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Integrating light. Enabling innovation.
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What Is Integrated Photonics?

Integrated photonics is the integration of
optical components onto a common chip
to generate, guide, manipulate, and detect light.

Integration of optical components s
onto a common chi el

Waveguides, modulators, detectors, filters,

OPTICS ELECTRONICS MATERIALS ENGINEERING INTEGRATED PHOTONICS
o Control, modulation,
T -

Modulator
Waveguides

Detector

=74
— ‘,L/
&

couplers, and more—fabricated together
on a single substrate.

M‘ ———
Enables compact control of light on V4
a semiconductor platform

/
/
7

Offers high performance with low power,
small footprint, and high scalability.

Output
Light
Combines optics, electronics, and

materials engineering
Leverages advances in device design,

material platforms, and semiconductor
manufacturing.

THE POWER OF INTEGRATION

Enabling high performance
through advanced
materials and processes

\
/—\\c/—‘— Light generation, +
' manipulation, and ) processing, and

detection interfacing

111t

'G Smarter. Smaller.
L Faster. More efficient.

©

@ Integrated photonics is a key enabler of the next generation of communication, sensing, computing, and quantum technologies.
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Why Integrated Photonics?

Integrating optical components on a chip delivers transformative advantages
over bulky, discrete optical systems.

FROM BULKY SYSTEMS TO COMPACT INTEGRATION

SMALL SIZE
. . DISCRETE OPTICAL SYSTEM INTEGRATED PHOTONIC CHIP
Dramatically reduced footprint o
by integrating multiple optical &L
functions on a single chip. Yo - e -
- 7 g -/‘;‘_
S o "~ \\\ (L‘ ’&'
LOWER POWER Discrete Optics < ’Q}"ﬁ oS :" ‘:”: *"\
| Shorter optical paths, lower [l P> . % 54 . ¢ ) i
driving voltages, and efficient Y, : | oy ‘
components reduce overall Integrated Photonics ‘ 10 X s <+ o N %
power consumption. = AT
HIGH SPEED ; i .
— _— X Large footprint / <
Ultra-fast performance with low latency, e — 9 i ¥ Ultra-compact
high bandwidith, and minimal signal — % High power consumption ® Low power
distortion—ideal for next-generation s '
- X Complex assembl , P
communication and computing. P : ¥ Monolithic & robust
» rlA ’ 7 X Sensitive to alignment & Alignment-free
MASS-PRODUCIBLE - X High cost ¥ Low cost at scale

WITH SEMICONDUCTOR PROCESSES (7

Leverages mature CMOS-compatible
manufacturing for high yield, reliability,
and low cost at scale.

Integrated photonics enables smaller, faster, more efficient, ((( )>> T
and scalable solutions—powering the future of communication, é\ K"/\ ) ([C: ) ?/\’)
sensing, computing, and beyond. L oL =] o

PAGH




From Bulk Optics to Semiconductor Chips

Integrated photonics transforms light manipulation from complex setups
to compact, efficient, and scalable chip-scale solutions.

BULK OPTICAL SYSTEMS

— —~- -

Bulk optical systems are
large and alignment-sensitive

Require manual alignment
and frequent recalibration

Bigger, heavier, higher power
and cost

Bulk optical systems are
large and alignment-sensitive

INTEGRATED PHOTONICS

Laser

Coupler —u \“\
Waveguides Ti

-~ @ @

LiLl

)’ s |
J
Source & ¥, \
} - -n “ Detector
Modulator —‘—& l |

B W Fiter

\ Splitter

-

Integrated photonics reduces
footprint and improves stability

Passive alignment and robust
operation

Lower power, higher performance
and reliability

|+

Integrated photonics reduces

AR

footprint and improves stability

CHIP-SCALE PHOTONIC SYSTEMS

Grating

Couplers g 3

Modulators —r—;—- =

O

1
-

““\

7

Smaller. Smarter. Faster. The power of light—integrated.

X rpmmnmvmaq.mv:iu:-?{..fl G
= !

