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Abstract—With the increases of the module integration density and
complexity in electrical and power electronic systems, serious problems
related to electromagnetic interference (EMI) and electromagnetic
compatibility (EMC) can occur. For the safety, these disturbing effects
must be considered during the electronic equipment design process.
One of the concerns on EMC problems is induced by unintentional
near-field (NF) radiations. The modeling and measurement of EM
NF radiations is one of the bottlenecks which must be overcome by
electronic engineers. To predict the unwanted different misbehaviors
caused by the EM radiation, NF test benches for the reconstitution
of scanning maps at some millimeters of electrical/electronic circuits
under test were developed at the IRSEEM laboratory. Due to the
difficulty of the design with commercial simulators, the prediction of
EM NF emitted by active electronic systems which are usually based on
the use of transistors necessitates more relevant and reliable analysis
techniques. For this reason, the main focus of this article is on the
experimental analysis of EM NF radiated by an MOSFET transistor
with changing electrical parameters. Descriptions of the experimental
test bench for the EM map scan of transistors radiation are provided.
This experimental setup allows not only to detect the EM NF emission
but also to analyze the influence of the excitation signal parameters
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as the cyclic ratio. It is found that the magnetic radiation is maximal
when the cyclic ratio is close to 50%. In the future, the technique
introduced in this article can be used to evaluate the EM radiation of
embedded electronic/electrical devices in order to improve the safety
and security of electronic systems.

1. INTRODUCTION

To meet the highest technique performances, the modern elec-
tronic/electrical embedded systems are designed with the cohabita-
tion of circuit implemented in different technological scales as the
presence of RF/microwave and digital circuits usually operates with
small signals associated with power electronic devices confined in the
same module. These innovative configurations can create serious prob-
lems related to electromagnetic interference (EMI) and electromagnetic
compatibility (EMC) due to, for example, unpredicted couplings in the
printed circuit board (PCB) scale or in the system level [1–3]. To min-
imize the problems related to the EMI/EMC, different test techniques
were established notably for the EMC characterization dedicated to
automotive applications [4–7]. This type of EMC characterization is
generally known in matter of EMC susceptibility [8, 9]. In this way, one
of the most attractive techniques used by electronic engineers is based
on hybrid methods using optimal combinations of different techniques
as reported in [10].

Mostly the bottlenecks related to the EMC phenomena are
caused by the undesired EM couplings between neighboring circuits.
To forecast this unwanted phenomenon, investigations of near-field
(NF) characterization were conducted [11–17]. The predictions
technique is mostly aimed to the detection of the EMI sources in
the integrated circuits as microprocessor, PCB and power electronic
systems. Moreover, modeling methods of the EM NF radiations
were proposed, first, in frequency-domain [18–23] and also, for the
analysis of the EM-wave in time-domain [24–26]. Nevertheless, the
modeling and simulation methods require more reliable practical
investigation from efficient experimentations. So, different scanning
techniques of EM NF were proposed [27–36]. But most of the
existing measurement techniques are not completely mature for the EM
NF radiation characterization of low frequency electrical and power
electronic devices. In fact, the current power electronic components
operate faster and generate more and more unintentional intensive
disturbances, in particular, via radiating emissions. It becomes then
essential to optimize the realization and functioning of the power
electronic circuits.
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At the IRSEEM laboratory, a NF scan test bench for electronic
components and electrical systems was developed [36]. In this scope,
the experimentation of the magnetic NF behavior attracts particularly
our attention. By using this test bench, we present, in this article, the
experimental results of an active circuit NF-radiation analysis. To do
this, we characterize the EM NF radiated by one of the fundamental
elements constituting electronics of power systems. In this article,
we focus our study on the analysis of MOSFET transistor parameter
influences on the magnetic NF radiation for the avoidance of EMC
problems in the power electronic systems. The objective of this work
is to characterize the influences of the MOSFET under test parameters
on the intensity of the magnetic NF radiated in order to establish
optimal compromises allowing us to minimize the NF intensity.

For the sake of illustration, this article is organized in three main
sections. Section 2 describes the synoptic and different techniques
adopted for the magnetic NF measurement radiated by the MOSFET
transistor under test. Section 3 addresses the experimental results
analysis for characterizing the magnetic NF behaviors with respect to
the transistor bias parameter as the excitation signal. More precisely,
we are interested in the interpretation of the electrical effects related
to the following parameters of the attack signals in normal regime:
duty ratio, frequency, the levels of voltage and current, and finally
the number of transistors in the electrical or electronic modules. The
various experimentations performed will help us to understand the
impact of each parameter on the EM NF radiating disturbances in
order to preserve the correct functioning of the systems containing the
transistor considered. Section 4 is the conclusion.

