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Apodized distributed feedback ﬁber laser as an optical ﬁlter
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The potential was investigated of using distributed feedback ﬁber lasers (DFB-FLs) with different apodizations for
C-band optical ﬁltering. Design optimizations were carried out, to mainly target ultra-dense wavelength division
multiplexing (UDWDM) ﬁltering speciﬁcations. Optimization led to choice of the positive-tanh apodization proﬁle as
being the most suitable for UDWDM ﬁltering speciﬁcations.
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1. Introduction
Signal processing in the optical domain is considered a
promising technique for many applications such as radar
and broadband wireless access networks. Use of the
high-frequency processing capability and wide-band signals directly in the optical domain avoids the need for
inefﬁcient and costly intermediate conversions to and
from the optical and electrical domains. This makes it
convenient in a number of frequency and time domain
applications, such as ﬁltering, correlation, and Fourier
transformation [1].
Spectrally tunable optical ﬁlters are of interest for a
wide variety of applications including pulse shaping,
pulse rate multiplication, optical code-division multipleaccess (OCDMA), and dispersion compensation. Also,
they can be used in ﬁber laser systems and wavelength
division multiplexing (WDM) techniques with multiple
channels [2].
Different ﬁlter conﬁgurations have been proposed
such as optical couplers, Mach–Zehnder lattices, high dispersion ﬁbers, arrayed waveguide gratings (AWGs), or
ﬁber Bragg gratings (FBGs), which can be used as the
main elements. Among these elements, FBGs have the
advantages of a simple structure, low insertion loss, high
wavelength selectivity, polarization insensitivity, and full
compatibility with single mode optical ﬁbers [3–5].
An FBG features a periodic or non-periodic perturbation of the effective refractive index in the core; it is
periodic over a certain length of a few millimeters. There
are various structures of FBGs, such uniform, apodized,
chirped, tilted, and long period. When light propagates
through an FBG, the total reﬂection takes place at the
Bragg wavelength and other wavelengths are not affected
by the Bragg grating; however, some side lobes exist in
*Corresponding author. Email: a_elashmawy@hotmail.com
© 2013 Taylor & Francis

the reﬂection spectrum. These side lobes can be suppressed using apodization techniques and the reﬂection
spectrum depends on the length and strength of the
refractive index modulation [6].
Tunable FBG ﬁlters have been designed and become
good solutions for creating dynamic optical systems [7].
This is usually motivated by the WDM system requirements, which can also be dense (DWDM) or ultra-dense
(UDWDM). In order to obtain good ﬁlter performance,
FBGs must have the following spectral characteristics
[8–10]:
 A narrow full width at half maximum (FWHM) to
give the ability to accord spacing wavelength.
 Weak side lobe peaks to avoid bandwidth (BW)
overlapping (i.e. to obtain a high side lobe
suppression ratio [SLSR]).
 The ﬁlter must be able to tune wavelengths in the
WDM (0.8–1.6 nm wavelengths spacing), DWDM
(0.2–0.4 nm wavelengths spacing), and UDWDM
(wavelength spacing <0.2 nm) windows.
 The temperature or strain tuned response should
not affect the width of the BW nor the amplitude
of the reﬂection peak.
Periodic ﬁber gratings with constant refractive index
modulation depths (i.e. un-apodized) show reﬂection
spectra with large side lobes, as well as highly nonlinear
dispersion characteristics which make them unsuitable
for high-performance applications. These characteristics
are attributed to residual multiple reﬂections at the grating ends and can be signiﬁcantly suppressed by a suitable variation (apodization) of the modulation depth
along its length. The reﬂection spectrum of an apodized,
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periodic standard grating closely follows the Fourier
transform of the applied apodization proﬁle. As a result,
smooth and tight apodization proﬁles result in enhanced
side-lobe suppression and superior grating performance
[11,12].
Distributed feedback ﬁber lasers (DFB-FLs) possess
certain unique properties that make them attractive for a
number of different applications. They are inherently
ﬁber compatible, need a very simple passive thermal stabilization to ensure the stability of the laser, provide high
output power (up to 60 mW), single frequency, single
polarization, and high optical signal-to-noise ratio
(OSNR) [13].
DFB-FLs have been widely used in sensing and
communication systems, as well as high-precision
spectroscopy; all of which require single-mode and
single-frequency lasers [14,15].
The DFB-FL is similar to the FBG, but with a gain
applied to the grating section; this means that the DFB-FL
gives the same response of the FBG when the gain is set
to zero [16].
This work investigated the potential of using DFBFLs as optical ﬁlters by applying different apodization
functions. A parametric study was applied for all apodization functions to optimize the ﬁlter performance to
match UDWDM–WDM ﬁltering speciﬁcations and judge
their responses. Finally, a comparison between different
apodized DFB-FL ﬁlters, as well as DFB-FL ﬁlters and
well-known apodized FBG ﬁlters is carried out.
This paper is organized as follows: in Section 2, we
present the proposed structure of the DFB-FL and the
mathematical model upon which simulations will be
based and introduce the apodization functions used in
this paper. The results of simulations for various grating
lengths and different refractive index variations are
reported and discussed in Section 3. Finally, we summarize and conclude the results obtained in Section 4.
2. Mathematical model
2.1. DFB-FL coupled mode equations
Coupled mode theory [17] is used to analyze the
threshold behavior in simple DFB lasers. Figure 1 shows
forward and backward waves in waveguides induced by
periodic modulation of the refractive index n.
For a uniform DFB-FL, the coupled-wave equations
can be written as [18]:

