
EP 0 415 668 B1 Description The present invention relates tooptical
magnetic field sensors utilizing a magnetooptical effectof magnetic garnet
materials. In particular the present invention relates to optical magnetic
field sensors which have high 5   sensitivity and excellent magnetooptical
characteristics and which are to be used for detecting accidents such as
earthing in power distribution lines. Electrical type measuring instruments
have conventionally been used as measurement instruments for controlling
electric current and voltage in an electric power field using high voltage
and high electric current. For this purpose, the measuring instruments must
be of a very large size and have high insulation reliability 1o  so that
the measuring instruments themselves may not be a cause for earthing or
shorting accidents. Thus, there are problems in that the cost is high and a
wide installation area is necessary. In order to solve the problems of the
above-mentioned measurement instruments, optical magnetic field sensors in
which a Faraday element having a magnetooptical effect (for example, a
magnetic garnet material) is combined with an optical fiber are disclosed
in K. KYUWAet al., IEEE Journal of Quantum Electronics, Vol. 15  QE-18, No.
10, 1619 (1982)). The optical magnetic field sensor of this type comprises
a light source section composed of a light emitting diode or the like, a
magnetic field-detecting section constituted by interposing a Faraday
element made of, for example, a magnetic garnet material, between a
polarizer and an analyzer, a measurement circuit for receiving and
measuring light emitted from the light source section and passing through
the magnetic field-detecting 20  section, and light transmission paths
using optical fibers for optically connecting these sections. Owing to this
construction, since the magnetic field-detection section is merely
optically connected with the measuring cir- cuit by the optical fiber, but
electrically insulated therefrom, insulating reliability is high, and since
the light transmission section is constituted by the optical fibers, they
do not undergoes electromagnetic induction so thata magnetic field detector
having a sufficient measuring precision can be installed ata low cost by a
simple 25  plant. The above magnetic garnet material is known to have a
particularly great magnetic field-detecting sensi- tivity (Verdet constant)
among Faraday elements such as Faraday glass and bismuth silicon oxide.
Therefore, In order to improve the characteristics of the optical magnetic
field sensors, various contrivances have been made on the magnetic garnet
material having the Faraday effect 30      For example, Japanese patent
application Laid-open Nos. 62-150,185 and 62-188,982 propose that the
magnetic field can be measured at high precision by specifying the
orientations of planes of the magnetic gar- netsingle crystal material. See
also EP-A-208476which proposes use of single crystals of inter alia the
formula [err] where R may be inter alia Y and/or Gd. This document mentions
that the magnetic garnet may be polycrystalline. Further, Japanese patent
application Laid-open No. 63-163,815 proposes that a poly- 35  crystal of
magnetic garnet is made transparent by adding calcium thereto to make it
possible to measure the magnetic field at high precision. 



However, an FZ process, an LPE process, a flux process or the like are
generally used as production proc- esses for producing the single crystal
materials of the above-mentioned magnetic garnet. However, since these
processes grow single crystals from a melt of garnet, they suffer problems
in that a precious equipment is nec- 40  essary, mass productivity is poor,
and variations in the characteristics of the materials are likely to occur.
Although the magnetic garnet polycrystal which is made transparent by
adding calcium as mentioned above has a better mass productivity than the
above-mentioned single crystal materials, the polycrystal has the following
problems. That is, it first suffers the problem that when calcium is added,
sensitivity of the sensor drops because the magnetooptical characteristics,
i.e., the Faraday rotation angle and the Verdet constant be- 45  come
smaller. Next, since vanadium needs to be added to supplement charges of
calcium, the kinds of ele- ments to be mixed during the production becomes
greater. Consequently, an inner portion of a sintered body is likely to
become inhomogeneous so that variations of the magnetooptical
characteristics of the sensor are likely to occur. When these magnetic
garnet materials are used as optical magnetic field sensors for the power
distribu- 50  tion, the sensitivityof the magnetooptical element,
uniformity ofthe element and itsoutputstability as the char- acteristics
thereof come into problems. Earthing accidents in the power distribution
are detected by arranging three optical magnetic field sensors in three
phase power distribution line, uniting their detected magnetic fields, and
detecting about 100 mA earthing current in the case of a load current being
600 A. Therefore, a detecting precision of not more than 1/10,000 is
required. 55     In order to reduce the weight of the sensors in the power
distribution lines, structures using no iron cores are desired.
Particularly, the magnetic garnet materials having high sensitivity Is
demanded. EP-A-208476 mentioned above discloses thatthese
garnet-typeferrite crystals may be used in a high sen- sitivity
magneto-optical sensor comprising a light source, a magnetic field
detectorand a light receiving means 2    EP 0 415 668 B1 for receiving
light passing through the magnetic field detector from the light source.
There is a measurement controller for controlling the light source, the
magnetic field detector and the light receiving means, for meas- uring the
intensity of light received by the light receiving means. Light
transmission paths using optical fibres connect the light source and the
magnetic field detector, and connect the magnetic field detector and the
light 6   receiving means. The magnetic field detector Is constituted by a
polariser, and analyser and a magneto-optical element arranged between
them. The garnet-type ferrite crystal is used as the magneto-optical
element, and the crystal has a Verdet constant of not less than
1deg/cm.Oe(1 Oe=80[err] and a thickness of not less than 100pm. An object
of the present invention is to solve the above-mentioned problems, and to
provide optical mag- 



