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THE BLACK BOX
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What can this chip do?
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Several things!

• Do arbitrary boolean calculations with memory on a bitstream

• Recognise arbitrary 5-bit headers at 12.5 Gbps

• Perform speech recognition of isolated digits

• Does not consume any active power

• Easily upscalable to higher speeds

it
miec

HOW DOES IT DO IT?

Using “Reservoir Computing", a brain-inspired technique to solve pattern 

recognition problems in a fast and power-efficient way
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WHAT IS RESERVOIR COMPUTING?
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What is reservoir computing?

From field of machine learning (2002)

Addressing issues with recurrent neural networks

Originally mainly in software

Quite successful:
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— Digit recognition .rrV

— Speech recognition

— Robot control
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No memory!

Many real-worid problems are temporal, 

calling for some memory in our system 

(e.g. through feedback)
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Adding feedback

Very hard to train!
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Solution: reservoir computing

Don’t train the neural network, only train the linear readout

reservoir readout
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Overfitting

d - 2 d = 6 (over*fit)
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What is silicon photonics? ----------

The implementation of high density photonic integrated circuits by 

means of CMOS process technology in a CMOS fab

Enabling complex optical functionality on a compact chip at low cost
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Passive Silicon reservoir

• Silicon photonics: mature technology

• Giant multipath interferometer

• Nodes are simple splitters/combiners

• Non-linearity in readout suffices

• No active power consumption inside chip

• No longer limited by timescale of non-linearity

Vandoorne et al, Nature Comms, 5, 3541, 2014
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Advantages

• Scalability:

— we spent a lot of effort to slow down the signal!

— easily scalable to higher speeds by shortening the delays

• No active power consumption on chip

• Same generic chip can be used for:

— digital tasks

— analog tasks NON-LINEAR DISPERSION
So, generalizes to different applications COMPENSATION AT 32 GBPS

M
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Sending signals through an optical link suffers from distortion
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Fixing these problems requires expensive
digital processing.

Can we do it in the optical domain at high 
speeds?
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Experiments: RC is better at equalising this NL distorted signal

....................... . . ... r\ese(vun
Distorted signal Lmear equataer 0 errorti In 131072 bits

Simulations: “bad” non-linear detector even better

Distorted stream Compensated stream using
RC

BER: 3 orders of magnitude 
better

compensated stream with 
extra non-linearity from TIA 
BER: 7 orders of magnitude 

better

Motivation

Coherent transmission is the optimal choice
for medium-long range communications .. a

—

Coherent detection costs are too hiah for r^r"'
short finks ! Nss</'
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Kramers-Kronig Rx

Kramers-Kronig (KK) Receiver is an alternative scheme for coherent receivers which uses 
direct detection (i.e., amplitude of the signal) to extract the phase information. Certain 
conditions must be respected for accurate reconstruction:

1. Single sideband signal: the spectrum of the signal must be located to one side of a subcarrier

imec
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Kramers-Kronig Rx Kramers-Kronig Rx

2. Large CSPR: the carrier-to-signal power ratio (CSPR) must be high For a KK receiver to correctly demodulate a signal a(0 it should have the following 
form tiff) - A + a4(t) exp(inRt); where A is the high-power subcarrier, as(t) is the message 
signal, and expO'ntft) frequency shifts the signal

For a 4 QAM signal, the message signal as(0 (left) and the KK compatible signal a(t) (right) 
are shown below

#• #
♦ a * .4 « » «

a,

Subcarrier can be added...

— At the detector (popular, but need for extra local oscillator)

— At the source (leads to extra Nl effects in fibre)

•*
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SIGNAL RECONSTRUCTION

(A) Intensity (direct detection): | A + n5(0exp(iTrBf) |2

(B) KK DSP: a(t) = A + as(f)exp(mflO

(C) Carrier removal and frequency shift: as(t)

' miec 23

RC OUTPERFORMS LINEAR EQUALISATION

Distorted signal after 40 km fiber equalized using 16-tap optical tapped delay line (left) and 
16-node reservoir (right).

