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Photonics 1Upvokav Al, Data Center & High-Speed Internet
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From Data Movement to Optical Interconnects and PIC-based Communication
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Optical fiber is the backbone of the global internet.
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Photonics Integrated Circuit (PIC) 4C
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A chip-scale platform that guides, m;nipulates, and detects light.

g B o N
@ Definition @ What a PIC does
¢ PIC = Photonic Integrated Circuit ~r :
¢ =" Routelight
e |ntegrates optical functions
on a single chip '-< Split / combine signals
\
e Manipulates light similar to how ) \
ICs manipulate electrons el [::Z_:“"“g —\M-  Modulate data onto light
e Built on platforms such as FRER ':6:' A Generate or detect light ‘
% . A Tunable Laser y
Si, SiN, InP, and LiNbO, Nature Communications 15, 751 (2024)
N E s i
Why PICs matter (@) Enat?le optical I/0 and
E’ """ ‘E BE0O 0’07 °) sensing
' ¢ * 11 % Emm L )
e ! (Y ¥ | = CXTTIO
iyt b . : : ; High-volume
Miniaturization High bandwidth Lower power Scalable integration A —
; : : N
From bulk optics to chip-scale photonics 3 Major application areas A
= N |
‘ i = m . ()
I —
- ) Optical Al / Data Sensing & LiDAR / Healthcare / Quantum |
L Bench-top optical system Chip-scale PIC P communication centers spectroscopy automotive biosensing photonics )
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Silicon Photonics Aoo:ls ua:dincucio PIC ogvls
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CMOS-compatible photonic integration for communication, Al data centers, and sensing
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o sie i Ring resonator :
waveguides
e Silicon Photonics Aomsaswoves Ge {:.‘,} CMOS-compatible manufacturing
ua\)uuvén’au Tosﬂzs' waveguides : photodetector BEE  High integration density
uazgunsad photonic uuuwaawasy
Ahaumswaauuu CMOS M\ Scalable cost reduction
T Grating coupler / " By -
e MKUNUINY NSOV Vaglaa Fiber Ig/jO P ﬂ@ Co-integration with electronics
1a:01S29UUEVUUTY @ High bandwidth, lower power
o i = optical interconnects
e ¥8lks:uu photonics Duwnatanav B - .
naadald uassounu electronics , oy fhibests el ophl
A phase shifter engines, an
Hybrid / @ Extends to sensing,
k. ) external laser input 2 spectroscopy, and biosensing p
3 o= i : 3 = - ~
How Silicon Photonics is used in PICs Before Silicon Photonics
—_ — Vi \ 0
—* - X = 5 [A] - * S : s
Lasgr / ft:iber Coupler W;v;?tuide I\:odula}:'or/ Pho'gdetector/ 1. Bulk / discrete optics 2. Silica PLC 3. InP PIC 4. LiNbO,
e ok Phase shifter Mgt Large systems using Low-loss passive Excellent lasers and High-performance
e Passive blocks: waveguide, splitter, ring, AWG separate lenses, fibers, circuits, but larger amplifiers, strong modulators, but larger
o Active-enabled blocks: modulator, detector, phase shifter modulators, detectors footprint active devices and less dense
e Often combined with Ge and IlI-V materials for full PIC performance Silicon photonics did not replace all platforms, but became the leading scalable
X ) platform for dense PIC integration. g
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Evolution of PIC and Applications 4C
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Waveguides Couplers / Splitters Modulators Lasers Photodetectors Higher integration:
from discrete optics to
_, ’ ? ’ , ’q system-on-package
r w photonics
1960s-1980s 1990s 2000-2010 2010-2018 2018-2023 2024-2026
Integrated Optics Telecom PIC Era Silicon Photonics Commercial Heterogeneous Al Optical I/0
Foundations Emerges Transceivers Integration ;

G : g i & Beyond Smaller footprint:
bench-scale to
chip-scale

Early planar waveguides, Silica PLCs, AWGs, and CMOS-compatible silicon PICs are deployed in Lasers, modulators, detectors, PICs expand into co-packaged Lower power per bit:
interferometers, and InP-based devices support photonics gains momentum optical transceivers for and low-loss waveguides optics, Al optical I/O, advanced - P P '
electro-optic devices optical communications for modulators, detectors, data centers and are integrated across sensing, and next-generation especially for

establish integrated optics. and wavelength routing. and optical interconnects. high-speed telecom links. multiple material platforms. photonic systems. communication and
Telecom growth CMOS-compatible 100G / 400G Integration 4 Al interconnects
L
Major Application Domains -
! PP = Broader applications:
| v .
((( ))) W 9‘ telecom to sensing,