Figure 1. Forward and backward waves in periodic active
waveguides.
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¼
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(1a)

(1b)

(2)
(3)

where g is the gain of the DFB active region per unit
length, δ is the detuning of the propagation constant
from the Bragg condition, neff is the effective refractive
index of the ﬁber core, λ is the wavelength of the incoming signal, λD is the design ﬁlter wavelength, κ is the
coupling coefﬁcient between the forward and backward
waves, ϕ(z) is the wave phase, no is the maximum modulation amplitude of the refractive index (modulation
depth), and fA(z) is the apodization proﬁle function.
In analysis, it is assumed that there is no grating chirp,
i.e. [d//dz = 0], and that the gain is given by g = 0.98gth
as in the case of the uniform DFB-FL to avoid lasing
behavior of the DFB-FL and to operate as an optical ﬁlter
[18], where gth is the threshold gain given by [19]
gth ¼ 4jm ejm L þ as ;

(4)

p
jm ¼ n o ;
k

(5)

where L is the grating length of the ampliﬁer, κm is the
maximum value of the coupling coefﬁcient in a uniform
DFB-FL, so the threshold gain varies according to L, no,
and αs, which is the background loss of the used ﬁber.
Equations (1) can be merged into a single equation
by deﬁning u(z) = S(z)/R(z) and differentiating with
respect to z, resulting in
duðzÞ
þ 2ðg  jdÞuðzÞ  jjð1 þ u2 ðzÞÞ ¼ 0;
dz

(6)

where the boundary condition is u(L) = 0, representing the
situation in which no backward wave is incident from
the other side. Now, Equation (6) can be solved to obtain
the reﬂection coefﬁcient (r) at the input, i.e. u(0) = S(0)/R
(0), as such obtaining the reﬂectivity = |r|2. The DFB-FL
can be converted to a FBG structure when setting zero
gain, as will be explained in the next section.

