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A Highly Efficient Polarized Superfluorescent Fiber
Source for Fiber-Optic Gyroscope Applications

H. C. Su and Lon A. Wang

Abstract—We demonstrate a novel polarized superfluorescent
fiber source (SFS) that increases the output power in the desired
polarization by a factor of 1.96 over that of an unpolarized SFS at
the same pump. This is achieved by inserting a polarizer at the op-
timal point in the bidirectionally pumped Erbium-doped fiber of
an unpolarized SFS. Stable pump-power-dependent mean wave-
length operation and less sensitivity to the insertion loss, important
for fiber-optic gyroscope applications, are obtained in this config-
uration.

Index Terms—Fiber-optic gyroscope (FOG), polarized fiber
source, superfluorescent fiber source (SFS).

I. INTRODUCTION

ERBIUM-DOPED superfluorescent fiber sources (SFSs)
have become popular in fiber-optic gyroscope (FOG)

applications because of their high output power and broad-band
spectral characteristics [1]. In a high-grade FOG, light from
a source must pass through a polarizer before entering the
sensing coil. When an unpolarized SFS is used, half of its
power is lost at the input of the sensing coil. If an SFS is
capable of generating a linearly polarized output instead, this
loss can be eliminated.

To evaluate the polarization conversion efficiency, a figure of
merit is defined as the ratio of the output power in the desired
polarization for an SFS using a polarizer to that in the same po-
larization without a polarizer. Polarized SFSs in the single-pass
backward (SPB) configuration have been demonstrated to have
a high value of 1.76 [2]. This performance requires a polar-
izing-fiber loss under 0.55 dB [2]. However, the degradation of
its performance is very sensitive to the polarizing-fiber’s inser-
tion loss. A 3-dB polarizer loss will lower thevalue to unity,
which has no improvement at all. We have found that polarized
double-pass backward (DPB) SFSs are not only highly effective
in polarization conversion ( ) but also less sensitive to
the insertion loss of the polarizer [3]. The experiment setup of
the polarized DPB SFS is shown in Fig. 1(a). The polarizer is
placed as close to the mirror end as possible, resulting in its less
sensitivity to the insertion loss. The polarized backward ampli-
fied spontaneous emission (ASE), after passing the polarizer,
consumes most gain and becomes the dominant component of
the output power for the polarized DPB SFS. However, some
weak unpolarized backward ASE still survives at the presence
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Fig. 1. Schematic diagram of polarized (a) DPB and (b) BPDP SFSs.

of strong gain competition. This weak unpolarized ASE noise
degrades the output extinction ratio (ER), which is defined as the
ratio of the power in the desired polarization to the orthogonal
component. The value is, hence, limited due to these unpolar-
ized backward ASE signals. One possible way to enhance the
output ER of the polarized DPB SFS is to launch part of the total
pump power at the fiber mirror end. Additional backward ASE,
thus generated by the second pump source, becomes polarized
after the polarizer; therefore, the output ER is enhanced due to
more severe suppression of unpolarized ASE in the highly in-
verted region. Besides, the ASE distribution of a bidirectionally
pumped EDF is different from that of a single-pumped EDF.
The optimal polarizer position for the bidirectionally pumped
double-pass (BPDP) SFS to have the least sensitivity to inser-
tion loss will be at somewhere in the middle of the EDF length,
where the attenuation of both ASE and pump effected by the
polarizer is the least. Since the EDF length between the polar-
izer and the output end is shortened, the output ER will, thus, be
further enhanced due to the reduction in unpolarized backward
ASE.

Since the stability of the mean wavelength determines the ac-
curacy of rotation detection, it is regarded as one of the most im-
portant parameters for a high-grade FOG. The variation of mean
wavelength with temperature is affected by three contributing
sources: intrinsic thermal effect, pump-wavelength, and pump-
power related factors [4]. Since the first and the second fac-
tors are related to the materials and pump diodes, not within
our capability, we will focus on minimizing the variation of the
pump-power-dependent mean wavelength of SFSs. The polar-
ized DPB SFS has been reported capable of operating with a
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TABLE I
EDF LENGTHS AND CORRESPONDINGUNPOLARIZED OUTPUT POWER

FOR THEBPDP SFS PUMPED AT VARIOUS PUMP-POWER RATIOS FOR A

TOTAL 100-mW POWER

stable pump-power-dependent mean wavelength [3]. Any ad-
justment in the polarized DPB SFS for enhancing thevalue,
however, must also conserve this characteristic.

