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Effects of Position Sensitive Detector on Laser Tracing Measurement System
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Abstract In the study, a method to analyze the effect of position sensitive detector (PSD) on the performance of
laser tracing measurement system is proposed. The PSD measurement principle is analyzed, and the PSD
measurement model is established in the laser tracing measurement system. A simulation model of the laser tracking
measurement system is built using Matlab/Simulink software, and the influence of the displacement voltage
conversion coefficient of PSD on the performance of the laser tracing measurement system is simulated and analyzed.
Simulation results show that when the displacement voltage conversion coefficient «, is 1000 m/V, the response
time of PSD is short, the overshoot of the dynamic response of the laser tracing measurement system is low, the
stability time is short, and the dynamic overshoot error is small. Experimental results show that the greater the «,,
the greater the voltage error output by the PSD photoelectric conversion circuit, and the greater the impact on the
performance of the laser tracing measurement system. When a,=1000 m/V, the error of the output voltage of the
PSD photoelectric conversion circuit is the lowest, and the stabilization time is the shortest.

Key words measurement and metrology; laser tracing measurement system; position sensitive detector;
displacement voltage conversion coefficient; tracking performance
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Fig. 1 Measuring principle of PSD
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Fig. 2 Principle of laser tracing measurement system
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Fig. 3 Schematic diagram of the servo control system of the laser tracing measurements system

RO IE B I R AR ST A A R A AR R L -
R B = PR PR A RO F T O/ B Y
By B RGN AR 28 G0 R, 380 RE R 4 1]
A G /N B S BLAG I | e R R ZR
PERE . L E IR AL E A Sh ] 7 XL e 45 R i 2]

PR LS [ B A TG 48 1 H AR AL
B AL E S H bR R 2530 A
K 4 MAE Matlab/Simulink {7 B35S T #4809 #4006
S B 00 e 22 A AR AR ) R e R A

Ia

I, I,

I 1

I E— q
cat's eye 0 l
retroreflector
] _ [dplyer |
—PI(S)— U, Ul r-g l
N\ PPPSNN e
PSD |—position speed =PI
input current |theta

time—

e =y

P4 IO I8 i ) R 47 T AR T Bl A R

Fig. 4 Simulation model of the precision servo control system of the laser tracing measurement system
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Table 1  Motor parameters of the simulation model
Motor Parameter
Rated speed n /(r* min ') 60
Phase inductance L /mH 1.8
Stator resistor R /Q 1.4
Rated torque T, /(N * m) 28
Number of pole pairs p 4
Moment of inertia J /(kg * m*) 0.215
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Table 2 Electrical and optical characteristics

Parameter Value
Large photosensitive area /(mm>X mm) 9X9
Spectral response range /nm 320-1100
Peak sensitivity wavelength /nm 960
Photosensitivity /(A « W) 0. 38
Position detection error /pm +150
Saturation photocurrent /pA 500
Dark current /nA 1-50
Rise time /ps 2
Terminal capacitance /pF 500—1000
Position resolution /pm 1.5
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Table 3 Errors of output voltage values of PSD

photoelectric conversion circuit under different a,

a,/(m*V'") Au, /mV Au,/mV
500 0.061 0.639
1000 0.129 0. 266
1500 0.214 0.639
2000 0. 363 1.508
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