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We numerically and experimentally demonstrate the performance of a new kind of diffractive binary zone plate
for chromatic aberration compensation: the chessboard-based zone plate. The proposed achromatic zone plate
consists of two spatially multiplexed zone plates following the geometry given by a chessboard and improved
with morphological filters and combination under the Nyquist frequency, to mitigate aliasing effects. The ob-

tained results are compared with those given by a random pixel-based multiplexed zone plate, reported in the
literature, showing similar optical behaviour. However, the chessboard-based zone plate presents a smoother
appearance without the high-frequency irregularities of the random-based designs that could be more resistant to
manufacturing errors. The proposed achromatic zone plate could result of interest in fields such as solar con-
centration, lithography, imaging systems, visual optics, and so on.

1. Introduction

The chromatic dispersion properties of common optical materials,
such a glass or plastic, not exhibiting anomalous dispersion, causes
refractive lenses made of them to focus blue light before red light. In
contrast, diffractive lenses, such as Fresnel Zone Plates (FZP), focus red
light nearer than blue. In both cases, it results in chromatic aberration.
Chromatic aberration degrades the optical quality of any optical system,
even when all other aberrations are corrected [1]. As a result, a lot of
effort has been dedicated to correct chromatic aberration, particularly in
imaging applications, although it could also be problematic for
non-imaging optical systems [2]. In purely refractive systems, chromatic
aberration is compensated by combining lenses of different powers
made of materials with varying Abbe numbers and, therefore, inverse
chromatic dispersions [1]. These combinations result in achromatic,
apochromatic, or superachromatic systems [3]. An optical system is
defined as achromatic when the focal points for two different wave-
lengths—typically at both ends of the visible spectrum—coincide. In an
apochromatic system, the focal point is the same for three distinct
wavelengths, whereas a superachromatic system achieves a common
focal point for more than three wavelengths. Chromatic aberration can
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also be corrected by combining refractive and diffractive optical ele-
ments. In this case, the goal is taking advantage of the opposite chro-
matic dispersion properties of refractive versus diffractive optical
elements. This property is used in certain designs, such as
high-performance photo lenses [4-6], super-achromatic cylindrical
lenses [7], harmonic lenses [8], or even varifocal telescopic systems
based on Alvarez lenses [4].

A third strategy for correcting chromatic aberration relies on mul-
tiplexing. Optical multiplexing comprises several techniques for
combining optical signals in a wide range of applications. For example,
optical multiplexing is used in the field of integrated optics to expand the
capabilities of silicon-based hybrid demultiplexers for wavelength- and
mode-division multiplexing [9], a concept that has been expanded to
include polarization division by Yu et al [10]. Optical multiplexing also
has applications in optical communications, where digital power
domain multiplexing of orthogonal frequency division multiplexed,
signals is used to achieve high data rates [11]. For purely diffractive
optical systems corrected for chromatic aberrations, two strategies,
temporal and spatial multiplexing, have been reported in the literature.
Temporal multiplexing employs programmable devices, such as Spatial
Light Modulators (SLMs), to dynamically change the focal properties of
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Fig. 1. Illustration explaining the chessboard multiplexing. The binary FZP mask computed for the C and F wavelengths are combined with the positive and negative
chessboard mask through an intersection (“and”) logical operation. The resulting red and blue components are combined by means of a union (“or”) logical
operation. Notice the binarization noise introduced by this procedure in the boundaries of the Fresnel zones.
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Fig. 2. Phase map of a 6 mm diameter achromatic Fresnel zone plate with a focal length of 380 mm, designed for the red (Fraunhofer C line) and blue (Fraunhofer F
line) wavelengths. The zone plate is constructed using two combination strategies: (a) a chessboard-based pattern and (b) a random pixel-based pattern, for spatially
combining the FZPs designed for the red and blue wavelengths. Panels (c) and (d) show magnified views of the phase maps corresponding to the chessboard-based
and random pixel-based patterns, respectively. The phase map is normalized between 0 and 1, where 1 corresponds to a phase jump of z radians. The grey areas
visible in panel (c) are due to a dithering effect.
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Fig. 3. Phase maps obtained after application of sub-Nyquist frequency multiplexing and morphological filtering to the phase maps shown in Fig. 2. a) Achromatic
chessboard-based zone plate, and b) Achromatic random pixel-based zone plate with sub-Nyquist multiplexing and morphological processing, ¢) and d) magnified
detail of these zone plates showing that, for the random Achromatic zone plate, d), some binarization noise remains. Notice that the phase map is normalized between

