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Luceda Photonics was born in 2014 from
the Belgian photonics ecosystem.

Our vision is to help photonic IC designers
enjoy the same first-time right experience
as electronic IC designers.

Our mission is to accelerate PIC design
teams’ time to market, by helping them set
up a flexible and efficient PIC design flow.

Global presence on all continents, with
several offices and 1000+ users worldwide.

Team of photonics experts.

Take control of your photonics design flow
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Luceda Photonics ¢, puthon

powered

" Help photonic IC designers enjoy the same

first-time right experience as electronic IC designers ¥’

Luceda Photonics Design Platform

Take control of your photonics design flow
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PIC: From idea to product

Meet Eva:

O Highly skilled photonics engineer
O Works at a space company

O Designs PICs for satellites

Eva

e

I_ U E DA Take control of your photonics design flow
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PIC: From idea to product
Eva, design a
chip that will
detect neutron

Eva

IDEA

I_ U E DA Take control of your photonics design flow
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PIC: From idea to product

Foundry building
blocks (foundry IP)

Eva’'s building
blocks (space
company |P)

IDEA DESIGN

D e 4

Take control of your photonics design flow
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PIC: From idea to product

©

Dennis

IDEA DESIGN FABRICATION

Take control of your photonics design flow



Swissphotonics PIC Convention, 21 June 2024 8

PIC: From idea to product

Dennis

Chip
A few months measured

IDEA DESIGN FABRICATION CHIP to ~1 year

I_ U E DA Take control of your photonics design flow
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%
o @

Chip
measured

PIC: From idea to product

The measurement

results are not so
good... We should
change X.

@ @ A few months

IDEA DESIGN FABRICATION CHIP to ~1 year

I_ U E DA Take control of your photonics design flow
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Okay, Dennis.
Please, make change

PIC: From idea to product

The measurement X and resubmit the

results are not so
good... We should
change X.

Dennis Boss

Chip
measured

@ @ A few months

IDEA DESIGN FABRICATION CHIP to ~1 year

I_ U E DA Take control of your photonics design flow
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| don’t know

PIC: From idea to product

The person that how to run the

made the design simulations

/
1/
///

/

deadline

next week...
only 24
hoursina /

da ‘
Chip
measured

Dennis

A few months
IDEA DESIGN FABRICATION CHIP to ~1 year

I_ U E DA Take control of your photonics design flow
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PIC: From idea to product

The design

doesn’t allow

for automated \\
N

The design
o

testing

can’t be

packaged How do |

design for
hybrid /heter
ogeneous

integration?

Dennis

©

IDEA DESIGN

+ 5 years @

FABRICATION CHIP 3-4x PACKAGING

+ PRODUCT

LUCEDA

Take control of your photonics design flow
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PIC: From idea to product

The story of Eva and Dennis
IS not unique...

Take control of your photonics design flow



ﬂ;" Large variety of
R R ".’ applications

= L= N
QUANTUM cLouD TELECOM bl d b PIC
SDss SPECTROSCOPY  compuTING COMPUTING DATACOM enabie y S

Common:

Al They all contain design IP

METROLOGY AEROSPACE

BIOPHOTONICS Al

LUCEDA

P H O T O N I C S
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Keys to success

SE2

Time to market

< * »

Collaboration IP Management

Photonics design ecosystem

I_ U E DA Take control of your photonics design flow
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Keys to success

SE2

Time to market

< * »

Collaboration IP Management

Luceda Photonics Design Platform

I_ U E DA Take control of your photonics design flow

P H O T O N | C S
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Level 1
i1i
1 Designer 1 Foundry

1 Design

LUCEDA

P H O T O N | C S

Take control of your photonics design flow
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Luceda Design Kits

LUCEDA DESIGN KITS (PDKs, ADKs, TDKs)

Silicon (Production) Silicon (Prototyping) Silicon Nitride Indium Phosphide

I®LIGENTEC &
MART
'HOTONICS

@ SIHEON !"'Ig"‘!"‘ﬁ@ Z Fraunhofer
HHI

: AIAA . SiEPI
tmec g 5e S giepie
@\Sil'hulqml('
compoune “mec
b A @ NANOSOI P])«Mf =
®,SITRI
Semiconductor AA
Lithium Niobate Aluminum Oxide Assembly and Testing
M Tyndall
- SILICON phi¥ € Tyndall
i e VI
vesem aurer ORI
)

v
v
v

Standard language: Python

Power of IPKISS: layout + models
+ simulation

Schematic capture & verification
in IPKISS Canvas

Automated testing and quality
assurance

Export to OpenAccess, uPDK
standards

Take control of your photonics design flow
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Luceda IPKISS

