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Improvement of the Temperature Stability of the
Erbium-doped Superfluorescent Fiber Source by

Tuning the Reflectivity of the Fiber End
Michal Skalský, Jakub Hnidka and Zdeněk Havránek

Abstract—A novel and simple way of improving the mean
wavelength temperature stability of the erbium-doped superflu-
orescent source is described and demonstrated. We show that
by introducing small reflectivity feedback at the unpumped fiber
end in the backward-pump superfluorescent source configuration,
we can affect an overall temperature dependency of the mean
wavelength of the output spectrum. The reflectivity adjustment
can be made by an angled fiber cleave, varying the reflectivity
between 0 to 4 %, or by a fusion arc, allowing its finer adjustment.
With this approach, we were able to arbitrarily adjust the
mean wavelength temperature trend from -4.38 to 5.23 ppm/◦C.
Furthermore, an optimal reflectivity was attained, providing
almost zero trend and reducing the total mean wavelength
variation to 130 ppm over the temperature range of -40 to
+100 ◦C, which is a 5.7-fold and 4.4-fold improvement compared
to 0◦ and a standard 8◦ fiber cleave angle, respectively. By
avoiding any filtering components, a wide bandwidth of 37.8 nm
and a power efficiency of 22% was reached. Since the proposed
configuration does not include any extra components compared
to the basic backward-pump configuration, it can be a viable
solution for cost-efficient applications, such as, e.g., medium-
grade fiber-optic gyroscopes. A benefit for these gyroscopes is
the tunability of the source wavelength temperature dependency
which can conveniently compensate the gyro coil temperature
sensitivity.

Index Terms—Er-doped superfluorescent source, fiber-optic
gyroscope, temperature stability, cleave angle, reflectivity, double-
pass.

I. INTRODUCTION

The superfluorescent fiber sources (SFS) with an Erbuim-
doped (Er-doped) fiber are used together with superlumines-
cent diodes (SLD) as a source in fiber-optic gyroscopes (FOG)
due to their broadband spectrum [1]–[3] to suppress parasitic
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effects such as Kerr, Shupe, or Rayleigh backreflection [4].
Compared to SLDs, the current SFSs exhibit by about two to
three orders better thermal stability, which is crucial for the
high-grade FOGs. Moreover, they can provide a high power
conversion efficiency [5], [6] even with limited pump power
and COTS components, and thus represent a viable solution
in terms of price-to-power ratio.

In a relation to FOGs, typical studied issues of the SFS
include maximizing a spectrum width [7]–[9] and flatness [6],
[7], [10], [11], minimizing a radiation sensitivity [12], [13],
but majority of the studies are dedicated to minimizing a tem-
perature sensitivity [3], [14]–[24]. As the measured angular
velocity by the FOG is proportional to the Sagnac phase shift
with a scale factor depending on the used wavelength, the
SFS mean wavelength stability is the most critical parameter.
Optical output signal is also proportional to the SFS power, but
this dependency can be suppressed by an inherent insensitivity
for a closed-loop operation [1], [25], or by specific compen-
sation techniques in case of open-loop FOGs [26], [27].

So far, many approaches have been proposed to enhance
the SFS mean wavelength temperature stability, such as long
period grating [15], fiber Bragg grating [16], [28], photonic
bandgap filter [17], thin film filter [11], [29], Er-doped fiber
filter [8], [14], [22], [23], also photonic crystal Er-doped
fiber [18], Faraday rotator mirror [19], [20], [30], or variable
parameters control [24].

Although these solutions are able to provide excellent
temperature stability, reaching 1 ppm/◦C or better, we need
to consider their limitations as well.

Firstly, most of the nowadays techniques are based on filter-
ing, commonly near dominant spectrum peaks around 1530 or
1560 nm [21]. This yields two considerable consequences. One
is a limited spectral width, which has a negative impact on the
minimal detectable angular rate of the FOG due to the noise
increase [31]. The other is decreased power efficiency, i.e.,
to achieve the same output power we need to employ higher
pump power, or a longer fiber, both of which mean increase
in the final price or energy consumption. In cost and power
sensitive applications, e.g., automotive, these parameters may
be especially crucial. Secondly, such techniques mostly em-
ploy additional optical components in the SFS, often custom-
made and with a proprietary design, which further increases
the total SFS complexity and cost. In the navigation grade
FOGs, where SFS stability should not exceed 1 ppm [31],
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this usually does not pose a problem. Nevertheless, the lower-
grade FOGs, which can also benefit from SFS advantages,
have more strict requirements on the cost-efficiency, therefore,
simpler solutions are generally preferable [32].

