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Abstract— This paper presents the designing, modeling, and
simulation of the spiral circular magnetic field probe for near
field measurements. Two configurations of this probe have been
investigated using both reference boards — conventional and
microstrip. Furthermore, this probe has a compact size of (4x5)
mm? printed on an FR-4 substrate of 1.6 mm height. This
probe's operation frequency covers a range from 1 MHz to
1 GHz, making it suitable to measure the electromagnetic
interference in the near field region over PCB working at
electromagnetic compatibility applications.
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I. INTRODUCTION

Recently, electronic devices are being smaller and getting
integrated into small packages. Therefore, the spectrum will
be crowded with all electromagnetic waves since each of these
integrated circuits radiates its signals. The interference of
these signals is called electromagnetic interference (EMI) [1].
There are several methods to avoid EMI and allow electronic
devices to work together without affecting each other, called
Electromagnetic Compatibility (EMC) [2]. The EMI can
occur either in the far-field or in the near field, depending on
radiation source power. If the source is significant, the best
way to measure the interference is to use an antenna like a
sensor to estimate the electrical field [3,4]. Moreover, probes
are used to measure interference when the source is small such
as measuring the magnetic field surrounding the printed
circuit board (PCB). In general, the probes are classified into
two types, electrical probes, and magnetic probes. The
magnetic probes need a small area (reference board) with the
device under test (DUT)[5]. The ordinary magnetic probes
can be easily fabricated by hand with a circular or elliptical
loop. Therefore, they are not suitable for high-resolution
measurements due to low accuracy[6]. On the other hand, the
microstrip magnetic probes have the advantages of low cost,
low profile, and easy fabrication, which make them suitable
for magnetic field measurement with high resolution [7].
Many studies of design magnetic probes based on PCB are
proposed. Authors in [8] present a low-cost ultra-wideband
near field probe based on FR-4 substrate. [9] suggests a novel
circular loop to work as a magnetic probe in the near field
measurements. A set of quasi-periodic notches are engraved
in the transmission line to get high effectively of eliminating
the unwanted resonance of the circular loop. A compact ultra-
wideband magnetic probe is designed and simulated in [10].
The structure of the probe consists of a four-layer PCB of
Rogers substrate.
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This work is dedicated to designing a microstrip magnetic
probe to estimate the induced magnetic field over PCB. The
paper is organized as follows; Section II describes the design
of the reference board and the design of the magnetic probe.
The magnetic probe results for different frequency bands are
shown in Section III, while section IV presents a brief
Conclusion.

II. DESIGNING AND SIMULATION OF MAGNETIC PROBE

A. Reference Board Design

To model the proposed probe, we need a reference board
that gives us reference values of the magnetic field to compare
with the presented probe results. This reference board is
necessary to detect the magnetic field. A conventional type of
reference board consists of a cylindrical line of diameter
1.2 mm above the ground plane h =2.05 mm and terminated
with 50 ohm. The air separates between the cylindrical line
and the ground plane; this type is well known due to the easy
calculation of the electromagnetic fields around the structure
using the boundary image equations [11]. However, this
article uses another kind of reference board called microstrip
reference board, which consists of a microstrip line of width
wy engraved in the top layer of the double-sided PCB for the
purpose of accuracy. This board can be quickly and accurately
fabricated at a low cost. Both conventional and microstrip
reference boards are presented in Fig.l. The width of the
microstrip line wy that provides 50 ohm impedance matching
can be calculated from equation (1):

87 l (5.98 X h> o
= n ,
Je +1.41 0.8 X wy

where 4 is the height of the substrate and ¢, is the relative
permittivity.
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Fig.1: The conventional and proposed reference plane for the test.
a) conventional reference plane, and b) microstrip reference board

Fig.2 depicted a magnetic field's tangent component for
both conventional and microstrip reference boards at
100 MHz (low frequencies) and 1 GHz (high frequencies),
respectively. It can be seen that the result achieved from the
microstrip reference plane has higher accuracy detection than
the result achieved from the conventional reference plane.
And it is apparent in the two minimum points of the red curve
compared to the two minimum points of the blue curve. It can
be concluded that the microstrip reference board has better
performance than a conventional reference board because
both the microstrip reference board and the device under the
test are based on PCB technology, and they almost have the
same substrate.
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Fig.2: The magnetic field result of conventional and microstrip reference
board a) 100 MHz, and b) 1 GHz.

