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Effect of Human Body Temperature on New Multilayer Composite Shield in Pacemaker
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This paper presents a novel method for evaluating the effect of human body temperature on
the electromagnetic shielding effectiveness (SE) of pacemaker. There are many sources of
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electromagnetic interference that interact with pacemakers: Cell phones may be considered
responsible for electromagnetic interference EMI when they were held in the same part with
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EMstvhieIding effectiveness, temperature the pacemaker; also, the magnetic resonance imaging makes a serious problem and must be
multilayer  composite ' pacemakers’ avoided. In this paper, a new multilayer composite was prepared and built from alternating

layers, the composite is reinforced by Titanium fibres and the dielectric layers made from the
Silicon material, the dielectric layers are sandwiched between composites with Ti fibres
symmetrically. Ti is the most widely used metal for pacemakers due to its high
biocompatibility with the human body. Silicon has the advantages for being resistant material
of temperature, lightweight, and its flexibility (bendable structure). The obtained simulation
results prove the effectiveness of the proposed shield in the temperature range 37-41 <C, this
is mainly due to the multi-reflection mechanism between the layers due to the high
mismatched impedances.

titanium, silicon

1. INTRODUCTION

The electromagnetic interference become an important
problem especially for the sensitive electronic devices such as
Pacemakers (PM). The EMI shielding material is the main
solution that reduce the emissions and improves the immunity
of electronic equipment. Nowadays, the composite materials
become an interesting material in many applications due to its
lightweight; such as computation processes, military; and
human health [1-3]. The metals are the most materials used in
the shielding applications thanks to its high conductivity, but
metals have few drawbacks such as prone to corrosion, are
mainly by reflections, and heavyweights especially in the
application where the mass should be low as low possible [4-
10]. The efficient composite materials in shielding
applications must be electrically conducting; the main
responsible element for the conduction is the reinforcements
in composite materials [24-26], several studies are reported on
shielding materials like metallic coating, metallic fillers, and
metallic fibers due to its excellent conductivity, permeability,
and superficial skin depth [27].

The present paper has two aims; the first aim is to prepare a
new multilayer composite to enhance the shielding
effectiveness of composites, our proposed composite is made
from Ti fibres dispersed in silicon (Si) matrix. The
arrangement of conducting composite layer and Si layer are by
alternating in the proposed multilayered structure. We suppose
that our multi-layer structure contains a three-layered
conductive composite of Titanium fibre (TiF) separated by a
two-dielectric layer of silicon (Si) with 1 mm thick, to see how
the multi-layered work against the electromagnetic
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interference (EMI). The three-layers has the same arrangement
containing 60 fibres (TiF). With a conductivity c=1.82*10°
S/m, 0.035 mm radius, and 0.6 mm length embedded inside the
dielectric layer (Si) a €=11.9 and 0.5 mm thick. This composite
structure (TiF/Si-Si-TiF/Si-Si-TiF/Si) can improve the
electromagnetic interference EMI shielding effectiveness
because the presence of layers permits to increase the
reflection and multiple-reflection waves between the layers.
The obtained results here prove the efficiency of our
arrangement.

The second aim of this paper is to present a new prediction
concerning our multi-layered structures for estimation the
effect of human body temperature on the immunity of
Pacemaker. The range of temperature here is between 37 to
41 <C which is the temperature variation of human bodies, the
presented results show that the electrical conductivity is
gradually decreases by increasing the temperature which affect
directly on the total shielding effectiveness.

2. MODEL SETUP

2.1 Multi-layer structure composite as EMI shielding
materials

Electromagnetic shielding effectiveness EM SE is a
measure of the material ability to attenuate EMI. The
multilayer structure gives the desired objectives as the results
displayed a decrease of absorption mechanism by the increase
of reflection due to the high electrical conductivity which
enhance the total shielding effectiveness [10-11]. Moreover,



the proposed sample present a light weight. An incoming wave
on a typical ribbon-shaped obstacle can be reflected,
transmitted or absorbed. The absorption index is defined in Eq.

(1) [12].

A=1-R-T Q)
where R and T are the reflection and transmission power
respectively, calculated based on the S parameters; it can be
defined from the VNA as follows;
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where |Sij|> represents the power reflection (i=j) and

transmission (i # j) from port i to port j.
Thus, the complex permittivity and

permeability can be expressed as
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where d represents the thickness of the proposed sample.
Moreover, the SE depends on the type of source: plane wave,
near electric field (E), or near magnetic field (H).
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Figure 1. The proposed multilayer structure (TiF/Si-Si)

The general theoretical shielding effectiveness model of
multi-layered materials in the far and near field regime vastly
obtained in [12-14]. From the composite structure, we have
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proposed a new multi-layer structure with three layers (1, 3
and 5) display the same characteristic 60 fibres (TiF) with
conductivity 6=1.82%10°® S/m, at 0.035 mm radius dispersed in
a dielectric layer (Si) a e=11.9 with 0.8 mm thick. The three
layers are separated via silicon (Si) at 1 mm thick, as shown in
Figure 1.

