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SilOriX: Mission & Vision Sil riX

efficient connections

Mission
SilOriX delivers components for energy-efficient electro-
optic conversion of signals
in high-speed communication networks.
Our mission is to provide scalable and sustainable solutions
by enhancing silicon photonics through engineered organic
materials.

Vision
SilOriX will become the technology leader and global
supplier of silicon-organic hybrid (SOH) photonic integrated
circuits (PIC).
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Application pull: TERR 2%
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Scalable optical communication networks

2024 Ethernet Roadmap
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Source: www.ethernetalliance.org
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Application pull:
Scalable optical communication

2024 Ethernet Roadmap
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Data volume in zettabytes
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Application pull: Sil

: . : riX
Scalable optical communication networks \

2024 Ethernet Roadmap
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Sil_ riX

efficient connections

Silicon photonics:
» High integration density
» Mature CMOS technology
Large-scale photonic-electronic integration
with high yield
» Ecosystem of foundries
< Fabless fabrication: Shared investment and
development costs
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Technology push: Silicon photonics Sil riX

efficient connections

Silicon photonics:
» High integration density
» Mature CMOS technology
Large-scale photonic-electronic integration
with high yield
= » Ecosystem of foundries
Fabless fabrication: Shared investment and

development costs

Silicon modulators
» Power hungy

» Bulky in size

» Limited in speed
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Technology push: Silicon photonics Sil riX

efficient connections

Silicon photonics:

» High integration density

» Mature CMOS technology
Large-scale photonic-electronic integration
with high yield

= » Ecosystem of foundries

Fabless fabrication: Shared investment and
development costs

Silicon modulators Electro-optic molecules

» Power hungy » Material-efficient solution processes (e.g. inkjet printing)
» Bulky in size » High-performance (r;; beyond 100 pm/V)

» Limited in speed I » Tailor-made materials for various applications
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SOH Technology: Performance

Electrical
input

001001101€

Concept: Combine silicon-on-insulator waveguides
with organic electro-optic cladding material
» High-performance: r;3=390 pm/V, U,L = 0.3 Vmm

» Energy-efficient: <1V, few fl/bit for Mach-Zehnder modulator

Wolf et al., Opt. Express 26, 220-232 (2018)
Kieninger et al., Optica 5, 739 - 748 (2018)
Schwarzenberger et al. OFC 2024, Post-Deadline-Paper Th4B.6
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SOH Technology: Performance

Optical output
Electrical
input

00100117

Concept: Combine silicon-on-insulator waveguides
with organic electro-optic cladding material
» High-performance: r;3=390 pm/V, U,L = 0.3 Vmm

» Energy-efficient: <1V, few fl/bit for Mach-Zehnder modulator

Wolf et al., Opt. Express 26, 220-232 (2018)
Kieninger et al., Optica 5, 739 - 748 (2018)
Schwarzenberger et al. OFC 2024, Post-Deadline-Paper Th4B.6

Sil

rixN

efficient connections

192 GBd PAM4
(384 Gbit/s)

100 GBd 16 QAM
(400 Gbit/s per
pol.)

40 Gbit/s OOK
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Core Technology: Sil

Silicon-Organic Hybrid (SOH) Integration 1IN

MMI
Electrodes

Grating Coupler

* Basic silicon photonic waveguide structures
fabricated in standard silicon photonic process
along with full portfolio of other devices (SiGe
detectors etc.)
= High integration density, high yield

Slot waveguide filled
with organic material

e QOrganic EO materials deposited and poled in a back-
end post-processing step
= No compatibility conflicts with front-end CMOS
processing

SOl Substrate
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Core Technology: Sil

Silicon-Organic Hybrid (SOH) Integration 1IN

MMI

Grating Coupler
Electrodes

Slot waveguide filled
with organic material

SOl Substrate
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Core Technology: Sil

