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ecent Progress in Fiber Optic Antennas for EMC

ARY Recent progress in electromagnetic compatibil-
() technology has created a need for small and
nd antennas that can be used to measure the quality of
asurement facilities and to measure electric field strength
unity tests and human hazard studies. Antennas using
s are being developed because this kind of antenna has
band property and can eliminate the influence of the
cable. This paper first summarizes the development of
ic antennas for EMC measurement and the construction
ical fiber optic antennas. It then describes the recent
at has been made in Japan. This progress includes the
agnetic source and the electric field sensor using a spheri-
antenna with O/E or E/O converters, and it includes
d electric field sensor using eleciro-optical crystals.

- EMC, EMI, fiber optic antenna, electric field sensor

nnas have been used for measuring electro-
ompatibility (EMC), such as the strength of
eld illuminating a piece of equipment and
of the field emitted from the equipment.
the study of EMC requires new antennas
g the shielding performance, the electric
within a small region, and electromag-

major characteristics required of anten-
EMC measurement are in Fig. 1. EMC
needs wideband and high-precision gen-
asurement of electric fields, and a high-
ection device will be needed to get
rmance. The FET-input type antenna®
modulator type antenna® meet this
0 the other hand, precise measurement
eld requires the elimination of distur-
eamal cable. Antennas in which coaxial
ed by optical fiber, such as the optical-
_ optical/electrical converter (O/E)
meets this requirement. Antennas using
been developed because only this
an satisfy the both requirements.
first summarizes the development of
ias for EMC measurement. Then it
brogress which has been made in
1 dipole antenna and the electric
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field sensor using electro-optic crystals.

2. Recent Proqgress in EMC Antennas Using Fiber
Optics

2.1 Antennas for EMC Measurement

The development of antennas for EMC measure-
ment is summarized in Fig. 2, where the dotted zone
represents the sensitivity required to measure an elec-
tromagnetic pulse and the dashed line indicates the
antenna that cannot measure frequency information.
The loop antenna is used for EMC measurement at
frequencies from 10kHz to 30 MHz, and the dipole
antenna is used from 30MHz to 1GHz, (where
biconical and log-periodic antennas are also used).
For frequencies higher than 1 GHz, the double-ridged
guide antenna is used. The electric field probe is used
for the immunity test.

Broad _|High impedance FET input
bandwidth “ldetection type
Optical
modulator
type
; Elimination of yp
High .| eleciric field
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Fig. 1 Properties required of antennas used for EMC measure-
ment.
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Fig. 2 Sensitivity-vs-frequency characteristics of various kinds
of antennas used for EMC measurement.
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Fiber optic and FET input antennas are wideband
devices, and although their sensitivity should be
improved, they are useful for such EMC measurements
as time domain measurement. Fiber optic antennas are
expected to be especially for studying EMC because
they can measure electromagnetic fields with high
precision and over a broad range of frequencies.

2.2 Fiber Optic Antennas for EMC Measurement

Two kinds of fiber optic antennas are shown in
Fig. 3. One contains a battery and uses a laser or light
emitting diode to convert electric field strength into an
optical signal. The other kind inputs an unmodulated
optical signal and modulates it according to the
strength of an electric field.

Because antennas using light-emitting devices have
attained reproducibility, most fiber optic antennas use
light-emitting devices. The operation time of these
antennas, however, is limited by the capacity of their
batteries, and the many devices needed to construct the
E/O or O/E converter make it difficult to reduce these
antennas size.

On the other hand, antennas which use an optical
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Fig. 3 Types of the sensors using fiber optics.

