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We review our work on two dimensionally poled nonlinear materials. We have 
characterised the crystals at both high and low power and have started to model their 
behaviour. The results are compared with work using high power picosecond 
sources and future work is discussed. 

The idea of quasi-phase matching (QPM) a nonlinear process by periodically inverting the nonlinearity has 
a long and venerable history since it was first suggested by Armstrong et al .. QPM allows highly dispersive 
materials which also have a high nonlinearity to be used in nonlinear experiments since the period of the 
nonlinear grating can be tailored to phase-match the desired nonlinear interaction. Originally the concept 
of QPM was restricted to one-dimensional geometries such as periodically poled lithium niobate (PPLN) 
but lately a number of researchers have looked at varying the nonlinearity in the transverse dimensions 
both aperiodically(I] and periodically(2]. Berger examined theoretically crystals whose nonlinearity varied 
periodically in two or three dimensions and called such structures nonlinear photonic crystals (NPC). In 
a NPC quasi-phase matching may be obtained in any direction where there is a suitable reciprocal lattice 
vector(2]. Recently we fabricated a sample of hexagonally poled lithium niobate (HeXLN)[3], which we 
believe is the first example of a 2D NPC, and observed non-collinear 2nd harmonic generation (SHG) using 
picosecond pulses with an efficiency as high as 80%. In addition we examined the angular tuning of the 
HeXLN crystal and found it agreed well with theory. 

Our original experiments were performed using a high power picosecond fibre laser at I531nm as the funda
mental to pump the crystal. Due to the nature of the source we were unable to vary it's wavelength and so 
only the temperature and angle tuning of the SHG were measured. We observed a large temperature tuning 
bandwidth of,..., 25°C for 2nd harmonic generation whereas a perfect PPLN crystal with the same length and 
period would have a bandwidth of"' 5°C. The precise reason for this increased bandwidth is not known and 
analysis of the results is complicated by the bandwidth of the source, the large peak conversion efficiency 
and the walkoff between the pump and the 2nd harmonic. In order to obtain a better understanding of the 
mechanisms involved we have now performed similar measurements using a low power, ( to ensure we are in 
the 'Yeak conversion limit) nanosecond wavelength tunable source on both a 2D HeXLN crystal and a ID 
PPLN crystal with the same period and similar length. This allows us to directly compare the temperature 
and wavelength tuning curves and as shown here the curves for the 2D case are considerablely wider than 
the ID case. 

To describe the growth of the 2nd harmonic beam in a NPC one starts with the 2D version of Maxwell's 
equation with a nQnlinear polarisation. Then making the usual slowly varying envelope assumptions and for 
a linearly polarised input the growth of the 2nd harmonic beam is described by(2] 

(1) 

Since the nonlinear susceptibility tensor x<2) is periodic we can write it as a Fourier series:

(2) 
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