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Abstract

This paper investigates a magnetic field sensor based on the rotation magnetization phenomenon of
a magneto-optical (MO) crystal and the third generation probing scheme to estimate with a high level
of accuracy the current distribution of mobile devices that radiate RF waves. The probing scheme,
which employs an optical fiber, has a problem in that fluctuation due to optical polarization causes
measurement instability. In order to achieve stable measurement, we propose employing a
polarization stabilized MO probe. This probe stabilizes the optical polarization through a process in
which the polarization signals, which indicate the magnetic field level, are converted into an amplifier
signal immediately after the_light passes through the MO crystal. We constructed a prototype probe
and its performance is compared to that of the conventional magnetic sensor, which comprises a small
loop antenna. The comparison results show that the current distribution can be estimated more
accurately using the MO probe than by using a small loop antenna because the MO probe can come
into closer proximity to the device under test than the loop antenna and it does not disturb the
electromagnetic field.

1. INTRODUCTION

In electromagnetic compatibility (EMC) assessment or the controlling of the radiation characteristics of
wireless mobile devices, the current distribution on the chassis is an important parameter. The current
distribution is evaluated based on the magnetic field value that is obtained from a point that is in very close
proximity to the surface of the device under test (DUT). There are three requirements to estimate the
current distribution with a high level of accuracy: very close proximity; a high degree of spatial resolution;
and no interference to the electromagnetic field. Heretofore, mainly the small loop antenna was employed as
a magnetic sensor. However, because of the loop antenna structure, it is difficult to satisfy these three
requirements for estimating the current distribution. In this paper, we employ a probe that consists of a
magneto-optical (MO) crystal, has no metal in its construction, and has a micro-sensitive area that is
sensitive to the micrometer scale [1]. This probe is categorized as a third generation probing scheme, which
employs an optical fiber and electro-optical or MO material. The third generation probing scheme has an
important problem in that fluctuation in the optical polarization in the optical fiber causes measurement
instability. We propose an MO probe structure to stabilize the polarization and estimate the current
distribution using this probe.

2. PRINCIPLE OF MO PROBE
2.1 Probe Structure

The MO crystal generates the Faraday effect, which causes rotation of the optical polarization angle
relative to the magnetic field value. By applying this effect, the MO probe measures the magnetic field value
by measuring the angle of the linear polarization. Heretofore, magnetic field measurement using the MO
crystal employed polarization rotation resulting from the Faraday effect, which is caused by the magnetic
domain wall displacement phenomenon [2]. However, because this phenomenon is slow, the measurable
frequency is limited to several megahertz at most, and it cannot measure the high-frequency magnetic fields
that are generated by the recent mobile communication devices such as mobile phones. In this paper, the
measurement targets are devices that use RF electromagnetic waves. Therefore, in order to measure
high-frequency magnetic fields, we employ the rotation magnetization phenomenon to rotate the linear
polarization angle, which can handle high-frequency magnetic fields of approximately 10 GHz [3]

The construction of the MO probe is shown in Fig. 1. Magnetic field measurements are performed using
the following method. 1) Linear polarized light is incident to the MO crystal passing through a
polarization-maintaining optical fiber (PMF) and a prism. 2) The angle of the linear polarization is rotated
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relative to the magnetic field value of the MO crystal. 3) An Linear polarized light /
analyzer comprising a deflecting plate converts the = Ee—-
polarization angle into an optical power signal. 4) A photo
diode (PD) converts the optical power signal into an RF
signal and the resulting signal is measured using an RF
spectrum analyzer.
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2.2 Construction of Polarization Stabilized MO Probe 18 onstruction probe

In the measurement using an optical fiber, the stabilization of the
polarization and the controlling techniques are important because
fluctuation in the polarization in the optical fiber causes
measurement instability. The polarization condition tends to
fluctuate based on the fiber conditions (temperature, vibration,
inflection, and so on). Even if a PMF is employed, the polarization
conditions cannot be maintained except at specific polarization
angles. In this paper, in order to resolve this problem, the optical
fiber between the MO crystal and the analyzer is excluded by setting
an analyzer at the top of the probe and next to the MO crystal.
Therefore, the polarization signals are converted into an amplifier
signal immediately after passing through the MO crystal. This
construction achieves stable polarization conditions and enables
magnetic field measurement. The construction of a prototype for the
Polarization Stabilized MO Probe is shown in Fig. 2

Fig. 2 The prototype of polarization
stabilized MO Probe

2.3 Measurement System

A block diagram of the experimental configuration for the MO probe | |_I>_|
is shown in Fig. 3. A Laser Diode (LD) is utilized for the CW light source. LD PC
The linear polarization is adjusted by a polarization controller (PC)
incident to the MO probe. By using EDFA1 and EDFAZ2, the total optical
power after passing through these two amplifiers is kept constant to EDFA2 !
improve sensitivity [4]. In order to measure the RF electromagnetic DUT
waves, a high-speed PD (20 GHz) is employed. @

A photograph of the DUT, which is a mobile handset model, is shown
in Fig. 4. A planar inverted-F antenna (PIFA) is employed in the DUT
because this antenna is equipped in many communication devices and

CW EDFA1l

Fig. 3 Experimental configuration
for MO probe

because the transmission characteristics are well known. The investigation parameters are given in Table I.

