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Abstract: Surface plasmon polariton (SPP) are waves that propagate along the metal鄄dielectric interface
with exponentially decaying electromagnetic fields in both sides of the media. The strip surface plasmon
waveguide has long been considered a useful device to achieve highly integrated optics. Analysis of SPP
excitation and propagation characteristics in the waveguide by relying on a classic model, namely, Drude
was presented. This research is conducted from visible light to near infrared incident wavelength. Strip
SPP metal waveguide mode field distribution was studied. Results show that when the thickness of the
metal remains constant and its width increases, the electromagnetic field distribution becomes increasingly
concentrated in both sides of the strips. When the width of the strip is unchanged, thickness increases and
the electromagnetic field distribution becomes increasingly focused on the metal inside. A long incident
wavelength means that the concentration of metal strip around the electric field is small. Long incident
wavelength can also lead to inter鄄channel interference. That is, having a large wavelength means one
must select a wide strip waveguide. This study, which is about spontaneous radiation characteristics from
840 nm to 910 nm strip waveguide, reveals that a small part of radiation is evanescent to the metal area
in the surface plasmon evanescent radiation patterns. Application design and analysis indicate that
complete transfer of energy only occurs once in the limited transmission distance of the strip SPP
waveguide. When the wavelength is long, the concentration field is reduced and coupling is reinforced.
The designed coupler can realize optical WDM in 1 310 and 1 550 nm.
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近红外波长下 COMSOL 软件实现新型耦合器的设计

高玉双 1，孙金岭 2

(1. 长春汽车工业高等专科学校 公共教学部，吉林 长春 130013；
2. 兰州理工大学 经济管理学院，甘肃 兰州 730050)

摘 要院 一直以来条状表面等离子波导被认为是实现高集成光路的有效器件，首先采用经典的 Drude
模型对条状波导中 SPP 激发与传播特性完成了分析。针对可见光到近红外入射波长的条件完成了条
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状 SPP 波导的模场分布的研究，得出，当金属的厚度不变宽度越大，电磁场分布就越集中在条状波导

的两侧；当金属条状的宽度不变，厚度越大时电磁场分布会越集中在金属内；入射波长越长会使得金

属条状周围电场的集中越小，且还会导致信道间的干扰。利用得到的条状波导特性进而设计了一种新

型的耦合器，器件设计结果表明：条状 SPP 波导在有限传输距离上能量完全转移只发生一次；波长较

长时，场的集中度减小，耦合增强；条状 SPP 波导耦合器可以实现 1 310 nm 和 1 550 nm 的光波分复

用。这一研究对光子器件的发展有一定的理论和实际意义。

关键词院 条状波导； Drude 模型； 自发辐射； 光波分复用
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0 Introduction

Surface plasmon polariton (SPP) are waves that
propagate along the metal鄄dielectric interface with
exponentially decaying electromagnetic fields in both
sides of the media [ 1 ] . This unique property of SPP
suggests an intriguing approach to localize and guide
light in sub鄄wavelength metallic structures, which
offers the potential to miniaturize the sizes of photonic
devices into subwavelength scale [2]. Many applications
based on SPP have been explored in recent years,
which significantly lead to the development for high鄄
density integration of photonic circuits [ 3 -4] . Scientists
first observed the phenomenon of surface plasmon
polarization resonance in 1920 [5]. Thereafter, scientists
explained the phenomenon of surface plasmon wave
resonance according to surface electromagnetic wave
excitation theory on the interface of metal and air [6-7].
The concept of the SPP was introduced. SPP refers to
the electron density wave produced by the interaction
between free vibratory electrons and incident photons
exiting on the interface of the medium and metal [8-10].
Plasmon consists of charged particles, such as
electrons, ions, and neutral particles (e.g., atoms,
molecules, and particles). The field distribution of a
surface plasmon wave has the following general
features. First, the field distribution along the interface
direction is highly localized. Second, the surface
plasmon polarization wave, which is parallel to the
direction of the interface, can be transmitted [11].
However, the surface plasmon polarization wave
decreases in indexation form during the transmission

process because of metal loss [12]. This rate of
attenuation is very high. In the study of strip SPP
waveguide, the more representative is Nezhad. It
requires 1 260 cm -1 gained compensation to achieve
LRSPP nondestructive spreading in the Ag stripe
membrane structure [ 13 ] ; It is 10 times smaller than
familiar SISPP [14]. Genov et al. utilized a semi鄄
conducting InGaAsP silver film and found that the
quality factor (Q) of the designed structure can reach up
to 4 000. The gained compensation is low
(approximately 200 cm-1) when the incident wavelength
is 1 400 nm. LRSPP stimulated radiation was first
designed by Ambati. It is a metal striped structure of
Erbium doped glass, and it can be observed in the
incident wavelength of 1 532 nm. Gather et al.
precisely measured the size of LRSPP spontaneous
radiation in a polymer gained gold membrane structure
designed at 532 nm incident wavelength [15-16]. Current
studies on strip SPP waveguide mostly focus on the
field of gain optimization, most of studies on the
characteristics and application of strip SPP are scarce.
With this background, the present research investigates
the characteristics and coupler application of strip SPP
by relying on the Drude model.

