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(57) ABSTRACT

The present invention provides a fiber Bragg Grating
sequential writing method with real-time optical fiber posi-
tion monitoring, characterized in that the relative phase
between a fiber grating and a writing interference beam at
each positioning point is determined by an interferometric
side-diffraction method, and writing is sequentially per-
formed. Accuracy in fabricating a long and complex fiber
grating structure can be increased by decreasing or avoiding
accumulative errors caused by long-term scan of monitoring
optical fiber position, or by a means for fabricating a wanted
reference fiber Bragg grating with similar settings.
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METHOD FOR SEQUENTIALLY WRITING FIBER
BRAGG GRATING BY USING REAL-TIME
SIDE-DIFFRACTION OPTICAL FIBER POSITION
MONITORING

BACKGROUND OF THE INVENITON
[0001]

[0002] The present invention relates to a novel method for
fabricating a fiber Bragg grating, which can increase the
accuracy to fabricate a long and complex fiber grating
structure. Especially, a fiber Bragg grating having a complex
variance in refractive index and arbitrary phase shift is a
very important optical communication element.

[0003] 2. Description of the Related Art

[0004] Recently, several methods for fabricating a long
and complex fiber grating structure, such as moving-fiber-
scanning-beam method and sequential writing method, are
continuously proposed. In these methods, a He-Ne laser
interferometer is used to monitor the fiber position during
the execution of UV-writing. However, the accumulative
position reading errors due to the drift of the interference
fringe of the interferometer and the inaccurate grating period
estimation have caused significant influences on the fabri-
cation of a long fiber Bragg grating (FBG) structure.

[0005] For example, Taiwanese Patent No. 434,431 dis-
closes a method for writing arbitrary refractive index dis-
turbances into a waveguide, which writes a movable
waveguide directly by using beam and in a single-point way.
The above-mentioned method varies refractive index along
the waveguide simply by controlling the moving speed of
the waveguide. However, the method is suitable only for a
long-period fiber grating, not for a short-period fiber Bragg
grating.

1. Field of the Invention

[0006] Furthermore, U.S. Pat. Nos. 6,834,977 and 6,813,
079 disclose that a fiber grating is written into an optical
fiber by sequential exposure to UV beam section by section
through a phase mask, and an interferometer is used to
monitor the position of each positioning point of a transla-
tion stage. However, the method for monitoring a written
position of the optical fiber by using an interferometer
causes the problem of the above-mentioned accumulative
errors, and the period of a writing beam needs to be precisely
calibrated in advance.

[0007] Moreover, U.S. Pat. No. 5,945,261 uses a principle
in which luminescence is generated by exposing an optical
fiber to UV beam. In the Patent, a small grating section is
previously exposed, the intensity of the luminescence is
detected for the use of feedback, and then a connected
grating being long and having no discontinuous phases is
formed. However, this method cannot have a phase shift
arbitrarily inserted. U.S. Pat. Nos. 6,753,118 and 6,801,689
both have the same disadvantage caused by a method in
which a grating is written by repeated exposures section by
section with a feedback compensation, and a modified
amount is calculated by a grating spectral response obtained
after writing. However, this method is not easy to be
monitored in time, and is suitable for grating modification
after writing. U.S. Pat. No. 5,830,622 discloses that UV
beam is additionally exposed to a specific position so as to
adjust refractive index, leading to an additional phase shift.
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However, a second scan is needed, more time is taken, and
a wanted phase shift cannot be easily obtained section by
section.

[0008] M. J. Coke, et al. issues a paper entitled “Moving
Fiber/Phase Mask-Scanning Beam Technique for Enhanced
Flexibility in Producing Fiber Gratings with Uniform Phase
Mask,” Electronics Letters, Vol.31, No. 17, 1488 (1995)
1490, in which a grating is written into an optical fiber by
moving the optical fiber or a phase mask. However, the
length of a fiber grating fabricated by this method is limited
to the length of the phase mask, and thus, the sharpness of
a written pattern is affected by the limitation of moving
speed.

[0009] Adel Asseh, Heleg Storoy, et al. issues a paper
entitled “Writing Technique for Long Fiber Bragg Grating
with Complex Reflectivity Profile,” Journal of Lightwave
Technology, Vol. 15, No. 8, 1419 (1997) 1423, in which a
grating is written by repeated exposures section by section,
and an interferometer is used to monitor the position of each
positioning point of a translation stage. However, the writing
beam is a pulse UV-light laser, and can introduce the
problem of extra noise.

