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All-Optical Switching in Phase-Shifted Fiber Bragg
Grating

Andrea Melloni, Marco Chinello, and Mario Martinelli

Abstract—A low-power all-optical-switching in a phase-shifted N e

grating has been experimentally demonstrated at 1.55m. The ] AN VVOM coupler Photosetactor

grating is written in a standard fiber for communication and the l_i l oif \ @l
switching is based on the cross-phase modulation induced by an 0O _— _WD_'—" S
intense pump pulse on a low intensity probe. An extinction ratio t \ MWWW

of more than 6 dB has been achleveq for 1 KW pulse peak power. | - o Polarization — . \e e Dtal
The strong enhancement of the nonlinear effect due to the group 154894 nm Phase-shited  High Salective  Oscilloscope

A . . . . . grating filters
velocity reduction and the switching polarization dependence have

been theoretically investigated and experimentally confirmed. Fig. 1. Experimental setup.

Index Terms—Fiber gratings, nonlinear optics, optical switches.

shift [2]. The experimental results are confirmed by numerical

. . . , . simulations.
RAGG gratings in optical fibers are excellent devices for In the past some other all-optical switching experiments in

studying nonlinear phenomena [1]. In particular, exper- _ . X .
iments based on Kerr phenomenon, interplay between two%r?tmgs have been reported [3], [4]. In one of the first experi-

more beams, interplay between dispersion and nonlinearments realized by Larochelle in 1990 [3], small changes of the

tly . . .

. . ST . dnsmitted intensity for pump pulse peak power up to 5 kW
pulse shaping and optical switching are possible thanks to ﬁl[%]aeve been observe?jl In [Z] Eggllc:eton rgportspa self—s[\)/vitching in
exceptional flexibility in the choice of the grating parameters, ’

With the present technological state, for example, the physic';jla|0m‘:]_perIOd fiber grating at a wavelength of 1052 nm. In the

length and the index modulation depth can be varied 0\/%rresent experiment an extinction ratio of more then 6 dB has

many order of magnitude. Therefore, even if the nonlineIoeen measured for 1 kW of pulse peak power, the most effec-

r ; o . .
refractive index in standard optical fibers is very low, nonlinea?'rve all-optical switch in gratings at 1. » according to the

effects in a fiber Bragg grating (FBG) continues to attract th%ulth%rjr zzoé\lrli?:greﬂ' the pumDp bulse is lonaer than the aratin
attention of many researchers. Recent results, both theoretical, P ! pump p 9 9 9

and experimental, demonstrated very interesting phenomé"‘r?atlj Itis copropagating with the probe. The probe is very weak

which suggest new applications and devices in the optic%rlld does not induce any nonlinear effects. The experimental

communications field. All optical switching [2]-[4], optical setup is shown in Fig. 1. A narrow linewidth tunable laser, accu-

. A P tely centered in the transmission peak of the grating, is used
push broom [5], grating solitons [6] and all thlc_al gates [éas a low power probe. This CW probe is coupled by means of
are only an example of the many researches in this field.

In this letter, we report results of an all-optical switching e fiber WDM coupler to a high poweR-switching Nd : YAG

periment in a phase-shifted FBG in standard fibers for Corﬁylse laser emitting at 1064 nm. A polarization controller pro-

munications. A low power, continuous-wave (CW) probe beawdes a means for changing the relative state of polarization be-

transmitted through the grating is switched off (on) by an inteng\?\a/een pump and probe. The pump pulsewidth is between 7_1.6
depending on the energy output level and the pulse rate is

oo ns,
pump pulse. The switching is based on the cross-phase mﬁfa_Hz. Both beams copropagate in the grating, well isolated

ulation (XPM) that the pump induces on the probe inside tr?e . . . .,
. : . rom environmental acoustic noises to ensure a good stability of
grating, with the nonlinear effect strongly enhanced by the pre

ence of the phase-shifted grating. The power switching propleFrS- transfer function. The probe signal is then filtered from the

ties draw advantage from the steep edges of the notch that alf())lxljl&n:ﬁ aTr;](l ditr?]dedulbsév?lig&c}f: det:;(t;r hz\:g]?nzzals-uGr:(j Sta?hde-
a high extinction ratio even with an extremely small wavelengm L pump p ay
grating output.
The grating used in the experiment is 20 mm long and the

. . . _ index profile is Gaussian apodized with a phase-shift in the
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o = to a longer interaction time between the probe light and the di-
\\ / electric respect to the classical XPM in the bare fiber. A picto-

- i rial description of this effect is given by a field that rebounds
\ / between the two partial reflectors before getting out the cavity.
The number of rebounds, or in other terms the photon lifetime
\ “.‘ / in the cavity, is proportional to the inverse of the notch band-
15 I width. Hence, the enhancement of the nonlinear effect is greater
\' . \ / for a narrower notch bandwidth with its corresponding reduc-
Lo 1

Insertion loss [dB]

