exail

Enabling photonics for Laser Combination

February 2026
Alexandre Loulier — Photonics Division France Sales Manager

These documents are completely confidential.
This document is a strictly confidential communication to and solely for the use of the recipient and may not be reproduced or circulated without Exail prior written consent. exail




Stronger together

2000 380+

EMPLOYEES MILLIONS EURQOS
OF TURNOVER

20+ 80%

% OF TURNOVER OF TURNOVER
INVESTED IN R&D IN EXPORT




Unique technological know-how
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From components to complex systems
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Globally-proven partner for Directed Energy components and integrated assemblies
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Laser Beam Combining need for Phase modulators

Principle of LiNbO3 modulators: i

Compute'r-Drien Simulation,

* Expression of the optical field modulated by sine voltage E(t) = E, e/®telV SN withy = 7. ” (OQ) : the modulation index. Development & Design
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Important Specifications for power combining ?
* Vr for low consumption |
* Low Insertion loss Ble
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* High optical or RF input powers 1 o

Qualification

* Field deployable
Thousands hours-long operations. Optical power stability, even under strong shocks and vibrations, and
temperature ranging from -30°C to 75°C.
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High and Low freq Phase modulators - performance highlight

High Freq phase modulator

 Necessary to pass the threshold for the Brillouin effect that occurs in
optical amplifiers. It shall minimize power consumption (Vmt) and be
capable of handling higher input power.
High Optical power : 500mW CW @ 1060nm (soon 1W)
Ultra low Vit : <3V @10GHz (even under severe conditions)

Environmentally stable

Low Freq phase modulators

 Used to maintain phase alighement between multiple beams. The phase
fluctuations are typically slow (thermal drift, mechanical vibrations), so the
correction bandwidth can be relatively low (kHz range).

High optical power : 300mW @1060nm

Low Vpi <1,5V @50Mhz

Insensitive to temperature variations and not induce any non-
linear effects.
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-> Environmentally stable, high power, low Vpi and low IL
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CBC need for compactness and reliability — scaling up the modulators
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Variable Optical Delay Line (motorized)

Insertion Losses Variation (dB)

-0.05 '
-0.10 —— Theory
Fiber-to-fiber
—V\VODL

-0.15 — Delta VODL/fiber-to-fiber

-0.25

Role for CBC :

e Delays an optical signal
* Enables a very precise and stable control of an optical path length (to compensate environmental aspects)

Improved principle : the pentadihedral shape
» After a double pass, the returning beam is always located at the same position and direction
* |L uniformity <0,3dB; and IL <1dB
* Delays of 300, 600ps, and possible to get long delays (10ns, 100ns...)

* Motorized with resolutions of a few fs achievable. With repeatability of 200fs.

IL variations comparison (A=1550nm; ®,=350um)
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Micro-Optics PM splitter with integrated VODL

Technical proposal
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High Power Ytterbium Doped Fibers - CW operation  Home

Initial Results are promising

Continuing to iterate design to achieve
higher performance

Internal Testing:

* Up to 100W output power
 ~80% PCE

e M2=1.24

Achieved by partner

* > 2.2 kW laser output power
e EO efficiency @ 2kW >38%

e M2 @ 2kw (X/Y): 1.4/1.4

Pump 976 nm / 100W
In 10/125pm 0,08 Out

20/400um 0,065 2CF-PAS-20-400-0.065 DA 20.4000.065

Seed 1080 nm ~4W — e | [ D
High

Index

y=0.80x +3.1

60 80
INJECTED PUMP POWER @976NM (W)

SIGNAL OUTPUT POWER @1080NM

® Active fiber output ® Single clad passive fiber output
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Adding value with new integrated assemblies

e TN vision
Delay Line \ Be the premier supplier of modular
R subsystems that will reduce the size of
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Conclusion

1

Exail is a qualified and established, globally-informed supplier of cutting-edge components
for Directed Energy (CBC & SB()

Exail offers and is developing next-generation enabling integrated assemblies, products and
supporting technologies that will advance Directed Energy

Exail’s components are field-proved and ruggedized for harsh environments

2
3
a4

Exail is proactively engaging the globe to promote photonics across all sectors

Merci!
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Users Conference

Advanced Fiber Sensors for industrial and harsh environmental operations
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