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Fiber-Based _.
Photonics

The use of optical fibers to
transmit and manipulate light for
communication, sensing, and
laser applications.
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Founder QOISC
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A Broad Field Built p—
Around Optical Fibers

Fiber-based photonics is a broad field
built around optical fibers as the
main platform.

Optical fibers are the enabler for
routing, manipulating, and detecting
light with exceptional performance.

ENABLING KEY FUNCTIONS IN COMPACT SYSTEMS

7 A ‘ )
EFFICIENT LIGHT DELIVERY SIGNAL PROCESSING DETECTION
= ; 11011001
i ‘ - " 10101101
Low loss, high bandwidth, and long reach Modulation, filtering, switching, and High-sensitivity detection and conversion
for delivering light exactly where it's needed. multiplexing to handle and control of light into electrical signals for

optical signals. ) measurement and communication. ,
> < /

\) Together, these capabilities enable high-performance communication, precise sensing, ((R) @ *
. . 7 Pl ~AAMN— 7N
~_/ and powerful laser applications in compact, scalable systems. A =/ o
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Key Advantages
of Fiber-Based Photonics

Fiber-based photonics delivers unique benefits
that other technologies cannot match.

LOW LOSS

Signals travel long distances with
minimal attenuation, reducing the
| need for repeaters and power.

o\ 100 km+

Minimal signal loss

HIGH BANDWIDTH

| Q\ | Fiber supports massive data j; Tb /S

capacities, enabling high-speed
communication for growing demands.

IMMUNITY TO ELECTROMAGNETIC
INTERFERENCE "
Optical fibers are unaffected by EMI or

RFI, ensuring reliable performance in

harsh and noisy environments.

FLEXIBILITY

' Fibers are lightweight, thin, and
flexible—easy to route, install,
and scale in a wide range of
applications.

The combination of low loss, high bandwidth, immunity to interferénce, and flexibility
makes fiber-based photonics the foundation of modern and future-ready infrastructure.

‘\\‘

These advantages make fiber
essential to modern infrastructure—
powering communication networks,
data centers, sensing systems,

and critical applications worldwide.

V= ey @)

TELECOM DATA TRANSPORTATION  INDUSTRIAL MEDICAL
NETWORKS CENTERS SYSTEMS SYSTEMS
. .
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The Three Main Parts
of an Optical Fiber

An optical fiber is a cylindrical waveguide
made of three concentric layers.

1 CORE
) The central region that carries

and transmits light.

@ CLADDING

~/ Surrounds the core and helps

Typical Dimensions

—e Core: 8 -10 um
diameter (single-mode)

—=e Cladding: 125 pm
diameter

—e Coating: 250 um

diameter
confine the light within the core.

@ COATING (BUFFER) . Refractive Index Profile (Step-Index Fiber)
The outer protective layer that ) e~ . wel]
shields the fiber from moisture, T:;;ic(tr':;e aee iy} | =l ‘
microbends, and physical damage. Cladding (n,)

Radial Position

Guidance is possible because of the Cladding (n,)
refractive index difference.

Total Internal Reflection (TIR)

When the angle of incidence is greater
than the critical angle, light is reflected
back into the core—enabling low-loss

. . . . 5 Core (n,)
Light traveling in the core hits the core-cladding

boundary at an angle. Because the core has a
higher refractive index (n,) than the cladding (n,), ) )
total internal reflection occurs, keeping the light Cladding (n) propagation over long distances.

confined and guided down the fiber. PAGE




Core Cladding Coating

Total Internal Reflection
i n Si m p I e T e r m S ::ig::r refractive Lower refractive index Protective layer

Light stays trapped in the core because it
reflects continuously at the core—cladding boundary.

HOW IT WORKS

Cladding (n,)
@ Light HEVE through the core and Core (n;)
hits the core—cladding boundary.
Cladding (n,) SN
(2) Because the core has a higher ()" KEY TAKEAWAY
~— refractive index than the cladding b
(n; > n,) and the angle of incidence 6> 6, Total internal reflection

is greater than the critical angle,
the light is reflected back into
the core.

C.t. l I . . Seni
(Critical angle) acts like an invisible

mirror inside the fiber,
keeping light confined
within the core and
enabling efficient,
long-distance
transmission.

@ This reflection happens
repeatedly along the length
of the fiber.

@ As a result, the light stays
trapped in the core and can
travel long distances with
very low loss.
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Major Categories of Optical Fiber

Optical fibers come in different types, each designed for specific needs and applications.

\.

0 SINGLE-MODE FIBER

Designed for long-distance,
high-bandwidth communication.

