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Fiber Bragg Grating Dispersion Compensator by
Single-Period Overlap-Step-Scan Exposure

Lih-Gen Sheu, Kai-Ping Chuang, and Yinchieh Udiember, IEEE

Abstract—\We theoretically demonstrate that a high-quality achieved. In this way, we avoid the use of chirped phase masks
fiber Bragg grating dispersion compensator can be fabricated as well as the difficulties associated with them. During the
by a properly designed single-period overlap-step-scan exposure gy q5re a Gaussian beam with a suitable beam width is used
method. A practical design example and a detailed tolerance . . . .
analysis of this new fabrication method are given. and th(_a translation length per step is adjusted in such a way

that adjacent exposure segments are strongly overlapped so that

the abrupt phase changes between adjacent segments can be
smoothed out by overlap-averaging. We will also carry out the
tolerance analyses for the phase and apodization errors in the
grating and the results are compared with those of step-chirped

Index Terms—Discrete layer-peeling method, dispersion com-
pensator, overlap-step-scan method, phase-shifted fiber Bragg
gratings (PS-FBGSs), step-chirped fiber Bragg gratings (SC-FBGS).

. INTRODUCTION FBGs (SC-FBGs) for completeness.
IBER BRAGG gratings (FBGs) have recently become an
enabling technology that provides convenient, cost-effec- Il. DESIGN OF A DISPERSIONCOMPENSATING
tive, and reliable solutions to some of the important problems MULTIPHASE-SHIFTED FBG

(6) = VRexp

in the high bit-rate wavelength-division multiplexed systems |n order to design a good dispersion compensating FBG, we
[1]-[4]. For the application of chromatic dispersion compensapply the discrete layer-peeling method [8] to synthesize the
tion, the chirped FBGs (CFBGs) are typically used by incorp@prating index profile with the following targeted reflection spec-
rating wavelength-dependent reflective differential delay chapym:
acteristics along the grating [1]. Although the CFBG exhibits
. . . 20 . c6)2
many attractive features such as compactness and low insertion b —jP2Ly () 1
loss, its fabrication is not easy due to the required nonuniform” “\% exp 9 @
period distribution [5], [6]. In practice, it is difficult to fabri-
cate long chirped phase masks with small-period errors and thieered = 5 — /A is the wave-number detuning. In this design
imperfect fabrication of chirped phase masks will eventually irexample, the reflection bandwidth is set todge= 11.3 cm™!,
troduce stochastic variations of the group time delay and the ezxd the maximum reflectivity is2 = 0.99. The dispersion
flectivity which will limit the performance of CFBGs [7]. is described by the product ¢hL; = —2040 ps’, which
In the present letter, we investigate a new way to desigmequivalent to the dispersion of a standard single-mode fiber
and fabricate high-quality FBG dispersion compensators ) = 17 ps/nm- km) with a length of 94 km. The calculated
utilizing a properly designed single-period overlap-step-scapupling coefficient profile of the synthesized grating is shown
exposure method. The grating index profile of the ideal diga Fig. 1(a). Just as expected, the phase distribution of the cou-
persion compensating FBG is synthesized first by using tpéng coefficient is quite similar to a parabolic shape. According
layer-peeling method [8] and then a new overlap-step-scemthe derivation of the coupled-mode equations [8], the cou-
exposure method is proposed for fabricating the designed FBfling coefficient of the fiber grating can be expressed as
The fabrication method utilizes a single-period phase mask
. . . 2
(or a fixed-angle interferometer) for exposing the FBG seg- T AN (2) . 47 "
ment-by-segment with suitable phase shifts between adjacéfit) = I P |J 9(2)—T / Angc(2")dz
segments to match the required grating phase profile in the 0
i jon of dispers i )
design so that the function of dispersion compensation can be
whereAn,.(z) and Ang.(z) are the “ac” (peak-to-mean) and
“dc” index change of the grating, respectively, anid the con-
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-12 Fig. 3. (a) Reflection spectra and (b) group time delays of SC-FBG and
PS-FBGs with two different scan step=.
~
-14 BN
o N ERy I the apodization ripple of the multiphase-shifted FBG can be ef-
_;:'@ -18 H "‘m‘ fectively reduced by the smoothing effects and, thus, a better
‘; » \...,,u.,i,. ﬂ] | Lttt dispersion-compensating FBG can be expected. Of course the
% -8 —< it exposure magnitude of each segment also needs to be properly
o G designed in order to achieve not only the required phase distri-
T 20 =g : bution but also the required apodization profile.
T — 6(2) 1
> -----8,78(z) BAN§
i \ [ll. SIMULATION RESULTS AND TOLERANCE ANALYSES
22l ‘ R In order to verify the validity of the above idea, we have de-
5 6 7 8 9 0 signed the single-period PS-FBGs with two different scan-step
Grating Position (mm) lengthsAz = 400, 500 zm and one SC-FBG with the scan-step
i ] o ) ) ) lengthAz = 500 um according to the target index profiles in
Fig. 2. Discretization and smoothing of the spatial grating phase. Fig. 1. The same UV exposure beam width= 500 um is used