II. SIMULATION AND EXPERIMENT RESULTS

Our novel configuration is shown in Fig. 1(b). Pump 2 means
that some fraction of total pump power is launched at the fiber
mirror end, not necessarily to use a second pump diode. To op-
timize its performance, EDF length, the pump ratio, which is
defined to be Pump 1 over total pump power, and polarizer po-
sition are three parameters to be found. Simulation is used to
illustrate the design process and to explain some results physi-
cally. Since we do not have the cross sections of the EDF used
in our experiment, the parameters given in [4] are utilized in
simulation. Simulation results may have some differences from
the experimental ones; however, they are shown to agree well in
trend.

The value of the polarized DPB SFS is enhanced by
utilizing the bidirectional-pumping configuration. However,
adding the second pump to the DPB SFS may destroy its
pump-power-independent mean wavelength operation. This
is because the backward ASE generated by the second pump
source only experiences a single pass in EDF to reach the
output end. Compared with the DPB SFS at the same total
pump power, the effective path length of total ASE traveling
in EDF decreases for the BPDP SFS. As the total pump power
goes higher, the optimized EDF length for the DPB SFS is not
enough for the BPDP SFS to absorb the increasing ASE near
1530 nm. Therefore, the mean wavelength will decrease with
the increasing total pump power. To recover this characteristic,
a longer EDF length is needed to absorb the ASE at the
wavelength near 1530 nm. The more the pump power at the
fiber mirror end, the more the EDF length is needed. The mean
wavelength stability is considered around 100-mW total pump
power, which is comparable with our experiment parameters.
Mean wavelength stability is evaluated in parts per million
per watt, which is defined in [4]. Simulation results of the
effect of pump ratio on optimized EDF length to achieve mean
wavelength variation less than 1 ppm/mW around 100-mW
total pump power are listed in Table I. Optimized EDF lengths
and corresponding unpolarized output power of the BPDP
SFS pumped at different ratios for 100-mW total pump power
are also shown in Table I. In simulation, the wavelength-di-
vision-multiplexing (WDM) couplers and the isolator are
assumed to be lossless and 90% reflectance for the fiber mirror.
It is noted that the output power is lower for the BPDP SFS
with lower pump ratio because of more ASE absorption in a
longer EDF.

Fig. 2. Simulatedk values for various polarizer insertion losses at different
polarizer positions for the BPDP SFS.

For the BPDP SFS with pump ratio lower than 0.9 at the
same total pump, its unpolarized output power is lower than
the output power in the dominant polarization of the polarized
DPB SFS. Even with perfect polarization conversion, polarized
BPDP SFSs with pump ratio lower than 0.9 cannot generate
as high polarized output power as the polarized DPB SFS can.
Therefore, we choose the BPDP SFS with 18-m EDF and pump
ratio of 0.9 to further optimize its polarizer position. Simulated
values for various insertion losses at different polarizer positions
are shown in Fig. 2. The initial polarizer position is placed at the
first WDM and the ending one at the second WDM. It is noted
that placing the polarizer near the EDF ends will cause degrada-
tion of the value because relatively high pump and ASE power
are attenuated by the polarizer. The optimal position of the po-
larizer for the highest and for being least sensitive to insertion
loss for the polarized BPDP SFS is 11.5 m away from the
first WDM, where both pump and ASE power are lower than
they are at EDF ends. The output power of the polarized BPDP
SFS in dominant polarization is 26.1 mW with corresponding
value of 1.96 when a polarizer is placed at this optimal position.

Some experiments are made to confirm the simulation results.
Since we have no tunable coupler to tune the pump ratio of
the pump power launched at two EDF ends, two 980-nm laser
diodes are used in our experiments. Two 980/1550-nm WDM
couplers are used for combining and coupling pump and ASE
signals. The single-mode EDF (DF 1500, FIBERCORE) has a
cutoff wavelength of 945 nm and a numerical aperture of 0.23.
The absorption of EDF we used is 9 and 13.5 dB/m at 979 and
1531 nm, respectively. The ER of the in-line polarizer (Wave
Optics 650/967-0700) is about 30 dB with an insertion loss of

0.4 dB. A fiber mirror ( ) is utilized to reverse
the forward ASE signals to the backward direction. The output
spectra and optical power of the backward ASE signals are mea-
sured by an optical spectrum analyzer. A polarization analyzer
is used to measure the output ER.

