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Method of Measuring Dispersion and Refractive
Index of Transparent Object Based on Spectral Fiber Low
Coherence Interferometry
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Abstract A method of measuring dispersion and refractive index of transparent object based on spectral fiber low
coherence interferometry is proposed, in which the path length of the reference arm is changed by a step motor and
the interferometric signals are measured by a CCD detector. The difference between the signals from the upper and
lower surfaces of a transparent plate is found and a polynominal fitting-based method is used to find the group delay
dispersion. One advantage of the method is that the value of the measured dispersion is not affected by the dispersion
introduced due to the mismatch between dispersions of the sample and reference arms of the system. The accuracy of
the dispersion measurement is +0. 2747 X 10" " fs*/mm. By placing a reflective mirror in the sample arm of the
interferometer, the values of dispersion mismatch can be measured and can be employed to quantitatively compensate
the system dispersion. Compared with traditional methods of measuring variation of the full width at half maximum
(FWHM) , the proposed method can improve the accuracy and efficiency of the dispersion compensation. The
dispersion compensation accuracy achieved is £0.019X 10 '* fs?.
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SLD: super luminescent diode
C: optical coupler

PM: step motor

M: plane mirror

L1,L.2,L4: collimating lenses
L3: microscopic objective
L5: Fourier lens

S: sample

G: grating

MCU: microprocessor

PC: computer
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Fig. 1 Schematic of a fiber optics-based spectral low coherence interferometer
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Fig. 2 (a) Calculated phase spectra of spectral interference signal; (b) wavelength distribution

obtained with phase fitting
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Fig.3 (a) Time-domain interferometric fringe and its envelope; (b) difference between phases at the upper and lower

surfaces of sample; (¢) difference between the spectra of the phase of spectral interference signal at the upper and

low surfaces and zero dispersion; (d) refractive index vesus wavelength
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Table 1 Measured group delay dispersion and refractive index of K9 glass with a thickness of 3. 16 mm

Experiment Group delay dispersion Reference value Dispersion standard deviation Refractive standard
number /(107" {s* /mm) /(107! fs? /mm) /(107" fs® /mm) index deviation
1 4.4063 0.0051
2 4.4263 0. 0050
3 4. 4099 4.2078 0.2747 0. 0050
4 4.5049 0.0036
5 4. 6092 0. 0045
£ 2 REOHOTE T RIIE
Table 2 Verification of the values of the system dispersion measured
System System dispersion Dispersion Standard
Experiment Reference value
dispersion with sample difference deviation
number o o Lo /(107" fs*) oo
/(107" fs*) /(107" fs*) /(107" {s*) /(107" fs*)
1 1.7234 2.0019 0. 27848
2 1. 7476 2.0274 0.27974
3 1.6799 1. 9586 0.27871 0.26593 0.019
4 1. 6522 1. 9369 0.28471
5 1. 7857 2.0823 0.29655
5 gl:'ZI: ® femtosecond pulsed laser[J7. Chinese ] Lasers, 2012, 39(12)

KX THRGEHA RG B AFHERT A E
R RABRA A, B — R DA A T R
50 2 A AR A R L BT R R F A AN
Vi fE o k. oo moW iR 2K
+0.2747X107" fs*/mm, $7 §F R 1 9 &R 2N
+£0.0046, R 4 4 B A VT W E B K E AN
£0.019X10 "% fs”, FZma i & % 22 1) F 2N R AE
T3 R ML B A T RO PR B TE RN . i ik
A LA HAFEAR 2 05 T e g OCT RGeh, #l i
5] DI R G RO DE FE A L 4R 5 HE 4T 8 1t
A 5 B a0 ) LUOR] 2 7 5 ok a2 AR 25 0 AR
W2 245 T2 ) (0 B AR A Tt 45 2R ok 1 W 2R W Al
210 A PR A

275 A T R N AT 78 o R T 2
A SR 5 2% 10 0T VA5 5 ok T 58 6 I 5 R S Y
FADLARAL X FEA IR SR RE B I BR R h S %
R R G HIOAS DC JC X U o 45 SR 52 e, AR SCHE Rt
PRI R IUE Tz kel AT I B T
SIATRZE M R L 45 T %R ek vk . %o
ZERXEM AT X T W R R A HE
(=9

5 F X
1 Wu Tengfei. Liang Zhiguo, Yan Jiahua. Theoretical study on air

dispersion compensation in the distance measurement of

1208004.
R, RAEE, TR TCRREOEIN R as S o £ IS B
ge[J]. WEEOE. 2012, 39(12) . 1208004.

2 Zhang Hongxia, Ren Yaguang, Ye Wenting, e al.. Dynamic
dispersion  compensation  for the polarization  coupling
measurement system of polarization maintaining fiber[J]. Chinese
J Lasers, 2012, 39(1): 0105001.

