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Abstract ─ In this paper some suggested protection
methods is proposed to improve the shielding
effectiveness of computer enclosures. Slots and holes on
the computer enclosure are divided into five types, and
the coupled electromagnetic interference (EMI) into the
enclosure is computed using the finite-difference timedomain (FDTD) method when each type slot exists.
From comparison of both time domain electric field
waveform and field distribution in the enclosure, vent
array, joint laps, CD-ROM and display are found to
be the main ways that the EMI penetrated into the
enclosure. To improve the protection of the enclosure,
waveguide window is used to replace vent array.
Additionally, rivet number is increased, depth of the joint
laps is increased and conductive gaskets are filled into
the joint laps. From numerical analyses, it can be
demonstrated that the suggested methods are efficient
to improve shielding effectiveness of the computer
enclosure. Some suggested methods are also proposed
for the CD-ROM and display protection.
Index Terms ─ Electromagnetic interference (EMI), finitedifference time-domain (FDTD), shielding effectiveness
(SE).

I. INTRODUCTION
With the development of the electronic technology,
electronic equipment requires to work in a quiet
electromagnetic environment. Electromagnetic shielding
is frequently used to reduce electro-magnetic interference
(EMI) of electronic equipment [1-2]. Shielding computer
enclosure is an effective way to diminish the EMI [3-4].
However, in most applications, slots, holes, and even
a window aperture have to be created on the walls
of the computer enclosure for signal wiring, power
supply, display, etc. These slots, unfortunately, provide
electromagnetic energy coupling paths that allow outside
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electromagnetic waves to propagate into the enclosure;
they thus degrade the shielding effectiveness (SE).
Therefore, it is necessary to analyze SE of the shielding
enclosures. EMI introduced into the enclosure by lines
are as serious as that by coupling, however, only the EMI
introduced by coupling are considered here.
The finite-difference time-domain (FDTD) method
[5-11], which provides a simple and efficient way of
solving Maxwell equations for a variety of problems,
has been widely applied in solving many types of
electromagnetic coupling problems. It is good at
predicting the SE of a particular enclosure for it
has numerous time-domain and frequency-domain
information.
To simulate the EMI coupled into the computer
enclosure, high power microwave (HPM) is used as the
source. Total-field/scattered-field (TF/SF) boundary [5]
is used to introduce the HPM. Convolution Perfectly
Matched Layer (CPML) [12-13] absorbing boundary,
which is good at solving late-time reflects, is used to
truncate the computational domain. Considering that
the EMI mainly penetrates into the enclosure through
apertures rather than that through the walls, the perfect
electric conducting plane is used to model the shield
enclosure.
To find the main ways that EMI coupled into
computer enclosure, the slots on computer enclosure are
divided into five types and the coupled EMI into the
enclosure is studied when each type slot exists. From
comparison of both the electric field waveform and the
field distribution in the enclosure, vent array, joint laps,
CD-ROM and display are found to be the main ways that
the EMI coupled into the computer enclosure.
To diminish coupled EMI into the enclosure,
light transmitting and electromagnetic wave shielding
composite materials can be used to produce the CDROM shell and display screen [10-11]. Waveguide
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window is used to take place of vent array. Additionally,
rivet number is increased, the depth of the joint lap is
increased and conductive gaskets are filled into the joint
laps. From numerical analyses, it can be seen that the
suggested programs are efficient to improve SE of the
computer enclosure. Only methods to reduce the coupled
EMI through vent array and joint laps are studied here.

