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High-Performance Plasmon Bio-Sensor with Grating Profile
based on Metallic Layer
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Abstract An analytical model based on a modal transmission-line theory (MTLT) is developed to
investigate the optical transmission through metal gratings. This model gives well physical meanings for
the transmission as well as for the dispersion relations of the modes responsible for high transmission.
These concepts provide accurate information even for real metals used in the visible~near-infrared
wavelength range, where surface plasmon polaritons (SPP’s) are excited. Furthermore, the dispersion
relations allow the nature of the propagation modes to be assessed. The propagation modes are hybrid
between Fabry-Pérot like modes and SPP’s. It is important to consider different period and aspect ratio
of metal gratings in order to determine the nature of the hybrid modes. In this paper, the sensing
characteristics and mode propagation phenomena of high-performance plasma bio-sensors that depend

on these variables were clearly analyzed.
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Fig. 1. Schematic diagram of the SPR sensor based
on metallic diffraction grating.
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Fig. 2. Equivalent transmission-line network for
metallic diffraction grating structure.
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Fig. 3. (Color Online) Angular curves of SPR sensor
with two different analyte at Au monolayer.
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Fig. 4. (Color Online) Angular curves of SPR sensor
with six different analyte at Au monolayer.
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Fig. 5. (Color Online) Angular curves of SPR sensor
for variable aspect ratio and period at Ag
monolayer.

ZF719] Hi5to] bio-sensord Z& HEE
Ao,

IHoA Hizo], A=Y 24E n,7t S71ES
dipg A= 39 A=t F9 3 AolM= A
A3 29 3}d gL Hopls AAL Lehygl
ot 3L 29 33 2k dipe AR 4k 3t &
9] 314 A< dip2 ARSSH AL ARt 2 AS S 5

olet. 19 30 A9, 29 9414 2= — 370} —4%}
A9 Zx Ar: 7zt = |A0 /An |:72
deg/RIUS} 178 deg/RIUS} % ‘3}2“1 &9 3E A=
+ 1242} + 2240 A 9] e = Z42F 32 deg/RIUSE
44 deg/RIUSE Zo] A EE BTt

o], EAE9 F4E°] 1.32914 1.3771A] W}
sol whe} + 13} 5 AARY] dipS QEFKOR 0|53

T — 4% 995 dipS AZOZ olFlsick 1 A%
o] % dip Alole] 7+ Walrt A Hol7} = A
< QlJst 2 9lr}. WulslA| + 12} dipy — 43} dipit
o8 7I: LS BASH. A Hr}, w2 Hls T
dip Alole] 714 Wske Flto g 71 et et
O 52 4= 44 e A 5 Aok 29 3(b)el
A, n,=1.329] A9 6_,—0,, =31.85" 0] 1.37
6_,—0,,=2145"o|B2 % 79| dip& 1= o|F
Ze el S, =208 deg/RIUSH Zo] 4L 4= Qlth

EEEE]

Ire

09 -
n_=1.01
a
—na=1402
n_=1.03
a
na=1A04

=
@

Reflectivity
o
~

0.6
05 =00
na=1A06
0.4 : : : : : : : :
10 20 30 40 50 60 70 80
Incident Angle 6. (Deg.)
J3 6. Ag THE0IM 6 7HX| CHE 24 SHOf| gt SPR

A1|kio| 2tE ZM,
Fig. 6. (Color Online) Angular curves of SPR sensor
with six different analyte at Ag monolayer.
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Fig. 7. (Color Online) The magnetic field distribution
(| H,|) for TM mode at (a) Au, and (b) Ag
monolayer.
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Fig. 8. (Color Online) Contour plots of reflection

spectra for different wavelengths and grating
thicknesses, in which the metal is Ag.
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