BRIGHT

Integrated

PHOTONICS

Develop your custom
Photonic Integrated Circuit
for Data Centers

Technology selection and design & validation

Katarzyna tawniczuk :
k.lawniczuk@brightphotonics.eu mn“Tn RT
Photonics Days 2021 - Berlin Brandenburg L4 :

5 October 2021 . t‘t‘t‘t‘t&

BRIGHT Photonics B.V. (C)




BRIGHT
Empower products @PHDTDWES
with photonic engineering Ao

BRIGHT

Integrated

PHOTONICS

Prototyping
Supply-chain
PIC Design

IP-blocks

1550 nm

Photonics
1310 nm

v Design from UV to IR

v Design across technologies

v Design flow innovation
www.brightphotonics.eu

200 nm




BRIGHT
Empower products PHOTONICS

with photonic engineering

-

'PRODUCT

BRIGHT

Integrated

PHOTONICS

Prototyping
Supply-chain
PIC Design

IP-blocks

Photonics

I

[—
-

=,

-

-

-

-

- L
-

=

-

=

1310 nm

ik
L
|

[ 18 L!HATIII_I_

v

» PhoxTroT

v Design from UV to IR
v Design across technologies

v Design flow innovation
www.brightphotonics.eu
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MASS manufacturing of Transceivers for Terabit/s era
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BRIGHT
Development beyond 400G in EU projects PHOTONICS

BRIGHT’s contribution:

A. Design of optical interconnects 1.6 Thils

chip-to-chip - 16-ch. WDM
chip-to-board S
fiber-to-chip/board

B. IP blocks & PIC concepts
mux/de-mux, couplers,
lasers, Rx, Tx, switching PICs

C. Integration of technologies A e T |

1.6 This
D. PIC layout design & validation |
tools; PDK  8x8 SW|tch|ng
Nazca

design” R

Transcelvers for Tbls inter and intra
Data Centers applications

480 Gbls |
12 ch. TXIRX

 PhoxTroT

( \ Optical Interconnectlons &
3D Integration Technologles

Funded by the
Eurgpean Union

BRIGHT Photonics B.V. (C) www.brightphotonics.eu
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A. Optical interconnects PHOTONICS
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B. IP-blocks and PIC concepts

Your ‘custom’ optical engines

* Commercial MUX and DeMUX components

* Lasers (O- band C band)

CAA N OCah )

* Spot-size converters

_.:__ _.:-_

* Polarization handling devices

BRIGHT Photonics B.V. (C)
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B. IP-blocks and PIC concepts @EH'E’TE*;EI

Your ‘custom’ optical engines

* Commercial MUX and DeMUX components

.. \ S ' e i ¥ .-*:'i_ i
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* Spot-size converters T T - T

* Polarization handling devices
L3Matrix: switching matrix
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C. Integration technologies: PHOTONICS

combining (low-loss) passives and actives

S0 sol

Si3MA
IGalass ¢ Silica-an-silhcen & PLLE Silicar-on-Insulases £ Slicon Triplew
I. h. h b .d I ] A T sio2
2 monolithic vs. hybrid integration g
| esio ¢ SUrsilicon i :
Siana
L T B arrarto® C g
SI0r2 7 Sleca § Insulstar f BOX
Reare = 1.51 Heare = 33 Moore=2.0
Hrlad = 1.5 a Miksd = 1. si Biclad = 1.5 u
hsulb = n.a suhitrate Hsaib = na, subslrate Hsub = n.a suhitrate
InpP LiNbO3 Palymer
Inf
GaksP E F
LiNhO3
Meore = 33 P Meore = 1.51
Helad = 397710 Moore = 2,205 -Neksd '-1,5' Pifaee
N =317 substrate Mclad = 2.2 Sibat ks Nmak = 1.76 ; J

Variety of material platforms

BRIGHT Photonics B.V. (C)
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C. Integration technologies: PHOTONICS
combining (low-loss) passives and actives

2 monolithic vs. hybrid integration

> hybrid I1I-V/Si laser integration

bl

Lensed-coupling Edge-coupling Vertical coupling Wafer/dies bonding Hetero-epitaxy

G. de Valicourt et al.,
JLT, 36 (2) 2018.
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C. Integration technologies: PHOTONICS
Transceivers always combine InP and Si

- Driver

o

InP enables integration of everything except the DS Si enables integration of all electronic and
photonic components except the laser

]
Vgt S-S e

N

Lorsed-coupling  Edge-coupling VTl Couplng Wafpeihen bonding  Hetsro-gpitaxy
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C. Integration technologies: comparison

InP (generic SiP with Heterogeneous Epitaxial
integration) | external lasers | integration (SOl) | growth on Si

