Introduction to Opticgist lecture was today)

Q0ISG

OUANTUM DPTICS INSTITUTE OF SOUTHERN CALIFDRNIA

Photonics Industry & Technologi@s lecture, NOW)

Lectures & Labs
by Donn Silberman

- Fiber Based Photoni¢3d lecture on Monday)

! “ ‘T!- Integrated Photonicg4" lecture also next Monday)

Labsc IPEK Demo Wed. $#9& Quantum Demos Fri. 31st

PAGHE

Copvriaght © 2026 Ouantum Ontics Institute of Southern California




Power

S';‘g;‘d Efficigncy QoiIse

QUANTUM DPTICS INSTITUTE OF SOUTHERN CALIFORNIA

Photonics
‘i - Industry &
_ Technologies

: Instructor: Donn Silberman,
5 Hcllgr:.dth ” EnFat?t'er Founder QOISC
anawi or ru ur_e WWW.(0ISC.0rg
Technologies e

" Copvrioht © 2026 Ouantum Ontics Institute of Southern California



€

«» Why Photonics Matters

- Faster data transmission
- Precision sensing
- Advanced manufacturing
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A Industry Landscape |
A Core Technologies

Photonics Applications
ndustry Challenges
~uture Outlook
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What Is Photonics?

Photonics Is the .
practical use of lighta . < ey
a tool for i e— g
communication, =
measurement, -
Imaging, and F
processing. If |
electronics is about 4 ¥
controlling electrons,
photonics is about S
controlling photons.
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Photonics = Optics + Electronics

f —<©

1. LIGHT WAVES

Sinusoidal electromagnetic waves
traveling through a medium

OPTICS - )

REFLECTION
Angle in= Angle out

2. LIGHT INTERACTION

Medium (n)

Refractive Index

REFRACTION DISPERSION
Snell's Law Prism splits
n, sin 6, = n; sin 6, white light

PRISM

. X

7 s )
} O |
NEON
COMPARISON:

LIGHT WAVES
) — @) —

SIGNAL
CONTROL

LENS MIRROR BEAM SPLITTER

R

( ~«¢ ELECTRONICS »

1. ELECTRICAL SIGNAL
Voltage vs. time (waveform)

2. CIRCUIT COMPONENTS

TRANSISTOR RESISTOR
(NPN)
3. SIGNAL PATH ON PCB
A PHOTO
INPUT - DIODE /
SIGNAL | eiae——=xxa T LED

UL

Sy ¥, JRES P \ T A =
i

L V. PR (-

DIGITAL ANALOG

PROCESS FEEDBACK

\\ 0/1 CONTINUOUS CONTROL SYSTEMS )/

@ Light waves carry energy through space. —’\/] f  Electrical signals control systems and devices.
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Properties of Light
Wavelength

A
Frequency —— 2o o
Power | ’
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A Photonic System: From Light to Information

A photonic system typically starts with a light source, modifies that light with a modulator,
sends it through a medium like fiber or a waveguide, detects it at the destination,
and converts it into usable information.

1. Light Source 2. Modulator 3. Transmission Medium 4. Detector 5. Information Output

‘-r_nn sdme  Eme

Generates optical Encodes information Carries the light to Converts received Electrical signal is processed
light (e.g., laser) onto the light the destlr)atlon (e.g., fiber, light into an electrical to recover usable
waveguide, free space) signal information

1 Light Source 2 Modulator 3 Transmission Medium 4 Detector 5 Information Output

-~
\\s
.
-

Waveguide = = 0110010 ‘

Wavelength
Imposes data onto the light by

Provides coherent or incoherent changing its properties such as Guides the light from the transmitter Converts incoming light into an The electrical signal is amplified,
light to start the system. intensity, phase, polarization, t6 thareceiver. electrical current or voltage. processed, and decoded to

or wavelength. recover the original information.
Examples: Photodiode,

Avalanche photodiode, Coherent Examples: ADC, DSP, Decoder
receiver

Examples: Mach-Zehnder
modulator, Electro-absorption
modulator

Examples: Optical fiber, Silicon
photonic waveguide, Free space

Examples: Laser diode, LED

In Summary: Light carries data. Photonics controls, guides, and detects that light—enabling fast, efficient,
and high-bandwidth communication and sensing.

