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Recent progress in electromagnetic compatibil­
tephnology has created a need for small and 

0

n.as that can be used to measure the quality of 
'"ent facilities and to measure electric field strength 
sts and human hazard studies. Antennas using 
eing developed because this kind of antenna has 

perty and can eliminate the influence of the 
· r paper first summarizes the development of 
as for EMC measurement and the construction 
optic antennas. It then describes the recent 
een made in Japan. This progress includes the 
rce and the electric field sensor usingJupheri­
;with 0/E or E/0 converters, and it includes 
· field sensor using electro-optical crystals.
· MI, fiber optic antenna, electric field sensor

· e been used for measuring electro-
1&:tli ty (EMC), such as the strength of
1uininating a piece of equipment and

field emitted from the equipment. 
i:ly of EMC requires new antennas 
sfrielding performance, the electric 
n a small region, and electromag-

jcharacteristics required of anten­
imeasurement are in Fig. 1. EMC 
�ideband and high-precision gen­
, 

1'eht of electric fields, and a high­
! ,f1 device will be needed to get 
�.L'fhe FET-input type antenna<0 

,. 'f a.tor type antenna<2> meet this 
er hand, precise measurement 

'.ffes the elimination of distur­
il,fe. Antennas in which coaxial 
i,c:al fiber, such as the optical­
[:/.electrical converter ( 0 /E) 
crequirement. Antennas using 
.�yeloped because only this 
· · ":tlie both requirements.

a:r:izes the development of
C measurement. Then it 
hich has been made in 

electric 

ovember 14, 1991. 
iT Telecommunication Net-
0,shi, 180 Japan. 

field sensor using electro-optic crystals. 

2. Recent Proqress 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 10 kHz to 30 MHz, and the dipole 
antenna is used from 30 MHz to 1 GHz, ( 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. 
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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--0pffo 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/0 or 0/E converter make it difficult to reduce these 
antennas size. 

On the other hand, antennas which use an optical 

E/0 Converter 

Fig. 3 Types of the sensors using fiber optics. 

Table l Examples of the sensitivity and frequency bandwidth 

of fiber optic antennas. 

Antenna 
Characteristics 

Detection device Refer-
type Frequency Maximum ence 

bandwidth sensitivity 

Electro-
Optical temper- 1GHz-magnetic 140V/m (6) 

energy ature sensor 40GHz 

Diode detection 10MHz- 1V/m (4),(5) 
with E/0 converter 18GHz 

Electric 
Electric discharge 

2.45GHz 5kV/m (7) tube with image 
field fiber 
strength E/0 converter with 1kHz- 500V/m (3) 

analog modulator 100MHz 

Optical modulator 100Hz-
1GHz 

1mV/m (2) 

Magnetic E/0 converter with 1kHz-
2A/m (3) 

field strength analog modulator 100MHz 

Electro- 0/E converter with 30MHz-
magnetic amplifier 1GHz 

-- (9) 
field source 
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modulator have a strong potential for achievi 
and wideband antennas, but the reproduc· 
these antennas should be improved; so for, 
antenna using an optical temperature sensor 
developed. 

Fiber optic antennas can be classified a 
field sensors, magnetic field sensors, or electro 
energy sensors. Examples of the sensitivity 
quency bandwidth of these types of sensors are 
Table 1. 

Electromagnetic energy sensors that use an 
temperature sensor measure RF energy by dete' 
change in the temperature of a resistr've RF ab 
Electric field sensors that use diodes exhi 
reproducibility and sensitivity to a broad · 
frequencies; some antennas have therefore be 
oped<5 > , <5> , An electric field sensor that uses a 
discharge tube measures electric field stre 
detecting the brightness of the tube(7), This 
6 mm in diameter and 18 mm long, and the 
detectable electric field is about 5 kV /m at 2 
Electric field sensors and magnetic field sen 
also be made by using an E/0 converter<3> ,<3>, 
electric field sensor using an optical modulator 
ing from 100 Hz to 1 GHz has been presented<3 

electromagnetic field source can also be ere 
replacing the E/0 converter with an 0/E con, 

The rest of this paper will describe the C<'> 
tion of the practical fiber optic sensors listed i � 
1, which are an electromagnetic energy sensor� 
optical temperature sensor, an electric field 
using diodes and resistive cable, and elect( 
magnetic field sensor� using an E/0 converter., 

2. 3 Electromagnetic Energy
Temperature Sensor 

Figure 4 shows the configuration of an elec 
netic energy sensor that uses an optical temp 
sensor<4 >. A small piece of resistive material is pl 
the temperature sensing point, and RF energy a 
by the resistor increases its temperature. The 
magnetic energy is obtained by using optical te 1 

ture sensor to measure the temperature increase: 

Reference 
temperature 
sensor 

Fig. 4 Configuration of an electromagnetic energy senso 

an optical temperature sensor. 
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Element 

Detected 
signal 
(DC level.) 