A -

i L, Cladding
4 125 uym

Core
8-10 um

| Very low attenuation
(| Very high bandwidth

(—= " ldeal for long-distance &
“__/ submarine links, telecom
networks, and data centers

Typical Core Size: 8-10 pm

DISTANCE

Long distances favor single-mode.
Short distances can use multimode.

THE RIGHT CHOICE DEPENDS ON:

(2

MULTIMODE FIBER

Supports multiple light paths; ideal for
shorter distances and cost-sensitive
applications.

i)
W L. Cladding
125 um

Larger core allows multiple
/' modes (paths)

\ Lower cost, easier coupling
" with LEDs

Used in data centers, campus
networks, industrial systems,
and short-reach links

Typical Core Size: 50 or 62.5 um

Q SPECIALTY FIBERS

Engineered for unique applications
beyond standard communication.

Large Mode Area (LMA) Fiber
High power delivery (lasers,
amplifiers)

Polarization-Maintaining (PM) Fiber
Maintains signal polarization for
precision sensing & interference

Photonic Crystal Fiber (PCF)
Unique light guidance properties
NS for sensing & nonlinear optics

Fiber Bragg Grating (FBG) Fiber
Wavelength-selective filtering
— for sensing & monitoring

Many designs for specialized needs

/a0 COST

{ | Multimode and some specialty

N7 fibers offer lower system cost.

PERFORMANCE

Bandwidth, data rate, power
handling, and environmental
factors matter.

0 HOLLOW CORE FIBER

Light travels through an air-filled core,
reducing loss and nonlinear effects.

1/’\ — Hollow Core
. (air)

v

Cladding
(microstructured)

Ultra-low latency & very low loss
over long distances

Reduced nonlinearity for
high-power applications

Emerging for next-generation
networks, data centers, and
advanced sensing

Typical Core: Air-filled (varies)

ownership.




Single-Mode Fiber (SMF)

One Mode. Less Dispersion. Maximum Distance.

Single-mode fiber supports only one propagation mode—light travels
straight down the core with virtually no modal dispersion.
This enables very low loss and very high bandwidth over long distances.

ONE PROPAGATION MODE

\h—’_' Core

> | 8-10 pm

MINIMIZED DISPERSION

Single-Mode Fiber Multi-Mode Fiber Single-Mode Fiber
. o Pulse 2
/, B e \\ inflnsity Narrow pulse ren.1ams
fisig \ : — sharp over long distances.
e — e
\ //, Time
Multi-Mode Fiber
Only one mode Multiple modes take different paths,
travels down the core. causing dispersion. Pulse spreads out over
distance (dispersion).
—— KEY TAKEAWAYS ——— -

Carries only one /\} Enables very low loss and
propagation mode. I very high bandwidth over

Minimizes modal dispersion.

long distances.

The best choice for

<><> long-haul, high-capacity

communication systems.

=" Cladding
A 125 ym

=t Coating
250 um

IDEAL FOR LONG-HAUL
& HIGH-SPEED NETWORKS

Long-Haul Communication
Lowest loss (~0.2 dB/km at 1550 nm)

enables transmissions over tens to
hundreds of kilometers.

@ High-Speed Networks
2" Supports ultra-high data rates with

minimal signal distortion.

==  Future-Ready Infrastructure

/{\ Foundation for 5G/6G backhaul,
submarine links, and next-generation
optical networks.

Used in backbone networks,
data centers, metro,
and submarine systems.
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Multimode Fiber (MMF)

o Core
Easy to Couple. Cost-Effective. Ideal for Short Distances. 50 or 62.5 um
_ _ _ _  Cladding
Multimode fiber supports multiple propagation modes, or paths, 125 ym
for light to travel down the core. This makes it easier to couple
: ; : 3 . S l= Coating
light into the fiber and more economical for short-distance
N 250 pm
applications.
f N
MULTIPLE PATHS FOR LIGHT MORE DISPERSION THAN SINGLE-MODE IDEAL FOR SHORT DISTANCES
A
Multimode Fiber A
Nl e ot Easier to Couple
Pulse over time due to Larger core size makes alignment easier
| Intensity multiple paths. and coupling less sensitive.
: Single-Mode Fiber More Economical
Light takes many different : .
Pulse remains Typically lower cost components and
paths (modes) down the core. : 3
narrow with equipment.
minimal dispersion.
COMMON CORE SIZES Time E Perfect for Short Distances
—— - AR o
50 um or 62.5 um ( ~ ] '; Ideal for LANs, building networks,
H ) H More modes = More path differences | =~ data centers, industrial links, and more.
(Cladding: 125 um) = More dispersion |
— KEY TAKEAWAYS
Supports multiple o Easler to couple o) More economical More dispersion
propagation modes O/ light into the fiber. $ for short-distance than single-mode
(paths). applications.

fiber.
PAGBE




Output Pulse
(After Transmission)

M N e
] "M

Narrow Pulse

Input Pulse

Dispersion in Optical Fiber

Dispersion is the spreading of optical pulses as they travel through a fiber.