Technical

Optical loss
Activellasers coupling
Photodiodes
Mux/DeMUX
Polarization Control

Electronics integration

0.5 dB taper loss

Production

lI-V substrate
HI-V growth
SOI/Si substrate
Footprint

Yield

Economic

Substrate cost (F'cm?)
Assembly costs
Testing

Wafer size/scaling up

Fiber coupling

100 mim

Foundries | Product owners

Smart Photonics,
Fraunhofer HHI /
Infinera, Finisar

LETI, imec, TUfe - IMOS| Under research

WTT, LETI, imec /
Luxtera, Rockley

BRIGHT Photonics B.V. (C)
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C. Integration technologies: comparison PHOTONICS

InP [generic SiP with Heterogeneous Epitaxial
integration) | external lasers | integration (SOl) | growth on Si
Optical loss
Activel/lasers coupling 0.5 dB taper loss
Technical Photodiodes
Mux/DeMLIX
Polarization Cont
Electronics int - -
= =» Application | Spec
lI-V substrate 9
Volume Y -
-V growth 9 Y |d
Production 50i/Si substrate S e v v
Footprint COSt
Yield CMOS level
Substrate cost ($/cm?) 4.5 15
. Assembly costs Fiber coupling - bonding Fiber coupling
Economic
Testing
Wafer size/scaling up 100 mm
Smart Photonics, ; ]
Foundries | Product owners Fraunhofer HHI / TE{EIFE%&TE;; LET, imec, TUle - IMOS|  Under research
Infinera. Finisar '
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C. Integration technologies: PHOTONICS

Moving towards complex modular systems

0Lul") Integration: Enabling IP and Chiplet Re-use

+ Develop a pre-defined “common”

Chiplet process modubs nwm{sruwsuﬁnhﬂ'm
dusigned with IP re-use in mind . mmmﬁw 1
ary mﬂo-:h 1
+ Different complex configura l |
. | ?
befomed oy vt ecacstie ' | Beyond 50000G?

50 GHz bandwidth

X 2 symbols per period

X 4 bits per symbol (16QAM)
x 8 lanes

X 8 wavelengths

X 2 polarizations

Minimized NRE for rapsd

DAHI-enabled integration technology plus IP re-use ecosystem to speed
the design cyde and reduce the access cost

FIGURE 2. A key feature of CHIPS is the establishment of = 51.2 Thb/s

standard interfaces to promote the reusability and inter-
changeability of modular circuit functional blocks or chiplets.

BRIGHT Photonics B.V. (C) www.brightphotonics.eu
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D. Design and validation with Nazca-Design'< "omonc

Nazcadesign®

photenic IC design framewaork

v" Combine multiple technologies — Hybrid design

2 Si-Photonics, IlI-V, Glass

2 Develop PDK, define and separate technology layers: layers mapping
v" Exchange IP Building Blocks — IP protection

2 Combine files and create libraries with GDS BBs, cells mapping

2 |P BBs handling, work with GDSII standard

= Facilitated GDSII files scaling and proper accuracy
v" Solve complex routing and DRC

2 Create interconnects and routing for circuits connectivity with error-free
implementation & DRC on connectivity

2 Path tracing for circuit integrity
v Facilitate new generation of assembly, coupling and
packaging approaches
2 Create packaging rules, packaging templates,
2 Import fiducials, drivers, tias

BRIGHT Photonics B.V. (C)

BRIGHT

# import PDK
# import IP BBs
# import Packages

import
import
import
import
import
import

nazca
leti
teem
izm
ficontec
bright

A4 Mellanox s ADVA

Data Center applications
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D. Design and validation in GDS

deMUX 7 ' MUX

Nazcadesign®

photenic IC design framewaork

16 BRIGHT Photonics B.V. (C) www.brightphotonics.eu
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D. Design and validation in GDS: path tracingpm

on
¥
=]

= MUX v

m
:

- pin-in =’ pa{|:§ g‘“ pin-in

Nazcadesign®

photenic IC design framewaork
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D. Design and validation in GDS:
connection DRC

.
28

Nazcadesign®

photenic IC design framewaork

p|n2p|n
V oK Axsection V oK

B(W‘dtﬁ sany| -0y X gap /
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D. Design and validation in GDS:
circuit simulation and verification at GDS level

Nazcadesign

photenic IC design framewaork

- Double fin Double ring filter Hybrid - 90
|
'|
1
." Iln R ." ". Examples: E / ..._\\
: [ r'l | ,I '. - Investigation of filtering characteristics ,f'f \
: -'I "ik .Jll | .'I |" - Transmission simulation of a circuit ; / \
RV NAV IR NS - Integration of Material models in PDK / \
A *,, \ and components S-matrices i \._ﬂ/
" e, www.nazca-design.org B R

www.brightphotonics.eu
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D. Design and validation with Nazca-Design@r’”“m"““CS

= Tape-out of MASSTART
, inter- and intra- Data Center PICs
= =%2 ysing LETI and TEEM PDKs in Nazca

$2°0%a%
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Thank you!

Contact: info@BrightPhotonics.eu

v Supply chain development 4 SO Marco Passoni
v PIC concepts & IP blocks mnssmn'r Katarzyna tawniczuk

v Prototyping & Design 2920202¢%9%4 Ronald Broeke
v PDKs %%

BRIGHT Photonics B.V. (C)
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