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The Talbot effect is a self-imaging phenomenon where the diffraction pattern from a periodic
structure reforms a copy of the structure at downstream planes. The effect can be derived from
the Fresnel diffraction integral.

If (x,y) are the transverse coordinates in the plane of the periodic structure and (x’,y’) are the
transverse coordinates at a plane a distance z from the periodic structure, then the electric field in
the (x’,y’) plane is given by
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where 3{ } is the Fourier transform with respect to the variables & = x’ / Az and n =y’ / Az. For
convenience, the following constant can be defined
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If E(X,y) is a periodic function with period L, then it can be represented by a Fourier series such
that
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Substituting equation (3) into equation (1) gives
E(x.y)=AYa, J{exp[ T_n }exp{z(x +y )} (5)

Let b? = irz and use the properties of Fourier transform of products being equal to a convolution
of the individual Fourier transforms to get
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Transforming gives
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Carrying out the convolution gives
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Simplifying gives
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Note that except for a phase term that is constant over the (x’,y’) plane, equation (9) is identical
to equation (3) when
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The condition in equation (10) is only satisfied when
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Consequently, the Talbot planes or the planes where the object is reproduced are located at
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