0 and 1, where 1 corresponds to a phase jump of = radians.

2GT

Fig. 4. Schematics of the experimental set-up with the following parts: 1) illuminating system formed by three fibre ports for the red (1R), green (1 G) and blue (1B)
pigtailed-laser diodes, combined by beam splitters in a common path (blue line) and expanded with a 2) 5x Galilean Telescope (GT), 3) main mirror, 4) PLUTO SLM

and 5) CCD camera mounted on the linear motorized stage.

the lens for different wavelengths, effectively averaging focal adjust-
ments over an exposure period [12,13]. Although effective, this
approach requires precise synchronization between the SLM’s refresh
rate and the camera exposure, limiting its practicality for rapid or

continuous measurements or visualization.

Spatial multiplexing is a technique used to design diffractive optical
elements by combining simpler designs, such as a Fresnel zone plate.
This combination can be used in several ways. For example, Kazanskiy et
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Fig. 5. Simulated beam profile (left column) at the focal distance of 380 mm of the chessboard-like zone plate for the a) red, c) green, and e) blue beams, and
experimental beam profiles for the b) red, d) green, and f) blue wavelengths.
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Fig. 6. Composed intensity map obtained by combining the intensities given in Figs. 5a), ¢) and e) for the simulated RGB bean profile at the left, and Figs. 5b), d) and

f) for the experimental one at the right.

al [14] form a complex beam-divider by a linear combination of
different gratings, each optimized for a given spatial frequency. A
similar approach is followed by [15,16] for designing optical phased
arrays for beam steering. Rosen et al [17] presents a new methodology
called Transport of Amplitude into Phase using the Gerchberg-Saxton
Algorithm (TAP-GSA) for designing multifunctional pure phase DOEs.

Another approach for spatial multiplexing dividing the lens into
multiple regions, with each region corresponding to a simple design,
such as a Fresnel zone plate, with different properties among them. This
approach has been followed [18,19] for designing achromatic zone
plates, in this case, each region is optimized to focus a specific wave-
length and therefore achieve achromaticity. This method is entirely
passive, making it both robust and cost-effective. For example, Marquez
et al [20] proposed a couple of multiplexing schemes for obtaining
apochromatic diffractive lenses by combining three standard lenses
—each designed for a different wavelength—into a single-phase distri-
bution. One strategy divides the monochromatic lenses into rings and
sectors while the second strategy combines the monochromatic lenses
pixelwise following a random pattern. In a later study, Marquez et al
[21] demonstrated that these lenses can be manufactured as FZPs.
However, the resulting FZPs appear rather noisy, thus introducing sec-
ondary foci with the consequent image degradation, even if the
apochromatic condition is met.

Other strategies for multiplexing include recent metasurfaces de-
velopments. Eisenbach et al., for instance, achieved broadband achro-
matic focusing through advanced metasurface integration [22]. A
similar strategy is employed by other authors [7], while Luo et al [23]
combine diffractive optical elements with polarization optics for
compensating chromatic aberration in liquid-crystal optics. Such in-
novations highlight the progress and interest in creating highly func-
tional achromatic lenses using spatial multiplexing.