[0010] Ingemar Petermann et al. issues a paper entitled
“Fabrication of Advanced Fiber Bragg Gratings by Use of
Sequential Writing with a Continuous-Wave Ultraviolet
Laser Source.” Applied Optics, Vol. 41, No. 6, 1051 (2002)
1056, in which a grating is written by repeated exposures
section by section, and an interferometer is used to monitor
the position of each positioning point of a translation stage.
Although the writing beam is a continuous UV beam, the
method of monitoring the written position of an optical fiber
by using an interferometer can cause the problem of accu-
mulative errors, and the period of a writing beam needs to
be precisely calibrated in advance.

SUMMARY OF THE INVENTION

[0011] The present invention provides a fiber Bragg Grat-
ing sequential writing method with real-time optical fiber
position monitoring, characterized in that the relative phase
between a fiber grating and a writing interference beam at
each positioning point is determined by an interferometric
side-diffraction method, and writing is sequentially per-
formed. Accuracy in fabricating a long and complex fiber
grating structure, especially a fiber Bragg grating having a
complex variance in refractive index and arbitrary phase
shift, can be increased by decreasing or avoiding accumu-
lative errors caused by long-term scan of monitoring optical
fiber position, or by a means for fabricating a wanted
reference fiber Bragg grating with similar settings. Mean-
while, the present invention proposes the structures of
real-time optical fiber position monitoring of two similar
devices. The first structure is only used to fabricate a fiber
Bragg grating having a single-period uniform refractive
index distribution. The second structure can be used to
fabricate a fiber Bragg grating having arbitrary refractive
index distribution and arbitrary phase shift.

[0012] An object of the present invention is to provide a
method for fabricating a fiber Bragg grating having a
single-period uniform refractive index distribution, charac-
terized by probing an exposed grating section as a phase
reference for next grating section writing. The method
comprises the following steps:
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[0013]

[0014] (2) focusing a probe beam on the just-exposed fiber
grating section, and generating a first-order Bragg diffrac-
tion if the phase satisfies Bragg’s condition;

[0015] (3) generating an intetference pattern of the dif-
fraction probe beam and the other probe beam by using a
beam combiner, and recording the interference pattern by
using a CCD camera;

[0016] (4) generating a periodic UV intensity pattern by
dividing a laser UV beam into two beams having the same
intensity and causing an interference between the two
beams, and writing the periodic UV intensity pattern into a
waiting for being exposed optical fiber to form a single fiber
Bragg grating section;

[0017] (5) shifting a translation stage which holds the
waiting for being exposed optical fiber by a given distance,
and then, fine tuning a piezoelectric translator (PZT) stage
according to an measurement result of grating phase of the
Just-exposed grating section; and

[0018] (6) repeating the above steps to sequentially con-
nect and form a long fiber Bragg grating.

[0019] The probe beam of Step (2) is obtained by expand-
ing He-Ne laser beam into abeam having a diameter of 3 mm
by two spherical lenses (SL), and then allowing the
expanded beam to pass through a polarizing beam splitter
and to be divided into a probe beam A and the other probe
beam B; the optimized interference pattern of Step (3) is
obtained by adjusting two half-wave plates, and the diffrac-
tion probe beam and the other probe beam is combined by
a beam combiner, the intensity ratio of the two beams are
controlled by the first half-wave plate, and the polarization
direction of the probe beam B is rotated with respect to the
probe beam A by the second half-wave plate; the wavelength
of the laser UV beam of Step (4) is preferably 244 nm,
furthermore, A half-wave plate is placed in one path of the
wo interference beams, and a pure apodization (flat DC-
index modulation) of the final fiber Bragg grating can be
obtained; in Step (5), a frequency-doubled argon-ion laser
emits a CW 244-nm single polarization UV beam into a
two-beam interferometer to form a UV beam having a
periodic intensity distribution in a full width at half maxi-
mum (FWHM) of 6.5 mm, the formed UV beam is written
into an optical fiber to form a fiber Bragg grating section,
and many strongly-overlapped, equally-spaced, and Gauss-
ian-shaped fiber Bragg grating sections are connected to
obtain a long fiber Bragg grating having an accurate grating
phase alignment; in Step (6), the final fiber Bragg grating is
produced after 80-section sequential writing to reach a total
grating length of about 80 mm, and the fiber scan step is
about 1 mm to make the total grating length more than 80
mm.

[0020] In practice, the whole algorithm is implemented
with LabVIEW software for automatically controlling the
whole exposure process.