N
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Photonics Industry Value Chain

The industry has multiple layers. Some firms focus on materials or components,
others on integrated subsystems, and others on full systems sold into
communications, industrial, medical, or defense markets.

1. MATERIALS 2. COMPONENTS 3. SUBSYSTEMS 4. SYSTEMS 5. END MARKETS

The foundation of Building blocks that Integrated functions Complete solutions Delivering impact
photonics devices manipulate light that perform specific tasks with integrated subsystems across industries

Communications
Data centers, telecom
networks, 5G/6G

Industrial
Manufacturing, sensing,
automation, metrology

Medical & Life Sciences
Imaging, diagnostics,
therapy, instruments

P @ @ By =

Optical fibers, preforms » Lasers, LEDs ¢ Transceiver modules » Optical transceivers
Laser crystals, gain media * Modulators * WDM musx/demux * LiDAR systems E;;e;frizi;ﬁ:r ?:Z:E:g,
Nonlinear materials ¢ Detectors, photodiodes * Optical switches * Microscopy systems EW, secure communications
Substrates (Si, InP, GaAs, LINbO,) *: Optical amplifiers * Laser modules * Optical test & measurement
Skl s SaaEE  Optics (lenses, filters, mirrors) » Sensing modules systems ' Consumer & Ot.helt
photopolymers » Waveguides, isolators, couplers » Beam steering modules * Laser processing systems AR/VR, C!|$P|aYS- lighting,

* Fiber connectors, splitters * Integrated photonic circuits e Imaging systems SIOMOLIVE, SeT13008

solutions that power modern technologies and improve lives.

VALUE CREATION ACROSS THE CHAIN Each layer enables the next—transforming raw materials into innovative photonic




(K)
TELECOM
Enabling global connectivity

Photonics
Industry Structure

« Fiber networks
« Data centers
* 5G/6G

=" « Optical transceivers

Y ©

Photonics is broad. It spans DEFENSE HEALTHCARE
telecom infrastructure, medical Protecting and securing Improving lives with light
2 our world

devices, defense systems,
factory automation, consumer
products, and research
equipment. The same
underlying physics serves
many different businesses.

— 7y |

.
i} * Imaging
) » Diagnostics

"T"V '.—/

| 5

b

Z=Z——  « LiDAR & targeting
- * Surveillance

"« Secure communications
* Missile waming

PHOTONICS
CORE

Generating * Manipulating « Detecting
Light to create value

« Lasers in surgery
+ Lab-on-a-chip
» Wearable sensors

 Countermeasures

wlo
TS
Sources Modulators Waveguides Detectors
& Fibers

3 NS
NS
Light is the enabler e

S
’I‘

Shared techno|ogies CONSUMER INDUSTRIAL
Enhancing everyday Building smarter, more efficient
experiences manufacturing

:ﬁ@ Many applications

A @”\ « Factory automation
) n . Machine vision
2 * Lasers & cutting

., . * Sensors & metrology
* » Process monitoring

Broad economic impact

IOIOID

+ Camera systems
w * AR/VR/MR

« Displays & lighting
+ LiDAR in devices
* Wearable

@ ONE CORE TECHNOLOGY. LIMITLESS POSSIBILITIES. | Photonics is a platform technology—versatile, scalable, and essential

across a wide range of industries and applications.
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PHOTONICS INDUSTRY MARKET OVERVIEW

Growth driven by data, automation, and precision technologies

The industry is expanding because the world keeps demanding more bandwidth,
more sensing, and more precision. That makes photonics strategically important