A very simple method for the mean wavelength stabilization
of the double pass backward-pumped (DPB) SFS was pre-
sented in [33], where the temperature sensitivity was decreased
by replacing a mirror at the free Er-doped fiber end by
a perpendicular fiber cleaving providing a 0.04% reflection,
showing the change of the backreflected power can have an
impact to the SFS mean wavelength temperature stability.
Therefore, an assumption can be made that by a meaningful
manipulation of the reflected power, it could be possible to
optimize the mean wavelength temperature dependency of
the SFS. While the perpendicular cleave may be the optimal
solution only in case of specific conditions (fiber length, Er
concentration and profile, the pump power and wavelength,
etc.), an arbitrary handling of the backreflected power might
be a useful mechanism to optimize the SFS temperature
behavior in general case. It is important to note that a zero
temperature sensitivity of the SFS is not always required. In
many cases it is more convenient to compensate the inherent
FOG temperature dependency caused by the fiber expansion
by an opposite sensitivity of the SFS to improve an overall
temperature stability of the FOG scale factor [34].

In this paper, we provide a simple and inexpensive method
of adjusting the backward-pumped SFS mean wavelength
temperature coefficient through the adjustment of the reflec-
tivity of the unpumped Er fiber end by a tilted cleave with
an optional thermal fine-tuning. Since it is based on a reflection
at the unpumped end, where the feedback is considerably
weak, it can be called a weak-feedback double-pass (WF-DPB)
SFS.

The sole equipment required is a fiber cleaver with an
angle cleaving, a fiber splicer and an optical spectrum analyzer
(OSA). With this setup, it was possible to attain a stability of
130 ppm over the temperature range from -40 to 100 ◦C and
∼22% pump conversion efficiency with a basic DPB archi-
tecture only. To our knowledge, this is the simplest method
of the mean wavelength temperature stabilization reported so
far, providing an acceptable level of stability. Concurrently,
it exceeds the filtering-based methods in its bandwidth and
power efficiency.

II. PRINCIPLES

The erbium ions inside the silica optical fiber enable it
to behave as an active medium capable of absorbing and
emitting energy in the form of photons [35], [36]. The Er-
doped fiber is usually described by the three-level energy
diagram explaining possible transitions, which can be either
radiative, or nonradiative [37], [38]. Due to Stark split of
each energy level, the Er-doped fibers can absorb and emit
various quanta of energy. This is usually characterized by
its absorption and the emission spectra cross sections [5],
[38]. The spectra cross sections of the fiber used in the
experiments are shown in Fig. 1 [39]. We can see a partial
overlap between the spectra, meaning the Er ions are capable
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Fig. 1. Absorption and emission spectrum cross section of the used fiber
(Fibercore I-6(980/125)).

of absorbing and emitting light at similar wavelengths. The
absorption spectrum is slightly shifted towards the shorter
wavelengths compared to the emission spectrum, resulting
in some energy loss in Er ions, which can be explained by
the presence of the nonradiative transitions. Comparing the
emission and the absorption spectra, we can deduce the most
efficient wavelengths for the pump (i.e., yielding the highest
reachable gain), which are 980 (out of scale in Fig. 1) and
1480 nm [38]. Generally, the shape of the output broadband
SFS spectrum can vary, depending on the SFS configuration,
the pump power and the wavelength, Er fiber type and its
length, and parameters of the additional components, such as
reflectors, filters, etc. The principle behind the broadband SFS
output spectrum is called an amplified spontaneous emission
(ASE). This phenomenon generally exists in both forward
(pump direction) and backward (opposite direction) directions
inside the Er-doped fiber. In the output SFS spectrum, both
ASE spectra are combined. Furthermore, when the ASE passes
through the highly-pumped region of the Er fiber (i.e., with
a high population inversion), it is simply amplified through
the gain given by the emission cross section, with a dominant
peak around 1530 nm. On the other hand, the lowly-pumped
region of the fiber causes filtering of the ASE by the absorption
emission cross section, facilitating a rise and even a possible
dominance of the 1560 nm peak [12], [36].

