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Introduction

The aim of this paper is to present the comparison of
different EM (EM) shielding case vent shapes and estimate
efficiency on EM shielding.

The stability of electronic devices in wide range of
frequency and in different conditions is dependent not only
from electrical circuit layout, but also from technological
and constructive solution [1,3]. Of course, it is dependent
on EM situation around defined device that is featured by
the parameters of EM compatibility [2]. From this point of
view, the integral part of the effective functioning deviceis
the EM shield. This shield activity is possible in
completely wide frequency range of used EM processes.
The successful work of electronic devices is possible to
describe with multiport matrixes [4,5,6]. In high and super
high range of frequencies, as well taking into account the
wave processes, is easy to use scattering ||S|| and
transmission |[T|| matrixes [6].

EM shielding purpose:

1. Reduction of conducted emissions;
2. Reduction of inducted emissions;
3. Reduction of bridge connections;
4. Reduction of radiated emissions.

As example (see Fig. 1), scattering matrix ||S1|
describes shielded device, which forms the scattering
matrix of the device itself ||SI|| and shield scattering matrix
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Fig. 1. Description of shielded device
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It is possible to interpret shielding as seria or parallel
connection of shield to unshielded device, see Fig. 2 and 3.
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Fig. 2. Seria shielding connection
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Fig. 3. Parallel shielding connection

Physically shielding process describes paralel
shielding structure. Alternatively, circuit descriptive
methods for shielding structures are used, where voltage or
current sources are presented, some like static shields, and
some — with EM shield components: intensity of electrical
shield E, intensity of magnetic shield H and power flux or
Umov (Poynting) vector II. The quadruple scattering
matrix ||Sl|| characterize the device working parameters as:
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Scattering matrix ||SE|| characterize the EM shielding:
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An equation (1, 2) includes different constructive and
electric shield parameter impact on shielding quality

parameters.  Scattering  matrix-combining  operation
describes shielded device scattering matrix ||S1|| as
follows:

(SD) = (SE) x(SS)(9), )

where SS matrix is combining matrix with values:
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When all design and electric equivalent data for S
matrix are described, it can be written as <Sl> :
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From point of view of wave matrixes, input or output
connection in series or parallel describes electric coupling
for parallel structure E and magnetic coupling for series
structure H.

Analysis

It is possible to perform modelling of E field connection
with environment with two decomposition elements:
paralel T shaped branch with matched attenuation, for
example, with 10 dB attenuator. Paralel T branch are
described with two parameters; wave impedance ratio

between 2 and 1 input p, :W%Vz and wave impedance

ratio between 3 and 1 input p, :W%VS' see Fig. 4. If
p=05-(1+ p, + py) then scattering matrix for this

element describes as follows:
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Fig. 4. Parallel T shaped branch

Matching attenuator Z with attenuation of a=10 dB
scattering matrix, see Fig. 5.
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Fig. 5. Matching attenuator

Series T shaped branch are described with two
parameters. wave impedance ratio between 1 and 2 input

[ :W}\/NZ and wave impedance ratio between 2 and 3

input p, =W2( o, see Fig.5. If p=05:(1+ p,+ py)
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then scattering matrix for this element is described as
follows:
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Fig. 6. Series T shaped branch

By making many elements branched structure from
scattering ||S]| matrixes for shielding and shielded device
equivalent model can be estimated shielding and shielded
structures mutual influence and shielding efficiency. If
shielding theoretical model describes voltages and
currents, then it is efficiently to describe concentrated (R,
L, C) parameters with similar scattering matrix elements.
However, if it is used description of electrical, magnetic or
EM field, then scattering parameters (T-type, E-type or H-
type) or similar waveguide element models forms like
circuits. Combining modelling element scattering matrixes
models, respectively. These parameters was described with
scattering matrix elements, and universal utility for wide
frequency spectrum band and varied shielding model
analysisisformed.

For example, effect of leakage of device parasitic
capacity appears when device is connected to shielding
with electrical field, dightly improving shielding
efficiency, see Fig. 7.
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Fig. 7. Parallel structure

Other vice connection of series shielding to device
provides shunting of device parasitic inductance or
magnetic field by forming series magnetic link and
providing improvement of shielding efficiency, see Fig. 8.
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Fig. 8. Series structure

In any case, shielded device has differed in parameters
from equivalent unshielded, for example with transmission
coefficient. By using scattering ||S1|| matrix one can
describe device with shielding and environmental
influence. Two examples have been calculated in MatLab.



First of al let's determine reduction for electrica and
magnetic field to environment, see Fig. 9 and 10.
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Fig. 10. Transmission coefficients with environment phase

Next determine reduction for electrical and magnetic
field for shielded device, see Fig. 11 and 12.
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Fig. 11. Transmission coefficients for shielded device
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Fig. 12. Transmission coefficients for shielded device phase

System model

Ansoft HFSS software [7,8] is based on finite element
method calculation, and was used insted of MatLab for
faster calculations related to system model. Nearly red
physical, customized waveguide model was build
representing shielded device, see Fig.13.
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Fig. 13. Customized waveguide

Model materials: walls — auminum, opened vents,
environment — air. For beter comparison of shielding
properties one mode of E;q was used. Custom waveguide
was build, with dimentions a=50[mm] x b=25[mm] x
[=150[mm], and wall thicness of 1[mm], providing
frequency range for desired one mode wave from 3 to 6
GHz.

For better reference to practical designs, ventilation
holes and wire terminals, standart circle vent shape of
@5[mm] was taken, see Fig. 14. All other shapes was
calculated to get the same surface size.
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Fig. 14. selected waveguide vent shapes
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Modelleing results

Modeling results of transmission coefficient, see Fig. 15.

- Circle
Cross

-= Square
- Hexagon

HRectangle < Vrectangle
— Rounded-H

-50

Yo e
-70
-80

-90

-100
-110

magnitude [dB]

-120
-130

-140

45 5 55 6
Frequency [GHz]

Fig. 15. Modelled transmission coefficients
Conclusions

1. The efficiency of shielding can be defined by
calculating voltage or current transmission ratio for circuits
with lumped elements, by using the Kirchhoff and Ohm
law.

2. The link with an environment most often value with
the help of Maxwell EM field theory methods as well as
description with scattering S matrix.
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