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A field-programmable gate array (FPGA) is an electronic integrated circuit
designed to be configured by a customer after being manufactured.
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Introduction

Can we have a photonic FPGA?
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Introduction - Programmable photonic signhal processors

Research Article Vol. 2, No. 10 / October 2015 / Optica 854 |

Programmable photonic signal processor chip _
for radiofrequency applications
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Proof-of-concept demonstration
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— AN

ARTICLE

Multipurpose silicon photonics signal
pDrocessor core

Daniel Pérez!, Ivana Gasulla!, Lee Crudgingtnnz, David J. Thomson?, Ali Z. Khokhar?, Ke Li%, Wei Cao(® 2,
Goran Z. Mashanovich?3 & José Capmany’
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Introduction - Programmable photonic signal processors

a Electrical Electrical

input/s output’s
1 A A A A
1 ' Structure

RF and high-speed electronics interface J it é, Outt
iR

Optical L P —
input/s l B “ I 1 N2 m— OUut2 |
Reconfigurable optical core o . [ ¢|_ i

Optical I ' Function |
source } ED} e i Coupler Bar Cross |
—l =l —tp Optical R T G :
: output/s e e e
Control electronics and software J .
Waveguide

== Mach-Zehnder coupler
Phase tuning element
== Light propagation

g ‘;- Tunable basic unit Lacsess

AT ey 2
i . tunable coupler —— P4
! : 3-dB 3-dB ! |
1+, 1 coupler Heater, _coupler i+
. Heater, A
4+—— BUL=L +L ——pp

ACCESS tunable coupler

D. Pérez, I. Gasulla, L. Crudgington, D. Thomson, A. Khokhar, K. Li, W.
| uOttawa

Cao, G. Mashanovich and J. Capmany, Nature Commun., 8, 636 (2017).



Introduction - Programmable photonic signhal processors
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Introduction - Programmable photonic signal processors
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Introduction

The architectures reported in the two previous

papers

 has large size and high power consumption —
small-scale integration

* |ess flexibility in reconfigurability

Solution: to change the rectangular or hexagonal
cells to microdisk cells.
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A disk-based large scale photonic FPGA
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8 x 8 disk mesh network Much smaller size
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Operation — signal routing
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Fabricated device
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Measurements
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Measurements

—_ O . O e~ e
E e TV
=-10 S0 |
220 | g -20
@) L o L
S 4 a
4 g7 e |
S 40 (@) | &-40 (b)
3 1525 1540 1555 1525 1540 1555
Wavelength (nm) Wavelength (nm)
2 0 \ \ 0 \
G% -10¢ o% -10 T
1 A A
o -20 o -20:
16 15 14 13 & | 2 |
S 30 2 -30
S ’ S |
g™ o &7 ()
C 4 4
© -50 ‘ ‘ ‘ ‘ ‘ © 50 ‘ ‘ ‘ ‘ ‘
1525 1540 1555 1525 1540 1555
Wavelength (nm) Wavelength (nm)

uOttawa 15




Measurements
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Delay-line demonstration

An on-chip tunable optical delay line based on 8 cascaded MDRs in

all-pass filter configuration 0
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Discussion: as a flat-top bandpass optical filter
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Discussion: as a multichannel differentiator - WDM systems
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Discussion: as an optical beamforming network
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Discussion: as a delay line FIR filter
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Conclusion

O A programmable photonic signal processor based on a silicon
photonic microdisk array can be flexibly reconfigured and have a
smaller size — suitable for large scale integration.

1 The processor can be reconfigured to achieve diverse signal
processing functions including time delay, temporal differentiation,
true time delay beamforming, and microwave delay line filtering — an
optical FPGA.
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Thank you and welcome to
MWP2019 in Ottawa
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