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The Technology
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Step 2

Step 1
ToolpathGeneration.

Part Concept.

Step 3
LaserExposure

Step 6

St .
ep 5 FinalSteps and QC.

Singularization




Performances in SIOF
Resolution and tolerances

500 pm

A Process resolution ~ 1 um
A XY tolerances +/- 1 pm
A Ztolerance +/- 2 um
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HV curr W A W | 300 pm
1.00 kV | 86 pA 3.4 CNRS-LAAS
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Wafter-level fabrication

A Uniqueindustrial laser processing, compatible
with MEMS foundry protocols

A Highthroughput: capacity for several thousanc
wafers/product/year

A Scalabilitycan be easily enhanced due to
proprietary, parallelized processes and
production systems
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High-precision fiber ferrules

A Available on various substrates
Fused silica (FS)

- thermal match with silica fibers

Borotloat 33 (BF33) s
- thermal match with SiPh Bttt

Sk 38 1k Uk 4k 38 oA U

s & ik a i - |l 15|
Rttt P |
8 R L b b i -

Available with a large range of thicknesses e A

typically 3 - 7mm

- enhanced mechanical robustness

A Tailored hole shapes with multiple sections

e.g. core-cladding, coating, jacket
- enhanced stability

A Tilted holes

- reduced Fresnel losses

- improved grating in-coupling
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Opto-mechanical systems

OPTOMECHANICAL SENSOR OPTOMECHANICAL ACCELEROMETER
A Lightweight, monolithic, and vacuum compatible inertial sensor A Tested for high-sensitivity broad-band acceleration measurements.
A Comparable noise performance to sensors for gravitational wave detectors across A The monolithic mechanical oscillator exhibits a quality factor, Q, of 4.63x105.

the frequency region used for seismic isolation control (0.1-100 Hz).

J. Carter - A High Q, Quasi-Monolithic Optomechanical Inertial Sensor (2020) F. Guzman - Compact fully monolithic optomechanical accelerometer (2018)
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PHOTONICS
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3D Glass Waveguides

Materials

Machining area
Wavelength <[nm]
MED for SM [um]
Relative positioning

Single mode & Multi-mode waveguides

3D waveguides with bending in XYZ

Min. Bending Radius

In-bulk termination and tapering Propagation Loss

Alignment markers for assembly & packaging
nn

A
A
A
A
A
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Facet polishing for rapid prototyping & characterization

Fused Silica (FS)
Borofloat (BF33)
Eagle (EXG)

200 x 200 x 3 mm
Whatever shape

9280, 1310, 1550

Tunable between 6 and 12 mm

Circularity > 95%

<+ 71 mmnm

<20 mm

<0.2-0.3dB/cm

102- 103

LIGHT GUIDINC

A=980 nm

A=1310 nm

O

A= 1550 nm

O

14



Linear waveguides

1310nm

3.2
2.8

2.4

y = 0.374x + 0.7095

IL [dB]

1.2

0.8

0.4

0 1 2 3 4 5 6
WG length [cm]

A Cut-back method : butt-coupling at input & output
A Fiber : SM980 - 5.8/125

A 0 deg polishing : Fresnel losses taken into account

2026 Confidential FEMTOprint SA ©

3.2

2.8

2.4

1.2

08 | "

0.4

1550 nm

1 2 3 4
WG length [cm]

@ 1310 nm & 1550 nm

\l‘ Propagation Losses ~ 0.35 dB/cm

Coupling Losses ~ 0.2 dB/interface

y =0.3633x + 0.754

15



Bends

Lb vs ROC Lb vs ROC
50 .
40 :
48
38 3 46 °
36 44
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26 ©1310nm 32 F3y  1550nm
24 e 30
= 28
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Q0 %
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0 h 0
04 05 06 07 08 0.9 1 11 12 13 14 15 16 17 18 19 5 51 08 09 1 11 12 13 14 15 16 17 1.8 1.9 2 21 22 23 24 25 26 27 28 29 3 31 32 33 34 35 36 37 38 39 4 41 42 43 44 45
ROC [cm] ROC [cm]

00000

1310nm

A MFD =7—-8um

A Lc = 0.45 dB/facet

A Lp = 0.30 dB/cm

A Lb=1dB/cm @ 18 mm ROC

1550nm

A MFD =8 -9 um

A Lc =0.15 dB/facet

A Lp = 0.25 dB/cm

A Lb =1dB/cm @ 43 mm ROC

00000

Lc: Coupling Losses : Lp : Propagation Losses : Lb : Bending Losses
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Directional couplers (DCs)