In this work, we propose a novel approach to design achromatic
binary FZPs using the following spatial multiplexing strategy. First, we
propose a chessboard-based pattern for the achromatic phase distribu-
tion. It takes also advantage of the squared shape of the pixels when
opto-electronic devices are used. Second, to minimize high diffraction
orders, we combine the monochromatic lenses beyond the Nyquist fre-
quency. Finally, we apply morphological filtering to remove binariza-
tion noise, improving manufacturability. Numerical simulations and
experiments demonstrate the effectiveness of our design.

2. Theoretical analysis and design principles

Fresnel Zone Plates (FZPs) are diffractive optical elements that act
similarly to a conventional converging refractive lens [1,6]. They have
advantages such as lightness, compactness, customizable optical prop-
erties, and cost-effective manufacturing, that make diffractive lenses
useful for a wide range of applications. Note that the FZP can be defined
as amplitude-based or phase-based zone plate. In any case, a conven-
tional Fresnel Zone Plate is composed by a set of concentric rings of radii
given approximately by

n = \/”—]Lfn:Lz...,7 N

where n is the order of the ring, 1 is the wavelength of the impinging
light, and f is the design focal distance of the Fresnel Zone Plate. From
Eq. (1), we observe that the Zone Plate is designed for a single wave-
length. Therefore, light is focused at the distance f only for this design
wavelength. Other wavelengths will focalize at other distances [6],
resulting in chromatic aberration.

In this work, we focus on spatially multiplexed achromatic Fresnel
Zone Plates, specifically binary phase zone plates. Thus, we define the
FZP as a binary mask that models a © radian phase shift between adja-
cent zones. Specifically, the binary mask corresponds to the actual phase
function divided by =, resulting in alternating values of 0 and 1. Notice,
that, as a pure phase element, the FZP transmits light uniformly across
its entire aperture.

The general principle of spatial multiplexing relies on generating a
set of FZPs, all of them designed for a given focal length but different
wavelength. Therefore we start with a set of binary plates

{FZP(X,y;f, /1}) }j:1727.,.N7 (2)

where f is the focal length, common for all plates of the set, 4; the design
wavelength for the j-th phase plate, and N is the number of phase plates.

Each FZP is defined in a discrete grid of dimensions {Nx x Ny}, ,,

being each pixel a square of Ax width. In order to combine these FZPs
into a single binary phase plate, we define a set of mutually exclusive
j—12..n Such that B:NB; = @ Vi#j and UL, B; =E,
where E is a binary matrix with all elements equal to one. Under these
conditions, the combined, or multiplexed FZP is defined as

binary masks {B;}
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Fig. 7. Beam tomographies, for the chessboard-like achromatic lens into the X-Z plane for both simulation, panels a), red, c) green, and e) blue, and experiment,

panels b) red, d) green and f) blue.

FZPpue(x,¥If) = UY | [B N FZP(x,y;f. 4;)]. 3) in this case, the set of exclusive binary masks is {B, B} where B is the
. . . mask for the Fraunhofer line C, and B its complementary. Mask B can be

In this paper, we propose achromatic FZPs by combining two . . . .
) h di he F hofer li G and F. Theref defined in several ways. Marquez et al [20] use a pixel-wise random
wavelengths corresponding to the Fraunhofer fines C and F. Therefore, pattern. In this work, we instead use a chessboard-based pattern. We will
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Fig. 8. Composed intensity map obtained by composing the intensities given in Fig. 7 into an RGB tomographic profile of the beam generated by the chessboard-like

lens for both simulation (left) and experiment (right).

discuss the implications of these different designs later in the paper.

Although the procedure described above allows the design of chro-
matic corrected zone plates, the resulting patterns often exhibit a noisy
appearance [20,21]. Either random and structured patterns, such as
chessboard-based designs, lead to jagged edges at the boundaries of the
circular zones (see Fig. 2). These imperfections cause diffractive scat-
tering, reducing contrast and generating secondary foci near the primary
focus [24,25]. In addition, the fine details required for these patterns
pose manufacturing challenges, particularly without the use of expen-
sive photolithographic techniques.