A = ’ v W, o"=0o . health, mobility, and

Optical Communication Al / Data Centers Sensing & Spectroscopy Healthcare / Biosensing LiDAR / Automotive Quantum Photonics quantum

transceivers, WDM, optical I/O, CPO, on-chip spectrometers, lab-on-chip, diagnostics, beam steering, single-photon circuits,
optical interconnects energy-efficient links chemical and environmental biophotonics optical phased arrays quantum communication u )
sensing ;
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Optical Transceiver vs Optical Engine

aC

NECTEC
Electric signal
\‘\ Hot plugging
%
%
ASIC
(Switching chip)
Package Substrate
\\
Switch PCB
Optical Transceiver
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Traditional Optical Transceivers to Advanced Packaging 4G
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' T ™ i X MW A . N R
o Traditional e PIC-Based 9 Optical Engine o Co-Packaged Optics e Advanced Packaging
Optical Transceiver Transceiver (CPO)
b - W et b
river A river PIC etween and optics
> DEMUX Modulators i
/— Chiplets
‘ High-Density
Interconnect
l /
Waveguides / sn::;::::
tg\ Package
’ ; . Substrate
Fiber I Photodetectors Not a user-pluggable Optical Engines ' 4
Convaator 1/0 front-panel module around package  **~
« Discrete optics * Integrated optical functions on chip  Compact engine block * Optics close to ASIC / GPU * 2.5D/ 3D integration
« Larger footprint o Smaller and denser » PIC+EIC ¢ Higher bandwidth density « Heterogeneous integration
* Longer internal optical/electrical paths « 400G /800G / 1.6T capable o Shorter electrical reach * Lower power per bit « Chiplets + photonics
*» 10G /40G /100G era * Bridge to optical engines * System-level optical I/0 | o Al / data-center interconnect * Foundation for future system scaling
- > 4 N £ ™ >

. ~2016 =) 2023 ) 2025 ) 2027 ) 2030~
Optical Transceiver Optical Engine Pluggable 0BO NPO 2.5D CPO 3D CPO

= . . . Optics (On-Board Optics) (Near-Packaged Optics) (COUPE Switch) (COUPE XPU)
A pluggable optical module that converts electrical A compact optical subassembly that performs optical
signals to optical signals for transmission over fiber. transmit/receive functions, often integrated close to an
ASIC or inside advanced packages.
Very short

DSP/ electrical path

Drive'r /TIA Optical
2 h components
; . ‘,‘. Optical
& fiber

Optical engine /
PIC

Optical
fiber

ar T
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§ 100% Cu 80% Cu + 20% Optics 50% Cu + 50% Optics 20% Cu + 80% Optics 100% Optics
Host electrical
€ Pluggable and field-replaceabl ical engine i LILE o - e
ggable and field-replaceable An optical engine is a @ Compact optical Tx/Rx subassembly S m Fiber i"“' o n ] 0 Fiber
. ) functional optical !»g!perfo!nam:e B Fiber -pac aged Fiber Co-packag
@ Electrical path from ASIC to module is longer subassembly; a @ Designed for integration near ASIC/GPU _ substrate substrat substrate
; ; iver i PCB
@ Widely used in data centers and telecom ;3;;3?;;::;?;@: o Shorter electrical path, lower power potential _ _ _
@ Easier serviceability and upgrade flexibility module. @ Key building block for CPO and advanced optical I/O
L ) ) Bandwidth ~800G <1.6T <3.2T <6.4T 12.8T ~
Power Use 1x ~0.8x ~0.6x <0.5x <0.1x
* Central Processing Unit (CPU) Latency 1x <0.75x <0.5x <0.1x <0.05x
* Application-Specific Integrated Circuit (ASIC Maintenanc ® ¢ ot . ®
e https://counterpointresearch.com
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Photonics Patent Landscape (2000-2024)

Thailand Photonics Patent Landscape

NSTDA Photonics Patent Landscape
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Optical & Photonics Technology Sector
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Keywords for Application Domains [ Today for the Future
Agriculture & food; Water & environment; Healthcare / biosensing; - Empowering application growth
Industrial process monitoring; Communications / electronics; nisau; - Shrinking and miniaturizing systems
wall; 312; au; ayulws; U1; oud0dou; JuMw; 8OMW; NS:UDUMSWAQ; . IPs of PIC designs and Applications

