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All -optical wavelength selective switching is demonstrated in aripation interferometer with a
Ti:PPLN waveguide as cSFG/DFG section for nonlinear plsasfie The extinction of the signal wa
measured to bel9.8 dBand 76.7% was routed the different output channel at a pump power of 1120
mw.
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Introduction

The predicted growth of broadband services, has led to extensive netwaligh capacity
systems and network€urrent efforts are concentrated on the investigation of opinceldivision
multiplexing (OTDM) techniques combined with wavelendthision multiplexing (WDM) in
order to fully utilize the potential of the installed fibers.

All -optical switches, which can route a signal spatially, areadrtbe fundamental building
blocks for the reamtion of broadband WDM/OTDM systam Cascaded sum and difference
frequency generatiorc$FG/DFG) provides a challenging possibility to realultrafast aHoptical
switching operations. A large nonlinear phase shifp @an be obtainedith a moderate optical
pump power of less than 1W at exact phase matching for SFG. Banedd nceessential time limit
for operation of aloptical devices based on nonlinear parametric interactewes, THz switching
can be achieved.

Recently, an albptical gating device of a LiNbOwaveguide MaciZehnder interferometer
with cSFG/DFG section was demonstrated by T. Suhara et al. [1]. Howesteowed very poor
switching efficiency. G. S. Kanter at. investigated ultrafast adiptical switching of 5 ps pulses in
a proton exchanged periodically poled LiNpéhannel waveguide [2]. Since the proton exchanged
LiNbO; guide only sustains TM mode, a complicated interferemstructure was used to
demonstrate a switching operation based on a cSFG/DFG induced nonlinear phase shift.

In this contribution, we report the demonstrated obptical switching based om-phase shift
induced by cSFG/DFG. The device configuration is a polarizatiogrfembometer with a TFi
indiffused periodically poled (Ti:PPLN) channel waveguide as tire element for cSFG/DEG
Moreover, wavelength selective switching was demonstratedhdofirst time. Compared with the
previous works, our device is very compact and easily extended toaptiadll 2<2 spatial switch.

In the following sections, experimental and numerical results ofaEwitchwill be presented
together with linear and nonlinear optical characterizations of the Ti:PPuiehaaveguide.

Ti:PPLN channel waveguide : fabrication and characterisation

A Ti:PPLN channel waveguide with a homogeneous QPM microdomaiotste of 16.6mm
periodicity was fabricated following the method reported in [Bhe input side of the sample was
angle polished in order to avoid multiple refleceai the sum frequency wave inside the channel;
both sides were antéeflection coated fot =1550 nm. The width and the length of the channel
waveguide are #m and 92 mm, respectively. Its optical propagation loss was medsuyed.12



dB/cm atl =1550 nm for TM polarisation. Second harmonic generation (SHG) rwastigated

first to assess the waveguide quality. The phase matchinglemgth isl ,,=1551 nm at an
operating temperature of 1633. The normalised SHG conversion efficiency was measured to be
450 %/W with a FWHM bandwidth of the conversion characteristicsDbf0.18 nm,
corresponding to an effective interaction length of 53.9 mm.

Experiments & discussion
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Fig. 1 : Schematic diagram of the experimental setup.

In a cSFG/DFG process in a Ti:PPLN channel waveguide thages- signal (s), pump ( p),
and sum frequency (14=11 <+1/ ) - interact with each other. At exact phase matching for SFG
the signal is more and more depleted by SFG with increasing mower. After complete
depletion the signal is regenerated by DFG of pump and sunefregwaves accompanied bypa
phase shift. Because of the polarity of the Ti:PPLN channel walegonly TM polarization
component experiences the nonlinear phase shift by SFG and back conversion.

Taking advantage of this polarization dependent nonlinear phase shift andngdapti
configuration of a polarization interferometeralroptical switching is demonstrated in a Ti:PPLN
channel waveguide. Fig. 1 shows the schematic diagram of the experimental set up.