[0021] The above-stated side-diffraction position monitor-
ing method that probes a just-exposed grating section has
been employed for preparing a single-period fiber grating
with a strong index-modulation. A real-time side-diffraction
position monitoring method is used to develop a way of
manufacturing this single-period fiber grating having a

(1) probing a just-exposed fiber grating section;
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strong index-modulation. It facilitates to be used for a
wanted reference fiber grating stated in another object of the
present invention.

[0022] A further object of the present invention is to obtain
a real-time side-diffraction position monitoring by probing a
reference grating, characterized by probing another refer-
ence grating as a phase reference for each section writing. A
reference grating required in this device can be manufac-
tured from the previous step or by a writing method using a
phase mask. The real-time side-diffraction position moni-
toring method of the present invention comprises the fol-
lowing steps:

[0023] (1) arranging a reference fiber Bragg grating and a
waiting for be exposed optical fiber in parallel, the modu-
lated amount of refractive index of the reference fiber Bragg
grating is large and uniform;

[0024] (2) allowing a probe beam to be incident along the
Bragg angle of the reference grating to form a first-order
Bragg diffraction beam when the positioning point of each
UV beam overlap exposures is determined, and generating
an interference fringe by causing an interference between
the first-order Bragg diffraction beam and another reference
beam;

[0025] (3) after a translation stage is shifted by a prede-
termined distance to around next positioning point, fine
tuning the translation stage to the final position of this
positioning point by comparing the phase distributions of
interference fringes before and after shifting the translation
stage by using a feedback system until phase distribution
falls within a given error range;

[0026] (4) turning on a UV beam exposure shutter for a
given exposure time and then turning off the shutter; and

[0027] (5) shifting the translation stage to next positioning
point, and repeating steps (3) and (4).

[0028] The reference fiber Bragg grating of step (1) is used
to complete a connected grating section by section by
shielding the continuous UV beam laser, not by repeating
exposures section by section to write a grating and using an
interferometer to monitor the position of each positioning
point of the translation stage. Therefore, it is unnecessary to
use a pulse UV beam as a writing beam, no extra noise is
introduced, and no problem of accumulative errors is
caused; Furthermore, step (3) uses a feedback system to
detect the phase distribution of the reference fiber Bragg
grating at each positioning point, so that phase connection of
each written grating section is continuous. Therefore, a fiber
Bragg grating being long and not phase discontinuous is
fabricated; and when a fiber Bragg grating having complex
refractive index distribution and phase shift, a very simple
way is provided to perform a UV beam writing action. As
compared to methods disclosed in the prior art or known
scientific or technical literatures, in which accumulative
position errors are easily introduced or a second exposure
must be further performed to compensate already existing
phase errors, it has obvious progress and break through.

[0029] Thereafter, a last object of the present invention
relates to a method of fabricating a reference grating,
characterized by probing a just-exposed grating section as a
phase reference for next section writing by a method similar
to the method of fabricating a fiber Bragg grating having a
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single-period uniform refractive index distribution accord-
ing to the present invention, wherein a PZT stage is fine
tuned until the phase distribution of the just-exposed fiber
grating in this step is the same as the phase distribution of
the previous step.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1(a) shows a structural diagram of real-time
side-diffraction position monitoring by probing a just-ex-
posed section.

[0031] FIG. 1(b) shows the typically resulted periodic
pattern captured by the CCD camera and the obtained phase
distribution according to the implementation of FIG. (a).

[0032] FIG. 2 shows a refractive index profile and the
Bragg wavelength of a uniform fiber grating according to the
implementation of the structure.

[0033] FIG. 3(a) shows a structural diagram of real-time
side-diffraction position monitoring by probing a reference
grating.

[0034] FIG. 3(b) reveals a flow chart of the implementa-
tion of FIG. 3(a).

[0035] FIG. 4(a) shows the reflection and the transmission
spectra of a 70-mm-long, 0.07-nm Gaussian apodized fiber
Bragg grating for real-time side-diffraction position moni-
toring by probing a reference grating.

[0036] FIG. 4(b) shows the reflection and the transmission
spectra of a 40-mm-long, single m-phase-shifted Gaussian
apodized fiber Bragg grating for real-time side-diffraction
position monitoring by probing a reference grating.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0037] The technical content and implementation means
of the present invention is described with reference to the
following embodiments.

