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Integrating Photonics into Semiconductor Industry

Dr. lvan Nikitski, EPIC — European Photonics Industry Consortium
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Different forms of photonics
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Photonics worldwide

» The global photonics market accounted for €400 billion in 2015 and is expected to reach €900 billion in 2025.
Photonics worldwide market size

All OECD industry: 1.3%
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Photonics worldwide

Other countries
4%

North America

+ Since 2015 the share of the European photonics 16%

industry of the global market maintained around 17%

* The Asian photonics industry is dominated by displays,
PV, and LED production

China
39%

* Europe leads in optical components and customization

Europe/

17%

Source: Tematys/Photonics21 11%

13%
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Photonics in Europe

Photonics production distribution within Europe:
 Germany -40%
* France - 15%
* United Kingdom - 15%
* Netherlands - 6%
« ltaly - 5%
« Switzerland - 4%
« Other European countries - 15%

Many global photonics companies based in Europe

Source: Tematys/Photonics21
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Different forms of photonics
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Photonics Integrated Circuits (PICs)

» PICs provide a route to commoditize photonics at larger volumes and lower costs

Photonic integrated circuit (PIC): A device that integrates multiple (at least two) photonics CW.laser ==
functions, the optical equivalent of an electronic IC. P
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Chovan, Jozef & Uherek, F. (2018). Photonic Integrated Circuits for Communication Systems. Radioengineering. 27. 357-
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Datacenter silicon transceiver market:

* Main product today: transceivers for datacom and telecom At O
Sicoya 1% 4%
e Currently: Data rate: 800 Gb/s, Symbol rate: 100 Gbaud 2%
Inphi
1%
-
Intcl
53%
Cisco

28%

Source: Yole Group
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Silicon Photonics: value chain
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Other silicon photonics markets

Quantum & HPC X-Ray Detector Endoscopy

3D Sensing LIDAR
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Silicon photonics market size

