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Short distributed feedback fiber laser with unidirectional

output for sensing applications
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A short distributed feedback fiber laser with a nearly unidirectional output is fabricated and tested.
The short fiber laser is made of a polarization-dependent phase-shift grating fabricated with a vertically
polarized 244-nm ultraviolet (UV) laser. A single π phase-shift is introduced to a 2-cm grating at a
specified position by directly moving the phase mask during UV beam scanning. Test results show that
the laser has a single polarization longitudinal mode with 2.6-mW pump threshold. The backward-to-
forward output power ratio is approximately 30:1. The relative intensity noise is –88 dB/Hz, and the
linewidth is approximately 10 kHz at 75-mW 980-nm pumping. The unidirectional output and short
dimension of this short fiber laser make it very useful in sensing applications, especially in multiplexed
sensing applications.

OCIS codes: 140.3510, 140.3490, 060.2370.
doi: 10.3788/COL201311.041407.

Distributed feedback fiber lasers (DFB-FLs) show great
potential in acoustic and seismic sensing because of their
excellent properties, including single-frequency opera-
tion, mode-hop free, low noise, narrow linewidth, and
small dimension[1−6]. Many fabrications and applications
of DFB-FLs have been reported[1−8]. Most DFB-FLs are
longer than 3 cm. Few examples have been reported for
short DFB-FLs (especially Er-doped DFB-FL) smaller
than 2 cm in length.

Some papers on ultra-short distributed Bragg reflector
fiber laser (DBR-FL) have been recently presented[9,10].
Compared with DBR-FLs, short DFB-FLs have more
robust single-mode operation. Using short DFB-FLs
for hydroacoustic and seismic sensing means smaller di-
mension of the packaged sensors, lower pump consump-
tions, higher spatial resolution, and higher responsive
frequency. Furthermore, the unidirectional output of
DFB-FLs improves the utilization efficiency of lasers
and reduces interference from the other output port to
the adjacent sensing elements when used in a multiplexed
array.

In this letter, we present the experimental results in-
cluding the fabrication and characteristics of a 2-cm-long
single phase-shift DFB-FL with a unidirectional output
suitable for extensive application in acoustic and seismic
sensing multiplexed arrays.

A 2-cm-long phase-shift grating (Lg = 2 cm) was writ-
ten in a 4-cm-long photosensitive Er-doped fiber (Nufern,
peak absorption at 1 530 nm is 8 dB/m) that was spliced
to the passive matching pigtail fiber (Nufern 980 Hp) at
both ends. The grating was written by scanning a 244-nm
frequency doubled harmonic continuous-wave (CW) Ar-
ion laser across the phase mask and fiber. The induced
index modulation could be obtained and controlled with
an accurate scanning speed. A polarization-dependent
grating was generated by a vertically polarized ultraviolet

(UV) scanning laser[11]. In the fabrication process, the
phase shift was introduced by a simple relative movement
of the phase mask to the fiber during beam scanning[12].
The movement of the phase mask to achieve an accurate
π phase-shift is a quarter of the period of the phase mask
mounted on a piezoelectric actuator (PI, P-752.11c) with
nanometer resolution. Different from the procedure used
to obtain phase-shifted grating in the shield method[5]

and post-processing method[6], the generated phase shift
in this technique is only dependent on the relative dis-
placement of the phase mask without relation to the
UV-induced index change. The schematic diagram for
this phase shift grating is shown in Fig. 1.

Based on the three-level rate equation of Er ion and
the transfer matrix analysis approach[7], we simulated the
pump-output characteristics of the 2-cm-long DFB-FL.
We obtained an optimized index modulation amplitude
of approximately 2×10−4 and used a phase shift posi-
tion of 0.4Lg to obtain the optimized high output and
backward-to-forward laser power ratio (Fig. 2). The sim-
ulation results indicate an index modulation amplitude
of ∆nac ∼ 2 × 10−4 to obtain the highest output power
of the DFB-FL for symmetrical phase-shifted DFB-FL.
The simulation of the influence of phase shift position
indicates that a phase shift position at approximately

Fig. 1. DFB-FL grating structure with a single π phase shift
located in 0.4Lg .
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Fig. 2. Theoretical simulation of the output characteris-
tics. (a) 0.5Lg phase shift position and 100-mW pump; (b)
2.0×10−4 index modulation and 100-mW pump.

Fig. 3. Backward output spectrum of the DFB-FL.

0.45Lg is needed to obtain the highest backward output.
However, the unidirectional degree is not sufficient if the
phase-shift is at 0.45Lg, where the backward-to-forward
output ratio is approximately 10:1. To achieve an even
higher ratio, we fabricated a 2-cm DFB-FL with a single
π phase-shift located at 0.4Lg. To obtain the accurate
index modulation amplitude, we first tested the photo-
sensitivity of the used Er-doped fiber by writing sev-
eral 1-cm-long uniform fiber Bragg gratings at different
scanning speeds and fitting these measured data with a
nonlinear equation. Based on the experimental data and
the fitted curve, we correspondingly changed the beam
scanning speed to obtain an accurate index modulation.

The output power, laser spectrum, relative intensity
noise, and linewidth of the fabricated DFB-FL were sys-
tematically tested. For the 980-nm pump, the power
pumped into the pigtail fiber of the DFB-FL is only in-
creased from 0 to 75 mW. The backward laser spectrum
as shown in Fig. 3, was measured with a high-resolution
spectrometer (Apex2040a, wavelength resolution of 0.16
pm). The signal-to-noise ratio (SNR) is over 50 dB, run-
ning in a single polarization mode without orthogonal
polarization modes and multiple longitudinal modes.
The pump-output curve (Fig. 4(a)) shows that the
threshold is approximately 2.6 mW and that the slope
efficiency for backward output is approximately 0.04%,
which is slightly higher than the simulation result. The
backward-to-forward output ratio is approximately 30:1
at over 40-mW pumping.

The relative intensity noise (RIN) was measured at
different pump powers (Fig. 4(b)). The RIN peak at
relaxation oscillation frequency decreases with increas-
ing pump power, whereas the relaxation oscillation fre-
quency increases. Thus, RIN is lower than –90 dB/Hz
when pumped at 100 mW.

The linewidth of the DFB-FL was measured using the
self-homodyne method with a 25-kmdelay interferometer.

Fig. 4. (a) Output power and (b) relative intensity noise of
the DFB-FL with pump power dependence.

Fig. 5. (a) RIN and (b) linewidth of the DFB-FL at 75-mW
pumping.

The frequency spectrum analysis (Fig. 5(b)) shows that
the linewidth of the DFB-FL is approximately 10 kHz at
75-mW pumping, which can yield a coherence length of
over 20 km.

In conclusion, the fabrication and characteristics of a
2-cm unidirectional DFB-FL on an Er-doped fiber were
systematically reported. After simulating and optimiz-
ing the 0.04% slope efficiency and a nearly unidirec-
tional output with a backward-to-forward output ratio of
approximately 30:1 are experimentally obtained. A sin-
gle polarized longitudinal mode operation is observed for
the fabricated polarization-dependent phase-shift grat-
ing. The values of RIN and linewidth are –88 dB/Hz
and approximately 10 kHz at 75-mW pumping, respec-
tively. The short dimension, unidirectional output, and
narrow linewidth of this DFB-FL make it very useful in
multiplexed sensing arrays.
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