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All -optical wavelength selective switching is demonstrated in a polarisation interferometer with a 
Ti:PPLN waveguide as cSFG/DFG section for nonlinear phase shift. The extinction of the signal was 
measured to be –19.8 dB and 76.7% was routed to 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 research for high capacity 
systems and networks.  Current efforts are concentrated on the investigation of optical time-division 
multiplexing (OTDM) techniques combined with wavelength-division multiplexing (WDM) in 
order to fully utilize the potential of the installed fibers.   

All -optical switches, which can route a signal spatially, are one of the fundamental building 
blocks for the realization of broadband WDM/OTDM systems.  Cascaded sum and difference 
frequency generation (cSFG/DFG) provides a challenging possibility to realize ultrafast all-optical 
switching operations. A large nonlinear phase shift of π can be obtained with a moderate optical 
pump power of less than 1W at exact phase matching for SFG. Since there is no essential time limit 
for operation of all-optical devices based on nonlinear parametric interactions, even THz switching 
can be achieved.  

Recently, an all-optical gating device of a LiNbO3 waveguide Mach-Zehnder interferometer 
with cSFG/DFG section was demonstrated by T. Suhara et al. [1]. However it showed very poor 
switching efficiency. G. S. Kanter et al. investigated ultrafast all-optical switching of 5 ps pulses in 
a proton exchanged periodically poled LiNbO3 channel waveguide [2]. Since the proton exchanged 
LiNbO3 guide only sustains TM mode, a complicated interferometer structure was used to 
demonstrate a switching operation based on a cSFG/DFG induced nonlinear phase shift. 

In this contribution, we report the demonstrated of all-optical switching based on π-phase shift 
induced by cSFG/DFG. The device configuration is a polarization interferometer with a Ti-
indiffused periodically poled (Ti:PPLN) channel waveguide as the core element for cSFG/DFG. 
Moreover, wavelength selective switching was demonstrated for the first time. Compared with the 
previous works, our device is very compact and easily extended to an all-optical 2×2 spatial switch.  

In the following sections, experimental and numerical results of optical switch will be presented 
together with linear and nonlinear optical characterizations of the Ti:PPLN channel waveguide. 

Ti:PPLN channel  waveguide : fabrication and characterisation 

A Ti:PPLN channel waveguide with a homogeneous QPM microdomain structure of 16.6 µm 
periodicity was fabricated following the method reported in [3].  The input side of the sample was 
angle polished in order to avoid multiple reflections of the sum frequency wave inside the channel; 
both sides were anti-reflection coated for λ=1550 nm.  The width and the length of the channel 
waveguide are 7 µm and 92 mm, respectively.  Its optical propagation loss was measured to be 0.12 



dB/cm at λ=1550 nm for TM polarisation.  Second harmonic generation (SHG) was investigated 
first to assess the waveguide quality. The phase matching wavelength is λpm=1551 nm at an 
operating temperature of 163.3 oC.  The normalised SHG conversion efficiency was measured to be 
450 %/W with a FWHM bandwidth of the conversion characteristics of ∆λ=0.18 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 three waves - signal (λs), pump (λp), 
and sum frequency (1/λsf=1/λs+1/λp) - interact with each other.  At exact phase matching for SFG  
the signal is more and more depleted by SFG with increasing pump power. After complete 
depletion the signal is regenerated by DFG of pump and sum frequency waves accompanied by a π-
phase shift. Because of the polarity of the Ti:PPLN channel waveguide, only TM polarization 
component experiences the nonlinear phase shift by SFG and back conversion.  

Taking advantage of this polarization dependent nonlinear phase shift and adopting a 
configuration of a polarization interferometer an all -optical 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 experiments were done at an elevated 
sample temperature of 163.3 oC.  Two extended cavity semiconductor lasers (ECL) were used as 
signal and pump sources.  A  signal  wave  and  an  amplified  pump  or control wave were launched  

  

Fig. 2 : Measured and calculated signal and sum 
frequency output powers versus pump power.   

