Integrated Photonics based on Silicon Nitride

Tobias J. Kippenberg EPFL (Switzerland)
Junqui Lui, Rui Ming, Erwan Lucas, Miles Anderson, Maxim Karpov, Romain Bouchard, Anton Lukashchuk
Anton, Johann Riemensberger

Collaborators:
Michael Gorodetsky* (RQC), John Bowers (UCSB), Sunil Bhave (Purdue), Christian Koos (KIT), T. Herr
(Hamburg), Paul Seidler (IBM)

p!C I_'LIGENTEC
WINNER ir a PIC Platfo ary

AWARDS2018

Disclosure: Co-founder & equity holder of
LIGENTEC

o . o LR

| "”7 T Gvem @,‘Q % OM
’ | FM NAT M.l!)xsr
/nrospr@ECSA (5 @D = O 7 A

A4
N
-

>
o
.0

cGQOM




I
Kerr combs: Parametric interactions
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w 87790 QQ Josephson Bifurcation Amplifier for Quantum Measurement
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EU & US Patent application * C. Eichler, et al. A. Wallra ys. Rev. Lett. 113, 2014

TJK, Gaea, Lipson, Gorodetsky, et al., Science 2011 * B.Yurke, et al. Phys. Rev. A 1989
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Microresonator platforms for frequency combs

Silicon Nitride (Columbia,
Purdue, EPFL, UCLA, NIST,

Diamond
(Harvard)

Hydex
(INRS, Melbourne)

Fused Silica
(NIST, Caltech,)
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Razzari et al., Nature Phot., 41 (2010)
Levy et al., Nature Phot., 37 (2010)
Savchenkov et al., PRL, 93902 (2008)
Jung et al., Opt.Lett., 2810 (2013)

CaF, , MgF,
(JPL, OEWaves,
RQC, EPFL)

(IBM Zurich

Hausmann et al., Nature Phot., 369 (201
Li et al., PRL, 233901 (2012)
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Pu et al., Optica (2015)
Obrzud, Nat. Photon. (2017)
Wilson et al. Nat. Phot (2018)
Y. He OL (2019
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Quantum Measurements (EPFL)
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Photonic chip based frequency comb

* No two photon absorption
 Low Raman and SBS gain
» High power handling (> 10 Watt CW)
+ High effective nonlinearity

* Space compatible material

+ Transparency window visible-mid IR

- M
V,. Brasch et al Science 2016
TJK et al. Science 2018
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Ultra low loss photonic nonlineassintegrated circuits

(a) Waveguide patterning

(c) Preform etching

1 m long waveguide with 2.4
dB/m loss , occupying a footprint
of 6.6 mm?

J. Liu et al. Nat. Comm. (2021)
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Soliton Cherenkov Radiation on a photonic chip EPFL

Experimental spectrum and simulation
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Thermal effects
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V. Brasch, et al. Science 2016
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Recent highlighted applications =P-L

Massively Parallel Telecom  Astrophysical spectrometer calibration Massively Parallel Coherent LIDAR
(P. Marin-Palomo, TJK&Koos, (Obruz, et al. TIK& Herr (2019)(J. Riemensberger, TIK Nature (2020))
Nature (2017))
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v

to

spectro-
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Integrated turnkey soliton

microcomb
Piezo-electric soliton microcomb control : (B. Shen, TJK, Vahala, Bowers
(J. Liu, TIK Nature (2020)) Neuromorphic Nature (2020))

(J. Liu, TIK, Pernice,.. Nature (2021)

Quantum Measurements (EPFL)




Si;N, as Hybrid Nonlinear Integrated Platform

Amplification

Modulation

m-v Heterogenous in’regrq%
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thve & TJK, Nature 202(y
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/ Integration with Lithiun\
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Heterogenous integration of Lithium Niobate on SiN
(with IBM Zurich, Paul Seidler) EPFL
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Hybrid integration: Self

injection locked DKS CPSL

Laser diode chip  |SLLN,

Frequency comb

microresonator "\
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A. Raja et al. TJK , Nat. Comm. 2019 Related work: Lipson group, Nature 2018

Gorodetsky group Nat. Photon 2018
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Performance of Si;N,-AIN integrated Lasers EPFL

—— SIL DFB 2 GHz
------------------------- Beta Line

—— Free running DFB
—— SILDFB 10 GHz

SIL DFB 190 GHz

Frequency (Hz)

* Noise is limited by thermorefractive noise <5T2> — OV

« Increasing the cavity size decreases the
phase noise due to thermodynamical noise

« 2 kHz rms linewidth (from betaline) )

arXiv, 2021
tonics and Quantum Measurements (EPFL) 11




Piezomechanical con’rrol on a chip
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Ultrafast and linear chirping on chip
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« MHz Bandwidth tuning with 1 GHz chirp amplitude

e Withou

t any active linearization

« Extendable to 10 GHz amplitude and > 1 GHz bandwidth

Laboratory of Photonics and Quantum Measurements (EPFL)
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Massively Parallel LIDAR =P-L
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Soliton-based Frequency Comb Applications =P-L

Coherent communications Ultrafast distance measurements
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TJK Gaeta, Lipson, Gorodetsky, Science 361.6402 (201 8)
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Wafer compatible frequency combs =P-L

HR coated InP/Si DFB Phase Si-SiN SiN high-Q 'ml-

facet laser tuner taper resonator

« First wafer scale frequency comb compatible with Intel Foundry processing J

TJK & Bowers, Science (in press) |
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Ultra low loss Si;N, integrated photonics enabled EPFL

products

/ FMCW laser 1550 nm \

/ Frequency agile lasers at \

/ Microcombs sources \
i custom visible wavelength (950,

/Mid IR supercontinuum \
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