First Embodiment

Real-Time Side-Diffraction Position Monitoring by
Probing a Just-Exposed Section

[0038] In the first embodiment, the real-time side-diffrac-
tion position monitoring is performed by probing a just-
exposed fiber grating section. FIG. 1(a) shows a schematic
diagram of the first embodiment. First, a 5-mW single-
polarization He—Ne laser beam (01) is expanded with two
spherical lenses (SL) to achieve a final beam diameter of
roughly 3 mm. It is then divided into two probe beams A and
B with a polarization beam splitter. The function of the first
half-wave plate (HWP) is to control the intensity ratio of
these two divided beams. The second half-wave plate rotates
the polarization direction of the probe beam B relative to the
probe beam A. Next, the probe beam A is focused onto the
exposed optical fiber (04) with a spherical lens (SL) of
20-cm focal length. The first-order Bragg diffraction of the
probe beam A is generated under the phase-matching Bragg
condition sin 0, =NbxA/Ay, wherein 01 is the input angle of
the probe beam in air, Nb is the effective refractive index of
the exposed fiber (04) at the Bragg wavelength Ay, and A is
the wavelength of the probe beam. Diffracted probe beams
A and B are combined at beam combiner with an interfer-
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ence angle of 0,. A 440x480 monochrome CCD camera with
a pixel width of 7.15-um is utilized to record the interference
pattern produced by the probe beams A and B. The visibility
of the interference pattern can be optimized by adjusting the
two half-wave plates. A frequency-doubled argon-ion laser
launches a CW 244-nm single-polarization ultra-violet (UV)
beam into a two-beam interferometer. Exposure of the
interference UV beams with the FWHM of 6.5 mm forms a
periodic UV intensity pattern onto the exposed fiber to
include a single fiber Bragg grating (FBG) section. The long
fiber Bragg grating is achieved by connecting many
strongly-overlapped, equally-spaced, Gaussian-shaped fiber
Bragg grating sections with accurate grating phase align-
ment. A half-wave plate is placed in one path of the two
interfering beams to obtain pure apodization (flat DC-index
modulation) for the final fiber Bragg grating. The translation
stage (05) comprises a linear motor stage and a piezoelectric
translator (PZT) stage with sub-nm position resolution. The
accurate alignment of the fiber position is achieved by
shifting the translation stage by a given distance and then
iteratively fine-tuning the PZT stage (05) according to the
grating phase measurement of the just-exposed grating sec-
tion.

[0039] The intensity of the first-order diffracted probe
beam A is denoted as 1, and the intensity of the probe beam
B is assumed to be I;. The intensity distribution of the
interference fringe on the CCD along the x-axis, which is
perpendicular to the bisector of the two interfering beams, is
given by:

23 Equation (1)

Ly =14 + 15 +2VI4Ip -cos [kx-Zsin(z

J+4]

where k=2n/. is the wave vector, 0, is the interfering angle
and 9 is the phase difference between the two interfering
beams. The interference pattern I, is processed by the
Fourier transform to obtain the corresponding spatial fre-
quency spectrum. The spectrum is then filtered to keep only
the positive frequency part and is inverse-Fourier-trans-
formed back to the original domain. The phase d of the
probed fiber grating location can then be identified by taking
the arg of the processed data. FIG. 1(b) shows the typically
resulted periodic pattern captured by the CCD camera and
the obtained phase distribution. For producing single period
fiber Bragg gratings, the PZT stage is fine tuned until the
just-exposed fiber grating phase distribution obtained in this
step is the same as that of last step. The UV-beam shutter is
then turned on for writing the present fiber Bragg grating
second with a given time duration. In practice, the whole
algorithm is implemented with the LabVIEW software for
automatically controlling the whole exposure process.

[0040] As an example, this side diffraction position moni-
toring method that probes the just-exposed section has been
employed for preparing a single-period fiber grating with
strong index-modulation. The fiber used is the photosensi-
tive fiber (Fibercore PS15800) after 1,900-par hydrogen
loading at room temperature for several days. The FWHM of
the UV beam is about 6.5 mm and the fiber scan step is about
1 mm. The final fiber Bragg grating is produced after an
80-section sequential writing to reach a total grating length
of about 80 mm. The same side-diffraction method is applied
to measure the whole refractive index modulation profile of
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the fabricated fiber grating along its fiber axial direction.
FIG. 2 shows the measured result. One can see from FIG.
2 that the fabricated fiber grating profile is substantially
uniform. The optical reflection spectrum in the inset of FIG.
2 shows that the Bragg wavelength is 1.546 pm and there
should be no obvious phase errors. Such a fiber Bragg
grating will be used as the reference grating for the embodi-
ment in next section.