Optical fiber

Table | Examples of the sensitivity and frequency bandwidth
of fiber optic antennas.
Antenna Characteristics Ref
) ) efer-
type Detection device Frequency [Maximum |ence
bandwidth {sensitivity
Electro-
m:gnr;tic Optical temper- 1GHz- 140V/m (6)
energy ature sensor 40GHz
Diode detection 10MHz- 4) (5
with E/O converter 18GHz 1V/m (4).(5)
. Electric discharge
Electric tube with image 2.45GHz 5kV/m (7)
field fiber
strength -
E/O converter with | 1kHz- 500V/m (3)
analog modulator 100MHz
Optical modulator | 100Hz- imV/m (2)
1GHz
Magnetic E/O converter with | TkHz- oA/m (3)
field strength fanalog modulator 100MHz
Electro- O/E converter with | 30MHz- (9)
magnetic amplifier 1GHz | —
field source
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modulator have a strong potential for achieving
and wideband antennas, but the reproducibil
these antennas should be improved; so for, on
antenna using an optical temperature sensor ha
developed.

Fiber optic antennas can be classified as e
field sensors, magnetic field sensors, or electromag
energy sensors. Examples of the sensitivity an
quency bandwidth of these types of sensors are lis
Table 1.

Electromagnetic energy sensors that use an op
temperature sensor measure RF energy by detectin
change in the temperature of a resistive RF abso
Electric field sensors that use diodes exhibit
reproducibility and sensitivity to a broad ba
frequencies; some antennas have therefore been d
oped®-® ., An electric field sensor that uses an ele
discharge tube measures electric field streng
detecting the brightness of the tube!”. This sens
6 mm in diameter and 18 mm long, and the minin
detectable electric field is about 5kV/m at 2.45 C
Electric field sensors and magnetic field sensors
also be made by using an E/O converter®®, an
electric field sensor using an optical modulator op;
ing from 100 Hz to 1 GHz has been presented®:(%
electromagnetic field source can also be created
replacing the E/O converter with an O/E convert

The rest of this paper will describe the cons
tion of the practical fiber optic sensors listed in T
1, which are an electromagnetic energy sensor usin
optical temperature sensor, an electric field se
using diodes and resistive cable, and electric
magnetic field sensors using an E/O converter.

2.3 Electromagnetic Energy Sensor Using Op
Temperature Sensor

Figure 4 shows the configuration of an electro
netic energy sensor that uses an optical tempera
sensor®. A small piece of resistive material is plac
the temperature sensing point, and RF energy abso
by the resistor increases its temperature. The elé
magnetic energy is obtained by using optical tem
ture sensor to measure the temperature increase.

Reference
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W v
Optical [ T3mm
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susceptor

Fig. 4 Configuration of an electromagnetic energy sensor !
an optical temperature sensor.
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ig. 5 Configuration of an electric field sensor using a diode.

This sensor contains two optical temperature sen-
rs. One measures the temperature increase by RF
ergy, the other measures the ambient temperature,
d the electromagnetic energy is calculated from the
ta produced by these two sensors.

This type of sensor is easily made compact: a
nsor 5 mm in diameter and 13 mm long has been
veloped. This type of sensor is expected to be
yplied in the study of human hazard and hyperther-
ia.

Electric Field Sensor Using Diode

The configuration of an electric field sensor using
ode is illustrated in Fig. 5. A diode placed at the
er of an § mm long dipole element converts RF
al level to DC level. In the actual sensor, three
ogonal elements are used to measure the vector
of the electric field®. To reduce the disturbance to
electric field distribution, a 1 m long resistive line
nects the element to the E/O converter. The resis-
line also reduces the RF signal component
tained in the detected DC level. A plastic optical
T 10 to 50 m long connects the E/O converter to the
lay unit.

The configuration of the E/O converter is also
ated in Fig. 5. The detected electric field strength

rter. The microprocessor averages the signal and

ation database. When the electric field is calcu-
a vector sum of the data detected by the three
gonal elements is also computed. The calculated
s are converted into a data form for transmission
e E/O converter.

E/O Display
converter T unit
‘X Resistive line (P1lg_sélgn.?)ber
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Element
Detected
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A/D .
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data electric field Data output
* l (optical signal)
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mplified and is translated to digital data by A/D

lates the electric field strength, referring to the
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Fig. 6 Conﬁguration of the electric field sensor using an E/O
converter.
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Fig.7 Configuration of the magnetic field sensor using an E/O
converter.

