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Abstract. This paper reports the development of a dual-comb spectroscopy system based on gain-switched
single-mode laser diodes emitting at 1572 nm. The switching is performed by a train of short electrical pulses at
a repetition rate of 100 MHz while the lasers are subjected to external optical injection. Under these conditions,
broad and flat optical frequency combs (OFC) are generated, showing 500 tones within 10 dB and a line spacing
fixed by the repetition rate of the switching pulses. The dual-comb generated by the interference of two such
combs with slightly different line spacing, is used for measuring the absorption line of CO, at 1572.02 nm. The
transmission spectrum is analyzed and fitted to a Voigt profile. A deviation of 3% in the residuals of the fitting
is obtained, denoting the high spectral performance of the spectroscopy system.

1 Introduction

The spectrum of an OFC generated by a coherent laser
source consists of discrete, equally spaced frequency lines
separated by a determined repetition rate. Multiple tech-
niques, such as mode-locking, electro-optic modulation,
four-wave mixing, or gain-switching [1], have arisen in
the last decades for high-quality OFC generation. Among
them, OFCs generated from semiconductor lasers by gain-
switching (GS) have attracted considerable attention due
to their high stability, easy implementation, low-cost, and
repetition rate tunability. The generation of OFCs by GS is
performed by the modulation of a laser source with the su-
perposition of two electrical signals, a DC bias current and
a radio-frequency (RF) AC current at a certain repetition
rate fg. Sine wave signals are usually employed as the AC
current for high repetition frequencies (fg>1GHz). Nev-
ertheless, for lower repetition rates (100-500 MHz), high
quality OFCs require pulsed AC current and external opti-
cal injection (OI). The Ol is implemented in a master-slave
configuration. A continuous wave light from a master laser
(ML) is inserted into the gain-switched laser, working as
the slave laser (SL). The injected light locks the phase,
thus preserving the coherence of the train of pulses and
ensuring the generation of high-quality flat combs. These
systems are suitable for multiple applications including
telecommunications, optical metrology, radio-frequency
generation and particularly on molecular spectroscopy. In
this sense, the dual comb spectroscopy technique (DCS) is
specially relevant at low repetition rates, where the line
spacing between consecutive lines can be tuned with a
careful selection of the GS and OI conditions, yielding
higher resolution measurements [2].

In recent reports, we have demonstrated the generation
of OFCs at a repetition rate of 100 MHz based on pulsed
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GS with OI. These OFCs featured 750 tones, with a band-
width of 75 GHz within 10 dB and centered at 1549.5 nm
[3], and were successfully applied for DCS, measuring an
absorption line of H"*C!*N by DCS. The simplicity, com-
pactness and the control of line spacing, makes this system
a perfect candidate for the implementation of the technique
outside the 1550 nm spectral range.

In this work, we report on the generation of OFCs
centered at 1572 nm, based on optically injected gain-
switched semiconductor lasers using a two-channel arbi-
trary waveform generators (AWGQ) as electrical pulse gen-
erators with a repetition rate of 100 MHz. This cost-
efficient, easy-to-handle, and tunable GS lasers are appro-
priate for dual-comb applications in terms of bandwidth
and resolution. We experimentally demonstrate that the
quality of the generated RF signal is suitable for the mea-
surement of the absorption line of CO; at 1572.02 nm.

2 Experimental setup

The schematic of the experimental setup is shown in fig-
ure 1(a). The OFCs are generated by two Discrete Mode
Lasers (DML) (Eblana Photonics, EP1572-0-DMH19-
FM) with a threshold current of 16 mA and a modu-
lation bandwidth of 10 GHz. The lasers are placed in
a 7-pin butterfly configuration without a built-in optical
isolator in order to allow external OI. The two of them
act as slave lasers, referred to as SL1 and SL2, respec-
tively. Each slave laser is GS by the superposition of a DC
bias current (Ibias), provided by a current source (Arroyo
4205), and an AC signal provided by an AWG (Tektronix,
AWG70000B).

