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Study on F-P interferometer differential frequency locking system
DU Hanxiao, LI Leyan
(Changcheng Institute of Metrology & Measurement, Beijing 100095, China)

Abstract: In order to solve the shortcomings of Fabry-Perot (F-P) interferometer frequency-locking method in terms
of response speed, anti-interference ability and long-term stability, a differential frequency-locking scheme of F-P interfer-
ometer is proposed. Dual-frequency laser with frequency difference is coupled into F-P resonator. When the laser fre-
quency difference is small enough, the signal curves of two light intensities will cross. Taking the difference between two
light intensity signals as the controlled variable, a monotone zero crossing function is constructed near the crossing point,
which is used as the feedback of the closed-loop control system to realize dynamic differential frequency locking control.
Based on the scheme, a set of F-P interferometer micro-displacement measurement device was built and experimental
verification was performed. The results show that the device could realize micro-displacement measurement in the range
of 0 ~ 300 nm, and the displacement measurement resolution reached 23 pm, which verified the effectiveness of the F-P
interferometer differential frequency-locking scheme, and provided an important reference for the development of micro-
displacement measurement.
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(a) Variation of transmitted light intensity
with the frequency of light source
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(b) Light intensity curve under dual-frequency
light source condition
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Fig.2 Schematic diagram of the differential signal

formation scheme
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Fig.3 Block diagram of differential frequency locking system
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Fig.4 Separated light intensity curve and light intensity

difference curve
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Fig.5 Light intensity change curve during the frequency

locking process of differential frequency locking system
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Fig.6 Micro-displacement measurement experimental system

of F-P differential frequency-locked system
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Tab.1 Micro-displacement measurement experiment
FRpRfide  TAE ﬂi}:”{% (EEAIN 2 /nm
/nm /MHz 1 /MHz {fi/nm
0.00 203.7 0.0 0.00 0.00
50.01 379.5 175.8 50.11 0.10
100.02 5559 352.2 100.35 0.33
149.99 734.8 531.1 151.31 1.32
200.01 911.5 707.8 201.67 1.66
250.02 1 089.0 885.3 252.22 2.20
299.98 1254.4 1 050.7 299.35 -0.63
4 Zig

T F-P AR 22 BT i, Ak
BOKR G ARt P I — PP AT A EOAR DT 2. ARG F
-P 5 AR B 5 B A i O o B R (R Y
Fea, MWEAFE—EMZER A 2E0ME S, i
BN AR 220 T EE P B A F-P AU BUIRAS

HESL T —EHT F-P WS BT SRS
M R G AT LI IIE, 458 BRI R G5
J% 10 ~ 300 nm 5 FE N BB RS I, 0y B )
IKF) 23 pm, AR T F-P TP 22 40 B 58 (4 AT
FrVEFNUERDPE . 207 FEXT F-P I I TORS B 2R 4%
ik, HEITE, TS RE SRS, [
5 A T R % N AR ) i 2 [ A B AR 2
RS A% 9910 2 T R B AR B, X T Rk
AR K EHA EESEHE.

S Lk

(1] Fob. 228203 v JR 5 T35 90 K A 4% D £ 7 1 F 98

[D]. HoM: WITEET K2, 2015.
WANG B. Research on differential Michelson interfer-
ence nanodisplacement measurement method [D]. Hang-
zhou: Zhejiang University of Science and Technology,
2015. (in Chinese)

[2] E&. BETHBF-P T Wk B0 T W AEEL D2

WiEFsE[D]. KEE: RHECR:, 2019,
WANG D. Research on nonlinear error measurement of la-
ser interferometer based on beat frequency F-P interferom-
etry [D]. Tianjin: Tianjin University, 2019. (in Chi-
nese)

[3] B, (R4, RIRT, 5. T4 R\ T

A A B T = vk SR [T ). R EE AR, 2013, 33
(1): 23-25.
DUAN XY, REND M, ZHU Z Y, et al. Research on mi-
cro-displacement measurement method based on Fabry-Pe-
rot interferometer[ J]. Measurement & Measurement Tech-
nology, 2013, 33(1): 23-25. (in Chinese)

(4] Z=F, g, HFa, 5. 5T F-P R
PRI ], e i, 2014, 34 (6): 280-285.
LI C C, WANG M, XIA W, et al. Micro-displacement
sensor based on F-P cavity intensity demodulation [J].
Acta Optica Sinica, 2014, 34 (6) : 280-285. (in Chi-
nese)

[5] SHEN X, ZHOU S, LI D. Micro-displacement measure-
ment based on F-P etalon: processing method and experi-
ments[ J]. Sensors, 2021, 21(11).

[6] CHEN J H, HUANG X G, ZHAO J R, et al. Fabry-Perot
interference - based fiber - optic sensor for small displace-

ment measurement | J]. Optics Communications, 2010,

283(17): 3315-3319.



iR

RN - 6l

(7]

[8]

(9]

[10]

[11]

EA, HEZE, KRR, . TN E T 5
IRAMHOE T WAL [T]. a4, 2021, 42 (1)
1-8.

WANG D, CUI'JJ, ZHANG F M, et al. Michelson laser
interferometers for micro-displacement measurement [J].
Acta Metrologica Sinica, 2019, 42 (1) : 1-8. (in Chi-
nese)

XL, BT F-P T AR AR & K5 S AL B D .
IR ZRAbArihRSE, 2022,

LIU S W. Displacement measurement and signal process-
ing based on F-P interferometer[ D ]. Heilongjiang: North-
east Petroleum University, 2022. (in Chinese)

&M, =—0%, RIRTE, A5, — bt s sk A -
B T WAL T R . CN108279509B[PJ. 2020~
04-24.

RENDM, LANY B, ZHU Z Y, et al. A method and de-
vice for fast adjusting Fabry - Perot Interferometer:
CN108279509B[P]. 2020—-04-24. (in Chinese)
BN, ARAM . WOLT W R AL RS I i BOR Rk
(] A, 2012, 32 (6): 1-5, 13

DUAN X Y, REN D M. Overview of micro-displacement
measurement techniques by laser interferometry[J]. Mea-
surement & Measurement Technology, 2012, 32(6): 1-
5, 13. (in Chinese)

R, FERT, PR, SF. AlREE F-P ISR R
Mgtk ELT]. Jerr G AR, 2022, 20(5): 1-16.
JINCF, SUTX Y, DAN L Z, et al. Research progress of

tunable F-P resonators [J]. Optics And Optoelectronics

[12]

[13]

[14]

[15]

Technology, 2022, 20(5): 1-16. (in Chinese)

LIANG H, LIU S, CHEN S, et al. Real-time displace-
ment reconstruction by an orthogonal Fabry-Perot interfer-
ometer| J]. Applied Optics, 2021, 60(24): 7064-7068.
DURAND M, LAWALL J, WANG Y. High - accuracy
Fabry-Perot displacement interferometry using fiber lasers
[J]. Measurement Science & Technology, 2011, 22(9):
1-6.

JOO K N, ELLIS J D, SPRONCK J W, et al. Design of a
folded muli-pass Fabry-Perot cavity for displacement me-
trology [J]. Measurement Science & Technology, 2009,
20(10): 1-5.

CHANG C P, TUNG P C, SHYU L H, et al. Fabry-Perot
displacement interferometer for the measuring range up to

100 mm[J]. Measurement, 2013, 46(10) : 4094-4099.

(A %% X ER)

F—1EE: HEE (1997—), &, B
FEOTRRIM, = BESE J m) R fR R
£



