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(SILICON) PICs TobDAY

Rapidly growing integration
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FLEXIBLE OPTICAL COMMUNICATION

Today: if you want to change protocol...

you need to make a new chip

fiber in

detectors

modulators
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PROTOTYPING A NEW (SILICON) PHOTONIC IC
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Then you discover the bugs...

Repeat!
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PROTOTYPING A NEW ELECTRONIC CIRCUIT

Select a suitable FPGA, DSP, uC (1d)
Program and test the chip (1-4w)

Only then, if needed: Anysilicon

. Design ASIC Time to Market
NRE

Design Flow

Unit Cost

Performance

Power Consumption

Unit Size
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WHERE ARE THE PHOTONIC FPGAS?

or programmable photonics
reconfigurable photonics
photonic processors

universal photonic circuits ...
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PROGRAMMABLE PHOTONICS

A photonic circult
that can be reconfigured
using software

to perform different functions.
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PROGRAMMABLE PHOTONIC CHIP

Can processes signals in the optical domain RF signals

« balancing

* filtering

« transformations optical Photonic optical

§ignals Processor signals
in

Both on Optical and RF
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GENERIC PROGRAMMABLE PHOTONIC CIRCUIT

Optical signals in and out

RF inputs: modulators ghspeed ¥ Y % Y OOY

photodetector

RF outputs: balanced PDs
Long delays for filters _J

Optical inputs and outputs

S|gnals

;J Programmable High-speed pn modulators '

J i e -

RF
signals
out

f‘tfﬁ

Optical delay lines
Connected by a programmable

linear optical circuit
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RECONFIGURABLE LINEAR OPTICAL CIRCUITS

Not a new concept:

N outputs = linear combination of N inputs

tunable 2x2
couplers

Reck 1994: Generic optical linear circuits
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Miller 2013: Self-configuring optical circuits MPHES ~~ | outputs
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Carolan 2015: First demonstration
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Ribeiro 2016: First demonstration in Silicon =
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UNIVERSAL LINEAR CIRCUIT IN SILICON

Tunable couplers = MZI with thermo-optic phase shifters
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Phase shifters: Power monitors:
|O channels: Simple Heaters Directional coupler tap

grating couplers
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EXAMPLE: UNIVERSAL LINEAR CIRCUIT IN SILICON

Electrical
Wiring Outputs Monitors
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Comparison between feedback stabilized and non-stabilized

performances
ADAPTIVE BEAM COUPLER 2
. . o T\ & Feadbackon =
Circuit adapts itself to maximize “\ .
. . — 1 (/_'A\ 29
output to a single mode waveguide £ . D 5
% , q/:\ee\dbaCk Off A —W?thout Feedback| - 27%
Local feedback loops stabilize t- \’\,a\/\\
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LARGE-SCALE QUANTUM-OPTIC CIRCUITS
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Full configurability and control over 16-photon entangled states
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~600 photonic components
« 16 sources

* 96 thermal phase shifter

» 48 grating couplers

« 182 MMIs

« 256 crossings
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RECONFIGURABLE LINEAR OPTICAL CIRCUITS

Adding feedback (loops)
« Zhuang 2015: Square Meshes

« Capmany 2016: Triangular/Hexagonal meshes

tunable
coupler
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-re;;?"‘ii Photonics

HEXAGONAL MESH CIRCUIT .-;e;ig}ggResearch

<% Labs

* 7 hexagonal cores

« 30 tunable couplers
(2 heaters per coupler)

« >100 possible circuits
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PROGRAMMABLE FILTERS (FIR OR |IR)

Example: Optical Ring resonator

CS BS

s AV ez TC

oUT2 - ‘\;gﬂ /‘j N

OuUT1

DE VALENCIA ~7

552 UNIVERSITAT -
1) POLITECNICA 77ZA/{/L

ouT2

K
i 6 unit

lengths

Normalized Transmission (dB)

3 Photonics
i Research

e Labs

ORRG6

-15

5F
-10

20 -

25 -

-30

_35 1 1 | 1 1 1 |

1,579.75 1,579.85 1,579.95 1,580.05 1,580.15 1,580.25
A (nm)

D. Pérez, et al., Nature Comms. 8, 636, 2017

21



PROGRAMMING DIFFERENT OPERATIONS

2nd order ring filter 3rd order ring filter . SWAP Transformation .
2
3
4
1 000
mmTunable Coupler 0010
=1 Phase Shifter Ugump =
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THE ESSENTIAL BUILDING BLOCKS

Phase Shifters —%— Tunable Couplers @

Ve
V.

