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The Pl Group

e ~1700 Employees
15 Subsidiaries

e Designh & Service Centers in
USA, Asia, Europe

e >100 man Years of
Alignment Expertise

e Privately Owned - Not
Driven by Quarterly Results

e Focused on Long Term
Relationships w/Customers
& Suppliers
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Precision Automation, Nanopositioning, Piezo Technology

Americas Europe
North America Pl UK
Central America Pl France
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Israel

~3CS

MOTION CONTROL

Asia
Pl Japan
Pl Shanghai

Pl Singapore
Pl Taiwan

Pl Korea
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Positioning stages with
piezo stepping drive.
Compact design.

High forces of

up to 800 N. ors.
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Pl’'s Engineered Systems Group

Builds World-Class

Automation Platforms
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There’s really only one trend...

200 Throughout:
Latest
181 .
The world’s appetite for data is relentless... and global available data

from credible
sources, with
150 147 links to source

Volume of data/information
created, captured, copied, and
consumed worldwide from 2010 to
100 2025 (in zettabytes)

https://www.statista.com/statistics/871513/worldwide-data-created/
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Al: The new accelerant
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Mobility/Cloud

I Internet

Artificial intelligence
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Microsoft 269
Google 197
Apple 191
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Samsung 88
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think mainframes to minicomputers, PCs to
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“Often, when a major platform shift occurs —

mobile devices, CPUs to GPUs (central
processing units to graphics processing units) —
it creates entirely new pools of demand. In the
next few years, we expect a record pace of
new, densely packed, high powered data
center builds. These will be filled with GPUs,
custom silicon, advanced memory packages
and photonics to support network bandwidth.”



https://am.jpmorgan.com/us/en/asset-management/adv/insights/portfolio-insights/equity/artificial-intelligence-powering-the-next-wave-of-technological-innovation/

mm-scale to planetary scale,
humanity's appetite for data
drives Photonics

. . : . . i 3 )
“...a chip maker could build a co-packaged optical "Good ideas are always crazy until they're not." IS

transceiver on to the edge of a package, and then use --Elon Musk
UCle to connect it to another chiplet..."

& _-'_'lt.af._: o
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mm-scale to planetary scale,
humanity's appetite for data
drives Photonlcs
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..a chip maker could build a co-packaged optical
transcelver on to the edge of a package and then use
UCle to connect it to another chiplet...'
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Observation:

Silicon Photonics is not just about the data center anymore
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This Chip for Al Works Using Light, Not Electrons

Lightmatter says the computing and power demands of complex neural networks need new technologies like the:

¥8! Aeva Unveils Lidar on a Chip - IEEE Spectrum
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both the visible and infrared ranges.
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Aeva Unveils Lidar on a Chip > Aeva says its high-
performance lidar will sell for less than US $500; VW is
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mm-scale to planetary scale,
humanity's appetite for data
drives Photonics

“Introducing inter-chip optical interconnects cou r
obliterate bandwidth and capacity limitations coming
from today’s copper interconnects, which are hampered

by impedance mismatches between the CPU and the
dual-inline memory modules.”

--Dongjae Shin, Samsung, at PIC 2019
[m] .*
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Driving Photonics:

New applications
- no single point of market failure

2020-2026 silicon photonics die forecast by application

(Source: Silicon Photonics 2021 report, Yole Développement, 2021)

Datacenter transceivers Immunoassay

O Long haul transceivers Consumer health
@ 5G transceivers Fiber-optic gyroscope 2026
® Co-packaged engines ® Automotive LIDAR $1.1B

© Photonic computing

Optical interconnects ) $478M
e CAGR,4 4 81%

CAGR4.26 190%
2020
$87M s
s /$115M
. | CAGRy 426 |
CAGR 190 \ 24-26 $454M
$84M o 0%\ o HEaR Y )
$2.9M ONEE CAGR 24 26%
$35K . - CAGRZ/-Zé 12%
$0.6M - . $6.5M O
$1.5M CAGR; .26 43%
CAGR ;021.202649% o