As a pulse propagates, different components of the light signal arrive at different times,
causing the pulse to broaden. Increased pulse width can lead to intersymbol interference (ISI),
higher bit error rate (BER), and reduced system performance.

Broadened Pulse

What It Is Why It Matters

Why It Matters

MODAL
DISPERSION

Caused by multiple
propagation paths
(modes) in the fiber.

Pulse Spreads

In multimode fiber, different modes
take different path lengths and
therefore arrive at different times.

Limits bandwidth-distance
product in multimode systems.
More spreading = lower data
rates or shorter reach.

CHROMATIC What It Is

DISPERSION Light from a source has a range \W — \, > Occurs in all fibers.

Caused by different of anfeler?gths. Becaus:e the { 71 } ¢ iereasaswithisalrea

wilvelengthstiaveling refr.actlv.e index of the fiber 1 — ; Bandwitifiandidistanes;
varies with wavelength, |/ 3/ et Biihspeedslont:

at different speeds. each wavelength travels at

a slightly different speed.

distance transmission.

What It Is

POLARIZATION Why It Matters

MODE
DISPERSION
((%[»))
Caused by slight

differences in polarization
mode velocities.

Key Takeaway
N

All three types of dispersion cause pulses to spread, which increases errors and reduces data throughput.
Understanding and managing dispersion is essential for designing high-performance optical systems.

: ; Pulse S d
Imperfections and stress in the WA PRSI

fiber cause two orthogonal
polarization modes to travel
at slightly different speeds.
The difference accumulates
over distance.

Becomes important in long-
haul, high-bit-rate systems.
Causes pulse broadening
and limits system reach
and reliability.

=N
= W B

™

Time —>

B = =

Minimize dispersion —
Maximize distance, data rate, and reliability.
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Attenuation in Optical Fiber

Attenuation is the loss of optical signal power as .
light travels through a fiber. (Pir)

As light propagates, its power gradually decreases. This reduces the
signal strength at the receiver and limits the transmission distance or

data rate unless compensated. *

Distance (km) >

Attenuation (a)

Measured in dB/km

a (dB/km) = 10 log,, (Pi, / Pout)  per km

COMMON CAUSES OF ATTENUATION
2. SCATTERING

Irregularities and microscopic
variations in the glass cause
light to scatter in many
directions.

Rayleigh scattering (cx 1/A%)
is the dominant loss in
standard fibers.

1. ABSORPTION

Light energy is absorbed by
material in the core or impurities
(such as OH- ions).

This converts optical energy
into heat.

Higher at specific wavelengths
(e.g., water peak ~1380 nm)

P

800 1000 1200 1400 1600 1800
Wavelength (nm)

Scattering loss decreases with increasing wavelength

Loss (dB/km)

Loss (dB/km)

800 1000 1200 1400 1600 1800
Wavelength (nm)

: Output Power
VAVAY . (Pout < Pin)

3. BENDING LOSSES

When the fiber is bent, some

light leaks out of the core

because it no longer meets

the condition for total

internal reflection.

= Macro-bending: large radius bends
(installation, cabling)

» Micro-bending: small-scale
deformations (pressure, handling)

Loss increases as bend radius decreases

Loss (dB)

Tight Bend Bend Radius Large Radius

KEY TAKEAWAY

Attenuation reduces signal power. Understanding its causes helps in designing
and installing fiber systems for maximum performance and reach.

Lower attenuation = longer distance, better signal quality
Minimize by choosing the right wavelength, high-quality fiber,
and proper installation

Typically expressed in dB/km

PAGEL1




Common Light Sources for Fiber

The right light source depends on wavelength, power,

and application requirements.

Different light sources offer unique combinations of wavelength, power,
spectral width, efficiency, and cost. Selecting the right source is critical

to achieving optimal system performance.

Semiconductor devices that
produce coherent light with
narrow spectral width.

Key Characteristics

o Narrow linewidth (high coherence) Typical Wavelengths

« High efficiency 850 nm, 1310 nm, 1550 nm,

e Available in many wavelengths and other wavelengths
» Moderate to high output power (e.g., 980 nm, 1064 nm)
Sensitive to back refllections

Best Suited For

Long-haul communications, high-speed
networks, sensing, and applications
requiring high precision and long distance.

o\ KEY TAKEAWAY

- __/'

Semiconductor devices that : Lasers where the gain medium
emit incoherent light with is an optical fiber doped with
broader spectral width. . € rare-earth elements.

