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Overview 

- Neural network
- Integrated photonics
- Chip design and SCISSOR definition
- Sequence of coupled resonators: experimental results
- Sequence of coupled resonators:  Modelling
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Neural Networks

Input 
nodes

Output  
nodes

Hidden nodes

Preparation phase of neural network : • Learning process

• Validation process

• Testing process

The nonlinear response of a micro-ring could be 
exploited in an all-optical node of a feedforward 

ANN
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Reservoir Computing

Only the parameters of the output nodes are
Learned

The “reservoir” increases the dimensionality
of the input

The output layer can more easily 
distinguish the inputs
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Integrated photonics applied to ANNs

Advantages of silicon photonics:

• Stable, well-understood material

• Relatively low-cost substrates

• High refractive index means short devices

• High thermal conductivity means tolerance to high-

power devices or to high packing density

• Thermo-optic effect means a second possibility for 

optical modulation exists
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Chip design and SCISSOR definition
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Chip design and SCISSOR definition
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Chip design and SCISSOR definition
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All-pass ring resonator Add-drop ring resonator 

Transmission spectrum of an all-pass ring
and the two outputs of add-drop ring

A
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Gap = 0.18µm

In

Coupled cavities

Reservoir 

Summing with tuned 

complexes weights
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The reservoir is an optical 

cavity composed by series of  

coupled ring resonators 

The field inside the cavity is probed 

by a number of waveguides and 

sent to the perceptron.

Chip design and SCISSOR definition

0.45µm

4.45µm

Cross-section of  

the waveguide 
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 TOE: Thermo-optic effect

Sequence of coupled resonators: experimental results

Heating the 4th ring
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 TOE: Thermo-optic effect

Sequence of coupled resonators: experimental results

Heating the 4th ring
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Sequence of coupled resonators: experimental results

Δ𝑛𝑇𝑂𝐸 𝑟 =
𝑑𝑛

𝑑𝑇
Δ𝑇

Resonance frequency shift induced by thermo optic 

effect

TOE: Thermo-optic effect

Δ𝑛𝑇𝑂𝐸 Red shift> 0 SCISSOR 

band

Red shift

ΔT=
𝒏𝒆𝒇𝒇

𝒌𝒕𝒐𝒆

∆λ

λ𝒎
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1555.86 nm (3rd ring)

1556.64 nm (4th ring)

1556.18 nm (2nd ring)

Cold Resonant Frequency

Δλ/ΔT=0.119nm/°C

Sequence of coupled resonators:  experimental results
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Sequence of coupled resonators:  Modelling
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𝑡1

α
𝑡1

𝑡2

𝑡2

−𝒌𝟏𝒌𝟏

𝒕𝟏 > 𝜶𝟐𝒕𝟐 : over coupling 𝒕𝟏=𝜶𝟐𝒕𝟐: critical coupling 𝒕𝟏 < 𝜶𝟐𝒕𝟐 : under coupling 

Sequence of coupled resonators:  Modelling

𝒂𝟏

𝒃𝟏

𝒂𝟐

𝒃𝟐

t1 =0.95; t2 = 0.6

α=0.99
t1 =0.95; t2 = 0.931

α=0.99

t1 =0.95; t2 = 0.9

α=0.99
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Sequence of coupled resonators:  Modelling
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Sequence of coupled resonators:  Modelling
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Sequence of coupled resonators:  Modelling

Two rings Three rings Four rings

𝐭𝐢 =0.95; 𝐔 = 𝟑µ𝐦
𝑹𝒊 = 𝟔. 𝟓µ𝒎 ;𝜶𝒊=0.99 (i=1,2,3,4)
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Feedback coupled waveguide (FCW) 

𝜶𝑳, 𝝋
Lc𝜶, 𝜽

t,k

𝐷 =
𝑏

𝑎

2

=
(𝐶𝑁11−𝑁21)

𝑁22 − 𝐶𝑁12

2

𝑪 = 𝜶𝑳𝒆
𝒊𝝋

t,k
𝒃𝒐𝒖𝒕

𝒂𝒊𝒏
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Sequence of coupled resonators:  Simulations

𝒃𝒐𝒖𝒕

𝒂𝒊𝒏

𝛼1 𝛼2 𝛼3 𝛼4 𝛼𝐿

𝐓𝐫𝐚𝐧𝐬𝐦𝐢𝐬𝐬𝐢𝐨𝐧 𝐬𝐩𝐞𝐜𝐭𝐫𝐚 𝐨𝐟 𝐛𝐨𝐮𝐭

~ 1546nm

~ 1546nm
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𝒃𝒐𝒖𝒕

𝒂𝒊𝒏

𝛼1 𝛼2 𝛼3 𝛼4 𝛼𝐿

Sequence of coupled resonators:  Simulations

(a)

(b)

Transmission spectra of (a)SCISSOR with FCW(b) and 
SCISSOR without FCW
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Conclusion and perspectives 

• Start to simulate the neural network based on our SCISSOR

• Modelling tool able to model the properties of the SCISSOR: the SCISSOR simulation reproduce almost  
the same experimental results
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Thank you for your 
attention