Due to the uneven shape of the SFS output spectrum,
the characteristic parameters of the FOG, such as the mean
wavelength λ and the spectral width ∆λ, cannot be calculated
as a peak center or -3 dB drop, respectively. Instead, the
following formulas are used [31]:

λ =

∫
P (λ) · λ dλ∫
P (λ) dλ

, (1)

∆λ =

[∫
P (λ) dλ

]2∫
[P (λ)]

2
dλ

, (2)

where the P (λ) represents the power spectral density. The
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Fig. 2. Basic backward-pump SFS configurations with the ASE power
propagation: (a) - single-pass (SPB), (b) – double-pass (DPB).

mean wavelength temperature stability can be expressed as:
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(3)

where the first term represents the intrinsic Er fiber temper-
ature dependency due to the occupation of the energy levels
and the transitions varying with the temperature. It was also
shown by [5] that the pump laser diode can be designed in such
a way that the addition of the latter two terms is nearly zero.
The Er fiber intrinsic fiber temperature dependency ∂λ/∂T ,
caused by the temperature dependent Boltzmann distribution
of electron energies [40], has the dominant impact on the
SFS mean wavelength temperature drift [21], [31]. Therefore,
in the experimental part, we focus solely on this component
of the overall temperature dependency. However, compared
to the spectrum-filtering approaches, where the spectral peak
with a higher thermal stability is usually selected, we attempt
to form the SFS spectrum as a whole, as it is the mean
wavelength which directly affects the FOG scale factor, rather
than the spectrum shape.

To fully understand the behavior of the SFS central wave-
length with temperature, we need to consider how the SFS
spectrum can evolve with the temperature in the case of the
backward-pump configuration, which is mostly adopted as
an SFS source in FOGs [5], [9], [41]. The absorption and
emission cross sections were demonstrated to shift towards
longer wavelengths with an increase in temperature [21],
[38], [42]. The dominant radiative transitions causing emission
around 1530 and 1560 nm shift correspondingly [5], [31]. In
the case of a simple SPB configuration (Fig. 2a), it might
be thus challenging to reach a thermal invariancy of the
mean wavelength. To stabilize the mean wavelength, it is
either necessary to insert additional components, typically
with opposite characteristics, or another solution can be used,
which is DPB. The DPB (Fig. 2b) configurations reported
nearly flat [14], [20], [22] or even negative temperature de-
pendency of the mean wavelength [9], [29], [33], [34], which
is achieved by a combination of the bare SFS parameters and
characteristics of the reflector at the unpumped fiber end. In

DPB configuration, the forward ASE is totally or partially
reflected and amplified. By adding to the backward ASE, we
obtain a spectrum having both 1530 and 1560 nm peaks with
different power ratios. Despite the fact that both peaks shift
with the temperature in a same manner, it is possible to tune
the mean wavelength temperature coefficient KT = ∆λ/∆T
in positive or negative direction. The first arguably apparent
solution lies in achieving the specific selectivity of the reflector
or other filtering components, which are, unfortunately usually
accompanied by a certain loss of SFS power or spectral width.
The second approach lies in searching for a specific balance
between the backward ASE and the amplified forward ASE
so that they combine in an overall spectrum with a desired
temperature dependency. Simulations presented in [5] demon-
strated that in one SFS configuration, the intrinsic temperature
coefficient can reach both positive and negative (including
zero) values, depending on the fiber length, i.e., the amount
of backreflected ASE. The general principle facilitating such
behavior consists in the temperature dependency of the distri-
bution of the dominant transitions between the excited and the
ground energy level manifolds of the Er atoms and also the
Boltzmann statistics, as mentioned earlier. Nevertheless, the
precise modeling of a temperature dependency of a specific
SFS design might be challenging due to the limitations of the
McCumber theory accuracy for Er-doped glass, as discussed
in [43], [44], contrasting relatively small absolute changes of
the spectra. However, as the aforementioned principles impact
the evolution of the individual spectral peaks, it is possible to
experimentally demonstrate that by its methodical observation,
a fairly apparent connection between this transformation and
the resulting mean wavelength temperature coefficient KT can
be found.

III. DESIGN AND EXPERIMENT

The experiments were performed with the simple backward-
pump configuration, such as in the Fig. 2. The major goals of
the proposed SFS design, along the temperature characteris-
tics, were also power and cost-efficiency. Since the 1480 nm
pump is comparatively costly, albeit more efficient [22], the
980 nm pump is a better solution for inexpensive SFS designs.
We used a compact laser diode (Lumentum T13-7402-050)
with a peak power of 50 mW and a central wavelength of
975.6 nm at the room temperature. The diode was driven by
a constant current of 100 mA producing a power of 42 mW
at the input of the Er-doped fiber. To achieve a high power
efficiency [5], [12], we employed 20 meters of weakly-doped
fiber I-6 (Fibercore), which absorption and emission spectra
are shown in the Fig. 1. The pump is separated from the
output ASE by a wavelength division multiplexer (WDM) with
a 28 dB separation. To prevent a possible feedback from the
FOG, a 37dB isolator is placed at the SFS output.

