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Abstract- Currently most of the electrical and electronic 
equipments use switching mode power supplies (SMPS) as their 
input power source. SMPS increase power - volume ratio using 
high switching frequencies which it cause producing sever 
radiated and conducted electromagnetic interference (EMI) in 

the environment. Therefore, SMPS must satisfy the 
requirements of electromagnetic compatibility (EMC) 
standards. Since EMC standard tests are expensive and time 

consuming, designers are looking to find a way to estimate 
radiated and conducted emission of SMPS. In this paper we 
proposed a combined method of moment (MOM) and near field 
measurement method for efficient simulation of SMPS 
components radiated emission. The first step of this approach is 
measurement of electromagnetic field at an arbitrary 
rectangular plan in the near field (NF) of the board. In the 
second step, we used MOM to identify the equivalent sources 
current in the surface of SMPS board based on the NF 
measurements. In the third step we can estimate the 
electromagnetic fields at any distance using MOM to evaluate 
the compliance with regulations. The efficiency of this approach 
is evaluated for a small electrical dipole and an inductor as a 
basic component of SMPS. 

I. INTRODUCTION 

Since the introduction of switched mode power supplies 
(SMPS) at the end of 1960s, they have become popular more 
and more and being used in the majority of today's electronic 
and electric equipments. Power semiconductor device 
(MOSFET, IGBT, etc) development can achieve the high 
frequency switching operation in the SMPS system. High 
switching frequency results in increase the power-volume 
ratio however produce very fast voltage and current variations 
which cause structures such as PCB conduction paths, 
inductors, transformers and heatsinks generating radiated 
emissions. So SMPS have become an important factor in 
deterioration of our electromagnetic environment. On the 
other hand, increasing integration of power electronic circuit 
modules, together with the continuing growth in power 
density and switching frequency have resulted in a close 
interaction between SMPS components. So determination of 
radiated emission from SMPS and its components is useful in 
the design stage. 
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In order to design a SMPS which satisfy the requirements of 
EMC standards, designers typically use a set of established 
EMC rules to control various electromagnetic parameters. 
Then SMPS tested in a Semi-Anechoic Chamber (SAC) or 
Open Area Test Site (OATS) to assess compatibility with 
EMC standards. If EMC test failed, designers must modify 
their design and repeat the test. This process is very time 
consuming and expensive, so Designers are looking for a way 
to predict radiated emission fonn SMPS and its components 
in the early design stages. 
In recent years three approaches proposed to predict 
electromagnetic emission from SMPS. The first approach was 
based on simplified analytical model for radiating 
components of SMPS [1]. But these simplified analytical 
expressions are very crude approximations of radiated 
emISSIOn. 
The second approach was based on the numerical methods 
such as finite element method (FEM) and finite difference 
time domain (FDTD) method [2], [3]. Modeling of all the 
SMPS components in this method is very difficult and has a 
lot of computational cost. So this approach is not applicable 
for complex SMPS. 
The third approach is based on reconstruction of radiating 
source. The basic idea of this approach is identification of 
equivalent radiating source based on the near field 
measurement that generate the same near fields as original 
radiating source and then calculation of the field at any point 
outside the source domain. The determination of the 
equivalent radiating source from the measured near fields is 
based on the application of the electromagnetic Equivalence 
Principle and use of optimization methods. Radiating source 
can be modeled as a current distribution on the PCB plane [4] 
or set of electric and magnetic dipoles [5]. Because of using 
optimization method such as genetic algorithm, these 
methods are time consuming. 
In this paper we proposed a method based on the third 
approach but we use MOM to solve integral equations, 
relating measured near fields with surface electrical currents 
on the PCB plane. This method has some advantages. It is a 
direct method, without any need to be optimized and thus is 
faster than those which need. Because of using analytic free 
space Green's function, stability of this computational 



m�th�d is guaranteed and is not influenced by the sampling 
cntena for the fields. In addition, the solution methodology 
does not blow up even when evanescent waves are present in 
the measured data [6]. 
Theory and basic formulation of proposed method is 
presented in section II and the validity of this method shown 
by two case studies in section IV. 

