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This report is devoted to the investigation of the dispersion and the spatial distribution of the electromagnetic field
of the surface type waves that propagate along the planar waveguide structure. This structure consists of the left-handed
material slab, bounded by the semi-infinite regions of ordinary dielectric with constant permittivity and permeability.
The wave considered propagates along the interface between left and right handed materials. The obtained results can

be useful for the future image processing applications.
PACS: 52.35g, 52.50.Dg

1. INTRODUCTION

In recent years the new artificial materials have been
created with both negative effective permittivity and
effective permeability over some frequency ranges [1].
The materials of such type (with negative refractive
index) are often called left-handed materials, because
Poynting vector in such media is opposite to the
wavevector. The idea of a negative refractive index opens
up the new conceptual frontiers in science and
technology. Waves, that propagates in such materials
possesses a lot of interesting properties [2]. Devices,
based on the left handed materials are the matters of
intensive theoretical and experimental studies. Such
structures have a high potential for the future image
processing applications due to unprecendented flexibility
in electromagnetic waves manipulating and producing
new functionalities. One of such intriguing example is the
concept of a perfect lens that enables imaging with sub-
wavelength image resolution [2].

The resolution of optical systems equals the
wavelength of light and does not allow resolve features
smaller than this size. The reason of this consists in the
fact that the high spatial harmonics that describe the sub-
wavelength details of image are evanescent modes. Such
modes do not propagate and decay exponentially on a
wavelength distance from the object. So, the transmission
of evanescent modes is an issue of the day for the modern
optics, data storage, optical lithography, imaging of living
objects and so on.

The sub-wavelength imaging becomes possible due to
the resonant excitation of the surface plasmons on the
surfaces of left-handed materials by evanescent waves
existing near an object [3]. These surface plasmons
subsequently excite the evanescent waves reproducing the
object’s near fields in the image plane. In this way the
super-resolution is achieved by the amplification of near
fields by the surface plasmon resonances.

The surface plasmon/polariton modes existing near the
boundary of such a left-handed medium with an ordinary
right-handed medium were investigated in this work.

2. PROBLEM FORMULATION

A . This material is characterized by the permittivity and
the permeability that depends on the wave frequency. The
left-media slab is surrounded by the ordinary dielectric
with constant permittivity &, and permeability g, . The

diagram of considered geometry is shown in the Fig. 1.
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Fig. 1. The diagram of the geometry of the considered
planar waveguide structure

The left-handed material slab is characterized by the
experimentally obtained expression for the effective
permittivity, which is usually used in the majority of
theoretical studies [4]:
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e(w)=1—%, (1)

where @, is plasma frequency which value is about of

some GHz for the most artificially constructed left-handed
materials [4]. The effective permeability of such materials
can be written as:

Fo’
HO)=l-——s, @

o
where @, is the characteristic frequency of left-handed
materials with the value about of some GHz. In further
study it was considered the left-handed materials with
w,=10 GHz and ®,=4 GHz and the parameter
F =0.56 [5].

Let us consider the surface waves that propagate along

the interface between the left and right handed materials.
It was assumed that the dependence of the wave

) ] components on time t and coordinate z can be
It was considered the propagation of the expressed in the following form:
electromagnetic wave in the planar waveguide structure o expli(k Z'—a)t)] 3)
that consists of left-handed material slab with thickness U, '
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For the considered waveguide structure the Maxwell’s
equations that govern the wave propagation split into two
independent subsystems. One of them describes the waves
of p- polarization and another — the wave of S-
polarization.

The wave of p - polarization possesses the dispersion
relations in the following form:

g(@)h =—-g x coth(Ax/2), @)
g(w)h =—¢g xtanh(Ax/2), &)

k= —s(@u@k,  h=yk - euuk’

k=w/c,were C is the speed of light in vacuum.
In the region of left-handed material the wave field
components, normalized on the H, (0) , can be written as:
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where C, and C, — are the wave field constants.

The wave field components, normalized on the H (0)

component in the region of left-handed dielectric possess
the form:

Hy(x) = ehx’
kzehx 7
E,(x) = o (7
d
ihe™
E,(x) = o
d

In the region of the ordinary dielectric the wave field
components, normalized on the H,(0), can be written as:

H,(x) = Be™,
ke ™
Ex(x) = : ? (8)
ke,
he—hx
E,(x) = -iB ,
ke,
where B is wave field constant. These wave field
constants are of the following form:
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Similarly, the wave of S- polarization possesses the
following dispersion relations:
u(w)h = —pyx coth(Ax/2),

p(o)h = —p xtanh(Ax/2) .

