WDM MSA, VP Laser Engineering Ayar Labs
https://cw-wdm.org/
ECOC 2023, Wednesday, 4 October 2023
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2023 of CW WDM MSA

MMM
CW-WDI MSA

Emerging Photonics Markets Test and measurement ) CW WDM MSA

wom

st ntetigence « Objective: Develop high-count WDM laser source spec for emerging applications
* Formed: April 2020

» Website: https://cw-wdm.org/

 Chair: Chris Cole

« Editor: Matt Sysak, Ayar Labs

* Associate Editors: John Johnson, Broadcom, David Lewis, Lumentum

* Marketing: Kristine Raabe, Ayar Labs

* Rev. 1.0 Spec. published: June 2021

* 10 Promoter Members

* >40 Observer Members
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CW-WDM MSA introduction CW-WDM MSA

» Why a new standard — what problem is being solved?
* Path volume economics is a must for for emerging markets.
 Supply chain stability is critical for customer adoption.

* What is the CW-WDM MSA?
* Defines wavelength grids for optical sources in Al, HPC, etc.
* Not yet defining link level specifications, but under consideration.

* How does it connect to other standards?

* MSA leverages previous work done on co-packaging and ethernet.
* Don’t reinvent the wheel...
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CW WDM MSA membership CW-WDM MSA

* Promoter members

CW-WDM MSA _ e
Dedicated to defining qnd promoting [T
specifications for multl-\_mavelength e

advanced integrated optics.

* Observer members
* No legal or other obligations
* Receive MSA information on ongoing basis
* Contribute to the specifications through promoter members

Observers

Promoters
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MM
Summary and next steps CW-WDM MSA

* CW WDM MSA status
* Rev 1.0 specification released
* Membership at 45+ and still growing as market evolves.

* Product and technology announcements

* CW sources: Macom, Sivers photonics, Intel, Xscape photonics
* Products: Ayar Labs TeraPHY™ and SuperNova™

* Test and measurement: Quantifi photonics Laser 1300 series

* What’s next?

* MSA 1.0 is doing what it was intended to do, driving market convergence.
* Additional versions of MSA will follow as market matures
* Next logical step is link specification.
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The Industry’s First Product based on the
CW-WDM MSA Specification

An industry consortium dedicated to defining and

mmmmm-mumumm

e sivers | PkorLabs

» Sivers Photonics 8\ DFB Laser Array, filly CW-WDM compliant
+ The industry's first multi-wavelength, muli-port oplical sousce with 64
channels
« 8 x the number of channels compared 1o commercially avalable
s applications, inghuding high-speed VO, ariéicial
« Enabling next generation , 1) 4
intelligence, and high-pesformance computing
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