—

across both digital and physical industries.
MARKET SIZE & GROWTH
Global Photonics Market ”$1-1T
1200, by 2030 HIGH-SPEED
e CONNECTIVITY
8 1,000
@
B 8004 ADVANCED PRECISION,
= 600 1 SENSING MANUFACTURING
& .
100 PHOTONICS
200 - 2
= Enabling a better
® 2023 2024 2025 2026 2027 2028 2029 2030 Connggled sfcy
and smarter world
Source: MarketsandMarkets, Fortune Business Insights, Verified Market Research %
e = Al & DATA REAL-TIME
CENTERS ANALYTICS
WHY PHOTONICS, WHY NOW?
EXPLOSIVE DATA GROWTH
Cloud, Al, and 5G/6G driving unprecedented
demand for bandwidth @
AUTOMATION & SMART INDUSTRY i A 1\ \ i e
Photonics enables faster, more precise, and CONSUMER - AN MEDICAL
more reliable automation EXPERIENCES : N INNOVATION
f PRECISION & PERFORMANCE
Q Light delivers unmatched accuracy,
speed, and sensitivity DEFENSE & ‘
@ ENERGY & SUSTAINABILITY SECURITY |
N Photonics improves efficiency in communications, Photonics is a key enabler of the digital transformation and the
sensing, and manufacturing @ STRATEGIC TAKEAWAY ’ next wave of industrial and societal innovation.

A STRATEGIC INDUSTRY \ @ Criticaltodigital ’ gﬁl

infrastructure

Enabling smarter
industries

C) Improving life and
JV' well-being

/KEY GROWTH DRIVERS
(\5 DATA EXPLOSION
N

Surging use of cloud, streaming,
Al, and connected devices

INDUSTRIAL AUTOMATION
Need for speed, accuracy, and

reliability in manufacturing
ADVANCED SENSING DEMAND
From autonomous systems to health

monitoring and environmental sensing
a3
D TECHNOLOGY CONVERGENCE
Integration with electronics, Al,

and advanced materials

T

' MARKET OUTLOOK

Strong, long-term growth
~10% CAGR through 2030

Expanding across multiple end markets
and geographies

cO O Increasing investments, innovation,
and strategic partnerships

From components to systems,
value moving up the stack

Strengthening security
and resilience

PAGHE1




PHOTONICS INDUSTRY

KEY GROWTH DRIVERS

These drivers are shaping demand across the sector. Al and cloud expand data-center optics;
EVs and autonomy increase sensing needs; diagnostics and automation push optical measurement into more workflows.

1. Al AND CLOUD

Exponential data growth
drives demand for high-speed,
high-capacity optical
connectivity in data centers

~N

@

b

2. EVS AND AUTONOMY

Photonics powers LiDAR, in-cabin
sensing, and high-speed
communications—enabling
safer autonomous systems

3. DIAGNOSTICS

Advanced optical imaging and
spectroscopy enable earlier
detection, precise analysis,

and better treatment

4. AUTOMATION

Optical sensors and systems

drive precision, quality, and

efficiency in smart factories
and next-generation

-

5. MINIATURIZATION

Advances in materials and
integration shrink size,
reduce power, and unlock
new applications across

and across networks. and efficient electric vehicles. outcomes. manufacturing. industries.
m More bandwidth /\fl':] 4\, More sen5|'r?g. , @ @ Better insights. | Mea.su.re. Monitor. | /}D‘ Smaller. Faster. seees
for the Al era all Safer mobility. X Better outcomes. Optimize. all More capable. aesee
3 AN 7 N 7 S > ™
ONE TECHNOLOGY.

MANY APPLICATIONS. LIMITLESS IMPACT.

Photonics is at the core of the technologies transforming how
we connect, move, diagnose, build, and innovate.

_ﬁﬂﬁﬂﬂ

PAGHE2




PHOTONICS INDUSTRY

COMMUNICATIONS SEGMENT @ @ il el

and Al workloads / and continents

Connecting the world
Fiber optics « Telecom networks « Data centers

Communications remains a core photonics market.
Fiber optics carry massive amounts of data over long distances,
and data centers rely increasingly on optical links
for speed and efficiency.

