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Experimental researches on acousto-optic Q-switched CO, laser
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Abstract: In order to meet the demand of 13.5—nm extreme ultraviolet lithography (EUVL), an acousto-
optically Q—switched CO, laser was developed, which has high repetition rate and high stability. First, the
operating principle of the acousto-optic Q-switch was analyzed and the relationship between the voltage
of modulated signal and diffraction efficiency was researched experimentally. And then, by studying the
influence of modulated signal duty cycle on pulse waveform, the appropriate duty cycle was chosen to
eliminate the pulse tail. Under the conditions of different repetition rates, pulse duration, power and the
pulse amplitude stability were measured and analyzed. Finally, the beam pointing stability of the laser
was measured. Experimental results indicate that the range of pulse repetition rate can be adjusted from
1 kHz to 100 kHz. When the repetition rate is 1 kHz, the minimum pulse duration is 252 ns and the
maximum peak power reaches 7 579 W. By designing the support frames mainly made of invar steel, the

unstablity of pulse amplitude is less than 3% and the beam pointing stability is only 46.6 prad. This
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acousto-optic Q—switched CO, laser is suitable for a seed source used in EUVL.
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Fig.1 Schematic diagram of acousto-optic Q—switch
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Fig.2 Experimental setup of acousto-optic Q—switched CO, laser
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Fig.3 Schematic diagram of diffraction efficiency calibration
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Tab.1 Results of diffraction efficiency calibration

No. UJ/vV P/W P\/W n
1 1.2 3.82 2.23 58.4%
2 1.4 3.80 2.47 65.0%
3 1.6 3.84 2.78 72.4%
4 1.8 3.85 3.06 79.5%
5 2.0 3.82 3.29 86.1%
6 2.2 3.80 3.49 91.8%
7 2.4 3.82 3.53 92.4%
8 2.6 3.82 3.54 92.7%
9 2.8 3.83 3.53 92.2%
10 3.0 3.81 3.54 92.9%
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Fig.4 Diagrams of pulse waveforms when duty ratio are 80% and

90% respectively
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Fig.5 Diagrams of pulse waveforms when repetition rates are

1 kHz, 10 kHz, 30 kHz and 100 kHz respectively
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Fig.6 Average power and peak power versus repetition rate
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Tab.2 Result of beam pointing stability calibration
, X y
n x;/mm y/mm Zomd/ Mm A6,/ prad
’ [e]
1 8.289 2 6.591 2
(b)
2 8.3090 6.603 2
3 8.2170 6.628 3
4 8.116 4 6.607 7
5 8.1958 6.594 7
6 8.2219 6.609 6 0.046 6 46.6
7 8.2739 6.609 6
82 3
Fig.8 2D and 3D images of the output beam 8 8.2169 0.6326
9 8.248 1 6.614 0
10 8.2711 6.5771
Mean 8.2419 6.606 8
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