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Purely Phase-Sampled Fiber Bragg Gratings
for Broad-Band Dispersion and
Dispersion Slope Compensation

Hojoon Lee Member, IEEEand Govind P. AgrawaFellow, IEEE

Abstract—We demonstrated numerically that both the chro-
matic dispersion and the dispersion slope can be compensated by &
using purely phase-sampled superstructure fiber Bragg gratings
provided both the grating period and the sampling period are
chirped linearly along the grating. Adjusting the refractive index
modulation and the chirp of sampling function, they can be
designed to compensate dispersion of a large number of wave-
length-division-multiplexing channels.
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. . Fig. 1. Schematics of a purely phase-sampled Bragg grating. The sampling
IBER BRAGG gratings (FBGs) developed during th@eriodA, is chirped such that itis reduced by, at the end of grating.

1990s have found application in the fields of both op-
tical communication systems and optical fiber sensors |
A superstructure grating is useful for wavelength-divisiop. . .
multiplexing (WDM) because it can provide multiple, equally |gh—ccjapa5|ty WDM systelrpsl [12], [13]. szgver% %S.qu”m;
spaced, reflective channels [2]. Several such gratings haQ%sel ttgralng rEqUIrt(;s {nu P elexphosures urlmg a rlcatlon.t n
been developed using an amplitude sampling approach [3], [ IS letter, we show that a purely phase-sampled superstructure

However, this approach becomes impractical as the number? @ting can provide both dispersion and dispersion-siope

reflective channels increases because it requires a large inggYPensation over a broad bandwidth when it is designed

modulation. One solution is provided by superstructure FB@@propnately. As an example, we design a 10-cm-long grating

in which multiple reflective channels are created through pha@t can compensa}te dispersion of up to 16 WDM channels
h 100-GHz spacing.

sampling (rather than amplitude sampling). The phase samph\ﬁ . . . .
technique has been used with success for making tunable seéw ~ig. 1 shows a phase-sampled grating schematically. Using
[

conductor lasers and can provide a multiple reflective chann & Fourier analysis, the effective mode index within the fiber

with a uniform reflectivity across all channels [5], [6]. It has-Ore can be written as

also been recently used for making FBGs [7]-[9]. The required .

index modulation scales with the numbaf of channels as ~ "(?) = 7o + Any Refexp[i(2060z + ¢(2))]}

VN, rather thanV as found in the case of amplitude sampling. .

Although it was not developed for this purpose, the interleaving =no + Any Re {Z Fon exp[2i(flo + mﬂs)z]} @

technique [10] can also provide purely phase-sampled grating "

in the continuous limit of constant amplitude. An analyticayheren, is the average refractive inden, is the constant

theory of amplitude-sampled Bragg gratings with chirp imodulation amplitudefy = 7/Ag, Bs = 7/A,, Ag is the

sampling period has also been developed [11]. average grating period, antl, is the period of the sampling
Use of FBGs for multichannel dispersion and dispefynction.

sion-slope compensation has attracted considerable attentiomhe periodA, of the phase-sampling functiop(z) deter-

[12]-{14]. Although a single chirped FBG can be used wheines the reflectivity spectrun®,(v) that is periodic in fre-

number of channels is relatively small [14], a superstructuggiency with a channel spacinyy = ¢/(2n0A,). The actual

shape of(z) governs the peak reflectiviti,, for each channel.
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BG or superimposed gratings provide a better alternative for
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Fig. 2. Optimized phase profile for each sample (top) and resulting reflectivifé -1200

spectrum (bottom). Stars denote the location of wavelength channels. 5
] u
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where the coupling coefficient,,, depends linearly on the 2
. . . - _ _14[]0 1 1 1 1 1 1 1 1
Fourier coefficient’,, in (1) asrm = mAnyFn/Ap, where 1545 1546 1547 1548 1543 1650 1551 1552 1553 1554
AB = 2ngA is the Bragg wavelength. Wavelength (nm)

