Wafer-scale Fabrication of Ceramic
Nano and Micro-optical Elements

EPIC Technology Meeting on Photonics for Miniaturized
Optics: From Components to Use-cases at Sony DADC

September 19, 2024
Badre ERZABI, CEO

- — - -




Direct Nanoimprinting of Ceramics -':Ief- SOLNIL
M

Nanoimprint your world

Stamp

Fabrication Nanoimprinting e Compatible with existing NIL tools

* Wide range of Ceramics (Oxides)

MATERIALS RI@520nm STRUCTURE
TiO, 2.3-2.6 |Anatase
TiO, 2.0-2.3 |Amorphous
Sio, 1.45 Amorphous

SiO, porous 1.15 Amorphous
Al,O; 1.6 Gamma
Zn0O 1.7 Wurtzite
HfO, 1.95 Monoclic
VO, 3.3 Monoclinic
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Tt 1 © Currently available high RI NIL materials
e (TiO2 nanoparticles) have limited optical

Light engine

performances: <2.0 RlI, yellowing, haze

IO' * Etching of dielectric films deposited by
ALD/PECVD/LPCVD has significant impact

on cost

e SOLNIL developed NIL materials with RI
up to 2.5 and ALD-like quality

Field of View Field of View
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Stage at X =58.731 mm Stage atY = 69.977 mm Stage at X =67.023 mm Stage atY = 69.706 mm

EHT = 3.00kv  Signal A =InLens Date :26 Jul 2022 EHT = 3.00kv  Signal A =InLens Date :26 Jul 2022
WD = 2.9 mm Mag = 100.00 KX Time :10:35:28 WD = 3.0mm Mag = 100.00 KX Time :10:59:02

Sol-gel formulation and curing process
optimized to achieve grains < 6nm
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TiO,-based replica on glass (¥2 cm x 1 cm). Pixel size 12 pm x 12 um
OBJECTIVE MICROSCOPE IMAGE (X5) INFEGRABION ANGLE +15 DEGREES

TiO,-based replica on glass
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e e i i  Glass is the material of choice for
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e applications where very low auto-
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Nanoimprinting

1pm CINaM 12/18/2023 §
Vacc=5.0kV PC=8 Vacuum=1.4E-3Pa Mode=SEM WD=10.0mm
Detector=LED UED=0(0,0V) LED=3 T=0.0 FOV=Tumx5pm §

Selective deposition

mammssm $ 100nm x90,000  CINaM 12/18/2023
Vace=5.0kV PC=8 Vacuum=7.8E-4Pa Mode=SEM WD=10.Omm

Detector=LED UED=0 (0, 0V) LED=3 T=0.0 FOV=1334nmx1000nm
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S * Smooth transition from air to glass

\{ J substrate
00 ! is;’velengt\;n? * Broadband operation and large
acceptance angle (up to 60°)
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Reflectance (%)

O

* Higher laser damage threshold

* Etched glass proposed by several
suppliers (Newport, Thorlabs)

500 nm
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Det | Mag | HFW | Tilt |FWD|
3 | TLD-S | 120 kX | 2.53 um | 50.0° | 5.346
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Spot| Det | Mag | HFW | Tit |FwD .
3 | TLD-S | 65.0 kX| 4.68 um | 50.0° | 5.041 E-Beam| Spot| Det Mag HFW Tilt | FWD
500kV| 3 |TLD-S|35.0kx|869um| 50.0°|4.920
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@ VIS frequency (380-900 nm)
i} GNGLEtACE T>99.5% for double face
] REFERENCE FUSED SILICA
-~ ! 10900+ 0 @000 0, @@ . 0 0 l
S 1OO_WW\/M T>96% for single face
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O 604 8 9
% g @ NIR frequency (800-1200 nm)
2 wlE T>99.5% for double face
G gﬁﬁwwww T>96% for single face
201 _
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1 g m Performances are maintained for
400 600 800 1000 120 jncidence angles up to 50°

Wavelength (nm)



Lased Induced Damage Thresholds -:z:]:{-SOLNIL
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LIDT Absorption
) \
f D |
1.3 ppm
7.4 J/cm? 169 J/em? 143 J/cm? <1 ppm
6.3 J/cmz\ T |I 124 J/cm |
1030 nm/500fs  1064rnm/12ns 532nm/12ns 1080 nm / CW

m ARC m FS substrate

Vol. 32, No. 7 / 25 Mar 2024 / Optics Express 12967



On-going developments

Nanoimprinting on
curved surfaces

THALES

Building a future we can all trust

¢k SOLNIL
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Fused Silica
Gratings




Pépiniere d'entreprises Luminy Biotech, 163 avenue de Luminy, 13011 Marseille France / www.solnil.com

CEO B. Kerzabi (badre.kerzabi@solnil.com)
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http://www.solnil.com/
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