FIBER OPTICS @
High-capacity, long-distance

data transmission with Global connectivity
low loss and high reliability. backbone

((( ))> TELECOM NETWORKS <((Q))>

Optical technology powers
5G/6G, metro, long-haul, 5G/6G and beyond =
and submarine networks. ultra-fast networks | e oSt ‘

DATA CENTERS C/B
=

Optical interconnects enable
higher bandwidth, lower power, Al, cloud, and big data |
and greater scalability. demand optical speed

,} =

OPTICAL LINKS AT THE CORE

m HIGHER BANDWIDTH LOWER POWER @ GREATER RELIABILITY /\} SCALABLE FUTURE :
£ L é & =
More data. Optics use less Immune to EMI. olll I:l Ready for the next / >0 —’\/\/\F >0 @ >0 (R
Faster speeds. energy than copper. Built for scale. wave of data growth. =2}

Optical Fiber Optical Transceivers Optical Switching High-Speed

Connections

\
\
P
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PHOTONICS INDUSTRY

04,

INDUSTRIAL SEGMENT ®

Laser cutting « Welding ¢« Marking ¢ Additive manufacturing_

In industrial settings, lasers provide precision, repeatability,
and automation compatibility. They are used to cut, weld, -
drill, mark, and build parts layer by layer. $ 5

ADDITIVE -
MANUFACTURING

Building parts layer

LASER WELDING

Strong, clean welds
| with deep penetration

LASER CUTTING

High-speed, precise
‘ cutting of metals

LASER MARKING \

| Permanent, high-contrast |
marking for traceability

\ by layer with high \
and brand protection. i '9

and complex
geometries.

and minimal distortion.

precision and control.

= <

INDUSTRIES SERVED

Lt )
jos
= | H | | 99 i &
TTTTT
AUTOMOTIVE AEROSPACE ELECTRONICS MEDICAL DEVICES ENERGY HEAVY EQUIPMENT

HIGH PRECISION
Micron-level accuracy
for complex parts.

HIGH SPEED
Faster processing
and higher throughput.

AUTOMATION READY
Seamless integration
with robotic systems.

COST EFFECTIVE
Lower waste, less rework,
better RO

BUILT FOR THE FUTURE

Photonics-driven manufacturing
enables smarter factories,
better products, and a

more sustainable world.

CONSUMER GOODS

PAGE4




PHOTONICS INDUSTRY

HEALTHCARE SEGMENT
Imaging + Diagnostics » Surgery » Therapy ﬁ

In healthcare, photonics supports both diagnosis and MULTMODAL view o ' _ SPECTROSCOPY

treatment. Optical methods can reveal structures | AN _ M A/\

inside the body and enable highly targeted procedures. AN W
) OXYGENATION MAP

IMAGING

High-resolution optical imaging
reveals physiological structures

with exceptional clarity and

non-invasive methods.

REAL-TIME OPTICAL GUIDANCE

DIAGNOSTICS

I Advanced spectroscopy and
optical sensing enable earlier,
more accurate detection of
disease at the molecular level.

SURGERY

Laser and fiber-based tools
enable minimally invasive
procedures with higher precision,
control, and faster recovery.

THERAPY

Light-based therapies target ¢ -
diseased tissues, stimulate
healing, and treat conditions

| with minimal side effects. ol ),

' KEY APPLICATIONS ‘ BENEFITS OF PHOTONICS

H W o P W B ®@  © | Q 2 7

HIGH PRECISION MINIMALLY INVASIVE EARLIER DETECTION IMPROVED OUTCOMES SAFE & EFFECTIVE
PATHOLOGY CARDIOLOGY = OPHTHALMOLOGY | ONCOLOGY | DENTISTRY ORTHOPEDICS Targeted diagnosis Less trauma, Better outcomes Personalized care Reduced side effects,
and treatment faster recovery through early insight and monitoring better quality of life

PAGHES5




PHOTONICS INDUSTRY @) & “ :

AU I o M 0 I IVE S EG M E N I SAFETY FIRST AUTONOMY ENABLER ALL-WEATHER EV OPTIMIZED [ ea 2
Improved perception Critical for self-driving Optical sensors work Photonics enhances ls
S reduces accidents vehicles and advanced day or night, in rain, efficiency and design
LiDAR ¢« ADAS « SENSING ¢ LIGHTING and saves lives. mobility. fog, and low light. in electric vehicles. -
Automotive photonics is tied to safety and autonomy.
LiDAR and optical sensing help vehicles perceive their
surroundings, while advanced lighting improves

visibility and design.

