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Table 1 Parameters of device used in experiment

Device Parameter

Wavelength: 532 nm
Output frequency: 30 Hz
Full width at half maximum: 7 ns
Maximum output energy: 800 mJ

Laser

Response bandwidth: >1.2 GHz

High-speed photodetector Rising edge: <500 ps

Polarization extinction ratio: =>1000: 1
Polarizing beam splitter Transmittance: ~>90%
Damage threshold: 2 J/cm” at 532 nm wavelength, 10 ns FWHM, and 10 Hz laser output frequency

Bandwidth: 350 MHz
Oscilloscope Sampling rate: 6.25 GHz
Sampling resolution: 12
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Abstract

Objective Pulsed lasers are widely used in many fields because of their high peak power and short pulse width. Most single-mode
pulsed lasers generated by Q-switching have Gaussian waveforms. However, pulsed lasers with unique waveforms exhibit improved
effects in specific applications, such as laser-induced acoustics, laser welding, laser ablation, and laser-induced breakdown
spectroscopy. Two lasers are employed using a high-precision signal generator to generate a double-pulse laser. A pulsed laser with
an attenuated waveform is obtained using multiple reflections. In this study, an adjustment method for pulsed laser waveforms based
on beam splitting and delay is proposed. The proposed method can provide increased pulsed laser waveforms in laser-induced

acoustics, laser welding, laser ablation, and laser-induced breakdown spectroscopy.

Methods First, an experimental optical layout (Fig. 2) based on beam splitting and delay is designed. Subsequently, a numerical
simulation (Table 2 and Fig. 4) is conducted for a Gaussian waveform, and the parameters required to generate superimposed pulsed
lasers with rectangular, triangular, hump-shaped, and dual-peak waveforms are obtained. Finally, the 532 nm laser generated by
frequency doubling of the Nd : YAG laser enters the device. Superimposed pulsed lasers with different waveforms are obtained by
varying the splitting ratio and delay. Two high-speed photodetectors and a high-speed digital oscilloscope are used to measure the

waveforms of the original and superimposed pulsed lasers.

Results and Discussions Superimposed pulsed lasers with rectangular, triangular, hump-shaped, and dual-peak waveforms are
successfully obtained (Fig. 6). The experimental results are consistent with the numerical simulation results. Because the waveform
of the original laser pulse is not an ideal Gaussian waveform and the actual splitting ratio of the beam splitter is affected by the laser
polarization direction, the top of the pulsed laser with a rectangular waveform is not sufficiently smooth. Subsequently, the pulsed
laser with a rectangular waveform is simulated again with the waveform of the original pulsed laser, and the simulation results are
consistent with the experimental results (Fig. 7). This method is suitable for experiments performed under strong light but is affected
by the damage threshold. If the pulsed laser energy is exceptionally high, the damage threshold can be increased via beam expansion.

Conclusions This study presents a method that can flexibly adjust the pulsed laser waveform. By varying the splitting ratio and
delay or increasing the numbers of beam splitters, a laser can yield superimposed pulsed lasers with different waveforms. A numerical
simulation is performed, and the parameters required to generate pulsed lasers with rectangular, triangular, hump-shaped, and dual-
peak waveforms are determined. Experiments are performed on the designed optical layout based on the parameters obtained from the
simulation. The experimental results demonstrate that this method can yield pulsed lasers with various waveforms, such as
rectangular, triangular, hump-shaped, and dual-peak waveforms, by varying the splitting ratio and delay. Because the waveform of
the original pulsed laser is not an ideal Gaussian waveform and the actual splitting ratio of the beam splitter is different from the
theoretical splitting ratio, the top of the pulsed laser with a rectangular waveform is not sufficiently smooth. This method provides a
new special waveform pulsed laser generation scheme for laser-induced acoustics, laser welding, laser ablation, laser-induced

breakdown spectroscopy, etc.

Key words laser optics; pulsed laser; adjustable laser waveform; beam splitter

0601004-7



	2　理论分析
	3　实验方案与数值模拟
	4　实验结果
	5　分析与讨论

