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In the last years micro- and nanostructured optics has become a rapidly growing
field of physics because on the one hand industry is asking more and more for
sophisticated Solutions of Illumination problems involving manipulation and detection
of light. On the other hand, the possibilities for the design and fabrication of micro
optical elements have been increased, especially due to the tremendously
increased power of personal Computers. Note, that the term micro- and nano-
structured optics refers to the characteristic sizes (feature size) of surface profiles
and not only to the lateral dimensions.

Today we can already find a wide ränge of applications of micro- and nano-
structured optical elements with characteristic sizes covering about three Orders of
magnitude. One type of elements like lenses, prisms and beam shaping elements
have a continuous surface profile and large characteristic size compared to the
wavelength of light (flg. 1). Its optical function is based on the refraction of light at
the surface and hence is only slightly dependent on the wavelength (due to material
dispersion). Therefore, these elements can be used for broadband applications such
as wave front detection [1], collimation and symmetrization of laser diode beams [2]
or generation of special intensity distributions e.g. for holography [3].

If the characteristic size is reduced to the order of magnitude of the wavelength we
find micro- and nanostructured optical elements like diffraction gratings, beam
Splitters and Computer generated holograms (CGH) which have binary, multilevel or
continuous surface profiles (flg. 2). The optical function in this case is based on the
diffraction of light and therefore is dependent on the wavelength. This spectral
sensitivity is used in applications like spectrometers or may be disturbing for beam
Splitters and CGHs.



Further reduction of the characteristic size leads to so calied artificial material which
means gratings without propagating diffraction Orders (zero order gratings, compare
flg. 3). The effective index of refraction of a zero order grating is dependent on its fill
factor and on the Polarisation of the incident light. Thus, the artificial material is
birefringent and the effective index can be controlied within limits. Applications are
phase retardation plates [4], polarisers [5] and anti-reflective surfaces [6] (fig. 4  6).

The potential to design and fabricate material with special properties opens up new
possibilities for the field of micro- and nanostructured optics which we want to
formulate as our scientific vision. Based on the Knowledge of wave optics and the
control of the fabrication technologies we want to think about and realise refractive
and diffractive elements as well as artificial material and furthermore the
combination of all three kinds of optical surfaces. This will increase the functionality
of the resulting profile (e.g. anti-reflective diffraction gratings), reduce the number of
elements in a System and make possible completely new optical functions (e.g.
Polarisation multiplexing, fig. 7).

Essentially for the realisation of our vision are the technologies for the fabrication of
micro- and nano-structured optical elements. Dependent on the required kind of
surface profile, the profile depth, characteristic size and the required accuracy
different technologies are available but in view of feasibility and economy, only
lithographic and compatible technologies are acceptable. Because of the streng
development of microelectronics, binary as well as multi-level surface profiles are
inherent patterns of lithographic techniques and are available for optical application,
whereas techniques for continuous profiles still seem to be exotic and challenging.

However, for the fabrication of refractive lenses and lens arrays the resist melting
technique (fig. 8a) has been established for a long time because of its simplicity,
very high accuracy and low surface roughness of the lenses [7]. Modifications and
improvements have expanded the field of application of this technique.[8, 9]
Arbitrary continuous surface profiles has to be fabricated by analogue lithography
(fig. 8b) which can be halftone and grey tone lithography (photolithography with
special masks), electron beam direct writing or laser writing. [10-13]

Although the potential for the fabrication of micro- and nanostructured optics could
be demonstrated, it seems to be very challenging to follow our scientific vision and
to realise arbitrary microstructures made of artificial material in order to control the
propagation of light.
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Figures

Fig. 1: Examples for refractive micro optical elements. (a) Single lenses: 0  1OOpm,
21.5pm height, (b) array of concave lenses: each 100pm χ 100pm, 13pm height,
(c) multifaceted prism: 67pm χ 67pm, 20pm height, (d) prism: 100pmx100pm,
21 pm height, (e) different beam shaping elements: each 80pm χ 80pm, 4.5pm
height, (f) beam shaping element: 1200pm χ SOOpm, 42pm height.

Fig. 2: Examples for diffractive micro optical elements. (a) binary grating: 2Mm period,  1 pm
depth, (b) blazed grating: 10pm period, I p m depth, 16 level, (c) 1 ^ 8 beam
splitter: pixelsize I pm, (d) 1 > 15x15 beam splitter: pixelsize 250nm. (e) phase
dislocation: 8 level, (f) CGH 8 level, 250nm pixelsize.
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Fig. 3: Effect of reducing the period on the optical function of a diffraction grating (from the
left to the right). Down to ρ λ at least the 1^^ diffraction orders exist. For ρ < λ and
perpendicular incidence the grating acts as a medium with an effective complex
index (upper right). For oblique incidence the - 1 ^ ^ order exists down to a period of
half the wavelength implying the principle of a photonic crystal (lower right).
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Zero order grating in fused silica with a period of 440nm and a depth of 3600nm.
(a) SEM picture and (b) measured distribution of the phase retardation between
TE- and TM-polarisation within an area of 345pm χ 380pm. The average value is
143° and the width is 1.9  which is due to a Variation of the fill factor of ±2%.

Fig. 5: Circular metal stripe grating (chromium) with a period of 220nm. (a) SEM picture of
the grating and (b) intensity distribution behind the grating illuminated with linearly
polarised light. [5]
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Fig. 6:

Fig. 7:
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Anti-reflective surface realised by a conical zero order grating. (a) The vertical
change of the fill factor causes a smooth transition of the index of refraction, thus
avoiding reflection. (b) SEM picture of such a grating with 250nm period.

Computer generated hologram (CGH) with Polarisation dependent opticai function,
which is realised by introducing pixels consisting of zero order metal stripe
gratings. (a) Transmission of a detail of the element illuminated with vertical (lower
left) and horizontal polarised light (lower right) and the respective reconstruction of
the hologram (top row). (b) SEM picture of an element detail. [5]
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(a) Principle of the binary photolithography with positive working resist followed by
a melting process. (b) The analogue lithography is based on the dependency of the
resist height after a certain time of development on the locally implemented
exposure dose (UV-light or electron beam).
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