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Abstrac® In this study, a MATLAB computer program has been
prepared and developed in three dimension views for computing
the total shielding effectiveness (SE) as a function of both shield
thickness and incidence angle to evaluate the optimum shield
thickness that provide (90 and 120 )dB shieldip effectiveness for
both transverse electric (TE) and transverse magnetic (TM) field,
respectively. This investigation has been done using two sets of
good conductor materials including nommagnetic materials
[Copper and Aluminum] and a set of magnetic meerials [Nickel
and stainless steel] to identify which of them provide a thinner
shield requirements for both TE and TM T modes at center
frequencies of (3and 3000) MHz.

KeywordscomponentElectromagnetic wave shielding effectiveness.

. INTRODUCTION
Todaybs society is one that
could be said that todayds

age. Living in this information or technology age means that
there is an ever increasing use of advanced technology on
daily bass for personal as well as professional use. This not
only means computer technology and smart phones, but eve
some of the appliances used to prepare food. The increasing u
of advancing technology can create problems. One big proble

is called Electromatgtic Interference or EMI [1].

Common examples of EMI include disturbances in
mobile communication equipment,
medical, military, and aircraft devices, in which interference

television reception,

could disturb or jam sensitive components, destregtet

circuits, and prompt explosions and accidents [2]. Therefore, as Il.
the development in commercial, military, scientific electronic

instruments become more
complex, the need to protecting them against unwanted
electromagnetionterference (EMI) becomes more urgent [3].

The shielding materials prevent interference, from external
fields, with the operation of the devices under design [4].
Recently, the shielding effectiveness of multilayer metallic thin

devices and communication

film on plastic substratesand composite materials were

performed theoretically and experimentally in a wide range of

frequencies by [®]. Also the shielding effectiveness of
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different shield layer against plane wave incidence angle was
studied with the use of conductors and cotislacpolymers
using planewave theory [10, 11]. The shielding effectiveness
of a laptop casingpas been studied 4¥2] in the frequency
ranges from 10 KHzat 1 GHz.The effect of the direction and
polarization of the incident plane wave on the shielding
effectiveness of the enclosure in the frequency band UHF were
also studied theoreticallyy [13].In addition,the EM-SE for
plane conductor sheet materials with different thicknesses and
characteristics have been tested in the frequency raoge f
30Hz to D MHz by [14]. Most of the difficult shielding
problems occur in mobile systems in which many transmitters,
receivers, and other sensitive equipment must be mounted
closely together, and weight is minimized [15].

Sr ‘ﬁ(r:]l .thisetv%ork,htﬁ%asﬁiéldlng iemgugn%s%nfort oeo}fqtrfe& ° ]! 8
inC|den[p%neyelec{romagne{ic Wave Pas been sftdied inthe
frequency operation of H&nd UHF bands using transmission

fine field theory. For this calculation, various conductor

materials concerning (Copper, Aluminum, Nickel andriiess

réteel) which have different physical properties were tested and

rT?t%eir behavior under the action of various parameters were

evaluated and their thickness that achieve (90 and 12(BEB
for transverse electric TE and transverse magneticmties
hawe been evaluated at center frequencies ah(33000)MHz.

SHIELDING THEORY

The electromagnetic shielding is based on the reflection (R),
absorption (A) and transmission pherara of an
electromagnetic waveingle layer conductor sheet is thetbes
example of electromagnetic shield as shown in Figure 1 [16].
As indicated in tk Figure1, the electromagnetic wave can be
attenuated by absorption and multiple internal reflections inside
the materials and also by reflection from the outer surface of
the shield. Shielding effectiveness SE of such a conductor
shield depends upon conducting material, shield thickness,
incidence angle and frequency operation. Table 1, below shows
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the conductivity, permeability and their relative product and Ill.  MATHEMATICAL MODEL OF THE OBLIQUE
divisions of tle conductor materials that are used in this INCIDENCE PLANE EMW
investigation which may provide different level of shielding

For oblique Incidence, the shielding effectiveness

effectiveness. of a plane electromagnetic wave incident upon the
Fe Metal | FFR interface betweemio different media is dependent of the
Incident Wave  LB*eee polarization of the incident wave. A wave with any

specified polarization may be described as the
superposition of two orthogonally polarized waves, one
with its (E-field) perpendicular to the plane of incidence

A'm:{:cd and t is called Perpendicular polarization TE-mode
i £ and another with itsH-field) parallel to the plane of
.. Re-Reflected incidence and it is called Parallel polarizationTM -
R e A A:V“" : mode According to this theory, the shielding
Reflection {1 TTEAEAE O ave. effectiveness for planar shield varies signifityamwith

