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Problem - Barriers for Breakthrough
Photonic Integrated Circuits (PICs) ...

I* LIGENTEC

. have a huge potential

4md

1998

2008

Disruptive PICs:

Size: 100x smaller
Weight: 100x lighter
Power:
Cost:

Q

1/10% of energy consumptio
1/100t" of cost

(I i

.. and have become technology of choice in
se/ected markets, .

) ’
= v we o ol PUIREC R
Neurom. Computing

is challenged by

propagation losses
coupling losses
long & expensive R&D cycles

no one fits all solution
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Challenge application diversity
Combine the best I“LIGENTEC

Wavelength fNon-linear effects Bandwidth

Propagation Loss [lPower Optical power Sl Uniformit
Voltage Back reflection Crosstalk

» Very high application diversity. » Use a scalable base platform for general

« No one fits all solution / PIC platform, circuitry.

o Standard I/Os, lower integration and
packaging effort

o Well understood PDK
o Scalable to volume

I!

» Optimizing for a single application
possible for some applications with
volume

* How to lower adoption barriers?

 Add special function as required by
application by heterogeneous integre




Material Choice

[
Benefits of Silicon Nitride I LIGENTEC

BIO PHOTONICS SENSING - o,
/4 5

APPLICATIONS vs. A n-

TELE/DATACOM g

£t
0.1 0.4 0714 25 4 53 67 25

Large transparency windoy i T
400 B 4,000 nm S:Q:L\Iliiir::;—'Violer - . -

licon: 1100 — 4 Fowar
Refer ence SIIICO”. 1 100 4000 nm :lﬁl::/::?u'nc:;?::;ln Si/sioz(SOl) - Material platforms

Mufioz et. al., Sensors 2017, 17, 2088

Low propagation loss: 0.2 to 0.05 dB

Reference Silicon: 2.5 to 1 dB/em

- =
- = . ‘ p
es BioSensing LIDAR
: s
U N

I;Ii}gh optical power: > 5 W per waveguide (10°
erie

rence Silicon: 0.1 W per waveguide

required for may applications

Scalable to volume

Non exotic material




Our game Changer
Thick Film Silicon Nitride I LIGENTEC

Addressing the main challenges:
() Low propagation loss (<0.1 dB/cm)

(i) Low coupling loss (< 1 dB/facet)
(iii) Fast turn around (<9 w)
(i

HIVIOO iv) Platform for heterogeneous integration

90% of the light'is
inside the wavegui

=L (GENSNEC

S [VEK
Modular, CMOS compatible & scalable pr
High optical power handling (Watts)
Broadband (VIS to IR)
High bend radius => small chips
Dispersion engineering, non-linear optic

All Nitride Core Technology: combining the benefits of
« Silicon Nitride (VIS-IR, low loss, high power) with
« Silicon Photonics (small chip size, scalability)



A base to build on

. [
Versatile Platform IFLIGENTEC
3+ thicknesses 10 process modules Extensive PDK
Design rules  Components Design flows
; + Waveguides, delay lines
Design Rule - Couplers / MMIs \nsys / LuMERICAL
Checks + Crossings
800 nm » Filters (RRs, AWGs) Mer!mel? u!.:ess
Layout files  + Switches SYNOPSYS
— . m Polarization mgt Silicon to Software
400 nm waveguides Primitives Optlcal 1/0 LUCE DA
Si . )
Building Blocks ~ Srating couplers XXvPronotanics
* Inverted tapers
* Spot si t
150 nm 2nd layer oA 17 Cares PoTSize conTerErS Component

[& - — -é. simulations

custom Rib




Where SiN likes to team up

u
Integration of active functionalities IFLIGENTEC

Light Source Light Manipulation Light Detection
There are no Perfect for passives, limitations for There is no light
integrated SiN Lasers | high-speed modulation or SHG detection in SiN
Laser SOA High Speed | | High Speed Phase | | 2" Harmonic

Switching modulation Generation Photodiodes

Integration options:

» Fiber coupled

* Hybrid integration

* Heterogeneous integration




Heterogeneous Integration

Lo —

ST\

Cross section

I LIGENTEC

10



LIGENTEC platform -
SiN and actives: heterogeneous approaches I LIGENTEC

Active functionality can be added by combining with other materials
LNOI: chi2 material

ol Ih 2o InP: Lasers and Detectors
Si;N; = §z:
w=2um 3
Si;N, waveguide h=3§um _h=0.15um %5 1 15 2 25 3

Si,N, ridge width wimicror

YRl -\, Chip
j !

