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Fig. 1. (color online) Structure of 1 D rectangular grating: (a) the metal grating with width (w1) is marked

“A”; (b) the metal grating with width (w2) is marked “B”; (c) the composite metal grating is marked “C?;

(d) reflection spectrum of three gratings for TM light.
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Fig. 2. (color online) (a) The schematic of composite
grating with relative displacement AX; (b) reflection
spectra of the composite grating with different AX.
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Fig. 3. (color online) Electric field intensity distributions on the grating cross section at different resonant wavelength:
(a) Ares = 1205.2 nm; (b) Ares = 1209.7 nm; (¢) Ares = 1207.7 nm; (d) Ares = 1205.7 nm; (e) Ares = 1210.5 nm;
(f) the local electric field intensity distributions at the locations of Aj—Agz corresponding to the figures (c)—(e), and

the three locations have a same range (0.475 pm < X < 1.925 pm) in X axis direction.
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Fig. 4. (color online) (a) Reflection spectrum of the composite grating with different refractive indexes of annlyte,
the corresponding structure parameters p = 2400 nm, wi; = 300 nm, we = 800 nm, AX=0, h = 20 nm; (b) linear

regression analysis between resonant wavelengths and refractive index of analyte.
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Fig. 5. (color online) (a) Reflection spectrum of the composite grating with different refractive indexes of annlyte,

the corresponding structure parameters p = 2400 nm, w; = 300 nm, wz = 800 nm, AX=100 nm, h = 20 nm;

(b) linear regression analysis between resonant wavelengths and refractive index of analyte.
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Split modes of composite metal grating and its
application for high performance gas sensor”
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Abstract

To achieve the surface plasmon resonance (SPR) mode splitting in infrared wavelength band, and to improve the
figure-of-merit (FOM) of grating based SPR sensor, in this article we present a new composite grating structure, which
consists of double metal gratings, and study the gas sensing performance. Split modes of SPR in composite metal grating
are observed by using the finite difference time domain method. The original structure symmetry is broken and changed
with increasing relative displacement between the double gratings, as a result, the resonant modes move to opposite
directions. Calculated electric field distribution of the two separate resonant modes displays two different degrees of
coupling effect between the double gratings. When the relative displacement is further increased till the double gratings
are connected to form a new symmetrical single grating, the separate resonant modes will merge into another single
resonant mode. If the refractive index of analyte (n,) is in a range 1.01 < na < 1.05 and the relative displacement of
double gratings is zero, the wavelength sensitivity based on composite metal grating gas sensor reaches 1207.5 nm/RIU
(per refractive index of unit) and the FOM is obtained to be 1290.7, while the relative displacement of the double gratings
is 100 nm, for the double split modes the wavelength sensitivities are 1205.0 nm/RIU and 1210.0 nm/RIU, respectively,
and the corresponding FOMs are 1295.4 and 762.3. Therefore, the high FOM of the composite grating based on SPR

sensor possesses great potential applications in biochemical sensing.

Keywords: surface plasmon resonance, composite grating, mode splitting, gas sensor
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