CAGRzs.26 321%

\YOLE

‘/ Développement © 2021 | www.yole.fr - www.i-micronews.com
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What this means:

1m} Silicon Photonics Confronts the

Fasten your seatbelts ol

o) [sewer—]
) PHOTONICS
/ MED’A phLbﬂiCS.@ fvyoina a o

SPECIAL ANNOUNCEMENT

Did you miss Something? PSS 2022 is now available on demang. HOTONlcs

- " a , PUBLICATIONS NEWS PRODUCTS TECHNOLOGIES WEBINARS WHITE PAPERS MEDIA EDU/CAREERS EVENTS
-~

DS/ » DEPOSITION SCIENCES, Inc.

Reliable Thin Film Coatings

LATEST HEADLINES

-t Silicon Photonics Confronts the Dangers of Laser-Based Ulrasound Detects
DefectProoucmg Features in 3p
Success Printing

. TRUMPF Leads Funding Round for
f ¥ in = Optical MEMS Microphone Company

May 2, 2022

SCOTT JORDAN, PHYSIK INSTRUMENTE 5c071 S. AND ELENA BELETKAIA PHILjps »
ENGINEERING SOLUTIONS £( £1ys BELETKA 1 Remote Sensing, Neural Networks

The photonics indUSt'y Combine to Measure Tree Height

Apr 29, 2022
Silicon photonics Initially emerged to boost the efficiency, scalability, speeq flexibility, and connective capacity of '
Mmassive data centers. Today, leading photonic transceiver players each 'eport annual run rates of up to 2 million Noninvasive Imaging Method Measures
- Below the Diffraction Limit  Apr2s, 2022
Its devices. And yet, even as the coronavirys pandemic has caused chaos and uncertainty around the world, the pace

faces a gut CheCK as of innovation for these devices has accelerateq with new applications Sprouting like wildflowers after arain. LaserMessing Project Underway:

Applications for silicon photonics include: LIGENTEC Forms Subsigj

I Brief: 04/29/22
* Chip-based lidar. which gives sight to autonomous vehicles.

past success drives future
demand at a scale and pace
that the industry will be
challenged to meet.

* Quantum computing, in which even the most nonphotonic qubit Implementations require electromagnetically quiet
and thermally adiabatic Photonic interconnects

* Photonic computing, which offers inherent strengths for artificial intelligence ang inference applications 5
CO;, Lasers for Trace Gas Sensing

1

* Photonic sensors, which are poised to revolutionize medical sensing via Consumer wearables

* Photonic cables, which offer throughputs that match the advanced buses insige today's computers but over

-4,2025
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What this means:

Fasten your seatbelts
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These are Early Days

Parallels to 1980s chip industry:
Ecosystem just being born
Custom equipment
In-house and captive integrators

ASML
KLA

Excerpted from https://www.chiphistory.org/128-an-intel-wafer-fab-cleanroom-circa-1980

Fast forward to today:
You can build a fab by writing POs p_f_'r@#f
e

34th SWTest Conference | Carlsbad, CA, June 2 - 4,2025


https://www.chiphistory.org/128-an-intel-wafer-fab-cleanroom-circa-1980
https://www.chiphistory.org/128-an-intel-wafer-fab-cleanroom-circa-1980
https://www.chiphistory.org/128-an-intel-wafer-fab-cleanroom-circa-1980
https://www.chiphistory.org/128-an-intel-wafer-fab-cleanroom-circa-1980
https://www.chiphistory.org/128-an-intel-wafer-fab-cleanroom-circa-1980
https://www.chiphistory.org/128-an-intel-wafer-fab-cleanroom-circa-1980
https://www.chiphistory.org/128-an-intel-wafer-fab-cleanroom-circa-1980
https://www.chiphistory.org/128-an-intel-wafer-fab-cleanroom-circa-1980
https://www.chiphistory.org/128-an-intel-wafer-fab-cleanroom-circa-1980
https://www.chiphistory.org/128-an-intel-wafer-fab-cleanroom-circa-1980
https://www.chiphistory.org/128-an-intel-wafer-fab-cleanroom-circa-1980
https://www.chiphistory.org/128-an-intel-wafer-fab-cleanroom-circa-1980
https://www.chiphistory.org/128-an-intel-wafer-fab-cleanroom-circa-1980
https://www.chiphistory.org/128-an-intel-wafer-fab-cleanroom-circa-1980
https://www.chiphistory.org/128-an-intel-wafer-fab-cleanroom-circa-1980

