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Nonlinear-optical-loop-mirror-based wavelength conversion is studied in details. A set of two-phase-shifted
Bragg gratings are introduced into the coverter, serving as a narrow band-pass filter to remove new
frequencies generated by walk-off and to compensate the dispersion. Numerical simulations are performed
to validate our method. The results show that the converted pulses after the filter are reshaped and,

sometimes, even compressed.

OCIS codes: 190.2620, 050.2770, 060.2340, 060.4370, 060.4510.

All optical wavelength conversion is a vital function-
ality in WDM- or TDM-based optical packet switch-
ing networks (OPS), which allows high-speed operation,
transparent interoperability, contention resolution and
wavelength routing!-2!.

Two kinds of wavelength converters have been iden-
tified for OPS. Wavelength converters based on semi-
conductor optical amplifier (SOA-WCs) are generally
limited in speed and suffer bit-stream inversion, ampli-
tude distortion, unwanted phase modulation and, conse-
quently, SNR degradation[3’4]. In comparison, converters
based on nonlinear optical loop mirror (NOLM-WCs)
have proved experimenta,ll?f capable of ultra-high speed
and fetching performancel®%. However, due to walk-
off and group velocity dispersion (GVD), the output
pulses are broadened and distorted considerably when
the difference between the original wavelength and the
target wavelength increases. Therefore we made a de-
tailed analysis of NOLM-WCs in searching for a better
solution. We put a set of two-phase-shifted fiber Bragg
gratings (FBGs) at the output port, which acts as a
band-pass filter to remove the new frequencies generated
by walk-off and to compensate GVD.

Our configuration of NOLM-WC is actually a fiber
implementation of the Sagnac interferometer, shown in
Fig. 1(a), where the polarization controller is omitted.
At port A, a continuous-wave light at the target wave-
length is divided by coupler 1 (50/50) into two counter-
propagating parts, i.e. the probe and the reference. The
control signal, modulated by data information, is cou-
pled into the fiber loop via coupler 2 (10/90) and trav-
els along the clockwise direction with the probe. Due
to Kerr effect, cross phase modulation (XPM) occurs
between the control signal and the probe. The latter
acquires a phase shift from the reference light. When
the phase shift is 7, these two counter-propagating lights
interfere positively at coupler 1 and can be switched out
of port B completely. Thus wavelength conversion is
realized. Since the optical Kerr effect in fiber is almost
instantaneous, NOLM-WC can achieve very high speed.

A two-phase-shifted FBG filterl”-®!, which functions as
a Fabry-Perot resonator capable of wavelength selection,
is integrated at port B. It consists of three uniform grat-
ing sections and two phase-shifts, shown in Fig. 1(b),
where L1 and Lo are the lengths of the grating sections.
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In order to highlight the effects of walk-off and GVD,
we neglect the loss, higher-order dispersion and XPM
between the reference and the control signal. Then the
light propagation in the NOLM is governed by modified
coupled-mode nonlinear Schrédinger equations,
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Fig. 1. Scheme of the wavelength converter based on NOLM
and FBG filter.
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where £ = z/Lp,,T =t — z/vy and 7 = T/Ty, denote
the transformation to a frame of reference moving with
the control signal. Tjg is the half-width of the control
signal at 1/e intensity point. The subscript k € {1,2, 3}
indicates the control signal, the probe and the reference,
respectively. far indicates GVD. Uy is normalized am-
plitude. Lpg, Ly and Ly are the dispersion length, the
nonlinear length and the walk-off length, respectively®!.

Since the ratio of coupler 1 is 50/50, the normalized
intensity of the transmitted signal (Ir) and that of the
reflected signal (Ip) are given by

Ir = |U2(L, T)/V2 - iUs(L, T) V2P, (2)

Ir = [Us(L, T)/V2 + iUs(L,T)/ V2], (3)

where the loop length should be chosen as L = L, =
/(271 P1o) to provide a phase change of m between the
probe and the reference.

The intensity transmission of the FBG filter is given

asl(78]
FO\) =

(1-r})*(1-13)
(1 —72)2(1 —r2) + [r2(1 +72) + 2r; cos(29)]

, (4)

where ¢ is the phase shift between two grating sections,
r1 = tanh(kL;) and ro = tanh(kLs). & = /72 + 62
is the coupling coefficient of the uniform gratings. 7 is
the effective detuning. 6 = 2mners(1/A — 1/Ag) is the
detuning from the Bragg wavelength Ag. Ap = 2neerA,
where neer is the effective index in the gratings and A is
the grating period.

The filter can be assumed approximately as a linear
system near the center wavelength. Thus, in frequency
domain, Iy (w) = Ir(w) - F(w), where It and Iy (w)
are the Fourier transforms of the output intensities af-
ter the NOLM and the filter, respectively. Taking the
inverse transform, we can obtain the temporal output
intensities.

