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Synthesis of arbitrary field
distributions in optical sys-
tems is useful for a wide
variety of applications in-
cluding lithography, optical
data storage, atomic manip-
ulation and polarisation mi-
croscopy.  Although there
are a number of alternative
methods by which to produce
a desired field distribution
such as apodisation or phase e
masks, polarisation structur-
ing and computer generated o o
holograms numerical optimi- o
sation is normally used to de-
termine the appropriate mask * noma % nona 7 noma
or field distribution to use.

We however present an ana- Figure 1: Two dimensional in-focus eigenfunctions of order
lytic method based upon an (N, n) for focusing by ahigh NA optical system.
eigenfunction expansion de-

veloped by the authors [1] (see Fig. 1) to invert the Debye-Wolf integral which is routinely
used to describe focusing by high numerical (NA) lenses [2]. In principle the new method
allows an arbitrary field distribution to be specified in the focal region of a high numeri-
cal aperture lens and the appropriate weighting function, or equivalently the pupil plane
distribution, to be calculated. Various additional considerations do however constrain the
inversion to ensure physicality and practicality of the results including degrees of freedom,
encircled energy and noise amplification.

Furthermore exact reproduction of the required pupil plane field distribution is not
generally possible in practise due to the pixelated nature of the liquid crystal spatial light
modulators often used to implement complex masks [3]. As such an error on the focused
field distribution is introduced. Results pertaining to determination of the appropriate
pixel values such that this error is minimised are also presented.
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