Sin » Ap (V) » Sout = Sin-ejA¢(VC)

Sinl

» Sout1 = Sinl(1 — k) + Sin2K
»Soutz = Sin1k + Sin2(1 — k)

S in2

: k(Ve)

top metal heater doped silicon heater carrier dispersion liquid crystal tuning optical tuning
modulators

visible light Ad
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PHOTONICS PUBLIC PRIVATE PARTNERSHIP

The MORPHIC project has received funding from the
European Union’s Horizon 2020 research and
innovation programme under grant agreement No
780283. This project is an initiative of the
Photonics Public Private Partnership.

www.h2020morphic.eu

Zero-power o
switches, couplers ™S
and tuners

.. The @orphic Project

piiptoriis RIENIS Mems-based zerO-power Reconfigurable PHotonic ICs

processes

programmable
subcircuits with
feedback loops

e State-of-the-art Silicon Photonics

* Photonic Waveguide MEMS

generic programmable
circuit topologies

* Non-volatile switching

high-speed generic ° La rge-scale Programmable circuits
silicon photonic

circuits

programming
electronics

e Full electronic reconfigurability

* High-density packaging

Full iSiPP50G tivity: S S .
functionality m PN " | 2 % ° Programmlng tools
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* Diverse application demonstrators
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200mm waferscald BN Y 0 ‘ . * Large-scale switches
silicon photonics S S . -
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P ih o * Beam forming and steering

with photonic: large 10 count
functionality photonic-electronic

package * Microwave Photonics filters

24



A NEW WAY OF DESIGNING FUNCTIONALITY

N

I
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Full Custom design PDK-based Circuit Design
standard
phase
shifter
Full custom Custom circuit design with
geometry design standard tunable couplers

and phase shifters
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Programming The Circuit

Circuit definition by programming
a waveguide mesh
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GENERIC PROGRAMMABLE PHOTONIC CIRCUIT

Optical signals in and out

Optical inputs and outputs .r .v.r .V "

RF inputs: modulators high-speed
RF outputs: balanced PDs ~ Photodetecions Aege
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‘ — 111 III I ¥ High-speed pn modulators

Long delays for filters
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Optical delay lines
Connected by a programmable

linear optical circuit FERAR
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PROGRAMMABLE TRANSCEIVERS
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MORE THAN JUST PHOTONS

It is not just the optical chip software configuration

« Packaged interfaces

* Driver electronics .
1000s electronic

\J back loops
x
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PACKAGING AND TESTING
Need for large number of I0s
« Optical

 Electrical
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Fiber arrays or
optical interposers
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SCALING PROGRAMMABLE PICs

Today’s Silicon Emerging Programmable The Fully Generic
Photonics Technology Photonic Circuits Programmable PIC

standardized control ASIC
for real-time programmi

external board for
programming

high density
interposer
electrical 10

custom control

ASIC
I/ high-power

thermal tuning

real-time failure
compensation

low-power
., tuning
o f no redundancy components /
limited Singlefuncti low-power high \
: ingle-function . :
fiber count ASPIC high g A tuning fiber count  Programmable PIC
fiber count — Programmable PIC
i /7creasing complexity, functionality, flexi bility
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CHANGING THE ECOSYSTEM

Larger chip manufacturing volumes New role for chip suppliers
Smaller end-user purchase volumes Specialized Packaging
Faster Prototyping Cycle | Programming services and IP creation

L T T rrrryyy

’ electrical input/output
’ % % and drivers circuits

programming
service

N
5
y % optical input/output
Wafer-scalefab - %
ITTTTIT arer-scalefta . D
[T} ead time: Chip Supplier

wvat (lead timé: Packaging
. in high volume Service
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(complete lots) Lweek 38

programming IP

6 months



SUMMARY: PROGRAMMABLE PICS

Programmable PICs can be a game-changer:
* Rapid development
« High performance

« Different applications

Rapid scaling will expose new challenges
e power consumption
« accumulated loss/parasitics
« control

e packaging
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