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Influence of Frequency Characteristics by Piezoelectric Effect on
LiNbO; Integrated Optical Waveguide Electric Field Sensor

Zhang Jiahong Chen Fushen Li Wanjun

(School of Communication and Information Engineering, University of Electronics Science and

Technology of China, Chengdu , Sichuan 611731, China)

Abstract In experiment it has been found that the output waveform of integrated optical waveguide electric field

sensor is overlapped by interference signal with frequency of hundreds of kilohertz, which leads to a distortion of the

detected electric field signal. The resonance phenomenon is analyzed theoretically based on the piezoelectric effect of

LiNbO; crystal. By comparing the resonant frequency value of theoretical calculation with that of measurement, it

shows that the resonance is mainly influenced by the width of LiNbO; substrate. For lighting impulse detecting, an

integrated optical waveguide electric field sensor with 3 mm substrate width is designed and experimental results

demonstrate that the resonance phenomenon has been obviously suppressed under —30 dB.
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Fig. 1 Schematic diagram of integrated optical

waveguide electric field sensor
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Fig. 2 Time domain calibration setup for integrated
optical waveguide electric field sensor
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Fig. 3 Input/output waveforms and its frequency spectra of the integrated optical waveguide electricfield sensing system.

(a) Time domain waveforms; (b) frequency spectrum of the detected electric field signal;
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Table 1 Performance parameters of LiNbO; crystal

Parameter Value Unit
i 2.0X10" N/m’
C1 9.0X10° N/m?
C33 4,0X10" N/m?*
Cu 6.0X10" N/m?
Co6 7.5X10" N/m?*
€15 3. 5 C/mz
32 2.2 C/m’
€33 1.3 C/m2
€11 43 &0
€33 27 €0
o 4.6X10° kg/m’®
d 0.5 mm
L 48 mm
w 6.9 mm

# 2 LiNbO; 8 H 19 i IR 4 %

Table 2 Resonant frequencies of the LiNbO; substrate

Direction of Direction of

Frequency alue Unit
propagation vibration
fi X X 6.5 MHz
12 x X 4.1 MHz
fs X T3 4.8 MHz
S T2 kel 42.1 kHz
Ve T Ty 71.5 kHz
Ss T2 3 46. 3 kHz
S X x 261. 7 kHz
Ve x5 ko) 261.7 kHz
fs T3 X3 213.6 kHz
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Fig. 4 Resonant frequency with different widths

of substrate
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Fig. 5 Input/output waveforms and frequency spectra of the improved sensing system. (a) Time domain waveforms;

(b) frequency spectra of the detected electric field signal
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