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Abstract—A stable and wavelength-tunable single-longitudinal-
mode (SLM) oscillation with sweeping rate of 1.17 kHz based on a
fiber-optical parametric oscillator (FOPO) is proposed and demon-
strated. In order to perform sweeping SLM operations, three types
of filters, a fiber Fabry–Pérot tunable filter (FFP-TF), a subring
cavity, and an autotracking filter which is formed by an unpumped
erbium-doped fiber (EDF), are incorporated inside the cavity. The
output of the laser can be swept continuously from 1530 to 1543 nm
and 1569 to 1584 nm with the average output power exceeding
3 dBm. The short-term linewidth of the laser output measured by
self-homodyne method is about 66.6 kHz with a side-mode suppres-
sion ratio of 60 dB at 1538 nm.

Index Terms—Fiber loop mirror, fiber-optical parametric oscil-
lator, fiber ring laser, single-longitudinal mode (SLM).

I. INTRODUCTION

S INGLE-LONGITUDINAL-MODE lasers are attractive
in myriad applications, ranging from optical communi-

cations, sensing and spectroscopy, which have been studied
extensively. For example, it has been demonstrated that SLM
laser can act as an amplitude modulation (AM) transmitter
source in video transmission [1] and wavelength-division mul-
tiplexing (WDM) communication systems. SLM lasers can also
be used for gas spectroscopy by tuning the narrow linewidth
laser across a gas absorption line [2]–[4]. Single-frequency
operations based on EDF acting as a gain medium have been
demonstrated before [5], [6]. For the EDF, the amplification
window is limited by the material properties hence the lasing
wavelength is limited. With the high gain [7] and wide gain
bandwidth [8] provided by fiber optical parametric amplifier
(FOPA), the flexibility of tuning its parametric oscillating
wavelength significantly increased [9].

Parametric amplification and oscillation can be obtained by
either [10] or [8] nonlinearity. For the OPO that use

nonlinear crystal, the cavity length is relatively short and
hence the longitudinal mode spacing is large. SLM lasing can
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Fig. 1. Configuration of the sweeping SLM FOPO.

be easily obtained by inserting a traditional bandpass filter in-
side the cavity. For the fiber-integrated OPO, long fiber is com-
monly deployed in order to obtain enough gain to compensate
the cavity loss; especially for the case with continuous-wave
(CW) pump. The longitudinal mode spacing can be cal-
culated by where is the speed of light in vacuum,

is the refractive index of the ring and is the cavity length.
As the longitudinal mode spacing is inversely proportional to
the total cavity length, and with the cavity length in the order of
hundred meters, the longitudinal modes spacing will be in the
order of megahertz or kilohertz [11]. Such narrow mode spacing
is extremely difficult to be filtered by an optical filter and mode
hopping will occur easily.

In this Letter, an unpumped EDF and a subring cavity are in-
corporated inside the main cavity of FOPO in order to establish
linewidth narrowing and single-mode operation [1], [11]. The
experiment is divided into two parts; the first part is to verify the
SLM laser operating at fixed wavelength while the second part
is to investigate the sweeping SLM laser. To provide sweeping,
a fiber Fabry–Pérot tunable bandpass filter (FFP-TF) is inserted
inside the cavity. The FFP-TF determines the oscillating wave-
length by applying the sinusoidal electrical signal to the built-in
piezoelectric transducer (PZT) in FFP-TP. The fastest sweeping
frequency we demonstrated is 1.17 kHz with 15-nm sweeping
bandwidth.

II. EXPERIMENTAL SETUP

The proposed configuration of the sweeping SLM FOPO is
shown in Fig. 1. A CW pump with a wavelength of 1555.5 nm
was produced by a tunable laser source (TLS). It was then phase
modulated by a phase modulator (PM) with 10 Gb/s
pseudorandom bit sequence (PRBS) in order to suppress the

1041-1135/$26.00 © 2010 IEEE



204 IEEE PHOTONICS TECHNOLOGY LETTERS, VOL. 23, NO. 4, FEBRUARY 15, 2011

stimulated Brillouin scattering (SBS) effect [12]. The polariza-
tion controller (PC1) was used to align the state of polariza-
tion (SOP) of the pump to the transmission axis of the PM. The
dithered pump was then amplified by a two-stage erbium-doped
amplifier (EDFA1 and EDFA2) with a tunable bandpass filter
(TBPF) inserted between to remove the amplified spontaneous
emission (ASE) noise. A circulator (CIR1) was used to prevent
the reflected pump power and observe any significant SBS.