Key Characteristics Key Characteristics

Choose the light source that best meets your system requirements for
wavelength, power, spectral width, efficiency, distance, and cost.

Wide spectral width (low coherence) = Typical Wavelengths o High output power (to kW levels) Typical Wavelengths
Lower cost 850 nm, 1300 nm, e Excellent beam quality 1060 nm, 1080 nm,
and visible wavelengths « High efficiency 1550 nm, 2000 nm,

(€9, 650 nm) e Scalable and reliable andimore

Lower output power
More tolerant to back reflections

High reliability e Available in many wavelengths

Best Suited For Best Suited For

Short-distance links, LANs, data centers, {:(é} High-power applications, materials processing,
consumer applications, and applications industrial cutting/welding, LIDAR, medical,

where cost is a primary factor. and defense applications.

CHOOSING THE RIGHT SOURCE
& Wavelength: Match to fiber and application (e.g., 850, 1310, 1550 nm)

& Power: Ensure adequate power for distance and loss

& Application needs: Balance performance, cost, and system constraints

m Ontics Institute of Southern California
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Fiber Lasers: Power from Doped Fiber

Fiber lasers use doped optical fiber as the gain medium. HOW A FIBER LASER WORKS
Doped Fiber
Rare-earth ions (such as Yb3*, Er3*, or Tm3*) are embedded (Gain Medium)
in the fiber core. When pumped with light, these ions are Pump —— : P i
8 . Combi utput Coupler aser
excited to a higher energy level and then release that energy Pump SES £
4 < S = =
as coherent laser light that travels down the fiber. i E\\ T
/< ‘T"\\ All the laser action happens inside the fiber,
(‘. @ ) enabling high efficiency compact systems and Pump light (e.g., 915 nm, 976 nm, The excited ions release energy The output coupler extracts a
\ // : ! : or 1480 nm) excites the rare-earth as coherent light (laser emission) portion of the light as the laser
= excellent beam quality. ions in the doped fiber. at the signal wavelength. output, while the rest continues
circulating in the fiber.
Exctedpes e Excited:
State A State ‘
[ ||
Ground y Ground

State State

— KEY ADVANTAGES OF FIBER LASERS
WIDE RANGE OF OUTPUTS

. HIGH EFFICIENCY f\ COMPACT SIZE P STRONG BEAM QUALITY
/ N ] y 3
/ \ « Excellent electrical-to-optical L ] A\« All-fiber design with no fre=-space  / il \ « Near-diffraction-limited beam Wavelengths: From ~1 um to >2 um
\ i i ‘ %: =— | (high bri -
‘ llll ; efficiency (often >30%) 4; D—> optics \ T (high brightness) & Pawera: Fronsimiliwatis to
N : // « Low heat generation leads to l « Small footprint, lightweight, \_\ K /< Enables tight focusing, long multi-kilowatts
lower operating costs and and easy to integrate into range, and high precision y )
: e o : Operates in both continuous wave
improved reliability systems applications

and pulsed modes

— TYPICAL APPLICATIONS ——

° KEY TAKEAWAY
. % m ((( g ))) Q @ By using doped fiber as the gain medium, fiber lasers deliver
‘:\\L_/I v an unmatched combination of efficiency, compactness, and
Industrial Processing Defense and Medical and LiDAR and Research and beamaualitysmaking tem idealifo). ayide varloty o)

(Cutting, Welding, Security Aesthetic Sensing Scientific high-performance applications.

‘ Drilling)
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Fiber Amplifiers

Boosting light where it matters—directly
in the optical domain.

Fiber amplifiers increase the power of optical signals
without converting them to electrical signals.

They amplify light directly as it travels through

doped optical fiber, preserving signal integrity,
enabling high data rates, and extending reach.

KEY EXAMPLE:

Erbium-Doped Fiber Amplifier (EDFA)
The most widely used fiber amplifier in telecom systems.
Erbium ions (Er+) in silica fiber provide gain in the
C-band (1530-1565 nm) and L-band (1565-1625 nm),
which are the low-loss windows of standard fiber.

Excited State

Metastable
Level

Signael (1530-1565 nm)
Amplified

Pump Light
(980 or 1480 nm)

Ground State

y

APPLICATIONS IN

(®)
TELECOM SYSTEMS

KEY TAKEAWAY ‘
N

Copvriaght © 2026 Ouantum Onbptics Institute of Southern California

Long-haul and
submarine links

WDM

Input Signal Coupler

(Low Power)

)MMM/

Pump |
Laser(s)

980 nm or 1480 nm
Pump Light

HOW A FIBER AMPLIFIER WORKS

KEY ADVANTAGES

/" #\ High Gain

Provides strong amplification ‘
(20-40+ dB) with low noise.

