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Motivation
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Silicon Photonics play a key role in
wide variety of applications
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Silicon photonics — Link
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Operation principles

Modulating signal

101001...
Carrier signal

* Modulator Modulated
signal

Optical modulation is achieved by changing the optical properties of
the material (refractive index)

refractive index

Electrorefraction Electroabsorption
_ * Free Carriers Plasma _ e Quantum wells
* Non-linear phenomena * Franz-Keldysh
* Metal-Insulator transitions * Metal-Insulator transitions



con [ ree-Carrier Plasma dispersion effect (FCPD)
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Refractive index
change

At A=1,55um: At A=1,3um:
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Soref, Richard A.; Bennett, B.R., "Electrooptical effects in silicon," Journal of Quantum Electronics , vol.23, no.1, pp.123-129, Jan 1987
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Phase shifters
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Lateral

Interleaved

Carrier
Injection

Carrier
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Simplified modeling of phase modulators
and validation
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Modulators modeling
C2N
General model: For each
Voltage/Time
n(x,y,z,t) An(x,y,z,t) point o
2D/3D Electrical | PX¥.21) | soref | AkXY.ZH | Modal Efficiency
Simulation ) model ) simulation — Loss
Bandwidth
A
_ Sim. Time: ~30min Sim. Time: ~30h !
| Sim. Time: ~20s Sim. Time: ~2s
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Simplified model:

n(x,y,z) An(x,y,z)
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Lateral PN junction based modulator
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Lateral PN junction based modulator

C2N

l

it = 14
| Verygood %
agreement =t Simplified |
0.8 N
o 1 2 s 1 s 6 7 s

Reverse applied voltage (V)

General
Simplified

UNIVERSITE

ma%_m

SUD

Comprendre le monde, N
construire lavenir

Error below 10%

IL-(dB)

univers _HW 0 L 1 L 1 ] 1 1
PARIS-SACLAY

0 1 2 3 4 5 6 7 8
Reverse applied voltage (V)




Mask design
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Experimental results
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i Fabricated wafer

; Modulators were fabricated by STMicroelectronics
- 300mm CMOS pilot line in Crolles
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o Test bench
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Test bench

Fiber out
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R2 — Static Measurements
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Analog optical communications
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Conclusions
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Conclusion

C2N

Simulations of modulators demand normally huge computational
efforts.

Simplified models of silicon modulators are a key tool in design
stage.

‘W We have presented a model providing a reduction of computational
effort up to two order of magnitude.

Open eye diagrams at 25Gbps has been obtained with 8dB
extinction ratio
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Experimental results are in good agreement with model results.
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