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Fig. 1. Schematic diagram of the synthetic wavelengths and measuring NAR of Frequency-Comb-Referenced Multi-Wavelength In-

terferometry.
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Fig. 2. Schematic configuration diagram of real-time absolute distance measurement by Frequency-Comb-Referenced Multi-

Wavelength Interferometry.

KR AC I ATT, #4855 TR MR
Mz ISHTHH RN SYTER, BRFIHZHK
TH/INE S BT RS R4 I B (E. Sy T AT
TUHES AP EHEM, & 2 HHOEET AOM RS A
43 BVE A 40 F139.96 MHz, B 7E T U2
RN EEOE B O/INA 40 kHz fFR2E T3
T BRI b R AT 25 1l SE K, Wik TAR
SREFR I AR, BEAR T ARG A T Y )i P
Srtfreh, S TR R R R R A K, %
A IR SATH R AL PRI R G b, S
TLEE T R R PR A Rt , I SR R |
5 AT COy MR BER UMD 128 ST AR
o, B AL IR I RS B 73 )R 5 mK, 2.5 Pa, 1%
141 ppm. BN, g TREARE SIS, HEfF
HEE BRI AL, RGN EH K S L
(R EPRY s

3 EWZERE N
3.1 ZEKAFEMBECNESLER

[l 3(a) A F H G AL (MS9710C, Anritsu)
NLER DU B3 S e O 28 REMERR R 2P B AR JE 1 £
PRGN 25 5, SEIEAYL F BB W53 % L pU A
PA A E 7, H i TGS B A B, e
{4 I8 A A D) 5 e o R D TS Bl A

BAREL. X5k H High Finesse GmbH % K i1
WS-U10, HARM 53 HE4 K 0.2 pm, X AT 53 HF
LT 30 MHz; 1 BB E B9 3OCIR fora 1T
FIRN forc = feomb £ fo = kfe + feeo £ fo, T feomd
S BATRT R FEARARARATI 2, kA feomn AHXT L 4
RIKEEAEEL, fr) feeo M fo 20 50 REPEAR R
W R B S IR A S A, AR AR R 5
FREYEIA VI 100 MHz, 30 MHz #1130 MHz.
I AT BRI S SR A AR S, AT T
SRR KRN, R WA B KRS B A, T i
P P SRR ) 23 PR A R IMRYRA 1530.279693,
1531.040888, 1554.179409 1 1554.937151 nmlY,

Bl 3(b) 24t T P B S OB R R e BE 1Y
Allan J7 2250 Hr 25 5L i B R 1158 (Agilent
53131A) WU 2 i H R4 (FS725-SRS), 2R J51id
SEHUIE 5 R SRR BRI AT, a3 4
W THUWIG fr, feeo Ao, XFRFHAEE] A 1500 s
) Allan J7 22 8. OCF OB IR ARERE BE 1Y 53
Br, FTFHAUE 5 B S R BEEA T P4, AR 9 1
IR fora IR, UK L AZR IO
FRUE RN

ER(CORCIRC)

040601-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

(a) 0
1530.27969 nm 1554.17941 nm
‘

g —20 1531.04089 nm || 1554.93715 nm
g

S~

a

w0

Ay

1540 1550 1560

Wavelength/nm

1530

—0—Afi/fr —9— Afeeo/ fora

A fv/ fora
10—12 L

10— 13 ¢

Allan deviation

10— 14 ¢

10-15

10! 102
Averaging time/s
&l 3 Z PRI R A ] i 2 R
V] ST B 0 5 2

()

Fractional phase/arb. units

Vol. 70, No. 4 (2021) 040601
—— Ch1:1530.279693 nm ~ —— Ch2:1531.040888 nm
0.8F Ch3:1554.179409 nm ~ —— Ch4:1554.937151 nm
0.6
0.4}
0 0.2 0.4 0.6 0.8 1.0
Time/s

(a) ZUA K AL AR I 1 25

; (b) BUBHOE ARG E BT AR () 2 BRI 20 AR A

Fig. 3. Test results for preparation of real-time and meter-scale absolute distance measurement: (a) Parallel generated four

wavelengths for MWTI; (b) frequency stability evaluation; (¢) simultaneously detected phases for MWT in real time.
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Fig. 5. Influence of air refractive index on NAR: (a) Fluctu-
ation of air refractive index for observation of 272 s;. (b) cal-
culated result of theoretical NAR under the fluctuation of

air refractive index.
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Fig. 7. Linear comparison between MWI and the commercial laser interferometer over a 2.0-meter displacement.
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Abstract

Optical frequency combs of the femtosecond laser have been widely used in time-frequency technology and
precision spectrum measurement. The absolute ranging technology derived from time-frequency characteristics
of the optical frequency comb is expected to become the incomparable means of length metrology and distance
measurement in the future due to its traceability to time-frequency standard and capability of large scale and
high precision. This paper proposes a real-time absolute ranging method with multi-wavelength interferometry
referenced to optical frequency comb, which enables multiple continuous-wave lasers to be synchronously
calibrated to selected modes of the frequency comb by means of optical phase-locked loop. With synchronous
phase measurement and calculation with excess fraction algorithm, absolute distance measurement by multi-
wavelength interferometry is ultimately fulfilled. The proposed measurement method can not only retain high
resolution and high accuracy of traditional laser interferometry, but also can be traced to a time-frequency
reference, which is of metrological significance to high-precision length and distance measurement, especially to
the definition of “meter” for physical reproduction. Measured results for ranging experiments have proved that
the non-ambiguity range of the four-wavelength interferometer reaches 44.6 mm, and fluctuations of air
refractive index cause the non-ambiguity range change with the order of nanometers. Through theoretical
analysis, it is pointed out that the non-ambiguity range of the multi-wavelength interferometer in the actual
measurement environment is restricted by the calculated error of air refractive index, especially the estimation
accuracy and fluctuation degree of the refractive index relationship between wavelengths. And in a good
laboratory conditions, the non-ambiguity range of real-time absolute ranging by frequency-comb-calibrated
multi-wavelength interferometry can reach several meters or even tens of meters. At the same time, a 2-meter
linear displacement comparison has been carried out, the P.V. value of the residual errors for linear fitting is
36.1 nm, and such residual errors match the magnitude of uncertainty of air refractive index calculated by
empirical formula, which prove that the multi-wavelength interferometry can perform meter-level absolute
ranging. The proposed research can be directly applied to precision manufacturing of large-scale semiconductors
up to several meters, and is beneficial to promoting the accuracy of laser ranging for space mission.

Keywords: absolute distance measurement, optical frequency comb of the femtosecond laser, multi-

wavelength interferometry, non-ambiguous range
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