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Beam Alignment Error and Its Control in Scanning Beam
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Abstract In order to improve alignment accuracy of exposure beams in the scanning beam interference lithography
system and guarantee quality of the fabricated grating mask groove shape, an alignment error model of exposure beams
is established and used to analyze the beam alignment error. Meanwhile. to meet the requirement of the system for
beam overlapping accuracy, an automatic beam alignment system is designed and fabricated, and alignment experiments
are conducted on the exposure beams. Analysis results show that the exposure contrast on the grating substrate surface
decreases obviously when the beams have large alignment errors. Under the exposure mode of stepping-scanning,
uneven exposure appears at different positions of the photoresist surface, which influencing the quality of grating mask
groove shape. The designed alignment system can adjust the beam angles and positions. The system shows good
convergence performance as a whole. After multi-step adjustment, the position alignment accuracy of the beams
exceeds 10 um, and the angle alignment accuracy of the beams exceeds 9 prad. The alignment accuracy of exposure
beams satisfies system requirements and the expected purpose is achieved.
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position decoupling; angle decoupling
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Fig. 4 Spatial distribution of exposure contrast with different beam alignment errors
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Fig. 6 Schematic of beam alignment system in SBIL technique
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Fig. 7 Principle diagram of beam position and angle decoupling
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9
Fig. 9 Controlling flow chart of beam alignment system
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Fig. 10 Photograph of beam auto-alignment system
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Fig. 11 Result of beam alignment. (a ) Beam adjustment in x direction ; (b ) beam adjustment in y direction
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Fig. 12 Result of beam alignment for 40 times. (a ) Beam position adjustment ; (b ) beam angle adjustment
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Table 1 Results of beam position and angle alignments for 40 times

(1]

(2]

[3]

(4]

10 pm, 9 prad,

Parameter Maximum Standard deviation
Beam position p,/pm —13.73 6.53
Beam position p,/pm 12.97 6.95
Beam position p /pm 17.03 9.53
Beam angle 0, /prad 10.13 6.54
Beam angle 0, /prad 12.18 5.90
Beam angle 0 /prad 16.17 8.81
. b
. 10 pm, 9 prad,
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