2021-2027 SILICON PHOTONIC DIE FORECAST BY APPLICATION

Source: Silicon Photonics 2022 Report, Yole Intelligence, 2022

$0.4M
CAGR 194%

® Data center transceivers ® Fiber-optic gyroscope
® Long haul transceivers

® Co-packaged engines ® Optical interconnects

® Immunoassay $468M
® Consumer health 7 CAGR 22%
i
2027 |
2021 $972M |
~~~~ .. $151™M :
. 4 $240m
\‘ CAGR 30%

CAGR,i37: 36%

(@) Yo L E www.yolegroup.com | ©Yole Intelligence 2022

Intelligence
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Silicon Photonics (SiPh) roadmap
©Yole Développement — May 2021

Optical communication

( > * Long haul
1\ " Daécom = 100G pluggable 400G DR4 transceivers for =~ Co-packaged optic
y‘;’" . CINMSI FAY datacenters switch at 25.6 or
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direct detection 400ZR coherent transceivers
Automotive - e e

coherent and 51.2Tbps
% « LiDAR

: , OPALIDAR |
* Fiber Optic Gyroscope (FOG) \\% |
S FMCW LIDAR for :
Healthcare / Medical Photonic FOG ‘ ADAS or robo-taxi |
* Immunoassay ]
« OCT = -~ OCT for ophthalmology
or other applications

* Wearables

@ Consumer healthcare Immunoassay for point-of-need |

Clinic on a wrist

Computing

» Disaggregated datacenter
@]B gEreg - Photonic Al

T
~

* Photonic computing
* Quantum computing g

Optical interconnect |
& |
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SiPh optical communication players
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S ANALOG
L

4 Genalyte Ea e

Aurora
(A

*Ours has been

acquired by Aurora
LN
w000
e
e Kyber
it Photonics
Most companies on this map are involved in LIDAR.
O INsiIGHT There are a few exceptions:
LiDAR
* Genalyte is involved in immunoassays.
* Rockley photonics is involved in consumer
healthcare.
* KVH is involved in fiber optic gyroscope. '
* Aryballe is involved in electric nose. »
* Sentea is involved in fiber optic sensors. /
A
I\Y (1] lg *Non exhaustive list ~ ©Yole Développement — May 2021
yuérnuum:r Silicon Photonics | Special Report for EPIC | www.yole.fr | ©2021
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S ’

IPKON'CS

LT =

Most of the companies on this map are
involved in photonic computing, also known as
photonchI in which photons are used to

compute data using arrays of interferometers.

. ._._&.UGHTM ATTER
%’hv
S

Ayar Labs and AIO Core are involved in optical
interconnects which are to be used to optically
connect computing elements, such as

0 ‘ computing units, memory, and storage, for
disaggregated data centers for high \
performance computing (HPC). ¥ /"
AvoL *Non exhaustive list ©Yole Développement — May 2021
V"""'”""‘"' Silicon Photonics | Special Report for EPIC | www.yole.fr | 2021
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SIPh photonic quantum computing pIayeLs_

(

Silicon photonics can be used in two ways for
quantum computing:

+ Silicon photonics can be used to manipulate
photonic qubits.

* Silicon photonics can be used to manipulate
ion qubits.

[

©Yole Développement — May 2021
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SiPh: some foundries and fabs

= A=

Yy < g
#‘,' }" Compoundre#®

¥ < there are more...

|\Y OLE *Non exhaustive list ©Yole Développement — May 2021
\} Développement

2023 WWW.epic-assoc.com 18

Silicon Photonics | Special Report for EPIC | www.yole fr | ©2021



Integrating Photonics into Semiconductor Industry

BECIC

EUROPEAN PHOTONICS
INDUSTRY CONSORTIUM

Trends: new material platforms

SIGNAL PASSIVE ELECTRONICS
SR ST FILTERING DETECTION CONVERSION ool COUPLING
SiPh die (PN
Si photonics SiPh die SiPh die (SOI) SiPh die (SOI) SiPh die (SOI) photodiode or PIN SiPh die
diode: Si or Ge)
EML: EAM + EML: EAM + ]
DFB/DBR DFB/DBR PIN diode WG InP PN
EML: EAM + EML: EAM + ]
DFB/DBR DFB/DBR PIN diode WG EML w/ SOA
Laser DWDM APD
Low loss WG Coupler
Modulator WG Mux/Demux Spot converter
GaAs VCSEL PIN
Silica Splitters AWG
splitters, taps,
WG Mux/Demux, Coupler
polarizers

NYOLE

‘}U.‘vm::ncn:m

Infinera (InP)

2023

Lionix (SiN)

N

Silica PLC

TEEM (glass) LiNbO3
19

Lightwave Logic AWG (Silica PLC)
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Trends: light source integration

Die-to-wafer bonding + llI-V process in silicon fab Transfer printing of IlI-V devices onto SiPh target wafers
| intel | mec s

<«
ECINTIL

Laser processing at wafer level
target $i0h wafer

XCeleprint e

Silicon wafer Richness of functionality and performance - Richness of functionality and
. ) ‘ ::::;!(‘::;‘" - performance
I11-V usage efficiency increase with the Pl S —~—— Efficient use of IlI-V
number of lasers per die. Low cost
Reliability to be proven

Courtesy of Imec

Inefficient use of llI-V
Lasers cannot be checked before integration

Courtesy of Intel

Flip-chip integration of bare dies / pick-and-place of packaged devices

target SPh wader

aliaa]i.

CIsCo peipack with fully processed single-die flp-chie SRS

-V lasets

Mature technology