Figure 1. Representation of wave propagation througha  Wave polarizatipn and ang_le O_f incidence _
material shields [16]. The perpendicular polarization meahat the electric

field has nacomponent in the propagation direction and
is perpendicular to the plane of wave propagation.
ConsiderrFigure (2a) below for perpedicular polarized
Conductviy | Permeability incident EM plane wave which propagateray the

relative to relative to Production - H H H - . . . o
No. | Materials hat of that of of Division of direction inthe first medium. The |nC|der(t[P;:| field)

Table 1. Characteristics of some conductor shilaterials.

Copper Copper T T point alongthe y-directionand the associated magnetic
"l "
' field 5P is pointed along th¢ w -axis) asindicated in
1 Copper 1 1 1 1 the figure below.The incidet, reflected, forwarded,
> | Auminum 061 1 061 061 reversedand transmittedE - andH field components in
_ all regions are given by:
3 Nickel 0.2 100 20 T8 TT ¢
4 | gualtasn | 002 500 10 mwinnn| @ PQ S @
. . P Qs Al-@ OEX
The shielding effectiveness (SE) of an electromagnetic shield
is typically defined as the ratio of a field magnitude (electric or B P QS &
magnetic) without the shield in place to the field magnitude
) A o . P o o
W|th_ thesh.|eld.|n place [17], usually the ratio is expressed in Y [ o s Ay OEIG
decibel unit as: Q
.. 0 ;
3% pril % A" P PQ W
Where,. 0 istheincidgnt power to the material, ai®d isthg P r P‘ 0 Al—Ah OEIG
transmitted power which penetrates through the material. So B
the total shielding effectiveness can be expressed as: P PQ &
39" I A" 2 A" -2A"
. P o A
Where, A(dB), R(dB) and MR(dB)are, respectively, the <P ZQ —Q Al-O0 OEd®
absorption, reflection and muttéflection losses. The general
mathematical expression of the total shielding effectiveness for Pe PQ S )
normal incidence electromagnetic wave is given by [18 ]: -
Ys (ki@ ¢hlG— chiCp — © P o Q s Ai—@y OEI®

Applying boundary conditions at both sides of the shield i.e at
Where,( Us attenuation constanihile, — h- ¢ ¢ ®are air G mdE @ o the tangential components of the electric and
impedance, shieldnpedance and shield thicknesspectively magnetic fields are continuous through whichfthal form of
the SE_TE is obtained as expressed béagwen by [19] as
Tyt GpPE bo—

i —a, A" (14
-” W C pg:lécwsle— "p"(nrchIB_% ( )
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Where(t) is shield thickness(@: and #*) transmitted and

forwarded angl€¢, 1 and ;)are propagation constant for the air
and shield mediur(i,» and” ) are the reflection coefficients
and (z; and zz ) transmission coefficients from the first and

second boundaries, respectively. This equation is used for the J

computation of the TEmode shielding effectivenesader the
action of various parameters.

The parallel polarization wave or Twvilode means that the
magnetic field has not component in the direction of wave
propagation. In this case the direction of the incident magnetic
field is considered as perpendiaulto the plane of wave
propagation as shown in Figurel§f The incident, reflected,
forwarded, reversed and transmittdfl - and H field
components in all regions are given by:

® PA S AlQ) OEI® (15)
® —A & (16)
e PAS A& OE (17)
0 P A & (18)
® PATF Alfod  OEFD  (19)

A & (20)
® PAF A6y OEI® (21)
0 T_A & (22)
® PA s A& OEW (23)
0 P A s & (24)

Again, Applying boundary conditions at both sides of the shield
ie atd moOE @ 0, the tangential components of the
electric and magnetic fields are continuous through which the
final form of the SE_TM is obtained as expressed below

g HE .
I A B

Equations14) and £5) whichis used by our computer program
have been further simplified for calculating the shielding
effectiveness for both FTEand TM mode waves. For THhode

the final form of the total shielding effectiveness can be
expressed as:

w ¥ '?’LI
LU l"H T

"HA (25)
-

h (204 & h v P

I

h h Yov B

Also, for TM-mode, the final form of the total shielding

effectiveness can be simplified to an expression as given below:

h 2 ] 284 & h ve h oy, vPR om Wt
1%
h h Yo v B v P

Where,

o HE
a o diot 28)

oH H

by ot gen o . (29)
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Figure 2. Schematic representation of the oblique incidence plane
electromagnetic wave for (a). F&nhd(b). TM-Polarization modes.