(10)
(11)

In the region of the left-handed material the wave field
components, normalized on the E,(0) component, can be

written as:
E,(x) = Ce™+Ce™,
" (12)
Ho(x) = ——=—(Ce™+Ce™),
k()
i KX —KX
H,(x) = —k#(w)(cle ~C.e™),

where C, and C, — are the wave field constants.
The wave field components, normalized on the E, (0)

component, in the region of left-handed dielectric can be
written as:

E,(x) = e%,
k e™ (13)
W) = S
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In the region of ordinary dielectric the wave field
components, normalized on the E, (0), can be written as:

E,(x) = Be™,
- 14
H(x) = _gke ’ (14)
978
—hx
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where B is the wave field constant. The wave field
constants for the considered wave are of the following
form:

2hlu(a))eA(h+x)

5o (€ + Dhu(w) + (& iy’
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3. MAIN RESULTS

The results of the numerical calculations of the
dispersion properties of the waves of both polarizations
for rather thin left-handed dielectric slab are shown in
Fig.2. The investigated equations (4,5) and (10, 11)
possesses six solutions. Curves marked by the numbers 1,
4, 6 correspond to waves with p- polarization. Curves

marked by the numbers 2, 3, 5 correspond to waves with
S - polarization. For the chosen parameters the slab of
artificial material demonstrates the left-handed properties
in the region where 1< u<1.5. In another region it

demonstrates the plasma-like behaviour (&(w) <0 and
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In the region above the curve (b) and right the curve
(a) and below the curve (c) and right the curve (a) the
investigated waves are of a pure surface type [6]. In the

X = ./ s(w)u(ww/c. region above the curve (c¢) and below the curve (b) where
the artificial material demonstrates the left-handed

(@) >0). The line (a) corresponds to X =,/¢,w/C, the
line (c) corresponds to x =1 and the lines (b) — to the

27 behaviour the analyzed waves possess some
s characteristics of the volume wave.
] As it is shown on the Fig.3 the increase of left-handed
16 material slab thickness leads to closing of the (1) and (2),

(3) and (5), (4) and (6) curves.

CONCLUSIONS

In this report it was studied the specific features of the
wave propagation in planar wave guide structure with
left-handed material. It was investigated the dispersion
properties and the wave field spatial structure for rather
thick and rather thin left-handed material slabs. It was
determined the dispersion characteristics as of the pure

Fig. 2. The dependence of the normalized frequency surface waves, as also the volume ones. The results
1=/ a, on the dimensionless wavenumber x =k.c/a, obtained can be useful for the future image processing

for the left-handed material slab thickness @,A/c =0.6 applications.
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Fig. 3. The dependence of the normalized frequency
1 =w/w, on the dimensionless wavenumber x =Kk,c/a,

for the left-handed material slab thickness @,A/c =0.9
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CBOWMCTBA DJIEKTPOMATHUTHBIX BOJIH, PACITPOCTPAHSIOIUXCSI
BJOJIb CJIOSA JIEBOU CPE/1bI

H.A. A3apenkos, 10.A. Akumoes, B.K. I'anaiioviu, B.I1. Onegup, A.E. Cnopos

HccnemyroTcst AMCTIEPCHOHHBIE CBOMCTBA M INPOCTPAHCTBEHHOE pAaCHpefeeHHe 3IEeKTPOMATHUTHOTO TIONIST BOJIHBL,
pacnpoCTpaHsoLIEiicss B IUIOCKOM BOJHOBOJHOW CTpyKType. PaccmarpuBaemas cTpykTypa COCTOUT M3 CJOSl JIEBOU
TUIA3MOTIOJOOHOM CPEeIbl, Pa3MEIICHHOM B IHAJICKTPUKE C TIOCTOSHHOMN JU3IEKTPHYCCKON M MATHUTHOM MPOHUIIACMOCTSIMH.
Hccnenyemble BOJHBI paclpOCTPAHSIOTCS BIOJIb TPAHMIIBI pasjiesia JieBas cpefa — OObIMHBIN JudiaeKTpuk. IlomyueHHbIe
PE3YJIbTaThI MOTYT OBITH HCIIOJIB30BAHBI B CHCTEMAaX Tiepeiadu nH(popMarmm, 00padoTke n300payKeHUI | T.11.

BJIACTOBOCTI EJIEKTPOMATHITHUX XBIJIb, IO PO3IOBCIO/KYIOTHCA
B310OBXK IIAPY JIIBOI'O CEPEJIOBHUILIA

M.O. Azapenxos, 10.0. Aximos, B.K. I'anaiiouu, B.II. Onegip, O.€. Cnopos

JIOCTiKYIOThCS  UCTICPCiiHI BIACTUBOCTI Ta MPOCTOPOBHM PO3MOALT EIEKTPOMATHITHOTO TIIONIST XBHII, IO
MIOMIHMPIOEThCA B TUIACKIM XBHIICBOAHINA CTPYKTypi. CTpyKTypa, IIO pPO3IIBIOAEThCSA, CKIAHAETBCS 3 IHapy JIBOTO
IUTa3MOIIOAIOHOTO CepeIOBHUINA, IO 3HAXOAWTHCS B HICIEKTPUKY 31 CTaJMMH 3HAUYCHHSMH AICIEeKTPUYHOI Ta MarHiTHOi
MIPOHUKHOCTSIMU. XBHJIi, IO JOCIIKYIOTCS, MOMIMPIOIOTECS Y3JOBXK MEXI PO3IOILTY JIiBE CepeOBUINE —TiCNeKTPHK.
OtpumaHi pe3yJbTaTé MOXKYTh OyTH BUKOPUCTaHI y cUcTeMax nepenadi iHdopmariii, 00po0iii 300pakeHsp, Ta iH.
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