Second Embodiment

Real-Time Side-Diffraction Position Monitoring by
Probing a Reference Grating

[0041] In the second embodiment, the experimental setup
includes a reference fiber grating and an exposure fiber
which are clamped in parallel on the same translation stage
(05). FIG. 3(a) depicts the schematic diagram of the system.
The reference grating with a strong and uniform refractive
index modulation is prepared in advance with the first
embodiment. The reference fiber grating under probe is
adequately uniform and has a sinusoidal index modulation
profile n(x) along its fiber axial direction as:

2nx i Equation (2)
n(x) = ng + An-cos (T + ¢l\x)]

[0042] where no is the average refractive index, An is the
amplitude of refractive index modulation, A is the grating
period, and §(x) describes spatial grating phase. The UV-
generated interference period is fine tuned to match the
reference fiber grating period, even though this restriction
can be relaxed since it will only cause a center-wavelength
shift. The accurate alignment of the fiber position is
achieved by shifting the translation stage by a given distance
and then iteratively fine-tuning the PZT stage according to
the reference grating phase measurement.

[0043] The UV-beam shutter is then turned on for writing
the present fiber Bragg grating section with a given time
duration. FIG. 3(b) reveals a flowchart of the whole opera-
tion algorithm. In practice, the main advantage of this
method is that long fiber Bragg gratings can be fabricated
even when the index-modulation is small and with the
option for easy insertion of arbitrary shifts.

[0044] As to real-time side-diffraction position monitoring
by probing a reference grating, we have verified the feasi-
bility of the proposed method by two examples. The first
example is to fabricate a narrowband, Gaussian apodized
fiber Bragg grating with a constant DC refractive index
modulation along the whole grating. The reference grating
with uniform and strong refractive index modulation is
probed to identify the related grating phase information. The
FWHM of the UV beam is about 6.5 mm and the fiber scan
step is about 1.2 mm. The final fiber Bragg grating is
produced after a 58-section sequential writing to reach a
total grating length about 70 mm. FIG. 4(a) shows the
reflection and the transmission spectra of the exposed fiber
Bragg grating. The reflection spectrum has a relatively flat
top with the sidelobe level below -20 dB. The 3-dB band-
width of the reflection spectrum is only 0.07 nm. The peak
refractive index modulation is estimated to be 2.5x10™ for
this 70-mm-long Gaussian apodized fiber Bragg grating,
determined by simulation-fitting.
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[0045] This example demonstrates the feasibility for fab-
ricating long fiber Bragg gratings without noticeable phase
errors, even when the written index modulation is below the
threshold for reliable side-diffraction measurement.

[0046] The second example is to fabricate a 40-mm-long,
single m-phase-shifted Gaussian apodized fiber Bragg grat-
ing with a constant DC refractive-index modulation. The
scan step during the exposure is about 0.6 mm and the final
fiber Bragg grating is achieved by connecting 70 fiber Bragg
grating sections. A x phase shift is inserted into the center of
the exposure fiber grating during the fabrication process.
FIG. 4(b) shows the reflection and transmission spectrum of
the exposure fiber. As expected, there is a narrow transmis-
sion peak within the stop-band due to the resonance caused
by the m-phase-shift. This simple example demonstrates the
feasibility of fabricating phase-shifted fiber Bragg gratings
with the new scheme.

[0047] Although the invention has been disclosed in terms
of preferred embodiment, the disclosure is not intended to
limit the invention. Those skilled in the art can make
changes and modifications within the scope and spirit of the
invention which is determined by the claims below.

LIST OF MAJOR ELEMENTS AND THEIR
CORRESPONDING REFERENCE NUMERALS

[0048] 01 probe beam (632.8 nm)
[0049] 02 mirror

[0050] 03 UV writing beam (244 nm)
[0051] 04 waiting for being exposed optical fiber
[0052] 05 translation stage

[0053] 06 reference fiber grating
[0054] A probe beam

[0055] B probe beam

[0056] BC beam combiner

[0057] HWP half-wave plates

[0058] PBS polarizing beam splitter
[0059] SL spherical lenses

1. A method for sequentially writing fiber Bragg Grating
by using real-time optical fiber position monitoring, char-
acterized by determining each positioning point of the fiber
grating and relative phase between a fiber grating and a
writing interference beam by using an interferometric side-
diffraction method, and then sequentially writing is per-
formed.

2. The method according to claim 1, further comprising
decreasing or avoiding accumulative errors caused by long-
term scan of monitoring optical fiber position, or a means for
fabricating a wanted reference fiber Bragg grating with
similar settings.