The input pump power was 28.78 dBm and was then cou-
pled into a spool of 400-m highly-nonlinear dispersion-shifted
fiber (HNL-DSF) with zero-dispersion wavelength at 1554 nm
via the P-port (transmission band: 1554.89–1563.89 nm) of a
WDM coupler (WDMC1). The HNL-DSF had nonlinear coef-
ficient of 14 W km , a loss of dB and a dispersion
slope of 0.02 ps nm km. To prevent high pump power from
damaging to the FFP-TF, WDMC2 and WDMC3 were used to
remove the residual pump. A sinusoidal electrical wave at fre-
quency 1.17 kHz was applied to FFP-TF so that the lasing wave-
length was sweeping at 1.17 kHz. The FFP-TF used in this ex-
periment had a free spectral range (FSR) of 160 nm at 1550 nm
and a finesse of 750. An isolator (ISO) in a cavity was used to
ensure unidirectional operation. In order to increase the longi-
tudinal mode spacing, a subring cavity filter formed by a 50/50
coupler and PC2 was added after the ISO. The length of the
main cavity was 428 m while the length of the subring cavity
was 3.1 m. Insertion of subring cavity could increase the FSR
from 478 kHz to 66 MHz thus it will be easier to obtain the
SLM operation. Furthermore, a 3-m unpumped EDF, acting as
a saturable absorber, was coupled to the main cavity by CIR2
which was also acted as an isolator. In the unpumped EDF, two
counter-propagating waves form a standing wave and produce
a periodic spatial hole burning (SHB) [13] thus enables SLM
operation in combination with the subring cavity. Since the op-
erating wavelength of the unpumped EDF auto-tracks with the
applied wavelength, it can be incorporated with the FFP-TF to
obtain sweeping SLM laser. The two in-line PCs (PC3 and PC4)
were used to ensure that the SOP of the light was properly con-
trolled while a 90/10 optical coupler in the main cavity provided
90% feedback signal and 10% output. 90% feedback was then
combined with the pump through S-port (transmission band:
1500–1551.39 nm, 1567.39–1600 nm) of WDMC1. PC5 was
used to align the signal’s SOP with the pump so as to maximize
the signal gain. The output optical spectra were measured by op-
tical spectrum analyzer (OSA) while the radio frequency (RF)
spectra were measured by self-homodyne method using elec-
trical spectrum analyzer (ESA).

III. EXPERIMENTAL RESULTS AND DISCUSSION

A. Fixed Wavelength SLM Laser

The first part of the experiment is to verify the performances
of the SLM laser operating at fixed wavelength. A constant
DC voltage instead of a sinusoidal electrical signal was applied
to the FFP-TF hence we could adjust the lasing wavelength
manually. Fig. 2 shows the single frequency laser spectra mea-
sured by OSA with optical resolution of 0.06 nm. The laser was
tuned from 1524 to 1541 nm and 1567 to 1582 nm with av-
erage output power of 4.1 dBm. The discontinuity of the spectra

Fig. 2. Single frequency laser spectra.

Fig. 3. Measured self-homodyne spectra for the lasing wavelength at 1575 nm:
(a) With subring cavity while EDF loop is removed. (b) With subring cavity and
EDF loop connected.

was due to the WDMC used to filter the pump and the charac-
teristic gain spectrum of a typical one-pump FOPA. The short-
term linewidth of the laser output measured by self-homodyne
method was about 66.6 kHz with side-mode suppression ratio
of 60 dB measured at 1538 nm.

Fig. 3(a) shows the beating signal spectrum measured by the
ESA at the 10% output port for the case that subring cavity was
present while the EDF loop was removed. The operating wave-
length was 1575 nm with beating signal at 66 MHz. Fig. 3(b)
shows the beating signal spectrum when the EDF loop was in-
serted. From the spectra, it can be observed the unpumped EDF
greatly suppressed the side modes and enabled SLM operation.

B. Sweeping SLM Laser

Second part of the experiment investigated the sweeping op-
eration of the proposed SLM laser. Fig. 4 shows the sweeping
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Fig. 4. Sweeping laser spectra.

Fig. 5. Measured self-homodyne spectra for sweeping from 1569 to 1584 nm:
(a) With subring cavity while EDF loop was removed. (b) With subring cavity
and EDF loop connected and the inset is the zoom-in version.

spectra with average output power exceeds 3 dBm at a sweeping
rate of 1.17 kHz.

Fig. 4(a) shows the sweeping spectrum from 1530 to 1543 nm
while Fig. 4(b) shows the corresponding spectrum from 1569
to 1584 nm. The tunable range was limited by the gain band-
width of the FOPA. Fig. 5 shows the RF spectrum when the laser
is sweeping from 1569 to 1584 nm. Fig. 5(a) shows that there
exist noisy and unstable spikes which indicated multimode op-
eration. When comparing Fig. 5(a) with Fig. 3(a), it can be ob-
served that the beating signals in Fig. 5(a) show broader spectra
than that in Fig. 3(a) which is due to the sweeping operation.
Fig. 5(b) shows the RF spectrum in which the subring cavity and
EDF were connected to the main cavity. The inset in Fig. 5(b)
is the zoomed-in version of Fig. 5(b) with stopping frequency at
10 MHz. In Fig. 5(b), only direct current peak can be observed,
but not other signal. It indicates that the EDF loop and the sub-

ring cavity can suppress the fundamental main cavity frequency
and enable SLM operations. Similar RF spectrum could be ob-
tained when the laser swept from 1530 nm to 1543 nm.

IV. CONCLUSION

We have demonstrated a novel stable and wavelength-tun-
able SLM fiber laser based on FOPO with sweeping rate of
1.17 kHz. The sweeping bandwidth was from 1530 to 1543 nm
and 1569 to 1584 nm with the average power exceeded 3 dBm.
The short-term linewidth of the laser output was about 66.6 kHz
with side-mode suppression ratio of 60 dB at 1538 nm. The SLM
operation is done by an unpumped EDF and a subring cavity.
The sweeping bandwidth can be further increased by increasing
the pump power used.
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