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Fig. 1. Structural model of the newly designed light pipe.
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Fig. 2. Schematic diagram of ray transmission in the light pipe: (a) Conventional cylindrical light pipe; (b) light pipe with tilted ele-

ments.
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Fig. 3. Two Gaussian sources with high spatial coherence are used to obtain the interference field: (a) Schematic diagram; (b) optical

field distribution simulated by software.
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Fig. 6. Schematic diagram of light transmission in the light pipe: (a) Gaussian beam amplitude distribution; (b) variation of the

grazing incidence angle of ray in the newly designed light pipe.
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Abstract

Free electron laser (FEL) is a high-quality laser source with wavelengths ranging from short-wave X-ray to
long-wave infrared ray. Extreme ultra-violet (EUV) radiation at A = 13.5 nm emitted by FEL can be used in
manufacturing integrated circuit, such as EUV lithography exposure and mask defect inspection. However, the
high spatial coherence characteristics and similar Gauss intensity profile distribution of FEL source has a
negative effect on imaging, and cannot meet the requirements of imaging applications in EUV lithography. In
this work, a newly light pipe for decoherence and intensity uniformity in an EUV spectral range is designed
through the simulation calculations. The new light pipe consists of two pairs of tilted elements which are
symmetrically distributed in the y-z plane and 2~z plane, respectively. In this way, the beam transmission
divergence in two dimensions can be widened at the same time, and the disturbance of the ray transmission
track and spatial phase distribution is increased, so as to achieve the uniformization of light intensity and the
reduction of spatial coherence.

The simulation results show that for an EUV Gaussian beam at A = 13.5nm, with a diameter of 200 pm,
and a divergence of 20 mrad, the newly designed light pipe has more significant decoherence and illumination

field uniformity than the conventional light pipe structure. When the new light pipe has an inner diameter of

* Project supported by the National Natural Science Foundation of China (Grant No. 62071464) and the Foresight Strategic
Science and Technology Pilot Project of the Chinese Academy of Sciences (Class A Pilot Project).
1 Corresponding author. E-mail: lihui@ime.ac.cn

1 Corresponding author. E-mail: wuxiaobin@ime.ac.cn

114201-11


https://doi.org/10.7498/aps.72.20221917
https://doi.org/10.7498/aps.72.20221917
https://doi.org/10.7498/aps.72.20221917
https://doi.org/10.7498/aps.72.20221917
https://doi.org/10.7498/aps.72.20221917
https://doi.org/10.7498/aps.72.20221917
https://doi.org/10.7498/aps.72.20221917
https://doi.org/10.7498/aps.72.20221917
https://doi.org/10.7498/aps.72.20221917
https://doi.org/10.7498/aps.72.20221917
https://doi.org/10.7498/aps.72.20221917
https://doi.org/10.7498/aps.72.20221917
https://doi.org/10.7498/aps.72.20221917
https://doi.org/10.7498/aps.72.20221917
https://doi.org/10.7498/aps.72.20221917
https://doi.org/10.3788/CJL201340.0216001
https://doi.org/10.3788/CJL201340.0216001
https://doi.org/10.3788/CJL201340.0216001
https://doi.org/10.3788/CJL201340.0216001
https://doi.org/10.3788/CJL201340.0216001
https://doi.org/10.3788/CJL201340.0216001
https://doi.org/10.3788/CJL201340.0216001
https://doi.org/10.3788/CJL201340.0216001
https://doi.org/10.3788/CJL201340.0216001
https://doi.org/10.3788/CJL201340.0216001
https://doi.org/10.3788/CJL201340.0216001
https://doi.org/10.3788/CJL201340.0216001
https://doi.org/10.3788/CJL201340.0216001
https://doi.org/10.3788/CJL201340.0216001
https://doi.org/10.3788/CJL201340.0216001
https://doi.org/10.3788/LOP231676
https://doi.org/10.3788/LOP231676
https://doi.org/10.3788/LOP231676
https://doi.org/10.3788/LOP231676
https://doi.org/10.3788/LOP231676
https://doi.org/10.3788/LOP231676
https://doi.org/10.3788/LOP231676
https://doi.org/10.3788/LOP231676
https://doi.org/10.3788/LOP231676
https://doi.org/10.3788/LOP231676
https://doi.org/10.3788/LOP231676
https://doi.org/10.3788/LOP231676
https://doi.org/10.3788/LOP231676
https://doi.org/10.1364/AO.49.003297
https://doi.org/10.1364/AO.49.003297
https://doi.org/10.1364/AO.49.003297
https://doi.org/10.1364/AO.49.003297
https://doi.org/10.1364/AO.49.003297
https://doi.org/10.1364/AO.49.003297
https://doi.org/10.1364/AO.49.003297
https://doi.org/10.1364/AO.52.008617
https://doi.org/10.1364/AO.52.008617
https://doi.org/10.1364/AO.52.008617
https://doi.org/10.1364/AO.52.008617
https://doi.org/10.1364/AO.52.008617
https://doi.org/10.1364/AO.52.008617
https://doi.org/10.1364/AO.52.008617
https://doi.org/10.1007/s10043-014-0116-8
https://doi.org/10.1007/s10043-014-0116-8
https://doi.org/10.1007/s10043-014-0116-8
https://doi.org/10.1007/s10043-014-0116-8
https://doi.org/10.1007/s10043-014-0116-8
https://doi.org/10.1007/s10043-014-0116-8
https://doi.org/10.1007/s10043-014-0116-8
https://doi.org/10.1117/1.3314310
https://doi.org/10.1117/1.3314310
https://doi.org/10.1117/1.3314310
https://doi.org/10.1117/1.3314310
https://doi.org/10.1117/1.3314310
https://doi.org/10.1117/1.3314310
https://doi.org/10.1117/1.3314310
https://doi.org/10.3788/LOP51.011401
https://doi.org/10.3788/LOP51.011401
https://doi.org/10.3788/LOP51.011401
https://doi.org/10.3788/LOP51.011401
https://doi.org/10.3788/LOP51.011401
https://doi.org/10.3788/LOP51.011401
https://doi.org/10.3788/LOP51.011401
https://doi.org/10.3788/LOP51.011401
https://doi.org/10.3788/LOP51.011401
https://doi.org/10.3788/LOP51.011401
https://doi.org/10.3788/LOP51.011401
https://doi.org/10.3788/LOP51.011401
https://doi.org/10.3788/LOP51.011401
https://doi.org/10.3788/LOP51.011401
https://doi.org/10.3788/LOP51.011401
https://doi.org/10.3788/LOP51.011401
mailto:lihui@ime.ac.cn
mailto:lihui@ime.ac.cn
mailto:wuxiaobin@ime.ac.cn
mailto:wuxiaobin@ime.ac.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 73, No. 11 (2024) 114201

1lmm, a total length of not less than 600 mm, and a tilt angle of 10mrad , a basically uniform illumination field
can be obtained, the coherence is completely disordered, and the non-uniformity of light intensity distribution in
the illumination field decreases to 0.97 from 28.38 achieved by conventional cylindrical light pipe. At the same
time, the light power transmission efficiency is about 37.6% and the maximum transmission efficiency is about
44.58%. The uniformity can be further improved by increasing the number of reflections. When the inner
diameter and tilted angle of the light pipe are unchanged, the length of the light pipe increases to 1m, the non-
uniformity of intensity distribution at the illumination field further decreases to 0.90, and the light power
transmission efficiency is about 22.35%. The results show that the newly designed light pipe structure can meet
the application requirements of decoherence and improve the uniformity of illumination field at EUV
wavelength range, and it has great application prospects in EUV lithography and other imaging applications.
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