All-Optical Amplification

| No optical-to-electrical
conversion—preserves signal
quality and simplifies systems.

DWDM systems
and optical
networks

Doped Fiber
(Gain Medium)

Rare-earth ions (e.g., Er®*)
are excited by pump light
and transfer energy to the
signal, amplifying it.

Output
Isolator

Isolator prevents
back reflections and
ensures stable
amplifier operation.

Output Signal
(High Power)

Broadband Operation

Supports dense wavelength

division multiplexing (DWDM)
over a wide spectral range.

High Reliability

| Compact, robust, and ideal

for long-haul and submarine
telecom links.

Metro and
access
networks

X

Fiber amplifiers boost optical signals in the optical domain, improving reach and capacity.
Erbium-Doped Fiber Amplifiers (EDFAs) are the backbone of modern high-capacity telecom networks.

TYPICAL EDFA GAIN SPECTRUM

L-band
1565-1625 nm

C-band
" 1530-1565 nm

1450 1550 1600

Wavelength (nm)

1500

>

Optical Data centers

satellite and cloud

communications connectivity

1650




COUPLING: Getting Light into the Fiber

Coupling is the process of getting light from a source THE COUPLING PATH
into an optical fiber efficiently. i

[ ==

) —

and ensures the best system performance. The two most &

important factors are alignment accuracy and connector quality. Light Source Focusing Connector Light Propagates
(Laser/LED) Optics in the Fiber

Efficient coupling maximizes launched power, minimizes loss, -~ )'@ -

\ )
/
S/

Goal: Deliver maximum power into the fiber core with minimal loss and reflection.

Light must be precisely aligned to the small fiber core

@ 1. ALIGNMENT ACCURACY IS CRITICAL @ 2. CONNECTOR QUALITY MAKES A BIG DIFFERENCE
(typically 8-10 um for single-mode).

.‘ High-quality connectors ensure low loss, low reflection, and repeatable performance.

Kateral Offges Anguler TH Axial Gap Mode-Fleld Low Insertion Loss Low Back Reflection Durability & Repeatability Cleanliness

(X=Y) (6x, By) (2) Mismatch

Well-polished end faces Good end-face quality Precision manufacturing Dust, oil, or scratches
4 '\] Why It Matters and clean surfaces reduces reflected light ensures consistent can dramatically
/) + Evena small misalignment can cause significant coupling loss. minimize loss. that can degrade performance over increase loss and
- Tighter core fibers (single-mode) require higher alignment precision system performance many connections reflection.

than multimode fibers.

S e T i 07, —n

BEST PRACTICES TYPICAL COUPLING LOSS (SINGLE-MODE FIBER) GOOD COUPLING POOR COUPLING

» Use precision alignment tools

ol Excellent Alignment + High-Quality Connector <0.2dB -
— = Inspect and clean end faces before mating ) 2
Good Alignment + Good Connector 0.2-0.5dB

« Use high-quality connectors and adapters &
« Protect fibers from dust, damage, and contamination Poor Alignment / Dirty / Damaged >1.0dB \\

KEY TAKEAWAY Efficient coupling starts with precise alignment and 9 Get the light in right,
ends with high-quality connections. and your system will perform at its best.

Cobpvriaht © 2026 Ouantum Onbntics Institute of Southern California



Connectors vs. Splices: Key Differences o= —oo0—

Both are used to join optical fibers, but they differ in removability, installation, and typical performance. Connector

CONNECTORS | SPLICES

Removable and reusable Permanent and typically lower loss

Can be easily connected - ' _ Permanent connection
and disconnected : (not meant to be removed)

Reusable and convenient < g ’ : - — Lower loss and back reflection
for testing or changes : i than connectors

Typically higher loss and e . & — More reliable and stable
back reflection than splices 2 - over time

Require proper cleaning ‘ Best for long-term installations
and inspection and high-performance links

FEATURE CONNECTORS SPLICES TYPICAL LOSS COMPARISON

] ] : 3 (SINGLE-MODE)
Typical Insertion Loss (single-mode) ~0.2 to 0.75 dB per connection ~0.02 to 0.1 dB per splice (fusion splice) 08 -
|

6

Back Reflection Higher (-40 to —60 dB typical) Lower (-60 dB or better typical) i 0.2-0.75dB
1

Removability Removable / Reusable Permanent

Installation Time Fast and simple Takes longer (requires splicing equipment and skill) 02 1 0.02-0.1dB

Connector Splice (Fusion)

Insertion Loss (dB)

Cost per Termination Higher (connector + labor) Lower (once splicing equipment is available)

BEST USE CASES
Use CONNECTORS when: Use SPLICES when: KEY TAKEAWAY
* You need to connect/disconnect * You want the lowest loss and highest reliability Connectors are removable and convenient;
ﬁ by * The link is permanent splices are permanent and typically lower loss.
« Testing, troubleshooting, or changes
are expected » Long-distance or high-performance

s - R
« Patch panels and active equipment systems (telecom, backbone, data centers) Use the right one for the right job!