The above derived equations that contribute to the computation
of the total shielding effectiveness have been coded in a
MATLAB computer program for both TEand TM wave
modes.

In order to insure the accuracy and validity af programs and

the formulas used to express the total (SE) parameters, the total
SE for both modes were computed for Copper and Aluminum
shields at frequency operation of (300 MHz) and with shield
thickness of (40 mils). The results of these computatioas a
compared to the previously measured and theoretically
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calculated SE values that have been don®yand 21]Jand

the results are graphicalbyesented in Figures-@ and (2b),
respectively, for Copper and Aluminum. These figures displays
that our cenputed results are in very good agreement with those
reported in mentioned references.
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Figure 3. Comparison between the present and previously calculated values
of SE for both modes with (t=40)mils and at a frequency od (300)MHz (a).
Copper (b).Aluminum

120) dB TM-SE with thicknessesgalues(tsotm = 48 um and
tizo™m = 78 pm), which are much less than that the thicknesses
of the other shield materials.

Finally, according to the computed results presented in
Figures 6) and (7, it is obviously seen that the shield
thicknesses, of the order @0 um)and less are sufficiemtith
the use of each materials used in this work to obtain (90 dB) SE
for both mode waves and (120 dBIETE mode. While a
shield thicknessf slightly higher thar{10 pm)is required for
obtaining (120 dB) SHM for conductor nommagnetic
materials which ardtc,= 11.5 pm and ta= 15 pm) In
addition, these figures reveal that the conductor materials
(magnetic anchorrmagnetic) with a shield thickness of the
order of(t=1 pum to t=10um) would provide (90 and 120) dB
SETE for both mode waves at operation frequencies higher
than (3 GHz) or generally in the gigahertz ranggsus,
according to the summarized calcuthtesults presented in
Table 2 one concludes that the use of Nickel and Copper will

provide this task in a good performance.

Table 2: Optimum thicknesses value for (90 dB and 120-8B)with the
use of different conductor shield materials for both aBdTM- modes at
center frequencies 3 MHz and 3000 MHz.

IV. RESULT AND DISCUSSION
As previously mentioned that the main goal of this study
will focus on the evaluation of the optimum shield thickness

that provide (90 and 120) dB shielding effectiveness for both

TE-and TMwaves in the(HF and UHF) frequency bands.
These two shield values have been specified due to the fact thg
the (90 dB) is required for mobile phone and (120 dB) is
required for military devices applicatigi22]. For this the
shield thickness have been varied in thiege of 1 um to 0.5

mm, for each shield materials and at a mention center

frequencies .The results of these examination test have bee
displayed inFigures (4) and 6) for frequency(3) MHz.

It is clearly seen from these figurtsat the conductor nen
magnetic materials rpvide (90) dB TESE with a few
micrometers, while for (120) dB FEE Nickel and Copper are

favorable due their thin shields. On the other hand, thesel

Optimum Optimum
thicknesses value in] thicknesses value
(Hm) in (Hm)
Operation Shield TE- Shielding TM - Shielding
Frequency Material effectiveness effectiveness
MHz a P Y at P J
90 dB 120dB | 90dB | 120 dB
Copper 5 74 98 230
Aluminum 7 107 136 304
3
Nickel 14 43 48 78
Stainless Steell 43 85 92 133
Copper 2.4 6.5 7.25 | 115
Aluminum 3.4 8.7 9.75 15
3000
Nickel 1.4 2.3 25 3.4
Stainless SteeII 2.7 4 4 53

calculated results verify that,eNickel shield provide (9@nd
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i
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3D Variation of TMmode SE as a function of incidence angle

and shield thicknesses at frequency (3 MHz) for different conductor

material shields
Stainless Steel

Figure 5
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3D Variation of TEmode SE as a function of incidence angle

and shield thicknesses at frequency (3 MHz) for different conductor

material shields
Stainless Steel.

Figure 4
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TE - mode TM - mode
Figure 6: 3D Variation of TEmode SE as a function of incidence angle Figure 7. 3D Variation of TMmode SE as a function of incidence angle
and shield thicknesses at frequency (3000 MHz) for different conductor and shield thicknesses at frequency (3000 MHz) for different conductor
material shields: (A)Copper, (B)- Aluminum, (C)- Nickel and (D)- material shields: (A)Copper, (B)- Aluminum, (C) - Nickel and (D)-

Stainless Steel. Stainless Steel.