LiDAR

High-resolution 3D mapping
and object detection for
autonomous navigation.

ADAS

Advanced driver-assistance
systems use optical sensors
to enhance safety and
prevent collisions.

SENSING

Cameras, ToF, and infrared
sensors detect, classify, and
track objects in all conditions.

&

LIGHTING

Laser headlights and adaptive
lighting improve visibility,
safety, and vehicle design.

KEY APPLICATIONS

A = 0 = o=
LN — ‘: :’ e:, T =
((Am‘) (o] . @ % , @ = \/\k ) =P)
AUTONOMOUS COLLISION LANE KEEPING & PARKING PEDESTRIAN & SIGN RECOGNITION & LiDAR CAMERAS INFRARED ToF SENSORS | LASER LIGHTING
DRIVING AVOIDANCE TRAFFIC MONITORING ASSIST CYCLIST DETECTION | ENVIRONMENT MAPPING 3D scanning Image sensing Thermal & night Distance Adaptive &

& vision vision measurement high intensity PAGH®6




PHOTONICS INDUSTRY

CONSUMER ELECTRONICS SEGMENT

Displays « Cameras « AR/VR « Sensing

Consumer products rely on photonics more than people often realize.

Displays, smartphone cameras, facial sensing, and immersive
headsets all use light-based components.

:

DISPLAYS

Mini LED, microLED, and
OLED technologies deliver
brighter, more efficient,
and more immersive

visual experiences.

e ¢7
¢

AR/VR ; )
Light engines, waveguides, ';

and microdisplays enable
immersive augmented and

virtual reality experiences ‘
with incredible clarity.

Ny

SMARTPHONES LAPTOPS & TABLETS
Better photos, Brighter displays,
faster unlock, slimmer designs,

longer battery life power efficiency

@ LIGHT. ENGINEERING. EXPERIENCE.

=

Advanced optical
lenses and image S \
sensors capture more

light for stunning detail,

even in low light.

@ -F? ik

SENSING

LiDAR, structured light, ' <=’
and ToF sensors power '« .~
face unlock, gestures,

and environment

awareness.

EVERYDAY IMPACT

| CAMERAS \ &y

FRONT CAMERA

Face recogniﬁon MICRODISPLAYS

and selfies High resolution,
low power

_ MULTI-LENS SYSTEM
Ultra-wide, wide,
telephoto, depth

|z
OPTICAL ENGINES
Light delivery and
image projection

and wellness

PHOTONICS INSIDE

9 ‘oo000’ - % — 2

T iy $itt Bk 0 | ==

‘ 00000 - - v

00000 e
AR GLASSES GAMING WEARABLES
Immersive overlays, Realistic visuals; Health tracking MICRO-LED / OLED = IMAGE SENSORS  LENSES & FILTERS WAVEGUIDES VCSEL / LASERS
contextual info, quick response, noise cancellation, Light emission Capture light Shape & refine light Direct light High-speed
hands-free deeper immersion smart sensing efficiently light sources

|

Photonics makes consumer electronics smarter, more immersive,
and more connected—enhancing the way we live every day.

0 & 8

N\ BIOMETRIC SENSORS
Health monitoring

* @

PHOTODETECTORS

Convert light
to data

PAGEL7




PHOTONICS INDUSTRY Vi

DEFENSE & AEROSPACE SEGMENT ~ ~ 4~

Targeting * Surveillance * Secure communications « Navigation ;’é P
W (s

Defense and aerospace applications demand
performance in difficult environments.
Photonics supports precision targeting,
surveillance, communications, and
navigation systems.