II. THEORY 

The problem geometry is illustrated in Fig. 1. SMPS placed 
on the XY plane contain some components such as inductor, 
transformer, heat sinks and PCB conduction paths which 
excited with high frequency current and voltage which cause 
generating radiated emissions. In this paper we are going to 
propose a method to calculate an equivalent current 
distribution on the PCB plane that generates the same near 
field values as those measured on the measurement plane. So 
we can substitute SMPS by these equivalent currents and 
calculate electric and magnetic field in all points in space. 
This method is based on the electromagnetic Equivalence 
Principle [7], which states that a given set of sources bounded 
with closed surface S can be characterized by equivalent 
currents distributed on the surface S'that encloses the original 
sources so that the generated fields outside the surface 
containing the sources are the same in both the original and 
the equivalent problem (see Fig.2). According to this 
principle a given set of tangential electromagnetic fields on a 
closed surface around the source can determine a set of 
electrical and magnetic equivalent currents that produce 
exactly the same field outside the surface. In this paper we are 
going to propose a method to calculate an equivalent current 
distribution that generates the same near field values as those 
measured close to the SMPS. So we can substitute SMPS by 
these equivalent currents and calculate electric and magnetic 
field in all points in space. The knowledge of just one field 
(electric or magnetic) is enough for the calculation of both the 
equivalent magnetic and electric currents [8]. In this paper we 
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Fig. I. A SMPS on the XY plane and measurement plane placed at height h 
above SMPS. 
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Fig. 2. Electromagnetic Equivalence Principle 

Zero 
Field 

s 

use tangential magnetic field (If., H) measured on a 
rectangular plane parallel to XY plane at height h to calculate 
equivalent electrical surface current. 

The proposed method includes three steps. First step is 
measurement of tangential near filed. We choose a 
rectangular plane above SMPS to measure tangential 
magnetic field components. This surface must be large 
enough to ensure that most of the radiated energy is going 
through the measurement plane. The number of measurement 
points and distance between them depends on the probe 
structure and its sensitivity to variation of field. 
Second step is calculation of surface current that produces 
same fields as measured tangential magnetic field 
components. We use a rectangular plane with dimension 
same as SMPS to calculate surface current on it. Relationship 
between the equivalent currents and the generated tangential 
near fields is magnetic integral equation. We use MOM to 
solve this equation. 

In t.he thir? step we solve electric and magnetic integral 
equatIOn usmg MOM to calculate radiated electric and 
magnetic field from this current distribution in free space. 

A. Development of magnetic integral Equation 
.Th� m�gnetic field generated in free space by an arbitrary 

dlstnbutlOn of electric currents is given as follow [9]: 
H =�V'xA (1) 

f.1o 
- /kR 

A= Jio If], _e _
" -ds' (2) 

41< eq R 
s' 

�here �q is equivalent electric current density His magnetic 
fIeld produces by �q and Eo is permittivity of free space and Il 

is permeability of free space and A is magnetic vecto; 
potential and R is the length of vector connects source point 
location (x',y',z') with observation point location(x,y,z). 
Tangential magnetic field can be calculated by expansion of 

(1), (2) in Cartesian coordinate: 

H =_1 If-[(z)J] 1+ jPR e-jfJRdx'dli (4) 
y 41< , x R3 J 

S 
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B. Solution By Method of Moments 

The electric currents appearing in (3), (4) are unknown. In 
this paper, we use the pulse basis functions to expand 
unknown currents. Current expansion using the pulse basis 
assumes them to be constant (in amplitude and phase) on each 
sub domain. Furthermore, as currents are vectors, it is 
necessary to express them in terms of two tangential 
components (,h.c h) on each sub domain of discretized 

source (see Fig.3). So 

N" Ny 
Jeq = LL(Jpqxx+Jpqyy)II(x-xp,y-yq) (5) 

p�l q�l 
Where Jpqx and �qy are equivalent current tangential 
components in segment pq and: 

II(x,y) = 
{I Ixl < � ,IYI < 

A; 

o Ixl > � ,IYI > 
A; 

Ax 
x = pAx--

p 2 

Ay 
Y =qAy--q 2 

By substituting (5) to (3) and (4), the integral equations 
relating magnetic fields with equivalent electrical currents 

convert to a system of linear equations. The number of 
equations is equal to the number of measurement points. This 
system of linear can be expressed compactly in matrix form 
as follow: 

Jpqy 

p Jpqx 

N 

x 

Fig. 3. Discritzation grid of equivalent current source plane. 

