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We study propagation of a p-polarized electromagnetic wave through a two-layer plasma structure in an external
magnetic field perpendicular to the incidence plane. It is shown that normally opaque plasma layer can be made
absolutely transparent. The conditions for resonant transmission are obtained and analyzed. The influence of the
external magnetic field on resonant transmission is studied. We show that one can control electromagnetic radiation
transmitted through the plasma structure by altering the magnetic field.
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1. INTRODUCTION

Tunneling of particles and electromagnetic waves
through potential barriers has been widely studied in
physics. In optics, the light tunneling in the experiment
with frustrated total internal reflection occurs due to
penetration of the decaying field of the evanescent wave
inside the barrier. The transmission through the barrier
can be increased by amplifying the evanescent wave. One
of the amplification methods is interference with a
resonant surface mode excited on density discontinuities.

Resonant structures exploiting this principle are well-
known. The resonant transmission of a p-polarized
electromagnetic wave through a symmetrical three-layer
structure composed of a media with negative dielectric
permittivity, that was placed between layers with positive
permittivity, was demonstrated both theoretically and
experimentally [1]. Lately [2,3], it was shown that
symmetry of the system is not a necessary condition, and
total brightening of an asymmetric two-layer system is also
possible. It was suggested that the total transparency was
due to a surface mode excitation at the interface between
layers. The surface waves with phase velocity exceeding
the speed of light couple with the incident electromagnetic
wave and transmit energy through the opaque layer.

Recently, structures, that can resonantly transmit
evanescent waves, attracted much interest. It was shown
by Pendry [4], that amplification of evanescent spectrum
of the incident light can be used to create a subwavelength
optical imaging system without the diffraction limit
(superlens). Manipulation of light at the subwavelength
scale also opens the possibilities for all optical computer
components which would combine advantages of wide
band photonics and nanoscale electronics [5].

In this paper we study propagation of a p-polarized
electromagnetic wave through a two-layer plasma
structure in an external magnetic field perpendicular to
the incidence plane. We find the conditions when total
transparency occurs. It is shown that transparency of the
system can be controlled by changing the magnetic field.

2. TRANSMISSION THROUGH
A TWO-LAYER PLASMA STRUCTURE

Consider a two-layer plasma structure surrounded by
vacuum (Fig. 1). The structure is immersed in an external

magnetic field H directed along z-axis. It is assumed that

the density of the first slab PIl is small (0<g;, <1,
where ¢, is the dielectric permittivity of the first layer at

absence of magnetic field), while the second layer P12 is
dense with &,, <0 (here &,, is the dielectric permittivity

of the second layer at H =0). Consider propagation of a

p-polarized  (with  field  components£,,E,,H,)
electromagnetic ~ wave with the wave vector
k =k.e +k,e, through the structure. The wave

propagating from the half-infinite vacuum region V1 is
obliquely incident at the plasma layer P11. In the vacuum
region V1, there are the incident (&, >0) and reflected

(k, <0) waves. The transmitted wave propagates into the

half-infinite vacuum region V2. In the plasma regions P11
and P12, which have widths 4, anda,, the waves are

assumed to be non-propagating (evanescent) in x-
direction.
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Fig. 1. Schematic representation of propagation of the
electromagnetic wave through the two-layer structure

We assume that ions in plasma are motionless and
electron collision frequencies are much smaller than the
wave frequency. Thus, the components of the dielectric
permittivity tensor of plasma in magnetic field has the
following form
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where w, o, and o, are the wave, plasma an electron

cyclotron frequencies, respectively.
From Maxwell’s equations we obtain the expressions
for components of electromagnetic field of the wave

1 dH
E (x)=- k. eH_+ z 1, 1
() kogz_gz(y ngx] (M
i dH
E (x)=- k,gH_+ z |, 2
() j—)kogz_gz[yg sdxj b))
2
H
ddx/ K H, =0, 3)

where K2=ky2—(82—g2)1(02/8, ko=w/c, ¢ is the

speed of light. The equations (1) - (3) are valid for both
plasma and vacuum regions. For the vacuum regions,
e=1andg=0.