Testing on 26,700 symbols, training on 6,000 symbols.
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Solve a task simultaneously on 2 WDM channels

1s3.no vtiWj 193100 wnm

v.

XOR task

Same readout for both channels!

Improve robustness against wavelength drift

193.106 IS3.104 193.102 193.100 193.098 193.096 193.094

fnrri}

Muitiwavelength training gives 8 GHz vs 3 GHz window

Modulation format identification: BPSK vs QPSK

4 4

-■.V,. . mtec

BIOLOGICAL CELL SORTING
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Digital holography

Goal: 1000 microfkiidic channels in parallel - 1000 classifications each ms
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A SPATIAL ANALOG OF RESERVOIR COMPUTING

Phase-tointensity transfer functon —Power-independenl nonlinearity 
is sinusoid^ ava'able for computation

’ twee_________________________________________________

SCATTERERS INCREASE HOLOGRAM COM PLEXITV
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Next steps: experiments with an event camera

m
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No need for background subtraction!

Conclusions

Reservoir computing 

is interesting new paradigm 

for ali-optical information processing

S'lm ’ llllec_______________________________________________
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Welcome to the Belgian Photonics Online Meetup
The goal of bePOfvt is to strengthen the Belgian photonics network, associating research groups from all 
the universities in Belgium working on fundamental and applied topics in photonics. It will give the 
opportunity to early career and established researchers to (re-)discover and learn about the ongoing 
research topics in the Belgian cities next-door, without moving from their home universities.

Second bePOM edition ~ 23 & 24 September 2021
Our event is over! Thank you very much to all the participants!
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sensing, imaging ana speciroscopy session
1 -:30; i Tutoraf- Prof. Michel voue (UMons)

Whsi esc m fesm v-om imsgirg eHipsomevy analysis of piasrr.cnic nanocompcsm mstsmte*

1S:tD' Invked: Prof. Francesca Cecchet {UHamur)

V^iicwar opr .'.'near opr/ca/ ccecxrcscopy /nnovafeVe, :abai-fr&e ar.o highly sansniva bio^acogrlovn soiwioft 

1 Sr4G ’ Contributed talks

.‘•darge- v'3nderrotten-r VU3) - in-vitro Dili monitoring, using Z&msn spectroscopy

Aina Fite Parers tUAntwerpen) - Spectr&seofro techniques to dtar&ctens* encapsulated dye mcfecuies inside single mi! 
carbon nar.otubes

16:10 • Pace" discusser •• :ndy Magnus (VUB)

i. Smeeste- s. I Magnus, er a!. ‘'Potato gusbry assessment by rr.onbohng the acrylamide precursors using rejection 

spectroscopy end machine -amme/. Journal of Feed Engineering SI l 710699,2927.

76:PQ i Beer break & nsttvorking

D Qrrur-’C • 0 sounds bette- • athena ugem ■ Scare' i. bepom 2021 Charactercatior o X

Day #2 : Friday 24 September 2021
Optical fibers and integrated optics session

G3-4S: Tutorial. Prof Pete’' Biencurs&n (USent- iMECj

Photon:c nauromorpbp computing using eiUcon chics 

09:25. invited Dr Agnieszka Giere {vUS}

Fabccadon ohmicroetructuredpolymeropdcsl fibers 

C5-5S. Contributed talks

Hoes Uevens fUGentt - Characterization c* aleccrc-opbcsiy acids chin h’ms for photonic Groups 

idaberc Loyez (UMons) * Cancer ceils detection using optica: fiber sensors 

"■ C:2S 1 Paper discuss:on - A .vanish Pandey (UGent - ?MSC;

A Pence/ at si. dionractprcca! light Propagation n e CiccadedP^-Shiccn Micrcnrg Mcduerc"'. ACSFhoiomcs S:Z!. 

1997-2096.2027

1D:SS i e-coffee break Coffee & Chocolate

Optical design session
11:20 Tutorial: Prof. Fabian Dcerr AUS}

'First time right' freeform optics design
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