Photodetectors

Waveguides

|

— Splitters

IL

Heaters

L

Tt e v ij_l!!“‘-i__'.ﬂlﬂv

L L T LT LT LT 500 pm

Chip-scale devices enable
scalable photonic systems

Mass-producible with semiconductor
manufacturing

Enables complex functions in
compact, cost-effective solutions

Chip-scale devices enable
scalable photonic systems
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Core Building Blocks of Photonic Integrated Systems

Functional components on a chip that generate, route, control, and detect light
to enable complex photonic systems.

WAVEGUIDES MODULATORS
Low-loss paths that Encode information
constrain and guide by changing the

light on chip. amplitude, phase,
or frequency of light.
COUPLERS DETECTORS

Transfer light between
waveguides or between
a waveguide and a
fiber/grating.

Convert light into
electrical signals
for processing.

MULTIPLEXERS

Combine multiple
Divide optical power wavelengths or
into two or more channels onto a
paths. single path (and
demultiplex in
the reverse).

These building blocks work together to implement complex functions C T D @ _~‘é’~_
s

on a chip—enabling compact, efficient, and scalable photonic systems.

SPLITTERS

AT
/£ Sl ™\
—1

— B

— —
T /
\ ‘_'//

Data Sensing Lasers Computing
Communications
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PHOTONIC INTEGRATED CIRCUITS

Waveguides

The Optical analog of electrical wires

WAVEGUIDES EMBEDDED WITHIN THE SUBSTRATE

. Confine and route /
| 3\/4_) | light on chip 1,'
\\ / dwi‘_’egé‘"de;gu'qti_“gg: along LIGH'ﬂ/ IN LIGHT OUT
e efined paths within the i .
substrate with high precision : \
and minimal loss. ;‘
/ . Designed for low loss
( - Engineered geometry and
\ - terials minimize scattering 2 \
e ’ —u-»] COUPLER SPLITTER M MODULATOR DETECTOR MULTIPLEXER
\ -~ bending, and propagation loss. i - El O (ADD/DROP)
/ \ Controlled mode CROSS SECTION (TYPICAL) OPTICAL WIRE ON A CHIP
| /\ | propagation e ) .
) - Top Cladding (SiO,) o W . ) Optical Waveguide
y Waveguides support specific | . . Electrical Wire (Embedded)
~— optical modes for efficient Waveguide Core ~— (=i ]” Ligtt confined i
. (Si,N.) within the core
coupling and system | ardigiied F—\/ V= ) e — A —
performance. Bottom Cladding (SI0,)~ | ( within the '
‘ | substrate . : .
Carries electrons Carries photons (light)
Substrate (Si) —
LIl )
o = . N . . . . /7 O N
3 E Waveguides are the foundation of photonic integrated circuits, i ( ; Vs '/f'] 3
. F enabling compact, efficient, and scalable manipulation of light. selils Sl S
TTTT S ~
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PHOTONIC INTEGRATED CIRCUITS HOW IT WORKS
= s Total internal reflection keeps light
p I Ca O n I n e m e n confined in the high-index core.
" - . pp— ' Lower index
Light is guided by refractive index contrast \ ./ 1 (cladding)

High-index core surrounded by lower-index cladding. ~ 7 | Higher index
—
— Cladding (Lower Index) : (core)

fi: gl L \.,_ Lower index

\///74/.:_ Core (Higher Index) , (cladding)
7 ; Neore 2 Nelad

LIGHT IN // ‘ GEOMETRY MATTERS

e S | Cladding (Lower Index) Geometry determines confinement
/‘—/"-’.’-”-‘¢"’l> n
7

5 clad and propagation loss.

p = . Stronger confinement =¥
> & (smaller core) o]

’, Smaller mode size, ™

A ~ higher bending loss

CROSS SECTION

W
Optical ¢ Cladding (Lower Index) Bala‘nc.ed confinement ==
Intensity (optimized core) ‘
Low loss, good mode size -

High = .
l ’ ¢——— Core (Higher Index)

Weaker confinement

(larger core)

|

+—— Cladding (Lower Index '
e ' 9l ) Larger mode size, Y -
L lower bending loss

Ll
- Optical confinement, enabled by refractive index contrast and geometry, @ @ |
= is the foundation for efficient, low-loss light guiding on a chip.
i LOW LOSS BENDING MODE HIGH
CONTROL CONTROL PERFORMANCE PAGE




