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Fig. 1. First 20 rings of Lucas zone plate and Lucas
photon sieves (LPS).

AL R O T il B AR SR E S

FAR TG F I L2 o, R $322, N B
£:632.8 nm, ZHKMEM f =18 cm, wANZELER
99.41 pm.  DLFTRE RE S m, AR A 2R S

BF 15, BRVTHESERS 2 RA KB
HEAME . VAT (1, 3) 74 2% = 16 Mgwid,
H e B M ELVE AN EE SRR R R 8 B LA R4
TFF (0, 000) (LA X 8 22 B ) J5 AN AFAE 7 Fh b,
21 R 28 T R [RGB Xt L P By b A0 A ()

FITH, R, AT I T A L
PUA R, P BIRRI A A . {H At
A AT S A BEAA (2) X, 4R
5 P/ B 52 2 0 M L S SO T X
4.

Tl ARG L2 5 B ARG S B Ll
Table 1. Comparison between simulation and theo-
retical values of axial foci for 12-order Lucas photon

sieves.
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Fig. 2. Schematic of optical setup for measurement by PSDH.
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Fig. 3. LPS device and its image by PSDH.
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Fig. 5. Intensity distributions of four axial foci: (a), (e) z = f1; (b), (f) z = f2; (¢), (g8) z = f3; (d), (h) z = fa.
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Abstract

A kind of optical diffractive element named photon sieve, which is essentially Fresnel zone plate in which the
transmissive rings are replaced with a large number of randomly distributed isolated pinholes, can be used to focus X-ray
and extreme ultraviolet lithography spectrum into spots with sizes smaller than the diameter of the smallest circular
pinhole. However, both the traditional photon sieves and Fibonacci sieves have no more than two axial foci. In order to
break this limitation, the Lucas sequence is introduced into the design of photon sieves, and thus producing four axial
foci. With respect to the previous Fibonacci sequence, Lucas sequence has the same recursion relation as well as the
same eigenvalue of golden mean v = (1 + 1/5)/2. The only difference between them is the first two initial seeds. Based
on Fresnel-Kichhoff diffraction theory, the simulation results show that there exist four focal spots with approximately
equal intensity along the optical axis on condition that the hole diameters are set to be 1.16 times the underlying Fresnel
zone width. Then in order to verify the validity of our proposed model, a Lucas sieve of diameter 12.11 mm and referred
focal length 180 mm is fabricated by photolithography and its focusing properties are precisely measured by the in-line
phase-shifting digital holography. In experiment, a quarter wave plate is used to realize two-step phase-shift interferences,
and obtain the quad-focal length by auto-focusing algorithm in holography. Meanwhile, the quad-focal spots can also
be calculated through the diffraction propagation of reconstructed object wave. Compared with the theoretical values,
the measurement results indicate that the maximum deviation of quad-focal lengths is less than 0.9%, and the relative
errors of the full width at half maximum of four Airy spots are all less than 5%. The experimental results agree well with
the theoretical analysis results. Owing to the advantages of small volume, little weight and easy processing, Lucas sieve
has great potential in X-ray microscopy, array imaging for living biological cell and especially in the next generation of

synchrotron light sources.

Keywords: diffractive optical elements, multifocal imaging, digital holography, X-ray optics
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