The sum resistance of the composite can be calculated as:

1 1 1 1 1
— =t —F....+ +— (8)
RC Rf 1 Rf 2 Rf 60 Rm
When considering the term R — Lxl in Eq. (8), we got to
A o
manipulation:
Oc =05 Z—Jra — 9
AC
o. =0V, +o,(1-V,) (10)

where o¢ is electrical conductivity of the composite (S/m), om
is electrical conductivity of the matrix (S/m), V; is volume
fraction of the Titanium fibres. Rm, Rc and Rt represent the
resistance of the matrix, composite and fiber respectively, A is
cross-section area of fuselage skin (m?). Various researchers
[10, 15] appear that the fiber volume fraction is among the
fundamental parameters in the determination of mechanical
properties. Therefore, we want to determine its accurate
estimate of fiber volume fraction is obtained according to
ASTM D2584 as [15-16]:

W o W) ]

Vi =[pnxw, I(p (11)

where V; is the volume fraction of fibers, Wr, Wy, is weight of
fibers, and matrix, pr, pm is density of fibers and matrix
respectively.

Figure (2) display the variation in electrical conductivity
(S/m) versus volume fraction (Vr); where our results show a
rise in the value of conductivity (o) by growing the rate of
volume fraction (Vy).
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Figure 2. Variation in electrical conductivity vs volume
fraction



2.2 The effect of temperature on the proposed multilayer
composite

As shown in Figure 3 the temperature depends on electrical
conductivity (S/m) of silicon matrix, and electrical
conductivity (S/m) of fibers (Ti) as a function of 1000/T. The
acquired curves decrease linearly for temperature increase,
according to the Arrhenius law [17-18]:

ol =A, exp—( kE:aI' ) (12)
B

where Ag is the pre-exponential factor, E, is the activation
energy, and kg is the Boltzmann constant.

The effect of temperature on the electrical conductivity of
Ti fibre, silicon matrix, and parameters of the electrical
responses of the whole proposed composite sample are
presented in Figure 3 and Table 1.
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Figure 3. Temperature dependence of Ln (¢T) for proposed
composite

Table 1. The electrical conductivity obtained from the
proposed sample

sample o(S/m)at  o(S/m) at "(i/t“‘) "(Sa/t‘“) "(Sa/t m)
T=22T  THIT res9c T=40T T4

(TiF) __18*10° __58*10° _ 56*10° _ 561*10° _559*10°
(S 09*10° _ 08%10° _0.79*10° _0.78*10% _0.78*10°

3. RESULTS AND DISCUSSIONS
3.1 The effect of temperature on EMI shielding properties

Titanium (Ti) have better properties such as high
conductivity, low cost, and light weight due to their enhanced
contribute the better properties physical on a very large
potential for many biomedical, electrical, structural, and
electronic applications. The simulation results for the multi-
reflection mechanism, and the total SE is obtained by the
improving analytical model applied in [20]. HFSS simulation
(Version 13.0) was used to simulate the scattering parameters
of the proposed multilayer composite in the frequency range
of 1 t010 GHz.

Figure 4 illustrates the EMI multi-reflections of sandwiched
structure composite of (TiF) in the frequency range 1 to 10
GHz. While the appearance of multi-reflection gain and the
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mismatch impedance increase the multiple internal reflections.
The sum reflection into the structure and the results are
indicate a higher reflectivity ratio due to their high electrical
conductivity in a normal human body temperature (37 <C).
Figure 5 shows the changes of total SE of the multilayer
composite (TiF/Si-Si-TiF/Si-Si-TiF/Si) in the frequency
range of 1-10 GHz. Evidently, the Ti fibers lead to the
improvement of shielding effectiveness due to high reflection.
Therefore, we can confirm that the decreases of multi-
reflection at high temperature are mainly by the heat resistance
of matrix (Si) because it provides the largest contribution to
enhance the EMI SE of multilayer composite arrangements.
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Figure 4. Multi-reflection mechanism of a composite
material without (c4=1S/m)
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Figure 5. Shielding effectiveness of a composite material
without (ox=1S/m)

We notice a significant difference: the proposed multilayer
composite with skin (biologic tissue) has a better performance
because of the contribution to reverse electromagnetic waves
in the near field due of (cH=1 S/m) compared to the results
showed without the effect of a skin of the individual
reflectivity. Whereas an impedance mismatch between the
dielectric layer and conductive fibre (TiF) which increases
multiple internal reflection inside the materials as shown in
Figure 6.