II. THE COMPUTATIOAL MODEL
To be simply, an industrial control computer
enclosure is involved here, as shown in Fig. 1, where
the slots on both front and back faces are also graphed.
The enclosure is made up of bonding the metal sticks
together, thus there are joint laps at the top of the four
side surfaces.
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Fig. 1. Various slots on computer enclosure.
HPM is used as the source here, whose waveform is
graphed in Fig. 2. Here it is set,
 2.5  105 V/m
f  10GHz
E0  
.
(1)
6
2.5  10 / f (GHz )V/m f >10GHz
It is set 50 ns<τ<10 μs, t1=10 ns, and the repeat frequency
is 1 kHz. The peak power of the HPM is:
f  10GHz
100 GW
.
(2)
Ppk   4
2
f  10GHz
10 / f GW
The slots on the computer enclosure can be divided
into five types, that is CD-ROM and display, vent array
on the two faces, joint laps at the top of four enclosure
side surfaces, power line and signal interfaces
(containing slots for power line interface, USB, network,
and VGA), the power switch and indicator light.

Fig. 2. Waveform of the HPM.
The SE used throughout the paper is given by:
 E shield 
(3)
SE  20log  inc  ,
 E



shield
where, E
refers to the electric-field value when
computer enclosure is placed, whereas E inc refers to the
electric-field value at the same location in the absence of
the enclosure.
To evaluate the SE of the enclosure, all the three
directional electromagnetic fields at the center of the
enclosure is monitored first, and the waveform of the
largest field direction is graphed. Additionally, the peak
field value of the waveform is recorded and used to
derive the total electric field component:
E p (t )  20 log  Ex (t ) 2  E y (t ) 2  Ez (t ) 2  dBV/m .(4)


To improve the protection of the enclosure, the
coupled EMI into the enclosure is simulated when only
one type of slot exists to find the main ways that the
interface coupled into the computer enclosure. Then
some suggested methods are proposed to limit the
coupled EMI, and numerical simulation is occupied to
verify the efficiency of these methods.
Cubic FDTD cells are used in this paper, and the
cell size is Δ=0.5 mm in three directions. To satisfy the
stability condition of the FDTD algorithm, the maximum
time step is chose to be Δt=Δ/2c, where c is the speed of
light in the free space. The computational domain is
truncated by 10-layers CPML absorbing boundary.

III. ANALYSES OF THE COUPLING WAYS
To find the main ways that EMI coupled in, the
computational enclosure is illuminated by HPM when
only one type of slot exists. The coupled electric field
component into the enclosure in the three directions is
monitored respectively, and time-domain waveform of
the largest one is drew. Additionally, distribution of the
largest total electric field component is also graphed.
From analysis of the electric field component coupled
into the enclosure when the five types of slots exist
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lonely, and the main way that EMI coupled into the
enclosure is identified.
A. Slots for CD-ROM and display
In this part the coupled EMI is studied when only
the CD-ROM and display slots exist. The CD-ROM
slot is 15 cm in length and 4 cm in width, and the slot
dimension of the display is 17 cm×10 cm. The slot
dimension of the CD-ROM and display is larger than
the EMI wavelength, and these slots are modeled by
standard FDTD grids. Both the CD-ROM and display
slots are located on the front face of the enclosure. After
FDTD simulation, both the electromagnetic field and the
field distribution are monitored.
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display exist on the enclosure.
B. Slots of vent array on the two faces
In this part the coupled EMI is studied when only
the slots for vent array on the two faces exist. The vent
array is composed of 4 lines of slots, and each line is
composed of 20 thin-slots. The size of each slot is the
same, with the dimension of 1.5 cm in height and 0.3 cm
in width. The distance between left thin-slot and the right
one is 0.3 cm, and the distance is 1.0 cm from the up thinslot line to the down one. The dimension of the vent array
is 12 cm×10 cm.
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Fig. 3. EMI coupled through CD-ROM and display.
The amplitude of the electric field component field
Ex is 25.5 kV/m, and field component amplitude is
13.2 kV/m for Ey and 51.4 kV/m for Ez respectively. In
Fig. 3 (a) is graphed the waveform of the electric field
component Ez, and the waveform at the right up corner
is the 10 ns waveform near the maximum amplitude.
It can be seen that the electric field coupled into the
enclosure is very large and decreased rapidly.
In Fig. 3 (b) is graphed the total electric field
distribution in the enclosure. It can be seen that the
electric field is larger than 61.2 dBV/m throughout the
enclosure, and even reaches 103 dBV/m at some places,
and the electric field is larger than 85 dBV/m at most
places in the enclosure. Thus, it can be concluded that
the enclosure can rarely shield HPM when CD-ROM and