ﬁ python

powered

LUCEDA

P H O T O N | C s

Take control of your photonics design flow
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Luceda IPKISS

Parametric layout
o FT —ll
\\ _ -'5 0 % 10 l‘S 20

Virtual fabrication

rrrrrrrrrrr 2 G 220000

&

=jrn

Code-driven
flow

ﬁ python

powered

Physical device simulation (e.g. EME)

HUHUUL

SBABEBIBINININTIRININIY
s

\NSys X ewws Tidy3D)

LUMERICAL

LUCEDA

P H O T O N | C s

Take control of your photonics design flow
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Optical & electrical routing Obstacle avoidance n=4

Luceda IPKISS = =B

_/ — =
Lw 1 j T\ = i

Transmission [dB]
Lo

Reflection [dB]
Lol

Parametric layout
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Automated VIA insertion Temperature-dependent simulations
250
— 0
2004 -5
XY -10
s . 150 =
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= wavelength [um]
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Physical device simulation (e.g. EME) , : -
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LUMERICAL 56~ IPKISS Ca nvas e ”o IP KISS (Ci,i,que 77;}?;1%35 Nas 150 152 154 156 158 160 162

Wavelength [um]

Take control of your photonics design flow
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Luceda IPKISS

1 unit cell ring

Tunable ring resonator functionality

Transmission (in0 - out0)

Wavelength [um]
Tunable routing functionality

) :
Post-layout simulations " e
‘h <]
Code-driven
flow Key | length Value 100.0

©)[z2] [0]wx(@] ot

python
Waveguide length

powered

A

Take control of your photonics design flow
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Luceda IPKISS

1 unit cell ring

Tunable ring resonator functionality

S T

Optical output power

)
5
3

!
==

Post-layout simulations
ute angle patching

A

‘ Key length Value 100.0

E =

- Overlapping layers
S ﬁ python

- powered
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Take control of your photonics design flow
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Level 2

1 Foundry

Design team

1 Design

LUCEDA

P H O T O N | C S

Take control of your photonics design flow
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Automated component design flow
Example: Luceda Link for Ansys Lumerical

C IPKISS
| @
e def simulate splitter(layout, project folder, mesh_accuracy=1, wavelengths=(1.5, 1.6, 100)):
1 - : — 1 monitors = [i3.device sim.Port(name=p.name, box size=(2.0, 1.0))for p in layout.ports]
P T 7 geometry = i3.device sim.SimulationGeometry(layout=layout)
y
— _ outputs = [i3.device_sim.SMatrixOutput (
0 e name="smatrix",
. _"“--‘.__‘_\ symmetries=[ ("outl", m"out2")], 7 = - 2 7
\\ L . wavelength range=wavelengths)] ¥ oaiaton ™ Mechiis: ™ gttt i N \aEER
— D @ e e o
1 “'-\___ e — setup macros = [fdtd macros.mesh accuracy(mesh acc
- fdtd macros.field monitor(alignmenf Ll l ‘ o : E DA
~— P HOTONIC S
material_map = {i3.TECH.MATERIALS.SILICON: 'sSi (sil]
2 i].TECH.MATERIALS.SILICONﬁOXIDE: i
tlon job [0} T T T T T T
i3.device_sim.LumericalFDTDSimulation(
33 = o 1 F] 3 r s geometry=geometry, | R e G| | 000 e rrrerreeveeerRRRRRRRRRRRRRR————— R
outputs=outputs, — =5 1
Ll | C E DA monitors=monitors, %
e - il setup_macros=setup_macros, —
© © ¢ s project folder=project folder, o —-10} 1
solver material map=material map, T T ax iel
verbose=True, 3
headless=False) S —15¢ === Transmission - 4.0um ||
g -0 === Reflection - 4.0um
smatrix = ﬁimjob..getiresult(outputs [0] .name) E Transmission - 5.0um
Y 51 m==  Reflection - 5.0um
LUCEDA 7
P H O T ©O N I C E %
o =30} 1
G
iy
n =35} 1
This splitter was the result of an inverse optimization process —4p : : : ‘ . :
. . 1.48 1.50 1.52 1.54 1.56 1.58 1.60 1.62
erformed using Lumerical FDTD. \ns S
P g Wavelength [um]

https://support.lumerical.com/hc/en-us/articles/360042305274

LUMERICAL

Take control of your photonics design flow
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Example: Directional coupler