Silicon-Organic Hybrid (SOH) Integration 1IN

MMI

Grating Coupler
Electrodes

Slot waveguide filled
with organic material

222222222222¢

HEAT

SOl Substrate
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Core Technology:

Silicon-Organic Hybrid (SOH) Integration

MMI ,
Grating Coupler

Electrodes

Slot waveguide filled
with organic material

SOl Substrate
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Core Technology: Sil

Silicon-Organic Hybrid (SOH) Integration 1IN

MMI

Grating Coupler
Electrodes

e S G
Slot waveguide filled
Udrive

with organic material ()

Chirp-free push-pull operation with sub-1V drive signals.
SOI Substrate
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Tentative data sheet Sil riX

efficient connections

Low drive-voltage hybrid silicon photonic modulator
Tentative specifications
General description
» Pockels-effect Mach- (nzM) o
» Intensity modulation and direct detection (IMDD)
@ = 56 Gbd PAMA [z 112 Gbit/s/A)
# Coherent transmission & = 64 Ghd 64 QAM (2 960 Gbit/s/A using
polarization multiplexing]
»  Low drive voltage (= 1V,.] and small foot print (< 1 mm)
* DC bias adjusted via separate contacts
= Mondlithic co-integration with full portfalic of silicon photonic
building blocks
» Cost-efficient i farge-scal tion
Applications
# Transceivers for datacom and telecom
o Power-afficient n x 200 Gbit/s (n = 4, 8, 16 ._) IMDD links for
data center and campus area networks
o Coherent data center interconnects (DCI)
o Massively parallel wavelength division multiplexing {WDM]
. ‘and test equiy for high-spead icati
» Microwave photonics
»  Croygenic Transceivers (T =4 K]

goril (SOH) MZM. (5] an (c] Generted 16 0AM

diagr
symbol rates of 50 and 80 GBd.
Specifications for Mach-Zehnder modulator
Standard ration’ drive il MzM
| DC moitaze 05..10V
Electro-optic bandwidth 250 GHz @3 dB, = 100 GHz @6 d&
On-chip optical loss 22d8
DC extinction ratic z30d8
‘Operating wavelengths 1250 nm _.. 1450 nm

1350 nm _.. 1550 nm
1450 nm _.. 1650 nm

‘on-chip device footprint < 1000 pm x 200 pm (modulator only)
= 1300 pem x 300 pm (i i ct pads)
| mevoltage-length product 05 10vmm
 Chirp parameter s01
RF impedanca s00
| Opersting temperature? 270°c 35 °C
Maximum optical input power 15 deém
Further information
* CEoosatal, i i i i i ® H.Zwicke! at al., “Slicon-organic hybri modulators for
[FOH] Integration " 1. Ligntw. Techrol 34, 196268 [0t). iraendity Ssation T w
* 5 Wat e, Sfeor Orgaic o Sok) = Gt apt rore: 2 237542330 207
ait/s on-off Keying,” Sci. Rep. 8, 2998 {2018 * C. Mizninger ot oL, "URre-high electro-optic actity demensirsted
* 5 Worretar, " o g ing il i a siicon-organic hyoric modulstor,” Opticn 5, 733-748 (201£).
‘organic hytrid [SOH) cevices,” Opt. Express 26, 220-232 {2045). * €. Mieinger &t aL, "Dema Lang-Term
‘of & Sifcon-Organic Hybric Modulator st 23°C."
2riv-LE07. 007 74 [physics.app-ph] (2015
Contact
r—

* Dther canfigurations upan

N request
’mnimmnﬂ'tnmm 2500 h.
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Tentative data sheet Sil  riX

efficient connections

Low drive-voltage hybrid silicon photonic modulator
Tentative specifications
General description
» Pockels-effect Mach- (nzM) o
» Intensity modulation and direct detection {IMDD)
@ = 56 Gbd PAMA [z 112 Gbit/s/A)
# Coherent transmission & = 64 Ghd 64 QAM (2 960 Gbit/s/A using
polarization multiplexing]
»  Low drive voltage (= 1V,.] and small foot print (< 1 mm)
* DC bias adjusted via separate contacts
= Mondlithic co-integration with full portfalic of silicon photonic
building blocks
» Cost-efficient i farge-scal tion