Figure 7 shows the EMI shielding effectiveness of (TiF) in
different degrees of temperature, the proposed five-layered
structure (TiF-Si-TiF-Si-TiF) marks peak attenuation
compared to other materials as shown in Table 1. As the wave
progresses in the multilayer composite, reflection increases



inside the materials. This result demonstrated that the
proposed multilayer is more stable at a specific value of SE
while there is a significant variation in the performance of the
composite without taking into account the conductivity of the
biologic tissue (o= 1 S/m) as shown in Figure 8.

Figure 9 explain the magnitude S11of (TiF-Si-TiF-Si-TiF)
at the frequency range 1 to 10 GHz, that multilayer composite
presents high reflectivity around 96 and 100%.

15 ¢

c |
(=}
5 14 i
= & "
g 4 43-*'(' Www |
E | 1§ et
2 1.35 t R -
E “ 0 —s%=— 37°C
| 39°C
“ %@?ﬁ > 40°C
1.3 i ——41°CH
I
1.25
1 2 3 4 5 6 7 8 9 10
Frequency (Hz) x 10°

Figure 6. Multi-reflection mechanism of a composite
material with (oy=1S/m)

76 r

= —#%—37°C
%

EMI SE [dB]

64
1 2 3 4 5 6 7 8 9 10
Frequency (Hz)

Figure 7. Shielding effectiveness of a composite material
with (6y=1S/m)
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Figure 8. Shielding effectiveness of a composite material
with and without (6H=1S/m)
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Table 2. EMI shielding performance of typical materials

Thickness Radius SE Refs
Material Layers  of matrix (fibre) (dB) '
M mm  pm mm
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Figure 9. Simulation results of the parameter S11 in the
proposed multilayer composite

3.2 EM parameter analysis of the proposed sample

The electromagnetic property of (TiF/Si) multi-layer
composite is determined by complex permittivity (e=¢'-je"),
and permeability (p=p'-ju") [18]. The real part of the
electromagnetic parameters (€', p') is a measure of the
magnitude of polarization occupation space in the proposed
sample and display the ability for electric or magnetic potential
storage, while the imaginary part (¢", u") appear the potential
loss [20].

Figure 10a shows the real part €' and imaginary part &" of
the multi-layer composite in the temperature range 37-41 <C
at 10 GHz. Both the real and imaginary parts of permittivity
progressively decrease while the temperature increase and
takes the values about 8.49 at 22 T, and 8.41 at 41 <C. These
results indicate that the electric power storage ability of our
sample has a great performance for acquired the improvement
of the EMI shielding effectiveness.

Figure 10b present the real part | and imaginary part pi' of
the proposed multi-layer in the temperature range between 22
to 41 <C at 10 GHz. The real part of the permeability is
decrease with increased temperature and changes from 0.2 at
22 <C, and marks a peak at 0.89 at 23.7 C, then arrives at 0.32
at 41 <C. The imaginary part of the permeability increases
progressively with the temperature; so the value changes from
0.3at 22 T, and 0.8 at 41 <C. The result obtained improve the



EMI SE by an increasing of the multiple internal reflection
mechanism.
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Figure 10. Simulation results of the electromagnetic
parameter of multi-layer proposed

4. CONCLUSIONS

The impact of human body temperature on EMI shielding
effectiveness of implanted electronic devices such as
pacemakers is shown, and the performance of our smart
arrangement composite (TiF) in a silicone matrix (Si) was
presented. Multiple internal reflections mechanism caused by
the big mismatch impedances helps to enhance the shielding
effectiveness of multi-layers composite, as known the changes
of human bodies temperature are between 37 to 41 <C. The
results give a perfect EMI shielding effectiveness of the
proposed structure, the reflection mechanism depends on the
conductivity of proposed sample and especially the reflectivity
of the biologic tissue, which contributed to the stability of this
efficiency, in addition the thickness and the number of
conductive layers and dielectric layers play an important role
in the enhancement of SE. The (TiF/Si) were stacked in an
accurate gradient of thickness to allows EM waves to penetrate
deeply in the multilayer composite shield hence leads to a
higher overall absorption power due to increase the multiple
reflection mechanism.
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NOMENCLATURE

A the absorption power

T transmission power

R reflection power

d thickness

Ao the pre-exponential factor
Ea the activation energy

Ks Boltzmann constant.

Vs the volume fraction

Wim weight of fibers, and matrix
T Temperature

Greek symbols

Lk the complex permeability*
& the complex permittivity

c electrical conductivity
Subscripts

EMI electromangetic interferance
SE shielding effectiveness

PM Pacemaker
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