Data processor 

Data output 
(optical signal) 

E/0 
converter 

Configuration of an electric field sensor using a diode. 

This sensor contains two temperature sen-
One measures the temperature increase by RF 

rgy, the other measures the ambient temperature, 
the electromagnetic energy is calculated from the 
produced by these two sensors. 
This of sensor is easily made compact: a 

',or 5 mm in diameter and 13 mm long has been 
eloped. This type of sensor is expected to be 
lied in the of human hazard and 

Electric Field Sensor Using Diode 

The configuration of an electric field sensor using 
is illustrated in Fig. . A diode placed at the 

of an 8 mm long element converts RF 
level to DC leveL In the actual sensor, three 

elements are used to measure the vector 
. To reduce the disturbance to 

a l  m resistive line 
converter. The resis-

Une also reduces the RF 
in the detected DC level. A 

10 to 50 m connects the E/0 converter to the 
y unit. 
he configuration of the converter is also 
ated in Fig. 5. The detected electric field 
!llified and is translated to data 
rteL The averages the 

referring to the 
field is caku­

a vector sum of the data detected by the three 
,:,nal elen:1ents is al§o computed. The calculated 
are converted into a data form for transmission 

converter. 

Spherical 
sensor 

Transmitter 

Power on veceiver 
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unit 
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Fig. 6 Configuration of the electric field sensor using an E/0 

converter. 
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pulses. 
The configurations of electric and magnetic field 

sensors are illustrated in Figs. 6 and 7<s> . 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<

11
> and 

buildings, and to test EMC measurement facilities. 
The configuration of a spherical dipole antenna is 

illustrated in Figs. 8 and 9 <9> . This antenna is divided 
into upper and lower elements: The upper.element is 
an umbrella-shaped hemispJiere, and�he 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/0 
converter into the lower element as shown in Figs. 8 

Umbrella shaped hemisphere 

\ 

i- Optical fiber 

E/0 

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

Fig. 9 Configuration of a spherical dipole antenna for an 
electric field sensor. 
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and 9 respectively. A battery supplies energy t 
E/0 or 0/E converter. 

Because the 0/E or E/0 converter and bat 
contained within the metallic cases of the low 
ment, the boundary condition is simple. It is the 
easy to analyze the antenna properties. The dt 
point impedance and the radiated electric field 
analyzed using mode-matching method<9>. 

Radiated electric field strength was measur 
the open air test site and was compared with nu 
cally calculated results. A spherical dipole ant 
150 mm in diameter was developed for the experi 
and this antenna could operate for 8 hours at r 
temperature. The height pattern .measured 3 m fro 
antenna was very similar to the calculated patter 
shown in Fig. 10. When height patterns were meas 
at frequencies between 30 MHz and 1 GHz, the ave 
deviations for both vertical and horizontal pol 
tion was less than 2 dB as shown in ·Fig. 11. · 
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Fig. 10 Height pattern 3 m from the spherical dipole ant�
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Fig. 11 Deviation between the calculated and measured fi 
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shown in Fig. 9 operated for 4 
etects a signal as small as only 1 

ration of an electric field sensor using 
sJalsjs illustrated in Fig. 12< 15 l _ Light 
0 

(633 nm) is focused into the 50/125 
ultimode fiber that guides the light 

bly. The beam entering the assembly 
�that it passes through the optical 

ining a pair of 10 mm by 1 mm by 1 
,stals, where crystals are used for tem­
tSation. The light from the modulator 
.into the multimode fiber and guided 

.ctor. 
nsor is set in an electric field, a voltage 

, e electrodes of the crystals. A linealy 
, 1rt'wave enters into the crystal at an 
egree to the crystal's z axis. When a 
ied, this polarization becomes elliptical 
ctro-optic effect changes the traveling 
Mi' component. The analyzer, which 
of 135 degree with the z axis, converts 

n change to the amplitude change. The 
. trength can be obtained to measd'te the 
. j:\nge by using the photodetector. A 
compensator is used to tune the optical 

the analyzer. 
or's sensitivity and bandwidth was mea-

He-Ne Laser 

--' 

Optical fiber 
.. Photo-detector 1-------� 

nfiguration of an electric field sensor using bulk 

iNb03 electro-optic crystals. 
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sured by using a TEM cell and a semi-anechoic cham­
ber. The minimum detectable level Was 100 dB (µV /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< 1oi.<12l , <13l . 

