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Abstract

Lu Rongsheng
(School of Instrument Science and Opto-Electronics Engineering ., Hefei University of Technology .
Hefei, Anhui 230009, China)

The dispersion compensation method based on frequency domain analysis (FDA) is proposed.
interference signal acquired from the optical coherence microscopy (OCM) is Fourier transformed to the frequency
domain and the mean wavenumber corresponding to the peak frequency amplitude is obtained. A polynomial is fit to
the unwrapped phase centered on the mean wavenumber in order to estimate the coefficient of the second order

dispersion. In the experiment. dispersive elements with different thicknesses are inserted into the reference arm to
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calculate the second order dispersion coefficients corresponding to the optical path differences (OPDs) of the
dispersive elements of two interference arms. A linear least squares fit demonstrates the good linearity between the
second order dispersion coefficient and the relative thickness of the dispersive elements. In accordance with this
second order dispersion of the interference system.
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linearity, a dispersive element with the appropriate thickness inserted into the reference arm will compensate the
Fourier transform; second order dispersion
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MO
glass (3 mm) reference
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N ! light source &
HIS&C Y collimator;

BS ' BS: beam splitter;

MO: microscope

objective;

PD: photodetector;
PZT: piezoelectric
transducer
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Fig. 1 Schematic of OCM system
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Fig. 2 Interference signals and their envelopes corresponding to BK7 glass plates with different thicknesses. GP: glass plate
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006 i O 2 0 2% P 08 b 06 AR LA e 1 A
= 0.04 o measured data ! _ 7l
2 — fitted data : il — 2tk
2 0.02
2 H 0.06 - .
o oAl ]
,_g £ ()| prmorcecem=ooosTo= - - 004l © measured data
8 _g02 8 ) — fitted data
L8 ~0.0201 z 0.02+
= H (%]
g o -0.04 - Qs
o © o 5 0r
g -0.06 20.0536 ¥=0.02992+0.002 Sz 002
8 ~0.08 RMSE: 3.3X10* 3 H
& P87 0873 ; sg -0.04t RMSE1: 33X 10+ 1
-0.10 : "E RMSE2: 7.0X 10
3 2 -1 0 1 2 § -0.06r RMSES: 6.2X 10~ |
Thickness difference /um % ~0.08k RMSE4: 2.4X 10~ |
010 RMSES5: 8.7X10*

B4 B0 1R BOR @O BT AR X R 1 56 &R ) 92 _1 0 1 2
Thickness difference between glass plates of

Fig. 4 Second order dispersion coefficients versus wo interference S /m

thickness difference between glass plates of two

interference arms B 5 HEMELE
S F L 0 MR IE L 76 7] — B85 Fig. 5 Repeatability experiment results
T 5 WESet, i EFE R 1 h, 5 5 & K a8k A A 4 2t KRS H il A2, 94 mm

FHO B TR B 6 R MR ) 5 e, OPUIT CTRATI LR REIAN 5 o o S A
T I 1 5 525 5. 3o 10+ VAR B 5 R B

7.0X107",6.2X10",2. 4 X107 "1 8. 7X 10", it S 6 Bin. B 6CO LR i, T W15 HIR I

0116003-4



BT BT B9 AT B O @ R

EHE 2 MIE R, TWE%H FWHM Lk
2.7 pm, TGS LR FR B A A X FROE A
S5 T A B R T O U A ORI LT
i o N 6 Ch) & Y Hh O 3l B3 B 30 1) A 20 2 i 1) A
175 PR 1A A AR 45 B 2 1 5 & L Al — B 2 T X4
Bla . B BB —8.89 X107, SLE A L AR
TFFE A5 1 I €5 IR AR €5 B J5TAH 0T JEE JBE 11 4%
PECFR AT DL i 76 2 25 8 rb 4l A 2 J5 8 Y 6 150
I B RO BT Z ) (R
0.25
020 .. envelope AT
0.15¢ A NFWHM: 2.7 pm |
0.10 - T 1
0.05
0
-0.05
-0.10 1
-0.15 1

-020+ (@)
-0.25
0

—— interference signal

Relative intensity (a.u.)

2.34 4.68 7.02 936  11.70
Axis scan distance /pm

15 — ———
——unwrapped phase
----- 2nd polynomial fit
y=-8.9X10°2%+2.613x-10.685

101

Unwrapped phase /rad

®) k,
-1 : : :

0 : g “n -
16.78 17.83 1888 1993 2098 22.03
Wavenumber /(rad/pum)

K6 () @EGHME R I T ES L g (b i35 1
AL B H: — B 2 40

Fig. 6 (a) Interference signal and its envelope after
dispersion compensation; (b) unwrapped phase

and the second order polynomial fit

TE I FH R 31 8 06 2 S I8 2R A B (A T
P ep O AT IR DA ) AR L 5 A 11 B R AR L 0 0B
BRI Z 25 L— f 5T a4n FWHM JL-F i
LMK R RIGIZ KRN L— f B R/ 0T LA 5
O BLVC AT R 4 F iy FWHM, T 78 48 A6 58007 Bkh
2 O EY 5 s v R 60 AR HORT 6 O SR
X JEE JRE BRI Y R A 56 A IR X — 2SR AR AT LU
AT B BLVC AT R A I Y O PO . A
SR AE VP o RO R B R 1T
W4 FWHM 252 2.7 pm, 5[ 5L 5K 4F T
(R g AR N AN s S DS S o G
BREIR T WY FWHM Jy 2.6 pm AH L. %
KM TT 510 55 T LAA RO BEAT B (S R RS