Fig. 4. EMI coupled through vent array.
The dimension of the thin-slots of the vent array on
the back face is the same as those on the front face. The
vent array on the back face is in one line and consists of
40 thin-slots. The distance between the two thin-slots is
0.3 cm, and the dimension of the vent array is 24 cm×
1 cm. From FDTD simulation, both the time-domain
electric field component and the field distribution are
monitored, as graphed in Fig. 4.
The amplitude of the electric field component Ex is
1.3 kV/m, and field component amplitude is 2.2 kV/m
for Ey and 5.7 kV/m for Ez respectively. In Fig. 4 (a) is
graphed the waveform of Ez, and the waveform at the
right up corner is the 10 ns waveform near the maximum
amplitude. It can be seen that the electric field coupled
into the enclosure is also large. It can also be seen that
resonance occurs in the enclosure and the amplitude
decreases very slowly.
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In Fig. 4 (b) is graphed the total electric field
distribution in the enclosure, and it is clear that the four
lines of slots are conspicuous on the enclosure. It can
also be seen that a resonance occurs in the enclosure and
the coupled electric field is march lower compared with
that when the CD-ROM and display exist. The amplitude
of the electric field varies from 6.06 dBV/m to 81.2
dBV/m in the enclosure, and the amplitude is larger than
50 dBV/m at most areas. Thus, it can be concluded that
the SE of the enclosure is limited when vent arrays exist
on the two faces of the enclosure.

The electric field component Ex is very low and
even can be neglected, and the field component
amplitude is 0.56 kV/m for Ey and 1.3 kV/m for Ex
respectively. In Fig. 6 (a) is graphed the time-domain
waveform of the electric field component Ez, and the
waveform at the right up corner is the 10 ns waveform
near the maximum amplitude. In Fig. 6 (b) is graphed the
total electric field distribution in the enclosure. It can be
seen that the amplitude of the electric field varies from
10.0 dBV/m to 71.9 dBV/m in the enclosure, and the
amplitude is about 50 dBV/m at most areas.

C. Slots of joint laps
In this part the coupled EMI is studied when only
the slots for joint laps exist. The joint lap is located on
the top of the enclosure, as shown in Fig. 5. The width
of the joint laps is 0.5 mm, and the depth is 1.0 cm. The
length of the joint laps is the same as the side perimeter
of the enclosure. The joint lap on each side is divided
into 3 parts by 2 rivets. After FDTD simulation, both the
electromagnetic field and the field distribution are
monitored, as graphed in Fig. 6.

D. Slots of power line and signal interfaces
In this part the coupled EMI is studied when only
the slots for power Line and signal interfaces exist. The
signal interfaces is composed of universal serial bus
(USB), network and video graphics array (VGA). There
are two slots of USB, one slot of network and VGA, and
these slots are all located on the back face of the
enclosure. The width of the USB slot is 1.5 cm, and the
height is 0.6 cm. The network slot is 1.5 cm in width
and 1.0 cm in height. The dimension of the VGA slot is
2.5 cm×2.0 cm.

Fig. 5. The joint lap on the enclosure
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Fig. 7. EMI coupled through slots of power line and
signal interfaces.

(b) Field distribution
Fig. 6. EMI coupled through joint laps.