TARGETING '
High-precision laser systems . e
enable accurate targeting, = g
rangefinding, and designation | . R
. =" T T
@ |

in any conditions.

SURVEILLANCE

Advanced optical sensors ’
deliver real-time situational S -
awareness day or night,
through haze, smoke, ‘
or clouds.

SECURE COMMUNICATIONS |
a Laser communication links
provide high bandwidth,

low probability of intercept, e
and jam-resistant connectivity.

\ NAVIGATION ‘ : PHOTONICS TECHNOLOGIES IN ACTION
‘ \  Photonics-based systems | % : ' | N <
deliver precise positioning, | ’ @ » 3
ls::rt:al r:(a_wg,ah(‘;:'sa;d ied ‘ 7 aliae = = LASER RANGEFINDERS EO/IR SENSORS OPTICAL LINKS PHOTONIC RF STAR TRACKERS HARDENED SYSTEMS
‘ r. facKing Iy zeen! Long-range detection High-resolution imaging Secure, high-speed Low SWaP, high performance Precision attitude Built for extreme
enVIFONMeNts: and measurement in all conditions data transfer communication systems and navigation environments

: : L . = O
MISSION CRITICAL. PERFORMANCE DRIVEN. Photonics delivers the speed, precision, and reliability 4& ﬁ &‘7/

modern defense and aerospace missions demand.

AIR SEA LAND SPACE
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PHOTONICS INDUSTRY

SCIENTIFIC & RESEARCH SEGMENT

—

FACE TOPOGRAPHY

3D SUR

PARTI

¥,

CLE ANALYSIS '

"1 count: 15284
| Mean Size: 87.30M |

s b | —
. . - . 4td sStdDev: 12.1 nm |
Microscopy ¢ Spectroscopy ¢ Instrumentation % e |
Research labs use photonics to see and measure 90 o . .
things at very small scales. Many commercial 30 : — e
breakthroughs begin as scientific instrumentation. 8 @qu_' .
|l ”l b
i . = X1284pm  Y:1284pm  Z:120nm 10 Siz:"(gm) gooo
MICROSCOPY - e = 8 = Lo
Advanced optical microscopes 3 "R : SPECTRAL ANALYSIS INTERFEROMETRY
reveal the micro- and nano- R \ ~ 0PD () '
. . -
scale world with exceptional e . 3| ' 150
resolution and contrast. 10pm : 5| | .
= = —— é 1 £ I ‘ .
= il |
SPECTROSCOPY " — i % |
v o b £ 600 700 800 g0p 1000 4 -150
Light-matter interaction [ E Wavelength (nm) - \ -j
measured across wavelengths | & HOTONGS - L
provides deep chemical and ‘ { RESEARCH 1. & s ‘
. . 400 500 600 700 800 | - -
structural information. Waveiangh (om) } B .
. /S
== = i 5
INSTRUMENTATION Qe ey N e
Yk — " — \\
High-performance photonic - & o o - W "’"*\‘ ; - —
instruments enable precise - g pYes "}’ » - > \
measurement, analysis, and 4 { <‘) < g i
discovery across disciplines. -
ENABLING DISCOVERY ACROSS DISCIPLINES PHOTONICS IMPACT
S G| A
o TTTTT g @ Q /@\ O [].ll]
LIFE SCIENCES MATERIALS SCIENCE PHYSICS NANOTECHNOLOGY  ENVIRONMENTAL SCIENCE HIGH PRECISION = NON-CONTACT  MULTI-SCALE ENABLING DRIVING FUTURE
Cell imaging, bio- Structure, composition, Quantum optics, Nanofabrication, Remote sensing, MEASUREMENT ANALYSIS INSIGHT INNOVATION BREAKTHROUGHS
photonics, genomics and properties fundamental research characterization chemical detection

Photonics instrumentation is the foundation
of modern science and innovation.

@@{ SEEING MORE. MEASURING BETTER. DISCOVERING THE FUTURE. 1

H ) glh of
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LASER

FUNDAMENTALS

Stimulated emission and
coherent light generation
Lasers work by producing coherent light
with a narrow beam and stable wavelength.