The experimental setup is schematically shown in the Fig. 3.
To measure the ∂λ/∂T term independently from the pump
contribution to the overall mean wavelength stability, only
the Er-doped fiber was placed in the temperature chamber
(CTS T-65/50), whereas the pump diode was kept at room
temperature stabilized around 23.5 ◦C. The temperature of the
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Fig. 3. The experimental setup for SFS output spectra measurement at
different temperatures and cleave angles of the Er-doped fiber (LD – laser
diode, WDM – wavelength division multiplexer, OSA – optical spectrum
analyzer).

Er-doped fiber was increased from -40 to 100 ◦C with a fixed
step change of 10 ◦C. At each temperature, a settling time of
>10 min was applied before the measurement. The SFS output
spectrum was acquired by an optical spectrum analyzer (OSA,
Bristol Instruments 771). An attenuator was placed at the input
of the OSA to prevent exceeding its power threshold. The
unpumped end of the Er-doped fiber was cleaved at different
angles by the adjustable angle cleaver (Fujikura CT-101) to
adjust the ratio of the reflected power, and thus attain the
WF-DPB configuration. The cleave angle was ranging from
0◦ (perpendicular cleave) to 8◦, providing reflections of 3.5%
to 0.02%, respectively (at 1550 nm). For a fine tuning of
the reflectivity of the fiber tip, we applied a fusion arc using
a fusion splicer (Fujikura FSM-100P+) controlled by PC. This
procedure enabled to shape the SFS output spectrum with
a continuous monitoring through the OSA.

To analyze the SFS behavior with different feedback at the
unpumped end, it was necessary to find out the exact cleave
angle, as it can be difficult to measure the reflectivity directly
due to optical nonlinearity of the Er fiber. Besides 0◦ and 8◦

cleave, where the angle was determined based on the cleaver
settings, we used a fusion splicer camera to measure the actual
cleave angle of other values.

IV. RESULTS AND DISCUSSION

Based on the recorded spectra with OSA, the SFS mean
wavelength was calculated using the Eq. (1). Due to the resid-
ual noise in the spectrum, the calculated central wavelength
depends on the wavelength range of the acquired spectrum.
Therefore, we performed the calculations for the range of
−20 dB down from the peak.

The output spectra of the WF-DPB with different cleave
angles are compared in Fig. 4a with a normalization to the
power level of the peak around 1530 nm. We can clearly see
that as the reflection is decreasing (with increasing angle), the
forward ASE, causing a significant peak around 1555–1560
nm, has only a minor impact, and closer to 8◦ the SFS is
purely SPB. This confirms the theoretical assumption, and also
the results observed in [33]. We can also see from Fig. 4a that
the output spectrum is changing fluently with the angle, which
is convenient, since it allows to tune the spectrum shape by
the cleaving. The difference between the power levels of the
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Fig. 4. Comparison of the WF-DPB SFSs with different cleave angles (20
◦C): (a) – output spectra normalized to 1530 nm peak, (b) – difference
between 1530 and 1560 peaks.

left (around 1530 nm) and the right (around 1560 nm) peak
of the spectra shown in the Fig. 4a is plotted in the Fig. 4b,
demonstrating the decrease of the right peak level with respect
to the left one when the cleave angle is increased.

However, looking at the limit cases with 0 and 8◦ angle
cleave, we can see their behavior with temperature is dif-
ferent. The relative spectra change, obtained as a difference
between the spectra measured at different temperatures and
the spectrum measured at 20 ◦C, are shown in the Fig. 5a
for 0◦ cleave and in the Fig. 5b for 8◦ cleave. In the case
of the WF-DPB with a 0◦ cleave, the rising temperature
causes growth of the left peak and simultaneous drop of
the right peak, which causes a negative mean wavelength
temperature dependency (Fig. 5c). However, in the case of the
pure SPB achieved with 8◦ cleave, we can observe a drop
of the left peak. Despite the suppression of the left peak,
the power at the longer wavelengths increases, resulting in
a positive mean wavelength temperature dependency (Fig. 5d).
The dependencies in Fig. 5c,d can be characterized by a slope
KT calculated by a least squares fit, and a standard deviation
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σlin defined as:

σlin =

√√√√ 1

N − 1

N∑
i=1

[
λ(Ti)− λlin(Ti)

]2
, (4)

where N stands for the number of temperatures, λ(Ti) is the
mean wavelength at temperature Ti, and λlin(T ) = KTT +β
is the linear approximation of λ(T ). Whereas the λ(T ) slope
has a negative value of KT = −6.79 pm/◦C (-4.38 ppm/◦C)
for 0◦ cleave, for 8◦ it reaches a positive value of KT =
8.07 pm/◦C (5.23 ppm/◦C), suggesting we can actually affect
the temperature dependency of a simple WF-DPB only by
adding a small amount of feedback facilitating the forward
ASE.

The Fig. 6 shows how the slope KT varies with different
cleave angles. It can be seen that for this SFS, a temperature
invariance of KT can be reached with a cleave angle around
3.6◦, corresponding to the reflectivity of 0.37%. However,
reaching an angled fiber cleave with a precision better than
0.1◦ on a majority of commercial cleavers can be an excru-
ciating task. Therefore, we applied a method of cleaving the
fiber tip at somewhat larger angle and subsequently tuning the
reflectivity of the unpumped end by heating the fiber tip with
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Fig. 6. Dependency of the mean wavelength temperature slope KT on the
Er-fiber cleave angle.

a fusion splicer. The biggest advantage of this method is that
we tune the tip reflectivity in optionally small steps controlled
by the adjustment of the arc power. During this process we
can also observe the resulting SFS spectrum. In our case,
combining the angle dependency of the SFS spectrum peaks
difference (Fig. 4b) and the measured temperature dependency
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(a) (b) (d) (e)(c)

Fig. 7. Er-doped fiber endings with different cleave angles: (a) - 3.05◦, (b)
- 3.77◦, (c) - 4.47◦, (d) - 6.35◦, (e) – arc modified.

TABLE I
COMPARISON BETWEEN SFSS WITH DIFFERENT FIBER ENDINGS

parameter WF-DPB SPB WF-DPB
(unit) 0◦ cleave 8◦ cleave arc opt.
Total output power (mW) 10.3 9.2 9.4
Pk-pk λ variation (nm | ppm) 0.89 | 575 1.15 | 744 0.20 | 130
Spectral width, 20 ◦C (nm) 37.1 35.0 37.8
Mean wavelength, 20 ◦C (nm) 1548 1542 1544

of KT (Fig. 6), the optimum peak difference is 1.8 dB at
20 ◦C.

The fiber endings with different cleave angles used within
the experiment are shown in the Fig. 7a-d. For the optimization
by the fusion arc method, the identical cleaver settings as for
the fiber ending in the Fig. 7b was used. By applying an arc
for 0.2 seconds and 400 bit power, we achieved difference
of 1.78 dB between the power levels of the two dominant
(1530 and 1560 nm) peaks (room temperature of 23.5 ◦C). The
resulting fiber ending is shown in the Fig. 7e. Similarly to the
Fig. 5, the output spectrum change due the temperature for the
arc-optimized fiber end is shown in the Fig. 8. The changes
in the spectrum are comparable to those shown in the Fig.
5a,b in their magnitude. However, in the case of the optimized
ending, we can see that the negative power dependency in two
ranges around 1530 nm and 1550 nm is in fact compensated
by the wavelength regions with an opposite behavior, which
are in sum evenly distributed around the mean wavelength of
1544 nm.

The measured mean wavelength temperature drift with re-
spect to the spectrum obtained at 20 ◦C for all tested reflective
endings in the WF-DPB configuration are summarized in the
Fig. 9. It can be seen that it is possible to reach an arbitrary
slope KT of the mean wavelength temperature dependency
solely by adjusting the Er-doped fiber end reflectivity. The
standard deviation from the linear fit σlin was between 19 and
46 ppm over the -40–100 ◦C temperature range, which satisfies
the requirements on the medium-grade FOGs. The comparison
of the SFS performance in SPB configuration with an 8◦

cleave, the WF-DPB configuration with perpendicular cleave,
and the WF-DPB configuration with a fiber tip optimized
to the reach a minimal intrinsic Er-doped fiber temperature
dependency ∂λ/∂T is shown in the Table I. Implementing
the proposed method, we were able to reach a 5.7-fold and
4.4-fold improvement respectively in terms of a peak-peak
variation of the mean wavelength temperature dependency
over the investigated temperature range.