(6) 

According to the (3), (4) the matrix elements that relate the J, 
to Hx and Jy to Hy is zero so: 

ZH"Jx = ZHy,Jv = 0 (7) 

So, matrix equation (6) can be decupled as follow: 

[HyJ=[ZHx,Jy][Jy] (8) 

[Hy] = [ZHy,.!x ][JrJ (9) 

Because coefficient matrix Z is large and sparse, factorization 
methods are generally not efficient and we should use an 
iterative method such as LSQR to solve it. 

m. SIMULATION RESULTS 

The efficiency of our method has been tested in two cases. 
First we test this for a small electrical dipole. In the second 
case we used that to predict radiated magnetic field from an 
inductor which is a basic component used in the SMPS. 

C. Small Electrical Dipole 
FigA shows tangential magnetic field of a small electrical 

dipole oriented along X coordinate axis calculated by 
analytical expressions [9] (on a I OOmm * 100mm rectangular 
plan at height of 10mm above dipole plan). Calculation 
performed in 121 points which spaced equally 10mm. The 
length of dipole is 10mm and excited with a lA sinusoidal 
current source with frequency of 30MHz. 

Fig.S shows equivalent current calculated by proposed 
method. The LSQR method computed the solution to a 
relative residual of 5Ae-007 using 1.03 seconds. 

Fig.6 compares the magnetic and electric fields calculated 
by analytical expressions with fields calculated by proposed 
method on a 400mm*400mm plane at height of 40mm above 
dipole plane. Fig.6 illustrates that results of the proposed 
method completely match with analytical ones. 
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Fig. 4. calculated tangential magnetic field from a small dipole. 
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Fig. 5. equivalent current calculated by proposed method. 

IHyl(lVm) IHyl(lVm) 

10 10 

20 20 

30 30 

40 40 

50 50 

10 20 30 40 50 10 20 30 

IExl(Vlm) IExl(Vlm) 

10 10 

20 20 

30 30 

40 40 

50 50 

10 20 30 40 50 10 20 30 

IEyl(Vlm) IEyl(Vlm) 

10 10 

20 20 

30 30 

40 40 

50 50 

10 20 30 

10 

40 50 

40 50 

40 50 

TV. CONCLUSION 

This paper has presented an appropriate approach for 
prediction of radiated electromagnetic emission from SMPS 
component. In this approach we substitute the radiating 
source by equivalent currents that produce same field as 
original radiating source. These equivalent currents are 
calculated based on near field measurement. Two cases have 
been studied: a test case (small dipole) and a high frequency 
inductor which is a basic component of SMPS. Also far field 

Fig. 7. high frequency inductor. 

Hy(Nm) 

10 

10 

Fig.8. Tangential magnetic field simulated above high frequency inductor. 
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Fig. 6. Magnetic and electric field calculated by analytical method (left) and 10 

proposed method (right). 

D. High Frequency Inductor 
Another experiment was carried out to test the proposed 
method at EMI frequencies on a PQ inductor supplied with a 
30 MHz sinusoidal source. The magnetic field simulated on a 
] OOmm*] OOmm plane situated IOmm above the inductor, 
using a 1 cm grid. The system was simulated using High 
Frequency Structural Simulator (HFSS). Fig.7 shows PQ 
inductor used for simulation. 
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Fig.9. Reconstructed equivalent current by proposed method. 
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The simulated tangantial magnetic field by HFSS is shown in 
Fig.8. The reconstracted equivalent current calculated by 
proposed method is shown in Fig.9. We can fmd radiated 
magnetic and electric field in all of the space. For example 
Fig.] O. shows the calculated magnetic field on a 
500mm*500mm plane at height of 50mm above inductor. 

Fig.IO. Radiated magnetic field above inductor. 
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radiation can be easily obtained by solving integral equation 
in free space. We can use this approach to evaluate the impact 
of the SMPS components on each other and on the other 
devices located nearby. 
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