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Analysis of GMR Phenomenon by Asymmetric Multi-layered Dielectric
Gratings
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Abstract A plane-wave incident upon asymmetric multi-layered dielectric grating as well as symmetric grating
structure generates space harmonics. Selected space harmonics among those harmonics can undergo strong resonance
scattering variations known as GMR(guided-mode resonance). In this paper, to clarify these effects, the field
propagation and dispersion curve inside the grating region are analyzed by using a rigorous equivalent
transmission-line theory(RETT) based on eigenvalue problem. The results show that, at the peak of a scattering
resonance, the reflected mode is almost identical to a leaky wave that can be supported by the grating structure.
Thus, it confirms to be occurred GMR effect associated with the free-resonant character of leaky waves at
asymmetric multi-layered dielectric gratings. Quantitative simulation results illustrating the behavior of typical
gratings are given, and the special case of normal incidence is discussed for TE and TM modes.
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Fig. 1. Schematic configuration of plane—wave incidence
in the cover region of asymmetric multi—
layered dielectric grating.
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Fig. 2. Dispersion curves for modes guided by
asymmetric grating configuration in Fig. 1:
(a) TE mode, and (b) TM mode.
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Fig. 3. Variation of reflection and transmission for

fundamental mode incident along wavelength:
(a) TE mode. and (b) TM mode.

W #7140 g A%, F A% o] obels ge
A%

BT
Wit =dEEE dAHE 45

n,=Jm(F+E)+nLI-(F+R)]

A AETEs kz s = B T, o gl 2
o ¥ Wk (surface wave) FEje] REE A
of age Fr)14e] fle AdTRoME oA
megto] s wm 1k °
ey Frlge] EEW gvn REw
Floquet 2=5°] Yehtes Fejz W

= ojelsh 2o $402 EAH,

mEge #4 Feye

£
N
2
=
o
4 r

2qm ,
kq—[ﬂoJrT]“L’a @)
) 99} 3242 Brillouin the]o} 712
e, 18 29

9] branch®
TA g uke} o] orkek(+2) 3} o

WK —2)& e} Ads s BE9 FF 1% 9K(space
harmonics)& LA AlIITHg==+1, +£2,--- ). 20 %4/

=9 71E7E e AE Atol9] wA A E A T
<] stop-band7}F A =™, o] 2] g stop-bandE= -
F2 G| 54 et a9 2004 Bl TESHTM
neo] AL 727 A(A/N) = 0.099 A(A/N) = 0.07

2 Rt
2
© 04 o] ; P/
o P i |
303 %
ey 02 c0
g o
< -1
0.1 J |T,1| J
== L) -2
0462 0466 047 0462 0466  0.47
(@
e [
W ™
o 03 ‘P,l‘ 0 H @ 1/77 '=
S ) |
= 02 B2 E
o c i
: &+ i
0.1 ===
|1'71| 6 ¢71 ¥4
0447 0451 0.455 0447 0451 0.455

Wavelength(A[um])
(b)

a2 4, opEbol| e 1st DX 2E0| HiALE 1 EX
T (a) TE BE, (b) TM 2E

Fig. 4. Variation of reflection and transmission for
1st higher—order mode incident along
wavelength: (a) TE mode, and (b) TM mode.
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Fig. 6. Behavior around normal incidence for reflected
surface: (a) dispersion curves, (b) amplitude

variation

, and (c) phase variation of
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mode incident along incident angle.
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