To overcome this issue, we have devised two strategies. First, we
perform the spatial multiplexing below the Nyquist frequency. To ach-

ieve this, both the set of FZPs set {FZP(x,y;f, ;) }j:u’ and the corre-

sponding set of complementary masks {B, B} are defined on a grid of size
[2N, x 2N, ], with a pixel width equal to Ax/2 (assuming square pixels).
After combining the FZPs with the set of multiple exclusive masks, as
described in Eq. (3), we apply a moving average convolution filter over a
2 x 2 neighbourhood to mitigate aliasing artifacts [26]. Finally, the
filtered result is decimated to the original sampling size of [Ny x N,].

In Fig. 1 we show an illustration of the chessboard multiplexing
showing the intersection of the two zone plates with their corresponding
checkerboard mask (the mask for the blue channel is the negative of that
for the red one) to get the red and blue components of the achromatic
FZP and then, the combination of these components in a single binary
mask.

Afterwards, we perform a morphological processing to the resulting
binary matrix that defines the FZP. The goal is to reduce the jagged
edges and the “binarization noise” of the FZP to improve the manufac-
turability of this kind of zone plates. In general, a FZP is composed of a
series of concentric rings of decreasing width. As shown in Figs. 1 and 2,
the spatial multiplexing respects this ring structure but adds binarization
noise.

To reduce binarization noise and other irregularities, the morpho-
logical processing consists of three main stages:

1. Preliminary morphological operations: An opening followed by a
closing operation is applied using a disk-shaped structuring element
with a radius of 1 pixel. These operations help smooth the binary
mask and remove small artifacts within the rings.

2. Area-based filtering: Regions with an area below a predefined
threshold are identified and removed, eliminating small, isolated
components unlikely to belong to the intended zone plate structure.

3. Circularity-based filtering: Regions that significantly deviate from
the expected circular shape of the Fresnel zones are detected and
removed based on a circularity metric.

Circularity metric is an indicator of how the shape of a connected
region resembles a circle, or, in our case, also an annulus. It is computed
as
c= 4”’?;;]711’@)(’ (4)
where Acomex 1S the convex area, defined as the area of the smallest
convex shape enclosing the region’s perimeter, and P its perimeter. We
have used the convex area instead of simply the area of the region as, in
our case, Fresnel zones are typically rings, which would otherwise result
in misleadingly low circularity values. As the maximum value of the
circularity metric is ¢ = 1, corresponding to a perfect circular (or
annular) object with large area, we set a threshold and remove those
regions whose circularity falls below this threshold.

This sequence of operations preserves the key structural features of
the FZP while effectively minimizing noise and spurious elements
introduced during binarization.

In Fig. 3 we show the result of applying the procedure described
above to the achromatic FZP designs shown in Fig. 2. In the case of the
chessboard-based pattern, Figs. 3a) and 3c) show a clean phase map
formed by concentric rings with an appearance quite like a standard
FZP. Despite this resemblance, the ring width and distribution is,
effectively, a combination of the distribution and sizes of the rings of two
conventional FZPs designed for the red and blue wavelengths, although
it is difficult to appreciate this in Figs. 3a) and 3c). Clearly, the phase
map of the chessboard-based pattern presents a smother appearance and
the effects of binarization noise are not present either.

However, the lens designed from random pixel-based patterns pre-
sents additional problems. Firstly, the morphological filter does not
work as well as it did with the chessboard-based lens, as binarization
noise is still present as it can be appreciated in Figs. 3b) and d). More-
over, as the random pixel-based pattern design is based on a stochastic
process, the final lens obtained varies with each running of the gener-
ation algorithm. This is an important issue, that limits the usefulness of
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Fig. 9. Simulated beam profile (left column) at the focal distance of 380 mm for the a) red, b) green, and c) blue beams, and experimental ones: b) red, d) green, and
f) blue beams, for the realization of the random pixel-base achromatic Fresnel Zone Plate shown in Fig. 3b).
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Fig. 10. Composed intensity map obtained by composing the intensities given in Fig. 9 into a RGB image for both simulated (left) and experimental (right).

these random pixel-based designs. At this point, it is important to notice
that we will analyse the properties of the random pixel-based lens
realization shown in Fig. 3b). However, the reader should be advised
that this is not a unique realization of this lens, so some variations on the
optical properties can be expected if other realizations are selected. In
what follows, we will study the optical properties of both the
chessboard-based and random pixel-based designs with both computer
simulations and experiments.

