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Pure-play foundry operations
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Pure-play foundry operations



Hands-on entrepreneurs
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Total team size of 11 FTE: 8 PhD, 3 MSc

Nick Sauerwein
Head of Engineering

▪ PhD in Physics

Atomic physics

Rui Wang
Head of Microfabrication

▪ PhD in Physics

Photonics and material science

Mohammad Bereyhi
Co-founder and CEO

▪ PhD in Electrical Engineering

Quantum opto-mechanical sensors

Alberto Beccari
Head of Photonic Design

▪ PhD in Photonics

Advanced MEMS



Photonics as an enabler
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Photonics is a key-enabling technology: 

⚫ Photonic integration allows for reduction in size, increased robustness & performance, reduced complexity with 
scalable manufacturing

⚫ Mature platforms SOI and InP for optical transceivers (>1 MUnits/year)

1 mm



Driver for photonic integration: silicon photonics
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Silicon; versatile platform with a few weaknesses:

⚫ Modulation bandwidth of carrier-injection devices 

limited

⚫ Large optical losses (~dB/cm)

⚫ Two photon absorption in the telecom band (limiting 

power)

⚫ Operation not possible in the visible

(bio and quantum technologies)

Credit: Intel 
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Silicon; versatile platform with a few weaknesses:

⚫ Modulation bandwidth of carrier-injection devices 

limited

⚫ Large optical losses (~dB/cm)

⚫ Two photon absorption in the telecom band (limiting 

power)

⚫ Operation not possible in the visible

(bio and quantum technologies)

Credit: Intel 

Can we find a complement to silicon photonics 
that has faster electro-optic capabilities

(>100 GHz)?

Lithium Niobate (LiNbO3)



Electro-optic modulation
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Electro-optic modulator

Data centers

LiDAR

Quantum computing
Photonic computing

Nonlinear photonics

Transceivers



Electro-optic modulation: power of integrated photonics
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A bulk intensity modulator next to a thin-film lithium niobate chip

On-chip modulators are >100X more compact than bulk devices



Legacy PIC platforms
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Silicon (Si) Indium Phosphide (InP) LiNbO3 (bulk)

Device footprint millimetre millimetre centimetre

Power handling 10 mW 100 mW 100 mW

Bandwidth 40 GHz 40 GHz 40 GHz

Driving voltage 4 V 2 V 4 V



Thin film lithium niobate: faster and more efficient
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Silicon (Si) Indium Phosphide (InP) LiNbO3 (bulk) Thin film LiNbO3 (TFLN)

Device footprint millimetre millimetre centimetre millimetre

Power handling 10 mW 100 mW 100 mW > 1 W

Bandwidth 40 GHz 40 GHz 40 GHz > 150 GHz

Driving voltage 4 V 2 V 4 V < 1 V

TFLN offers multiple advantages:

⚫ Large electro-optical Pockels coefficient

⚫ Wide bandgap (5 eV) (visible operation)

⚫ Ultra low optical losses (dB/m)

Commercial TFLN on a SiO2-Si carrier



SOI is the core of silicon photonics

⚫ Confined optical waveguides in crystalline silicon 

(device layer)

⚫ Manufactured using smart-cut in large volumes 

(>10 Mio. SOITEC 300mm line)

⚫ Commercially manufactured worldwide

SOI waveguideSilicon On Insulator Wafers (SOI)

Device layer (Si)

Buried oxide (SiO2)

Handle wafer (Si)

Thin-film LiNbO3 (TFLN) Wafers

Device layer (LiNbO3)

Buried oxide (SiO2)

Handle wafer (Si)

TFLN is a promising platform for

⚫ Confined electro-optic waveguides 

(compact and high-speed modulators)

⚫ Applications in RF MEMS and pyroelectric 

detectors.

⚫ Commercially manufactured only in China

History of TFLN



LiNbO3: A Pockels material
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• Bulk devices, large footprint

• Large switching voltage

(𝑉𝜋 × 𝐿 > 10 Vcm)

1974

R. V. Schmidt and I. P. Kaminow

Appl. Phys. Lett. 25, 458 (1974)



Thin-film LiNbO3 for integrated circuits
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• Bulk devices, large footprint

• Large switching voltage

(𝑉𝜋 × 𝐿 > 10 Vcm)

• Small footprint, on chip

• Low switching voltage 

(𝑉𝜋 × 𝐿 ≈ 3 Vcm)

• Large WG bend loss, 

(R > 50 µm)

1974 2018

R. V. Schmidt and I. P. Kaminow

Appl. Phys. Lett. 25, 458 (1974)
C. Wang, M. Zhang, et al.

Nature 562, 101–104 (2018)



Thin-film LiNbO3 for integrated circuits
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• Bulk devices, large footprint

• Large switching voltage

(𝑉𝜋 × 𝐿 > 10 Vcm)

• Small footprint, on chip

• Low switching voltage 

(𝑉𝜋 × 𝐿 ≈ 3 Vcm)

• Large WG bend loss, 

(R > 50 µm)

• Small footprint, on chip

• Low switching voltage

(𝑉𝜋 × 𝐿 ≈ 3 Vcm)

• High density integration

(R < 10 µm)

1974 2018 2023

R. V. Schmidt and I. P. Kaminow

Appl. Phys. Lett. 25, 458 (1974)
C. Wang, M. Zhang, et al.