2.5 Electric and Magnetic Field Sensor Using an
E/O Converter

The electric field strength measured by this sensor

- is converted into an analog optical signal that is used

for modulating a light emitting device, such as a laser
diode or a light emitting diode. A magnetic field sensor
can be made by replacing the dipole element with a
loop antenna. These sensors are being developed for
measuring wideband electromagnetic fields within a
small region, and for measuring electromagnetic
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pulses.

The configurations of electric and magnetic field
sensors are illustrated in Figs. 6 and 7®. These sensors
were developed for NEMP measurement, and their
frequency range is from 1 kHz to 100 MHz. The sensi-
tivity of the electric field sensor is 500 V/m, and its
dynamic range is 46 dB. The magnetic field sensor has
a sensitivity of 2 A/m, and a dynamic range of 40 dB.

3. Spherical Dipole Antenna

A spherical dipole antenna was developed to
measure the shielding performance of cabinets"? and
buildings, and to test EMC measurement facilities.

The configuration of a spherical dipole antenna is
illustrated in Figs. 8 and 9. This antenna is divided
into upper and lower elements: The upper element is
an umbrella-shaped hemisphere, and the lower element
is a metallic case. An electromagnetic source is made
by setting an O/E converter into the lower element,
and an electric field sensor is made by setting an E/O
converter into the lower element as shown in Figs. 8

Umbrella shaped hemisphere

Central
post

Shield case ) .
1<% Optical fiber

E/O
Fig. 8 Configuration of a spherical dipole antenna for an
electromagnetic field source.

Umbrella shaped hemisphere

Battery

Shield case

1<% Optical fiber

O/E

Fig. 9 Configuration of a spherical dipole antenna for an
electric field sensor.
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and 9 respectively. A battery supplies energy to f}
E/O or O/E converter.

Because the O/E or E/O converter and batte
contained within the metallic cases of the lower g
ment, the boundary condition is simple. It is therefo,
easy to analyze the antenna properties. The drivir
point impedance and the radiated electric field w;
analyzed using mode-matching method®.

Radiated electric field strength was measured .
the open air test site and was compared with nume
cally calculated results. A spherical dipole anteng
150 mm in diameter was developed for the experimer
and this antenna could operate for 8§ hours at roo
temperature. The height pattern measured 3 m from ¢
antenna was very similar to the calculated pattern
shown in Fig. 10. When height patterns were measur
at frequencies between 30 MHz and 1 GHz, the avera,
deviations for both vertical and horizontal polariz
tion was less than 2dB as shown in Fig. 11. T
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Fig. 11 Deviation between the calculated and measured fiel



yt shown in Fig. 9 operated for 4
detects a signal as small as only 1
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yration of an electric field sensor using
ystals is illustrated in Fig. 12*%. Light
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multimode fiber that guides the light
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stals, where crystals are used for tem-
sation. The light from the modulator

al wave enters into the crystal at an
degree to the crystal’s z axis. When a

he z component. The analyzer, which
‘of 135 degree with the z axis, converts
tion change to the amplitude change. The
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sured by using a TEM cell and a semi-anechoic cham-
ber. The minimum detectable level was 100 dB (¢V/m)
and the frequency response was almost flat from 100
kHz to 100 MHz.

4.2 Electric Filed Sensor Using Integrated Optical

Circuit

An optical modulator using an integrated optical
circuit operates from DC to 20 GHz, and has a high
input impedance. Sensors using optical modulators
were therefore developed for measuring wideband
electric fields in a small regions and for measuring-
electromagnetic pulses'?(?09,

The configuration of such a sensor is illustrated in
Fig. 13. Two metal rods are aligned and separated by a
small gap in which an optical modulator is located.
When an electric field is applied to the metal rods, a
voltage is induced across the gap and the modulator
converts this voltage to an optical signal whose level is
measured by the photodetector. A Mach-Zehnder inter-
ferometer formed from a 7 gm by 0.7 ym waveguide on
a 10 mm by 40 mm Z-cut LiNbO; plate is used as the
optical modulator, and a pair of metal rods, 50 mm
long and 4 mm in diameter, is used for sensor element.