For the OI, a narrow linewidth tunable laser (Pure
Photonics PPCL300) is employed as the master laser and
injected into the SLs using optical circulators. A po-
larization controller was also included in the experimen-
tal setup to maximize the coupling between the ML and
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Figure 1. (a) Experimental setup of the DCS based on GS and OI: (ML) master laser, (SL) slave laser, (EDFA) Erbium-doped fiber
amplifier, (OSC) real-time oscilloscope, (ESA) electrical spectrum analyzer. (b) Optical spectrum of one of the OFCs created for DC.
The tones of the OFC can be distinguished in the 0.02 nm zoom of the OFC as shown in the inset.

SL lasers. For the DCS, the AWG produces two elec-
trical signals with slightly different repetition rates, fg)
and fro=fg;+Af, which are subsequently amplified by an
RF amplifier with a 18 GHz bandwidth. Furthermore,
an acousto-optic modulator (AOM) (AA Opto-Electronic
MTS80-IIR30-Fio-PMO) is employed to shift the frequency
of SL2 with a value of f,,; ;=80 MHz. The optical signals
coming from each laser are coupled together and ampli-
fied by an erbium-doped fiber amplifier (EDFA) (OFAL-
18P, Acronym Fiber Optics) with a fixed gain of 25 dB
and then directed either to a reference path or to a gas cell
by means of an optical switch. The CO, gas is contained
in a 80cm-long cell (Wavelength References CO,-H(80)-
500-FCAPC) at a pressure of 500 Torr. The transmittance
of the R16 line at 1572.01 nm is 0.896 (absorption depth of
0.5 dB), according to the HITRAN database [4], with a full
width at half maximum (FWHM) of 4.18 GHz. The result-
ing RF signal is characterized by an oscilloscope, whose
acquisition is triggered by a common 10 MHz reference
signal, and a 44 GHz electrical spectrum analyzer (ESA)
(E4446A, Agilent).

3 Results and discussion

The AWG generates two pulsed signals with a pulse dura-
tion of 200 ps (2% of duty cycle) with a maximum peak-
to-peak voltage of 125 mV and a repetition rate of 100
MHz for SL1, and 100.01 MHz for SL2. The bias current
of each SL laser is optimized according to its threshold
current and the voltage of the pulsed signal. To ensure the
locking of the SLs to the ML, the central frequencies of
each laser can be tuned by temperature controllers. An
example of the obtained optical spectrum of the OFC gen-
erated by SL1 is shown in figure 1(b). The injection of the
master laser is set to 1571.88 nm (17 GHz away from the
absorption frequency). The quality of the OFCs was char-
acterized by the spectral width at 10 dB (6f}() and by the
carrier-to-noise ratio (CNR), with a value of 30 GHz (470
tones) and 17.5 dB for SL1, and 31.2 GHz (500 tones) and
13.6 dB for SL2, respectively. It must be noted that the
peak coming from OI is not considered for CNR and ofj¢
calculations.

The down-converted RF output spectrum is measured
by an oscilloscope, obtaining 550 lines within 10 dB (33.5
GHz of spectral bandwidth) and a CNR of 26.5 dB with an

appropriate flatness for gas absorption measurements (see
figure 2(a)). The peak at 80 MHz corresponds to the mas-
ter laser injection, shifted by the AOM device. RF spec-
tra containing gas information are normalized with a ref-
erence measurement to obtain the transmission profile of
the R16 absorption line. The transmission curve is cor-
rected linearly and then a Voigt function is fitted to the
line profile, as shown in figure 2(b). The Voigt function
provides the absorption depth and linewidth as T=0.51 dB
and FWHM=4.21 GHz, respectively. According to the
gas cell manufacturer and HITRAN transmission data [4],
these values are in good agreement. Furthermore, the stan-
dard deviation of the residuals is calculated as 3.2% in a
16 GHz span.
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Figure 2. (a) Down-converted RF comb spectrum correspond-
ing to the reference path (blue line) and with the gas cell (orange
line). (b) Experimental transmission profile of the R16 CO, ab-
sorption line fitted to a Voigt function (red line) and its residuals
(bottom part).

In conclusion, we have demonstrated the generation
of low-frequency, broad and flat OFCs from a GS laser
using AWG as the pulsing source along with optical in-
jection, with a bandwidth of 31.5 GHz and 550 tones.
These combs are used to measure the CO, absorption line,
demonstrating dual-comb spectroscopy capability.
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