
Grand Prix design algo-
rithm race. The work of
contestants in the artistic
category was judged on
the quality and ingenuity
of the light pattern, typi-
cally a projected image,
generated by the diffrac-
tive element. Contestants
in the technical category
were judged on the novel-
ty of the apparatus used
and the resourcefulness
demonstrated in the
manipulation of diffrac-
tive light. The Grand Prix
provided an opportunity
for designers to show off
the speed of their design
algorithms.

The rules for the artistic
and technical divisions
were straightforward.
Contestants were required
to display their entries

during the conference session devoted to the beauty
contest and to briefly describe the technical and/or
artistic merits of their diffractive elements. The ele-
ments were limited in size to 1 cm2 and had to operate
near the wavelength of a helium-neon laser or compa-
rable laser diode. Members of the DOMO program
committee judged the entries of the technical and artis-
tic categories separately. A total of seven entries were
presented at the beauty contest. Because of the technical
limits posed by print media, a reader viewing the
images here would not fully experience the intensity
conveyed through  direct viewing of the original diffrac-
tion patterns. For each division of the beauty contest,
the voting tally was very close. All the winning and run-
ner-up entries are thus excellent representations of "dif-
fractive beauty."

T
he second dif-
fractive optics
beauty contest
was held this

summer at the OSA-
sponsored Diffractive
Optics and Micro-Optics
(DOMO) Topical Meeting
in Québec City, Canada.
The contest, first held in
1998,1 provides a forum
for innovative methods of
using diffractive elements,
and for artistic designs
created by the microscop-
ic manipulation of light.
No lavish prizes were
awarded: the winners
received only a commem-
orative plaque, a pair of
HoloSpex glasses and the
opportunity to enjoy the
adulation of the crowd.

Diffractive phenomena
occur spontaneously in
the natural world, but our ability to finely manipulate
optical waveforms on a microscopic level has emerged
fairly recently, with the invention of semiconductor
processing techniques, the availability of powerful com-
puter processors, and the development of refined dif-
fractive design algorithms. Progress in these three fields
has provided the diffractive engineer with the ability to
selectively remove thin, small areas (with dimensions
on the order of one micron) from glass or other trans-
parent substrates in a cost-effective manner. The past
few years have witnessed dramatic achievements, begin-
ning with the generation of small arrays of uniform
intensity spots and progressing to the creation of
megapixel artistic displays.

DOMO 2000 contestants could choose to participate
in one of three categories: artistic, technical, or the

40 O p t i c s & P h o t o n i c s N e w s / N o v e m b e r  2 0 0 0
1047-6938/00/11/0040/02-$0015.00   © Optical Society of America

By Rick Morrison

Diffractive Optics 
Beauty Contest

Winner Artistic Division
Full complex-amplitude modulation 

diffractive element
P. S. P. Cardona, L. G. Neto, G. A. Cirino, R. D.

Mansano, P. Verdonck, University of São Paulo, Brazil

TECHNICAL SPECIFICATIONS:
Feature size: 4.8 x 4.8 µm2 Number of phase levels: 4
Phase cell size: 40 x40 µm2 Number of phase cells: 256 x 256
Overall element size: ~ 10 x 10 mm2

Design algorithm: Fresnel hologram calculated by inverse free
propagation using spatial filtering
Calculation time: 1.18 seconds on a Power Mac G3
Fabrication method: Reactive magnetron sputtering, optical
lithography, reactive ion etching (plasma etching), aluminum
thermal evaporation



The Grand Prix
A new category was added
to the competition this
year: the Grand Prix, as its
name suggests, provides
participants the opportu-
nity to demonstrate the
speed of their advanced
optimization and diffrac-
tive design-generation
algorithms. When the
Grand Prix was first pro-
posed, it was apparent that
the complexities of dif-
fractive optics would
make it difficult to run an
entirely unbiased race, and
that a number of ques-
tions would need to be
addressed. Should the race
be limited to a specific
computing platform? In
what format should the
target image (potentially
several tens of thousands
of intensity values) be dis-
tributed? Should an initial
random diffractive-phase
pattern be specified? But
addressing questions like
these could have detracted
from the most critical element of this competition: the
fun. So the rules were designed to provide quite a bit of
latitude to the designers. This year there were no restric-

tions on the computers
used for the Grand Prix.
The winner of this cate-
gory was selected based
on the designers'
reported results.

Prior to the meeting,
each competitor was pro-
vided with a common set
of target spot arrays and
asked to design diffrac-
tive solutions. To mini-
mize complexity, the tar-
get arrays for this race
were described as a uni-
form intensity (tolerance
of +/-20%), efficient
(greater than 70% effi-
ciency) array of 64 x 64
spots and 256 x 256
spots.

Although, the contest
rules had been structured
to encourage a nonsepa-
rable, two-dimensional
solution to the problem,
the winner submitted a
solution composed of
separable, one-dimen-
sional patterns that satis-
fied the intensity perfor-

mance criteria and broke the one-second barrier for
design time. Although the Rochester Photonics team
handily won with their separable solution entry, Lau-
rent Bigué’s fastest 256 x 256 non-separable design
entry—with a time of 66.4 seconds—is a stunning
achievement.

What type of entries might we expect to see in future
contests? In the first two contests, contestants entered
animated displays, elements that operated over multiple
wavelengths, combined phase and amplitude diffrac-
tives, and stereographic viewers. Entries have generated
displays ranging from a reproduction of Gothic cathe-
dral windows to Escher prints and even Disney-like
characters. We have also seen that the computational
processing complexity exhibited by designs in this com-
petition is well within the range of most home and
office systems. Imagine what a team of diffractive ele-
ment designers and graphic arts professionals working
together could accomplish. Given the advances in dif-
fractive element design and fabrication, we may find
that the artistic micro-manipulation of light is a field on
the verge of blossoming.
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Winner Technical Division
Stereoscopic Plane

K. Ballüder, M. Tagizadeh, A. Waddie 
Heriot-Watt University, Edinburgh, U.K.

TECHNICAL SPECIFICATIONS: 
Category: Phase-only, eight-phase levels
Fabrication process: Plasma etching on a base of fused silica
Number of pixels: 10242 pixels per unit cell, square pixels, 

2 microns
Design method: multi-threaded IFTA on 4 processor SUN 

Ultra Enterprise 450.

Winner Grand Prix 
Example of phase solution

Tasso R. M. Sales and D. H. Raguin

Rochester Photonics Corporation

Runner-Up Artistic Division
Chinese Dragon Mushu

Matthias Gruber,

University of Hagen, Hagen, Germany

Runner-Up Technical Division
Multiple line generation over wide angle

L. G. Neto, L. B. Roberto, P. Verdonck, R.D. Mansano,

G. A. Cirino, and M. A. Stefani

University of São Paulo and Opto Eletrônica S/A,

São Carlos – São Paulo, Brazil 