1 Propagated characteristics

Figure 1 provides a sectional view of the strip

Fig.1 Strip waveguide
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waveguide. The following subsections analyze the
propagated characteristics of SPP in the waveguide.
1.1 Wave equation of SPP

In metal, conductivity is a function of frequency
from the Drude model.

= Ne2
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where m is electronic quality, e is the electronic
charge, D is the damping constant per quality with a
typical magnitude order of 1014 s-1. N is the number of
electronic per unit volume. In the optical frequency
area, is greater than D. The imaginary part of
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The relative dielectric constant of the metal is
made up of bound electron contribution and free

electron contribution i
0

. However, when does

not approach the resonant frequency, the contribution
of free electrons is greater than that of the bound
electrons. Eq. (1) can then be used to replace , and
the relative dielectric constant of the metal can be
written as:
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The above equation results in a logogram.
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where p
2 以 Ne2

m 0
is the plasmon oscillation frequency,

m=9.91伊10-31 is the static quality of the electron, N
is the number of electrons per鄄unit volume, e=1.602伊

10-19 is electronic power, 0=8.854伊10-12, and D= 1
D

is damping constant.

1.2 Electromagnetic field
An important feature of SPP is that it can

produce electromagnetic resonance under the condition
of coupling and convert the electromagnetic energy
into energy of SPP. Owing to this property, SPP can
only be coupled with TM(p) wave instead of aTE(s)
wave. To understand SPP transmission, one must
analyze the relationship between wave vectors. In the
rectangular coordinate system, we set the
dependencies for harmonic electromagnetic wave and
time as 鄣 /鄣 t=-j . The x-axis represents the harmonic
electromagnetic wave propagated directions, and the
system in the y -axis is constant. The Maxwell忆 s
equations of TE and TM in air are as follows:
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鄣Hy鄣z =j 0 Ex

jkHy=-j 0 Ez

扇

墒

设设设设设设设缮设设设设设设设

(5)

where 0 is the vacuum dielectric constant, is the
dielectric relative dielectric constant, 0 is the vacuum
magnetic permeability, and k is the wave vector
(electromagnetic waves along the direction of
propagation). The following investigation is about
answer to bounding on the surface of spreading TM
mode field. Using Eq.(5) in the half space can result in:
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where k1 and k2 represent the wave vector, which is
vertical to the interface (z axis) in two types of
materials. Their reciprocals, z1,2 =1/|2k1,2 | , define the
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penetrating distance when the electromagnetic field
intensity decreases to e-1 along vertical direction within
two substances, namely, metal and medium skin
depth. The physical parameters further quantify the
bondage degree of electromagnetic field on the
material surface. The electromagnetic waves in the
metal and medium skin depth are:

z1= 1
k0

1+ 2
2
1姨 and z2= 1

k0

1+ 2
2
2姨 ,

where k0 =2仔/ is the free space wave vector. The
successional requirements when Hy and iEz is on the
interface are:

k2
k1

=- 2

1
(7)

According to the index sign of the traditional
definition in Eq. (7), k1 and k2 must be greater than
zero. If 2跃0, then Re[ 1]约0. The surface wave exists
only in one condition: the real material dielectric
constant component on both sides of the interface
must have opposite signs. By clearing up the second
and third types in the TM mode equations of Eq. (6)
and then substituting the Ex Ez equations into the first
type, the obtained Hy should satisfy the wave equated
expression:

鄣2Hy鄣z2 +(k2
0 -k2)Hy=0 (8)

Substituting expression Hy in Eq. (7) into the

above equation results in k 2
1 =k2-k 2

0 1 and k 2
2 =k2-k 2

0 2.
Combining the two equations yields the dispersion
relations; the SPP wave spreads on the interface.

k=k0
1 2

1+ 2姨 (9)

Expression is applied to any 1 value (whether
real or imaginary, that is, whether the electromagnetic
wave is attenuating or not). It is applicable in
conductor circles constantly. For the incident TE
model electromagnetic wave, the expressions of
electromagnetic field can be written as follows:
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The continuity of field components in the boundary
surface of Ey and Hz indicates that A1(k1+k2)=0. Given
that producing the surface electromagnetic wave
requires Re[k1]跃0 and Re[k2]跃0, the requirements can
be met only at the condition of A1=0, namely, A2=A1=0.
This condition means that under the lighting of TE
polarized irradiation, the intersurface of the metal and
medium will not stimulate a boundary surface wave or
that the SPP wave can only be generated under the
condition of TM polarized light.