Table 1 Investigation parameter

Optical power 4.77 dBm
Light wavelength 1550 nm
DUT Mobile handset model
Element PIFA
RF input power 20 dBm
RF frequency 2.0 GHz
RF test signal CW ]

Fig. 4 Mobile handset model

3. EVALUATION OF MO PROBE
3.1 Optical Polarization Stability

In order to evaluate the construction of the polarization-stabilized MO probe, we compare the received
optical power before EDFA2 in the conventional construction, which employs an optical fiber between the
MO crystal and analyzer, to that of the proposed construction. In this comparison, there is no magnetic field.
The results are given in Fig. 5. The optical power of the conventional construction gradually increases. The
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3.2 Measurement of Magnetic Field

The magnetic field value of the DUT is measured
using the proposed MO probe and conventional magnetic
field sensor, which employs a small loop antenna. The

19 ——MO probe (d = 1.5mm)
—o—Small loop antenna (d = 1.5mm)

—_

observation line crosses over the PIFA element, whichis o3
shown in Fig. 6. Distance “d” from the element to the g
observation line is 1.5 mm, which is the shortest for the %0-6
small loop antenna. The measurement of the Hy value, go .
which is the intensity of the magnetic field along the Y <~

axis, is shown in Fig. 7. The measurement results for the

o
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proposed MO probe are similar to those for the
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conventional magnetic sensor.
-10 0 10 20 30 40

3.3 Estimation of Current Based on Proximity to Each Fig. 7 Magnetic field distribution
Magnetic Sensor

The current distribution on the DUT is estimated based on the magnetic field value from the proposed MO
probe and that from the conventional small loop antenna. The magnetic field is measured at the closest point
wherever possible for each magnetic sensor. The current estimation employs equivalent Formula (1). Here,
because the object of the estimation is assumed to be flat, there is no current in the normal direction.
Consequently, the normal vector is represented as Formula (2). From Formulae (1) and (2), the current is
obtained using Formula (3).

—+— MO probe (d = 0.5mm)
1.2 -0—Small loop antenna (d = 1.5mm)

I=nxH « « « « - (1) —-Numerical simulation (d = Omm)
n=(0,0,1) « « « « -« 2) 1
I=(GHy, Hx,0) = + « « + (3
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The results of the current estimation using each sensor
and the numerical simulation value are shown in Fig. 8

Because the MO probe can measure the magnetic
field at a point closer (less than 500 pm) than the
conventional small loop antenna, the estimation results
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results from the loop antenna. mm

Fig. 8 Estimation of current distribution

3.4 Noninterference of Electromagnetic Field

The MO probe achieves noninterference of the electromagnetic field because it contains no metal in its
construction.

In order to evaluate this effect, the electromagnetic field is calculated using the FDTD method for cases
with the MO probe, with the small loop antenna, and when there is no sensor. Each sensor is set above the
microstrip line (MSL). The distance between the bottom of the sensor and the MSL is 0.2 mm (the
measurement point for the loop antenna (center of loop) is 1.5 mm). The simulation model and results are
shown in Fig. 9. When the loop antenna is set close to the MSL, the magnetic field is dispersed along the

- 1227 -



element. On the other hand, when the MO probe is used or when there is no sensor employed, the magnetic
field exhibits no disturbance.

Sensor
(MO probe or Small loop) I 1 0 RF input power : 20dBm
: i 0.11 A/m
g Analyzer 0 A/m
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a) Simulation model b) MO probe ¢) Small loop d) No sensor
Fig. 9 Magnetic field disturbance
3.5 Estimation of Two-Dimensional Current Distribution Using MO Probe
By using the proposed MO probe, we can
estimate a two-dimensional current distribution o
on the antenna element of the mobile handset
model. The results are shown in Fig. 10. The
current distribution estimated using the MO probe Low

is in good agreement with that from the numerical
simulation.

4. CONCLUSION

This paper investigated measurement using an
MO probe to estimate with a high level of accuracy
the current distribution on a mobile device.

Improvement in the measurement stability is
achieved using the proposed MO probe, which does Fig. 10 Estimation of current two-dimensional distribution

“¥1a) Measurement b) Numerical
PIFA element simulation

Ix distribution on PIFA element

not employ an optical fiber between the MO

crystal and analyzer. When comparing the MO probe and the small loop antenna, the measurement values of
the magnetic field agree with each other at the same distance from the DUT. The MO probe estimation of the
current approaches that from the numerical simulation because of its close proximity. Furthermore, the
simulation results show that the MO probe does not cause interference to the electromagnetic field. The
two-dimensional current distribution of the mobile handset estimated using the MO probe and that
calculated from the FDTD simulation are in good agreement. Consequently, it is shown that the MO probe is
well suited to estimating the current distribution. However, the received RF power of the MO probe
measurement system is still at a low level and there is still much room for improvement. Considering this,
our task is to improve the sensitivity so that we can employ this technique in the EMC assessment of mobile
devices.
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