PHOTONIC INTEGRATED CIRCUITS

Optical Confinement

Light is guided by refractive index contrast __—

= Q’ \
\ LIGHT OUT
. High-index core KS) - \

J\/-\/\_ surrounded by
' / lower-index cladding
\. . S LIGHT IN
- The higher refractive index
in the core confines light Y

within the waveguide by -
total internal reflection. =3 X

/

44-5

- +— Cladding (n,)
Geometry determines

: N— \ Core (n,)
confinement and i lcore) s lclatdifigh + 1

\

\
j+) propagation loss

s e - ————— ~—— Cladding (n,)
/ Waveguide width, height, Refractive index contrast -

enables optical confinement

—->Q<-—|

-
and sidewall profile control
mode size, confinement
strength, and loss.

| MODE CONFINEMENT (CROSS SECTION) GEOMETRY CONTROLS CONFINEMENT AND LOSS

Weak Confinement Moderate Confinement Strong Confinement Waveguide Width (W) Waveguide Height (H) Sidewall Profile
(Low Index Contrast) (Medium Index Contrast) (High Index Contrast)

_______________ 5 _ _4—'/./ : 4,4_/7 Rounded Rough
' N =N - . $ e g

Q—I—b.

| 4 Wider — Lower loss 4 Higher — Lower loss

/\ j\( A . ¥ Wider > Weaker confinement 4 Lower — Tighter confinement | v Smoother sidewalls
— | 4 Narrower - Stronger confinement i = Lower scatteringloss

4 Lower — Higher loss

T ST > N Higher | : : 3 Rough sidewalls
Increasing index contrast (n, — ny) ibirone = (t;gn:;ngs’:cattering) (sidewall scattering) = e scattiting loss
4 . Lill . . . . N P a1 R e O
=[] Optical confinement—enabled by refractive index contrast and geometry— 7 SR (o
3 E \_[ceo] o= \ [&] /

e is essential for low-loss, high-performance photonic integrated circuits. ‘lf 1 NG/ PAGHD




PHOTONIC INTEGRATED CIRCUITS

Common Material Platforms

Diverse materials enable a wide range of performance, functionality, and integration capabilities.

Silicon photonics

Mature, high-index contrast
platform on silicon

¢ High index contrast (Si/SiO,)

¢ Strong confinement, compact devices
* CMOS compatible

* Wavelength: 1.3 - 1.55 um

Applications
(NEN
= @)
TTTT
Data centers High-density ~ On-chip
interconnects  sensing
LLLIL

&

Silicon nitride

Low loss, wide bandwidth,
versatile platform

— MuUndergiyg
SiSubstrae

¢ Low propagation loss

* Wide transparency window
(visible to mid-IR)

* High power handling
e Wavelength: 400 nm - 2.3 pm+

Applications

()

Frequency Bio-
combs sensing

@)
&
LIDAR &
sensing

(

Indium phosphide

High speed and active
optoelectronic integration

————

Inp substrateX

* Direct bandgap material

¢ High-speed modulators,
lasers, detectors

¢ Heterogeneous integration
capable

e Wavelength: 1.2 -1.65 pm

Applications
\J I’
' 4 =G
High-speed  Optical Integrated
comms transceivers lasers

The right material platform enables the right performance.

Each offers unique advantages for photonic integrated circuits
across applications and wavelength ranges.

s N\

Lithium niobate

Electro-optic performance
and low loss

» Strong electro-optic effect

* High bandwidth modulators
* Low loss waveguides

* Wavelength: 400 nm -5 um

Applications
= o
NO7C v o
Modulators ~ RF photonics ~ Quantum

photonic circuits

Polymer and
hybrid platforms

Flexible, scalable,
application-specific solutions

* Low-cost, scalable fabrication

¢ Tailorable refractive index
and functionality

* Heterogeneous integration
with other materials

e Wavelength: Visible — NIR
Applications

h @ &

Flexible
photonics

Lab-on-chip ~ Wearable
sensors

(;} GQ adll W @

PERFORMANCE INTEGRATION

SCALABILITY

WAVELENGTH
FLEXIBILITY

COST
EFFECTIVENESS

PAGELO




PHOTONIC INTEGRATED CIRCUITS
DENSE INTEGRATION ON SILICON

Silicon Photonics

Coupler Resonator Modulator Crossing

.

