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Why miniaturizing quadratic optical materials?
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Does this material exist at a small scale?

Bulk crystal
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Lithium Niobate (LiNbO,)
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At small scale

LiNbO, (<800 nm)

Si0, (2-5 um)

Si (0.4-1 mm)

Rabiei, P.; Gunter, P. Applied Kim, E.; ... Grange, R.
Physics Letters 2004, 85 (20).  ACS Nano 2013, 7 (6).
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More properties of quadratic )% materials: LiINbO,

Electric field

=

Change in the refractive index linearly proportional to the electric field

Electro-optic

Electro-optic tensor y (?) of

LiNbO, d;;=30.8 pm/V
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Role of the optical modulator

Communication channel

@ : Electrical signal
| Transmitter | Receiver

High speed (>10 Gbit/s)

Electrical signal

Driving Modulator
circuit Electronics

Small footprint (<1 mm?)

= Minimal extinction ratio (>6 dB)

Optical
Modulator = Low power consumption (<1 nJ/bit)
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Traditional vs integrated modulator design
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Traditional vs integrated modulator design
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Current on-chip platforms for modulators

=  Plasmonics: high speed but high optical losses (~dB/um)
- polymers: material degradation in long term

= SOl InP: Carrier injection but high voltage

=  LNOI: Low-loss modulator (<0.5 dB/cm) but large foot print,

less convenient parallelization

Mach-Zehnder

C. Wang et al., Optics Express 26(2), 1547-1555, 2018
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Concept of the integrated Bragg modulator

Lithium niobate

Electrodes

Oxide

Aim: reduce footprint in LNOI modulators ~ 10x500 pm?

with a single waveguide and a modulation at the Bragg resonance
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Concept of the integrated Bragg modulator

Multilayers of alternating materials with
varying n, each layer causes a partial reflection Stop band in transmission

=]

—
o

]
o

9%
o

)
=
il
=
(3]
c
QL
]
£
=
@
N
©
£
i
O_
Z

-40
1520 1525 1530 1535

Wavelength (nm

Nanofabrication at BRNC and FIRST clean rooms

E'HZUf'/Ch Reig Escalé, ..., Grange, Optics Letters 43(7) 2018 Rachel Grange 11



Concept of the integrated Bragg modulator
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—— - Stop band in transmission
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Which integrated devices ?

= A Bragg optical modulator

= A nano spectrometer
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Current spectrometers ‘
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On-Chip Fourier Transform Spectrometers

Stationary-wave integrated Fourier-transform
spectrometer (SWIFTS)
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E. Le Coarer et al., Nature Photonics 1(8), 473-478, 2007
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Thermo-optic Fourier-transform spectrometer

Output light
to photodetector
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Full sampling (>100 V) / Extended bandwidth

M. Souza et al., Nature Comm. 9(665), 2018
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Lithium Niobate Nano Spectrometer V=0

5mm

Quasi-TEy,, n~1.8 at 1550 nm
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~1.39 dB/cm Prop. Losses
~6 dB Insertion Loss

Si0, —s LNO
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Undersampling

Evanescent field Zero optical
samplers :_—path difference
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Electro-optic sampling: monochromatic
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Electro-optic sampling: bandwidth
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Applications of the broadband integrated spectrometer

Non-invasive measurement of human brain activity

Optode modules

Wyser et al. Neurophotonics 4(4),
041413, 2017

Biomedical Optics Research Laboratory, University Hospital Zurich
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Outlook

Lithium niobate platform Sensing:
Communication:

Dual comb spectroscopy

Beam forming (LIDAR)
Electro-optic modulators

Frequency combs (WDM)

T
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Bottom up metasurface Random network
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Outlook

Communication:

Lithium niobate platform Sensing:
Dual comb spectroscopy

_ Beam forming (LIDAR)
Electro-optic modulators

Frequency combs (WDM)
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