/ tion in group velocity. This effect can be used for reducing the
\j \ switching power. However, the narrow band gap which is re-
quired to obtain a low group velocity has the detrimental effect
'12§‘49_4 1549.6 1549.8 1550.0 15502 1550.4 of slowing down the time response of the device. Although the
wavelength [nm) Kerr effect is practically instantaneous, the time response of the

phase-shifted grating is limited by the notch bandwidth. In the

Fig. 2. Measured (—) and calculated (- - - -) transmission response of thgesent experiment the time response is nearly 1 ns.

phase-shifted grating used in the experiment. In the notch center, the group velocity is strongly dependent
on the wavelength and hence also the nonlinearity, a situation

-20

PN N ~ very different from bare fibers.whevez is essgntially in.depen—
dent of frequency. The transmission peak shift, experienced
\ Probe @1549.94 nm by the probe is given by
;_" A)\S — M (1)
2 Aeffvg
é whereb is the polarization coefficient of the Kerr effect that has
£ a value ranging between 1 and 1/3, depending on the state of
Pump @1064 nm polarization between pump and probe [18},is the pump pulse
R ATA. W e W VO peak powerA is the grating periodA.g is the cross effective
area [10] andy, is the probe group velocity in units ef/n
100 -50 0 50 100 130 [9]. In (1) a factor 2 coming from the XPM has been included.
Time [ns] The nonlinear refractive index includes both the Kerr and the
electrostriction contribution and it is aboR7 x 10~2° m2/W.
Fig. 3. Pump and probe intensities measured at the grating output. The near-field mode distribution have been derived using the

Hankel transform of the measured far-field pattern at 1550 and

The pump, propagating in the grating, induces a nonline@80 nm. The cross ared.; = 73 pm?, was then calculated
variation of the refractive index that shifts the whole spectral ras the overlap integral between the mode fields, as described in
sponse of the grating toward higher wavelength. For small shiff$0]. Simulations show that the group velocity at 1549.94
the shape of the notch remain undistorted and, in the hypotim is 0.21 times smaller than the group velocity in the bare
esis that the pump pulse is longer than the grating, the efféiter, enhancing the nonlinear effect nearly by a factor of 5. The
is a simple detuning of the probe respect to the notch. This ggeobe wavelength must be accurately tuned to the notch center
tuning is due to the cross interaction with the pump and it ibecause, increases moving away from the peak transmission
in a first approximation, proportional to the pulse pump powemnd, hence, reducing the enhancement.
[8], [9]. The pulse dug in the CW probe is a negative replica of To theoretically determine the output intensity of the probe,
the pump pulse as the pulsewidth is very long as regards thettes transmission of the grating is simply calculated at the wave-
sponse time of the device and the delay it introduces (see Fig.I8hgth detuning given by (1). In Fig. 4, the extinction ratio, that
The switching effect shown in Fig. 3 was observed for a pumgthe output probe amplitude normalized to the amplitude at the
peak power of 730 W. Because the pump is detuned far awagtch center, is shown verses the peak pump power, up to 1 k\W.
from the Bragg wavelength, it is not affected by the gratindgn Fig. 4 numerical results are shown as a continuous line for the
Moreover, the length of the fibers, which are multimode at thgarallel ¢ = 1) and the orthogonab(= 1/3) pump and probe
pump wavelength, have been shortened as much as possibleelative states of polarization. Experimental results, relative to
this context, the effects of the fiber dispersion and nonlinearitige casé = 1, are shown as circles. In practice, this condition is
on the pump pulses are negligible, as experimentally verifieddifficult to meet and the marks represent the maximum extinc-

On the other hand, the propagation of the weak CW prokien ratio obtained by moving the polarization controller. Note
field is affected by the filter: in the filter notch, apart from arthat for a 1-kW pulse peak power the extinction ratio is about
irrelevant attenuation of 0.5 dB, the probe group veloejtys 7 dB. Moreover this result could be even improved if special
strongly reduced. This fact enhances the interaction betweenfibers or materials are employed.
probe light and the grating by the factm;;l [9]. This is the ef- The wavelength shif\ ), linearly depends on the polariza-
fect of the narrow band Fabry—Perot resonator formed by ttien coefficientb. However, the polarization effect on the ex-
two gratings divided by the phase shift. The enhancement is direction ratio is related to the pump power due to the nonlinear
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0 — linear fibers or semiconductor waveguides are used. In spite of
° ) o ) .
o T b=188 the small bandwidth of the device, it remains potentially useful
2 e s for a number of applications such as all-optical gates, carrier
g 5 § extraction, packet extraction and other all-optical signal pro-
2 cessing in FSK systems. Moreover, as it appears from (1), the
e b=1 N . . .
g 4 % bandwidth can be increased at the expense of the switching
B o power. At present, in standard fibers the switching power is still
X - N too high for applications in the field of optical communications
\ and devices but it has been reduced by orders of magnitude with
respect to others published data [3]. The strong enhancement of
85 200 400 600 8007000 the nonlinear effect due to the group velocity reduction and the

Peak Power [W] switching polarization dependence was observed and theoreti-
cally confirmed.

Fig. 4. Switching results. Theoretical extinction ratio for the states1 and
b = 1/3 are reported in continuous line. Marks refer to experimental results.
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