Mature technology. Scalable production. i 3 L :
Built for data-driven applications. ’ '

Photodetector

| b

et

LIGHT IN LIGHT OUT

,
=5 4

SILICON PHOTONIC PLATFORM

>
SiO, Cladding
Si Waveguide — & :
C o | e 74l bry | I —
(Gors) - © | TN [ " - s . ) ’;
SiO, Cladding — [ 4 s AL LA AL LALLM R R LALLM EAL W \\\\\\\\Tu\\\‘\\&§ )
Si Substrate
* High refract.ive index contrast (Si ~3.4.8, Si0, ~1.44) enables := Thousands to millions of CMOS compatible process Low cost per chip
strong confinement and compact devices 1=85F  components on a single chip on 200 mm and 300 mm wafers enables mass scaling
» Wavelength range: 1.3 pm and 1.55 pm (telecom bands)
@ STRONGLY SUPPORTED @ EXCELLENT FOR DENSE INTEGRATION ® LIMITED IN NATIVE
BY CMOS MANUFACTURING AND DATA COMMUNICATION LIGHT EMISSION
e Leverages mature silicon - . Bandwidth Density * High-speed modulators Conduction Band ¢ Silicon is an indi‘rect
foundry infrastructure ® - and detectors ® bandgap material
. k. igher
PR o ¢ Low loss waveguides Light » Cannot efficiently
¢ High yield, reproducibility, e
and scalability for long reach Energy Ay emit light
o Ideal for data centers, P4 ® Requires hybrid
Enables | -scale, : " ; ; :
) czzt—:fs;eacrtigvee sizjuction : : (1 id = > Al/ML, HPC, and Valence Band integration with
P { Elscty ol 3 Sicoq optical interconnects IIl-V materials or

(Cu) Photonics

external lasers

LIl

E Silicon photonics combines the power of CMOS manufacturing with the performance g § § @ @
r— ’ .
P

needed for next-generation data communication and computing.
s | MATURE TECHNOLOGY DENSE INTEGRATION HIGH SPEED CMOS COMPATIBLE COST EFFECTIVE

LiLl
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PHOTONIC INTEGRATED CIRCUITS

Silicon Nitride (Si3N4) Photonics WIDE TRANSPARENCY RANGE

Low loss from visible to mid-infrared

i [ 10 = B
Low loss. Wide transparency. Versatile platform. = e N itiare i tad
(5]
o 1
SILICON NITRIDE WAVEGUIDE f‘;
— « High-index Si,N, core 8 01
; n = 1.98 at 1550 nm kS
SiO, Cladding ( i ) ) ) g & ——— Ultra-low loss window
e « Lower-index SiO, cladding gt J1 :
(n = 1.44) £
0.001 - 4 e e = W e
> Refractive index contrast 0.4 0.6 0.8 1.0 1.2 14 1.6 2 3 4 5
confines light in the core Wavelength (um)
* Low propagation loss = : ;
enables efficient routing | N\ Typical loss: /oo Transparent Thermally stable 2 CMOS-compatible
| dist 8 /‘) <0.1dB/m ‘\f’\f from ~400 nm and chemically H -~ manufacturing
OVELIONIIGLATIGES " (at 1550 nm) to > 5 um robust (via PECVD)
USEFUL FOR A BROAD RANGE OF APPLICATIONS
FILTERS RESONATORS NONLINEAR OPTICS
High-Q resonant filters with High-Q resonators for sensing, lasing, Strong nonlinear response enables advanced
\ £ ¢ - ; :
| sharp roll-off and low loss o Wensclerigt selective and signal processing . functions on a chip w8,
routing == « Ultra-high Q factors NE) 9
oy (>10°) « Supercontinuum
* Low insertion loss > -
2 + Small mode volume ,/\_, i generation
» Compact footprint -

 Stable performance Frequency combs

« High spectral purity Input Output :
» Temperature (Pump) (New frequencies) *® Quantum photonics
insensitive designs
7 Y Q‘l,> ‘,//7\\\. /”\
Silicon nitride photonics offers low loss, broad bandwidth, and 2% A = | f\ | /\/\/‘/‘
exceptional versatility for next-generation integrated photonic systems. s S St
Low WIDE HIGH-Q PRECISE NONLINEAR CMOS
LOSS  TRANSPARENCY RESONATORS FILTERS OPTICS COMPATIBLE

PAGHE2




PHOTONIC INTEGRATED CIRCUITS

Indium Phosphide (InP) Photonics

Active by nature. Built for performance.

