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Ultrafast optical ranging

using microresonator soliton
frequency combs

P. Trocha,"* M. Karpov,®* D. Ganin,"* M. H. P. Pfeiffer,” A. Kordts,? S. Wolf;"

J. Krockenberger,! P. Marin-Palomo," C. Wei 1t S Randel,' W. Freude,'
T. J. Kippenberg,*t C. Koos'*

Light detection and ranging is widely used in science and industry. Over the past
decade. optical frequency combs were shown to offer advantages in optical ranging,
enabling fast distance acquisition with high accuracy. Driven by emerging high-volume
applications such as industrial sensing, drone navigation, or autonomous driving,
there is now a growing demand for compact ranging systems. Here, we show that
soliton Kerr comb generation in integrated silicon nitride microresonators provides

a route to high-performance chip-scale ranging systems. We demonstrate dual-comb
distance measurements with Allan deviations down to 12 nanometers at averaging
times of 13 microseconds along with ultrafast ranging at acquisition rates of

100 megahertz, allowing for in-flight sampling of gun projectiles moving at 150 meters
per second. Combining integrated soliton-comb ranging systems with chip-scale
nanophotonic phased arrays could enable compact ultrafast ranging systems for emerging
mass applications.

frequency combs, which combine large band-
widths and smooth spectral envelopes with free
spectral ranges in the range from tens of giga-
hertz 1o a few terahertz Microresonator-based
DESs have recently been used in low-noise mi-
crowave generation (I7), frequency metrology
(18), dual-comb spectroscopy (19), coherent com-
munications (20), and optical frequency synthe-
sis (21). In our demonstrations, we exploil DES
combs for synthetic-wavelength interferometry
with massively parallel multiheterodyne detec-
tion. Our scheme is based on a pair of free-
running comb generators and does nol require
phase locking of the combs to each other. The
large optical bandwidth of more than 11 THz
leads to highly precise distance measurements
with Allan deviations reaching 12 nm al an av-
eraging lime of 14 ps, whereas the large free
spectral range (FSR) enables high-speed mea-
surements al rates of up to 100 MHz We prove
the viability of our technique by sampling the
naturally scattering surface of air-gun projec-
tiles on the fly, achieving laleral spatial reso-
lutions of more than 2 pm for object speeds of
more than 150 m/s.

For DES comb generation, we use a pair of
CW-pumped silicon nitride (Si;N,) microring re-
sonators on separate chips (22-24). The devices
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MNoble metal nanoparticles stabilized by organic ligands are important for applications in
assembly, site-specific bioconjugate labelling and sensing, drug delivery and medical therapy,
molecular recognition and molecular electronics, and catalysis. Here we report crystal
structures and theoretical analysis of three Agss(SR)x and three AupAgai(SR)y inter-
metallic nanoclusters stabilized with fluorinated arylthiols (SR = SPhF, SPhF, or SPhCF). The
nanocluster forms a Keplerate solid of concentric icosahedral and dodecahedral atom shells,
protected by six Ag;(SR); units. Positive counterions in the crystal indicate a high negative
charge of 4~ per nanoparticle, and density functional theary calculations explain the stability
as an 18-electron superatom shell cosure in the metal core. Highly featured optical
absorption spectra in the ultravioleivisible region are analysed using time-dependent density
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