MSADUAUATUMW; NMISdDdns; Slannsodnd

S
NECTEC~|

7

T>GETHER Yuttana Intaravanne, NECTEC ACE 2026, 3 SEP 2026 8




Applications of PICs a4C
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(S 1. PAST APPLICATIONS X il 2 currenT APPLIcATIONS L X of 3. FUTURE APPLICATIONS

((( ))) Telecom / Optical communication Al / Data centers @ Co-packaged optics (CPO) / near-packaged optics
AWG, WDM, mux/demux, Ill optical transceivers, optical 1/0, optical engines near GPU/ASIC
long-haul fiber links energy-efficient interconnects P Advanced optical I/0

. Fib . K _eti  Silicon photonics ( 4 ;',w: e::dzca,l pa:" :
% ; [ er-qptlc netw?r sth ' : H - pluggable optics, igher bandwidth density
ransceivers, wavelength routing, — 100G/400G/800G links "
passive optical functions ' NECTEC/NSTDA 9uantum pho!:on{cs Pa—
Sordlnn t single-photon circuits, quantum communication,
ensing & spectroscopy b sending
= I’ Integrated optics research Q on-chip spectrometers, _ PACY et S A o
O [ waveguides, interferometers, chemical sensing, environmental sensing 73 ot’onlc cornputlng / Al acceleration
ilica/InP PICs _ ) l /ﬁ& matrix operations,
" " Healthcare / biosensing by photonic neural network acceleration
v lab-on-chip, diagnostics, —— p .
s~ Early sensing and optical switching biophotonics (((.)) Ubiquitous edge sensing
PAY Basie sansors. switchin . y, portable, embedded, wearable,
S : ’ 9 = LiDAR / automotive and industrial sensor nodes
modulation = b 5
Q\ e ewig: Biomedical / personalized diagnostics
(*) O" optical phased arrays " P g
compact point-of-care
@/ Past focus: telecom, wavelength routing, (G),, ) Current focus: communication + sensing + * photonic systems
and integrated optical functions. high-volume silicon photonics. C‘J/ Future focus: optical 1/0, CPO, quantum,

photonic computing, and pervasive sensing.
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System Integration & Miniaturization
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1IN Application Domains ua:dRt3v1ud3sL gnis Shrinking and Miniaturizing Systems

[ Past |

Traditional Optical Instruments
Bulk optics and benchtop systems

Light source Lens / mirror Slit Grating / prism

" Mechanical
Large and bulky i alignment

Discrete optical components
Manual alignment and assembly

Higher power / larger footprint

B noC

Well suited for laboratory instruments

Detector

Ready to be proud

NECTEEF TOGETHER

amemberof NSTDA

[ Current ]

r

aso>oAaNsov “daulsaunv” oy SERS-TB

N\

[ Future ]

PIC / On-Chip Miniaturization

Integrated photonic sensing and spectroscopy

Ring resonator / On-chip
Fiber I/0 Waveguides filter spectrometer Photodetector

—————

Compact and lightweight

Low power and scalable

@ Integrated optical functions on chip

High-volume manufacturable

(((9))) Enables portable and embedded sensing

Yuttana Intaravanne, NECTEC ACE 2026, 3 SEP 2026




aC

PIC for Sensing and Spectroscopy
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Biophotonic sensors Integrated Photonic Quantum Sensing Photothermal Gas Spectroscopy on

for point-of-care diagnostics

a

External In-and outlet for To camera

pump liquid analyte

\\

|
GC array |
Sensor

Integrated
sensor chip

—_ Microfluidic

|
|
|
|
|
|
|
\¢

Light Sci Appl 10, 64 (2021)
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® Sensor modules ua: smart optical systems

® Packaging / Test / Calibration infrastructure

@ Application-specific photonics for agriculture,
food, healthcare, and industry

@
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Audgnawddedgmsldou (Translational & Integration Hub)

wcuun photonics / PIC / optical sensing platform
AasulongUs:in

dogoagd sensor modules, optical engines
ua: smart optical systems
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< S 1azAUSIVTSIKINKUIBIU calibration uas reliability
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ST uazwusiascious:ins MsuwWNg aaknssy ua: data/Al-enabled sensing
NSTDA = National platform, coordination, and mission-driven funding
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3 * Hyperspectral, spectroscopy, m e Pilot line / characterization / ' ® PIC design, systems * Technology transfer /
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