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Spectrally resolved interferometry (SRI) is an attractive technique to measure absolute distances without any moving
components. In the spectral interferogram obtained by a spectrometer, the optical path difference (OPD) can simply be
extracted from the linear slope of the spectral phase. However, SRI has a fundamental measuring range limitation due to
maximum and minimum measurable distances. In addition, SRI cannot distinguish the OPD direction because the spectral
interferogram is in the form of a natural sinusoidal function. In this investigation, we describe a direction determining SR/
and propose the optimal conditions for determining OPD direction. Spectral phase nonlinearity, caused by a dispersive
material, effects OPD direction but deteriorates spectral interferogram visibility. In the experiment, various phase
nonlinearities were measured by adjusting the dispersive material (BK7) thickness. We observed the interferogram visibility
and the possibility of direction determination. Based on the experimental results, the optimal dispersion conditions are

provided to distinguish OPD directions of SRI.

NOMENCLATURE

L. = Maximum measurable distance

Lumin = Minimum measurable distance

co = Speed of light in vacuum

ny = Refractive index of a dispersive material
N = Group index of refraction

6v = Resolution of a spectrometer

Av = Spectral bandwidth of a light source

t = Thickness of a dispersive material

B, C = Coefficients of Sellmeier equation

dn/dA = Chromatic dispersion
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Fig. 1 Optical configuration of the direction deterministic SRI, (CL:
Collimating lens, BS: Beam splitter, M,, M,, Mirror, DM:
Dispersive material) It is noted that L, and L, indicate
distances between the end surface of BS and mirrors (34, and
M), respectively
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Fig. 2 Measured at same distance (90 um) when the thickness of
BK7: (a) 0 mm, (b) 0.9 mm
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Calibrated distance of SRI without the dispersive material
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Table I Summary of the direction deterministic SRI with the
thickness of BK7 (#), nonlinear coefficients (47tn/cy),
Fourier amplitude, chromatic dispersion (dn/dl) and
possibility of determining direction (Dir.)

t 47tn/cy Fourier t x dnld] Dir
(mm) (THZ?) amplitude (10°)  (um /pm) ’
0 2.07 x 10° 5.35 0 N
0.15 1.36 x 102 4.83 2503 N
0.3 476 x 107 4.12 -5.007 N
0.45 8.37 x 107 3.70 -7.510 Y
0.6 6.63 x 102 2.86 -10.01 Y
0.75 9.79 x 102 225 -12.52 Y
0.9 8.81 x 107 1.87 -15.02 Y
1.05 8.76 x 107 1.43 -17.52 Y
1.2 2.15 % 10 1.19 -20.03 Y*
1.35 2.06 x 107! 1.07 -22.53 Y*
1.5 1.78 x 10™! 0.89 -25.03 Y*

*Because of very low visibility, the direction determination (Dir.) can
be done in the limited range



264 / April 2017

Table 1] ﬂ Rl 3—& g20] Bo] ulE ulaY A
(4ntni/co)= FARMAAIL] HA 4 FHolA AitEl= HAR

A4E2] A Jéﬁ-uk(Absolute Mean Value)_i HeRR ). o]
£Hom wAY At B4k B30 FAPE Sl Bl
S7k517] ol SHsHA S71slioF SHA|9L, Table 1941 & 4= Q1
=0l &4 7kl 23] sl A4to] WIS o]= &4 &
Z}9} t]&E0] FFT (Fast Fourier Transformation)S- ©|-23F ] i
S SE (Window)el| I8 14} 0, | A 914 wist
of ot FFuls=o] 2%} Al 9r(Second Order Polynomial
Fitting)oll 4 P}z 2.3jo] 71QI3ieh. AR)= FFTS 284t o,
SUE50] 27]0] wje} $o] BRI A SIS, ol <)

o 27 T4 wgel) ofst ulAd A4 gro] W
alick.
et A9 Aaelq o 4 glo] AAH R S uAd

Arfes it 2249 FAVE SVl wE Sk e
= Ho|iL qlaL, EFF 2 AtollA] &L 4t 2A] 27004 1
M Aee] REl 27 el tet 48] g RS 8
¢Iskaict.

£ AT W T BRI A sl W T ek
chRo] JHAE, BAR 58 o|2H, AgHoR AN ol

Fo F2e] 2L BIskch. DAl BAZAAL] FA
WY WIS ] Ao BAL BAL 0§43 YT W of

ahElolch. Bt Bab 240] Falo] whE $IAe] v
BK79] 5707k 0.45 mmb e 24 Aelel ujet 237k %01—8}741
ot AL SkIsIgich Wk v BARMIA)A Wary
ot A2e] ke kel uig Al 574 Zolo] o
g} 257k AolshA] kel 7510 umipm e 7PESL 27
Zolol 9aES H1X|A] 9= 20,03 pm/um ol3k7t H2 £AY

Q?_O]'ME]'-

O:

filo

ACKNOWLEDGEMENT

£ =Be 20163 s 2MTjeL SEATue] X9 ot
AL

REFERENCES

1. Schnell, U., Zimmermann, E., and Dandliker, R., “Absolute
Distance Measurement with Synchronously Sampled White-
Light Channelled Spectrum Interferometry,” Pure and Applied
Optics, Vol. 4, No. 5, pp. 643-651, 1995.

2. Hlubina, P, “Experimental Demonstration of the Spectral
Interference between Two Beams of a Low-Coherence Source at
the Output a Michelson Interferometer,” Journal of Modern
Optics, Vol. 44 No. 1, pp.163-173, 1997.

3. Schnell, U., Dandliker, R., and Gray, S., “Dispersive White-Light
Interferometry for Absolute Distance Measurement with
Dielectric Multilayer Systems on the Target,” Optics Letters, Vol.
21, No. 7, pp. 528-530, 1996.

4. Joo, K.-N. and Kim, S.-W., “Absolute Distance Measurement by
Dispersive Interferometry Using a Femtosecond Pulse Laser,”
Optics Express, Vol. 14, No. 13, pp. 5954-5960, 2006.

5. Joo, K.-N.,,
Overcome the Measuring Range Limit,” Measurement Science
and Technology, Vol. 26, No. 9, Paper No. 095204, 2015.

“Dichroic  Spectrally-Resolved Interferometry to

6. Yun, Y. H,, Seo, Y. B., and Joo, K.-N., “Elimination of the
Direction Ambiguity and the Dead Zone in Spectrally Resolved
Interferometry,” Measurement Science and Technology, Vol. 27,
Paper No. 035004, 2016.

7. Hitzenberger, C. K., Baumgartner, A., Drexier, W., and Fercher,
F. A., “Dispersion Effects in Partial Coherence Interferometry:
Implications for Intraocular Ranging,” Journal of Biomedical
Optics, Vol. 4, No. 1, pp. 144-151, 1999.

8. Ghosh, G, “Sellmeier Coefficients and Dispersion of Thermo-
Optic Coefficients for Some Optical Glasses,” Applied Optics,
Vol. 36, No. 7, pp. 1540-1546, 1997.



	방향 판별 분산간섭계의 최적 분산 조건 연구
	1. 서론
	2. 방향 판별 분산간섭계 최적 조건
	3. 실험
	4. 결론
	REFERENCES


