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Fig. 1. (color online) Schematic of experimental setup.
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Fig. 2. Spectrum of the interference signal (a, Spec-

trum of wavelength 1; b, spectrum of wavelength 2; ¢,

original spectrum).

A S F 8 A OE JE E 9 v BPF,
M BPF, 1) % 25 DL RO 2635 1 386 i BN A,
DA P S IG i K. 18] 2 /2 S i A5 5 1O
B, Hr 2 o 9 1618, #h2k o i 261K,
2k c MR IR ETE. 7 AR R, MRYE (8) :nT LA
FENZITERDEHE LN AS = A - Ags/(2m),
BEAEARAL B BRI A —EHITHOL T, B G
A /IS, BRSPS B R, U A
PR K 2 BT RER. (E2, RS & R
(e 4 S 0 (290 Sy ey BT 1) 45 PR K R 1K T 4

140601-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 14 (2016) 140601

35 BR) 7 PR AR AL %o oA PR (B b O o) M RO RS ),
A BErE (1) b s N, BN kiR 2. IEHT
I PR BRI KOG S8 R SR AR TSI R Y, B
K IETE B TR KA B, D REE K.
FRHE DA E S 0] 78 S8 A AT B S S
23514 1569.80 A1 1536.02 nm, H1IX P> HL ik K75
FIE KSR 71.39 pm.

VAT ZIFE R RE B, SLIG RGP T
EE ARG (K1), KR O S Bt T AT
P A s IS o BB RS, TR S50 1 i 2
H1, H LabVIEW F2 7 ic % & i A7 A8 1k, 4
Matlab F 7 b F8 4% # pS 25 &5 5L

3 ERERRAAN

FH T~ S 56 3 () 2 AR BN R T B AR 4K 25 5 )
WEE R Aze v, RILERA T AN L0 RGE
TEWR . T SR UFE YA G0 S50 28R (1) ek AR
R, BATT 5 S0 DB T A P A RN VR
LT 450 s /o WA BOR AR AL IR R, S5 SR a0 3 B
. DN R R BIRE TEOR A B I TR R BN
1 s, RFEREN56 Ha, NJTHEMEE, KHER1
FEALAE ¥ 9 B iF 220 1 AR A7 AL 08K 25 W0 46 e %0 A A A
2, BUE B R ARk, B i a @
7 T AN VLA S A PR RS AR O, AR B K
R EX N 8.56 um KGR 2R M2 b @R
AT R R SN AR AL AR RS B 0, A A I e KR
FT N 0.21 wm FIFEFEZEAR 0. DR A &
REM R I AL ER S, B0 SR G AR e 1.

a0t S-a

AL/ ()
S

OFAWNKM

0 100 200 300 400 500
18] /s

3 MBLERE MR (a J9 A3V TR G A BRI AR B
T2k, b A IR G & R AR i 2k)
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cover; b, phase shift by using the cover).
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Abstract

Large-scale and high precision absolute distance measurement is essential in aerospace technology and advanced
manufacturing. Traditional method of measuring distance cannot meet this requirement. Since the advent of optical
frequency comb, it has brought a revolutionary breakthrough to absolute distance measurement. In the past decade,
there were proposed many methods to measure long absolute distances with high accuracy. Especially, the simple method
of using adjacent pulse-to-pulse distance as a ruler for distance measurement has been widely used. The accuracy of
this method depends mainly on the knowledge of relative positions of the two overlapped pulses, i.e., pulse-to-pulse
alignment. In our previous study, we have proposed a heterodyne interferometer based on synthetic wavelength method
with femtosecond laser. The synthetic wavelength is derived from the virtual second harmonic and the real second
harmonic, and the real second harmonic is produced by a piece of periodically poled LiNbO3 (PPLN) crystal. However,
the second harmonic generation system makes the system complicated, and causes a great optical energy loss. In order
to solve this problem, we generate the synthetic wavelength by two spatial band-pass filters in our present study, which
can simplify the system greatly. Moreover, we can reduce the optical energy loss and tune the synthetic wavelength by

controlling the angle of the filter. The synthetic wavelength used in the present system is 71.39 um. The interferometric
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phase of the synthetic wavelength is used as a mark for the pulse-to-pulse alignment. In order to reduce the influences
of air disturbance and temperature variation, we set up a thermal-insulated cover for the interferometer to stabilize
the environment in the system. By using this cover, the optical path length difference of the system in 450 s can be
reduced from 8.56 um to 0.21 um. To demonstrate the efficacy of the method described above, the target mirror is
moved by eight steps in steps of 5§ mm. We compare the measurement results with those obtained by a commercial
interferometer, and the residual error is less than 100 nm. Since the measurement range is larger than our previous
study, the relative accuracy is better than the previous system. In conclusion, we demonstrate a synthetic-wavelength
based absolute distance measurement by using heterodyne interferometry of a femtosecond laser. Two spatial band-pass
filters are used to generate the synthetic wavelength, which can simplify the system. The comparison results show that
the system has an accuracy better than 100 nm in a displacement of 40 mm. The accuracy of the experimental system
can be further improved by making the common-path of the two interferometers longer, locking the fceo to the atomic

clock and sampling the data synchronously.

Keywords: optical frequency comb, heterodyne interferometry, absolute distance measurement, syn-

thetic wavelength
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