Indium phosphide is a lll-V semiconductor with a direct bandgap,
enabling efficient light emission, amplification, and detection.

INDIUM PHOSPHIDE PIC PLATFORM

Detector

. ELECTRIC
; SIGNAL OUT

|- \

Amplifier

Modulator

Laser

fectRc /|
SIGNALIN /|

¢ Direct bandgap enables efficient
light emission and amplification

InP Cladding (n-InP)

InP Waveguide (InP)

e High refractive index contrast for
strong confinement

* Heterogeneous integration

InP Substrate with passive platforms (e.g., SiN, Si)

Indium phosphide enables monolithic integration of active

and passive functions for high-performance photonic systems.

SUPPORTS LASERS, AMPLIFIERS, AND DETECTORS

Detectors

Lasers Amplifiers

0

 High output power ‘  Semiconductor optical } * High responsivity

* Narrow linewidth amplifi.ers @OAS) * High speed
* Wavelength agility * On-chip gain * Low dark current
* Low noise

GOOD FOR FULLY INTEGRATED ACTIVE PHOTONIC SYSTEMS

1111
= b //
- * e "
il i
On-chip lasers lntegre?ted High-speed Modulgtors .High—density
amplifiers detectors and switches interconnects

COMMON IN TELECOM AND SENSING APPLICATIONS

TELECOM SENSING
, -8 [m] N EI

= Coherent transceivers ¢ Optical amplifiers » LIDAR « Spectroscopy
* Wavelength tunable lasers = High-speed modulators « Gas sensing « Biosensing
~ Zs S 1
I N\ / ) N\ o .
4 C\/\,\, B (@
\ ‘ \ J [\ =|ooo|=
_/ B S T
HIGH INTEGRATED HIGH SPEED TELECOM IDEAL FOR  HETEROGENEOUS
PERFORMANCE  ACTIVE DEVICES OPTIMIZED SENSING INTEGRATION

PAGHES3




PHOTONIC INTEGRATED CIRCUITS

Lithium Niobate on Chip (LNOI)

Strong electro-optic response. Fast, efficient modulation.
Valuable for high-performance communications.

LITHIUM NIOBATE ON INSULATOR (LNOI) PLATFORM

Modulator
(MZ1)

Phase
Shifter

Ring Photodetector

Resonator !
: : ELECTRIC

SIGNAL OUT

Grating
Coupler

LIGHT IN

electric signal

electric signal

LiNbO (Thin Film)
| Si0, (Buried Oxide) }
Si Substrate

High electro-optic Low optical @\" Broad transparency -~ CMOS-compatible
coefficient (r53) loss © / (visible to IR) A =F processing
KEY APPLICATIONS
Ll
@ 2y @ 8 &
A = @) e 1%E @Wh
Dl TTTTT ‘
Coherent Data Center 5G / 6G Satellite Quantum RF Photonics
Optical Transceivers  Interconnects Fronthaul Communications Photonic Systems and Sensing

71\ Lithium niobate on chip combines unparalleled electro-optic performance
\",I with low loss and high speed—enabling the future of high-capacity,

energy-efficient photonic communication systems.

STRONG ELECTRO-OPTIC RESPONSE

Electric Field
+ . -

mallll L

Applied voltage changes the refractive index
via the Pockels effect, modulating the light.

High EO Coefficient
40
g 30
S 20
S0t
0
Si SiN  LNOI InP

ENABLES FAST, EFFICIENT MODULATION

Ultra-high bandwidth

High-Speed Modulation

(> 50 GHz) Y
L
>
Low driving voltage §
(b power consumption) 2 G5y
@ High linearity and £
5 s == ) . :
signal fidelity 0 20 40 60 80 100
Time (ps)
VALUABLE FOR HIGH-PERFORMANCE COMMUNICATIONS
i °> Supports next-generation Coherent Transceiver Example
o coherent and Fiber Li
O(' l modulation formats L1 Q il ’ Coherent
1
Ideal for data centers, TxDsp | .Modulator }T@:x Receiver ‘» ROk

telecom networks, and
5G/6G fronthaul

Enables long reach,

high capacity, and

N
energy efficiency

STRONG EO | FAST, EFFICIENT HIGH
MODULATION

RESPONSE

PERFORMANCE

S @

COMMUNICATIONS ENERGY
READY EFFICIENT

PAGHEA4




PHOTONIC INIEGRATED CIRCUITS . . @
Passive Photonic Devices _/_-

Passive devices manipulate light without requiring optical gain.

