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Abstract: We present design and analysis of direct generation of path entangled photon 
pairs in a periodically poled planar waveguide. 

Introduction: Entangled photons are a very useful resource for many quantum 
information processing applications. Photon pairs can be entangled in different degrees 
of freedom such as polarization, path, time, etc. Among these path entangled photon 
pairs find applications in the field of quantum metrology [1]. Most studies have focused 
on generation of entangled photon pairs using either bulk [2] or channel waveguides 
[3] in crystals with second order (χ(2)) nonlinearity using spontaneous parametric 
down conversion (SPDC) process. Path entangled photon pairs generated in bulk 
crystals have low efficiency and are hard to implement for practical applications while 
two photon path - entangled state can be generated in channel waveguides after 
generation of polarization entangled state followed by a Y-splitter [3]. In this work we 
show that path entangled states can be directly generated in planar waveguides 
without requiring any post selection and with better efficiency compared to bulk. 
Numerical simulations are presented for a quasi-phase matched (QPM) nonlinear 
planar waveguide in potassium titanyl phosphate (KTP) for generating a path-
polarization entangled state and it is also shown that the frequencies of the entangled 
photon pairs can be tuned by appropriately tuning the pump wavelength. The proposed 
design should find applications in quantum processing using integrated quantum 
optics. 

Theory: We consider a pair of simultaneous type II SPDC processes in a periodically 
poled planar waveguide in which a horizontally polarized pump photon can down 
converts to horizontally polarized signal and vertically polarized idler along two 
different paths to generate a path entangled state given as: 
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where, s and i correspond to signal and idler and the subscripts I and II  corresponds to 
the path I and path II making an angle õô and õôô with the pump beam direction 
respectively as shown in Fig. 1 and 
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Here, Wp is the pump beam waist assumed to have a aussian transverse profile along 
the y-direction, L is the length of the crystal, ∆þã]  and ∆þ�]  are the transverse and the 
longitudinal vector phase mismatch respectively. To achieve maximally entangled state, 
the waveguide design must be so as to make the coefficients C1 and C2 to be equal. The 
QPM conditions corresponding to the two processes are given as: 
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Here, äG � 2È n�Ù� is the propagation constant, where α = p, s, i for pump, signal and idler 

respectively ; MG is the  pump (signal, idler) wavelength and �G is the effective indices at 
different frequencies and K is the spatial frequency of the QPM grating. 

 

Fig. 7. Schematic of the peridically poled planar waveguide  

By an appropriate choice of grating period, it is possible to satisfy both the quasi phase 
matching conditions and thus achieve high efficiency SPDC into planar waveguide 
modes of the waveguide. In addition, we will show in the next section that by changing 
the pump wavelength, it is possible to generate different frequency pairs of path 
entangled photons which will exit at different angles (θI, θII ) thus providing us the 
tunability of the SPDC process. 

Numerical Result: As an example, we consider an ion-diffused potassium titanyl 
phosphate (KTP) periodically poled planar waveguide with step – index refractive 
index profile. For a pump beam wavelength of 415 nm and beam waist, Wp =100 µm, 
we obtain the optimized waveguide parameters for a waveguide length of 10 mm as: 
waveguide depth = 3.0 µm and QPM grating period = 4.13 µm. For these parameters the 
QPM conditions for both the processes can be simultaneously satisfied and the path 
entangled photon pairs appear with maximum probability along the pair of angles 
(15°,-15°) corresponding to the pair of wavelengths (811.04nm, 849.830 nm) (see Fig. 
2(a)). Figure 2(b) shows that by changing the pump wavelength to 410 nm entangled 
photon pairs can be generated with maximum efficiency for the wavelength pair of 
(801.28 nm, 839.618 nm) at a slightly different angle pair  of (14.54°,-14.54°). 

 

Fig.  8. Variation of ���� as a function of signal wavelength for a pump wavelength  
(a) 415nm (b) 410 nm 
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