Alignment: The Repetitive Cost

Cost breakdown

Packaging cost is a big piece of the pie for Photonics

Microelectronic packaging is geared towards low cost

Photonics Microelectronics

D Packaging / Test

- Device

Packaging is key to lower cost of photonics

~. $100
Leverage the microelectronic industry <is 3 0O Other Fixed
=q o | .
e S $80 S Extigment
IBM - -|E-IE ® W Other Variable
Photonics Summit, Cadence, 6" September 2017, San Jose CA IM'TS 8 8 $60 R W Materials
. — =
Fad 0T . “Automated High-Throughput Assembly for Photonic 5 ]
: a2 Packaging”, Barwicz et al, Photonics Summit, Cadence, 2017, 2 s40 | [
g https://www.cadence.com/content/dam/cadence- ]
? | www/global/en_US/documents/company/Events/summits/photonics/fortier-2017.pdf g s
20 |
g ﬁ ﬁ ﬁ ﬁ i
- . ” o
“Process-based cost modeling of photonics manufacture...”, E. Fuchs _ o s L - ' - ;
et al, J. Lightwave Tech., 2006, & & &S &é‘ (@\* e?\‘} e vo“b &o“
https://www.semanticscholar.org/paper/Process-based-cost-modeling-of-photonics- ¥ ,@‘Q > 4\& ‘(\\QQ, " & o‘g. 9@ é\& o
the-cost-a-Fuchs-Bruce/125e24b2e2e71860f088526441ee5ce16e6ced2¢ ¥- v g@e@ ‘ol o Q’\& 60" é‘*\' & <b°°°
¥ & 9
N
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These are Early Days

The way forward:

1. Automation
Z. Innovation
3. Cooperation
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After Motion Control: Micro-Robotics

Built-in functionality and intelligence mark the future (and not just for motion control)

B.mm'

Purs

Courtesy Bloomberg

e L2 Courtesy Tesla
“Driving a Ford Model T Is a Lot Harder Than You'd Think!” &

“Full Self-Driving”

“Do what I tell you to do”
Accelerate

“Do what | want you to do”
Go to Aldi

Brake
e Turn...

34th SWTest Conference | Carlsbad, CA, June 2 - 4,2025



A Modular Approach to Meet all Needs

Hexapods
* Trajectory is not defined by bearings

«  Compact, 6 degrees-of-freedom, rigid
*  No moving cables

Stacks
Modular
« ACS controls

Both
» Rotate about optical channel, focus,
etc.

Use Nanocubes:
e Forspeed

e For tracking

e Forresolution

Nanocubes & Air Bearings

e Long lifetime, zero maintenance, no lubrication, nanometer
resolution, high dynamics

All

e Leverage proven technologies
e Firmware-based alignment

e Parallel alignment processes

34th SWTest Conference | Carlsbad, CA, June 2 - 4,2025
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The Solution Spectrum
* Hexapod Micro-Robots
* Piezo Nanopositioners
+ Wide range of novel mechanical bearing options
+ Unique: High-Speed Air Bearing stacks for Alignment
- New NovAlign Fast Compact 4- or 6-DOF aligners

; N~—
’ 2.
< I
_— .
° -

()

-31cS I8

MOTION CONTROL
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Automation Solutions

Double-sided array/array alignment §
to an edge coupler

Already successfully implemented:
Assembly & packaging of photonic integrated circuits (PIC)

34th SWTest Conference | Carlsbad, CA, June 2 - 4,2025 20



These are Early Days

The way forward:

1. Automation
2. Innovation
3. Cooperation
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Pl's Novel
Parallel
Multi-DOF

Optimization

140

120

100

80

60

40

20

Time (s, typ)

