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Diffractive and micro optics have had fast growth in t
last 20 years since microlithography technology began
be used for fabrication of optical elements. Nowada
micro and diffractive optical element~DOE! fabrication
has reached a certain maturity. A wide range of appli
tions has been developed. New applications and new
tegrated diffractive optical systems continue to emer
The 22 papers from 16 countries published in this spe
section on diffractive optics reflect the recent trends a
progress in DOE applications, fabrications, optical syst
design and implementations, and subwavelength st
tures. Both of us have witnessed and contributed to
progress of diffractive optics technology and have be
co-chairing SPIE conferences on diffractive optics at P
tonics Asia and the SPIE Annual Meeting, respectively
is a real pleasure for us to jointly edit the first spec
section on diffractive optics inOptical Engineering.

The recent advances in nanoscale lithography and
lography techniques provide a huge potential to cre
new subwavelength structures that efficiently manipul
light through diffraction and propagation. We believe th
the new nanofabrication technologies will once ag
push diffractive optics and its natural extensions, inclu
ing subwavelength structures, photonic crystals, near-fi
optics and surface plasmon polariton optics, etc., to a n
fast advance path. The impact will be even more imp
tant than what has happened in the last 20 years by
application of microlithography to fabrication of DOEs

In this special section on diffractive optics, new DO
applications include surface plasmon resonance sen
ultrashort-pulse processing, solar energy systems, in
ferometric testing, high-power laser beam shaping,
namic lenses, fiber Bragg grating fabrication, 3-D ch
scale optical interconnections, and Talbot arr
illumination.
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Pedersen et al. design and imprint near-field surf
relief diffractive gratings for beam deflection and focusi
in an injection-moulded polymer chip for the new int
grated surface plasmon resonance sensor, which is
cost, compact, and robust with high performance. L
hokare et al. develop a novel conductive polymer-ba
flip-chip integration process for packaging arrayed V
SELs and microlenses, and demonstrate a 3-D chip-s
optical interconnection system. Grunwald et al. pres
the spatiotemporal processing of an ultrashort-pulse la
beam by exploiting specific advantages of thin-fil
micro-optical arrays. Gombert et al. address the des
and the whole experimental process for the fabrication
surface-relief microstructures on large areas that are
ful in solar energy systems for antireflective surfaces, d
plays, light trapping in polymer solar cells, and faca
protection from sun radiation. Pruss et al. app
computer-generated holograms, which are able to ge
ate several aspheric wave fronts, in interferometer met
ogy. The system is used for absolute testing of asph
surfaces and diffractive transmission spheres. For hi
power laser beam shaping applications, Liu et al. deve
a modified iterative Fourier transform design algorith
They design the beam shaping DOE and the DOE t
combines beam conditioning and fan-out functions
coupling the beam into multimode optical fibers. Ripo
et al. present a review and compare some useful itera
Fourier transform algorithms for the design of continuo
and multiphase-level DOEs for beam shaping.

In the next three papers, Fresnel near-field diffract
is studied for new applications. Onural discusses ma
ematical properties of the sampled quadratic phase fu
tion ~chirp!, mainly that the Fourier transform of
sampled chirp function is also a sampled chirp functio
The results are used in computer simulation of digi
2503Optical Engineering, Vol. 43 No. 11, November 2004
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Fresnel diffraction. Wang and Zhou present theoreti
analysis on multilevel phase gratings for Talbot array
lumination at partial Talbot distances for potential app
cations to optical scanners and holographic storage.
an important application of phase gratings for fabricat
of fiber Bragg gratings, Sheng et al. model the e-be
phase mask with stitching errors and analyze its effect
sidelobes in the fiber grating spectrum using the Tal
formula.

For micro and diffraction optical element fabricatio
Rudmann and Rossi review wafer scale replication a
UV embossing technologies for mass production
micro-optical components. Replications of double-sid
high-quality components for data communication appli
tions and single-side low-cost components for consum
electronic applications are demonstrated. Lee et al. re
on the design, fabrication, and characterization of 3l-
period blazed grating composed of subwavelength rid
of progressively varying width for thermal imaging i
the 8- to 12-mm wavelength band. He et al. report th
design and fabrication, with reflow and reaction io
etching, of a microlens array, which is monolithical
integrated on the back of the substrate of an infra
focal plan array. Du et al. present simplified exposu
dose equations for controlling the profile of microlens
in a thick photoresist layer. Refractive lens arrays w
aspherical profile and high filling factor are fabricat
with this technique. Using the research facility in th
Centre Spatial de Lie`ge for producing large-size~up
to 380 mm! dichromated gelatin volume phase hol
graphic gratings, Blanche et al. have recorded diffract
gratings of high angle performance, close to 100
diffraction efficiency, and less than 5% angular deviati
of efficiency at low temperatures down to 93°K fo
astronomical infrared~IR! applications. Sokolova et a
describe a new two-step recording of concave diffract
gratings, which uses the aspheric wave front from
first spherical concave gratings. The final grating
recoded in the spatially incoherent light. Shcherbak
et al. investigate theoretically the possibility of im
plementing all-optical digital logic by using th
phenomenon of three-order light diffraction with dire
transitions between all the optical modes in uniax
single crystals.

For subwavelength structures, Lenaerts et al. desig
passive guided mode resonance filters under a 45-de
cidence for wavelengths close to 633 nm and active s
strate mode electro-optic modulators. The 45-deg in
dence reduces effectively the reflection coefficient in T
polarization.

For full complex amplitude modulation DOEs, Ne
et al. develop a device that consists of cells whose am
tude is modulated by changing the light transmission a
and the phase is modulated in the remaining area. Tu
504 Optical Engineering, Vol. 43 No. 11, November 2004
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et al. implement full complex amplitude Fresnel hol
grams using two liquid crystal devices extracted from
video projector. They show the wave front reconstructi
at several distances using different approaches of en
ing.

In a technical note, Lu studies the nonlinear relatio
ship of the photoresist height and the optical density
the HEBS photomask of high-resolution gray steps~,10
mm! in order to calibrate the micro-optic fabrication pro
cess with precise surface relief profiles. The depende
of the photoresist height profile on the width of the gr
step is shown, which agrees well with the simulation
sult from the model. A Fresnel DOE based on the te
nique is manufactured. In another technical note, Louk
et al. present in detail the analysis, design, trade-off c
sideration, and experimental results for volume pha
gratings in the application as a dispersive element in te
com spectral equalizers.

We would like to thank all those who made this spec
section on diffractive optics possible, especially the a
thors for all the submitted papers and the reviewers
their time and effort. Our special thanks go to Lis
Polinder, Kristi Kelso, Anne Munger, Karolyn Labes, an
other SPIE staff for working with us to make this spec
section a reality. We want to thank Prof. Donald O’She
the Editor of Optical Engineering, for his support and
help.
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