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Precision measurement and spectroscopic applications of
femtosecond optical frequency combs

Li Yan

(State Key Lab of Precision Measurement Technology & Instrument, Department of Precision Instrument ,
Tsinghua University, Beijing 100084, China)

Abstract: Over the past seventeen years, notable advances have occurred in a diverse range of scientific areas following the development
of femtosecond optical frequency combs. Frequency comb first establishes a direct link between microwave and optical frequencies, thus
enabling the breakthrough of time- and frequency-domain research. Frequency stabilization of comb has led to a revolution in frequency
metrology and precision measurement. In addition, well-defined temporal coherence across the optical spectrum makes it a unique tool
for molecular spectroscopic applications, simultaneously providing high speed measurement, high spectral resolution and broad spectral
coverage. This tutorial review provides an introduction to femtosecond optical frequency combs, covering their principles of operation and
applications and advance in frequency metrology, absolute distance measurement, precision absorption spectroscopy, high speed
nonlinear spectroscopy and microscopy and high precision time and frequency transfer. In this way it aims to demonstrate their potential
as a spectroscopic tool that could play a very significant role in future advances in the precision sciences.
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Fig.1 Precision optical frequency measurement

using frequency comb
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Fig.2  Absolute distance measurement based on

synthetic wavelength method using intermode beats
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Table 1 Autocorrelation of femtosecond pulse
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Fig.3  Absolute distance measurement based

on time of Flight method
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Fig.4  Absolute distance measurement based on

frequency comb spectral interferometry
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Fig.5 Dual comb ranging via electronic-field

interferometry
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Fig.6 Type Il second harmonic generation of

femtosecond pulses

2.6 BERABNE

LGRS 307 B Tk 5 DRI SO T3, 4%
AT WA, SRR T ks g™ 5
AhEAT -SRI BN 255 | A BUBGHO
TWA ARt 1 22, T 1z i T I RO RS %
B R I 2 v 0

TR P B o A 25 04 4
for weights and measures, CIPM) {45 B Fa e e v
ORI ORI R 5 CIPM HEZE I R RO A5
SEIE R ARG A TR A R M A R R
i, 3K BERRTROGAAL & TLA 43 7 R AT A, 25 09 5
S RANEE S BRI 45 % 2E S bR, A TR AL
Zhu M. H. 2 2R FISEAR 4 G645 A0 T4 AR o
AR Y, AT AR 28 60 3% T 2 4 U9 050 2 0 R R A
(7] s G SR 67 7% 722 b 48 Sy YA 1 A5 252 7 Ak, U] LA
SPGB G 2 1 Y A T R X YR T
MOGHLAE L] 5 D0 E 0 o

(international committee

K7 MDD S5 BRSO R 1]

Fig.7 Comb-calibrated precision displacement control
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Fig.8 Air refractive index measurement via comb-based

spectral interferometry
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Fig.9 Precision molecular spectroscopy using

frequency comb as a broadband coherent source
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Fig. 10 Dual-comb molecular spectroscopy
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Fig. 14 Simplified schematic of fiber noise cancellation
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Fig. 15  Synchronization of femtosecond lasers
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