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Abstract:
lithography is presented. By establishing an abstract scan exposure model and analyzing the pulse to pulse energy

A real-time exposure dose control algorithm for DUV excimer lasers in a step and scan projection

fluctuation characteristics of DUV excimer lasers, a real-time dose regulation is implemented based on closed loop
feed back control, which especially focuses on reducing the pulse energy overshot and the pulse to pulse stochastic
fluctuation. The experiment conducted on an ArF excimer laser with 193 nm of wavelength, 4 kHz of repetition rate,
and 5 mJ of pulse energy confirms that such a real-time dose control algorithm is able to achieve a dose accuracy of
above 0.89% even with only 20 pulses. It is fully expected that this algorithm will not only meet the more and more
stringent dose accuracy requirement for sub-half-micron lithography, but also be helpful to improve the lithography

throughput as well as the efficiency.
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Fig.1 Abstract model of the scan exposure process for a step and scan projection lithography
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Fig.2 Architecture of dose controller for a step and scan projection lithography
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Fig. 3 Measured pulse to pulse energy fluctuation (Constant HV mode with HV =1690 V)
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Fig.4 Measured exposure dose during a scan exposure (Constant HV mode)
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Table 1 Statistical results of measured exposure

dose (constant high-voltage mode)

D,./(m]/em?) Number of pulses Dinax/ (m]/cm?) Dipin/(m]/em?) o/ %
5.00 10 4. 66 16. 2
10. 00 20 11. 37 9.32 13.7
20. 00 40 22.54 18. 87 12.7
30. 00 60 33.73 28. 35 12.4
40. 00 80 44,93 37.87 12.3
50. 00 100 55.93 47. 32 11.9
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Fig.5 Measured pulse to pulse energy fluctuation (External high-voltage mode with dose control algorithm)
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Fig. 6 Measured exposure dose during a scan exposure (External high-voltage mode with dose control algorithm)
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Table 2 Statistical results of measured exposure dose (external high-voltage mode with dose control algorithm)

D,/(m]/em?) Number of pulses Dy / (m] /cm?) Dein / (m]/cm?) /%
5. 00 10 5. 096 4,903 1.94
10. 00 20 10.073 9.911 0. 89
20. 00 40 20. 068 19.905 0.48
30. 00 60 30. 067 29.924 0. 25
40. 00 80 40. 052 39.932 0.17
50. 00 100 50. 045 49.935 0.13
4 é:pl_? ib Washington: SPIE Press, 2001
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