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Fig. 1. Schematic of the dual-comb spectrometer

(Comb 1 and Comb 2, homemade optical frequency
combs; H, half wave plate; BS, beam splitter; F, opti-
cal filter; PD, photodetector; M, mirror).
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Fig. 2. Schematic of the hybrid mode-locking optical fre-

current
locking

quency comb with optical reference stabilization (Pump
LD, pump laser diode; WDM, wave division multiplier;
Ert3, Er doped optical fiber; Temp. ctrl, temperature
control; PZT, piezo crystal; TEC, thermal electrical
cooler; Temp. sensor, temperature sensor; SA, saturable
absorber; ISO, isolator; Col 1, 2, 3, collimator; Q, quarter
wave plate; PBS, polarization beam splitter; H, have wave
plate; Ref.LD, reference narrow line-width laser diode;

App., experiment application).
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Fig. 3. Schematic of the phase lock loop (PLL) used for comb stabilization (BPF, band pass filter; Amp, amplifier;

HVA, high voltage amplifier; PLF, phase-lead filter; Syn., frequency synthesizer; Mon., monitor port): (a) Phase

lock loop of the PZT; (b) phase lock loop of the pump current.
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Fig. 4. Output performance when mode-locked: (a) Output pulse in time domain; (b) radio frequency spectrum of repetition
rate (RBW, resolution bandwidth; VBW, video bandwidth); (c) autocorrelation of the output pulse; (d) output spectrum.
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Fig. 5. (a) Transfer function of the designed phase-
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error signal in the pump-locking loop.
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P(20) 6472.964476485 6472.966 —0.002
P(19) 6475.624768856 6475.624 0.001
P(18) 6478.262614602 6478.266 —0.003
P(17) 6480.878014223 6480.876 0.002
P(16) 6483.470954643 6483.472 —0.001
P(15) 6486.041499847 6486.043 —0.002
P(14) 6488.589536652 6488.592 —0.002
P(13) 6491.115108389 6491.117 —0.002
P(12) 6493.618192036 6493.619 —0.001
P(11) 6496.098766354 6496.097 0.002
P(10) 6498.556625414 6498.560 —0.003
P(9) 6500.992383171 6500.991 0.001
P(8) 6503.405404121 6503.407 —0.002
P(7) 6505.795977162 6505.792 0.004
P(6) 6508.164208144 6508.161 0.003
P(5) 6510.510273317 6510.507 0.003
P(4) 6512.834418413 6512.837 —0.003
P(3) 6515.136938178 6515.136 0.001
P(2) 6517.418131459 6517.412 0.006
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Fig. 9. Comparison between the single-shot and 100-

times averaged transmission.
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Abstract

Dual-comb spectroscopy is becoming a highlighted topic in broadband spectrum measurement techniques because
of two outstanding advantages. One is its highly stable output frequency, which leads to an appealing resolution, and
the other is the omitting of moving parts, which helps achieve extreme fast sampling rate. Utilizing the traditional
radio frequency linked combs, however, obstructs the dual-comb spectroscopy reaching satisfied performance because the
phase noise of the radio frequency standard causes the dual-comb mutual coherence to severely degrade. Specifically,
traditional frequency comb stabilizes the carrier envelope offset at a radio frequency by a self-reference system, and the
order number of each output comb tooth is over a hundred thousand. Thus, the phase noise of the radio frequency
reference is significantly multiplied in output optical frequency by the same order of magnitude as the tooth order
number. In this paper, we demonstrate an optical frequency linked dual-comb spectrometer where the two combs are
locked to a common narrow linewidth laser. In this configuration, the two combs are synchronized at an identical optical
frequency, which means that the carrier envelope offset of the two combs are changed to an optical frequency and the
order number of the output comb teeth are reduced by two orders of magnitude. Therefore, not only the complex
and costly self-reference system can be removed but also the phase noise of the optical frequency of each comb tooth is
effectively reduced, which leads to lower mutual frequency jitters and better mutual coherence. To prove the performance,
we measure the v; + vz P branch of '*CyH, molecular and the results accord well with the reported line positions and

~1. The average signal-to-noise ratio exceeds 200 : 1 (62.5 ms, 100 times on

—1/2

reveals a spectral resolution of 0.086 cm
average) and the noise equivalent coefficient is 6.0 X 107% cm~!.-Hz . This work provides a solution for pragmatic

dual-comb spectroscopy with high resolution and low-cost configuration.

Keywords: spectroscopy measurement, Fourier transform spectroscopy, optical frequency comb
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