In the following we use wave impedance to match
boundary conditions. The local wave impedance is
defined as

In the first vacuum region V1, the local impedance for
the electromagnetic wave is

7 (x)= 7 explik x)— I, exp(— ik x)
v " explik x)+ I exp(- ik x)’

where Z =k _/k, is the characteristic impedance of the

“4)

vacuum region, /7, is the reflection coefficient of the

wave incident from the half-infinite vacuum region onto
the plasma-vacuum interface. It follows from (4) that

— Zv _Zvl(o)
' Zv+Zv](0) '

where Z,,(0) is the impedance at plasma-vacuum

(&)

interface.
In the plasma regions, the wave field is evanescent and
the impedance takes the form

_ . . exp(— ;cx)— Fexp(zcx)
Z(x) ric exp(— ;cx)+ Fexp(zcx) ’
where & =xe/[k (e —g* )], w=kgl[k,( —g")] .

The wave impedance in the second vacuum region Z,, is

spatially independent
Z,=Z
Since tangential components of the electric and
magnetic fields are continuous at x = 0, a; , a; + a, , the
impedances are also continues at the interfaces. We match
impedance at each interface

o

Zv1(0): ZI(O)’ (6)
Z(a)=2Z,(a,). @)
Zy(ay +a2): Z,, (¥

where the indexes 1 and 2 correspond to the plasma
regions P11 and P12, respectively.

Using the boundary conditions (6) - (8), we calculate
impedance at the first plasma-vacuum interface Z,,(0).
Then, using the obtained Z,,(0), we get the reflection
coefficient /", . The transmission coefficient T is defined
as

130

T=1-I7, 9)

where )= —; éj 8 : (10)
7,(0)= iy, +i¢, (zZ;I(il()ZJ;l(y;:)):zlfj]L)l , (1)
Z,(ay)=—iy, +i52%, (12)

L, = tanh(x,q,) and [ =1,2.

3. CONDITIONS FOR THE TOTAL
TRANSPARENCY

From (10) it follows that the total transparency
(I,=0) occurs only if Z,=Z 1(0). Using the relation,
from (11) - (12) we find the condition for the total
transparency
- Z, +ily, —&1) _¢, Zv+i(l//2+§2l’2). (13)

i&,~(2,-wL) i&,+(Z, +y,L,)

The equation (13) is equivalent to the set of two real
transcendental equations (for its real and imaginary parts),
those in general case may be solved only numerically. If
the layers are thick (L;, 1), we obtain the equation

141 2

which coincides with the dispersion relation for the
surface waves at interface between two semi-infinite
plasmas:
i+l =w,-¢ .
Note that at plasma-plasma interface, propagation of
fast (v,, >c, wherev,, is the wave phase velocity) and

slow (v,, <c) surface waves is possible. At plasma-

vacuum and plasma dielectric interfaces, the surface
waves are always slow [6,7]. Thus, in the plasma slabs
PI1 and PI2 the surface modes can couple to incident
electromagnetic waves, which are evanescent in the
plasmas. Since for the incident waves we have k, <k ,

the resonant transmission is possible only in the frequency
range, where the surface waves are fast. Dispersion of
waves in magnetized plasmas depends on sign of &, . We

term the wave with k, >0 a positive branch and the
wave with &, <0 a negative branch.

For the both branches transition from slow mode to
fast mode occurs at frequency

2 4
2 [ + @D,

+ a)f,,wiz .

The branches start from the frequency determined by
the inequality x> >0 . In particular, the negative branch
starts at the hybrid frequency o, = \Jo?, + »? , Which is
smaller than the onset frequency for the positive branch.
Below oy the  Voigt  dielectric  constant

ey= (512 - glz)/ & 1s large and positive, and, as a result,

2 . . .
ki <0 for a finite propagation vector, i.e. the surface
wave doesn't exist.