% interfaces
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Connectors vs. Splices: Understanding the Difference

Both connect optical fibers, but connectors are removable while splices are permanent and typically lower loss.

CONNECTORS (Removable) SPLICES (Permanent)

Mechanical devices that connect the ends of two fibers. The fiber ends are joined together to form a continuous path.
They can be mated and demated as needed. Once made, a splice is not designed to be opened.

Removable connection Permanent connection
“": "‘ — e i
Key Points — —f\,\ Key Points
/
e Allow easy connection, disconnection, and reconfiguration / \ ® Typically lower loss than connectors /

e Slightly higher insertion loss and back reflection i ’ ] e Stronger and more reliable long-term connection ‘ < 9 |

e Require end-face cleaning and inspection * Not easily removable; requires special tools to redo AL o

e Common types: SC, LC, FC, ST, MPO/MTP e Common methods: Fusion splice, Mechanical splice

SIDE-BY-SIDE COMPARISON

Feature Connectors (Removable) Splices (Permanent)

Removability Yes — can be connected and disconnected No - permanent connection

A\ Q

Typical Insertion Loss (Single-Mode) ~0.2 - 0.75 dB per connection ~0.02 - 0.10 dB per splice

Back Reflection Higher (depends on connector type) Very low
Installation Fast and easy Requires splicing equipment and skill

Best Use Equipment connections, test points, patch panels, Permanent links in cables, long-haul networks,
and areas needing reconfiguration and installations where lowest loss is critical.

> % ¢

ca Removable Permanent
KEY TAKEAWAY Use connectors when you need flexibility and easy changes.

Pr=—=slll iy == ——
Use splices when you need the lowest loss and a ! ! o \ —

—_———————

N ermanent, reliable connection. N
E f Connector Splice

Copvriaght © 2026 Ouantum Ontics Institute of Southern California



WDM: More CapaCity’ Same Fiber HOW WDM WORKS

Wavelength Division Multiplexing (WDM) allows multiple wavelengths  wuuipie Light Sources Separated Again
of light to travel through a single fiber at the same time. oot Waisiog1y S
Single Fiber s =
8- A, 1550.12nm ——»\ Multiple Wavelengths / —- 0 A
Why WDM Matters
WDM WOM

WDM dramatically increases the capacity of optical networks (@ g @ Demuttiplexer
without adding more fiber. It multiplies bandwidth, scales “9- A3 1550.92 nm ——w-

cost-effectively, and extends the life of existing infrastructure. : =
-9- A, 1562.23 nm f———p> / \

THE BENEFITS OF WDM
. y All wavelengths travel together in one fiber, without interfering with each other.
Massively Increased Capacity
Carries many channels (wavelengths) simultaneously,

ultiplying total bandwidth. WDM IN ACTION SPECTRUM EXAMPLE (C-BAND)

COSt-EffeCtlve Without WDM With WDM WDM Channels
More capacity without laying new fiber—lower (One Wavelength per Fiber) (Many Wavelengths per Fiber) Power —

a—
Scales with Demand
[ W-— »

Easily add more wavelengths as traffic grows,
without changing the fiber. L"

construction and operational costs.

fiiy
Future-Proof Networks a&—— 1535 1540 1545 1550 1555 1560 1565
Supports long-term growth for 5G, cloud, video,

: " One fib i 3
AI/ML, and other bandwidth-hungry services. Multiple fibers needed A e o C-Band

for more capacity many wavelengths 1530 - 1565 nm

KEY TAKEAWAY WDM lets you send multiple wavelengths through one fiber at the same time,
dramatically increasing capacity without adding more fiber.