4 4k i

ST T 58 T B0 A B 0 2 A T S A 1) £ 1
AT R VELE B BT T B 6 R RO O
FAHXT R R R, LR, il S HE i
AAS TR BE ) 8 50 Tk 51 AP A T 58 1 e il
TR EREZE CRIF T AN A B el 28, @i &
INTIREMERL A IS T L &R BOR A B R
B RR X B B EL A MR A I 2R O R . MR PRI R G
L0 DATES 28 v 4l A 2 R €8 5O R 5
EAMET W RGN B . 5 PR R IR 2 b
P A8 T T A EE 5 2 7 1 A X T B O T e AR A ] B
25 H

5 F X

1 A. D. Aguirre, James G. Fujimoto. Optical Coherence
Microscopy[ M]]. New York: Springer, 2008. 505

2 Paval Pavlicek, Jan Soubusta. Measurement of the influence of
dispersion on white-light interferometry[ J]. Appl. Opt., 2004,
43(4): 766~770

3 William J. Tango. Dispersion in stellar interferometry[J]. Appl.
Opt. , 1990, 29(4) . 516~521

4 Peter R. Lawson. Bandwidth limitations and dispersion in optical
stellar interferometry [ J ]. Appl. Opt., 1996, 35 (25).
5122~5124

5 Alexander Meadway, Seyed Hamid Hosseiny Darbrazi, George
Dobre et al.. A rapid method of measuring dispersion in low
coherence interferometry and optical coherence tomography
systems[J]. J. Opt., 2010, 12(1): 1~6

6 A. F. Fercher, C. K. Hitzenberger, M.

Numerical dispersion compensation for partial coherence

Sticker et al..

interferometry and optical coherence tomography [ J]. Opt.
Express, 2001, 9(12): 610~615

7 Daniel L. Marks, Amy L. Oldenburg, J. Joshua Reynolds e
al.. Autofocus algorithm for dispersion correction in optical
coherence tomography [ J]. Appl. Opt., 2003, 42 (16):
3038~3046

8 D. L. Marks, A. L.

algorithm for dispersion correction in optical coherence

Oldenburg, J. J. Reynolds et al.. Digital

tomography for homogeneous and stratified media[ J]. Appl.
Opt. , 2003, 42(2); 204~217

9 K. Banaszek, A. S. Radunsky, 1. A. Walmsley. Blind
dispersion compensation for optical coherence tomography[]J].
Opt. Commun. , 2007, 269(1) . 152~155

10 M. Wojtkowski, V. J. Srinivasan, T. H. Koet al.. Ultrahigh-
resolution, high-speed, Fourier domain optical coherence
tomography and methods for dispersion compensation[ J]. Opt.
Express, 2004, 12(11): 2404~2422

11 K. J. Resch, P. Puvanathasan, J. S. Lundeen e al.. Classical
dispersion-cancellation interferometry [ J]. Opt. Express, 2007,
15(14) . 8797~8804

12 P. R. Lawson, J. Davis. Dispersion compensation in stellar
interferometry[J]. Appl. Opt., 1996, 35(4); 204~217

13 K. S. Lee, A. C. Akcay, T. Delemos et al.. Dispersion control
with a Fourier-domain optical delay line in a fiber-optic imaging
interferometer[ J]. Appl. Opt., 2005, 44(19); 4009~4022

14 E. D. J. Smith, A. V. Zvyagin, D. D. Sampson. Real-time
dispersion compensation in scanning interferometry [ J]. Optz.
Lett. , 2002, 27(22): 1998~2000

0116003-5



H |

# ot

15 Li Dong, Ding Zhihua, Meng Jie. Double-grating rapid scanning
optical delay line for dispersion compensation[J]. Acta Optica
Sinica ,» 2007, 27(3): 505~509
A MR, TR, B BOGHE B R OGS R LR 0 6 B
FELT]. k3 4R, 2007, 27(3): 505~509

16 Yang Yaliang, Ding Zhihua, Yu Xiaofeng er al.. Dispersion
compensation in OCT system by rapid scanning optical delay line
[J]1. Acta Photonica Sinica , 2008, 37(1): 21~24
MR, T4, fThelE %, OCT 24 b3 T sl 4 1 2 4

B OEARMELT]. B F $4, 2008, 37(1): 21~24

17 P. Groot, X. C. Lega, J. Kramere al.. Determination of fringe
order in white-light interference microscopy[J]. Appl. Opt. .
2002, 41(22) . 4571~4578

18 Jingtao Dong., Rongsheng Lu, Yong Li e al.. Automated
determination of best focus and minimization of optical path
difference in Linnik white light interferometry[J]. Appl. Opt. ,
2011, 50(30): 5861~5871

EERE AT 4

0116003-6