(n2)— (out2)—,
2 !
s COrnersione_sin /]
- ry
z J
? gdsii 0l = —
Al ipkiss El)
7 circuit
’ compactmodels -4
" Ei_fﬂb —1.5 =30 2.5 0o 13 50 15
> benches o
w t Power transmission
components
p 0.65 inl-outl (through) e
> crossing —— inl-out2 (drop) //
. 0.60 -
hd dir_coupler /
P
? data 0.55 - S
? doc @ 050 /
=
> pcell o bus e
> regeneration //
. . 0.40 4
S simulation /_/
A _init__.py 0.35 -
0.30 T T T T
150 152 154 156 158 160
Wavelength

Take control of your photonics design flow
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Version control

Dennis fixes a bug

branch_2

main
branch 1 merge (after review)
Lena works on a new component in a different branch Q
Automated testing and QA
(Luceda IP Manager)
I_ U E DA Take control of your photonics design flow
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Level 3

l&r =

!
RNy

Design team

O Foundries

O Heterogeneous integration

O Packaging Foundries

1 Design

O Testing Houses

I_ U E DA Take control of your photonics design flow

P H O T O N | C S




Swissphotonics PIC Convention, 21 June 2024 29

Verticalized design flow is emerging

A
LQ ASITRI
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] o SILICON D
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SiPhotonIC
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m
9
r4

i

.

ADK

/

TDK

PIC Design Team

57

« Foundries

« Heterogeneous integration solutions
« Assembly and packaging solutions

« Test providers

LUCEDA

P H O T O N I C S

Take control of your photonics design flow
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Retargetable designs and libraries

</>
G
D
v 4 \
One source code
Foundry A - Prototyping Foundry B - Production

VJ
‘D

—~< —<

L
—s0 o 50 100 150 200

I_ U E DA Take control of your photonics design flow

w.
A!
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Example: Packaged 4-Lane Modulator with Tyndall

Automated placement of loop oA\ JALZATAY/
alignment waveguide \
» \ O Correct positioning of bondpads
\ 1 north & south
‘ _ ‘ I O Correct bondpads pitch
Fiber grating coupler pitch I
T EEENE EEEN EEEN EENEHN
e e
Exclusion areas j
| b :
- S H = Tyndall
EPOXY FLOW EXCLUSION === ! } National Institute

LUCEDA

P H O T O N | C s

Take control of your photonics design flow
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Manage several sources

2. ADK

1. PDK

M~ I

3. Company component IP o
T 4. Company circuit IP

HEERN
-
[l'
La

LUCEDA

P H O T O N | C S

Take control of your photonics design flow




Swissphotonics PIC Convention, 21 June 2024 33

Example: Packaged designs with the Phix ADK
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Hybrid Heterogeneous

to the silicon wafer, where they are
aligned and bonded to waveguides
on the silicon photonics chips.

wafer-to-wafer / die-to-wafer

© Fully processed
and tested laser
dies are constructed
in a separate fab.

@ Blank -V @ Substrate © Lasers are
semiconductor layers of the constructed above
wafers are bonded -V wafer are the waveguides on
to the silicon removed. the silicon photonics
photonics wafer. chips.

Monolithical

O Excess |-V material
is etched away, and the
lasers are electrically
contacted to the silicon
photonics chips.

Defect free

Hn-v

semiconductor

© Laser dies are

!
processed in a way F i
that leaves them i
weakly attached to

their source wafer. @ A stamp pulls
interface of the siligon multiple dies from
and the IlI-V material t the wafer and then
gﬁg\?vﬁgg:%pceg’ree places them all at
material to grow on_ce atop wave_-_
above it guides on the sili-
con photonics

Misfit defects at the

Silicon Dioxide

Silicon

S
1.00um

© The laser dies
are electrically

https://spectrum.ieee.org/lasers-on-silicon - 4 WAYS TO PUT LASERS ON SILICON

to the silicon

Roel Baets, Joris Van Campenhout, Bernadette Kunert, Gunther Roelkens

Take control of your photonics design flow
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Efficient hybrid / heterogeneous PIC design

PDK Schematic capture

SMatrixSweep =)
Coupler1x2 —<

el
Couplertx3 — °

n out
Couplerix4 —= el0
) o — o0———— T A
DirectionalCoupler —
in1 out2 PO p1 in2 out2 in1

EdgeCoupler 3 o — o —o —

llﬂ/_\ out!
GratingCoupler [m=— ° ‘®
MMI1x2 - @

Reflector I

Waveguide —_—

Fabrication & Measurement

\aj LY LuLve,

=
o

switch

<.
D (‘} .C} thermal heater
4, ->-C e
(

o

WG-coupled power (dBm)

WG-coupled power (dBm)
|
N
o

tunable  transfer-printed - -50
microring _1l-V amplifier 4970 1530 1540 1550 1560 1570 1580 1536 1538 1540 1542 1544
Wavelength (nm Wavelength (nm
(a) Schematic of the optical transmitter with integrated (b) Resulting ITI-V-on-Si integrated circuits. avelength { ) avelength ( )
widely tunable lasers. (b) Coarse wavelength tuning. (c) Fine wavelength tuning.