That makes them extremely useful where
precision and power concentration matter.

—

STIMULATED EMISSION

W . ‘ Excited
: atom
Incoming photon

~>(®) - (ofis
Stimulated
emission Coherent photons
(same phase, direction,
and wavelength)
\ — —

THE LASER CAVITY

OUTPUT COUPLER
(PARTIAL REFLECTOR)

HIGH REFLECTOR
(100%)

PUMP ENERGY

GAIN MEDIUM

< OPTICAL FEEDBACK (MULTIPLE PASSES) »—

HOW A LASER WORKS

LUl sees o @
il o

L
.

5. OUTPUT BEAM

Coherent, powerful,
and precise laser beam

4. AMPLIFICATION

Light bounces back and forth,
growing stronger

3. STIMULATED EMISSION

Photons trigger excited atoms
to emit identical photons

2. INVERSION

More atoms in excited
state than ground state

1. PUMPING

Energy excites atoms
in the gain medium

KEY CHARACTERISTICS

COHERENCE

Light waves are in phase
with each other

MONOCHROMATIC

Narrow wavelength
(high spectral purity)

DIRECTIONAL

* Highly collimated
and focused
N

7

\  HIGH BRIGHTNESS
High intensity in a
small area

WIDE-RANGING APPLICATIONS

D& ..
& F &£

MANUFACTURING MEDICAL COMMUUNICATIONS
@
P /
RESEARCH SENSING DEFENSE

PAGR0




MAJOR LASER TYPES

Different lasers are optimized for different wavelengths, power levels,
materials, and cost structures. No single laser type is best for every application.

WAVELENGTH
780 nm - 1550 nm

1 ( FIBER LASER ]

1030 nm - 1090 nm, 1550 nm

= | —
‘ ‘ WAVELENGTH

Vs

SOLID-STATE LASER 1

Y/

N r
Q&

@ (OHERENT

WAVELENGTH
355 nm - 1064 nm

Vs

CO, LASER

WAVELENGTH
10.6 um

EXCIMER LASER

WAVELENGTH
193 nm - 351 nm (UV)

POWER RANGE
mW - Multi-kW

BEAM QUALITY
Good

EFFICIENCY

High

SIZE / FOOTPRINT
Compact

COST

Low - Medium

TYPICAL APPLICATIONS

Materials  Medical

Processing

Sensing

—)*e RIGHT LASER. RIGHT APPLICATION. MAXIMUM IMPACT.

¥ &7 @

POWER RANGE

W - Multi-kW+
BEAM QUALITY
Excellent (M? < 1.3)
EFFICIENCY

Very High

= SIZE / FOOTPRINT
= Compact

COST
Medium

TYPICAL APPLICATIONS

+ £ 1 ¥

Cutting  Welding  Marking  Drilling

J\

L

Additive
Manufacturing

4

POWER RANGE
mW - Multi-kW

BEAM QUALITY
Excellent

EFFICIENCY
High

SIZE / FOOTPRINT
Medium

COST
Medium - High

@B RBE

TYPICAL APPLICATIONS

+ K @ A4

Micromachining Scientific  Medical Defense Metrology

Research
.

POWER RANGE
10 W - Multi-kW

BEAM QUALITY
Good

EFFICIENCY
Moderate

SIZE / FOOTPRINT
Large

COST
Low - Medium

© B &S

TYPICAL APPLICATIONS
\ | :
¥ ¥ £
Cutting Engraving  Welding Drilling

Surface
Treatment

Microelectronics PCB Drilling  Medical

Understanding the strengths of each laser type helps engineers
select the best tool for the job.

POWER RANGE
mW - 100s of W (avg.)

