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Separation Algorithm for 2D Refractive Index Distribution and Thickness Measurement
of Transparent Objects using Multi-wavelength Source
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We propose the separation algorithm to simultaneously measure two-dimensional refractive index
distribution and thickness profile of transparent samples using three wavelengths. The optical
system was based on the Mach-zehnder interferometer with LD (Laser Diode)-based multi-
wavelength sources. A LCR (Liquid Crystal Retarder) was used to obtain interference images at
four phase states and then the optical phase of the object is calculated by four-bucket algorithm.
Experimental results with a glass rod are provided at the different wavelengths of 635nm, 660nm
and 675nm. The refractive indices of the sample are distributed with accuracy of less than 0.0005
and the thickness profile of sample was cylindrical type. This result demonstrates that it is
possible to separate refractive index distribution and thickness profile of samples in two
dimensions using the proposed algorithm.
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2. Mach-Zehnder ZH4A

2.1 Mach-Zehnder ZHM94| R
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Fig. 1 Mach-zehnder interferometer

22 Y7 S ERRE M4Et F&

HE 99 BA9 2 4499 84 ANE F
k<)

ol ¥ At} o]u reference arm ¥ object arm

2RY LAsE F FE2A] g 4 A
183t FEAY 2 A49F 4 ARE
ohoolu dojAE F HABREE AR

e e fok

OPL; = ' n, (2)dz +n,,(D~h;) o

4714 Ao 2RE 4 ma AF dz o A
2o gz yeholac. £
Qe et gL FHz a5 v

nos= o (2)d
by )

A (5HE A @ AREY S i HA A

o Hi FHEEA Ut A7AM Tzl 3



o
A
o
OE
J-’i'-
E
é
N
(o))

&
[, ]
fol

K*]
'U
N
~
[e+]

May 2009 / 74

Fo g 24 5HE A @] dYgsE o
wAol dl4 dhdA Aee FAEINE 5 Y &

OPL, =(n,; —n,)h +n,D ©

ol T FFH FAF W U THE

o EX& 47 HE B %Xé_gi Ul o) Ao

3 819l (Collimated beam)] Fo] EA7} oA

Je FHE Ava Ud 4o ®iszh gz

olzl3t WiztE FRE o] gt EA TG 2
dg9 A4 £gstaz gt

3. Separation algorithm |2t

3.1 Separation algorithm
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Table 1 Refractive index of BK7 and water

Wavelength BK7 glass Water
635nm 1.5150 1.3329
660nm 1.5142 1.3322
670nm 1.5139 1.3321

Table 2 Optical phase for each wavelength

Wavelength Optical phase (rad)
635nm 1.80184
660nm 1.732636
670nm 1.69227
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Fig. 2 Flow chart of Simulation process
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Fig. 3 System setup
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Fig. 6 (a) Refractive index profile n(x,y), (b) line profile
along y-axis at x=70 pixel and (c) line profile
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Fig. 7 (a) Thickness profile h(x,y) and (b) line profile
along y-axis at x=70 pixel position and (¢) line
profile along x-axis at y=60 pixel position
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