Applicati {b) 50GBd ]
I e e gggg :
- m%m:‘;;mum gzg_g— _ Standard configuration Single drive push-pull MZM
*  Microwave jics e - o
. thm rr;li‘——‘—— mnhépr;}m.g:}';d?ei;d 16:».4 Dc n-v"“"o"“l"t“a‘ﬂe‘“ 0'5 — 1.0 V
- ciagr at

) . e Electro-optic bandwidth 250 GHz @3 dB, = 100 GHz @6 dB
'pedﬁﬁinrﬁfnrm-adli-zdlndelmodllamr : l
| e =" T 1 On-chip optical loss <2dB
1 Electro-opic bandwidth 250 GHz @3 dB, 2 100 GH: @6 dB 1
: o eteron et s 1 DC extinction ratio >30dB

‘Operating wavelengths 1250 nm .. 1450 nm I
I e I Operating wavelengths 1260 nm - 1625 nm (O band to L-band)
B v i e ot oo e o
: e o 05 _sovmm : On-chip device footprint <1000 pm x 200 pm (modulator only)
e CTa— " £ 1300 pm x 300 pm (including contact pads)
I Maximum optical input power 15 dém l
l:ﬁw—_—_———_——_—_——m—n;:é—_—m:[:]———— n-voltage-length product 0.5...1.0Vmm

[FOH) mtegrot™® g Techrl 3, 236-258 2038} sy rocvion] St ks e e

e esmror ._cwm;.-ﬁ':%’im@a@; Chirp parameter 01

wr*m%ﬁmnm-maﬁmxﬁw; * € ennger s morton e T e
o ~~-ﬁ:mmmwm RF impedance 50Q

e ~

~“~~~~ Operating temperature -270°C-85°C
-~
e apei senere et 3 ° o mor s 2500 SSso Maximum optical input power 15 dBm
_ -~ . __ _
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Tentative data sheet

Sil riX
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Low drive-voltage hybrid silicon photonic modulator
Tentative specifications

General description

« Pockels-effect Mach- (MzM) or
dting sl . id {soH)

# Intensity modulation and direct detection (IMDD)

@ = 56 Gbd PAMA [= 112 Ghit/s/)

# Coherent transmission & = 64 Ghd 64 QAM (2 960 Gbit/s/A using
polarization multiplexing)

* Low drive voltage [ 1 V] and small foot print (= 1 mm)

+ DCbias adjusted via separate contacts

» Monolithic co-integration with full portfolio of silicon photonic
building blocks

« Cost-effident i farge-scal tion e
: b soced
 Transceivers for datacom and telecom SOoBG L

o Power-efficient n x 200 Gbit/s (n = 4, 8, 16 ) IMDD links for 4 F
data center and campus area networks ﬁ & G ‘
o Coherent data center interconnects (DCI) "
o Massively parallel wavelength division multiplexing (WDM) ﬁa #}‘
. s s o e s communcaicrom @0 0 G G
. e : n:ag_——— Fig. 1 (] Mi of an array of silicon-organ
Croygen - hybrid_(SOH) MZM. (b) an (c] Gererated 16 GAM