99%
reduction

Legacy XY-6z Pl Parallel XY-
Loop Sequence 6z Optimization

® Time (s, typ)
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Super cleanliness EBLET O

- - e
Zero maintenance, Zero wear - = =
Highest MTBF B

Fast Area Scan

Parallel Gradient Search ~

Unique: Air Bearing Fas

First light acquisition
Profiling & characterization

Fast Optimization e
Real-time tracking across multiple s
DOFs er

Drift compensation
Lock-on

G0

ssssssss : 0.8 0.0

ce | Carlsbad, CA, June 5 -4,2025
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NEW: Revolutionary Fast First-Light Acquisition

Now:
« Typ. >10X faster first-light acquisition
« Even higher gains for double-sided first- }
light acquisition
« Parallel first-light seek! Typ. <1sec

« Single command, fully autonomous,
respects soft limits

» Integrated with full FMPA alignment suite

4/@/
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NEW: Revolutionary Fast First-Light Acquisition

PILightning:
Solving the First-Light Problem

NE\N Fast Area Scans

PILightning™ sfgl;zﬁzﬁ

Fast First-Light Profiling’

Seek Centroid
Calculation

34th SWTest Conference | Carlsbad, CA, June 2 - 4,2025

Fast Parallel
Gradient Search

for Full
Optimization

Across I/Os,
Channels, DOFs,
Elements
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These are Early Days

The way forward:

1. Automation
Z. Innovation
3. Cooperation

34th SWTest Conference | Carlsbad, CA, June 2 - 4,2025



The Ecosystem Emerges: Contract Manufacturing

The silent partner

= Photonic-competent
players exist
= Example: Fabrinet >

= Scalability
= Global presence
= Geographically strategic

thical Contract Manufacturing fabrinet

Optical CM’s, such as Fabrinet, have been around for 25 years
Fabrinet is a trusted Manufacturing partner of most of the industry OEM’s

Fabrinet can support from NP] to scaling for volume production

They provide high quality, competitive Costs, and global supply chain

They are now Supporting leading edge SiPh packaging

> ,A’S/. P | i
; Yy &
%/ ’ .
o

CFP2 CFP4 QSFP28

351

Fabrinet Confidential

Courtesy Fabrinet

ith permission [8]
34th SWTest Conference | Carlsbad, CA, June 2 - 4,2025 Used with p
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The Ecosystem Emerges: Systems Integrators

s SOLUTIONS v INDUSTRIES v PRODUCTS v RESOURCESv NEWS& v SUPPORT COMPANY v ,
~. Averna EVENTS Search

The builders

Custom tools to
accomplish mission-
critical tasks

Are you involved in designing or testing optics
components? Want to know more about a
comprehensive test approach from NPI

through production? We partnered with Opnext

to streamline and optimize how they validate and verify
a new optical transponder, allowing them to

achieve impressive productivity, yield, quality and

From concept to scale

bottom-line gains.

= Example: Averna -
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Summary: The Deluge Approaches

k & 7oday, optics is a niche technology.

= Many, many new applications ] ]
y y PP Tomorrow, it’s the mainstream of

= 3 order-of-magnitude volume scaling every chip that we build,
= Consumer applications now in the game --Pat Gelsinger, 2005, MIT Technology Review
= Serious challenges to scale yy

= |Interconnect technology and testing must keep pace
* Yields must improve
= "Silicon photonics” is key to to technology’s future

Pl is here to help
Enabling semiconductor manufacturing since its infancy

Enabling genomics automation since its infancy
Enabling silicon photonics since its infancy
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Keep in touch!

PIUSAHQ
16 Albert St
Auburn, MA, 01501

Email info@pi-usa.us
Visit us: www.pi-usa.us

Pl Germany HQ
Auf der Roemerstrasse 1
76228 Karlsruhe, Germany

Email info@pi.ws
Visit us: www.pi.ws

WeChat

Linkedl

~1
-l " Ask for a free
= 'F..].H:r Tech Note
o *I L e i
=y on Parallelism in
TR Optimization
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