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1. Introduction

The supplementary zones surround an ordinary Fresnel
Zone Plate (FZP) are used to improve the optical resolution
at focus. Based on the Fresnel-Kirchhoff diffraction formu-
la, an optimization model is used to design the supplemen-
tary zones-included FZP (SZFZP). The model will be ex-
amined by comparing the simulations with the measure-
ments in visible region. Then, this model is used to design
the SZFZP for extreme ultraviolet (EUV) light. The ability
to fabricate the FZP for applications in EUV light will be
demonstrated. In addition, the simulated performance of the
SZFZP in EUV region will be shown in this paper.

2. Model Verification in Visible Region

We designed the standard FZP and the SZFZP for 633 nm
wavelength (1). The material of the samples is photomer
3015 epoxy acrylates with fused silica substrate. Our
standard FZP is designed as a 5-rings FZP. In which its
zone widths decreases farther from the center and its
outermost zone width is 300 nm. For the supplementary
zones, the zones are broadened farther from the inner rings
and each of them is wider than 300 nm. The measured fo-
cus for the SZFZP has better resolution and stronger inten-
sity than the measurement from the standard FZP are
shown in Fig. 1(a). It is also shows good match between the
simulations and the measurements in Fig. 1(b) and 1(c)
excluding the measured noises.
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Fig. 1 Lateral profile of the red light focus, where (a) stands for
the measurements, (b) stands for the simulated and measured pro-
files for the standard FZP, and (c) stands for the simulated and
measured profiles for the SZFZP.

3. Optimized FZP in EUV region

Our standard FZP for 2 = 13.5 nm is designed as a
411-rings FZP, and its outermost zone width is 50 nm. For
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SZFZP, 211 supplementary zones are surrounded, and all
supplementary zones are always wider than 50 nm. The
fabricated SZFZP for EUV can be seen in Fig. 2, where the
zone material is NiSi with silicon substrate.

Fig. 2 Fabricated SZFZP for 4 —135nm.

The monochromatic simulations shown in Fig. 3(a) indicate
that the peak intensity of the SZFZP has stronger intensity
and better resolution. Also, the simulated focus from
SZFZP for EUV light contains 2% bandwidth is shown in
Fig. 3(b). The findings indicate that 2% bandwidth will
affect the EUV image since the intensity goes down se-

verely for just slight wavelength shift.
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Fig. 3 Lateral profile of the simulated EUV light focus. (a) Com-
parisons between the standard FZP and the SZFZP. (b) Focuses of
the SZFZP when EUV light contains 2% bandwidth.
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4. Conclusions

We have demonstrated that the SZFZP can have better res-
olution and higher intensity than FZP in visible region. A
SZFZP for EUV light is fabricated and its simulation shows
that the promising resolution enhancement. Further work in
this study can be useful for EUV focusing lens applications.
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