1'0 L 1 L) ! 1 1 1 L l L L} 1 1 ! 1 T 1 L ! 1 L} 1 1 ! L} 1 1 L] ! T ;_
I / |
0.8 il
206 1
© I
o))
=
= I
w04 i
0-2 "[ — fit-cross @ i
| e data-cross © .
- | — fit-bar
- | e data-bar \
1 L I 1 1 L 1 L 1 L l L 1 1 L 1 L L 1 I 1 1 1 1 I 1
1 2 3 4 5 6

coupling length [mm]

coupling region

1310nm

A Output channel pitch : 250 pm

A Full power transfer at approx. 2.3 mm

A Total Loss for 50/50 splitting approx. 1.6dB
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Z (um)

Fan-In / Fan-Out (FIFOs)

Simulation input

Ann: 0.0093
AAlpha: 0 — PL neglected
AProfile: Gaussian

ADimensions: 4 pm x 4 um
APower monitor: 10 ym x 10 pm

$

Full Power Transfer (Gap = 10mm) — Simulation vs. Measurement Split Ratio (Gap = 20mm) — Simulation vs. Measurement
ASimulated: 2.38 mm ASimulated: 0.84
AMeasured: ~2.30 mm AMeasured: ~0.90
5000 1.0 ] Legend: 1-0__ Legend:
0.1944 0.9 -[* /l‘“‘i simulated 0 1943 _ o __N * “.'.... simulated
4000 | % 0.8 \ / Teasured | I - 08 7 n;easured
] < 0.7 | / | T 0.7 -
T . ] 4
3000 1 2 os \ e 08
g - \ / o 04 -
2000 > 0.4 . g ]
g " / g 03-
m 03 - \ / S 0.2
1000 S 02 < 011
0.1_ \\ /‘ []_0_||||||||||.|||.|.
0 nn\"“/ 0 1 2
0 1000 2000 3000 4000 5000 x104

Propagation Direction (um) Propagation Direction (um)
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Multi Mode Interterometer (MMI)

Simulation input -
Ann: 0.0093

AAlpha: 0 — PL neglected
AProfile: Step

ADimensions: 50 um x 637 ym

$

Simulation vs. Measurement

Peak to peak Length Side attenuation
ASimulated: 10.5 pm ASimulated: 637 pm Less prominent in simulation
AMeasured: 11 umNTpm AMeasured: 650 um N10pm
Intensity Profile Comparison
0.008 I L 1 | 1 L 1 | 1 L 1 | 1 L 1 Legend:
| __ simulated
1500 U.U_U?UT’ U.UUG—_ __ measured
1200 Intensity Profile I § 0.004 -
E 900 ) 0.002—_
N | |
600
0.000 ! | T I T T T I T T T I T l T
-40 -30 -20 -10 O 10 20 30 40
300 30 20 -10 0 10 20 30 um
X (um)
: 0000

-30 -20 -10 0 10 20 30
X (um)
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Shallow Micro-Lens Array
Beam Shaping

Micro-machined MLAs

in Fused Silica

Hexagonal closely packed MLA

100x spherical micro-lenses

A RoC =625 + 5.0 mm
A SAG=51.1+15mn
A Sa=48=+33nm

A Shape accuracy: = 1 nm

A Diameter = 500 nm
A RoC = 650 mm
A SAG =50 mm

Before After
polishing polishing
Sa <100 nm Sa<10nm

2026 Confidential FEMTOprint SA © 21



3D Freeform micro-optical systems

Scatterer SLANTED DIOPTER

- FREE-FORM REFLECTOR

Unfiltered Data

-50
-100
-150
+ -200

-250

wiu

[ -300
-350
-400
-450

-500

0 20 40 60 80 100 120

I W Surface roughness: Sa = 6nm

CEA-LETI Minatec & Institut des Nanotechnologies de Lyon : Jobert G. et al., Sensors 2021, 21, 3181.
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Shape accuracy

Metrolo
Process )
— ROC Gage R&R —
Diameter: 1600 nm
SAG: 300 nm
ROC: Aspheric

\ _s
—0
AvD ~ 0.2 ym
AvD : Average difference between the 3D CAD model and the measurement point cloud
®
Process variability
Diameter: 130 nm 200
SAG: 8 nm ROC | Avqg = 295.1 Avg =11.3 nm
. m] Vg pm Sa [nm] g9 :
ROC:300mn H 37 m TPIALT
17.5
%0300— g
E E‘li.ﬂ
280 125 I\ | ‘ ‘ ' | 1] il
J | ¥y I i
| i b 4l \
L AT ST ) e S8 LRI AP PPy
il UJ A "'d,l-g_.ﬂll i ' J’
2604 . '
Dat Date
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