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Abstract In order to achieve the imaging resolution of 45 nm with a numerical aperture of 1.35 and a wavelength of
193 nm in the lithography exposure system of ultra-large scale integrated circuits, a novel optical variable attenuator
is designed. The device cannot only control the light transmittance, but also adjust the exposure energy. The
average transmittance of the attenuation surface decreases from 95% to 8% linearly when the light incidence angle
changes from 20° to 40° , and light energy loss of the other three faces are less than 1% in this system. Optical
films are designed and fabricated with fused silica as substrate, and LaF; as well as AlF; as optical films.
Experiments are performed to investigate the attenuator performance, and the results show that the light
transmittance is continuously tunable in the range from 8% to 90% , which satisfies the requirements of the system.
Compared with traditional optical variable attenuators, the device is with wider attenuation modulation range and
more stable attenuation, and it has potential applications.
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Fig. 1 Schematic of lithography exposure system
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Fig. 2 Structure diagram of the new optical variable attenuator. (a) Two-dimensional structure;

(b) three-dimensional structure
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Table 1

193 nm 94 F T 0 B R R R4 1R

Characteristic of common coating materials for 193 nm wavelength

Optional material Refractive index

Transparent area /pm

Melting point /°C Evaporation temperature /°C

MgF, 1.40-1.45 0.11-10 1266 1540

AlF, 1.40-1.45 0.2-20 890 900

Si0, 1.45-1.55 0.2-9 1700 1600

Lak; 1.60-1.65 0.2-12 1490 1490

CaF, 1.65-1.75 0.3-5 1460 1350

AlL O 1.70-1.80 0.2-8 2020 2100
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Fig. 3 Relationship between transmittance of attenuation

films and incident angle
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Fig. 5 Relationship between wavelength and reflectance

of antireflective films
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Fig. 6 Test schematic of optical variable attenuator transmittance
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Fig. 7 Transmittance of attenuator at different incident angles
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