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Abstract: We theoretically studied the effect of a metal disiens on the propagation loss of surface plasnuaripons
(SPPs) in a metal-semiconductor-semiconductor (MB82 propagation loss of surface plasmon polasi{@&@PPs) is studied
at the interfaces between metals and active m&tie propagation loss is calculated at the waveklekgt 550nm for different
widths and thicknesses of a gold layer. Also it basn observed the variation of the propagatios Vath the height of the
Al,Ga.,As which is between the gold film and high refraetsemiconductor. We analyze metal-semiconductoiessductor
(MSS) waveguide by using the effective-index metf®id/) and the finite-difference-time-domain (FDTDiethods.
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achieved between field localization and propagatasses.

[9]. To reduce the propagation loss of the SPP mousti-
itStripe configurations were proposed by [10]. Gaid ailver
stripe  waveguides with multi-stripe configurationgere
investigated at a wavelength of 1.pg [11]. Various types
of plasmonic waveguides have been analyzed. Stripe

1. Introduction

Waveguide geometrical parameters define by
dimensions and refractive indices of layers, s@fplasmon
polaritons (SPPs), which are electromagnetic watres
propagate along metal-dielectric interfaces and agec : , ) ° ;
exponentially along the two sides [1]. Surface piass can Waveguides based on a single thin metal film preva
be described macroscopic electromagnetic theorythée elatively high propagation length, i.e. low modzdses, but
electron mean free path in the metal is much shéren the suffgr from low field confinement [121. Several d_1|et|cal
plasmon wavelength [2]. studies have focused on_the use of f[hln metglesi_rqnlqh as

Surface plasmon polaritons (SPPs) are surface wattae gold or silver embed_ded in a_dlelectrlc materiagjtide I.|ght
interface between metal and dielectric media. Thi¥ Optical waveguide devices [13,14]. Many differen
propagation losses, including intrinsic and ohroislarising Plasmonic waveguiding configurations have been psed
from metal absorption as well as scattering losiigwo the ~and demonstrated over the past few years [15].
variations of the metal surface morphology and iéation This paper reports propagation loss calculatiomginto
imperfections are inevitable in plasmonic wavegsiga]. account for various waveguide dimensions. Different
Due to their tight binding at the interface, th@nde used numerical methods have previously been successfully
for controlling light at nanoscale levels Furthermothe Ulilized in the analysis of optical waveguides.
propagation losses may vary significantly from ctme to e study the effect of different waveguide parametn
structure [4,5]. the . propagation  losses _of mgtal—semlconductor-

In order to reduce the propagation loss of the SRege  S€Miconductor (MSS) waveguide devices using a two-
the light must be kept in optical waveguides, theppgation dimensional (2D) finite-difference frequency-dom@iDFD)
loss of the SPP waveguide can be decreased taHassy Method [16].
dB/cm, not only by lowering the refractive indextbé clad .
material, but also by optimizing the metal struet[6-8].The 2. Wavegwde Structure

propagation losses are typically associated witRsS&ue to . .
the losses in the metal, and a fundamental tradesffto be | "€ waveguide geometry is composed of a metal l@yer
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low index dielectric layer and a high index dietactayer as
Au, Aly.sGa-As and Ab.,Ga ¢As. Its dimensions ang, t and

255

to the metal-dielectric interface, decaying expdiadly in
both perpendicular directions to the interface.

h, as shown in Fig. 1. At a 1550 nm wavelength &feactive In our work, the propagation loss of a structureswa
indices for these materials amg= 0.55+ 11in,= 2.9755 and calculated for different waveguide parameters liizirtg the
n;=3.1752 respectively [10]. There are three waveguidcalculated effective indexes methods. We simulated the

parameters that must be taken into account fomigsition
of the waveguide the heightof the low-index dielectric, the
width w of the metal strip and its thicknessWe first study

structure by the finite difference time domain (ADT
method .The important parameter that charactetimesnode
is the effective index modgy which is defined agy; = K/ k,,

the effect of the metal film widthv, then the effect of its wherek andk, are the propagation constant of the hybrid
thicknesst. Finally, we examine the effect of the height mode and the free space wave.

low-index dielectric. This paper is organized akofes; the R

finite-difference frequency-domain (FDFD) methoduised g0 .

in calculations of the propagation loss.
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Fig. 1. Sructures of MSSwaveguide.

