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CSEM AT A GLANCE

We are a public-private,
non-profit, Swiss
technology innovation center

We enable competitiveness
through innovation by
developing and transferring
world-class technologies to
industry
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OUR DNA COMES FROM OUR WATCHMAKING ROOTS

Small & precise Complex Ultra-low-power Multidisciplinary
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Why PICs? Why TFLN PICs?



Facebook Map of all the World’s Interconnected Friendships



@®  (olocation data centers
@®  Intermet exchange points ([XPs)
Submarine cable landing stations
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| 8 DATA CENTER FACTS YOU MIGHT NOT KNOW |

Data Centers Worldwid

There are over 8,000 ]
=)

Over 33% of the world's =‘=

Data Centers are based in "

the USA ” | |
I i e st

(
On average, one Data
Center consumes as \

much energy as 25,000

S homes .. Y

4 Data Centers generate 1,670

new jobs and $77.7Min
earnings a year on average
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Photonic Integrated Circuit

v" Complex systems
Enhanced performance
Novel functionalities
Low power

Low cost

NN NN

Scalable

v Miniaturization
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Space

Signal processing @ Nonlinear optics

VWV e s

LiDAR ' Quantum computing
-~  Need
\ [~ &
-
Telecom Sensing & spectroscopy
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ARE PICS READY TO ADDRESS THE NEEDS?!

Need for Components to Generate, Manipulate, Transport, and Detect light
No single material can do everything!

Maturity/Access

Sources Detectors
SiN
TFLN
Modulation Low-loss propagation
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ADVANCED PICS OFFERINGS:
HETEROGENEOUS/HYBRID INTEGRATION

Micro-Transfer Printing

Butt Coupling

Alignment
Fiber Out

In/Out coupling efficiency

Scalibility/Process compatibility

Electronics integration
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AN ENABLING TECHNOLOGY

Thin-film lithium niobate (TFLN) on insulator

11

Intrinsic nonlinearity
Wide Transparency Window

High Optical Power Handling

Fast EO Modulation

Frequency Conversion

Miniaturization
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Near-IR Infra-Red

Frequency Synthesis and Comb Generation

Sensing Remote Sensing

OCT

Quantum Processing and Communications

Atomic Clocks

Precision Metrology and Spectroscopy Fiber Telecom and Datacom
RGB
Fiber RF and Microwave Photonics

Bio-Sensing

Tissue Applications
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CSEM TFLN PIC PLATFORM TECHNOLOGY: HIGHLIGHTS
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Fiber-to-chip optical coupling losses of less
than 2.0 dB per facet, demonstrated by PHIX

https://pattern-project.eu/key-milestone-achieved-for-facet-fiber-chip-coupling/



CSEM TFLN PIC PLATFORM: OPEN-ACCESS

Wafer-scale fab (150 mm)

Photonic designer End users

13 https://www.csem.ch/en/tailored-services/tfin-foundry-services/ :: CSem
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CSEM TFLN PIC PLATFORM: OPEN-ACCESS

® 13 December, 2023 by (& Luceda Photonics

i,

Schematic-assisted design with IPKISS and the CSEM Thin-Film Lithium Niobate PDK

From a layout... : o \. ; e ol ...to have your layout.

Create schematics...

https://www.lucedaphotonics.com/blog/news-6/pattern-schematic-assisted-
design-with-luceda-ipkiss-and-the-csem-thin-film-lithium-niobate-tfln-pdk-74

1 4 Photonic designer End users
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TOWARDS STANDARDIZATION

C-Band Building Blocks (version 2023)

-
v PDK

Waveguide Propagation loss: 1 dB/cm single mode, < 0.2
dB/cm multimode

Simulations

- Technology
T A Layers

= - De51gn / Layout ‘
b & Grating Couplers Coupling loss: 8 dB, 3dB BW > 30 nm
Model &
Statistic Edge couplers Coupling loss: 3 dB, 3dB BW > 70 nm
\ I Fabrication \/ \/ EO modulaors V_L<3V.cm, BW >45GHz

D "
‘ m \/// j v" Pcell for customized components

In the pipeline in 2024

MMI (1x2, 2x2) Insertion loss < 0.2 dB, 3dB BW > 60nm

Directional Coupler Insertion loss < 0.2 dB, 3dB BW > 30nm

Waveguide Crossing  Insertion loss < 0.1 dB, Crosstalk < 30 dB

Building block development loop

[

. Characterization | « Thermal phase shifters
I e Polarization controllers
* PPLN for SHG
« 780 nm PDK
15 2 CSem
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FROM PLATFORM STANDARDIZATION TO THE APPLICATION

TFLN Foundry

LiDAR

Telecom

Quantum Technology
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Standardization

Monolithic T

Application oriented
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STANDARDIZATION; TFLN PICS VALUE CHAIN

= * Hybrid/Heterogeneous integration

\
. LNOI PIC Foundry, PDK — X
tLENAC Supply chain for TFLN PICs ~ selabT TEEMN, + ADK

Lithium Niobate PICs for Europe  Supply chain for hybrid PICs

: 7 Fraunhofer noouns  1I1V@C  ovewr
siitec i HHI PHOTOMICS UNIVERSITY
Substrate Access THALES
manufacturing Protot :
Chip o Packaging/ rototypes for
) |:> Characterization |:> |:> end-user
Manufacturing interfacing .
Design and application
simulations Standardization
lab
VPIphatoni 2 Mm THALES vanguard
u PIRTRNER CS e gAUTOMATION
- Rosenberger
ETH: zijrich h K

LUCEDA
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FROM PLATFORM STANDARDIZATION TO THE APPLICATION

P el e e e T T I
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FROM PLATFORM STANDARDIZATION TO THE APPLICATION

Quantum

QKD trapsmit?er . _ sQnet
(Integration with SiN, Ge, GaAs) Single photon

frequency conversion  [ZN-{N13

Trigger

On-chip FMCW LIDAR module LOLIPCP
(Integration with SiN, InP, Ge)

LOLIPCP

.
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TAKEAWAY MESSAGE

» Monolithic PIC platform development is essential for advanced hybrid/heterogeneous PICs
» Not every application requires hybrid-heterogeneous PICs

» TFLN brings huge added value to the PIC portfolio: monolithic and heterogeneous

Space
. _ | » . _ Focus Area
Signal processing Nonlinear optics
/
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LiDAR Quantum computing
! .
9 Need! (¢

Telecom Sensing & spectroscopy Cha”enges
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» Optical interfaci



FACING A
CHALLENGE?
LET'S TACKLE IT
TOGETHER!

A big Thanks to the TFLN PIC team at CSEM
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FACING THE CHALLENGES OF OUR TIME



	Slide 1: TFLN PIC Platform Unleashing Monolithic power to Enhance Hybrid/Heterogeneous PICs
	Slide 2: CSEM at a glance
	Slide 3: Our DNA comes from our watchmaking roots
	Slide 4: Threads
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9: Are PICs ready to address the needs?!
	Slide 10: Advanced PICs Offerings: Heterogeneous/Hybrid integration 
	Slide 11: An enabling technology
	Slide 12: CSEM TFLN PIC platform Technology: Highlights
	Slide 13: CSEM TFLN PIC Platform: Open-access
	Slide 14: CSEM TFLN PIC Platform: Open-access
	Slide 15: Towards standardization
	Slide 16: From platform standardization to the application
	Slide 17: Standardization; TFLN PICs value chain
	Slide 18
	Slide 19
	Slide 20: Takeaway message
	Slide 21
	Slide 22

