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Abstract—An efficient and practical method to enhance the 

shielding effectiveness of a rectangular enclosure with aperture 

against electromagnetic interferences is presented. In this paper 

an extra aperture as a matched load instead of a shorted 

waveguide has been proposed. Transmission line matrix 

method was used for simulation the rectangular enclosure 

under electromagnetic plane waves and the result was verified 

by analytical method and CST software. A complete range of 

simulations were performed to find the optimum size for second 

aperture. The proposed method resulted in a very good 

improving of shielding effectiveness of enclosure especially in 

resonant frequency.  

 
Index Terms—Electromagnetic shielding, transmission line 

matrix methods, pulse circuits.  

I. INTRODUCTION 

Nowadays by using higher portion of electromagnetic 

spectrum, electrical and electronic devices used in power 

and communication respectively are expected to be shielded 

in order to increase reliability and immunity. In addition, the 

equipment is commonly housed into metallic boxes. 

In such structures, the external electromagnetic fields can 

directly couple energy into the interior through apertures or 

slots. Sometimes the energy may interfere with or destroy 

the electrical and electronic systems. 

Electromagnetic shielding is considered as a powerful 

approach that prevents coupling of unwanted radiated 

electromagnetic energy into protected equipment, but the 

efficiency of shielding enclosures is degraded because of the 

existence of the slots and apertures for signal and power 

cable penetration , heat dissipation, peripherals and displays. 

In the electromagnetic compatibility (EMC) point of view 

these elements, produce a path for penetration of high power 

electromagnetic pulse (HEMP) into enclosures that should 

be studied as well. 

The shielding effectiveness (SE) which is defined as the 

ratio of field strengths in the absence to the presence of the 

enclosure (1) represents the ability of an enclosure to reduce 
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the effects of undesired emissions 
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One of the most critical problems about SE parameter of a 

rectangular enclosure is about its resonant frequency. At this 

frequency the shielding effectiveness parameter will 

significantly decrease and the magnitude of the coupled 

electric and magnetic fields will be greater than the absence 

of the enclosure. In this study the focus has been on the 

resonant frequency of enclosure as a crucial problem.  

II. THEORY 

 Numerical methods have been used to calculate 

shielding effectiveness include finite-difference time-domain 

(FDTD) method [1] and method of moments (MoM) [2]. 

Also a circuit model for calculation of shielding 

effectiveness has been presented by Robinson et al. [3], [4]. 

As it is shown in Fig. 1 enclosure has been modelled by a 

shorted waveguide. The aperture is represented as a length 

of coplanar strip transmission line, shorted at each end. For 

this coplanar strip line the width of the line is equal to the 

height of the enclosure and the distance between lines is 

equal to the width of the slot.  

 
Fig. 1.  Rectangular enclosure with an aperture and its equivalent circuit 

(a=300 mm, b=120 mm, d= 300 mm), ( l=100 mm , w=15 mm). 

The characteristic impedance of this slot is given by 

Gupta et al. [3] as shown in Fig. 2 the shunt impedance of 

the aperture can be modelled as (2) 
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where the l is the length of aperture, a is the length of the 

strip line, K0 is free space wave number and Zos is the 

characteristic impedance of coplanar strip transmission line 

which could be formulated as (3) 
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Fig. 2.  Impedance of aperture and its equivalent circuit. 

A plane wave with a normal electric field to the length of 

the aperture, which is the worst case for shielding 

effectiveness, is used for illuminating the rectangular 

enclosure. The radiating source is modelled by voltage and 

impedance and the enclosure was modelled by the shorted 

waveguide. Its characteristic impedance and propagation 

constant are respectively represented by Zg and Kg.  
The equivalent voltage and source impedance for the 

dominant mode of propagation (TE10), the voltage at the 

observation point (vp) can be found as (4)–8() and (9) by 

using the’venin’s theorem: 
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According to the method in order to improve the shielding 

effectiveness the factor 3

2 3

Z

Z Z
 

  
has a significant role. 

For finding the best result for ξ factor, it is assumed that an 

aperture acts like a termination load for waveguide model of 

the enclosure. The equivalent circuit for this new model is 

shown in Fig. 5.    

 
Fig. 3.  Thevenin equivalent circuit. 

 
a) 

 
b) 

Fig. 4.  Voltage at the observation point for the mode (TE10). 

 
Fig. 5.  The equivalent circuit for an enclosure with aperture load.  
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III. RESULTS 

A. Symmetrical shielding box 

As shown in Fig. 5 a shielding box with mentioned 

dimensions was simulated. First by keeping symmetric of 

enclosure regarding to the direction of impinging plane 

wave, the size of the load aperture selected as the same of 

the main aperture. So that the Z2 impedance will be equal to 

Z3 impedance and ξ parameter will be equal to 0.5 (ξ=0.5).  