Cobnvriaht © 2026 Ouantum Onbntics Institute of Southern California



CommunicationNetworks ) 4 © &

Fiber photonics is the foundation of today’s connected world. High Speed Massive Exceptional Always On
. Capacity Reliability
From global internet bac<bones to local networks and data centers,
fiber delivers the speed, capacity, and reliability that modern [ Our digital world runs on fiber. j
communication systems depend on.
— S \ ~
INTERNET BACKBONES ’ Vo DATA CENTERS - | WHY FIBER
Long-haul fiber routes connect A I S Fiber interconnects servers, - IS ESSENTIAL
cities, regions, and countries 3] b PCIRINOR storage, and clouds insideand ¢ Zi
with ultra-high capacity and - betwt-een data cemers 1 Mo b 4| 7
low latency. i massive amounts of data — | - SPEED
‘ e at the speed of light. 7 5 o | 7 S g
o Sy A B e e = o =)  Enables multi-terabit
¢ s glnals s | transmission at the
AP speed of light.
GLOBAL R s e e g | oS8 | (SIS
: N % SRR |
/. CONNECTVITY - o* A ' | S A camem
By Billions of users. R " I I Supports exponential
= — - AUEIEE Thousands of networks. - ! AR Ss \ e I data growth with
METRO NETWORKS “ i One ﬁber-powered world. 4 S ) UNDERSEA CABLES - ‘ WDM and advanced
Fiber connects businesses, \@ ks ol & o/ 1 Submarine fiber cables moctilation:
cell towers, schools, and e i 3 'Z§> span oceans to connect
homes across metropolitan ~ R \\ e ,f" 7 ===/ continents, carryingover >
areas with high-speed, === : B A e 95% of international ~~~ — RELIABILITY
reliable service. s ] /c/ s S, o, T data traffic. =T\ Immune to EMI,
\ o B V = N Zimd [ S \\ corrosion, and harsh
B o & DL Ve S i ‘\ environments.
;——! : “"'. B . - :-.. .vrétk.g __iéz’ ”’a x
= Tl o B SR ( > |
| B P e = fo 4 GLOBAL REACH
‘ 2 S : : : _ (o) The foundation of
POWERING N D @ [l @ @ @El EL ( A)) @ truly global
WHAT MATTERS (544 services | Video Streaming Voice & Financial |  Healthcare Education i Industry 4.0 Indtwtrg . 5G/66 communication.
Collaboration Services Networks
~
% KEY TAKEAWAY  Communication networks rely on fiber photonics to deliver the world’s data—
B faster, farther, and more reliably than any other technology.
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Passive Fiber Components

Passive fiber components manipulate and manage light in optical systems

These passive components shape the path and properties of light
without the need for electrical power. to build the backbone of modern optical networks.

Power-Free. Reliable. Essential. p—
Passive devices route, split, filter, isolate, and circulate light /

with no electrical power—enabling simple, robust, and highly Couplers / Filters Isolators Circulators
Splitters

reliable fiber optic networks.

COUPLERS SPLITTERS FILTERS ISOLATORS CIRCULATORS

Combine or split light between fibers. Split one input into multiple outputs. Select or block specific wavelengths. Allow light to pass in one direction Direct light from port to port
and block it in the reverse direction. in a one-way circular path.
Output 1 /—"

Input Input [ —— Port 2
1xN
— ; input ouput | | O | ot || pons
Splitter b4 > »
Passband [—J
Output 2 >

Output N Stopband /\ Stopband <+ X > Port 3
e Low insertion loss ¢ Uniform or unbalanced splits 3 ' 7
e Various coupling ratios e Low insertion loss  WDM channel selection ¢ Protect lasers from back reflections e 3-port or 4-port devices
* Single-mode or multimode e High reliability * Noise and ASE rejection e Improve system stability e Low insertion loss

* Various passbands e Low insertion loss ¢ High isolation

Typical Applications Typical Applications Typical Applications Typical Applications Typical Applications

v I ’
((’A)) Signal combining ¢ 1 5 PON (FTTx) networks I I | l WDM systems ~, < Laser protection D EDFA systems
Power monitoring (}& Signal distribution -\/\/~ Blocking unwanted signals [:f> Amplifier stability () Test & measurement

KEY TAKEAWAY P?ssive fiber <.:omponents en?ble. povxferfu.l c?ptical'fur.lc.:tionality // @ @ CO

without electrical power—delivering simplicity, reliability,

and performance in every fiber system. No Electrical High Simple Built for
Power Reliability Integration Fiber

Copvriaght © 2026 Ouantum Ontics Institute of Southern California



Active Fiber Components

power to control light—enabling

Active fiber components generate, amplify, modulate, or detect light. signal creation, processing,

They are essential for building complete photonic systems. and detection.

LASER SOURCES OPTICAL AMPLIFIERS OPTICAL MODULATORS PHOTODETECTORS SEMICONDUCTOR OPTICAL
AMPLIFIERS (SOAs)

Generate coherent light to launch Amplify optical signals directly Imprint data onto light by varying Convert light back into an
into the fiber. in the optical domain. its intensity, phase, or frequency. electrical signal.