Finally, a development of the SFS spectrum shape due to
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Fig. 8. SFS output spectrum change for arc modified Er-doped fiber ending:
(a) - relative change with respect to the spectrum at 20 ◦C, (b) - mean
wavelength with temperature.

temperature change was studied. Due to the Stark split of the
erbium energy levels, between which the radiative transitions
occur, the SFS spectrum has several peaks, which evolve
differently with temperature. To study the separate peaks
in the SFS spectrum, we can perform an approximation by
a sum of Gaussian functions [38]. In our case, we identified
three major peaks with wavelengths around 1531, 1545 and
1558 nm. The examples of the applied spectrum approximation
are shown in the Fig. 10 for the SFS configurations from the
Table I. By adopting such model, we can observe a shift of
both wavelengths as well as power of the individual peaks.
The comparison of wavelength and power shifts is shown
in the Fig. 11. Based on these characteristics, we can draw
general conclusions concerning the SFS emission behavior
with temperature. Primarily, we can see that it is necessary
to analyze not only the wavelength shifts of the peaks, as is
a common approach adopted by the filtering-based methods,
but also their power changes. We can observe that the mean
wavelength temperature dependency is the largest for the peak
around 1558 nm (as seen in the Fig. 11c), confirming the
conclusions in [21], and that it is positively correlated with
temperature in all studied cases. Nevertheless, the positive
wavelength shift with rising temperature is accompanied by
the power level decrease of the peak for the arc-optimized
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case (shown in the Fig. 11f), thus its contribution to the
overall SFS spectrum, which is a sum of all three peaks,
decreases with an increase of the temperature. The overall
SFS spectrum is then affected more by the peak around
1531 nm, which power variation is lower (Fig. 11d). In other
words, the effects of wavelength and power change are hence
balanced in the case of the arc-optimized WF-DPB. Similarly,
we could identify additional dependencies of the wavelength
and power of the individual spectrum components and, by
utilizing the proposed method, it might be possible to further
improve the SFS thermal stability optimization. By tuning
a single parameter – reflectivity of an unpumped fiber end
– it was demonstrated that a major improvement can be
achieved in terms of temperature dependence. However, there
are other design parameters, which can possibly influence the
temperature dependence of the SFS output spectrum, such
as fiber length and type, pump power, pump polarization,
etc. This could yield further improvement of the temperature
stability of the SFS. In this paper, we demonstrated that even
with an already designed SFS setup, it is possible to reach
a significant improvement in the temperature stability without
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Fig. 10. Approximation of the SFS output spectra by a series of Gaussian
functions for various fiber ends (20 ◦C).

any extra costs, added complexity, or power and bandwidth
loss.

V. CONCLUSION

We have demonstrated a fairly straightforward method for
a significant improvement of the mean wavelength temperature
stability ∂λ/∂T of a backward-pump SFS by an adjustment
of the reflection of the unpumped fiber end through an angled
cleave and fusion arc. Introduction of a weak feedback (WF-
DPB) to reflect a small portion of the forward ASE allows
shaping of the SFS spectrum in a desired manner so that
the ratio between the portion of the positive and negative
contribution to the SFS mean wavelength temperature depen-
dency can be controlled. This might be especially useful for
compensation of these dependencies in other systems, such as
FOGs, where the SFSs are typically utilized. Consequently,
we were able to tune the slope KT of the SFS temperature
characteristics arbitrarily between -4.3 and 5.2 nm/◦C. The
standard deviation of λ(T ) from the linear approximation
was varying between 18 and 45 ppm in measurements over
140 ◦C range, which represents an additional instability of
0.32 ppm/◦C in the worst case. Based on this method, we
demonstrated an optimized WF-DPB having a slope KT close
to zero. Compared to the simple perpendicular cleave and
the 8◦ cleave, we achieved a 32 and a 38-fold decrease in
the slope KT and a 5.7-fold and a 4.4-fold improvement in
∂λ/∂T peak-peak mean wavelength variation. By avoiding
any filtering components, high power efficiency of 22% as well
as a spectral width of 38 nm was achieved. Due to the overall
simplicity and cost-efficiency, the proposed method could be
applicable in low and medium grade FOGs, where the total
price is of a high importance.
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