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Abstract

The effect of electrical conductivity on an electromagnetic wave
propagating through ZnS thin film is analyzed using electromagnetic wave
equation with relevant boundary condition. The solution of this equation
enabled us to obtain a parameter known as the skin depth that relates to the
conductivity of the thin film. This was found to give rise to exponential
damping for all wavelengths between the optical, UV and Near-infrared
region during the propagation. The penetration of the field into the thin film
medium was seen to decrease in the analysis. The effect of skin depth on the
reflection and transmission coefficient of the propagated waves through the
thin film was also analyzed.
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1.0  Introduction

The theory propagation of electromagnetic wave on materiacgtfas gone a long way
in the understanding of the optical properties of the masedatl with much insight on the
behaviour of the propagated wave. Electromagnetic wave beingcdiatms of electric and
magnetic field in mutual perpendicular directions, transportimgrgy as it propagates through
the material had revealed the nature of the some matgrjalkhis is because the instantaneous
rate of energy flow associated with the EM wave depends onatuee of the material. An
understanding of the interactions between the electromagnetic diwl the particles of the
material that provides quantitative information on the chamaed behaviour of the given
material as studied [2, 8, 9]. A lot of researchers haveestutlis concept in different ways, for
instance, the analysis of the scalar wave behaviour on the radglees materials [6, 7]. The
propagation of EM field through flat surface has been extended toplaudtattering theories
developed by [4]. Multi-Layer conduction structure interactindiwét plane EM wave which had
earlier been seen to be possible only within the microwave andeidfregion as studied by [11],
has been extended to the optical region.
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A study of EM Wave incident normally on the surface in #direction of a bulk
conductor measured from a given boundary surface, as studied by Watbdtekler [8],
indicated a fall in the field penetration. It is known that lzes Wwave propagates through the
conducting material, it interacts with the particles of ttaerial which reduces the strength of
the propagated field that offers effective impedance to theagading field. In accordance with
EM wave problem based on the wave propagation over a conductigeesad already studied
[2, 5]. The mechanism of energy transport through a medium ingoabsorption when EM
wave impinges upon atoms of the materials was also considered earlier by [3,7]

The analysis of wave propagation in a two dimensional andan8rdiional photonic
crystals in a spectral region of EM wave, and an account of B¢ wround multilayer had been
examined by [12] and [13] including modeled conductor by [14] Werner and [L5ddave
depicted the field behaviour and penetration characteristics ititedeonductor and photonic
crystal respectively.

Though many had worked on wave propagation through conducting matenailsoofs
types, we intend to look at the analysis of a ZnS thin filmamofilm with a real conductive
value. To this end, EM wave within uv, visible and near inffdfIR) was propagated through
the thin film [4]. And the analysis was based on the usgeofkral wave equation with the
assumption that the film is not magnetic in nature. On this notegonsidered a plane wave
normal to the thin film and obtained the expression for the skin geptmeter as a factor to
determine the depth of wave penetration into the thin film. Gatyais was extended to the
reflection and transmission coefficients of the propagated wave.

2.0 Theoretical procedure

The complete system of equations that describe the propagdtiBM waves in a
conducting surface medium is enshrined in the Maxwell equation [15, 116].

As a result, we start here with general wave equationhwhithe tool to be used for the
analysis in this work. Wave equation is second-order linear lpdiffarential equation that
describes the propagation of wave in various medium. The equation is givereselo
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for magnetic field which is generally presented in the form
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This equation can be solved using various methods but in this wpsdkation of variable was
used. In this case we usedust as used in a general case after
transforming equation (2.3) as below
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in three dimensions wave equations.
SolvingthisequatiorusingCauchyboundaryconditionwehave

Yr)y=expi Kr—at) (2.5)

The solution to wave equation of (2.4) given as in equation (2.5)evher the propagation
constant of the thin film medium that is considered to be congnexmakes the amplitude to

decay over distance. Lg8 = 3 +10,then
(B+i0)>=B*=0%+235 (2.6)

If this is compared with parameters in equation (2.3), then

(B+i0)? = B2 - %+ 2 = pea +i pow (2.7)
[? — 0% = e’ and 2i SO = pow (2.8)
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For a good conductorg f f &w and this implies tha;BZ 0. Thus considering equation

(2.10)
5= |2LT 2.11)
2

When this is inserted into the equation (2.5), it becomes
w(r)=expdzexp(at - Bz) (2.12
If r, is taken to be along ttedirection,d is a parameter that relate to the skin depth of the thin

film [11] as equation {2.11) is ir-direction. Wheres is the skin depth of the material thin film
according to [11], anfl is the wave number such that we have

w(z)zexpﬂ/%}zexp @t — Bz’ (2.13)

Equation (2.12) is decomposed into regl) and imaginary(2) parts of the field. Where is
the conductivity of the thin film and for a non magnetic matevidlerep = po, constant. This
assumption enabled us to obtain expression for both reflected wave as

R=1- 4’; no (2.14)
as it is well known that for a conductar << % , the reflection coefficient approaches a unity.
The transmission coefficient,also becomes.