2. DESCRIPTION OF THE NF TEST BENCH USED
DURING THE EXPERIMENTATIONS

We are interested only in the EM NF aspect which represents radiations
generated power electronic systems during the switching phase caused
by EMI disturbances. A down converter chopper in which the power
electronic MOSFET transistor is isolated from the other elements
constituting the main circuit is realized. As presented in Figure 1,
the experimental setup considered is made of a circuit comprising a
command allowing to simultaneously vary the frequency, cyclic ratio,
power supply of the MOSFET and a diode of free wheel. As electrical
load of the circuit under test (CUT), 10 resistances are connected in
parallel associated with switches. We can then choose, according to
the configuration considered, the resistances to be activated.
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Figure 1. Experimental setup considered for the test of MOSFET.

2.1. Description of the Measurement Technique Performed
with the NF Test Bench Used in the IRSEEM Laboratory

The IRSEEM NF test bench is composed of two different parts,
the system of EM probe position location and the chain of EM NF
acquisition. The EM NF radiated by the CUT is measured with probes
which in turn, transform the magnetic field to an electrical signal
recorder in a spectrum analyzer. Software installed in the PC controls
the movement of the probe, acquisition and ensures data processing.
The NF test bench used is based on the technique of direct electronic
measurement. The detection of the magnetic NF is made by means of
spectrum analyzer. It is important to note that the software installed
in PC enables to synchronize the displacement of the probe and also
the moment to record the data with the spectrum analyzer.

2.2. Description of the NF Test Bench Mechanical Parts

Figure 2 represents the photograph of the robot or the mechanical
parts of the NF test bench used. The probe is placed at the extremity
of the robot arm. Step by step, DC motors assure the displacements
of the probe along the three axes.

The displacements of the probe above the CUT in the
measurement plane are assured by a robot capable to move in
translation three directions x, y, and z. During the experimentation,
the probe was programmed to move 30 cm along the x- and y-axes and
to move 10 cm along the z-axis. We point out that the minimal space
resolution of the system is equal to 5µm for the three directions. For
each axis, the robot was programmed to detect the origins and the
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Figure 2. Illustration of the NF test bench.

ends or limits of the measurement domain. The motor robot control
and the record of data from the probe are ensured by a command unit
recorded to the PC.

2.3. Description of soft and Control Elements

The control of various elements constituting the NF test bench used is
made via a graphical interface containing the geometrical parameters
of the measurement plane desired. This software consists of various
modules susceptible to ensure the following functions:

The location of the probe position above the CUT,

The acquisition of data recorded and provided by the spectrum
analyzer,

The control of the generator to feed the CUT if necessary,

The creation of the data files in formats *.txt or *.csv which
contains the magnetic NF measured values at each points of the
measurement plane considered.

After configuration of the software according to the measurement
plane, the operator then must verify the test zone. The latter can
either be a simple straight line or a parallelepiped 3D-area. Once all
geometrical parameters are set, the process of data acquisition can be
started. To define the measurement space, it is necessary to define
the coordinates of the measurement plane extremities and also the
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number of steps which corresponds to the space resolution or simply
the distance separating two consecutive points during the scan process.
Of course, the measurement time-duration during the scan period is
proportional to the number of acquisition points. For example, during
the experimentations, we defined an horizontal measurement plane
with dimensions 50mm×50mm and a space step equal to 2mm along
the axes x and y. It is equivalent to 25 steps for each direction. We
underline that in this case, the measurement was carried out in 50
minutes. We point out that the other elements of the test bench used
were shielded in order to avoid the perturbation [32, 36]. This was
initially done with passive structures, and the obtained magnetic fields
were validated with simulations performed with standard commercial
tools.

2.4. Description of the Electrical Acquisition Chains

The main element of the acquisition chain is the electronic probe
which detects the EM field radiated by the CUT. As aforementioned,
the probe provides the voltage signal corresponding to the EM field
intensity. During the test, this sensor is connected to the spectrum
analyzer via a coaxial cable with characteristic impedance 50 Ω and
if necessary, with a low noise amplifier. The spectrum analyzer used
presents an operating frequency band from 9 kHz and 26.5 GHz. It is
capable to detect the signals with levels from −148 dBm to +30 dBm.
As can be seen in Figure 3, the magnetic probe utilized is a metallic
loop with two-spires.