2.2. Effect of gain on reﬂectivity spectrum and
FWHM for uniform DFB-FL
In this section, the effect of gain on the reﬂectivity
spectrum and FWHM for a uniform DFB-FL structure is
explored from no gain to lasing.
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Figure 2 presents a comparison between only uniform DFB-FL and uniform FBG (DFB-FL with no gain)
with a grating length and modulation depth of 15 mm
and 10−4, respectively. As shown in Figure 2, the FBG’s
peak reﬂectivity is near unity as there is no gain, while
the DFB-FL’s peak reﬂectivity is very large as the device
is near oscillation. The FWHM of the FBG is about
0.134 nm, while that of the DFB-FL is about 2 pm,
which makes the DFB-FL preferable in optical ﬁltering
applications due to high selectivity.
Also, as shown in Figure 2, the FBG exhibits large
side lobes, making the SLSR as low as 5 dB. On the
other hand, the DFB-FL has nearly no side lobes making
it better for operation as a ﬁlter; however, the only disadvantage of using the DFB-FL is the existence of two
peaks. This should be solved to have single wavelength
ﬁltering.
Figure 3 presents the effect of varying the gain as a
free parameter on the reﬂectivity spectrum for the uniform DFB-FL structure starting from no gain to lasing at
same design values (L, no) as in Figure 2. As shown in
Figure 3, it is clear that increasing the gain converts the
well-known FBG reﬂectivity spectrum to the DFB-FL
reﬂectivity spectrum. The DFB-FL spectrum (splitting of
the spectrum into two peaks) is observed for higher gain
values (g ≥ 0.5gth). Highly selective lasing wavelengths
are observed when the gain approaches the threshold
value. This selectivity feature is promising for optical ﬁltering applications.
Figure 4 shows the effect of gain variation from no
gain to lasing on the FWHM for a uniform DFB-FL
under same design values (L, no) used in Figures 2 and 3.
As shown in Figure 4, at small gain values below 0.5gth,
the bandwidth is relatively wide and the well known
FBG reﬂectivity spectrum is observed. As the gain
increases above 0.5gth, the spectrum begins to split, as

3

described above. This leads to narrowing of the bandwidth for every split spectrum and to a rapid decrease the
FWHM, making it suitable for high selective ﬁltering
applications.
Based on the previous explanations, this work
introduces different apodization proﬁles on DFB-FLs to
provide single band ﬁltering suitable for remarkable
UDWDM ﬁltering performance. This work aims to
achieve higher reﬂectivity, a more selective ﬁlter having
a small FWHM, negligible or no side lobes, smoother
response, and a smaller transition interval.
2.3. Apodization proﬁles
The main apodization proﬁles, considered in the present
investigation, are [20–22]:
(1) Positive-tanh proﬁle:
 
8
2az
>
>
< tanh
L
;
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2aðL
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;
>
>
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Figure 2. Reﬂection spectra for uniform DFB-FL and uniform FBG. (The color version of this ﬁgure is included in the online
version of the journal.)
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Figure 3. Reﬂectivity spectrum for uniform DFB-FL at variable gain. (The color version of this ﬁgure is included in the online
version of the journal.)

Figure 4.

FWHM variations with gain for uniform DFB-FL.

In the above, a is the positive-tanh parameter, G is
the Gaussian parameter, H is the Hamming parameter,
and C is the Cauchy parameter.
The apodization proﬁles applied to the DFB-FL are
shown in Figure 5. The positive-tanh proﬁle (a = 4) [16]

has a ﬂat region that allows strong coupling between the
forward and backward waves in the grating region. The
Cauchy proﬁle (C = 0.5) [23] has a wide proﬁle that can
allow a good interaction between waves. For the Hamming proﬁle (H = 0.665) [22], the proﬁle varies with a

Journal of Modern Optics
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Figure 5.

5

Apodization proﬁles for DFB-FL. (The color version of this ﬁgure is included in the online version of the journal.)

steep transition that does not reach zero. The Gaussian
proﬁle (G = 4ln 2) [21] has a variation between half and
unity.

the ability to compare with previous literature results.
Finally, the performance of different apodized DFB-FL
ﬁlters is compared with that of well-known apodized
FBG ﬁlters.