The amplitude of the electric field component Ex is
9.0 kV/m, and field component amplitude is 1.3 kV/m
for Ey and 5.5 kV/m for Ez respectively. In Fig. 7 (a) is
graphed the time-domain waveform of the electric field
component Ex. It can be seen that the coupled electric
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field component Ex is much larger than other slots;
resonance occurs in the enclosure and the amplitude
decreases very slowly.
In Fig. 7 (b) is graphed the total electric field
distribution in the enclosure. It can be seen that the
coupled electric field in the enclosure is more uniformly
distributed in the enclosure than other types of slots. The
amplitude of the electric field varies from 50.3 dBV/m
to 85.8 dBV/m in the enclosure, and the amplitude is
larger than 80 dBV/m at most areas.
E. Slots for power switch and indicator lamp
In this part the coupled EMI is studied when only
the slots for power switch and indicator lamp exist. The
slot of the power switch is a square one with the width
of 1 cm in each side. There are two indicators, one for
power and another for hard disk. The slots of the two
indicator lamp are all round holes, whose radius is 2 mm.
Both the power switch and the two indictor lamp are
located on the front face of the enclosure.

(a) Time-domain waveform

(b) Field distribution
Fig. 8. EMI coupled through slots of power switch and
indicator lamp.
The coupled EMI is much lower than that when the
other types of slots exist. The amplitude of the electric
field component field Ex is 0.36 kV/m, and field
component amplitude is 0.13 kV/m for Ey and 0.33 kV/m
for Ez respectively. In Fig. 8 (a) is graphed the waveform
of the electric field component Ex, and it is clear that
resonance occurs. The total electric field distribution in
the enclosure is graphed in Fig. 8 (b), and the location of
the power switch is obvious. It can be seen from Fig. 8
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(b) that the amplitude of the electric field varies from
28.0 dBV/m to 74.6 dBV/m in the enclosure, and the
amplitude is larger than 60 dBV/m at most areas. It is
worthy of noting that the electric field near the slots is
much larger than the other areas, and the effect of this
type slots on the SE is limited.
From the coupled EMI analyses when only one type
slots exist above, some conclusions can be drawn:
(1) Joint laps, vent array, CD-ROM and the display
are the main way that the EMI coupled into the enclosure.
(2) Resonance occurs when the EMI coupled into
the enclosure, and the resonant frequency is not only
depending on the enclosure size but also the size of the
slots.
(3) The SE of the enclosure is limited when these
types of slots exist, and the coupled electric field can
even reach 103 dBV/m in the enclosure.

IV. PROTECTION METHODS
As demonstrated in the last part, vent array, joint
laps, CD-ROM and the display are the main ways
that EMI coupled into the enclosure. To diminish EMI
coupled into the enclosure, light transmitting and
electromagnetic wave shielding composite materials can
be used to produce the CD-ROM shell and display screen
[14-17]. Additionally, one can package CD-ROM into
a metal box, or external drives may be used. Thus
protection of CD-ROM and the display will not be
discussed here.
In this part, we mainly focus on the programs to
limit the EMI penetrated through vent array and joint
laps. To limit the coupled EMI through the vent array,
waveguide window is used to replace of the vent array.
To limit the EMI coupled through the joint lap, rivet
number is increased, the depth of the joint lap is
increased and conductive gaskets are filled into the joint
laps.
A. Protection of the vent array
Waveguide window, as graphed in Fig. 9, is an
efficient way of letting air travel through while stopping
electromagnetic wave propagating. The electromagnetic
wave will vanish significantly when the wave frequency
is lower than the stop frequency of the waveguide. To
reduce the EMI under the frequency 40 GHz, a waveguide
with sectional size 3 mm×3 mm and 15 mm in length is
tested. The sectional area of the waveguide is the same
as the area of the vent array on the two faces respectively.
Simulation is carried out again as the vent array is
replaced by the waveguide window, and both the electric
field waveform at the center and the field distribution in
the enclosure are monitored.
Amplitude of the electric field component Ex is
7.8 V/m, and field component amplitude is 9.1 V/m for
Ey and 23.0 V/m for Ez respectively. In Fig. 10 (a) is
graphed the waveform of the electric field component Ez.
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It is clear that the coupled EMI into the enclosure is
greatly reduced when the vent array are replaced by the
waveguide window.
The total electric field distribution in the enclosure
is graphed in Fig. 10 (b), and location of the waveguide
window is obvious. Compared with Fig. 4 (b), it is clear
that the coupled EMI is greatly reduced. The amplitude
of the electric field varies from 10.0 dBV/m to 66.3
dBV/m in the enclosure, and the amplitude is lower than
30 dBV/m at most areas. That means about a 20 dB
decrease of SE is achieved. Thus it can be concluded that
waveguide window is an efficient way to improve SE of
the enclosure.