B. Design of the Probe

The next step is to evaluate the induced magnetic field by
the proposed probe, then compares it with the estimated same
magnetic field by the reference board. Unfortunately, the CST
Microwave studio doesn't evaluate the induced magnetic field
by the probe. Instead of that, we can determine the induced
voltage across the probes' side at each position. Therefore,
sweeping the proposed probe from the negative x-axis to the
positive x-axis will give us the induced voltage curve with
distance. In the design procedure, we have many geometrical
options to configure the proposed microstrip probe. Microstrip
spiral circular probe has been designed and simulated in CST
Microwave studio with two configurations [12]. Fig.3 shows
the geometrical shape of the proposed probe.
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Fig.3: The geometrical shape of the printed circular probe

The dimensions of the probe are illustrated in Table I.

TABLE L THE OPTIMUM DIMENSION OF THE SPIRAL CIRCULAR PROBE
Parameter Value (mm)

Hight (h) 1.6
L 5

Trace width 0.3

Gap 0.2
Width (W) 4
Radius (R1) 2
Number of turns 3

The antenna factor is inversely proportional to the cross-
section area, as shown in equation (2). Meanwhile, this area
can be calculated using the circular area formula from
equation (3) since the probe's shape is spiral circular.

1
Ar=—0, 2
! = oS (2)
S = 2mr2, 3)

where p is the material's permeability, w represents the
angular frequency in rad/sec, and r is the radius of the loop.

The antenna factor for this shape is evaluated and
implemented in MATLAB Software. Fig.4 shows the Matlab
calculation of the antenna factor.
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Fig.4: Antenna factor vs. Frequency (MATLAB).

III. THE SIMULATION RESULTS

Two configurations of microstrip spiral circular magnetic
probes have been investigated, one face three-loop probe
(1F3L) and two faces three-loop probe (2F3L). Fig.5 presents
these two configurations. The induced magnetic field probe
results for both structures at different frequencies are shown
in Fig.6. at low frequency (100 MHz) it can be seen that both
configurations can detect the magnetic field even though
(1F3L) has higher accuracy rather than (2F3L). i.e., the two
minimum points of the black-dashed curve have better
performance than the two minimum points of the blue-dashed
curve compared to the reference field (red curve). This
advantage of (1F3L) comes from the fact that the estimation
area for the (1F3L) probe is more selective than the other
probe (2F3L). As the frequency increases from 100 MHz, the
(2F3L) probe's accuracy decreases while the (1F3L) probe still
has the same precision, which is obviously at 300 MHz
500 MHz in Fig.6b and Fig.6c, respectively. At 1 GHz, the
(2F3L) probe can no longer detect the magnetic field because
it doesn't have any minimum points anymore. In contrast, the
(1F3L) probe can detect the magnetic field since it has two
minimum points of -30 dB and -20 dB as demonistrated in

Fig.6d.
(b)

() (d)

Fig.5: Two faces (2F) probe versus one face (1F). a) front view (2F),
b) back view (2F), c) front view (1F) and d) back view (1F).
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Fig.6: Magnetic field estimation for both probe configurations at low and
high frequencies, a) low frequency (100 MHz), b) 300 MHz,
¢) 500 MHz, and d) high frequency (1 GHz).

Fig.7 shows the S-parameters of the proposed antenna for
both configurations (2F3L and 1F3L). Since the operation
bandwidth determined by reflection coefficient below the -3
dB, it’s clear that the 1F3L configuration covers the whole
band up to 1 GHz, while the 2F3L configuration is lossing his
accuracy after 0.5 GHz (the reflection is higher than -3 dB) as
shown in blue dash curve.
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Fig.7: S11-parameters of the proposed probes (1F3L and 2F3L).

One of the key parameters of magnetic probe design is the
isolation, i.e., the ability of the magnetic probe to suppress the
unwanted electrical field. The S12-parameter represents the
magnetic field and the electrical field when the direction of the
probe parallel and perpendicular to the microstrip line of the
reference board test respectively. The isolation of two
configurations is about 12 dB as shown in Fig 8.
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Fig.8: S12-parameters of the proposed probes (1F3L).

IV. CONCULSION

Two configurations of a spiral circular magnetic probe
(two faces three-loops (2F3L) and one face three-loop (1F3L))
are designed and simulated to serve EMI measurements. The
microstrip board is used as a reference board with features
closed to the DUT to validate the results collected from the
proposed probe, used this new reference plane due to low cost,
low profile, and ease to fabricate. The (1F3L) probe has more
selective than (1F3L); therefore, it has better performance than
(2F3L). In conclusion, the (1F3L) probe covers the frequency
band from 1 MHz to 1 GHz effectively to estimate the
magnetic field over PCB. It is worth mentioning that
decreasing the number of loops has a direct impact on
broadening the operation bandwidth of the probe due to
decreasing the parasitic capacitor.
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