The radius of loops is equal to r = 1.6mm. This geometrical
parameter is used for the measurement calibration which consists in
the determination of the probe factor. It is important to note that the
latter represents a constant enabling to convert the measured voltage
|V (ω)| in its equivalent magnetic field amplitude |H(ω)|. The probe

 

Figure 3. Photograph of the magnetic probes used during the
experimentations.
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factor is calculated from the following equation:

|V (jω)| = πr2ωµ0 |H(jω)| , (1)

where µ0 is the vacuum permeability. It means that the probe factor
(PF ) is equal to:

PF (ω) =
|H(jω)|

|V (jω)|
=

1

πr2ωµ0
. (2)

We underline that the space accuracy of the magnetic field scan
depends on the probe diameter.

3. TECHNIQUES PROPOSED FOR THE EM NF
MEASUREMENT OF POWER ELECTRONIC
TRANSISTORS

As mentioned previously in the introduction, the main purpose of this
work is to characterize the behaviors of the magnetic radiation of a
power electronic MOSFET with regard to the following parameters:
power supply voltage V and current I, cyclic ratio k, excitation signal
operating rate or frequency f and number of transistors with reference
STW12NK80Z fabricated by STMicroelectronics which constitutes the
active CUT. The configuration shown in Figure 4 was considered for
the transistors set up in order to facilitate the scan of the magnetic
NF expected.

To do this, we successively fixed three of the four parameters
indicated previously and varied one of the parameters under study.
After the realization of the magnetic NF map, one can interpret the
influence of the tuned parameter on the intensity or the behavior of
the magnetic field. It is interesting to point out that during the tests

Figure 4. Configuration of the experimental set up containing the
transistors under test.
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whose results are presented in this article, we considered the following
parameters:

Space resolution along the x- and y-axes = 2mm,

Operating rates or frequencies f = 20 kHz and f = 50 kHz,

Distance between the measurement plane and the plane of the
CUT = 3 mm.

The measurement plane scan surface considered during the tests
is with dimensions 62.5 mm along x and 40 mm along in y for the
horizontal components Hx and Hy, and set as 75 mm along x and
48mm along y for the vertical component Hz.

According to the variation of each parameter indicated previously,
different tests were carried out. The next subsections present the
discussions on the results obtained.

3.1. Test A: Analysis of the Cyclic Ratio Variation

To perform this test, we increased the cyclic ratio (k = ton/T ) by
maintaining the same consuming energy and accordingly adjusting the
average current Iav as explained in Figure 5. For the same fixed signal
period T , the on-time ton and signal amplitude I were changed.

After scan and data processing, we obtain the maps of magnetic
NF components Hx, Hy and Hz, respectively displayed in Figure 6,
Figure 7 and Figure 8.

We can observe that when the cyclic ratio is changed from 50% to
80%, the intensities of the three magnetic field components are reduced
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Figure 5. Instantaneous currents with different values of cyclic ratio
and same average current.
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(b)(a)

Figure 6. |Hx| measured transistor map for V = 12 V, I = 3A,
f = 20 kHz for the cyclic ratios. (a) k = 50%. (b) k = 80%.

 

(a) (b)

Figure 7. |Hy| measured transistor map for V = 12 V, I = 3A,
f = 20 kHz for the cyclic ratios. (a) k = 50%. (b) k = 80%.

(a) (b)

Figure 8. |Hz| measured transistor map for V = 12 V, I = 3 A,
f = 20 kHz for the cyclic ratios. (a) k = 50%. (b) k = 80%.

by 40%. This magnetic field variation can be explained with the
decrease of the instantaneous current during the on-state ton in order
to preserve the same power consumption as indicated in Figure 5. We
can conclude that for identical current average values, the transistor
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Figure 9. Instantaneous currents with same amplitude and different
cyclic ratios.

radiates less when the cyclic ratio is increased. This finding is useful
for certain applications where the limitation of current level in the
transistor is not an important constraint because we could maintain a
constant average power while reducing the magnetic field emission.

However, being incapable of giving a conclusion on the direct
impact of the cyclic ratio with this test, we realized further NF
measurements by fixing the level of the current in the transistor. The
following figure represents the instantaneous current behaviors flowing
through the drain of the transistor which are kept fixed for the two
values of k.

In this case, by varying k from 0.3 to 0.8, we measured the
variation of the magnetic NF Hy intensity above the transistor under
test. Therefore, we obtain the result representing the magnetic fields
versus cyclic ratio plotted in Figure 10. This curve illustrates that the
transistor presents a maximal radiation when k = 0.5. In addition, we
can see that two zones of favorable radiations are found for k < 0.45
and k > 0.55.