2.4. Runge–Kutta fourth order method
Equation (6) cannot be solved exactly, so the Runge–
Kutta fourth order method (RKM4) was used to solve it
numerically. The initial boundary condition is uintial,
varying the iterations with step (h) so one can reach the
desired point uﬁnal [24].
3. Results and discussion
3.1. Introduction
For every apodization proﬁle, the coupling coefﬁcient (κ)
is changed according to Equation (3). The coupling coefﬁcient and Equation (2) are substituted in Equation (6)
and the RKM4 used to solve it numerically. The solution, together with what was mentioned in Section 2.1, is
used to calculate the reﬂectivity.
In the following sections, the reﬂectivity spectrum is
evaluated for different apodization proﬁles in the DFBFL ﬁlter. This evaluation is associated with a detailed
study of the effect of grating length (L) and the maximum modulation of refractive index (no).
For each apodized DFB-FL ﬁlter design, optimum
values of L and no are chosen to satisfy the speciﬁcations
of the optical ﬁlter. The parameters used in simulations
are ɑs = 0.15 m−1, neff = 1.47 [19]. The grating length
varies from 5 mm to 30 mm [25], no varies from low
modulation depth (10−5) to large modulation depth
(10−3) [21]. The wavelength simulation range is chosen
to cover effective parts of the C-band that are suitable
for ﬁltering operation and do not cause lasing behavior,
as observed from simulations. Previous choices provide

3.2. Positive-tanh apodized DFB-FL as an optical
ﬁlter
Figure 6 shows the reﬂectivity wavelength spectrum with
changing grating length at constant modulation depth
(no = 10−5) for the positive-tanh apodization proﬁle. The
unclear spectra observed at L = 5 mm and 1mm are presented more clearly as insets of Figure 6. As shown in
Figure 6, the reﬂectivity increases with length, while the
FWHM decreases. There is a small side lobe at smaller
lengths and suppressed side lobe for L > 15 mm and the
reﬂectivity spectrum differs in the transition from the
pass band to the stop band. For wavelengths near the
center designed wavelength λD (i.e. δ ~ 0) and sufﬁciently high gain, as in the cases of L = 30 mm and 25
mm, the condition of oscillation is nearly satisﬁed,
allowing the device to exhibit high gain so reﬂectivity
increases beyond 1.
For optimum ﬁlter design the target is high
reﬂectivity, narrow FWHM, and a suppressed side lobe;
a tradeoff between these three parameters should be
made. Optimization leads to the choice of L = 25 mm as
it provides a peak reﬂectivity of 1.906, a FWHM of
about 0.048 nm, and no side lobes, making it suitable
for UDWDM ﬁlter applications, as stated in Section 1.
Figure 7 shows the reﬂectivity spectrum against the
maximum refractive index amplitude, at L = 25 mm. As
shown in Figure 7, by increasing no the reﬂectivity
increases resulting in a wider spectrum; thus the FWHM
increases and there are side lobes for moderate
modulation depth (no = 10−4).
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Figure 6. Reﬂectivity of positive-tanh apodization proﬁle at no = 10−5. (The color version of this ﬁgure is included in the online
version of the journal.)

Figure 7. Reﬂectivity of positive-tanh apodization proﬁle at L = 25 mm. (The color version of this ﬁgure is included in the online
version of the journal.)

For no = 5 × 10−5, the reﬂectivity shows two peaks for
two different wavelengths achieved near the oscillation
condition. The optimum case is no = 10−5 which provides
a peak reﬂectivity, a FWHM that is previously obtained,
and no side lobes, in addition to a steep transition.
The optimization procedure using this apodization
was aimed at targeting UDWDM ﬁlter operation and led
to the previously chosen values for L and no. If we target
less selective ﬁlters (only WDM ﬁlter applications, wider
FWHM), the modulation depth of the grating must be
increased to no = 10−3 giving a SLSR of 22.3 dB, a
wider FWHM (1.06 nm), and a reﬂectivity which is
nearly 1. As shown in Figure 7, this can be used as a
very good optical band pass ﬁlter. This dual ﬁlter operation behavior is available using this apodization and the
Cauchy proﬁle, as will be discussed in Section 3.5.
3.3. Hamming apodized DFB-FL as an optical ﬁlter
The reﬂectivity spectrum under grating length variation
for constant modulation depth (no = 10−5) is shown in Figure 8 for the Hamming apodization proﬁle. The unclear