- symbol rates of 50 and 0 GBd
—————————————————————————— -
'pedﬁnﬁnmfnrm{mmﬂamr I
1 standard configuration® single drive push-pull MZM
DC m-voltage 05..10V I
I Eectro-optic bandwidth 250 GHz @3 dB, 2 100 GH: @6 dB 1
I On-chip optical loss 22d8
DC extinction ratic z30ds I
I ‘Operating wavelengths 1250 nm .. 1450 nm I
I 1350 nm _.. 1550 nm
1450 nm _.. 1650 nm I
I on-chip device footprint < 1000 jim x 200 pm (modulatar only) I
I = 1300 pem % 300 pm (including contact pads)
m-voltage-length product 0.5 .. 1.0 Vmm I
I chirp parameter 501 I
I RF impedance 500
‘Operating temperatura® -270 "C -85 °C I
Maximum optical input power 15 dém I
——————————————————————
© Kooz st aL ic Hy il i * H. 2wickel at al, “Slicon-organic byt modulators for
[P0 iegrton et 4, e 52 i) o o e et 1
smﬁm-su’f-wa.usﬂh’ -cwnd.-ﬁ:m&wdﬁm
5 Wolf et at, °C n o G ﬂ.‘," in a siican-organic hysri sstcr,” Optica 5, (2012},
argenic ytrid [SOH| Gevices,” Opt. Express 26, 220-232 |20 | ay, * €. Mieinger &t aL, "Dema of Long-Term'
~y ‘ot Sifican-Organic Hybric (S0H)] Modulstor st 23°C,"
N v 1570077 [pbysicsapprph [2033].
Contact

—

* Other rations pan

"~y
~
~
~
~
~
~
~§

N request
’mnimmnﬂ'tmmmmn I
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8 xSOH 8 x pn-type SiP

— b
= |l
1 mMMes

Standard configuration

DC n-voltage
Electro-optic bandwidth

On-chip optical loss

DC extinction ratio

Operating wavelengths

Single drive push-pull MZM
0.5..1.0V

250 GHz @3 dB, 2 100 GHz @6 dB
<2dB

>30dB

1260 nm - 1625 nm (O band to L-band)

On-chip device footprint

<1000 pm x 200 um (modulator only)
< 1300 pm x 300 um (including contact pads)

n-voltage-length product
Chirp parameter

RF impedance

Operating temperature
Maximum optical input power

0.5 ... 1.0Vmm
0.1

50Q
-270°C-85°C
15 dBm

www.silorix.com
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Tentative data sheet Sil riX

efficient connections

8 xSOH 8 x pn-type SiP
== [ - * Monolithic co-integration with
Low drive-voltage hybrid silicon photonic modulator =5 l L. .

Tentativespeciations = | standard silicon photonics
* pockesaffc Mach Zehnder moduatr (V2| — 1] . i
| R = i * Operation by standard
* Coherent transmission @ = 64 Gbd 64 QAM (= 960 Gl using ; 1 LA & 1 ”» 1 1
! g et = [ | CMOS-signals™ without drive
. Em:‘::?::;::mwwmdﬂmmﬂ _ Leswd P—— ] ampllfler
e LN 1 mm=
Applications
+ Transceivers for datacom and telecom ﬁﬁ‘ﬂ

o :::;&:x::ﬂz:;ﬁmw._;wnninhh ﬁ‘& G ‘ .
o m%m;&mﬂmng%% Standard configuration Single drive push-pull MZM
- == e v T Ll 0.5..1.0V
= L it Electro-optic bandwidth 250 GHz @3 dB, = 100 GHz @6 dB
'pedﬁﬁinrﬁfnrm-adli-zdlndelmodllamr : l
: S T 1 On-chip optical loss <2dB

Electro-optic bandwidth = 50 GHz @3 dB, = 100 GH:z 26 d8 I
: o eteron et s 1 DC extinction ratio >30dB

‘Operating wavelengths 1250 nm .. 1450 nm I
: e I Operating wavelengths 1260 nm - 1625 nm (O band to L-band)
o s ot = 1500 i 200 m (i contt 1
: rotageenghproduc .:ii_lﬂm S — : On-chip device footprint <1000 pm x 200 pm (modulator only)
I ;:*T:f;.:.“‘"“" B : < 1300 pm x 300 um (including contact pads)
Maximum input power 15 dBm

.EMXE::T_,__-_u_-_,-__..l_m:,:-:m;:m:[:,m:_::- n-voltage-length product 0.5...1.0Vmm