3. Methods

We have tested the achromatic designs proposed in the previous
section through both simulations and experiments. In the simulation, we
sampled the phase distribution of each lens on a grid of 1920 x 1080
square pixels, each with a width of 8 ym. Additionally, the phase of the
lens was quantized into 128 grey levels, corresponding the 128 grey
level to a phase jump of . This approach allowed us to replicate the
properties of the spatial light modulator (SLM), PLUTO-2-NIR-11 [27],
used in the experiment. The simulation was conducted in MatLab, using
the Bluestein propagation algorithm as implemented by Hu et al [28,
29]. The advantage of the Bluestein algorithm is that permits different
sampling between object and image planes. All simulations were per-
formed using MATLAB 2023b on an i7-Core computer with 32 GB of
RAM. The computing time for the simulation of a tomographic profile
composed by 101 images was around 115 s.

Fig. 4 illustrates the experimental setup used to measure the chro-
matic properties of the proposed diffractive zone plates. The setup in-
cludes three pigtailed laser diodes with peak wavelengths of 488 nm,
518 nm, and 658 nm, respectively. These wavelengths were chosen to
closely match (when possible) Fraunhofer’s spectral lines C (656 nm -
red), d (587 nm - green), and F (486 nm - blue), which are commonly
used to characterize the chromatic properties of image-forming systems.
The usage of a wavelength located in the centre of the spectrum is useful
for estimating the residual chromatic defocus or “secondary colour” of
an achromatic system. Secondary colour is usually defined as a focal
shift between the common foci corresponding to the F and C spectral
lines and the focus corresponding to either the d-line (589 nm) or e-line
(546 nm), and it quantifies the broadband chromatic response of an
achromatic optical system. Each laser diode is collimated by a Thorlabs
fibre optics port, model PAF2P-11B for the red beam, and model PAF2P-
11A for both the green and blue beams. The collimated beams are

combined into a common path using a system of beam splitters (see part
1 of Fig. 4). Afterwards, they are expanded using a 5x Galilean telescope
(labelled as GT in Fig. 4) and, after passing through a linear polarizer,
are directed by a plane mirror towards the SLM (Spatial Light Modu-
lator) PLUTO-2-NIR-11 (see part 4 of Fig. 4). The beam reflected from
the SLM is captured by a CS135M Thorlabs CMOS camera which has a
sensor resolution of 1280 x 1024 square pixels, each one with a width of
4.8 pm, mounted on a linear motorized stage (model 8MT175-200-
Menl), manufactured by Standa (part 5 of Fig. 4). The experimental
system is designed to measure the tomography of a laser beam near the
focal point of the designed zone plates implemented in the SLM. The
measurement is performed sequentially, starting with the tomography of
the red light, followed by the green and blue ones.

To obtain a single tomography, a discrete set of transverse sections of
the beam is captured at different positions of the CMOS sensor along the
optical axis. In the next section, we describe and discuss the obtained
results, simulated and experimental.

4. Results

For both zone plate designs—the previously published random pixel-
based and the proposed chessboard-based FZPs—we begin by
comparing the experimental and simulated intensity distributions for
three wavelengths (488 nm, 518 nm, and 658 nm) in a plane located 380
mm from the zone plate. This distance corresponds to the design focal
length for both the red and blue wavelengths. Next, we present the beam
tomography (both experimental and simulated) for each wavelength
individually. Finally, we compare the on-axis intensity profiles (i.e., the
intensity at the beam centroid along the optical axis) for the two ach-
romatic designs. For completeness, we also include measurements of a
standard Fresnel zone plate with the same focal length, designed for a
single wavelength of 518 nm.