spectra observed at L = 5 mm and 10 mm are presented
more clearly as insets of Figure 8. As is shown, increasing
L with ﬁxed no causes the reﬂectivity to decrease, the
FWHM to decrease, and a steep transition to appear from
the pass band to the stop band. Also, the main lobe is wide
for small lengths and no side lobes appear. The optimum
case is when L = 30 mm, providing a peak reﬂectivity of
1.883, a FWHM of 0.04 nm, and no side lobes; this can
be used in UDWDM ﬁlter applications. There is a notch
which is 1.59% of the maximum at center wavelength due
to the apodization proﬁle.
Figure 9 shows the spectrum of the reﬂectivity
against the maximum modulation refractive index amplitude for constant grating length (L = 30 mm). As shown
in Figure 9, side lobes appear for no ≥ 5 × 10−5, causing
degradation in SLSR while the FWHM increases. The
spectrum is not ﬂat at no = 10−3, which makes it unsuitable for wider bandwidth ﬁlters; for wider ﬁlters, the
most suitable design is at no = 5 × 10−4. The optimum
values for selective ﬁlters are obtained at no = 10−5
providing the reﬂectivity and FWHM previously
obtained with no side lobes.
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Figure 8. Reﬂectivity of Hamming apodization proﬁle at no = 10−5. (The color version of this ﬁgure is included in the online
version of the journal.)

Figure 9. Reﬂectivity of Hamming apodization proﬁle at L = 30 mm. (The color version of this ﬁgure is included in the online version of the journal.)

Figure 10. Reﬂectivity of Gaussian apodization proﬁle at no = 10−5. (The color version of this ﬁgure is included in the online
version of the journal.)
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3.4. Gaussian apodized DFB-FL as an optical ﬁlter
Figure 10 shows the reﬂectivity spectrum at different
grating lengths for no = 10−5 for a Gaussian apodization
proﬁle. The unclear spectra observed at L = 5 mm and
10 mm are presented more clearly as insets of Figure 10.
As L increases, reﬂectivity increases, the FWHM
decreases, and side lobes begin to decrease; however, the
main lobe is spread over a wider range of wavelengths,
as shown in Figure 10. The best case is at L = 20 mm,
providing a peak reﬂectivity of 0.4666, a FWHM of
0.046 nm, and a SLSR of 10.62 dB.
Just like the Hamming proﬁle, the Gaussian
apodization proﬁle exhibits a high gain for L = 30 mm
and a notch which is 4.42% of the maximum at center
wavelength, as shown in Figure 10. Figure 11 shows the
reﬂectivity wavelength spectrum as a function of no at
optimum length (L = 20mm). The ampliﬁcation property
appears at no = 5 × 10−5 but the spectrum exhibits two
peaks in the pass band, as a result degrading single
wavelength ﬁltering performance. High side lobes appear
for high modulation depth, causing SLSR degradation
and an increase in FWHM, as shown in Figure 11.
For the best case, the maximum amplitude modulation is chosen to be 10−5 to obtain the above results for
reﬂectivity, FWHM, and SLSR.
3.5. Cauchy apodized DFB-FL as an optical ﬁlter
The reﬂectivity spectrum under variation of grating
length at no = 10−5 is shown in Figure 12 for a Cauchy
apodization proﬁle; the unclear spectrum observed at
L = 5 mm is presented more clearly as an inset of the
ﬁgure. From Figure 12, the reﬂectivity increases with
length, the FWHM decreases, and side lobes are suppressed with a negligible notch (0.1% of maximum). For
the optimum case, the choice will be L = 20 mm, providing a peak reﬂectivity of 0.7303, FWHM of about
0.054 nm, and no side lobes.

