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Abstract

We demonstrate that by using a
cleaved Er-doped fiber end as mirror a
stable (<5ppm), broadband (>10nm),
and high power (~23mW) super-
fluorescent fiber source in double-pass
backward configuration would be
obtained by properly choosing the EDF
length and pump power. Such
simplification light sources would
benefit the development of navigation-
grade SFS’s.
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I1. Introduction

It is well known that the accuracy of
rotation detection in a fiber optical
gyroscope (FOG) is determined by the
stability of scale factor, which in turn
depends on the mean wavelength
stability of the FOG’s light source [1].
Recently diode pumped Er-doped
superfluorescent fiber sources (SFS’s)
have been extensively studied because
of their superior thermal stability over
the semiconductor counterparts{2,3].
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There are three thermally induced
parameters that affect the mean
wavelength stability of an SFS, namely
th: intrinsic, the pump wavelength
dependent and the pump power
dependent  ones.  The intrinsic
perameter is typically less than 10
ppm/°C[2], while the pump wavelength
dependent one can be minimized by
operating the wavelength closer to the
peak absorption, i.e. near 976 nm [4].
Therefore, it is the pump power
dependent mean wavelength stability
of major concern in this paper because
of its configuration dependence. It is
known that an SFS in single-pass
backward (SPB) configuration would
have a pump power independent mean
wavelength operation [2,3], and such
operation has also been experimentally
shown in double-pass backward (DPB)
configuration [5]. It should be noted
tk at broadband and high output power
are also desirable for the SFS’s to be
wilized for  navigation  grade
applications in addition to wavelength
stability.

Traditionally, a fiber mirror with
rcasonable  reflectance and  an
alditional WDM component are
nzeded for a DPB SFS because the
former is used to provide the double-
pass function and the latter to filter out
the residual pump. The mirror is
generally realized by splicing an
alditional coated fiber end to the
VWDM. In this paper, we demonstrate a
smplified DPB configuration which
eliminates the need of these two
components while still maintaining the
characteristics ~ required by a
navigation-grade SFS.




I1I. Results and Discussion:

The simplified Er-doped DPB
SFS is schematically shown in Fig. 1.
It consists of a pump laser diode, a
980/1550 nm WDM coupler(WDM1),
a section of EDF, and an isolator. The
advantages of this simplified source
over the previous versions is the saving
of a WDM couplerWDM2) and a
coated fiber mirror. The EDF had a
doping concentration of ~140 mole
ppm, and its one end was cleaved to
serve as mirror with an estimated 3.6
% reflectance around 1550 nm. The
pump power reflected from this end
was typically less than 1 uW for the
shortest EDF length considered in the
experiment, which might have little
effect on the SFS performance. An
isolator with an isolation loss of -57 dB
was used to reduce the optical
feedback.

The dependence of mean
wavelength on pump power of the
simplified SFS is simulated, and the
result is shown in Fig. 2. For the EDF
length smaller than 9.0 m, the mean
wavelength tended to shift towards
short-wavelength side as the pump
power increased and thus no

a/lsource / ﬂ)pump

obtained. For the EDF length greater
than 10.0 m, the mean wavelength
shifted towards short-wavelength, then
long-wavelength, finally again towards
short-wavelength sides as the pump
power continued increasing, which
generated two local extremes where
the mean wavelength was independent
of pump power. It is the second
extreme (i.e. the local maximum) and,
moreover, the range of this extreme
that can extend is of particular interest
since such range indicates the variation
tolerance of pump power sustaining a
pump power independent or nearly
independent operation. Note that as the

=0 operation was

EDF length increases, not only the
ex:reme moves with pump power but
alco the pump range significantly
increases.

Fig. 3 shows the effect of EDF
length on the mean wavelength
stebility at different concentrations of
erbium ions. It is clearly shown that the
pump power independent mean
wevelength operation can be obtained
for different concentrations. The
required EDF length decreases with the
coacentration of erbium ions.

Fig. 4 shows the effect of pump
wevelength on the mean wavelength.
Tte minimum mean wavelength occurs
at 976 nm. Therefore, if the pump
wevelength is near 976 nm, the mean
wevelength of the simplified DPB
SFS’s is nearly independent of the
pump wavelength.

The effect of EDF length on
intrinsic thermal coefficient is shown
in Fig. 5. It is shown that the thermal
cozfficient is smaller than 2ppm/°C for
the EDF length between 11 and 12 m.
If a simplified DPB SFS is operated
with such a EDF length, it can be also
operated at a pump-power independent
mean wavelength operation as shown
in Fig. 2.

Fig. 6 shows the measured mean
wevelength versus the pump power at
different EDF length. It is found that
the pump power independent mean
wevelength operation can be obtained
for EDF length larger than 9.0 m. The
results are consistent with the
siraulated ones.

Fig. 7 shows the pump
efficiencies of SFS at various EDF
lergths. Note the output power was
measured after the isolator which had
an insertion loss of 0.65 dB. The
threshold pump power increased with
EDF lengths, from 29.0 to 39.5 mW
for 7.7 to 11.0 m long, owing to the
lergth dependent loss. The pump
efficiencies were similar over the




lengths, and an average of ~ 42% was
obtained. As depicted in Fig. 6, it is
found that the SFS would have an
output power of ~ 12 to 19 mW when
an 11-m long EDF was pumped within
the stable mean wavelength region as
mentioned previously (70-85 mW).
Such output power is apparently
enough for the interferometric sensor
applications.

The variation of linewidth with
pump power at different EDF lengths
is shown in Fig. 8. In general, the
linewidths decreased with pump power
in the small pump regions and then
increased to reach saturated values as
pump continued increasing. It was
found that the saturated linewidth was
larger for a longer EDF. When the
EDF length was greater than 9.8 m, the
linewidth was larger than the minimum
bandwidth required for the FOG
application, e.g. 10 nm. Note a
bandwidth of 16.0 nm was obtained for
the EDF length of 11.0 m when

operating in the JAwume/IP,, =0

pump
region.
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Fig. 1 A DPB SFS with and without
(in dash box) simplified configuration.
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Fig. 2 Mean wavelength versus pump
po'wer.
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Fig. 3 Mean wavelength stability
versus EDF length at different Er**
corncentration.
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Fig. 7 Measured output power versus

of mean wavelength variation for the punp power.
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Fig. 5 Intrinsic thermal coefficient Fig.8 Measured linewidth versus
versus EDF length. pump power.
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Fig.6 Measured mean wavelength
Versus pump power.