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 µm by 0. 7 µm waveguide on 
a 10 mm by 40 mm Z-.cut LiNb03 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 :qeld is small because 
most of the sensor materials are nonmetallic, its operat­
ing time is not limited, and it operates over a very wide 
range of frequencies . 

The frequency response, 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. Itih:elative 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 

urpumped 
Nd:YAG laser 

Polarization 
compensator 

11 dBm 

I 
Polarization 
maintaining 
fiber 

Optical 
modulator 

Metal rod 

Plastic case 

h 

' 

Single mode 
fiber 

Photo- Level 
detector meter 

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. 

120�-----------=-�---� 
Optical output : 0. 5dBm 

100 APO bias : 38V 
Band width : 1 kHz 

80 

60 

40 

20 

0 

-20
x • Measured 

-40'----'---'----'-----'---'---'---'--.,_----'
0 20 40 60 80 100 120 140 160 180 

Electric field strength (dB(µ V /m) ) 

Fig. 15 Sensitivity of the electric field sensor. 
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Fig. 16 Impulse 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 
ce#hibits 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 print 
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Fig. 18 Frequency response of the sensor with a printed 
ment. 

sensor exhibits an ideal linear response from 60 
(µV/m) to 150 dB(µV/m), and has a dynamic ra 
of 90 dB. The minimum detection level was 60 
(µV /m) at 50 MHz, and 40 dB(µV /m) at 750 M 

The impulse response of the sensor is shown 
Fig. 16, where the dotted line represents the impre 
electromagnetic pulse and the solid line represents 
measured values. The measured waveform agrees cl 
ly with the impressed waveform. These results 
that an electromagnetic impulse wider than 5 ns . 
having peak value larger than 10 V /m can be meas· 
by this sensor. 

4. 3 Electric Field Sensor Using Printed Antenn

The structure of the printed antenna is illust
in Fig. 17< 14>. A Mach-Zehnder interferomete 
formed from a 7 µm by 0. 7 µm waveguide on 
substrate by titanium diffusion. A 9.5 mm long d' 
element is printed on a 10 mm by,40 mm Z-cut L 
03 substrate by vapor deposition. To reduce the di 
element resonance 0.06 µm thick Chromium is us� 
the element material<4 >. A gap 2 mm long and 1 
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at the center of the element. 
�Q.CY response of the sensor was mea­
'a TEM cell and a GTEM cell. Figure 18 
tie, sensitivity normalized to the value at 

·b'wn in Fig. 18, the frequency response is
om 100 Hz to 2.5 GHz. This means that
ould operate at more than 2.5 GHz.

progress of antennas for EMC measure­
'ptical technology was described. The 
:c energy sensor which uses an optical 
Y:isor can be used to measure the electro­
'y within a small region and should be 

aluating the human hazard and hyper-
ielectric field sensor which uses a diode 
tline exhibits good reproducibility and 
perties, but does not provide frequency 

;Electric field sensors and magnetic field 
use E/0 converters have been developed 

C:iasurement. 
'al dipole antenna is used to measure the 
ormance of cabinets and buildings and to 

,,, .. C measurement facility. A transmtting 
receiving antenna 15 cm in diameter was 
d the measured radiated field strength is 

bf the theoretical value from 30 MHz to 

fie filed sensor using electro-optic crys­
foped to measure electromagnetic pulses. 
1sing 10 mm long 1 mm by 1 mm bulk 

sensitivity of 0.1 V /m and can measure 
idth of 100 MHz. The sensor with a 

t interferometer formed on a LiNb03 

sitivity of I mV /m and frequency band­
z. A sensor with 9.5 mm long element 

. 7d on LiNb03 plate is presented. The 
'this sensor is almost flat from 100 Hz to 
performance of these sensors is suitable 

g electromagnetic pulses, but their re­
and sensitivity should be improved. 
in EMC study requires sensors that are 

and are responsive over a wider band­
na configuration must be improved and 
treased. Research on new sensing mate­
eeded. 
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