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Optical Tamm States in Metal-Distributed Bragg Reflection-Metal
Structure with Graphene

Yang Shudan, Li Peili’, Zhang Ruoyu
College of Electronic and Optical Engineering & College of Microelectronics, Nanjing University of

Posts & Telecommumnications, Nanjing, Jiangsu 210023, China

Abstract

Objective Optical Tamm state (OTS) is a new type of surface-localized state, which can be excited at the interfaces
between metal and distributed Bragg reflection (M-DBR) or between two photonic crystals. The electric fields of
OTSs are localized at the interfaces and intensity of the electric fields decays because it is away from the interfaces.
Compared with the traditional surface states, OTS has a high-intensity local mode and perfect absorption of incident
electromagnetic wave and has a narrower linewidth, which can be excited by transverse electric (TE) and transverse
magnetic (TM) polarized waves at a wide-angle range incidence. Researchers have conducted several studies on
OTS, but the structural parameters are fixed. Besides, they do not have the tunability and cannot expand the
application field. Thus, the emergence of tunable structures is an inevitable tendency. Graphene is a new type of
two-dimensional (2D) carbon atom material with special optical and electrical properties, which can interact with
incident electromagnetic waves. By changing the chemical potential (v), the conductivity can be adjusted to achieve
tunable absorption.

In this study, we propose a metal-DBR-metal ( M-DBR-M ) structure with graphene based on the local
characteristics of OTS and the electronic control characteristics of graphene.

Tuning intrinsic wavelength by adjusting the driving voltage. The proposed structure can provide references for
the research and design of photonic devices, such as sensors, absorbers, narrow-band selective filters, and optical
detectors based on OTS.

Methods In this paper, the dielectric constant of the metal layer is modeled using the Drude-Lorentz dispersion
model. The influence of the graphene layer on dielectric interface continuity is considered. Thus, the modified
transfer matrix method is used instead of the traditional transfer matrix method. The proposed structure is simulated
using the COMSOL multiphysics software. The influence of material dispersion is neglected. We assume that the
structure is in the air, and light incident into the structure from one side of the metal layer. The changes in the
structure absorption spectra and intrinsic wavelength of OTS are compared and analyzed. The influence of the
periodicity of DBR, the thickness of the metal layer, and driving voltage on the intrinsic wavelength, tunable range,
and absorptivity of the structure are investigated.

Results and Discussions There are two absorption peaks in the absorption spectrum of the M-DBR-M structure
(Fig. 2). The electric field is localized at the interface between the two M-DBR. The electric field intensity
decreases with distance away from the interface (Fig. 4). OTS 1 and OTS 2 correspond to absorption peaks 1 and 2,
respectively. With the increase in driving voltage, the intrinsic wavelengths of the two OTSs in the M-DBR-M with
graphene structure blue-shift until the driving voltage is greater than the abrupt change voltage of graphene, the
intrinsic wavelength blue-shift tends to be stable (Fig. 5). The maximum-tuning range is determined by the intrinsic
wavelength shift corresponding to the abrupt voltage. Thus, the intrinsic wavelength of OTS can be dynamically
adjusted in a certain range by electronically controlled graphene. With the increase in DBR periodicity, the intrinsic
wavelength of OTS 1 is red-shift with the maximum amplitude of 102 nm, and OTS 2 is blue-shift with the maximum
amplitude of 100 nm. After applying the abrupt voltage, the tunable range of OTS 1 and OTS 2 hardly changes with
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the DBR periodicity. The absorptivity of the structure changes little without voltage or the abrupt voltage is applied;
thus, it is robust to the fluctuation of the DBR periodicity (Fig. 7). With the increase in the thickness of M 1 and
M 2, the intrinsic wavelengths of OTS 1 and OTS 2 are blue-shifted without voltage and with abrupt voltage.
However, the tunable range almost do not change with the thickness of the metal layer. The absorptivity curve
increases first and then decreases with the increase in M 1 thickness and increases with the increase in M 2 thickness
(Figs. 8 and 9). The metal layer M 1 thickness in the range of 25-30 nm, the absorptivity has the optimal value.
However, the absorptivity has a maximum value when the thickness of M 2 is 70 nm.

Conclusions Based on the local characteristics of OTS and the electrical control characteristics of graphene, a
metal-DBR-metal structure with graphene is proposed and the theoretical model is improved. The proposed structure
is simulated using COMSOL software. The results show that the intrinsic wavelength of OTS has a red-shift compared
with the M-DBR-M structure. The driving voltage regulates the intrinsic wavelength continuously and dynamically
within a certain range. The maximum-tunning range is determined by the abrupt voltage. With the increase in the
DBR periodicity, the structure tunable range is 9-10 nm, and hardly alters with the DBR periodicity. As the
thickness of the metal layers M 1 and M 2 increases, the tunable range hardly alters with the thickness variation of
the metal layer. When the thickness of the M 1 is in the range of 25-30 nm, the absorptivity has an optimal value.
The absorptivity curve increases with the thickness of M 2. The metal layer M 2 shall be thicker to improve the
absorptivity of the structure. Qur research shows that by introducing a graphene layer and rationally designing
structural parameters, a tunable structure with high absorptivity and absorption peak position can be obtained.
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