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Fig. 1 Typical PE signal of the millimeter wave energy meter (0. 5 V/vertical div. , 50 ms/horizontal div. )
{a) Operating frequency is at 36. 55 GHz, incident energy iz 80 wJ;
(b) operating frequency is at 89. 3 GHz, incident energy is 40 W
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Fig. 2 Calibration curve of the PE millimeter wave energy meter.

,Operating frequency is at (a) 36. 55 GHz and (&) 89. 3 GHz
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Table 1 Parameters of the PE energy meter

Absorption efficiency (7) 45% (36.55 GHz); 65% (89. 3 GHz)

Theoretical value 17.5 mV/ud (36.55 GHz); 25.3 mV/uJ (89. 3 GHz)
Response sensitivity (R,)

Experimental value 16 mV/uJ (36. 55 GHz); 23. 8 mV/u) (89. 3 GHz)

Thermal time constant of absorption body (Ta.) 320 ns

Electrical time anstant (v,) 135 ms
Signal-to-noise ratio (§/N) 120
Minimum detectable energy (Wyx) 5.7X 10 *p) (36.55 GHz); 3.9X 10 *nJ (89.3 GHz)

Thermal relaxation time of the PE crystal (tam) 170 s

Calibration constant (&) 1375

R R B3 1M Raman FEL f) 8 1 HOEBK s B8 (LA 4) , B8 BUR S OK 3K
Yok R RLY 30 ns, H M, Raman FEL 8§ 5 X213 )y 0. 8 MW,

Fig. 3 PE energy meter signal of Raman FEL pusle Fig. 4 Output laser pulse waveform of Raman FEL
(0. 5 V/vertical div. , 10 ms/horizontal div. ) {200 mV /vertical div. , 100 ns/horizontal div. )
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Pyroelectric Energy Meter with High Sensitivity and Fast
Response for Millimeter Wave Laser

Meng Zhicong Wang Mingchang Lu Zaitong Zhang Lifen Zhou Fuzheng
(Shanghai Institute of Optics and Fme Mechanics, Academia Sinica, Shanghai 201800)

Abstract Basing on pyroelectric theory, a novel millimeter wave laser energy detector with
high sensitivity and fast response has been proposed and designed. We calibrated it at
different operating frequencies separately. Its main property parameters have been given.
Sensitivity of this energy meter is about several ten mV/uJ, which is four to five orders
higher than traditional detector. Its time response is less than 1 us. The speed of response has
been improved by six to seven orders. This energy meter has been used in detective system
of Raman free-electron laser. We successfully measured the typical parameters of the output
millimeter wave laser pulse.

Key words pyroelectric energy meter, millimeter wave measurement, free-electron lasers