In order to avoid photorefractive damage effects the experinveets done at an elevated
sample temperature of 1633. Two extended cavity semiconductor lasers (ECL) were used as
signal and pump sourceé. signal wave and an amplified pump or control wave were launched

Fig. 2 : Measured and calculated signal and sum Fig. 3 : Optical output power in channel 1 and
frequency output powswrersus pump power. channel 2 versus pump power. Solid line gives
theoretical result.



together into the Ti:PPLN channel waveguide by fiber butt coupliffge transmitted signal from
the output end face was collimated by a microscope objective’l&03% o pass through a Soleil
Babinet compensator and an analyzer® (W&h respect to the waveguide surface), and finally
coupled into a fiber to be monitored using an optical spectrum analyzer (OSA).

Firstly, the cSFG/DFG process was investigated when bothigiha snd pump were controlled
to be TM polarised. Fig. 2 shows the change of the signal and thdreqguency power as
function of a coupled pump power measured at the output facet of the Icheveguide. Full
depletion {23.1 dB extinction ratio) of the signal was achieved at a pump pdweE=230 mW.
Above R the signal is generated again witlp-phase shift by DFG. The discrepancy between the
measured and theoretical results might be due to photorefractivegelamfifects, which still
remained at the elevated operating temperature.

For demonstration of switching operation the pump was TM polartbedpolarization of the
signal was controlled in such a way that the amplitudes ofalt¥ TE components at the output
facet became equal. The compensator controlled the relative phase shitebeTM and TE
components; it was adjusted in such a way to give a linear atgtelarization (SOP) of the
transmitted signal parallel to the direction of the analyzeth\iicreasing pump power, the linear
polarisation of the signajradually rotated due to the optical power change (see Figgéjher
with the p-phase shift of the TM componenAt a specific switching power of 1120 mW the signal
polarisation rotated by 90by a full restoration of the signal amplitude by DFG. Twvmedr
polarisation states which are parallel and vertical to thestnission axis of the analyser can be
considered as two different channels (channel 1, channel 2). If gzptan beam splitter is used
instead of an analyser, the two ports are spatially separated.

Fig. 3 shows the operational characteristic of th@tical switch. The signal power transmitted
by the analyser in 4%nd —48 directions, respectively was measured versus the pump power. With
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Fig. 4 . Wavelength selective switching; One signal at channektikhed off and regenerated at channel
2 with a pump wavelength ¢f,=1556.2nm exactly phase matched with this signal for SFG. Thérapec
were measured in the resolution bandwidth of 0.2 nm.



increasing pump, the signal at channel 1 decreases while the outpainnel 2 increases. The two
curves intersect each other at the pump power level around 230 mW,thdndi®! component is
completely deplete@see Fig. 2).The extinction ratio of the signal at channel 1 was —20.2 dB and
85.3 % was observed at channel 2 with a pump power of 1120 mW.

The limited acceptance bandwidth Bi £ 0.2 nm for SFG makes it possible to realize
wavelength selective switching by changing the pump wavelengiie was demonstrated
experimentally. Two signals with different wavelengthd ¢£1541.64 nm andl s;=1545.88 nm
and a pump were launched together into the channel waveguidedség Frhe two signals were
controlled to be at channel 1 and the pump waspbMrized. When thevavelength of the pump
was tuned to meet phase matching for SFG with waveldngtlthis signalwas switched off and
routed to the channel 2. At a pump power level of 112048 dB depletion of the input signal
was obtained and 76.7 %as observed at the channel 2. In this experiment the wavelength spacing
between the two signals was set tod#4 nm. The lower limit of the spacing is determined by the
acceptance bandwidth and the sidelobes of the SFG tuning curve. Vgdvedelective optical
switch with a wavelength spacing below 1 nm can be easily obtaiteda Ti:PPLN channel
waveguide of high quality.

Conclusions

In summary aHloptical wavelength selective switching exploiting fh@hase shift induced by
cSFG/DFG was demonstrated using a Ti:PPLN channel waveguidbeasore element of a
polarisation interferometer. One of the two input signals witledfit wavelengths was selectively
switched off and routed by tuning the pump wavelength. At abing pump power of 1120 mW
the extinction ratio of the input signal was measured to be —19a&\dB6.%6 of the initial signal
power was routed to the different output channel. This scheme carsihbeex¢éended to an all
optical 2x2 spatial switch. Due to its ultrafast switching dp@elow 1 ps) reported in Ref. 2, the
all-optical switch by cSFG/DFG is very promising especially foture applications in
DWDM/OTDM networks or aHoptical packet switching system.
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