Passive components are the building blocks of photonic integrated circuits.
They route, split, combine, filter, store, and control light efficiently and reliably.

1. SPLITTERS 2. COUPLERS 3+ FILTERS 4. DELAY LINES 5. RESONATORS
Divide optical power Combine or transfer light Select desired wavelengths Introduce controlled time Trap light at specific wavelengths
into multiple outputs. between waveguides. and block others. delays to optical signals. using resonance.

LLLLLLLLLLLL F":!'j
f V e P = et 1
e .\ SOAL -
Example: 1x3 Splitter Example: Directional Coupler Example: Ring Resonator Filter Example: Spiral Delay Line Example: Ring Resonator
* Evenly or unequally splits light e Evanescent coupling of light * Wavelength-selective routing » Adjust optical path length ¢ High Q (quality factor)
» Low loss and broadband ¢ Can split, combine, or tap e High rejection and low loss e Compact footprint ¢ Small footprint
e Common: Y-branch, MMI splitter e Compact and low loss ¢ Types: Ring, Bragg, AWG, MZI e Low loss, precise delay ¢ Sensitive to wavelength changes
Q ; ; : : :
o B & Typical Use: @ Typical Use: Typical Use: Typical Use: Typical Use:
O O Power distribution, Power combining, Wavelength multiplexing, Interferometry, Filtering, sensing,
signal synchronization modulation, lasers

interferometers switching, sampling channel selection

[NNNN

Passive photonic devices enable efficient, compact, and scalable manipulation of light— = /" =~ : ' .)

— forming the essential infrastructure of photonic integrated circuits. = ]
PAGHDS5
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PHOTONIC INTEGRATED CIRCUITS

Active Photonic Devices

Active devices control light by adding, removing,
or converting energy.

ftomagg

e

reconfiguration—enabling functionality and intelligence

@ Active devices provide gain, modulation, detection, and
in photonic integrated circuits.

( N e = > e SN —
1. LASERS 2. MODULATORS ( 3. AMPLIFIERS 4. DETECTORS 5. SWITCHES
Generate coherent Imprint information onto Increase optical power. Convert light into Dynamically route or
light. light. electrical signals. select optical paths.
0 Vdrive
BT Electrical
= - + =e>\/\/\/‘ J\/\, ‘ J\/\/» ANAN— —»_signal out
o UL
® On-chip light source e Convert electrical signals e Compensate for losses e High responsivity e Reconfigure optical circuits
* Narrow linewidth to optical modulation e Boost signal power e Low dark current o Low insertion loss
e High efficiency e High speed e Types: SOA, EDFA, Raman e Types: PIN, APD, Ge PD o Types: MZI switch, MEMS,
e Types: DFB, DBR, VCSEL o Types: MZM, ring, EAM thermal, carrier-depletion
Typical Use: Typical Use: Typical Use: Typical Use: Typical Use:
Light generation for Data encoding, signal Signal amplification in Signal reception, % Routing, reconfiguration,
communication, sensing, processing, and 0 D long-distance links and sensing, and monitoring and optical networking
and computation telecommunications photonic circuits
AN P W L 7

T

Active photonic devices add control, intelligence, and functionality, Z T Nat
] Y
.~ enabling high-performance, scalable photonic systems. - N
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PHOTONIC INTEGRATED CIRCUITS HOW IT WORKS

P h Oto n ic M O d u la t O rs | 1. Optical signal in 2. Modulation by 3. Modulated optical

(Continuous wave) electric drive signal signal out
Convert electrical signals into optical changes, MODULATOR (Changed)

control amplitude, phase, or frequency of light, %v grggl'jlta“t‘?:n
and are critical for data transmission. /\/\ E’E\— —

Optical changes

. : . 3 \ Phase
Convert electrical signals into optical changes modulation
Electrical drive signals modify the properties of light Input light with ﬂ Output light with
using effects such as the electro-optic effect. constant amplitude, modified amplitude -

requency
phase, and frequency. ( J—[—I_U_L ] phase, or frequency ’\A/W modulation
Control amplitude, phase, or frequency of light == based onithe drive signal.
Electrical drive signal \

Enable precise modulation of light's intensity,

: ; (Data / Control)
phase, or frequency to encode information.