The corresponding reﬂectivity wavelength spectrum
under no variation for L = 20 mm is shown in Figure 13.
As can be seen, the response of the Cauchy proﬁle is
similar to the positive-tanh proﬁle with two peaks at
no = 5 × 10−5. Optimization leads to choice of no =
10−5, which provides the reﬂectivity, FWHM, and
suppressed side lobes previously obtained.
3.6. Comparison
3.6.1. Comparison between apodized DFB-FL ﬁlter
designs
Table 1 compares the performance of the different
apodization proﬁles. The positive-tanh proﬁle is smooth,
showing no notches in the pass band, the Cauchy proﬁle
has a negligible notch (0.1% of the maximum) compared
to the Hamming and Gaussian apodization proﬁles that
have a notch at the central wavelength. The notch is
about 1.53% for the Hamming proﬁle and 4.42% for the
Gaussian proﬁle; this makes positive-tanh and Cauchy
proﬁles a good choice when considering only the ﬁlter
shape response.
Gaussian and Cauchy apodization proﬁles require a
small grating length (20 mm), the positive-tanh requires
a larger length (25 mm), while Hamming proﬁle requires
the largest grating length (30 mm). As for the modulation depth, all the apodization proﬁles require small
modulation depth (10−5).
The high gain property depends on the apodization
proﬁle as it appears in positive-tanh and Hamming proﬁles but the gain is not high enough for other apodization proﬁles to come close to achieving the oscillation
condition so their reﬂectivities are less than 1 and they
need a larger length to achieve it.
Considering FWHM, the positive-tanh, Hamming, and
Gaussian proﬁles give a nearly equal FWHM while the
Cauchy proﬁle is slightly larger. Considering side lobes,
there are large side lobes in the Gaussian proﬁle, while

Figure 11. Reﬂectivity of Gaussian apodization proﬁle at L = 20 mm. (The color version of this ﬁgure is included in the online
version of the journal.)

Journal of Modern Optics

9

Downloaded by [nazmi azzam] at 09:56 14 November 2013

Figure 12. Reﬂectivity of Cauchy apodization proﬁle at no = 10−5. (The color version of this ﬁgure is included in the online version
of the journal.)

Figure 13. Reﬂectivity of Cauchy apodization proﬁle at L = 20 mm. (The color version of this ﬁgure is included in the online
version of the journal.)
Table 1.

Summary of apodization proﬁle results.

Apodization proﬁle
Positive-tanh
Hamming
Gaussian
Cauchy

L (mm)
25
30
20
20

no
−5

10
10−5
10−5
10−5

Peak reﬂectivity

FWHM (nm)

SLSR (dB)

1.906
1.883
0.4666
0.7303

0.048
0.04
0.046
0.054

–
–
10.62
–

they are suppressed in the case of positive-tanh and
Hamming proﬁles; negligible side lobes are present in
Cauchy proﬁle, making the latter three the better ﬁlters.
Out of previous ﬁlter design speciﬁcations that
target UDWDM ﬁlter applications, increasing the
modulation depth in positive-tanh, Cauchy, and
Hamming apodization proﬁles leads to widening of
the reﬂectivity spectrum curve and increasing the
FWHM for the ﬁlter, making them suitable for wider
WDM ﬁlter applications; however, in the Gaussian

Notches
No
1.53%
4.42%
0.1%

proﬁle the side lobes rapidly increase, degrading the
ﬁlter performance.
Figure 5 shows the apodization proﬁles used in
designing DFB-FLs to provide suitable ﬁltering performance. From Sections 3.3 and 3.4, dips at 1550 nm are
observed in Hamming and Gaussian reﬂectivity spectra
under parameters used in Figure 5. Simulation results
show that this behavior is due to the chosen H = 0.665
and G = 4ln 2 that are set in Figure 5 to provide a better
ﬁltering performance. However, these dips can be
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Figure 14.

Reﬂectivity spectrum for Gaussian proﬁle (G = 30).

Figure 15.

Gaussian proﬁle with G = 30.

removed by adjusting H and G parameters to provide
lower quality ﬁlter (i.e. the peak reﬂectivity will be
reduced and the FWHM will be wider).
As an explanation for the previous point, Figure 14
presents the reﬂectivity spectrum of the DFB-FL without
dips at 1550 nm for the Gaussian proﬁle with G = 30,
L = 30 mm, and no = 10−5. This reﬂectivity spectrum is
associated with the apodization proﬁle with G = 30 shown
in Figure 15.
As observed from Figures 10 and 14, the peak reﬂectivity decreases from 1.782 to 0.532 and the FWHM is
increased from 0.038 nm to 0.058 nm, resulting in a less
selective optical ﬁlter.
3.6.2. Comparison of apodized DFB-FLs with apodized
FBGs
Table 2 shows the features of some well-known proﬁles
for apodized FBGs that are used as ﬁlters
[16,21,22,25,26,28,29].
As shown in Tables 1 and 2, the DFB-FL positive-tanh
proﬁle needs a smaller grating length compared to the

