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Fig. 1. The schematic diagram of single metal waveguide-
cavity side-coupled structure. The MDM waveguide is con-
sisted by silver-air-silver. The width of air layer is w,. The
length and width of metal microcavity are L and D, re-
spectively. A slit is used to connect the waveguide and mi-
crocavity. The width and height of slit are denoted as C
and S, respectively. The center-to-center distance between
slit and cavity is denoted as dy,.
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Fig. 2. As the location offset of slit is fixed (dy, = 120 nm), (a) the transmittance spectra of structure with the different width C,
(b) the Q factor of structure versus the width C. The amplitude distribution of magnetic field at the resonant wavelength of struc-
ture with width C = 100 nm is also shown in the inset of Fig. 2(b). (¢) The transmittance spectra of structure with the different
location offset dy,; (d) the @ factor of structure versus the dy,. The length and width of microcavity are L = 650 nm and D =
200 nm, respectively. The thickness of waveguide wy = 200 nm.
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Fig. 3. The schematic diagram of metal waveguide-double
microcavities side-coupled structure. A other microcavity is
introduced into the structure shown in Fig.1. The two mi-
crocavities are numbered as (D and @), respectively. The
width of air layer is wj.
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Fig. 4. (a) The transmittance spectra of waveguide-mi-
crocavities structure. The red line and blue dotted line de-
note the results obtained from FDFD simulation and
TCMT, respectively. For comparison, the transmittance
spectra of the single waveguide-microcavity are shown with
black dashed line; (b) for waveguide-microcavities structure,
the phase of output wave versus the wavelength. In simula-
tion, the parameters of structure are L; = 650 nm, D; =
200 nm, S§; = 200 nm, ¢} = 100 nm, dy,; = 120 nm, L, =
625 nm, D, = 200 nm, S, = 250 nm, C; = 40 nm, dy, =

80 nm and wy = 200 nm.
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Fig. 5. The peak value of transmission and the FWHM of
EIT window versus the width C; of slit. In simulation, the
geometrical parameters of structure are L; = 650 nm, D; =
200 nm, S; = 200 nm, C; = 100 nm, dgy; = 120 nm, L, =
625 nm, Dy = 200 nm, S, = 250 nm, dypy = 80 nm and

wyg = 200 nm.
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Surface plasmon induced transparency in coupled
microcavities assisted by slits

Chu Pei-Xin  Zhang Yu-Bin  Chen Jun-Xue

(School of Science, Southwest University Of Science and Technology, Mianyang 621010, China)
( Received 12 March 2020; revised manuscript received 16 June 2020 )

Abstract

The coupled waveguide-microcavity structure has a wide range of applications in optical filters and optical
modulators. The optical transmission properties of structure are mostly determined by the coupling strength of
the modes. In the conventional waveguide-microcavity structure, the mode coupling is finished by the form of
evanescent field, which is usually achieved by controlling the geometric spacing between waveguide and
microcavity. Surface plasmon polaritons are the excitations of the electromagnetic waves coupled to collective
oscillations of free electrons in metal. Since the electromagnetic waves are attenuated sharply in the metal, this
requires precise control of the spacing between the waveguide and the metal microcavity, and poses a great
challenge for controlling the coupling of modes in the metal waveguide-cavity structure. In this paper, we
proposed a scheme of using a metal-dielectric-metal waveguide side coupling metal microcavities to overcome
this limit. Based on the resonant characteristics of the Fabry—Pérot mode in the metal microcavity, a slit is
introduced to connect the waveguide and microcavities. By adjusting the width and the offset location of slits,
the leakage rate and coupling strength of the mode in metal microcavity can be controlled. The finite difference
frequency domain (FDFD) method was used to numerically simulate the electromagnetic properties of structure.
First, we have studied the transmission behaviors of surface plasmon polaritons in the system consisted by
metal waveguide and single microcavity. As other microcavity is introduced to the structure and connected the
original microcavity by slit, the electromagnetically induced transparency phenomena based on surface plasmon
polaritons are demonstrated in the coupled metal waveguide and double microcavities structure. As the width of
slit connected the microcavity is increased, the transmission peak of structure and the full width at half
maximum of the transparency window also increase accordingly. The change of the geometric parameters of slit
will modulate the resonance characteristics of structure, and the corresponding physical mechanism is explained
by the temporal coupled mode theory. In our works, the metal waveguide and microcavities are coupled by the
energy leakage of microcavities assisted by slits, which breaks the limit of separation distance between metal
waveguide and microcavity, and contributes to the manufacture of devices. The results of the paper will have

applications in designing the compact photonic devices based on surface plasmon polaritons.

Keywords: electromagnetically induced transparency, surface plasmon polaritons, finite difference frequency

domain method, temporal coupled mode theory
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