The electric signal changes the refractive

s SO index, absorption, or geometry of the
Critical for data transmission modulator, altering the light that passes
@ Fundamental building blocks for high-speed, through it.

high-capacity optical communication systems. {

The electric drive signal is what creates the difference
between the input optical signal and the modulated output.

TYPES OF MODULATORS

CRITICAL FOR DATA TRANSMISSION
AMPLITUDE MODULATOR PHASE MODULATOR FREQUENCY MODULATOR . . .
(AM) (PM) (FM) Electrical data Modulator Optical signal

= i~ (8] WA

s -aifii | AL — AR AR — A ﬁ =R

- &%

p— O

Vary the intensit Vary the ph f Vary the f length
B ()efltnh:Tls Ih)‘(c Lzs | arythee Iip hise ’ Ea r?:‘u;r:z (:: el Optical Data Centers & 5G/ 6G Satellite Al / HPC
o gt g Communications Interconnects NEWIS Links Systems
Implemented using electro-optic, carrier-depletion, thermal, Uo7\ Enable high speed, high bandwidth, and energy-efficient
or plezoelectric effeCtS In |ntegrated photonic p|atf0rms. AL transmission of information over |0ng distances. PAGHE7




PHOTONIC INTEGRATED CIRCUITS

Photodetector

Convert optical signals to electrical output,
enable readout and signal recovery,
and are often integrated with communication circuits.

Convert optical signals to electrical output
Absorb photons and generate an electrical current
proportional to the light intensity.

Enable readout and signal recovery
Recover amplitude and data from optical signals
for further processing.

Often integrated with communication circuits
Monolithically integrated with modulators, amplifiers,
and other components for compact, high-performance
photonic systems.

TYPES OF PHOTODETECTOR

PIN Avalanche Ge-on-Si -V on Si
Photodetector Photodiode (APD) Photodetector Photodetector
T T R Ty A
gl ) S ol Ge -V
nt+ i+ i}‘/} Si Si
z T hi L
Wide bandwidth, | Internal gain through | High responsivity in
low noise, impact ionization for  telecom wavelengths  high efficiency
high sensitivity high sensitivity (1.3-1.6 um) detection

1. Optical signal in
(Modulated light)

Light carries data
as changes in

HOW IT WORKS

PHOTODETECTOR

:
-

A

]
7
=L

J

2. Electrical output
[Current or voltage]

gy g

Electrical signal
represents the

Key Characteristics

¢ High responsivity
e Low dark current
e High bandwidth
e Low noise

® High linearity

* Wavelength

intensity. ; ; : . optical data.
Photons are absorbed in the active material, generating selectivity
electron—hole pairs that produce a photocurrent.
@ Photodetectors are essential for converting light to electrical signals,
enabling the interface between photonic systems and electronic circuits.
OFTEN INTEGRATED WITH COMMUNICATION CIRCUITS
Waveguide Laser Modulator Waveguides Photodetector TIA Digital
Integrated ‘ - Electronics
Photodetector

High speed and | Evanescent coupling

enables compact
integration

)

Photodetectors bridge the photonic and electronic worlds—enabling accurate readout,
low-noise detection, and compact integration in high-speed communication systems.

Receives
optical signal

Electrical Interconnects

Converts to
electrical signal

® Essential for data recovery in optical links

® Key enabler of high-performance PICs

Amplifies and
conditions signal

®

1| Digitized for
' | further processing

® Supports high bandwidths

and energy-efficient operation

PAGELS




PHOTONIC
RESONATORS

”ﬁ'\ Trap light to enhance interaction
<// Light circulates or bounces within a
~—— resonator, building up intensity.
/. Used in filtering, sensing,
\ J‘/\/\’ and nonlinear optics
S— Resonance enhances selectivity,
sensitivity, and nonlinear effects.