This sensor has three superior points: its influence
on the measured electromagnetic field is small because
most of the sensor materials are nonmetallic, its Qperat-
ing time is not limited, and it operates over a very wide
range of frequencies.

- The frequency respomnse, sensitivity, and the im-
pulse response of the sensor were measured by using a
TEM cell. The frequency response of the sensor is
shown in Fig. 14. Its relative sensitivity, normalized to
the value at 100 Hz, was almost flat from 100 Hz to 300
MHz, and rolls up above 300 MHz. The maximum
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Fig. 13 Configuration of an electric field sensor using an opti-
cal modulator.
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Fig. 14 Frequency response of the electric field sensor with an
integrated optical circuit.
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Fig. 16 Impulise response of the electric field sensor.

sensitivity was obtained at about 750 MHz. The sensi-
tivity of the sensor at 50 MHz, where the frequency
response is flat, and at 750 MHz where the sensor
exhibits maximum sensitivity, is shown in Fig. 15. The
bandwidth of the level meter was set to 1 kHz. The

Fig. 17 Configuration of the electric field sensor using a printed

antenna.
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Fig. 18 Frequency response of the sensor with a printed el
ment.

sensor exhibits an ideal linear response from 60 d!
(£V/m) to 150 dB(xV/m), and has a dynamic rang
of 90 dB. The minimum detection level was 60 dE
(£V /m) at 50 MHz, and 40 dB(xV/m) at 750 MHz.

The impulse response of the sensor is shown
Fig. 16, where the dotted line represents the impresse
electromagnetic pulse and the solid line represents {8
measured values. The measured waveform agrees close:
ly with the impressed waveform. These results me
that an electromagnetic impulse wider than 5ns a
having peak value larger than 10 V/m can be measu
by this sensor.

4.3 Flectric Field Sensor Using Printed Antenna

The structure of the printed antenna is illusira
in Fig. 17", A Mach-Zehnder interferometer
formed from a 7 gm by 0.7 um waveguide on
substrate by titanium diffusion. A 9.5 mm long dip
element is printed on a 10 mm by 40 mm Z-cut LiN
Oj3 substrate by vapor deposition. To reduce the dip!
element resonance 0.06 gm thick Chromium is used
the element material®. A gap 2 mm long and 15/
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created at the center of the element.
e,‘frequency response of the sensor was mea-
s using a TEM cell and a GTEM cell. Figure 18
e relative sensitivity normalized to the value at
As shown in Fig. 18, the frequency response is
flat from 100 Hz to 2.5 GHz. This means that
or should operate at more than 2.5 GHz.

clusion

ent progress of antennas for EMC measure-
sing optical technology was described. The
agnetic energy sensor which uses an optical
ire sensor can be used to measure the electro-
¢ energy within a small region and should be
ble for evaluating the human hazard and hyper-
ia. The electric field sensor which uses a diode
esistive line exhibits good reproducibility and
1d properties, but does not provide frequency
tion. Electric field sensors and magnetic field
which use E/O converters have been developed
MP measurement.

pherical dipole antenna is used to measure the
performance of cabinets and buildings and to
- EMC measurement facility. A transmtting
and receiving antenna 15 cm in diameter was
ed, and the measured radiated field strength is
2 dB of the theoretical value from 30 MHz to

electric filed sensor using electro-optic crys-
developed to measure electromagnetic pulses.
isor using 10mm long 1 mm by I mm bulk
has a sensitivity of 0.1 V/m and can measure
bandwidth of 100 MHz. The sensor with a
ehnder interferometer formed on a LiNbOj
15 a sensitivity of 1 mV/m and frequency band-
f 1 GHz. A sensor with 9.5 mm long element
printed on LiNbOs plate is presented. The
ity of this sensor is almost flat from 100 Hz to
2. The performance of these sensors is suitable
asuring electromagnetic pulses, but their re-
ility and sensitivity should be improved.

gress in EMC study requires sensors that are
nsitive and are responsive over a wider band-
Antenna configuration must be improved and
ity increased. Research on new sensing mate-
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