To design agrating such th&j, is the same for all WDM chan-
nels, we use a multidimensional minimization algorithm avaif9- 3. Reflectivity, group delay, and dispersion of a phase-sampled FBG
. - N designed for eight WDM channels. The grating period is chirped but the
able in the Matlab package. We divide the perfadinto many  g5mpjing period is constant.
small segments to discretize a trial formygk ). We then calcu-
late the partial reflectivitie$z,,, corresponding to each Fourier 0 i . . : ; .
coefficient in (1) using (2) and compute the mean-square de " ) }
ation from the ideal valu&, (a constant) using T |
20 4

30k | 4

Reflectivity (dB)

1 M
T'=7 Y WalRm = Ro) €)

m=1 40 1 1 ! Mn ! ! 1 L

whereW,,, is a weighting factor. The algorithm changgs&:)
iteratively to minimizel’. Fig. 2 shows the optimized phase pro
file obtained using only 20 segments. The peak reflectifdty
for this phase profile is almost constant for eight WDM char
nels (see Fig. 2).

We show in Fig. 3 the reflectivity, delay time and dispersion
D = dr/d)\ atthe WDM channel wavelength calculated for th:
phase profile shown in Fig. 2 using a transfer-matrix approac
The grating parameters are chosen tolbe- 10 cm,An; = _q4p
4 x 1074, andA, = 1 mm. We also chirp the grating period E
at arateAy = 0.08 nm/cm. We find thaD is nearly constant E_mgg_ -------
for all reflected channels. Thus, such a chirped grating canrg me
compensate for the dispersion slope. The transmittivity of ¢Z _13on R
reflected channels is below70 dB in Fig. 3. Small fluctuations & e m )
Il?a\(j:fheerisrlgrr}g\ﬁlrnezrgﬁr;fjeflrg;nrizggéncal differentiation ar 1400545 1648 1547 1548 1648 1550 1661 1552 1663 1554

) | ) Wavelength (nm)

To compensate for the dispersion sldpe= dD/d\, we in-
troduce a chirp in the sample periad as well. The required Fig. 4. Same as in Fig. 3, except that the sampling period is chirped such that
chirp depends on the value 6ffor the fiber used for WDM it reduced by 1.5% over the grating length.
transmission and is given byA; = (S/D)AsA),, where
Ay is the channel spacing [10]. By optimizing the two chirpsvavelength for the same 10-cm-long grating used for Fig. 3 ex-
(in Ap andAy), it is possible to match the relative dispersiorept that its sampling period was chirped such that/A, =
slopeS/D for most fibers. As an example, Fig. 4 shows the ret.5% (see Fig. 1). As seen in Fig. B, is no longer the same
flectivity, the delay timer, and dispersiorD as a function of for all channels but changes at a constant rate that matches the
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Fig. 5. Reflectivity, group delay, and dispersion of a phase-sampled grating
designed for 16 WDM channels. The sampling period is chirped such that it 8]
reduced by 2.1% over the grating length.

dispersion slope of the fiber. Such a grating can compensate dis[?]

persion of eight WDM channels with 100-GHz spacing over
320 km of Corning LEAF fiber while providing the same re-
flectivity for all channels. It is possible to increase the numbel[10
of channels by changing the grating parameters. Fig. 5 shows
our attempt to compensate dispersion of 16 channels simultangl
ously. The superstructure grating has the same parameters used
for Fig. 4 except that the chirps for the grating period and the
sampling period were changedfd, = 0.07 nm/cm and 2.1%, [12]
respectively, and the optimum phase profile was obtained using
30 segments. The maximum number of channels whose disper-
sion can be compensated simultaneously by using the proposed
technique is limited in practice, especially for fibers with a largel13]
dispersion slop&. However, for a link of length., values of
SL up to 80 ps/nrhcan be compensated for 16 channels, each
operating at a bit rate of 40 Gh/s. [14]
In conclusion, we have demonstrated numerically that both
the chromatic dispersion and the dispersion slope can be com-
pensated by using purely phase-sampled superstructure FBGs

|
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provided both the grating period and the sampling period are
chirped linearly along the grating. Such gratings are easier to
fabricate than amplitude-sampled gratings because they require
much reduced index modulation. Adjusting the refractive index
modulation and the chirp of sampling function, they can be de-
signed to compensate dispersion of a relatively large number of
WDM channels.
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