Include ring resonators
and cavities

HOW IT WORKS

At resonance, light constructively interferes with itself
on each round trip, building up intensity inside
the resonator.

RESONANCE CONDITION
M Ares = Negr - L

m: integer (mode number)

Ares: Tesonant wavelength

ness: effective refractive index

L: round-trip optical path length

Input
light

Through

EFFECT OF RESONANCE
port

-— Off resonance

— At resonance

Transmission

Drop / Add

port
Common resonator geometries used Wavelength
in integrated photonic circuits.
TYPES OF PHOTONIC RESONATORS APPLICATIONS
RING RESONATORS CAVITY RESONATORS FILTERING SENSING NONLINEAR OPTICS LASERS
Mirror Mirror
S
Input \ Through 2B
- =2 (o000 |
—
' i
Drop / Add “——— Cavity Wavelength
: : : e Light bounces back and forth Select specific wavelengths  Environmental changes shift Enhanced intensity inside | Resonators provide optical
® Light circulates in a closed loop y : : s ; i i
G e e Very high quality factor (Q) while rejecting others. resonance, enabling ultra- the resonator boosts feedback to support
: 5 ® Small mode volume for strong light-matter sensitive detection. ~ nonlinear interactions. ~ coherent light generation.

e High Q with low loss

interaction

KEY ADVANTAGES

High Quality Factor (Q)
/\/ High field enhancement

and narrow linewidth

Compact & Integrable
Small footprint, CMOS

compatible

Efficient
< 3 Low power operation
with strong interaction

((( ))> Telecom
A filters & mux/demux

‘ Biosensing & . 1, Quantum photonics
_ chemical sensing .'i.'. & frequency combs

WHERE THEY ARE USED

\\[//  On-chip lasers &
7N light sources
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PHOTON |C 1. INCREASING CAPACITY WITH WAVELENGTH-DIVISION MULTIPLEXING (WDM)
Multiple input Separated output

tength lenath ’
M U LTI P L E XI N G ol P Single waveguide bl WDM BENEFITS

M > (multiple wavelengths) > A

AND ROUTING Ay == | oM i wom | > R ({(?9 Z"!ii'l??ﬁfiy

Enabling higher capacity and intelligent A3 . > MUX . : - DEMUX 2 > A Efficiceitisa of
signal delivery in photonic systems. 3 . % waveguide
I / —» A, infrastructure

Increase capacity with /D Many wavelengths. One path. ;

~divisi i i Massively increased bandwidth. gWerpower pe:
wavelength-division multiplexing ol ly @ fit vesparalié
Transmit multiple wavelengths of light electrical links

simultaneously over the same waveguide
to dramatically boost bandwidth.

2. OPTICAL SWITCHES AND ROUTERS TO DIRECT SIGNALS ON CHIP TYPES OF OPTICAL ROUTING
Use optical switches and routers Input ports ( OPTICAL SWITCH FABRIC Output ports Non-blocking switch
to direct signals on chip ! Any input can connect to any output. LLLLLL

Reconfigure paths dynamically to
connect sources to destinations
with low loss and high speed.

Important for large-scale
photonic networks !
Essential for data centers, Al systems, ( ' J /Q\ O\\

and future optical interconnects = O\ (‘)/ @) T
that demand scalability and efficiency.

= (©]
= =y T

[HRERION]

(L

Reconfigurable router
Dynamically select paths based on LU
demand and policy.

=B B8 E

L
T

3. IMPORTANT FOR LARGE-SCALE PHOTONIC NETWORKS o KEY TAKEAWAYS
Many sources Many destinations
(chips, modules) e " Demucé (computes, memories, WDM multiplies capacity by sending
) M distribution sensis) many wavelengths on one waveguide.

Lie

Optical
routing
fabric

WDM
MUX

= S ical links
BOE—_= " o
=L % ©) @ Optical switches and routers steer

, signals to where they are needed.
» Yﬁ Together, they are essential for building
6;’2 scalable, efficient photonic networks.

@ Multiplex. Route. Scale. The foundation of tomorrow’s photonic infrastructure. Higher Capacity ®  Dynamic Connectivity ~®  Scalable Networks ~ ®  Lower Power

— T

Long distance / on-chip
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