As we have mentioned in the previous section, the chessboard-based
zone plate is of the type shown in Fig. 3a). Fig. 5 presents the simulated
intensity distribution -panels a) red, c) green, and e) blue wavelength-
and the corresponding experimental intensity distributions -panels b),
d), and f)- at the common red/blue focal point, located 380 mm from the
SLM. In both cases, it can be observed that the red and blue beams are
well-focused, demonstrating the achromatic design of the zone plate.
Additionally, we have simulated and measured the propagation of the
green beam, Figs. 5c¢) and 5d), respectively, which is obviously
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Fig. 11. Simulated beam propagation (left column) along the optical axis for the a) red, c) green, and e) blue beams, and experimental ones for the b) red, d) green,
and f) blue beams, corresponding to the random pixel-based Achromatic Fresnel Zone Plate.
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Fig. 12. Composed intensity map obtained by adding the intensities given in Fig. 11.

defocused at that distance. However, although the general shape of the
experimental and simulated beam intensity distributions is similar, the
experimental results show some discrepancies. For example, when
comparing panels, a) and b) in Fig. 5, which correspond to the red beam,
differences in the intensity distribution can be observed. In the simu-
lated case, Fig. 5a), the beam displays perfect discrete rotational sym-
metry, whereas in the experimental case, Fig. 5b), the intensity
distribution is elongated along the x-axis. This discrepancy could be
attributed to aberrations introduced by the optical system, especially the
spatial light modulator, particularly astigmatism. For completeness, a
composed intensity field is shown in Fig. 6, where the intensities for the
red, green and blue beams (Fig. 5) have been combined in a RGB com-
posite image. As it can be observed, the experimental one exhibits a
central zone almost white showing its achromaticity, that resembles the
simulated behaviour acceptably. The plots of Fig. 6 are magnified,
compared to that of Fig. 5, therefore only the region around the optical
axis is shown, which accentuates the effect of aberrations and, also
displacement between beams in the experimental setup. Therefore,
these images are only useful to prove the achromaticity of our design.

Fig. 7 shows the X-Z plane beam tomographies for both simulations
and experiments. In both cases, the tomographies of the red beam
-panels a) and b) in Fig. 7- and blue beam -panels e) and f) in Fig. 7-
reveal a common focal point located around 380 mm from the zone
plate, again proving the achromatic design of the chessboard-based
achromatic zone plate. Additionally, we observe in Figs. 7c¢) and 7d)
that the green beam focuses closer to the zone plate, as expected from
the design. For completeness, a composed intensity field is shown in
Fig. 8, where the intensities for the red, green and blue beams (Fig. 7)
have been combined to form an RGB image.

Next, we analyse the results obtained for a random pixel-based zone
plate. Particularly, we have tested the realization shown in Fig. 3b).
These zone plates are designed with the same achromatic concept as the
chessboard-based achromatic zone plates and therefore they exhibit a
common focal distance for the red and blue beams, located around 380
mm from the zone plate, as shown in Fig. 9a), 9b), 9e) and 9f). Addi-
tionally, the focal point for the green beam appears defocused, Fig. 9¢c)
and 9d). The primary difference between the chessboard-based and
random pixel-based zone plate designs is the uniqueness of the
chessboard-based design, whereas the random pixel-based zone plates
are not unique, as each computation of a random pixel-based zone plate
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generates a slightly different design. However, as the randomness scale
is related to the pixel size, we expect that the behaviour of the different
realizations of the random pixel-based zone plate does not differ in its
basic optical properties. For completeness, a composed intensity field is
shown in Fig. 10, where the intensities for the red, green and blue beams
(Fig. 9) have been added. As happened with the chessboard-like zone
plates the intensity image of Fig. 10 is magnified with respect to that of
Fig. 9, highlighting the effect of aberrations and misalignments in the
image corresponding to experimental data, Fig. 9b).