in all the cases. We calculate the complex reflection spectra of

As illustrated in Fig. 2, by properly choosing the values d?S-FBG and SC-FBG by using the discretized grating model
the N phase shifts inserted in a single-period FBG with equalethod [9]. The calculated results are shown in Fig. 3, where
distance separatiofAz(= z, — z;_1), the spatial phase distri- the solid and dashed lines describing the calculated results for
bution of the phase-shifted grating will represent a discretiz&5-FBGs with the scan-step lenghly = 400 and 500um,
approximation to the required phase distribution. In companespectively, and the dotted lines describing those of SC-FBG.
ison to an SC-FBG, the phase approximation of this phaderom the comparison in Fig. 3(b), we note that the PS-FBGs
shifted FBG (PS-FBG) is actually worse. This is the reasdrave the linear group time delay with a negative slope. This
why usually a chirped FBG is used as a dispersion compensagimves that the PS-FBGs indeed can be used as dispersion com-
and a phase-shifted grating is not. In order to reduce the dnsators as the usual chirped FBGs. However, due to the spa-
crepancy of such an approximation, we propose to employ tti@ modulation of the periodic phase shift, there are two small
overlap-step-scan method to expose the synthesized PS-FBi@ebands in the reflection spectra of PS-FBG and SC-FBG, as
As is shown in the inset of Fig. 2, in this fabrication methodshown in Fig. 3(a). Moreover, one can see that more overlapping
a narrow Gaussian ultraviolet (UV) light is used to expose tttd the adjacent segments helps to enhance the smoothing effects
PS-FBG segment-by-segment with some overlap between #uegthat the sidebands in the reflection spectra of PS-FBG can be
adjacent segments. In this way, the abrupt phase change effidctively reduced with a smaller scan-step length. This proves
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Fig. 4. (a) Reflection spectra and (b) group time delays of PS-FBG al

SC-FBG with random position-shift errors la—?g. 5. (a) Reflection spectra and (b) group time delays of PS-FBG and

SC-FBG with random index (apodization) errors.

that the abrupt phase change of the PS-FBG can be smootheerlap between adjacent segments is demonstrated to be able
by the overlapping exposure. For both cases of PS-FBG aedmooth the abrupt phase shifts between grating segments. Al-
SC-FBG, the magnitudes of the sidebands are bel@® dB, though the tolerances of the position translation and apodiza-
which should not cause any problem in practical applicationgion errors for fabricating a multiphase-shifted FBG is similar
As regarding the overlap-step-scan exposure method, we htavéhose for fabricating an SC-FBG, the present single-period
evaluated the fabrication tolerances of the position-shifts adésign can effectively avoid some of the fabrication difficulties
the apodization errors for fabricating the PS-FBG and SC-FBGaused by the period errors for the SC-FBGs and, thus, may help
Random phase errors caused by random position-shift errtedabricate practical dispersion compensating FBGs with high
and random apodization errors are added to each segmentpggformance.
spectively, and the spectral characteristics of both FBGs are
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