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Fig. 1. (color online) Laser frequency scanning interferometer system.
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Fig. 2. (color online) Influences of fiber dispersion on
the local light and transmission light of the auxiliary

interferometer.
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Fig. 8. (color online) Time-domain diagram of mea-
surement signal after the frequency sampling method
correcting the non-linearity: (a) Part of signal; (b) the

whole signal.
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Fig. 10. (color online) The high-precision subdivision
graph of the peak of the gauge block at a distance of
2.53 m in the free space with ChirpZ algorithm.
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Table 1. The measurement distance of the gauge block under different starting tuning frequency.

ARG/ Thz A 4 e /m JEF B /m 25 /m
AF1(194.55—194.05) 7.0542671 4.5242753 2.5299918
AF2(194.05—193.55) 7.0542177 4.5242751 2.5299426
AF3(193.55—193.05) 7.0541732 4.5242696 2.5299037
AF4(193.05—192.55) 7.0541352 4.5242651 2.5298701
AF5(192.55- 192.06) 7.0540871 4.5242516 2.5298355
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Fig. 11. (color online) The measurement distance of
gauge block changes with the different starting tun-
ing frequency: (a) The measurement distance includes
fiber end face and the part in the air; (b) the measure-
ment distance of fiber end face; (c¢) the measurement

distance of the gauge block in the air.
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Fig. 12. (color online) The peak FWHM at the band-
width of 20 nm when the measurement path is con-
nected with different length of fibers: (a) The fiber
length connecting the 4.5242 m; (b) the fiber length
connecting the 8.9014 m.

219501-8


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 21 (2015) 219501

AN T Y ARUAT 55 R W0 A 2 T A &
Iy e S SR IG, B O AR PR ATYE [N 1542
nm #1562 nm, ¥ 1552 nm 7E YT LK, HLl4
nm [ 38 006 25 08 40 B, R EE B 0O A
RPN WA 2.53 m &b I EHHAT I &, 4558 W
K 13 B, H 45 5 IS e B2 247 3 — 1k, WTLAE
I 55 TR AT 8 3 0, DN R 0 (B FWHM 52 30 HS 2 08
ANJEBE RS RS 98 N 193.05—193.55
THz, 192.80—193.80 THz, 192.55—194.05 THz
I, U {H FWHM & % & K24 420 pm, J& % &
BN, BT 0 R R A R R R T 46,
(eI SRR I N VA B . 1 oy - %) B
1B 36 2R 33k 06 1 FWHM. B8 % W 45078 55 4% 22 5
K, B1192.31194.30 THz I, & %5 {7 B 33k &4
FWHM, HJ& %8 fiA $34.9 pum, FE T8RS 5 in i
2, WS HEER T UREAL. SRS B 1A B KR
192.06—194.55 THz i}, I&{H FWHM A 166.8 pm,
FALE TS R 9 80N 106.6 wm, 2 4 5 )™
i B EE R A R

H AR Il H 2 8] P S 1N i AR b S e, &
BINETHAOELT 551 8.9014 m AT &, 75K

5

> (a) e
‘é 48.9014285 m
~ 235H10.6852264 m
M o
=
=
0 . . . f .
9.5864 9.5866 9.5868 9.5870 9.5872
PHES /m
2
> (c) 2511.5418323 m
z
<1
B
L.'AEE
10.4430 10.4434 10.4438
PEES /m
10
. (e) Z3/51112.3492779 m
5
< 5
B
1aE
=
0 K& . . ; .
11.2504 11.2506 11.2508 11.2510 11.2512
HEES /m
K14

(TR ) FEIRARH FE 20 nm Z60FF, FARWSIEFEFTIE B 2 (5 B R 8 N s 22 40

AVE A 15421562 nm 25 1FF, BE#& H AR7E H
2% [) A R 3 0, I E A v 0 1Y AR Ak dn ] 14 Bl
7N, AT UL H Bl 2 4 000 B 2 48 o i UG F2 0 e R
PR I AUE T Bl BTV ACLE ) ER 2 R fR B E 7
N, SRS 15 5 AR W & 21T pBavgt 3K, M
17 5 SO e v 48 K.

1.0
193.05 —193.55 THz
0.9 — 192.80 — 193.80 THz
0.8 — 192.55 —194.05 THz |
: —192.31 —194.30 THz
0.7 — 192.06 — 194.55 THz
0.6
I
=
ATJ 0.5
O 0.4
0.3
0.2
0.1
ok L L L A L
7.0538 7.0540 7.0542 7.0544 7.0546  7.0548
PR /m

13 (TR ) %2R 2.53 m 4By TI
i, IR R B TR AT S RN (K AR AL

Fig. 13. (color online) The peak broadening increases
with the bandwidth when measuring the gauge block

at a distance of 2.53 m in the air.
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Fig. 14. (color online) The peaks change with the increase of free space distance at the bandwidth of 20 nm:
(a) Target distance for 0.6852264 m; (b) target distance for 1.2530433 m; (c) target distance for 1.5418323 m;
(d) target distance for 1.8767672 m; (e) target distance for 2.3492779 m; (f) target distance for 2.7367504 m.
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Fig. 15. (color online) The peaks comparison before
and after dispersion mismatch compensation: (a) Be-
fore dispersion mismatch compensation; (b) after dis-

persion mismatch compensation.
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Fig. 16. (color online) The measurement results of the
target at a distance of 975.216254 mm: (a) The dis-
tribution of the results of 25 times; (b) the results of

measurement results substracting the mean value.