A comparison between an enclosure with aperture load and a 

short circuit waveguide based on analytical transmission 

model was performed. The result has been shown In Fig. 6. 

It is evident that using an aperture load would improve the 

shielding effectiveness parameter about 5 dB in resonant 

frequency of the cavity.   
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Fig. 6.  Different SE for an aperture load enclosure and a short circuit 

enclosure based on TL model. 

B. No symmetrical shielding box 

In the case that the direction of the impinging plane wave 

is specified, a no symmetrical shielding box can be utilized. 

The optimum size for the aperture load in the back wall of 

the cavity at resonant frequency (0.7 GHz) should be 

evaluated. The shielding effectiveness parameter was 

calculated for a range of aperture’s length in this frequency. 

The width of the apertures considered constant in all 

simulations, as shown in Fig. 7 and the maximum value for 

SE parameter was found for the length about 215(mm) at 

frequency 0.7 GHz which is about 14 dB. 

 
Fig. 7.  Shielding effectiveness versus frequency and length. 

It is evident that increasing in the length of the aperture 

from 100 mm to 215 mm would improve the shielding 

effectiveness about 27 dB. 

A comparison between a shielding box without aperture 

load and with an optimum aperture load by using 

transmission line model is represented in Fig. 8.  

  
Fig. 8.  Comparison of SE parameter of optimum aperture load and short 

circuit shielding box by using TL model. 

An optimum aperture load in the back wall of the cavity 

result in positive SE parameter over  all  frequency range. It 

is representing that the coupled electric filed will not 

resonate and even has been attenuated in the resonant 

frequency of a simple shielding enclosure. 

C. Aperture load optimization regarding to reflection 

coefficient 

The standing wave which is produced in a short circuit 

waveguide results in the resonance of the shielding box. In 

order to minimize the magnitude of the coupled standing 

wave, the reflection coefficient should be reduced as much 

as possible. The reflection coefficient is introduced as (6) 
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where Γ – reflection coefficient, Zg  – characteristic 

impedance of waveguide at TE10 mode, LZ  – load 

impedance. 

By considering the transmission line model of the cavity 

loaded aperture structure, the reflection coefficient is 

calculated for different size of aperture and the result is 

shown in Fig.  9. 

 
Fig. 9. Reflection coefficient for different length and width at f=0.7 GHz 

The reflection coefficient has got a minimum if the length 

of the aperture to be about 215 mm which is equal to the 

length of a half wave dipole at the resonant frequency   ( 

f=0.7 GHz , λ=428 mm). So for an impedance matching 

condition the length of the aperture should be selected λr/2 

where λr is the wavelength of the resonant frequency of the 

cavity.   

A Gaussian excitation signal was used as the amplitude of 

the electric field of an exciting plane wave. The electric field 

is in z direction and the plane wave is illuminating structure 

depicted in Fig. 5.  

The reflected electric wave at the centre of the shielding 

box is presented in time domain in Fig. 10. It is clear that 

when we have an optimum aperture load at the back wall, by 

passing the time, the amplitude of the reflecting electric 

waves is being damped  drastically, meanwhile for a 

shielding box without aperture load the amplitude of the 

electric field of the reflecting wave is being damped very 

slowly.  

D. Result verification 

For checking the validity of the method, the structure was 

simulated by CST as a FDTD based software and 
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transmission line matrix (TLM) method. 

 
Fig. 10.  Time domain electric field strength at the centre of aperture. 

The dimension of the shielding box is (a=300 mm, b=120 

mm, d=300 mm) and the size of the main aperture is (l=100 

mm, w=15 mm). An optimum aperture with dimensions 

(l=215 mm, w=15 mm) is located at the centre of the back 

wall. As depicted in Fig. 11 the results for different methods 

represent a good agreement. 

 
Fig. 11.  Evaluation of shielding effectiveness parameter by using different 

methods. 

IV. CONCLUSIONS 

In this paper, an efficient and practical method to enhance 

the shielding effectiveness of a rectangular enclosure with 

aperture against electromagnetic pulses is represented. In 

this method using an extra aperture as a matched load 

instead of a shorted waveguide has been proposed. 

Transmission line matrix method was used for simulation the 

rectangular enclosure under electromagnetic interferences 

and the results were verified by analytical method. 

Transmission line matrix method and CST software were 

used to find the optimum size for second aperture.  The extra 

aperture in the end of enclosure acts as a matched load 

which reduces the amplitude of the reflecting waves rapidly 

in time domain and improves the SE of enclosures 

significantly.  
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