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Abstract A method based on reflective mesoscopic spectroscopy for characterization of refractive-index fluctuations
at nano-scale is introduced. Mechanism of mesoscopic spectroscopy for perceiving reflective-index fluctuations at
length scale of nanometers is revealed. Based on simulation by finite difference time domain method, light
propagation in one-dimensional refractive-index variable medium and resulting reflective spectral characteristics are
analyzed. Through precise control of standard deviation and spatial correlation length of refractive-index fluctuations
along one-dimensional channel, simulated disorder strengths and their relation to theoretical settings are
quantitatively analyzed. Results show that reflective spectrum is highly sensitive to disorder strength and thus it is
feasible for the refractive index fluctuations at nano-scale within one-dimensional channel to be perceived through
reflective spectrum. Under certain approximating conditions, disorder strength is proportionally enlarged with
increasing variance and spatial correlation length describing refractive-index fluctuations. The proposed method might
be useful in probing statistical structural changes at nano-scale which are unperceivable up to now, and hence avoiding
the limitation due to optical diffraction in far field.
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Fig. 1 Schematic of acquisition system of reflective mesoscopic spectra
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Fig. 3 (a) Simulation layout, (b) refractive index profile and (¢) its autocorrelation function
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Fig. 5 Simulated 1D mesoscopic reflective spectra versus refractive-index fluctuations

Z 0.010[ @) =10 nm”~

Mo AN

040 045 050 055 060 065
A/pm

=
=]
S
St

Intensity

02F(c) 1.=30 nm

o o
— [\S)
-

0 L L L L L
040 045 050 0.55 0.60 0.65

A/pum

Intensity (a.u.)
= | (=}

fe;o.oz- (b) L =20 nm’

-‘E’ 0.01}

=1

Q

£ 0 : N

= 040 045 050 055 0.60 0.65

. A/pm

§0‘04 (d)1.=20nm

20.02

a

)

s 0 y .

= 040 045 050 055 060 0.65
A/pm

P 6 BtAH 5% 1< 88 2 Al A9 RS 8 — 2 A WL 3 Dl i

Fig. 6 Simulated 1D mesoscopic reflective spectra versus correlation length

MM K AR FEARAR (L =50 nm) , T {8 E 37 5
RS HIARAEZE An H 0~0. 02 LA fb, IR &L
JE ) BE (B 5 TR E A SRR AN & 7 () Bk H

HR L L A BER (B AR 4 (2) sUE T RS B L 5
{EAR S E 3k FDTD {5 543 2 19 50635 k7% 1
PP 3 T (O HORMIE . ISR P S R 5

0317003-5



2 i

AAE(An=0.015) Yyt A ALK E [ B 10~
100 nm £ A8 4, R &L 9 Be (1 5 H 5 ¢
PP 7D R . AT LR L FEE] 7(a) s (b) Hidg
A EL B N 3 02 A DG BE 4 Ak =
0.9968 F1 »=0. 9904, (A Bt , 3 F (5) =45 2T &L
MR S e B R A B, B2 T
7(b) AR A B WS Z A IR ELE T EAE N T
FRIEAE 5% HL R T LA R (31D A T o i R
WIEE 7O I S5, A k. = 0.6174 < 1,

25 () 720.9968
1,=50 nm, An=0~0.02

20
E 15 /
51 ¢

Calculated disorder strength /

5(/’

00 5 10 15 20 25

Theoretical disorder strength /(10-% pm)

47 LyL/nf <AR Ly(max)L/ni = 3.2X 1077 < 1,1
SR RLAAE (3D 2 MR A 7 () i SR
R AR L L/n% <4k L,(max)L/nt =3.6X10 %<
Ly, B2 £.>81 nm W, kL <<1 56 4 A BT .
F52 b4 [ 65 nm FFUG X VR AL R
Hfw B TS . R, S BRIE R EL R R S
WAE A — B0 T B 4% 1 (37) b 25 45 31 75 43 1 2
AR R

= 25[(b) r=0.9904

) An=0.015, [ =10~100 nm
g 20

@

8E 15 «w
%1 5 EE
%b 10 /*ﬁ g
=< t

3

£ s »

O

=

© 90

0 b5 10 15 20 25
Theoretical disorder strength /(10-% um)

7 RLE Y BRSSO BT B A L

Fig. 7 Comparison of theoretical disorder strength and calculated disorder strength from simulation

4 e

K5 WL BRI 1 T — 2 90 oK ROBE 7 5 R sh A
SRR D R R (2 RSB X =0 SN I VAN 2 I WA L C B ¢
S5 240 1 v Y — 4B TR s AL AL, R FDTD J5
AHT T FEAR YA — 4 A P SO e S
FOTR LR TS I 55 WO ff 42 ) 9 TR L R SR
HEAT T BRAE AN T — 2 38 3 RSO S K O 1 1
T AR ST 2 B Ge it S — 1R L EE ) i Ze M ok
Fo JEIRALEE 5 Y H R s [ AL 1 45 R AR
A B I B A 3 W 1238 T e IR 25 40 1 2K L
RS A AT BEAE S B B 41 A g 78 IR 50 B B 2O 4
fRar,