2 Field distribution simulation

2.1 Field distribution
When setting the light wavelength of the excited

signal in free space, 0越0.63滋m. The relative dielectric
constant of the surrounding medium material is ,I =
2.6. The relative dielectric constant of the metal belt

is ,m=-19-j0.53. The SS
0
b mode field distribution in

the optical waveguide of the metal belt obtained
through COMSOL analysis is shown in Fig.2.

Fig.2 Metal strip waveguide mode field distribution

The figure shows that when the thickness of the
metal strip (Ag) t remains invariant, the width of
increases, and the field distribution becomes
concentrated on both sides of the metal belt up and
down. When the width of the metal belt is

0604003-4

(a) =0.5 滋m, t=40 nm (b) =1 滋m, t=40 nm

(c) =4 滋m, t=40 nm (d) =4 滋m, t=30 nm
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unchanged, its thickness increases, and the field
distribution becomes concentrated because when t is
large, more field distribution exists in metal. Next, we
need to consider how to select the parameters of the
metal belt when the wavelength of light irradiation is
the same. Figure 2 presents the mode field distribution
of the metal belt in the case of different wavelengths.

Figure 3 shows the mode field distribution of the
metal strip waveguide in the case of different
wavelengths. Analysis of Fig.3 shows that when the
width of the metal belt decreases, the increase in
working wavelength reduces the concentration degree
of the electric field around the metal band. This
condition will cause interference between the channels;
therefore, when the wavelength is large, a wide band
should be selected.

Fig.3 Different wavelengths metal strip waveguide mode field

distribution

2.2 ASE intensity
Figure 4 shows the strip waveguide spontaneous

radiation spectrum of three different amplified lengths
of la under the condition of 840 nm 臆 臆910 nm.
When the magnified area reaches the full width at
half maximum of 8 nm, la=l (narrow width) and the

Fig.4 Three different enlarged areas of length SPP

spectrum becomes narrow. ASE in the central area is
characterized by an obvious downward trend in
intensity, and the structure reveals that the area is the
metal strip. With anti鄄embrittlement state loss, most of

tradiation from strip waveguide area is evanescent to
the metal area. A small amount of radiation in the
radiation mode of the surface plasmons is also
evanescent to the metal area.

3 Coupler of design

The symmetric design of the coupler is shown in
Fig.5. The coupler is then applied to the Ag strip
structure, the width and thickness of which are 8 滋m
and 50 nm, under the two wavelengths of =1 330 nm
and =1 550 nm (coupler operating characteristics).

Fig.5 Schematic diagram of a wavelength division multiplexer

When =1 550 nm, according to r,m=-105.34+10.42i,
the normalized propagated constant is calculated to

obtain
0
=1.625+i6.37伊10-5. The field distribution is

shown in Fig.6 (a). When =1 300 nm, according to
r,m=-75.17+6.32i, the normalized propagated constant

is calculated to obtain
0

=1.619 +i7.53 伊10 -5. The

field distribution is shown in Fig . 6 ( b ) . Assuming
that the light energy inputted directly from coupler
port 1 and port 2 does not provide any input and by
selecting the directed coupler length of 114 滋m, the
power distribution of two waveguides in two different
coupler wavelengths can be obtained, as shown in
Fig.6(a) and 6(b). If two types of optical signals are
inputted from port 1, the inputted wavelengths are =
1 300 nm and =1 550 nm. After the direct coupler,
the optical signal whose wavelength is =1 300 nm is
outputted from port 3. The optical signal whose
wavelength is =1 550 nm, is outputted from port 4.
The light wave decomposed multiplexer and the
symmetry of the directed coupler can then be
determined. If the optical signals whose wavelengths
are =1 300 nm and =1 550 nm respectively enter

0604003-5
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from ports 1 and 2 into the directed coupler(length of
114 滋m) and if both light signals are outputted from
port 1, the function of this is light wavelength
division multiplexer.

Fig.6 Light wavelength

4 Conclusion

The wave equation and dielectric constant in the
metal strip waveguide were expanded in this study
through formula deduction. The plasmon transmitted
characteristics were introduced on the surface of the
metal belt in detail, and analogue simulation was
conducted by using the software COMSOL. When the
thickness of the metal strip is invariant, the width of

increases and the field distribution becomes
increasingly concentrated on both sides of the metal
belt (up and down). When the width of the metal belt

is unchanged, its thickness t increases and the field
distribution becomes increasingly concentrated. Its
influence (i.e., change in wavelength to surface
plasmons) was also investigated. In conclusion, the
increase in working wavelength reduces the
concentration degree of the electric field around the
metal band. This condition, in turn, causes
interference between channels. Therefore, when
wavelength is large, a wide band should be selected.
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