3. A method of fabricating a fiber Bragg grating having a
single-period uniform refractive index distribution by using
UV sequential writing, characterized by probing an exposed
grating section as a phase reference for next grating section
writing, comprising the steps of:
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(1) shifting a translation stage (05) to around next posi-
tioning point by a predetermined distance, after an
exposed fiber grating section is formed;

(2) allowing a probe beam to be incident along the Bragg
angle of the exposed fiber grating section to form a
first-order Bragg diffraction beam when the positioning
point of next UV beam overlap exposures is deter-
mined, and generating an interference fringe by causing
an interference between the first-order Bragg diffrac-
tion beam and another reference beam;

(3) fine tuning the translation stage (05) to the final
position of this positioning point by comparing the
phase distributions of interference fringes before and
after shifting the translation stage (05) by using a
feedback system until phase distribution falls within a
given error range;

(4) turning on a UV beam exposure shutter for a given
exposure time and then turning off the shutter; and

(5) shifting the translation stage (05) to next positioning
point, and repeating steps (3) and (4).

4. The method according to claim 3, wherein the opti-
mized interference pattern of Step (3) is obtained by adjust-
ing two half-wave plates, the intensity ratio of the two beams
are controlled by the first half-wave plate, and the polariza-
tion direction of the probe beam B is rotated with respect to
the probe beam A by the second half-wave plate;

5. The method according to claim 3, wherein the waiting
for being written optical fiber is a photosensitive fiber, and
the final fiber Bragg grating is produced after many-grating
section sequential writing to reach a long total grating
length.

6. The method according to claim 3, wherein the whole
algorithm is implemented with LabVIEW software for auto-
matically controlling the whole exposure process.

7. A method for fabricating a complex fiber Bragg grating
by using UV sequential writing, characterized by probing
another reference grating as a phase reference for each
grating section writing, comprising the steps of:

(1) arranging a reference fiber Bragg grating and a waiting
for be exposed optical fiber in parallel, the modulated
amount of refractive index of the reference fiber Bragg
grating is large and uniform;

(2) allowing a probe beam to be incident along the Bragg
angle of the reference grating to form a first-order
Bragg diffraction beam when the positioning point of
each UV beam overlap exposures is determined, and
generating an interference fringe by causing an inter-
ference between the first-order Bragg diffraction beam
and another reference beam;

(3) after a translation stage (05) is shifted by a predeter-
mined distance to around next positioning point, fine
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tuning the translation stage (05) to the final position of
this positioning point by comparing the phase distri-
butions of interference fringes before and after shifting
the translation stage (05) by using a feedback system
until phase distribution falls within a given error range;

(4) turning on a UV beam exposure shutter for a given
exposure time and then turning off the shutter; and

(5) shifting the translation stage (05) to next positioning
point, and repeating steps (3) and (4).

8. The method according to claim 7, wherein step (3) uses
the feedback system to detect the phase distribution of the
reference fiber Bragg grating at each positioning point, so
that phase connection of each written grating section is
continuous.

9. The method according to claim 7, wherein the method
can be used to fabricate a fiber Bragg grating having an
arbitrary refractive index distribution and an arbitrary phase
shift.

10. The method according to claim 7, wherein the waiting
for being written optical fiber is a photosensitive fiber, and
the writing light source is a UV beam.

11. The method according to claim 10, wherein the UV
beam preferably has a wavelength of 244 nm.

12. A method for fabricating the reference grating of claim
7, characterized by probing an exposed grating section as a
phase reference for next grating section writing by:

(1) shifting a translation stage (05) to around next posi-
tioning point by a predetermined distance, after an
exposed fiber grating section is formed,

(2) allowing a probe beam to be incident along the Bragg
angle of the exposed fiber grating section to form a
first-order Bragg diffraction beam when the positioning
point of next UV beam overlap exposures is deter-
mined, and generating an interference fringe by causing
an interference between the first-order Bragg diffrac-
tion beam and another reference beam;

(3) fine tuning the translation stage (05) to the final
position of this positioning point by comparing the
phase distributions of interference fringes before and
after shifting the translation stage (05) by using a
feedback system until phase distribution falls within a
given error range;

(4) turning on a UV beam exposure shutter for a given
exposure time and then turning off the shutter; and

(5) shifting the translation stage (05) to next positioning
point, and repeating steps (3) and (4);

wherein a PZT stage is fine tuned until the phase distri-
bution of the exposed fiber (04) grating in this step is
the same as the phase distribution of the previous step.
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