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Wide Dynamic Range Weak Photoelectric Signal Detection System

HUANG Shujia, HAN Jun, KONG Yingxiu, WANG Tianao
(Xi’an University of Technology, School of Optoelectronic Engineering, Xi’an 710000, China)

Abstract; Under the different illumination environments, the photodetector working day and night can accurately measure the
output signal under a wide dynamic range of illumination, a set of wide dynamic range of high-precision signal measurement and acqui-
sition system is designed by using the FPGA tools and related detection principles; The system is composed of the receiving optical
system module, transimpedance amplifier circuit module, lock-in amplifier circuit module and A/D acquisition module. The receiving
optical system realizes the function of shielding stray light, and the error correction of the light intensity is carried out in the horizontal
and vertical directions; The transimpedance amplifier circuit and the lock-in amplifier circuit are used to realize the amplification of
weak signals and the suppression of noise, and the A/D acquisition module collects and displays the data in real time; In the dark room
environment, the center wavelength of 650 nm is used to stabilize the power laser as the light source, and the Hamamatsu S2386-5K
photodiode is used as the photodetector for the experiment. During the experiment, the signal modulation frequency and the laser
power are changed, and the modulation signal frequency of 1 000 Hz is finally selected. The experimental results show that the meas-
urement of photoelectric detection system can be accurately completed in the illuminance range of 0. 01 1x to 100 1x, which broadens
the dynamic range of measurement, and the error between the actual measured value and the theoretical value is controlled in the al-
lowable accurate range. This research provides the reference for the design and analysis of light sources with other wavelengths or
other weak signal detection systems.

Keywords: wide dynamic; low illumination; photoelectric signal; noise analysis; related testing; signal acquisition; transimped-

ance amplification; FPGA
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