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Pyroelectric Detecting of High-Repetition-Frequency Pulse Laser
Zhang Lei Zhao Jun Yang Pengling Shao Bibo Wang Zhenbao Yan Yan
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Xi'an , Shaanxi 710024, China)

Abstract Based on the working principle of pyroelectric detector, the transient response characteristics to the pulse
laser of the detector were researched. The working model of pyroelectric detector single pulse radiation was built,
and the model of the response used in practical application was simulated according to the material and structure
parameters. The influences of the detector material properties and structural parameters on the detector response
characteristics were also analyzed through simulation, in which the influences of electricity time-constant and the hot
time-constant were studied mostly. Signal extraction circuits for high-repetition-frequence pulse were designed.
Finally, a number of repetition frequency laser radiation experiments on the pyroelectric detector and signal
extraction circuits designed were carried out. The comparative experiments on frequency response and pulse width of
the detector were completed., and the feasibility of applying the pyroelectric detector to energy measurement of high-
repetition-frequency and narrow pulse laser was verified. The measuring range and other index marks of the
detecting unit were given.

Key words laser technique; circuit of signal processing; pyroelectric detector; high-repetition-frequency; pulse
laser signal
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Table 1 Characteristic parameters of some pyroelectric material

) Measuring Pyroelectric coefficient Volume specific Coefficient of heat
Materials temperature /C p /[107° C/(em?+K)] heat C,/[J/(em®+K)] transfer & /[W/(cm®*K) ]
LiTaO, crystal 25 2.3 3.5 0.035
PZT ceram 25 4.6 3.0 0.010
TGS crystal 25 3.9 2.5 0. 007
LiNbO; crystal 25 0.8 2.8 0. 030
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Fig. 1 Responses of pyroelectric detectors of different materials. (a) temperature curve, (b) voltage response curve
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Fig. 2 Response curves of detectors of different thickness. (a) temperature curve, (b) voltage response curve
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Fig. 3 Voltage response of different electric

time constant
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Fig. 4 Voltage amplification circuit (a) and the simulation result (b)
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Fig. 5 Current amplification circuit (a) and the simulation result (b)
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current amplification circuit detector unit
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