Resonance transparency occurs when the wave
frequency @, y-component of the wave vector &, and



the plasma layer widths a; anda, are connected by the
resonance condition (13). Without magnetic field the
resonance condition is independent on sign of &, , and the

structure is totally transparent at the same wave frequency
for both k,<0 and k,>0 (Fig.2 solid line).
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Fig. 2. The transparency coefficient over the normalized
wave vector for different values of magnetic field:

o,/ w,,=0 (solid line), o, /®,,=0.2 (dashed line) . The

dependencies are obtained for w/w,,=0.67,

a;=3.71c/w,y,,

Applying an external magnetic field to the system, which

is totally transparent at H=0, we decrease the

transparency of the system (Fig. 2, dashed line). We can

restore the absolute transparency by changing width of a

layer, for instance, a; . The resonance width a;, is

different for the positive and negative branches (Fig. 3).
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Fig. 3. The transparency coefficient over the normalized
wave vector for different widths of the first plasma
layer:a;=2.57c/w,, (solid line),8.7¢c/w,, (dashed

line). The dependencies are obtained for w/w,,,=0.67,

CONCLUSIONS

It has been shown that an overcritical plasma slab (with
negative dielectric permittivity) in a magnetic field can be
made transparent to a p-polarized electromagnetic wave.
The condition for total transparency has been obtained.
The anomalous transmission is explained by interference
between the evanescent field of the incident wave and the
field of the resonant mode in the two-layer structure. In
the limit of thick layers, the dispersion of the resonant
mode coincides with the dispersion of the surface waves
at plasma-plasma interface in a magnetic field.

Structures consisting of alternating layers of media
with positive and negative permittivity are potential
building blocks of various plasmonic devices. Applying a
magnetic field to the structure, additional possibility to
control transmission of electromagnetic energy through
the structure appears. This possibility may be used in
constructing various gate devices.
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P2
YITPABJISIEMOE AHOMAJIBHOE MPOXOKIEHUE YEPE3 IIVIASMEHHBIE CJION
C. Heko, A. Cmonsxos, H. /lenucenxo, H.A. A3apenxos

N3ydaercss NpOXOXKAEHUE p-TIOJISAPU30BAHHOM DIEKTPOMATHUTHONW BOJIHBI 4epe3 ABYXCIOWHYIO IIIa3MEHHYIO
CTPYKTYPY BO BHEUIHEM MarHWTHOM II0J€, MEPHEHANKYISIPHOM IUIOCKOCTH majaeHus. IlokazaHo, 4TO HEmpo3padHbIi
TUTAa3MEHHBIN CIIOM MOKET OBITh CAENaH a0COIFOTHO MPO3PAYHBIM. Y CIIOBHUS PE30HAHCHOTO NMPOXOKACHHS MOIYIEHBI U
MIPOAHAN3UPOBaHbl. M3ydeHo BIUSHNWE MarHWUTHOTO MOJS HAa PE30HAHCHOE MpoXoxieHue. 1Ioka3zaHO, 4TO MOKHO
KOHTPOJIUPOBATh JJICKTPOMATHUTHOE HU3JIydCHHUE, MPOIIEAIIee 4Yepe3 IUIa3MEHHYIO0 CTPYKTYpY, W3MEHSAsS MarHUTHOE
ToJe.

KEPOBAHE AHOMAJIBHE ITPOXO/’KEHHSI KPI3b ITJIABMOBI IIIAPHA
C. Iéxo, A. Cmonsakos, 1. /lenucenxo, M.O. A3apenxos

BuB4aeThCS IPOXOKEHHS p-TIOJIIPU30BAHOI €IEKTPOMAarHiTHOI XBWIII Kpi3b JABOXIIAPOBY IUIA3MOBY CTPYKTYpY B
30BHIIIHBOMY MarHiTHOMY MOJIi, TEPIEHANKYIIPHOMY JI0 TUIOLIMHY MaaiHHA. [loka3aHo, 1110 HENpo30pHi MIa3MOBHNA
map MoXke OyTH 3po06JieHO abCONIOTHO MPO30pHUM. YMOBH PE30HAHCHOTO MPOXOPKEHHS! OTPUMAHO Ta MIPOaHalli30BaHO.
BrBYeHO BIUIMB MarHiTHOTO IIOJII HAa pe30HAHCHE NpoxokeHHs. [lokazaHo, 0 MOXKHa KEpyBaTH IPOXOJUKEHHAM
€JIEKTPOMArHiTHOTO BUIIPOMIHIOBAHHS Yepe3 IIa3MOBY CTPYKTYPY, 3MIHIOIOUHM MarHiTHe MoJe.
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