[For ntegraion . Sy feghron 38, 256-255 (201c). intenity-mocuation | icn ki ot

E“E:":”:,‘ﬂ“‘"‘“ﬂ*“-“’}f‘“mw,-- @ ﬁwmm‘mmmmm? Chirp parameter £0.1

argaric yia [SOH] cevices,” . Express 26, 220-232 l~~~ " gt e g o ¥ ) q
o e il RF impedance 500

~‘~~~ Operating temperature -270°C-85°C
S
e apei senere et 3 ° o mor s 2500 S~ Maximum optical input power 15 dBm
_ ~ . _ _
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Driver-less operation Sil riX

efficient connections

SilOriX

SOH-MZM CMOSRx

CMOS-Tx

Schwarzenberger et al. OFC 2024 M3K.6
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Driver-less operation Sil riX

efficient connections

SilOriX
SOH-MZM

CMOS-Rx

CMOS-Tx

Schwarzenberger et al. OFC 2024 M3K.6
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Driver-less operation Sil riX

efficient connections

» Fully packaged SOH-modulator
utilizing SilOriX‘s proprietery organic
electro-optic materials and PIC
designs.

» 112 Gbit/s PAM4 data transmission

i10riX - .
SOS|I_|?|\;|IZM CMOS-Rx » Driver-less operation at
CMOS-compatible voltage swings
below 0.5V

CMOS-Tx

Schwarzenberger et al. OFC 2024 M3K.6
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Long-term stable SOH modulators Sil riX

efficient connections
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Long-term stable SOH modulators Sil riX

efficient connections

Photo-degradation of organic EO materials (thin-films)

1
# Standard process
® SilOriX process

EO-Materia I\

Laser

degradation factor

!
o 500 1000 1500 2000 2500
Time (h)
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Long-term stable SOH modulators Sil riX

efficient connections

Photo-degradation of organic EO materials (thin-films) Photo-degradation of a SOH-MZM @ 4 dBm on-chip
T T T T T
® 5tandard process 14 . # Standard process |
2500 ® SilOri¥ process | #® SilOriX process
s’
i
2000 S
[ .
U : i _ ;
LE EO-Materia N = S o
= > 8 o | Lightintensity in slot >
L =
Laser = S 2
E 5 E r p) l\_/!\/\_//cm
o L
I K] #
= 4 J_.i'
L
'
21 ¢
| 4 ks i s et nl === m—— i »
! ! I I I u
o 500 1000 1500 2000 2500 o 100 200 300 400 500 GO0
Time (h) Time {h)
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Value chain and product development Sil riX

efficient connections

Material synthesis
Synthesis of organic electro-
optic materials

SilOriX Customers

Cooperation partners

Hybridization Packaging and System Integration
Material formulation * Mass products such as optical transceivers
Deposition and * Major manufacturers of telecom and datacom equipment

PIC Fabrication
Fabless, using existing silicon
photonic foundry services

PIC Design
* Photonic and RF design
* Adaptation to foundry-

specific processes
Combination with IP
blocks provided by
customers

encapsulation by wafer-
level printing

Wafer level poling
Testing

Dicing

System Integration
Test and meas. equipment
manufacturers

Packaging

* Low-volume high-margin
products

* Photonic and RF packaging
(coop. with partners)

Customized photonic integrated circuits (PIC) on a die level, for packaging and system integration by customers
Customized packaged devices for high-margin niche applications
PDK building blocks accessible through partner foundries

Technology licensing for ultra-scale mass production by major transceiver manufacturers

30.03.2024
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In a nutshell Sil riX

efficient connections

Silicon-organic hybrid electro-optic modulators
with disruptive performance

Efficient

Sub-volt drive signals for ultra-low
energy dissipation

Fast
Modulation at symbol rates of
190 GBd and beyond

Scalable

Monolithic back-end-of-line co-integration with www.silorix.com
established silicon photonics

info@silorix.com
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