Amplify light within a semiconductor
gain medium.

e || :> M | | JWHL.JHIIL nn fU"L AM

« Intensity, phase, or polarization

» High power and efficiency » Erbium-doped fiber amplifiers (EDFAs) ot « PIN, APD, and coherent receivers « Compact and integrable
modulation
« Narrow linewidth, stable wavelength » High gain, low noise o hu i At paa » High sensitivity and speed « Fast response
» High speed and bandwi
» Multiple wavelengths (CW, DFB, tunable) * Boosts long-haul and system reach ghee * Low noise performance » Used for amplification & switching

» LiINbO,;, SOA, and other technologies

Typical Applications

Typical Applications Typical Applications Typical Applications Typical Applications

@ Telecom transmitters == Long-haul transmission ./ﬂ Data communication ([A’) Optical receivers dxo Network regeneration
Sensing systems A Subsea links (‘FA’) RF over fiber Test & measurement Optical switching
7+' Industrial processing @ Metro & access networks 2=  Signal processing @ Secure communications O Wavelength conversion

BUILDING A COMPLETE PHOTONIC SYSTEM
KEY TAKEAWAY

Active components work together to create end-to-end optical links. N o - .
Active fiber components are the engines of photonic systems.

Laser Source Modulator Amplifier Fiber Link Amplifier Photodetector Electrical Output

E8eS el

Generate Encode Boost Transmit Over Boost Detect Recover } S i
Light Data Signal Distance Signal Signal Data {:E) - -
S O

Enable Deliver Ensure Build Complete
Functionality Performance Reliability Systems

They make it possible to generate, shape, send, and
receive light—turning light into information and

information into connection.

‘ Active components enable the creation, control, and detection of light—powering every fiber optic system.
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Fiber Sensors: Measure More. From Anywhere.

Fiber sensors use light in an optical fiber to measure physical changes WHY FIBER SENSORS EXCEL
such as strain, temperature, pressure, and vibration. —— MEASURE WHAT MATTERS —

/ 9\ REMOTE SENSING

| Measure over long distances—kilometers

A 4 .
// ;\\ What They Do > | | | | | * \9 C./’ to hundreds of kilometers—from a
{’ @ ' Fiber sensors detect changes in the environment and 4 Sihgimes roguronuiE

' convert them into precise, real-time data—without
%y 7/ b6 nésl for elctiioalipower st 1 sersing polrt Strain Temperature Pressure Vibration /@ BUILT FOR HARSH ENVIRONMENTS

Withstand extreme temperatures,

\ / corrosion, high pressure, radiation,

HOW FIBER SENSORS WORK and explosive environments.
Light travels through the fiber. Changes in the environment affect the light. —
- .\ HIGH ACCURACY & RELIABILITY
Those changes are measured and translated into useful data.

. X : \ Deliver stable, real-time measurements
Strain Temperature Pressure Vibration \ : s S

_ 3 with high sensitivity and long-term
<« |In|=> : performance.

MULTIPLEXING POWER

'd?‘ \ T Monitor many points along a single
O % 5 3 3

fiber using advanced multiplexing

techniques.

LOW MAINTENANCE

\ | Passive sensing elements mean no
“\7 /' power or electronics at the sensing
location.

CALIBRATION: THE KEY TO ACCURATE MEASUREMENTS

(L/\ Non-conductive () Small & Lightweight (v) Multiplex Many Sensors (V) Long-Distance Capability /f\ N Cafomtion estatisnes the reistiorenin hetsmen the
il = NS { 0 /‘ g measurand (e.g., strain, temperature) and the sensor
NS ,L response. It ensures accuracy, repeatability, and
WIDE-RANGING APPLICATIONS traceability throughout the design, manufacturing,
@ | N and deployment of fiber optic sensors.
RIS d % T <
STRUCTURAL HEALTH OIL & GAS ENERGY TRANSPORTATION DEFENSE & SECURITY MEDICAL KEY TAKEAWAY
MONITORING Downhole monitoring, Power plants, wind Rail, automotive, Perimeter sensing, Catheters, patient
Bridges, buildings, dams, pipeline leak detection, turbines, solar arrays, aerospace, and threat detection, monitoring, and Fiber sensors bring measurements to places
tunnels, and more well integrity and batteries maritime systems and monitoring life sciences traditional sensors can‘t go—delivering

reliable data from the most demanding

FROM DESIGN TO DEPLOYMENT: CALIBRATION EVERY STEP OF THE WAY SORRRNSEE

DEFINE - SENSOR CALIBRATION -+ MANUFACTURING > SYSTEM > FIELD D IN-SERVICE See more. Know more. Protect more.
SENSING NEED DESIGN @ DEVELOPMENT & TEST INTEGRATION DEPLOYMENT CALIBRATION

Maintain accuracy
Calibration at each stage ensures performance, consistency, and confidence in every measurement. over time
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