Numerical simulations are conducted to validate our
method. The algorithm of split-step fast Fourier trans-
form is used to solve Egs. (1). The original control signal
is assumed to be unchirped hyperbolic-secant pulses,
with Ay = 1546.80 nm, Tip = 4 ps and Py = 0.2 W.
For the purpose of better conversion effect, the average
power of the probe and the reference is 4 mW, far less
than P;g. The fiber loop consists of a dispersion shifted
fiber, with Aese = 50pum?, ny = 3.2 x 1072° m? /W and
L, ~ 3 km.

To get a quasi-flat-top transmission spectrum, the
filter is of a symmetrical structure with both phase-shifts
equal to 7/2. A = 240 nm according to A = 2negrA,
where Ag = 1550 nm. Setting F(A) = 1 and ¢ = 7/2,
we obtain Ly = 2L;. For a given FBG filter, e.g.
& = 0.02um?2, one can plot the 3-dB bandwidth against
the grating strength (xL»), where the bandwidth de-
creases with the increase of xL,. Accordingly, Lo is
chosen to be 288 um for a 3-dB bandwidth of 1.6 nm.

First, we focus upon the GVD effect on the system,
taking no walk-off into account. In order to minimize the
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Fig. 2. Normalized intensity vs. normalized time, in case
of no walk-off. A2 = 1549.31 nm, 821 = —0.28 ps®/km and
B2z = 0.51 ps?/km. (a) Without FBG filter; (b) with FBG
filter.

GVD mismatch, 821 and S92 are given opposite signs. As
an example, GVD-induced performance degradation for
Ao = 1549.31 nm, Bo; = —0.28 ps?/km and By = 0.51
ps?/km is shown in Fig. 2(a). Without the filter, the
converted pulses are broadened due to the normal dis-
persion. Furthermore, when GVD increases, the pulse
broadening effect becomes more obviously. However, the
temporal profile after the filter is compressed and can
even maintain its original width, shown in Fig. 2(b). The
reason is that the gratings provide anomalous dispersion
to the optical pulses and compensate some of the nor-
mal dispersion. Another noteworthy finding is that, the
switching contrast (Iout/Igr) after the filter becomes a
little lower than before, since the gratings reflect some
of the light. Thus, to keep a necessary extinction ratio
of the output signal, the grating strength of the FBGs
should not be too strong.

Then, we take both GVD and walk-off d = (1/vg —
1/v41) into consideration. A; is still 1546.80 nm, while
the wavelength of the probe light becomes longer gradu-
ally. Examples are shown in Fig. 3(a) for As = 1555.72
nm and d = 2.4 ps/km, and in Fig. 4(a) for Ay = 1560.60
nm and d = 5.7 ps/km. Obviously, the walk-off, com-
bined with GVD, results in asymmetric spectra broad-
ening of the output pulse and thus asymmetric temporal
profile. In further study, if d > 0, the maximal phase-
shift happens at a point where T > 0. Hence the switch-
ing window shifts towards T' > 0. Conversely, If d < 0,
the switching window shifts towards 7' < 0. Moreover,
the existence of GVD prevents walk-off induced spectra
broadening towards the blue sidel®, so the temporal shift
of the output pulse is reduced to some extent.
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Fig. 3. Normalized intensity vs. normalized time, in case of
both GVD and walk-off. A; = 1546.80 nm, A2 = 1555.72 nm,
Ba1 = —0.28 ps®/km, B2z = 0.51 ps®’/km, d = 2.4 ps/km.
(a) Without FBG filter; (b) with FBG filter.

After the FBG filter, the pulse asymmetry is smoothed
and the pulse width is maintained, shown in Figs. 3(b)
and 4(b). The reason is that the FBGs provide anoma-
lous dispersion and counteracts the asymmetric spectral
broadening effect in frequency domain of the probe light.
However, more light component near the falling edge is
reflected by the FBGs than the other part of the pulse,
since the output pulse develops rapid oscillations near the
falling edge while the leading edge is largely unaffected
when d > 0. Hence, the output pulse shifts slightly to-
wards T' < 0. The temporal shift can be better controlled
if we introduce initial time delay between the probe and
the control signal?.

In conclusion, GVD, XPM and walk-off in the NOLM-
WC are analyzed in detail. By means of two-phase-
shifted Bragg gratings, a narrow band-pass filter is de-
signed to improve the performance of the NOLM-WC.
The results of the numerical simulations show that the
converted pulses after the FBG filter are reshaped and,
sometimes, even compressed. Finally, all these results
are theoretical and need to be examined by practical
operation.
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Fig. 4. Normalized intensity vs. normalized time, in case of
both GVD and walk-off. A1 = 1546.80 nm , A2 = 1560.60
nm, Bo1 = —1.09 ps?/km, Ba2 = 2.45 ps®/km, d = 5.7 ps/km.
(a) Without FBG filter; (b) with FBG filter.
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