Il Il I
400 500 600
(nm)

L
300
Au width

I I
100 200 700

3. Simulation Resultsand Analysis

Fig. 2. The propagation losses of the gold stripe as a function of width w.

The analyzed straight waveguide structure is similahat 10
investigated experimentally [8]. The geometry of BPP is .

simulated as shown in the Fig. 1, by the finitdedénce time Al A
domain (FDTD) method. We suppose the propagation
direction is along the axis, and the electric field can then be _ 3s5; e 2
written in the form E e
g ° » *
E(x,y,z) = E(x,y)e'* @) : 250 /"/ 1
Where E(x, y) denotes component of the electric field in f 2l ,// i
the x y plane andpg is the propagation constant of the § /0'
travelling waves in the direction of propagatiorheTSPP & '3/ d )
modes and their dispersion relation can be chaiaetkby &l d i
the Helmholtz equation derived from Maxwell's eqoas /"
0.5F e i
= o
(Vz + g k(z))E = 0 (2) L L L L L L L L
0 0 30 40 50 60 70 80 90 100 110

where k, is the wavenumber in vacuum, andbeing the
complex permittivity. The propagating mode is rethto the

mode effective index according ﬁo=@= konegy
where 2 is the vacuum wavelength. It is instructive to For all cases, a height of the high-index dieledayer is
consider the SPP dispersion relation of a metdédiec fixed. To examine the effect of gold layer loss averall
interface is given by [1] propagation losses we have plotted the propagéties in
absence of high-index dielectric layer loss. Whiies layer
3) plays a significant role in limiting the propagatitoss, the
metal loss is the main limiting factor. We will §irfocus on
the effect of varying the width of the gold region on the
propagation loss with a fixed thicknetssf 50 nm, and show
these results in figure 2. In fact, we notice thhe

Au  thickness (nm)

Fig. 3. The propagation losses of the gold stripe as a function of thicknesst.
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whereeg,,ande,is the complex permittivity of the metal and
dielectric layers respectively. The solution of theve
equation must produce a propagating wave thatdalileed
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propagation loss of the structure mode becomesgiro
affected by gold width is continuously increased.

Then the propagation loss can be calculated fderdift
gold thickness over the range 25 nm to 100 nm with a fixed1]
width w of 400 nm and plotted as in figure 3. We found tha
the propagation loss of the SPP mode becomes btrong
dependence on the gold structure as its thickisesgieased. 2]
For thin layer the SPPs mode is confined clos¢héosurface
and the propagation loss is small. As the thickiesxreased,
the SPP is less confined and hence the propagkssnis
increased. The propagation loss is in linear khatiip and
more effectively when the thickness increases.

In figure 4 we show the calculated propagation Iss
different dielectric heighh to be adjacent to the gold- layer
and other parameters are fixed €250 nm and = 50 nm).
This is another possibility to control propagatloss of light
in our structure by changing height of the medium. [5]

The propagation loss increases when decreasingadiee
height and approaches the SPPs propagation atottleag
interface. This increasing in the propagation kssws that a

(3]

[4]

large portion of the mode spreads outward fromdibéectric [6]
material.
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Fig. 4. The propagation loss of the SPP with different dielectric height h. [12]
4. Conclusion
In conclusion, we theoretically study the propagatioss [13]
of the plasmonic waveguide through varying the idhd
thickness of the gold layer and also the heightthod
Alo.sGay As, the propagation loss of the waveguide is
effectively controlled by tuning metal dimensionsdacore [14]

height. The propagation loss of the SPP in thectira is
calculated by finding EIM of the structure. We hal®wed
that utilizing thin metal films in a MSS waveguidmn
increase the propagation loss with thick layers.e Th[1s]
propagation loss can be minimized by selecting italsie
dimension of gold layer and its adjacent semicotauc

The results indicate that the propagation losdsig affect [16]
by the height of dielectric constant between theamand
high refractive semiconductor.
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