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Abstract

A new exposure scheme for fabricating apodised fiber Bragg gratings by the use of a uniform phase mask and a Gaussian beam
laser is demonstrated. Average refractive index is kept nearly constant along the grating to derive a side lobe suppression of 20dB
in the shorter wavelength. This scheme allows the writing of truly apodized fiber Bragg gratings. (©) 2000 Elsevier Science Ltd. All

rights reserved.
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1. Introduction

Fiber Bragg gratings (FBGs) are well recognized as
key components in DWDM systems because of their low
insertion loss and high-wavelength selectivity. For pass-
ive devices in DWDM communication systems, sharp,
well-defined filter amplitude responses are one of the crit-
ical characteristics [1]. For a typical FBG, the narrowness
of the bandwidth is usually imposed by the side lobes on
the spectral response [2]. A uniform FBG yields highly
undesirable side lobes due to Fabry—Perot resonance at the
sharp boundaries of the grating. A well-discussed method
to reduce these side lobes is to apodize the grating cou-
pling strength along the grating by gradually tapering the
index modulation amplitude to zero at the two edges [3].
This helps to reduce the side lobes in the higher wave-
length, but it still leads to resonance that occurs in the
shorter wavelength. In this situation, the Bragg wavelength
at either end of the grating is smaller than that at the cen-
ter of the grating, and thus leads to some side lobes in the
lower wavelength. To further suppress these side lobes, it
is necessary to keep the average refractive index constant
along the grating. Several approaches have been reported
in the literature [4—6]. Pan et al. [4] used an apodised
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Fig. 1. 3D profile of a raw excimer laser beam, and cross-sections.

phase mask with variable diffraction efficiency to fabri-
cate their steep skirt FBGs. Mola et al. [5] demonstrated
a double-exposure method by using shadow masks to con-
trol the index variation along the fiber, while Singh and
Zippin [6] have fabricated apodised fiber gratings by the
use of a uniform phase mask and a single illumination
process.
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Fig. 2. Reflection spectrum (in solid line) of a Gaussian apodized fiber
Bragg grating fabricated by a Gaussian beam. The reflection spectrum
of the FBG formed by a plane wave is plotted in dots for comparison.
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Fig. 3. Schematic diagram for fabricating raised Gaussian apodised fiber
Bragg gratings by multiple exposure. For convenience, the scale in the
diagram is not proportional.

In this work, we propose and demonstrate a new method
for fabricating apodised FBGs without using any inten-
sity mask. FBGs with a uniform pitch are first photoim-
printed by a UV beam with a Gaussian spatial profile
using the standard phase mask approach. However, the
average local refractive indices of the imprinted gratings
are corrected to remain nearly constant along the whole
length of the grating. We achieve this requirement by us-
ing a multiple-exposure process without requiring any in-
tensity mask. Side lobes have been significantly reduced
to meet the requirements of DWDM communication
systems.
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Fig. 4. Reflection spectrum (in solid line) of a raised Gaussian apodised
grating fabricated by the set-up shown in Fig. 3. Also the reflection
spectrum of the FBG formed by a plane wave is plotted in dots for
comparison.

2. Experimental setup and results

The basic concept of our scheme is to utilize the +1
order diffraction beams produced by the phase mask to
raise the average refractive index at both sides of the FBG.
In our experiment, a Lamda Physik Compex 205 excimer
laser is used for the fabrication of FBGs. The beam profile
of the laser in the vertical direction is nearly a plane wave
within a 15mm region at the beam center, while in the
horizontal direction, the distribution is nearly Gaussian.
This is shown in Fig. 1. At first, we expose the plane
wave on the mask to fabricate a FBG with a maximum
reflectivity of 99.5%, and then we use the Gaussian beam
to perform the same process. An iris is set in front of the
laser beam to control the exposure length. The photosen-
sitive fibers used in this experiment are from Fibercore
and are with a numerical aperture of 0.12. The exposure
length is set to be 12mm. The reflection spectra of the
fiber gratings fabricated by these two beams are shown
in Fig. 2, where we could see that the FBG formed by
a Gaussian beam has a sharper spectral response. But it
still leads to some side lobes in shorter wavelength as
we mentioned above. The 3dB bandwidth of the grating
fabricated by the Gaussian beam is about 0.6nm and the
side lobes at lower wavelength, 100 GHz from the center
wavelength is —8 dB smaller compared to that fabricated
by a plane wave. This proves that an apodised FBG could
provide a better reflection spectrum.