Sio,

Bonded
LN piece

Si

h= 150nm Wt-300nm-

LN-Si,N, waveguide ~W=2Hm

w=1.2um w=0.8um

Yu et al., Optics Express (2020)

Chang et al., Optics Letters (2017)



I LIGENTEC

Applications

AR/VR




Application - AR/ VR
Beam combiner

I LIGENTEC
Co?gb;:led 4 Red light
Coupler 2 @

Green light
7000

Blue light
6000

Couplerl/

5000

Z (um)

4000

Waveguide
Coupler 3

Blue light

3000

2000
1000

& 1000 pm

Red light 30 pm

Green light

0

40 20 0 20fd40
X (um) )

Red light Green light Blue light

Katsuyama et al. 2014 https://doi.org/10.1117/12.2072420

13


https://doi.org/10.1117/12.2072420

I* LIGENTEC

LIiDAR




Applications - LIDAR
FMCW LiDAR I* LIGENTEC

1

o | R
Il

/i

Key requirements include:
High power propagation
Low loss propagation

LO input

(@endY) 5
! g&!{”) ~—

TS L —L)
- Li

Low phase errors
Low loss switches
Low cross talk

4= Main laser input

= Optical outputs (emission)
== Optical inputs (reception)
= Switching network #1 (local oscillator routing)
Switching network #2 (emission direction selection)
= |mbalanced MZI (laser chirp control)
- Balanced photodetectors block

Photonic Integrated Circuit-Based FMCW Coherent LiDAR
Martin et al., JLT 36 (2018) 15



Applications - LIDAR

Delay Lines & Delay Line Interferometers (DLIs)

* Short bend radii
* Low loss 5 dB/m
=> Long delay lines

_— T
_— e
* Small waveguide roughness
) E * High mode confinement
= == ==- =>Llow loss & low phase noise

I* LIGENTEC

Delay lines up to 1 m on 5x5 mm?

High confinement enables
Long and low phase noise dela

16



Applications I“LIGENTEC

Quantum
Computing

17



Applications - Quantum .
Towards an optical quantum computer I"LIGENTEC

No moveable parts
=> high phase stability

Small size components
=> integrated on a chip

Wafer technology
=> Scalable to high
volumes

XANADU

Arrazola et al., Nature 54 March 2021
18



Used cases examples of LIGENTEC platform

Phase Arrays

Z Upward emission
L)x

Upper cladding (Si0,) Hep &‘L
SiN waveguide ¢
Resonator ' U I
cavity BOX Input
(Si0,)

Si substrate

tuned beam steerin
Im et al., IEEE Photonics Journal Vol 12 (10/2020)

Optical phased array enabling efficient wavelength-

LiNbOS Integration

= - Zos

sioz—=  |h ém
SiaN; - £

w=2um e

3

Si;N, waveguide h=3um h=0.15um "

sio,

|

J .
h=150nm "t=300n

LN-S;N, waveguide W=2Hm  w=1.2um  w=0.8um

Heterogeneous integration of lithium

niobate, Chang et al., Optics Letters (2017)

05 1 15 2 25
SI,N, ridge width wimicron]

e

Frequency Combs

Frequency comb generation
B. Shen, et al. Nature 582 (2020)

Polarization mgt

Incident: icient broadband

light polarisation splitter
Bhandari et al., Optics Letters
(2020)

AWGs

Transmission (dB)

980 1000
Wavelength [nm)

Ultra-low loss SiN (de-)muxes
Cheung et al., OFC 2020

I LIGENTEC

Squeezing

SCiefiel o 5oy
dvances

Squeezed light on a chip

Vaidya et al., Science Advances 6
(2020)

PD Integration

Si,N, waveguide PDI1 PD2

‘ .
% S G ‘08
1060 el W G .

Heterogeneous photodiodes on SiN,
Yu, Optics Express 28 (2020)

Quantum Computing

Quantum Circuits on a chip
Arrazola et al., Nature 591 (2021)

More publications: https://www.ligentec.com/publications-using-our-technology/

LIGENTEC PROPRIETARY AND CONFIDENTIAL
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https://www.nature.com/nature

Business Model & Offering ILIGENTEC

I LIGENTEC

Design &

Layout Manufacturing Packaging
ANSysS / LUMERICAL Technology Test &
SYNOPSYs
* Known Good Die Delivery from
LUCEDA Prototype to Volumes
* R&D support in Design & Packaging
“VPIphotonics
*  Circuit IP stays with customer
Menlor- .

Ligentec offering: Competent and reliable partn

integrated photonic solutions in low loss silicon

20



LIGENTEC Offering
How to partner with us

I LIGENTEC

Initial Contact

« Application engineering
+ Feasibility

Concept & Design

* Engineering study

« PDKaccess

« Design / Layout support

“We are impressed with
the device performance.”
USA customer

“We even got the chips before
estimated shipping date.”
Canadian customer

Prototyping Pilot to Volume Fabrication
«  MPW runs, fast (10 weeks) 4x Pilot and niche quantities

per year, fixed dates Large volumes
» Process flexibility High-capacity wafer fab and
« Device Characterization fully automated testing

+ Packaging support

LIGENTEC PROPRIETARY AND CONFIDENTIAL 21



Low Loss SiN - Platform Overview I LIGENTEC

The Basics - Versatile platform with Full Creativity (PDK)
High Mode ConfilCEEN flexibility and short R&D Couplers
LowiR cycles and volume Mux / DeMux
v . capability MZIs / DLIs
Small Footprlnt Resonators
High Power Polarization control
[ ____|

Actives World Connections
_ _ ‘ Edge / Grating Coupler
Electrical Tuning f&~ @ o , Spot Size Converter

Modulators A ‘ : Arbitrary Die Shape

Lasers e | : | Bond pads

Detectors e — pE.., . | | CIainng opening for
= sensing

This project has received funding from the European Union’s Horizon 2020 research and 29
innovation programme under grant agreement #954530, #863322, #812818, #780537, #871658, #965124



