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Fig. 1. (a) Schematic diagram of temporal self-referencing technique for the diagnostics of a nanosecond laser pulse; (b) reconstruc-

tion procedure.
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Fig. 2. Simulation results of phase retrieval of nanosecond laser pulses based on temporal shearing interferometry. Each column rep-
resents reconstructed results. In each column, the first plot represents the recorded temporal interferogram; the second plot presents
the original temporal intensity distribution (blue solid line), original temporal phase distribution (green solid line) and reconstruc-
ted temporal phase distribution (red dashed line); the third shows the original spectral intensity distribution (blue solid line) versus

reconstructed spectral intensity distribution (red dashed line).
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Fig. 3. (a) Reconstructed error between reconstructed and original signals as a function of the SNR for pulse with different intens-
ity distribution; (b)—(d) reconstructed pulse distribution for SNR of 10, 20, 40 dB, respectively, and the computed spectra is presen-

ted in the inset.
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Fig. 5. Experimental result: (a) Recorded temporal shear-
ing interferogram; (b) reconstructed temporal phase distri-
bution (red dashed line) and the temporal intensity distri-
bution (green solid line) recorded by oscilloscope; (c) calcu-
lated (blue solid line) and measured (red dashed line) spec-
tral intensity distribution.
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Phase retrieval of nanosecond laser pulses based on temporal
shearing interferomentry”

Pan Liang-Ze"?  Liu Cheng!t Zhu Jian-Qiang V*
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2) (Center of Materials Science and Optoelectronics Engineering, University of Chinese Academy of Sciences, Beijing 100049, China)
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Abstract

Temporal shearing interferometry is proposed to measure the temporal phase distribution of nanosecond
laser pulses. In the proposed scheme, the pulse to be measured is divided into two pulses with a delay of
hundreds of picoseconds in between, arbitrary one of the two pulses is added to by an appropriate amount of
frequency shift, then is combined with the remaining pulse, thereby obtaining the temporal shearing
interferogram that is recorded by a normal photodiode. The temporal phase distribution is calculated by an
adaptive algorithm based on Fourier transform, and further the precise spectra of the measured pulse can also
be calculated according to the Fourier relation between time domain and spectral domain. Based on the
systematic analysis of the principle of the technology, the proposed technology is verified by numerical
simulation. And the influence of the variable parameters including noise, relative delay, relative intensity on the
measured error are systematically analyzed in the simulation. And the results show that the proposed
nanosecond temporal phase diagnostic technique has a good performance when the signal noise ratio of the
interferogram is above 15 dB, the relative delay of the pulses is between 0.5% and 28% and the relative
intensity is above 0.1%. The proposed method is verified experimentally in a nanosecond laser system with
central wavelength of 640 nm and pulse width of 20 ns. And the calculated spectra obtained from the temporal
shearing interferogram match well with the spectra measured by a scanning Fabry-Perot interferometer. This
proposed technique does not use any nonlinear optical effects, thus it can be applied to the diagnostic of
nanosecond laser pulse centered at any wavelength. Hence, it provides a simple experimental setup for

implementing the higher-accuracy diagnostic of the temporal phase distribution of nanosecond laser pulses.

Keywords: nanosecond lase pulse, temporal phase, self-referencing, temporal shearing
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