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The implementation of high density photonic integrated
nh-photonics circuits by means of CMOS process technology in a CMOS fab

Silicon photonics
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Why silicon photonics matters Outline
PAn introduction to silicon photonics
Biosensing and gas sensing

Laser Doppler vibrometry and optical coherence tomography

Drastic reduction of energy consumption "
through optical fiber intérconnect and Spectroscopy-on-a-chip
silican photonic chips
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Why silicon photonics
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High index contrast == very compact PICs shiicon-oxias
CMOS technology —> nmsprecision, high yield, ‘Slxntstrate

existing fabs, low cast in voluma
High petformance passive devices
High performance Ge photodetectors
High parformance modulators
Wafer-level automated testing
Hierarchical set of design tools
Light source integration (hybrid/meonelithic?)
Integration with electronics (hybrid/maonalithic?)
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Industrial take-up Outline
Si photonié products An introduction to silicon photonics
© Fiwt 54 photonis progucts weainuotued on the marke by Kawirs in 2006 = Biosensing and gas sensing
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- I Laser Doppler vibrometry and optical coherence tomography
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Biosensors Label-free ring resonator biosensor

Detect presence and concentration of
* Proteins

+ Viruses
+ Bacteria
* DNA
.
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Multiplex sensing results DNA hybridisation
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Concentrations down to 100 pM can be detected
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Pocket project (FP7) @ pO C I( Et Selective, reversible and fast ammonia gas detection
Application:
Detection of Tuberculosis biomarkers in urine Mikcraparas sillsa nydr, perast. 2hm; parasity: 46K breath :::!w-i*
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Outline Doppler effect

An introduction to silicon photonics

My 2V

opt targel

Ton ¢

Biosensing and gas sensing
I Laser Doppler vibrometry and optical coherence tomography

Spectroscopy-on-a-chip ’
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Laser Doppler Vibrometer: measuring the velocity of a surface
Moving tirgat Pulse wave velocity measurement

Polytac OFV-334 LOV sansor head.
+ pulse wave velocity: measure for aortic

stiffness, an Important marker for
atherosclerosis
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= + gold standard: carotid-femoral PWV

+ not practical for general practitioner
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LDV-measurement of blood pulse velocity

wisely become stiffer due to atherosclerosis ] /
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CARDIS project (Horizon 2020)

Goal: develop a prototype for a point-of-care LDV device
Timeframe: 2015-2018
Budget: 3.5 Meuro
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Silicon phatonics circuit for swept source OCT
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Lars dpinca e
silicon chip: 0.75 ¥ § mm? (waveguide loss: 0.35 di/em)
Reference anm with 13 ¢m physical length (50,4 em optical length)
Sensitivity; -62 di with 115 pW power delivered to the sample
Axial resolution: 25 um (limited by spectral bandwidth of fiber-chip grating couplers)

G. Yurtsever et al, Optics Letters 2014
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5i3N,/Si0, circuit for Fourier domain OCT
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51,M,/510, waveguides (TriPleX) on
silicon chip: 10 * 33 mm?
Waveguide loss: 0.14 dB/cm
Referenee arm with 19 em
physical length

Sensitivity: <65 dB with 100 yW
power delivered 1o the sample
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G, Yurtsaver ¢t al, Blamedical Optics Express (2014)
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Application: absorption spectroscopy on a chip
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Glucose absorption spectroscopy

Objective:  Continuous Glucose Monitoring
by means of subcutaneous implant
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View of the chip

Glucose absorption spectroscopy: proof-of-concept
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E. Ryckeboer et al, Biomedical Optics Express (2014)
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Raman spectrum of IPA on silicon-nitride waveguide
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A, Dhakal et al, Opt Lett, (2014)
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Nanoplasmonic enhancement on 5i;N, waveguide
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