FBG positive-tanh proﬁle of the same modulation depth
(10−5), giving a narrower FWHM and higher peak reﬂectivity. It gives better performance than the positive-tanh
FBG proﬁle due to the weaker modulation depth, compact
(small) length, higher reﬂectivity, and suppressed side
lobes that make it better for more selective ﬁlters.
For the Hamming proﬁle, compared to the FBG the
DFB-FL needs a shorter grating length and weaker modulation depth to obtain an acceptable narrow FWHM (0.04
nm), higher peak reﬂectivity (1.883), and no side lobes,
resulting in a more compact size and better design which
is made easier to fabricate due to weak modulation depth.
Concerning the DFB-FL Gaussian proﬁle, it needs a
larger length but weaker modulation depth to give a narrower FWHM, smaller reﬂectivity, and smaller SLSR
than the Gaussian apodized FBG, as shown in Table 2.
This makes the Gaussian FBG ﬁlter preferable in ﬁltering applications.
The DFB-FL Cauchy proﬁle needs a smaller length,
weaker modulation depth to give a smaller peak
reﬂectivity, wider FWHM (0.54 nm) and suppressed side
lobes compared to the Cauchy apodized FBG, but the
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Table 2.
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Some apodized FBG proﬁles used as a ﬁlter.
no

FWHM (nm)

Peak reﬂectivity

SLSR
(dB)

10
100
10
30
100
100
100
100
100
2

2 × 10−4
10−5
10−4
2 × 10−4
0.77
0.77
0.77
10−3
2.27 × 10−4
5 × 10−4

0.16
0.2
0.15
0.18
0.06
0.02
0.03
0.04
6
1

0.915
0.999
0.92
1
1
0.75
1
0.92
0.8
1

18
–
8
–
1.5
9
2.6
–
–
–

with side lobe
no side lobe
with side lobe
no side lobe
with side lobe
with side lobe
with side lobe
no side lobe
no side lobe
no side lobe

[8]
[16]
[21]
[21]
[22]
[22]
[22]
[26]
[27]
[28]

45
8

10−4
4 × 10−4

0.1
0.2

0.999
0.9958

–
4.5

no side lobe
with side lobe

[25]
[29]

Apodization proﬁle

L (mm)

Gaussian
Positive-tanh
Uniform
Raised cosine
Tanh
Hamming
Cauchy
Blackman
Triangular spectrum FBG
Triangular FBG with
asymmetrical spectrum
Raised cosine
Inverse Gaussian

existence of side lobes in the Cauchy apodized FBG
make the DFB-FL the better design between the two.
Generally, this work shows that careful choice of apodized DFB-FLs can provide optical ﬁlters with weaker
modulation depths, smaller grating length, higher reﬂectivities, higher SLSRs, and narrower FWHM than those
designed using the apodized FBGs.
4. Conclusion
This work has explored the viability of using the DFBFL as an accurate C-band optical ﬁlter; changing the
apodization proﬁle will affect the ﬁlter performance. The
best performance can be achieved by proper selection of
both the grating length and modulation depth through
the active grating region. This can be used to increase
the ﬂexibility in choosing optical ﬁlters according to
WDM system ﬁltering requirements.
Considering UDWDM ﬁlter applications, no apodization proﬁle achieves the all-optical ﬁlter requirements
stated previously. A tradeoff should be made in choosing the most suitable apodization according to system
requirements. Generally, this work suggests DFB-FLs
with a positive-tanh apodization proﬁle as the best
apodization proﬁle with grating length (L = 25 mm)
and modulation depth (no = 10−5) as the most suitable
ﬁlter for UDWDM ﬁltering speciﬁcations among
famous FBG proﬁles as well as the apodized DFB-FLs
under consideration. This choice provides a FWHM of
0.048 nm, suppressed side lobes, and peak reﬂectivity
of 1.906.
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