P FAE R R 1) — 4 38 T8 S5 06 15 X iE 1E
T I 238 0 Bl FHAH 56K B 114 728 b 1 2 v B SR L [
W s S5 S T YR L BE A AR A 2 e B U . T
H MK B &4 10 nm 5 /N2 4k H S 5 ik
oA A R 25 . B, — 4R R ROE -
(AT S 2 3% Bl AT D A R G R IR . 2) 7E
AL kel << 1} ARPLyL/ni << 1 38431 2 R RT3
TR ELEE TS S B B B RE A AT S
R Bl ) T 25 FURH DG BE Y 38 R £ 1 1S KL Rk
AH 5 BE 4 W ik - = 0. 9968 1 - = 0. 9904 , A It » 55
TG Y 55 HCSY 8) — ZE 3T S 238 4 A1 3 T8 PN ) YR L EE T

DAL T BCS Ol i h  fE k S o

s & X #
1J. Bozzola, L. Dee.
Techniques for Biologists [ M]. Sudbury: Jones and Bartlett
Publishers, 1999
2 M. Bartek, X. Wang, W. Wellser al.. Estimation of subcellular
particle size histograms with electron microscopy for prediction of
optical scattering in breast tissue [J]. J. Biomed. Opt. . 2006,
11(6): 064007
3 Yu Xiaofeng, Ding Zhihua, Cheng Yuheng et al.. Development

Electron Microscopy: Principles and

of fiber-basal optical coherence tomographic imaging system []].
Acta Optica Sinica, 2006, 26(2): 235~238
AT, T REAE, BRIEME . JRLF ROk A0 T2 MR R 5 i
W (7. k55|, 2006, 26(2): 235~238

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

5 Wang Kai, Ding Zhihua, Wu Tong et al.. Complex-conjuyate
resolved spectral domain optical coherence tomography imaging
[J]. Acta Optica Sinica , 2009, 29(s1);: 32~36
FOoUl. TR, RO F O T R A S L5 g
[J1. &% %3, 2009, 29(s1): 32~36

6 Wu Tong, Ding Zhihua. Development of 20 kHz swept source
optical coherence tomograhpy system [J]. Chinese J. Lasers,
2009, 36(2) . 503~508
R ¥, T4 20 kHz FABOCHM TR RS U] $E#%
&, 2009, 36(2): 503~508

7 K. Sung. Fiber optic confocal reflectance microscopy: a new real-
time technique to view nuclear morphology in cervicalsquamous
epithelium in vivo [ J]. Opt. Express, 2003, 11 (24);
3171~3181

8 1. Georgakoudi, B. Jacobson, J. Van Damet al.. Fluorescence,

0317003-6



P I 5

— A AL A A R A R 3 B g St SR AR

reflectance, and light-scattering spectroscopy for evaluating
dysplasia in patients with Barrett’ s esophagus [ ] J.
Gastroenterology . 2001, 120(7): 1620~1629

9 D. Courjon. Near Field Microscopy and Near Field Optics [ M].
London: Imperial College Press, 2003

10 S. Hell. Toward fluorescence nanoscope [ J]. Nat. Biotechnol. ,
2003, 21(11) . 1347~1355

11 S. Hell, K. Willig, M. Dyba et al.. Nanoscale Resolution with
Focused Light; STED Andother RESOLFT
Concepts, Handbook of Biological Confocal Microscopy [ M.
Third Edition, Edited by James B. Pawley, New York: Springer
Science Business Media, 2006, 571~579

12 H. Subramanian, P. Pradhan, Y. Liu e al.. Partial-wave

Microscopy

microscopic spectroscopy detects subwavelength refractive index
fluctuations: an. application to cancer diagnosis [J]. Opt. Lett. ,
2009, 34(4): 518~520

13 M. Born, E. Woll. Principles of Optics: Electromagnetic Theory
of Propagation, Interference and Diffraction of Light [ M ].
Cambridge UK Cambridge Univ Press, 1999

14 P. W. Anderson. Absence of diffusion in certain random lattices
[J]. Phys. Rev., 1958, 109(5): 1492~1505

15 P. W. Anderson, D. J. Thouless, E. Abrahams et al.. New
method for a scaling theory of localization [J]. Phys. Rev. B,
1980, 22(8): 3519~3526

16 N. Kumar. Resistance fluctuation in a one-dimensional conductor

with statis disorder [ J]. Phys. Rev. B, 1985. 31 (8):
5513~5515

17 Vadim Backman, Yang Liu, Young Kim e al.. Method for
identifying refractive-index f{luctuations of a target [P]. US 2008/
0278713 Al

18 H. Roy, Y. Liu, R. Walie al.. Four-dimensional elastic light-
scattering fingerprints as preneoplastic markers in the rat model
of colon carcinogenesis [ J]. Gastroenterology, 2004, 126 (4) .
1071~1081

19 S. B. Haley, P. Erdos. Wave-propagation in one-dimensional
disordered structures [ J]. Phys. Rev. B, 1992, 45 (12).
8572~8584

20 R. Rammal, B.
localization. 1. General framework and basic equations [J]. J.
Phys. (Paris), 1987, 48(4) . 509~526

21 X. Li, Z. G. Chen, A. Taflove et al.. Equiphase-sphere
approximation  for light

Doucot. Invariant imbedding approach to

scattering by  stochastically
inhomogeneous microparticles [J]. Phys. Rev. E, 2004, 70(5)
056610

22 1. R. Capoglu, J. D. Rogers, A. Tafloveet al.. Accuracy of the
Born approximation in calculating the scattering coefflcient of
biological continuous random media [ J]. Opt. Lett., 2009,
34(17) . 2679~2681

0317003-7