K FA ST iE5T e BOR LB AT # M2 e, &R
BRI /T A 975.216254 mm Ak 1 1k

Hbr, WEZERaE 16 s, Bl 16 (a) K25 RIIE
B2 A0, Forb 206 i 2 &P 34, 1816 (b)
R R I 25 P I ME G AR, Gevh = O 1 s
HEZE, WOBSRER A4 95 O I &k £ 9 584 nm.
W WOEATR A3 5 A0S Renishaw BOE T A1
MR R AT LEXS, S5 R 17 s, B 17 (a) &
NBEE AR AR B2 S BRSO I, ok
BRI T WA 5 Renishaw HOG T B A1 7% &
K, MRS N 0692 mm. 17 (b) st
BRI T R 2 Renishaw SO T35 1 25
18, BB =A B, R SRR EE A T
+8 ym Z W, HARHEZE 4.5 pm.

800 : :
= 600 (2) e
[

g @/@’
= 400 e
= ol
= 200 @/@/@ ~-E¥-- Renishaw#0EFHX

0 ,,@/@’ —— o~ WO R

0 2 4 6 g 10 12 14

BahREL
0.015
o]

- o0.010f (b)
g © ©
£ 0.005 5
;ﬂg 0 © o © o o
EAX o o
~0.005 } 5 o 1
~0.010 s - . . . ,

0 2 4 6 8 10 12 14

17 (MTIRE) BOBE T 5 Renishaw #
HTF WA M TG R (o) FEARBENTEHE: 0—692
mm; (b) BOLHRARE TP 5 Renishaw HotT#400
PE2E R R 4530 v 722

Fig. 17. (color online) The comparison of measure-
ment results of laser frequency scanning interferome-
ter and Renishaw laser interferometer: (a) The target
movement range: 0-692 mm; (b) the absolute devia-
tion of measurement results between laser frequency
scanning interferometer and Renishaw laser interfer-

ometer.
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persion mismatch compensation; (b) after dispersion

mismatch compensation.
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Abstract

The laser frequency scanning interferometer has several advantages, such as non-contact, high accuracy and low
signal to noise ratio in detection. In order to achieve higher resolution of the laser frequency scanning interferometer,
increasing the tuning range of the light source and reducing the tuning non-linearity have become the key factors. The
commonly used method is to correct the non-linearity of the wide bandwidth external cavity tuning laser by a fiber
optical auxiliary interferometer constructed external frequency sampling clock. When using the broadband external
cavity tuning laser and the auxiliary interferometer with an optical path difference of 220 m, it is found experimentally
that the single-mode fiber dispersion makes the frequency of sampled signals change over time, causing the spectrum
to broaden and resolution to decline. This paper has established the dispersion mismatch model which shows that
the fiber dispersion of the auxiliary interferometer causes linear chirp frequency changes during the measurement of
signals. The linear chirp frequency is proportional to the tuning bandwidth and measured distance. The phenomenon
and theoretical model of dispersion mismatch is verified by experiments. The results for targets in the air are shown to
linearly decrease as the tuning range increases with the maximum offset of 156.3 pm for the 20 nm tuning bandwidth.
The experiment also proves the peak broadening intensifies with increasing distance measured, and thus verifies as the
time delay of free space increase, and the peak broadening and distortion also increases. This result means that it will
limit the ranging distance and make large errors in measurement result for long distance targets. The dispersion of
the auxiliary interferometer should be compensated in the laser frequency scanning interferometer for large-sized high
resolution measurements. In this paper, phase dispersion compensation method based on the evolution of peak variation
distortion elimination is proposed, by taking the peak amplitude variation as the criterion; the phase compensation can
offset the dispersion and improve the resolution. The original signal is multiplied by the complex phase compensation
term, then regulating the phase compensation factor, the chirp becomes smaller as the phase compensation factor is
approaching the distortion factor. Under the condition that the phase compensation factor is equal to the distortion
factor, the chirp is offset. Then, the relationship between the amplitude and the peak FWHM is studied. It is found that
the peak FWHM decreases while the amplitude shows a gradually increasing trend. Therefore, the amplitude can be
referred to in order to determine whether the peak FWHM reaches the minimum. The resolution for target’s peak can be
improved by searching for the maximum amplitude of the spectrum and adjusting the phase distortion coefficient. The
experiment shows that the peak FWHM of the target is obviously narrowed after dispersion compensation. The peak
value becomes close to the theoretical resolution, and the static target at a distance of 975.216254 mm from the laser
frequency scanning interferometer is measured. Results show the measurement accuracy of the interferometer is 584 nm.
To further verify the accuracy of the laser frequency scanning interferometer, the laser frequency scanning interferometer
is compared with the Renishaw laser interferometer in the measurement range of 0-692 mm. The standard deviation
between them is 4.5 pm. The proposed method is put forward to provide basis for future studies on the large size high

resolution laser frequency scanning interferometer.

Keywords: interferometry, laser frequency scanning interferometer, laser ranging, fiber dispersion
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