BEAM QUALITY

N
)

@

Excellent
A7 EFFICIENCY
A7 Low
=™ SIZE / FOOTPRINT
10
== Large
@ COST
High
TYPICAL APPLICATIONS
g
o < & VY %

Display  Surface
Manufacturing Ablation

i, &= & & 8

>4
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MANUFACTURING ¢ LASER APPLICATIONS

MEDICINE

| I

r . i ] MANUFACTURING * MEDICINE «+ COMMUNICATIONS « RESEARCH () LASER suRGeRY

| . < - Minimally invasive

‘ l 1, LASERCUTTING Lasers are one of the most versatile tools in photonics. 4 echior Ffocaiones
£ = X High-precision cutting They support cutting, therapy, sensing, alignment, - .
= = 2 N : N S 2 \ LASER THERAPY

: - \ = ==, olimetals sl matiriats imaging, and scientific experiments. : i ot irsstnert of

e | LASER WELDING tissues and conditions

S

Strong, clean welds with

minimal heat distortion DIAGNOSTIC IMAGING
High-resolution imaging
and optical coherence

LASER MARKING
Permanent, high-contrast

E

identification and traceability tomogrsphy
ADDITIVE MANUFACTURING LASER DENTISTRY
Powder bed fusion and Gentle, precise, and
3D printing with lasers effective dental care

THE POWER

> OF LIGHT
/"fia FIBER OPTIC ENABLING LASER MICROSCOPY
/= COMMUNICATIONS = o e
// High-speed data transmission INNOVATION g gl

at micro and nanoscale
over long distances

:‘T FREE-SPACE OPTICAL
COMMUNICATIONS
A Wireless data links using
[EEC R

LASER ALIGNMENT
‘(D‘ & SENSING

Precise alignment and

positioning of systems |

3

F] v 2 SPECTROSCOPY
' Material analysis
\ and chemical detection

OPTICAL TRAPPING
& MANIPULATION
Manipulating particles
and cells with light

QUANTUM & PHOTONICS

[o= -] DATA CENTER n Y - RESEARCH

(5= INTERCONNECTS 3 \\ CROSS-INDUSTRY APPLICATIONS Eroloring oht-rmatt

~——  High-bandwidth, low-latency L\ = ,n’;pr°”:9n'gandma *:t "

optical connections g% @ {"'B [% i he actions and quantu
: enomena
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LIDAR & LASER LIGHTING ENVIRONMENTAL SECURE SPACE &
1 COMMUNICATIONS REMOTE SENSING & PROJECTION MONITORING  COMMUNICATIONS =~ AEROSPACE RESEARCH
S Mapping, detection, High-efficiency Remote sensing Encrypted data Ranging, constellation —
and navigation illumination and of gases, pollutants, transmission with links, and deep-space
display systems and aerosols laser links communication
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LEDs AND OLEDs

Efficient light sources for lighting and displays

LEDs dominate efficient lighting,

while OLEDs are important in displays

that need thin, bright, flexible emission layers.
Both are major light-generation technologies.

LEDs

Efficient. Durable. Versatile.

* High efficiency and long lifetime

» Low power consumption

* Robust solid-state technology

» Wide color range and color tunability

= Ideal for general lighting and backlighting

T T | oLED DISPLAY
e : Sl 7 ; : ‘ Deep blacks, high contrast,
OLEDs - : Jd . and vibrant colors
Thin. Bright. Flexible. e \ :

« Self-emissive pixels — no backlight needed
¢ Ultra-thin and lightweight

= High contrast with deep blacks

» Vibrant colors and wide viewing angles

LED LIGHTING

Energy-efficient, long life,
and reliable performance

« |deal for premium displays and flexible devices

POWERING A BRIGHTER FUTURE WHERE LIGHT MATTERS )
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ENERGY EFFICIENT LONG LIFETIME HIGH BRIGHTNESS RICH COLORS SUSTAINABLE HOME & OFFICE MOBILE & TV AUTOMOTIVE WEARABLE & SIGNAGE &
Lower power, Built to last, More light, Accurate, vibrant, Mercury-free and LIGHTING DISPLAYS LIGHTING FLEXIBLE DEVICES ~ ARCHITECTURAL
lower impact less maintenance better performance and tunable environmentally friendly LIGHTING
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