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Analysis of Micro-Displacement Measurement Accuracy in Self-Mixing

Interferometer Based on Sinusoidal Phase Modulating Technique
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Nanjing Normal University, Nanjing 210097)

Abstract: Sinusoidal phase modulating technique is introduced in to the self-mixing interference in order to improve
the displacement measurement accuracy of the self-mixing interferometer. Phase modulation is obtained by an
electro-optic crystal in the external cavity and phase demodulation is achieved by Fourier analysis method. Error
sources that can influence the displacement measurement accuracy such as modulating instability of the electro-optic
crystal (EOM) and the multiple feedbacks effect in the external cavity have been simulated and the measurement
accuracy of the new signal processing method is obtained theoretically. Experimentally, calibration results with a
high precision commercial PZT show that a displacement measurement accuracy of nanometers scale is achieved in the
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common laboratorial environment.
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Fig.1 Experimental setup



6 3 WAMmE. ERMUET ARG T MBI EREE ST 847

THIE BT 4 R 4R X LR AT LS BRI ML /2
Y IE XA .

4 DB IR BT

BT VY HR I E MG R A TR
AR 7 o » BRATI X JL R T 6 9 % 28 0 B B X
{3085 Y B 05 LT T A AL B b 4
V7252 0 AR A 0y o T s B R B

1000

- \ (a
500 / ;
0 /
_500 /]
~1000 : /
0 10 20 30 40

t /ms

Displacement/nm

)
50

B ZB AR BIRE TWESEE A KRG
MR BRR N

s(t) = socos[ $+ 2asinCrfut + B 1, D
B 2(a) g I AL LAY S 2 5 B8 TH 9 1E 3X 4z
B 2(b) MMM ZIEZXARKBRE THES, A
HRBEMERE a 4 1.1 rad, W BN 2 kHz, il
WAL =/2,

o

— ®)
2 r

s

31

% % g i‘% 2 é
03! | |

2 AT Wl
-1

£

5] 5

E ~2
-3 ; ;

0 10 20 30 40 50

t /ms

B2 AR A B I E (2 . R FER B BRE THRFESHER D

Fig. 2 Simulated displacement of the external target (a) and corresponding modulated SMI signal (b)
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Fig. 3 (a) Demodulated displacement by FFT analysis method, (b) displacement reconstruction error
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