Since the parameters of EDF used in the simulation and ex-
periments are not the same, the optimal EDF length for the
pump-power-independent mean wavelength operation and the
optimal polarizer position for least sensitivity to insertion loss
had to be adjusted in the experiments. The EDF length of DPB
SFS is chosen to be 11 m while a 15-m EDF is used in the BPDP

Authorized licensed use limited to: National Taiwan University. Downloaded on February 13, 2009 at 04:39 from IEEE Xplore.  Restrictions apply.



SU AND WANG: HIGHLY EFFICIENT POLARIZED SFS FOR FOG APPLICATIONS 1359

Fig. 3. Measured pump-power-dependent output ER andk value for the
polarized DPB and BPDP SFSs.

SFS with pump ratio of 0.9 to achieve the pump-power-indepen-
dent mean wavelength operation around 120-mW total pump
power. For the polarized BPDP SFS, the polarizer is inserted
at the position 9.5 m away from the first WDM to obtain the
highest polarization conversion efficiency and least sensitivity
to insertion loss. The following measured results are based on
the parameters described above.

The unpolarized output power of the BPDP SFS with 15-m
EDF at pump ratio of 0.9 for 120-mW total pump power is
24.52 mW. With a polarizer placed at the optimal position,
24.2-mW polarized output power with an ER of 22.4 dB
is measured at the same pump. No obvious fluctuations in
state of polarization are observed if the coils of EDF and the
components used in the experiments are kept still. Its output
power in the dominant polarization is 24.06 mW. Thevalue
is, thus, calculated to be 1.96. Similar experiments are made
for the DPB SFS. The unpolarized and polarized output power
for the DPB SFS at 120-mW total pump power are 24.32
and 23.86 mW, respectively. Its output ER is 13.3 dB and the
corresponding value is 1.88. Measured output ER and the
value for the polarized BPDP and DPB SFSs at various pump
power are shown in Fig. 3. The output ER (or thevalue) of the
polarized BPDP SFS is higher than that of the polarized DPB
SFS at the same pump power because of the reason described
in introduction. At high pump power, the values for both
configurations seem to be at saturated maximum levels. It is
noted that a smaller pump is needed to reach the maximum of

for the polarized BPDP SFS. This is because polarized back-
ward ASE induced by the second pump source can enhance the
suppression of unpolarized ASE in highly inverted EDF region
near the first WDM. Therefore, a lower pump is required for
the polarized BPDP SFS to suppress unpolarized ASE to noise
level, which leads to the saturated maximumvalue.

Both measured pump-power-dependent mean wavelength
and linewidth for the polarized BPDP and DPB SFSs are
shown in Fig. 4. Both configurations have been experimentally
demonstrated to have stable pump-power-independent mean
wavelength characteristic around 120-mW pump power. The

Fig. 4. Measured pump-power-dependent mean wavelength and linewidth for
the polarized DPB and BPDP SFSs.

mean wavelength is larger for the polarized BPDP SFS than
that of the polarized DPB SFS because of the use of longer
EDF, which absorbs more ASE signals near the wavelength
near 1530 nm. The definition of linewidth for SFS is given
in [5]. The linewidth decreases as the pump power increases
because the 1550-nm peak grows faster than the 1530-nm
peak. The linewidth of the polarized BPDP SFS at 120-mW
pump power is 14.77 nm. Although it is smaller than that of
the polarized DPB SFS, it is still enough for applications of
navigation-grade FOG [4].

Insertion loss of the polarizer will degrade thevalue of the
polarized SFS [3]; therefore, such degradation is also studied
as a tunable optical attenuator is inserted between the polarizer
and EDF to tune the insertion loss. Thevalues for the polar-
ized BPDP SFS without the optical attenuator at 120-mW pump
power is 1.96. With an insertion loss as large as 5 dB, the polar-
ized BPDP SFS still possessesvalue of 1.74. The approximate
insertion-loss dependentvalue degradation slope for the polar-
ized BPDP SFS is 0.044/dB. Note the backward ASE gener-
ated by the second pump source only passed the polarizer once,
resulting in less ASE power being attenuated by the polarizer,
and thus, is less sensitive to polarizer insertion loss.
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