Fig. 3 : Optical output power in channel 1 and 
channel 2 versus pump power. Solid line gives 
theoretical result. 



together into the Ti:PPLN channel waveguide by fiber butt coupling.  The transmitted signal from 
the output end face was collimated by a microscope objective lens (×10) to pass through a Soleil-
Babinet compensator and an analyzer (45o with 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 both, the signal and pump were controlled 
to be TM polarised.  Fig. 2 shows the change of the signal and the sum frequency powers as 
function of a coupled pump power measured at the output facet of the channel waveguide.  Full 
depletion (-23.1 dB extinction ratio) of the signal was achieved at a pump power of Pc=230 mW.  
Above Pc the signal is generated again with a π-phase shift by DFG. The discrepancy between the 
measured and theoretical results might be due to photorefractive damage effects, which still 
remained at the elevated operating temperature. 

For demonstration of switching operation the pump was TM polarized; the polarization of the 
signal was controlled in such a way that the amplitudes of TM and TE components at the output 
facet  became equal. The compensator controlled the relative phase shift between TM and TE 
components; it was adjusted in such a way to give a linear state of polarization (SOP) of the 
transmitted signal parallel to the direction of the analyzer. With increasing pump power, the linear 
polarisation of the signal gradually rotated due to the optical power change  (see Fig. 2) together 
with the π-phase shift of the TM component.  At a specific switching power of 1120 mW the signal 
polarisation rotated by 90o by a full restoration of the signal amplitude by DFG. Two linear 
polarisation states which are parallel and vertical to the transmission axis of the analyser can be 
considered as two different channels (channel 1, channel 2). If a polarization beam splitter is used 
instead of an analyser, the two ports are spatially separated.  

Fig. 3 shows the operational characteristic of the all-optical switch. The signal power transmitted 
by the analyser in 45o and –45o directions, respectively was measured versus the pump power. With  

 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 :  Wavelength selective switching; One signal at channel 1 is switched off and regenerated at channel 
2 with a pump wavelength of λp=1556.2nm exactly phase matched with this signal for SFG. The spectra 
were measured in the resolution bandwidth of 0.2 nm. 



increasing pump, the signal at channel 1 decreases while the output of channel 2 increases.  The two 
curves intersect each other at the pump power level around 230 mW, where the TM component is 
completely depleted (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 of ∆λ ≤ 0.2 nm for SFG makes it possible to realize 
wavelength selective switching by changing the pump wavelength. This was demonstrated 
experimentally. Two signals with different wavelengths of λs1=1541.64 nm and λs2=1545.88 nm 
and a pump were launched together into the channel waveguide (see Fig. 4).  The two signals were 
controlled to be at channel 1 and the pump was TM-polarized.  When the wavelength of the pump 
was tuned to meet phase matching for SFG with wavelength λs2, this signal was switched off and 
routed to the channel 2.  At a pump power level of 1120 mW -19.8 dB depletion of the input signal 
was obtained and 76.7 %  was observed at the channel 2.  In this experiment the wavelength spacing 
between the two signals was set to be 4.24 nm.  The lower limit of the spacing is determined by the 
acceptance bandwidth and the sidelobes of the SFG tuning curve.  Wavelength selective optical 
switch with a wavelength spacing below 1 nm can be easily obtained with a Ti:PPLN channel 
waveguide of high quality. 

 

Conclusions 

In summary all-optical wavelength selective switching exploiting the π-phase shift induced by 
cSFG/DFG was demonstrated using a Ti:PPLN channel waveguide as the core element of a 
polarisation interferometer. One of the two input signals with different wavelengths was selectively 
switched off and routed by tuning the pump wavelength. At a switching pump power of 1120 mW 
the extinction ratio of the input signal was measured to be –19.8 dB and 76.7% of the initial signal 
power was routed to the different output channel. This scheme can be easily extended to an all-
optical 2x2 spatial switch. Due to its ultrafast switching speed (below 1 ps) reported in Ref. 2, the 
all-optical switch by cSFG/DFG is very promising especially for future applications in 
DWDM/OTDM networks or all-optical packet switching system. 
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