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Principle and finite element analysis on UHV
four-knife precision slit structure
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Abstract: To meet the requirements of X-ray Inteferometric Lithography (XIL) beamline of Shanghai
Synchrotron Radiation Facility for slit precision, an Ultra High Vacuum(UHYV) four-knife precision
slit structure and a cooling scheme were proposed. First, the structural principle of the four-knife pre-
cision slit structure was analyzed. The movements of the slits were controlled by linear drive devices
independently, and their enclosures were achieved though the precision linear guides. Then, a cooling
scheme was designed according to the characteristics of XILL beamline and the thermo-mechanical cou-
pling was analyzed to verify whether the cooling scheme was reasonable. Furthermore, the precision
indexes of slits were tested. The results indicate that the movement resolution and repeatability of the

slit knife are better than 0.1 ym and 2 yum, respectively, the straightness and parallelism of the knife
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are better than 2.5 pm and 0.5 mrad, respectively. It can also realize the opening of slits by only —5
~250 pm in both horizontal and vertical directions. Moreover, the maximum thermal deformation un-
der the thermal load is controlled under 0. 034 pym. These results verify that the four-knife precision
slit structure has a very high accuracy and stability, and meets the requirement of XIL beamline. By
proposed slit structure and scheme, the etching line structure of 100 nm periodicity has been achieved.

Key words: X-ray Interferometric Lithography(XIL) beamline; precision slit; four-slit structure; re-

peatability precision; finite element analysis
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Fig. 1 Diagram of precision slit blade
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Fig. 2 Spacial displacement of precision slit
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Fig. 3 Diagram of equivalent principal of precision slit
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Fig. 4 Diagram of vertical precision slit
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Temperature
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(a)Temperature contour of the slit blade
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C:Static Structural(ANSYS)
Equivalent Stress 2
Type:Equivalent (von-Mises) Stress
Unit: MPa
Time:1
2012-05-17 10:42

758.03 Max
673.83
589.62
505.42
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(b)Stress contour of slit blade
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Fig.5 Thermo-mechanical analysis when aperture is zero
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Fig. 6 Thermal deformation of slit blade edge
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D:copper convention(ANSYS)
Temperature
Type:Temperature

Unit:"C

Time:1

2013-1-21 15:44

24.145 Max
23.926
23.706
23.486
23.267
23.047
22.828
22.608
22.388
22.169 Min

v M

(@HEF IR 515
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E:Static Structural(ANSYS)
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(b)Stress contour of slit blade
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Fig. 7 Thermo-mechanical analysis when aperture is zero

with copper plait
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Fig. 8 Thermal deformation and slope error of slit blade edge
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Fig. 9 Diagram of precision slit
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Tab. 1 Straightness of slit blade edge (pm)
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