T =1—R=4’;”—0 (2.15)

3.0 Result and discussion
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The propagation of EM wave through a thin film is affected leycabnducting nature of
the thin film [5]. Figures 3.1a and 3.1b to Figure 3.6b explained howath@uctivity of the thin
film, o gave rise to an exponential damping for uv visible and infragdire as specified during
the propagation. The penetration of the field inside the thinrfisdium decreases and falls to 1/
d of the surface value in distance given in equation (2.11).

Since 2% = }/5 defines the attenuation length fLis the skin depth,

dz%z\/%

This relation reveals that asando — o,  — zero, within the conductor. This then went
on to suggest that good conductors are not easily penetratedtograbgnetic field which agree
with what Wait presented on his work that electromagneti@virzcident normally on the surface
in the z-direction of a conducting material has been observed to deci®aseor a good
conductorg << € w, implying thatd as given in equation 8 has a relation to wavelengtiwvfs=2
1/5 which contributed to the damping of the wave equation as peesanthe graphs in figures
3.1 to 3.6. The graphs in figures 3.1a and 3.1b up to figures 3.6a and 3.Gkdldpecfield
pattern for wavelength in visible, UV and near infraredargias it propagates through the thin
film with conductivitye = 0.039 for both real and complex parts respectively.
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Figure 3.1a Graph of the real part of the fieldz)
against thickness for=0-5um ando =0.039
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Figure 3.2a Graph of the real part of the fieldz)
against thickness for=0-7um ando = 0.039
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Figure 3.1k Graph of the imaginary part of the
field ¢(z) against thickness far=0-5um ando =
0.039
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Figure 3..2l1 Graph of the imaginary part of the
field ¢(z) against thickness fa=0-7um ando =
0.039
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Figure 3.3a Graph of the real part of the fieldz)
against thickness for=0-2um ando = 0.039
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Figure 3.4k Graph of the imaginary part of the

field ¢(z) against thickness fa=0-3um ando =
0.039
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field ¢(2) against thickness fa=0-2um ando =
0.039

Figure 3.3kx Graph of the imaginary part of the
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Figure 3.5a Graph of the real part of the fieldz)
against thickness for=0-9um andc = 0.039
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Figure 3.4a Graph of the real part of the fieldz)
against thickness for=0-3um andc = 0.039
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Figure 3.5k Graph of the imaginary part of the
field ¢(z) against thickness fa=0-93.m ando =
0.039

Journal of the Nigerian Association of Mathematical Physics Volume 15 (November, 2009)337 - 344

Electrical conductivity on electromagnetic wave,

J of NAMP

E. Ugwu, S. Okorie, ananghl)




1
0.4
0.r ]
Q
g
ks RN
= B
o
0.0 .
! ! ! ! 10°
1 10
0O 02040608 1 A
7 wavelength
Figure 3.6a Graph of the real part of the fieldz) — trace 1

against thickness for=1,6um ando = 0.039 Figure 3.7: Graph of reflectance wsavelength
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Figure 3.6l Graph of the imaginary part of the Waf‘,elenqﬂ
field ¢(2) against thickness fav=1.Qum ando = Figure 3.8: Graph of transmittance vs wavelength
0.039

The wave patterns appear to look alike with ancattbn of heavily damped oscillation.
The damping behaviour as shown in the graphs fahalchosen region UV, visible and NIR
both for the real and complex part are almost tmes allowing only half oscillation with
maximum amplitude of 0.2 followed by a heavy damggeading to zero oscillation. This result
as seen in graphs presented in figure 3.1 to figuéalecreases very sharply as a result of heavy
damping of the propagated field through the tHim.fi

The reflected and transmitted waves are obtaigembbsidering appropriately the correct
matching of the boundary conditions that led toatigms (2.10) and (2.11) respectively. The
graphs of reflectance and transmittance are pregéntfigure 3.7 and figure 3.8. From figure
3.7, it is seen that the reflectance increasegplghtar about 0.15 within UV range, and stabilized
at 1.15microns and slightly increased to a uastyhe wavelength approached 10 micron. On the
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other hand, the behaviour of the transmittancectieghiexponential decay of the transmittance as
the wave length approaches 10 micron. This suggests

that the transmitted wave through the thin filmdrae absorbed at a given depth of penetration
inside the material thin film. The computed reféeate and transmittance were seen to agree with
the experimental reflectance and transmittancebtsred by [4] The reflectance of the thin film
was found to be low within the visible and nearanéd region where as the transmittance is high
within the same range. From this result it is obsgithat the thin film cannot be useful in anti—
reflective coating.

4.0 Conclusion

In this work, the effect of conductivity of the Erthin film on electromagnetic wave
propagation at a given conductivity was analyzethgusvave equation as a tool. From the
analysis, it was observed that the conductivdtyntroduced a damping for the propagated wave
as shown in the graphs. The attenuation of electgmtic wave is seen to be a function of the
skin depth,6 as was observed from the plotted graphs. The diuet of the propagated wave
was seen to decrease along the inside medium difrthevith distancep which is the skin depth.
The reflection and transmission co-efficient graphewed that the reflection and transmission
behaviour of wave propagated inside conducting mahtéhin film is just like that of bulk
material conductors. This behaviour suggests tlwe tlaat electromagnetic wave does not
penetrate the conducting material thin film deepan the skin depth.
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