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Error analysis of interference signal modulation and
demodulation in phase freezing technique
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Abstract: In order to reduce measurement errors with a laser feedback interference system measuring micro
displacements of moving objects based on phase freezing technique, system errors induced by intervals of phase shift and
vibrating amplitudes of reflecting surface were analyzed theoretically by means of MATLAB numerical simulation,
interpolation and curve fit. In system experiments, interference signals produced by moving objects were collected and
sampled by phase freezing principle so as to obtain multiple curves of optical power. Feature points were marked on the
optical power curves to judge moving direction and reconstruct micro-displacement curves. Polynomial fitting based on the
reconstructed micro displacement curves improved system measurement precision. FExperimental results show that
measurement resolution is superior toA/20 (77.5nm) when fixed interval of phase shift is /5 and wavelength of laser is
1550nm. The maximum absolute error of actual measurement of micro-displacements is 47. 98nm and the average value of
peak-peak errors is less than 1nm. Phase freezing technique provides a new solution for laser feedback interferometer system
to identify directions and realize high precision measurement of micro-displacements.

Key words: laser technique; laser feedback interference; phase freezing technique; modulation and demodulation;

reconstruction ; micro-displacement measurement
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Fig. 1  Configuration of laser feedback interferometer system based on phase

freezing technique
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Fig.2 Reconstruction step displacements and error curves of different reso-
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Table 3 Measurement errors of different vibrating amplitudes

dy/nm € /MM e,/nm e,,/nm e,/nm
500 75.41 2.5000 5.0000 3.7500
1000 78.48 7.5000 7.5000 7.5000
1550 106. 30 0.2681 0.0652 0. 1667
2000 121.80 15.0100 15.0900 15. 0500




504 G TR SN

2015 4£ 7 J

§ 500
5
£ 0
2 : ,
5 _500L ‘ -
S 012345678910
n/10*
50

|
Wi
SO

reconstruct
error/nm

Mwmmmf

R L S

n/10*
E 1000 :
2 500 /‘//_\\ b
8 -500/ d,=1000nm k
"é‘_]()()o SRR OO OUPPURE SO UUOOOR e S ool SO
5 01 2 3 456 7 8 910
n/10*
100d
B 5001,78.48)_ v
gg 50k Y e
5 ol {l MMW Ll
g5 500 (2 ’ § 04=7.5)"
=7 100 IOOnm R :
0 2 3 4 5 6 7
n/'10*
g e
% 1000
£ oK.
L
& -1000|- d =1550nm__ ]
s o
5 S B S S S S I S 1)
n/10*
1000~
3 : 501 471\104 0. 2681) c(7 486x104,—0 16522)
&£ ORI AN 1+ ; S
¥ Toold,=155onm M |
= nm
g s 100 : a(505><10“—1063)

012345678§10

o n/10*
E 20007 ;
21000
= oK P A O AN T
5] :
§ —1000}+ d_.zooonm ................. ;
& 2000k i
5 0 1 2 3 4 5 6 7 8 9 10

n/10*

4;=2000nm

reconstruct
error/nm

012345678910
n/10*

Fig.3 Reconstruction step displacements and error curves of different vibra-

ting amplitudes
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Fig. 4 Actual displacement curve and reconstruction displacement curve

based on the first-order linear interpolation
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Fig.5 Error curves before and after the first-order linear interpolation
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