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Improving focusing quality of spherical lenses
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Fig. 1: Scheme of beam shaping set up involving beam diameter scaling for the incoming beam (left), beam shaping from Gauss to
top-hat, reduction of the beam for optimized use of the axicons to create a ring shaped beam to illuminate the spherical lens

Introduction

The generation of Bessel beams with axicons is the
most noted application for this uncommon type
of aspherical surfaces. A more complex setup (Fig
1.) of combining several axicons and a common
spherical lens will be the main aspect in the beam
shaping consideration within this article. It will be
demonstrated how the focusing performance of a
spherical lens can be improved significantly by the
modification of the incoming beam distribution
using two axicons or as imaging errors, so-called
spherical aberrations, can be corrected.

Spherical aberration

Spherical aberration is the dominant imperfecti-
on of a spherical lens. Collimated light, refracted
by a spherical lens does not converge at the same
focal point after passing through a spherical lens
because refraction of the rays increases with their
distance to the optical axis of the lens. Result of
the spherical aberration is a slightly blurred image.

Fig. 2: Imaging Properties of a spherical lens. Due to spherical
aberration light rays do not meet in one focal point.

Application for beam shaping using
axicons

The generation of a stable collimated ring-shaped
beam is compulsory for the following application.
The principle setup involves monolithic beam ex-
pansion to optimize the illumination of the beam
shaper and reduction to reduce the in-coming
beam for the axicon. The width of the generated
ring beam equals 50% of the incoming beam dia-
meter. In order to study the focusing quality a pla-
no-convex spherical lens is placed as the last opti-
cal element of the setup.
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Fig. 3: Layout of the same spherical lens with different
incoming beams - (a) 22 mm (b) 4 mm (c) 2 mm and (d)
1 mm. The associated spot diagrams are depict on the
right, note the different scale.
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By reducing the incoming beam the focusing of a
spheric lens can be improved since the effect of
spherical aberration will be reduced.

The resulting spot diagram for this spherical lens
and an incoming ray bundle of 22 mm, without the
axicon in the setup, is shown first in Fig. 3 (a), the
spot diameter equals 400 pm. The three following
figures show spot diagrams of the same lens with
different ring-shaped incoming beams with diame-
ter 4/2/1 mm, resulting in a ring width of 2/1/0.5
mm. The last spot diagram Fig. 3 (d) shows a spot
size of 40 um and meets the criteria of diffraction
limited focusing.

This phenomenon can be explained by zonal de-
composition of the spherical surface. Each zone
has its own focal plane which causes spherical
aberration.

Further information

Beam shaping concepts with aspheric surfaces
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By choosing just one of these zones with the ring-
shaped incoming beam the spherical aberration
can be avoided.

Adjusting of the focal length

The variation of the position of the second axicon
will influence the diameter of the ring-shaped
beam. Due to the zonal decomposition, different
ring beams illuminate different zones of the sphe-
re which leads to a shift in the focal length. This
effect can be utilized for system optimization.
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About asphericon

As an independent and recognized specialist, asphericon is the technological leader in efficiently manufacturing high-precision
aspheres. With a completely new kind of technology asphericon is continuously pushing the boundaries of what is possible and
establishing new milestones in the world of aspheric optics. Thanks to our pioneering and unique technology, prototypes and
high volume production of aspheres, UV/IR lenses, aspheric cylinders and axicons can be manufactured with maximum precision.

asphericon assists its customers from the initial optical design, through manufacturing and optical coating, full-surface interfero-
metric measuring and documentation, to the assembly of optical modules and optical characterization.
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