SRLLEE . AT, R, . RIEOCTIRIR G RS 6
#oahE0]. PEBOE, 2012, 39(1): 0105001,

3 Li Chengshuai, Shen Weidong, Zhang Yueguang, e al..
Measurement of group delay dispersion of dispersive mirror based
on white-light interference[J]. Acta Optica Sinica, 2012, 32
(10): 1031003.

AR, SRR AR, BEOG. S T OB T R o £
PIREAER (k[T ], JB% %4, 2012, 32(10): 1031003,

4 T V Amotchkina, A V Tikhonravov, M K Trubetskov, et al..
Measurement of group delay of dispersive mirrors with white-light
interferometer[ J]. Appl Opt, 2009, 48(5): 949—956.

5 H Maruyama, S Inoue, T Mitsuyama, e al.. Low-coherence
interferometer system for the simultaneous measurement of
refractive index and thickness[J]. Appl Opt, 2002, 41 (7):
1315—1322.

6 Deng Yuqgiang, Sun Qing, Yu Jing. Direct measurement of group
delay of optical elements[J]. Acta Physica Sinica, 2011, 60(2):
028102.

MEM, b F. T ou. GFECARER Y EENEL] W
F4R, 2011, 60(2): 028102,

7 Wang Sijia, Zhang Yuying, Hu Minglie, e al.. Chromatic
dispersion measurement of photonic crystal fibers using spectral
interferometry[ J]. Chinese ] Lasers, 2010, 37(1): 215—219.
FREAE, SkER, MG, & T Wk LT A O R
EECRRELT ] R EBOE. 2010, 37(D): 215—219.

8 Jiangang Wang, Qing Xiao, Shaoqun Zeng. Dispersion
measurements of water with spectral interferometry[J]. Chin Opt
Lett, 2009, 7(6). 486—488.

9 A G Van Engen, S A Diddams, T S Clement. Dispersion

measurements of water with white-light interferometry[J]. Appl

1008005-6



Wl R 45

He T LI CET RN T B0 38 55 R il € ORI T 55 50 0 4 U ik

Opt, 1998, 37(24): 5679 —5686.

10 D X Hammer, A J Welch, G D Noojin, e al.. Spectrally
resolved white-light interferometry for measurement of ocular
dispersion[J]. J Opt Soc Am A, 1999, 16(9); 2092—2102,

11 P Hlubina.
uncompensated Michelson interferometer and the group refractive
index dispersion in fused silical J]. Opt Commun, 2001, 193(1):
1—7.

12 W V Sorin, D F Gray. Simultaneous thickness and group index

White-light spectral interferometry with the

measurement using optical low-coherence reflectometry[]J]. IEEE
Photon Technol Lett, 1992, 4(1). 105—107.

13 A Fercher, C Hitzenberger, M Sticker, e al.. Numerical
dispersion compensation for partial coherence interferometry and
optical coherence tomography[J]. Opt Express, 2001, 9(12).
610—615.

14 T Xie, Z Wang, Y Pan. Dispersion compensation in high-speed
optical coherence tomography by acousto-optic modulation[ ] ].
Appl Opt, 2005, 44(20); 4272—4280.

15 W Gao. Dispersion properties of grating-based rapid scanning
optical delay lines[J]. Appl Opt, 2007, 46(6): 986—992.

16 A Meadway, S H H Darbrazi, G Dobre, e al.. A rapid method
of measuring dispersion in low coherence interferometry and
optical coherence tomography systems[J]. J Opt, 2010, 12(1):
015302.

17 H Delbarre, C Przygodzki, M Tassou, et al.. High-precision
index measurement in anisotropic crystals using white-light
spectral interferometry[J]. Appl Phys B, 2000, 70(1): 45—51.

18 1T H Malitson. Interspecimen comparison of the refractive index of
fused silica[ J]. J Opt Soc Am, 1965, 55(10);: 1205—1208.

19 Kai Wang, Zhihua Ding. Spectral calibration in spectral domain
optical coherence tomography[ J]. Chin Opt Lett, 2008, 6(12):
902—904.

20 C Dorrer, N Belabas, ] P Likforman, et al.. Spectral resolution
and sampling issues in Fourier-transform spectral interferometry
[JJ. J Opt Soc Am B, 2000, 17(10); 1795—1802.

EEHE: 2k

1008005-7