This graph presents a good correlation with the conducted
disturbances in the transistor, which are mainly due to the ripple of
the current. Indeed, we recall that the ripple rate in a voltage down
converter chopper is expressed by the following relation:

∆I(k) = a · k · (1 − k) · f (3)

where f is the cut-off frequency, a the real constant, and k the cyclic
ratio. Formula (3) shows that the ripple rate, thus the conducted
disturbance is important when the cyclic ratio is close to k = 0.5. This
relevant finding can be extremely useful for the correlation between
the conducted and radiated EMC phenomena. Table 1 represents the
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Figure 10. Maximal value of |Hy| versus cyclic ratio.

Table 1. Maximum values of measured magnetic field components for
k = 0.5 and k = 0.8.

k 0.5 0.8

Max (Hx) in dBA/m 52.3 43.1

Max (Hy) in dBA/m 49.3 41.4

Max (Hz) in dBA/m 58.8 49.6

maximal values of the radiated magnetic fields as found in Figure 10.
This means that it would be judicious to command the transistor

by avoiding a cyclic ratio close to k = 0.5. Moreover, one usually
considers k = 0.5 as the worst case during the synthesis of EMC filters
which are intended to reduce the conducted disturbances. In a nutshell,
the results found in this subsection confirm the correlation between the
conducting and radiating EMC effects.

3.2. Test B: Analysis of the Frequency Variation

In this case, we consider the following measurement parameters: V =
12V, k = 50%, I = 3 A which are kept constant and changed the
operating frequency from f = 20 kHz to f = 50 kHz. As can be
observed in Figure 11 and Figure 12, a slight decrease of the magnetic
fields intensity of about 1 dBA/m occurs. This finding does not imply
that the operating frequency has no impact on the EMC disturbance.
However, it can be pointed out that if the frequency band is too narrow
(lower than 30 kHz) its influence can be negligible.

It is worth noting that in the present test condition, the differences
between the measured Hz components for f = 20 kHz and for f =
50 kHz are negligible.
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(a) (b)

Figure 11. Measured |Hx| for V = 12 V, k = 50%, I = 3 A and
for: (a) f = 20 kHz. (b) f = 50 kHz.

 

(a) (b)

Figure 12. Measured |Hy| for V = 12V, k = 50%, I = 3 A and
for: (a) f = 20 kHz. (b) f = 50 kHz.

Table 2. Maximum values of measured magnetic field components for
V = 12 V and V = 24 V.

V in V 12 24

Max (Hx) in dBA/m 52.3 53.3

Max (Hy) in dBA/m 49.3 49.1

Max (Hz) in dBA/m 58.8 57.4

3.3. Test C: Analysis of the Voltage Amplitude Variation

According to the application of the MOSFET under test, we set the
following test parameters: k = 50%, I = 3A and f = 20 kHz which are
kept fixed and the voltage variable from V = 12V to 24 V. After the
NF scans, we obtained the magnetic field component results displayed
in Figure 13, Figure 14 and Figure 15.

We can observe that the point corresponding to the maximum field
does not change. This finding is also confirmed by Table 2. It means
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(a) (b)

Figure 13. Measured |Hx| map for: (a) V = 12 V. (b) V = 24 V,
k = 50%, I = 3 A and f = 20 kHz.

  

(a) (b)

Figure 14. Measured |Hy| map for: (a) V = 12V. (b) V = 24V,
k = 50%, I = 3 A and f = 20 kHz.

   

(a) (b)

Figure 15. Measured |Hz| map for: (a) V = 12V. (b) V = 24 V,
k = 50%, I = 3 A and f = 20 kHz.

that the voltage supply amplitude does not constitute a constraint on
the transistor magnetic field radiation. This test permits us to verify
the power electronic theory, according to which in low frequencies, the
approximation of the quasi-stationary states is allowed, and the electric
and magnetic fields can be decoupled. Therefore, the voltage influences
the electric field whereas the current influences the magnetic field.
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3.4. Test D: Analysis of the Current Amplitude Variation

During this test, the current supply amplitude of the MOSFET
is increased from 3 A to 4.5 A while keeping the other parameters
unchanged (V = 24 V, k = 50% and f = 20 kHz). After the NF
scans, we realized the magnetic field component results displayed in
Figure 16, Figure 17 and Figure 18.