¥ Known good die
< g

Not scalable to very low cost
Semiconductor optical amplifiers
(SOAs) are challenging.

Courtesy of Imec
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Trends: co-packaged optics

Pluggable optics

3D co-packaging
with integrated lasers}|

1000

409.6
204.8
102.4
51.2
25.6
12.8
6.4 F
3.2

On-board optics

~2x/2 years

Switch bandwidth (Tb/s)

3D co-packaged
optics with 1.28
integrated lasers 0.64

- optical links

Gen lll =

~7.~ electrical links 2010 2012 2014 2016 2018 2020 2022 2024 2026 2028
Year

’ pluggable optical transceiver .~ disaggregated laser supply

& on-board optics module . co-packaged PIC GenV FIG. 7. Switch bandwidth evolution and outiook over the years with four genera-
tions. Inset pictures show commercially available pluggable transceivers from Intel

FIG. 1. Generations of optics and the evolution of co-packaging technologies used in data center applications. The generational progression drives tighter integration between  @nd @ 2.5D co-packaged PICs and switch from Broadcom. The year indicates when
network switching and optical I/O that will probably culminate with 3D co-packaged optics with integrated lasers on chip. the technology is first deployed.

Source: Appl. Phys. Lett. 118, 220501 (2021)
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Trends: high performance computing

* Moore’s law continue and Bandwidth/Watt becomes the key

* Increasing the bandwidth will require optical connectivity Clobal LIFE &5 ¢ service. €PU

and GPU market growth $18.6B
forecast between 2020 and
2025.

* Main HPC applications:

e S

$5.6B

CAGR 27%

Financial Healthcare Engineering Machine Big data
services learning and
Al

2023 WWW.epic-assoc.com 22
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N ews: !': GlobalFoundries

Technology Platforms Markets Manufacturing Services GF Communities About Us Careers

ﬂ' Home / News &Events / GF Press Releases /
GlobalFoundries Announces Next Generation in Silicon Photonics Solutions and Collaborates with Industry Leaders to Advance a
March 7, 2022 J

- GlobalFoundries Announces Next
Generation in Silicon Photonics
Solutions and Collaborates with
- Industry Leaders to Advance a New
Era of More in the Data Center

March 7, 2022
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N ™ m PRODUCTS SUPPORT SOLUTIONS DEVELOPERS PARTNERS FOUNDRY
e WS ] Intel Newsroom v New Integrated Photonics Research from Intel Labs

ln tel newsroom Newsroom Home | Newsroom Search | International Sites | Email Opt-in

Intel Labs Announces Integrated Photonics Research Advancement

Intel demonstrates a tightly controlled eight-wavelength laser array on a silicon wafer with matched power and uniform spacing.

June 28, 2022

News
» June 28,2022

* Contact Intel PR

More New Technologies News

The solution includes lasers integrated into the silicon
that light at vario avelengths.

2023 WWW.epic-assoc.com 24
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& | HENEXTPLATFORM

HOME COMPUTE STORE CONNECT CONTROL CODE Al HPC ENTERPRISE HYPERSCALE CLOUD EDGE

News:

LATEST O You Can Load Up On Cheap Cores With Updated Milan Epycs 0 COMPUTE

HOME CONNECT Nvidia Shows What Optically Linked GPU Systems Might Look Like

August 17, 2022
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SEMICONDUCTORS

NeWS: TSMC bets on silicon photonics to enable
more powerful ChatGPT

Emerging field becomes new battleground for major tech players

PHOTONICS GLOBAL SUMMIT
September 6, 2023 ﬁg "# ; ﬁ % ﬁ lﬁ

"{.\;' = ‘.'
. \J ad: M- =¢ne \# shr ‘
n és )¢S

Douglas Yu, far right, TSMC vice president of pathfinding for system integration, said the company is betting big on silicon
photonics. (Photo by Cheng Ting-Fang)

CHENG TING-FANG, Nikkei Asia chief tech correspondent
September 6, 2023 10:31 JST
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Economic impact of photonics

Enabled Markets Economic Impact 2021
Global Total $2.12 Trillion

Adv. manufacturing Communication
$42.78B $4298B
Senslng Semlconductor

$113.6 B $24.9 B
Lighting

$128.3B \

SiPh market forecast 2022

Displays —__

$163.3 B — Consumer

$877.4B

Solar - PV /

2022 2029 s
Market Size in USS Billion
BIoMedlcal
$201.1B
Defense
$343.6 B

Source: Maximize Market Research; Optics and Photonics Industry Report (SPIE 2022)
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Thank you for your attention!

lvan.Nikitski@epic-assoc.com
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Integrating Photonics into Semiconductor Industry

Conclusions:

« The semiconductor industry is facing increasing bandwidth/watt demand
* Increasing the bandwidth will require optical connectivity

« The rapid growth of SiPh pluggable optics and soon co-packaged optics.
« The use of silicon photonics for sensing applications

* Photonics enables huge advanced-CMOS markets
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