The intensity distributions depicted in Fig. 9 show good agreement
between experiment and simulation, with similar results than that of the
chessboard-based design. Again, the achromaticity of the design is
proved as the red and blue beams are focused while the green one is
clearly out of focus. As with the chessboard-based design, there is a loss
of symmetry in the experimental realizations that can be explained by
the effect of aberrations.

The beam tomographies depicted in Fig. 11 also exhibit a good
agreement between experiment and simulation. As expected, the red
and blue beams are focused at the focal length of 380 mm, while the
green beam focused ahead of this common focal point. For complete-
ness, a composed intensity field is shown in Fig. 12, where the intensities
for the red, green and blue beams (Fig. 11) have been added.

Finally, to gain further insight into the optical properties of the
achromatic zone plates, we compared the beam intensity along the z-
axis (axial intensity distribution) at the centre of the beam for both
achromatic designs with a traditional Fresnel zone plate. Fig. 13a) shows
the simulated (solid line) and experimental (circles) axial intensity dis-
tribution of a Fresnel zone plate with a focal distance of 380 mm for the
design wavelength of 518 nm. Both the simulation and experiment
demonstrate the standard chromatic behaviour of the Fresnel zone plate,
with the red beam focussing ahead of the green and blue ones, as ex-
pected. The differences between the experimental and simulated profiles
are due to aberrations and other experimental factors such as mis-
alignments, noise, etc. However, there is still a good agreement between
the simulation and the experiment.

Comparing this axial intensity distribution with those obtained for
the chessboard-based zone plate (Fig. 13b) and random pixel-based zone
plate (Fig. 13c) we can appreciate the achromatic behaviour of these
zone plates, as well as the overall good agreement between experiment
and simulation.



S. Fernandez-Nunez et al.

1k
0.8!
5
go.s -
>
-
§o4r
c

(a)

—
per- T

0.9
0.8
307

205
(2]

Optics and Lasers in Engineering 195 (2025) 109303

-e-Exp.\ = 658 nm
~e-Exp. A =518 nm
-e-Exp A =488 nm

—Sim.\ =658 nm
~—8im. A =518 nm
—Sim. A =488 nm

-e-Exp.\ = 658 nm
—+-Exp. A =518 nm
-e--Exp A =488 nm
—Sim.\ = 658 nm
—Sim. A =518 nm
—Sim. A =488 nm

o~
0900 4 o

o o
o ©

Intensity (arb. u.)
°
SN

0.,

.\.__._"‘“o"o--o
\ e Ll

420 430

-e-Exp.\ = 658 nm
-+-Exp. A =518 nm
-e-Exp A = 488 nm

—Sim.\ =658 nm
~—8im. A =518 nm
—Sim. A =488 nm

-G ot -
=0 engy; an |
i§=10-0-0--0

Fig. 13. Normalized intensities at beam centre along the Z-axis for a) a Fresnel zone plate of focal length 380 mm and a design wavelength of 518 nm, b) the
Chessboard-based achromatic Fresnel Zone Plate shown in Fig. 3a), and c) the realization of the random pixel-based achromatic zone plate shown in Fig. 3b). The

410

continuous lines correspond to simulations, while the circles correspond to the experimental results.

12

420 430



S. Fernandez-Nunez et al.

5. Conclusions

In this manuscript, a new kind of diffractive binary achromatic zone
plate is proposed and both numerically and experimentally tested. It is
defined as a chessboard inspired multiplexing of two zone plates
designed for the Fraunhofer lines C and F, with a posterior special
filtering and sub-Nyquist resolution. Thus, we achieve a zone plate with
achromatic behavior and smooth edges between consecutive zones. We
compare its behavior with other proposals based on the random pixel
multiplexing of the same two zone plates. It results in a similar behavior,
but our proposal presents a smoother appearance without the high-
frequency irregularities of the random-based design that could be
more resistant to manufacturing errors. The proposed zone plate could
result of interest in visual optics, imaging, lithography, or solar
concentration.
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