Secondly, the depth of the joint laps is increased from 5
mm to 10 mm when the rivet number is 6. Thirdly,
conductive gaskets are filled into the joint laps, and the
width is reduced from 5 mm to 3 mm when the rivet
number is 6 and the lap depth is 10 mm, as shown in Fig.
11.

Fig. 11. Protection of joint laps.

Fig. 9. Rectangular waveguide.
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Fig. 12. Field distribution versus rivet number.

(b) Field distribution
Fig. 10. EMI coupled through waveguide window.
B. Protection of the joint laps
To protect the enclosure against EMI penetrated
through joint laps, three methods are suggested. Firstly,
the rivet number on one side of the enclosure is increased
from 2 to 6, and then further to 13, as shown in Fig. 11.

Firstly, the rivet number is increased from 2 to 6,
which means the joint laps on each side is divided into 7
short joint laps. The width and depth of the joint laps are
the same as that in the last part. It is worthy of noting that
the rivets are equidistantly located, and the total length
of the 7 short joint laps is the same as the long joint laps
of the last section. In Fig. 12 (a) is graphed the field
distribution in the enclosure when 6 rivet is used, and it
can be seen that there is a 5-10 dB SE improvement
compared with that in Fig. 6 (b). Additionally, the rivet
number is further increased to 13, and the field
distribution is presented in Fig. 12 (b). It is clear another
10 dB SE improvement is achieved when 13 rivets are
used.
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presented to reduce the coupled EMI. Waveguide
window can be used to replace of the vent array. To
reduce the coupled EMI through the joint laps, rivet
number and the depth of the joint laps can be increased,
and conductive gaskets can be filled into the joint laps.
From numerical analyses, it can be demonstrated that the
proposed methods are efficient ways to improve the SE
of the computer enclosure.
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Secondly, the joint laps depth d is increased from 5
mm to 10 mm when 6 rivets are used, and the joint lap
width is the same. The field distribution is presented in
Fig. 13, and it can be seen that SE of the enclosure is
improved 5-10 dB compared with that shown in Fig. 12
(a).
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Fig. 14. Field distribution when joint laps is filled by
conductive gaskets.
Thirdly, the joint laps are filled with conductive
gaskets. Here the joint lap width is supposed to be
reduced from 0.5 mm to 0.3 mm when conductive
gaskets are filled, and the depth is 10 mm while 6 rivets
are used. The field distribution is graphed in Fig. 14. It
is clear that SE is greatly improved, and the coupled
electric field is under 10 dBV/m at most areas except the
areas adjacent to the joint laps.
From the analyses above, it can be concluded that
increasing the rivet number, enlarging the joint laps
depth, and filling conductive gaskets are all efficient
ways to improve the SE of the enclosure.

V. CONCLUSIONS
In this paper, some suggested methods are studied
to improve SE of the computer enclosure. Firstly, the
slots on the enclosure are divided into five types and
the coupled EMI into the enclosure is simulated when
only one type slots exists. From comparison of both the
electric field waveform and the field distribution in the
enclosure, vent array, joint laps, CD-ROM and display
are found to be the main ways that EMI coupled into
the enclosure. Secondly, some suggested methods are
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