Micro-transfer printing InP C-band SOAs on advanced silicon photonics platform for lossless MZI switch fabrics and high-speed
integrated transmitters, Jing et al. ) o R .
Vol. 31, No. 26 / 18 Dec 2023 / Optics Express 42807 Results shared with permission from UGent - imec

Take control of your photonics design flow
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Efficient hybrid / heterogeneous PIC design

PDK Schematic capture

SMatrixSweep ==
Coupler1x2 _<
en
Coupler1x3 — ) :
ou
Couplerix4 = 10
(]
2 o — 06— [T g,
DirectionalCoupler S—
in1 t2 PO SOA p1 in2 out2 1}
EdgeCoupler I— o — D g . DA NP
- mi/—\ out1
GratingCoupler [Time—» ) { )
= =
MMI1x2 —- @

Reflector Il

abrication & Measurement

\aj LY ULy,

Layout l - I1I-V SOA part of

10 __ 10
% . S S
) switch t h ' ' I P D K m 0 m
,:OAO (c thermal heater e S a e o o 0
Gy } = i =0 =
€ ] v -10
_ac Ge PD¥ 5 20 5
&_ WTL2 o Q _7o
ol g -2 g
= 5 -30
(e —> : :
Sagnac loo 8 8
mirror -
Ohase/;ectionDc coupler O { ) g‘ -50 g 40
tunable  transfer-printed - B ‘ ‘
microning _II-V amplifier 4970 1530 1540 1550 1560 1570 1580 201536 1538 1540 1542 1544
Wavelength (nm Wavelength (nm
(a) Schematic of the optical transmitter with integrated (b) Resulting ITI-V-on-Si integrated circuits. 9 ( ) 9 ( )
widely tunable lasers. (b) Coarse wavelength tuning. (c) Fine wavelength tuning.

Micro-transfer printing InP C-band SOAs on advanced silicon photonics platform for lossless MZI switch fabrics and high-speed

integrated transmitters, Jing et al. . o ' B )
Vol. 31, No. 26 / 18 Dec 2023 / Optics Express 42807 Results shared with permission from UGent - imec
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Efficient hybrid / heterogeneous PIC design

© Laser dies are
processed in a way
that leaves them
weakly attached to
their source wafer.

=

® A stamp pulls ; .“"."._= e Lo '_"__ Sresse
multiple dies from s

the wafer and then
places them all at
once atop wave-
guides on the sili-
con photonics

© The laser dies
are electrically
connected

to the silicon.

'.'.'.:::Phop.éa.i;é'FﬁB".'-'.'fﬁ

Randomly placed coupons (does not scale) Design rules based on standard coupon locations

Take control of your photonics design flow
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PIC: From idea to product We di.dn”r use,

Dennis

@ + 5 years @

IDEA DESIGN FABRICATION CHIP 3-4x PACKAGING
+ PRODUCT

I_ U E DA Take control of your photonics design flow
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PIC: From idea to product

We built a clean
//cmd documented

We used
IPKISS for our A
designs \\\
.\\\\\\

Designing

goes so fast
thanks to

\Tufomation
\

| can
reiterate

with Transition to
changes\\. production

N\

\\\\\\\

phase never

been this

smooth

177/ 00

Dennis

©

IDEA DESIGN

FABRICATION

+ 2 years @

PACKAGING
1-2x + PRODUCT

e

LUCEDA

Take control of your photonics design flow
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We are hiring!

Open positions Connect with us on LinkedIn

Application engineer
Software engineer
Luceda Academy coordinator

Pierre Wahl - 1st

Connect with Pierre

i
S,

Luceda People | Chiara: Science Luceda People | Misa: At the

oo

and core skills, a powerful intersection of different fields
combination
Chiara, who works as a Marketing, Sales & In this 'Luceda People Story', MiSa reflects on
Application Engineer, appreciates the the road that brought him to become a . .
diversity her job entails. In additional to software developer at Luceda and what this Ch lara Alessand 1
technical work, Chiara is also responsible for position means for his personal growth. After
sales and marketing, which tu... his master's degree in el...
Read interview Read interview

Connect with Chiara

Take control of your photonics design flow



https://www.linkedin.com/in/pierre-wahl-a1623514/
https://www.linkedin.com/in/pierre-wahl-a1623514/
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