We can point out that a significant increase of the magnetic field
intensity of about 45 dBA/m is found. This result corresponds to
the theoretical expectation which illustrates the relation between the
current and magnetic field intensities. The graph plotted in Figure 19
represents the variation of the magnetic field detected at 3mm above
the MOSFET with respect to the current supply intensity.

It is noteworthy that by extrapolation, we can demonstrate, from
this empirical analysis, the linearity between the amplitudes of the
magnetic field and the MOSFET current supply. This explains the
influences of the current on the MOSFET NF radiations and allows the

   

(a) (b)

Figure 16. Measured |Hx| map for: V = 24 V, k = 50%, f = 20 kHz.
(a) I = 3.2A. (b) I = 4.5A.

   

(a) (b)

Figure 17. Measured |Hy| map for: V = 24 V, k = 50%, f = 20 kHz.
(a) I = 3.2A. (b) I = 4.5A.



Progress In Electromagnetics Research M, Vol. 21, 2011 203

 

(a) (b)

Figure 18. Measured |Hz| map for: V = 24V, k = 50%, f = 20 kHz.
(a) I = 3.2A. (b) I = 4.5A.
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Figure 19. Measured |Hy| with respect to the MOSFET current
supply intensity.

users to set the current supply according to the EMC test standards [4–
6].

3.5. Test E: Analysis of the Transistors Number Influence

In this case, we compared the modification of the magnetic field
intensity radiated by single- and three- transistors. During this last
test, three identical transistors are assembled in parallel and supplied
with the same circuit intensity. In the baiting with a variable load,
we set the current to approximately 3 A. After scans, we realized the
magnetic field maps displayed in Figures 20.

As can be seen in these figures, the equivalent field is uniformly
well distributed over each MOSFET. In this case, we measured the
maximum magnetic field for both cases, and the results are summarized
in Table 3.

According to the intensity of the magnetic field summed up in this
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Figure 20. Measured maps (|Hx|, |Hy| and |Hz|) radiated by a single-
(in left) and three- (in right) transistors in cascade.

table, we emphasize that the increase of the transistors number leads
to:

The reduction of the magnetic field is more than 7 dB for a
constant power supply.

The possible increase of the power transported without degrada-
tion of components.

We were able to realize during all the analyses of these results that
the distribution of the magnetic field was the same and that only
the amplitude of the field varied.



Progress In Electromagnetics Research M, Vol. 21, 2011 205

Table 3. Maximum values of measured magnetic field components
with respect to the transistors number.

1 transistor 3 transistors

Max(Hx) in dBA/m 49.1 40.2

Max (Hy) in dBA/m 47.6 40.1

Max (Hz) in dBA/m 57.9 46.9

The majority of the measured magnetic field and especially the
peaks are situated above the transistor.

4. CONCLUSION

Facing the increase of the power electronic devices operating speed,
unintentional disturbing effects related to the EM field radiations can
occur. To solve the problem related to this EMC phenomenon, a good
knowledge of the electronic circuit radiations becomes a crucial step
for the electronic design engineers. This article describes a succinct
empirical investigation on the radiation of the MOSFET transistor
with respect to electrical parameters fundamentally used in the power
electronic systems. To do this, we realized experimentations with the
NF test bench developed at the IRSEEM laboratory. The novelty
of the works proposed in this article lies in the empirical analysis
technique of the NF radiated by the active elements with respect
to the operating parameters. The technique considered is relatively
important in terms of the instrument and measurement research in
the NF radiations. This technique practically difficult to perform is
particularly useful for the power electronic design in terms of the EMC
investigation of which few studies are made till now according to the
authors’ best knowledge.

The basic principle functioning of the test bench made was
described. The different blocks constituting the experimental setup
considered are also indicated. Afterwards, the characterization of
the magnetic field components Hx, Hy and Hz are presented with
respect to the MOSFET electrical parameters as the power supply
and operating signals cyclic ratio and frequency. The results obtained
lead us to propose the guideline and the prescriptions enabling
to guarantee the good functioning of power systems based on the
MOSFET transistors. According to the experimentations performed,
we point out the following conclusions:

¤ The cyclic ratio close to 0.5 must be avoided.
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¤ For the average value of the alternative test signals transported,
it is better to privilege currents with low intensity and voltages
with high values.

¤ The use of several transistors can reduce the maximum field for
the power supply.

This study is helpful for investigating the EMC problems related to
the EM NF radiation notably for the power electronic systems and for
test facilities as proposed in [4–6].
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