To further suppress the residual side lobes in the shorter
wavelength, we use the £1 order diffracted Gaussian beams
coming from the phase mask for achieving a constant
average refractive index as shown in Fig. 3. This is a



C. Yang, Y. Lail Optics & Laser Technology 32 (2000) 307-310 309

0
f \
3 ' 4 430
h ‘.‘
"
-5 L =
|} N
A i r
¥ RS 1 380
. R A
~ 5 2
m Al 4
3 A HE {330 2
8 SR EIA, g
8 | R - =
Q . [=¥
=] . =
1) K )
. ' &
280
25 ".5 A /\[\I'\/\ 230
| AR
30 180
1549.4 1549.6 1549.8 1550 1550.2 1550.4 1550.6 1550.8 1551 1551.2 1551.4
(a) Wavelength (nm)
0 / 550
-5 / \
‘l
-10 ‘.“ jv‘u
.15 // /
/, 4 500
~ =20 ’3\
g / ‘ &
= ! 2
§ -25 7 - 3 o
é ." —'/ \ -g-
& 30 1 / 3 g
. /\/ . &
L ':M‘ 450
35 4
(3 3! R
-40 li:w 2 (‘,’ "
1 .
-45 1 M
-50 Al * 400

1548.63 1548.83 1549.03 1549.23 1549.43 1549.63 1549.83 1550.03 1550.23 1550.43 1550.63
(b) Wavelength (nm)

Fig. 5. Group delay time of two fiber Bragg gratings. (a) without apodisation, and (b) with raised Gaussian apodisation. The reflection spectrum is
plotted in dots, while the group delay time is plotted in solid line.
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multiple-exposure scheme. In this method, we use the
Gaussian beam to fabricate a 99.5% grating for 3000 laser
shots, and then pull the phase mask away from the fiber
by a distance of 25 mm and perform the second exposure
(4500 shots), with the iris adjusted to the width of 12 mm.
After that, we push the mask toward the fiber by a dis-
tance of 17 mm, adjust the iris to the width of 6 mm, and
then perform the third exposure (3000 shots). The spec-
trum of a typical FBG fabricated in this way is shown
in Fig. 4. We find that the side lobes in the lower wave-
length 100 GHz from the center wavelength is suppressed
by —20 dB as shown in Fig. 4.

We also sketch the group delay diagram of these grat-
ings with an optical network analyzer provided by Ad-
vantest Q7750; the result is shown in Fig. 5, where we
could see that the phase response becomes worse when
the side mode of the reflection spectrum is reduced. There
exists trade-off between the amplitude response and phase
response. Various efforts have been reported in the re-
cent years to both acquire sharp reflection spectrum and
linear-phase response [7, 8].

3. Conclusions

A plane wave or a pure Gaussian beam is found to
fabricate FBGs with higher side lobes in this experiment.
In order to fabricate a raised Gaussian apodised FBG that
has a constant average index variation, we have developed
a multiple-exposure scheme that can achieve this purpose

without requiring the use of intensity masks. Our methods
provide a flexible process for fabricating the FBG. Side
lobe suppression of 20dB is demonstrated in our experi-
ment. Higher suppression ratio could be achieved by more
post-exposures. The performance of FBGs made by this
method is suitable to meet the requirements of DWDM
communication systems.
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