Nature 562, 101–104 (2018)

Z. Li, R.N. Wang, G. Lihachev, et al.

Nature Communications (2023)

Strip waveguides (LXT)



High speed photonic chips for optical communication
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Telecommunication
… 0 1 1 0 0 1 1

mmW testing

5G/6G

Navigation



Electro-optic modulators in PNT systems

• Optical gyroscopes:
• miniaturization and lower power consumption

• lower drifts compared to MEMS gyroscopes

• Microwave photonics:
• higher frequencies at lower loss

• enabling 5G/6G infrastructure

• Light Detection and Ranging (LiDAR):
• faster systems
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Credit: Anritsu & SiLC



Current value chain: from idea to PIC prototypes
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Photonic ChipCustomer idea

Photonic design Fabrication services

DLC

LiTaO3

Automated testing

▪ Capacity: 200 wafers/year



Current value chain: from idea to PIC prototypes
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Photonic ChipCustomer idea

Photonic design Fabrication services

DLC

LiTaO3

Automated testing

▪ Capacity: 200 wafers/year

ESA – NAVISP EL1 – 081 project targeted at 

developing a verified component library for 

design PICs using LNOI platform 



Process design kit (PDK): library of verified components

• PDK democratizes the access to the LNOI technology, given the complexity of the 
design and realization process.
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Power splitter Phase shifter

PDK library



Process design kit (PDK): foundry view
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Power splitter Phase shifter

PDK library

1
1

2

Simulation Layout Measurement statisticsFabrication

5 um



Process design kit (PDK): client view
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Power splitter Phase shifter

PDK library

Product #1 (MZ modulator) Product #2 (IQ modulator)



Photonic design using a verified component library
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Process Design Kit

(PDK)

Optical propagation 

loss

<20 dB/m

(best: 3 dB/m)

Electro-optic 

bandwidth

75 GHz (3dB)

Electro-optic efficiency 𝑉𝜋𝐿 < 3𝑉𝑐𝑚

Splitter imbalance <5%

Coupling loss ~1.5 dB/facet

Fabrication duration 10-12 weeks

First open-access LNOI PDK debuted 

in Photonic West, February 2024.



Open-access Process Design Kit (PDK)
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⚫ Facilitate design for LNOI MPW runs

⚫ Verified building blocks for C-band photonic circuits

⚫ Offer a fast turnaround (12 weeks), while:

⚫ Granting high-efficiency fiber coupling

⚫ Maintaining state-of-the-art propagation losses

⚫ Offering RF modulation and DC tuning

⚫ Performing run metrology and PCM

𝑉𝜋 × 𝐿 ≈ 3.1 V cm
@ 30 kHz



Open access PDK: design manual and compact models

• Design guidelines based on tested fabrication process.

• Compact models using GDS designs and measurement results.
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EO phase shifter TO phase shifterOptical edge coupler

5
 m

m

10 mm



Highest symbol rate in optical communication
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110 GHz electro-optic modulator

EO phase shifter
TO phase shifter

Splitter/combiner

Optical edge coupler

5
 m

m

10 mm



Open-source PDK for prototyping

• Luceda Photonics PDK:

https://www.lucedaphotonics.com/luceda-design-
kits

• gdsfactory:

https://luxtelligence.github.io/lxt_pdk_gf/
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1 cm 1 cm

0.5 cm 0.5 cm

Process Design Kit available on

https://www.lucedaphotonics.com/luceda-design-kits
https://www.lucedaphotonics.com/luceda-design-kits
https://luxtelligence.github.io/lxt_pdk_gf/


Luxtelligence scale-up roadmap
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Q4/2024

Test samples for 

>100GHz in LNOI

Q2/2025

NRE with industry for PoC 

chip delivery (~200 wafer/year)

Q1/2025

Demo at a major optical 

communication exhibition

1
0
 m

m
5 mm

▪ Ongoing MPW runs using the LNOI PDK

▪ Demo experiments to showcase the technology in tradeshows

▪ NRE contracts with industry for completion of the commercializtion



Available facilities

• Center of micro-technology (CMi) in 
Lausanne:
• ASML DUV stepper lithography

• Dry and wet etching

• Metallization (Ti, Pt, Al, Au, Cu, W)

• Dicing, grinding and CMP

• Dedicated tool for hardmask process

• Metrology (3 SEMs and 2 AFMs)
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Automated testing: a bottom-up approach

• An automated probing system 
specialized for testing optical 
modulator chips.

• LXT is building a fully automated 
optical and electrical testing 
machine based on a successful 
prototype from EPFL.
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Luxtelligence scale-up roadmap

27 November 2024 LUXTELLIGENCE SA - Proprietary and Confidential 31

Q2-Q3/2025

Process transfer for 

volume production

2027

Start of volume production
1
0
 m

m
5 mm

Q2/2025

Scale-up

▪ Process transfer to a 150mm industrial foundry

▪ Revenue growth through industry NREs based on the foundry process

▪ Team growth to 20 FTE

2024

2027



Project outcomes for ESA: future directions

• Luxtelligence is providing the project results as part of a PDK that is being explored 
by ESA LSIs.

• Devices produced during the project are being packaged and tested for in-situ space 
compatibility tests such as radiation hardness and acceleration shocks by LSIs and 
SMEs in ESA ecosystem.
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End of the presentation
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