10  netic field sensors having high sensitivity, high output stability, and
uniform magnetic field-detecting charac- teristics. The high sensitivity
optical magnetic field sensor according to the present invention is set out
in claim 1. Since the optical magnetic field sensor of the invention uses,
as the magnetooptical element, the garnet type ferrite polycrystal having
given magnetooptical characteristics, sufficient magnetic field-detecting
preci- 15  sion, and the composition of [err] + Y + Z = 3), the magnetic
field can stably be detected at such a high sensitivity as to make it
possible to use the optical magnetic field sensor for the detection of
earthing accidents in the case of the power distribution. For a better
understanding of the invention, reference is made to the attached drawings,
wherein: Fig. 1 Is a diagram diagrammatically showing a construction of an
optical magnetic field sensor according 20     to the present invention;
Fig. 2 shows a diagram illustrating a construction of a device for
detecting accidents such as earthing in power distribution lines; and Fig.
3 is a graph showing changes of temperature-output characteristics. Now,
limitations of the magnetooptical characteristics, the composition and the
producing process of the 25  magnetic garnet type ferrite polycrystal to be
used in the present invention will be explained. The magnetooptical
characteristics of the polycrystal will first be explained. When a load
current of about 600 A flowing through a power distribution line is
detected by an optical magnetic field sensor spaced from the power
distribution line by about 20mm, the magnetic field is about 60 Oe at a
location of the sensor. Owing to this, when a Faraday rotation angle of not
less than 0.5 deg giving rise to a sufficient SN ratio in the optical 30
magnetic field detector is to be obtained, an element having a Verdet
constant of not less than 1 deg/cm-Oe and a thickness of not less than 100
[err] is required. This is understood from the fact that the Faraday
rotation angle as a characteristic of the element is expressed by the
following equation: OF = V.L.H 35  in which OF, V, L and H are the Faraday
rotation angle (deg), the Verdet constant (deg/cm-Oe), the thickness of the
element (cm), and the magnetic field (Oe), respectively. The Verdet
constant is a value measured by using a helium-neon laser having a
wavelength of 1.15 [err]. Lasers having wavelengths of 1.3 [err] and 1.55
[err] generally used at presentfor long distance light transmission are
about 0.75 time and about 0.5 time as much as the above value,
respectively. The light transmittance of magnetic garnet is considered to
be related to absorption of light inside the gar- net and attenuation due
to reflection at the surface thereof. The internal light absorption is
expressed by the following equation: [err] in which 1, lo and a are an
intensity of a light emitted, intensity of an incident light (excluding a
reflected light), 45  and a light absorption coefficient, respectively.
Since this effect is an exponent function of a product between the light
absorption coefficient and the thickness of the element, it is necessary to
make the absorption coef- 



ficient smaller so that the thickness of the element is increased to obtain
a sufficient sensitivity. Further, since an effect due to the reflection
can be reduced to about 1% by a treatment such as an antireflection
coating, it is not considered here. However, it is known that about 30% of
light may be reflected by magnetic garnet 50  depending upon the refractive
index. The reason why the light transmittance is limited to not less than
10% is that since an amount of the light returning to a light measuring
section for receiving and measuring the light is greater when the
transmittance is higher, measurement is possible at higher precision, and
that when the transmittance is less than 10%, it is difficult to effect the
measurement at a precision of not more than 1/10,000. 55      The
temperature dependency in the detection of the magnetic field in
temperature range of -20 to +60[err]C needs to be within 1.0%. For, when
the temperature dependency is outside 1.0% in the temperature range of -20
to +60[err]C anticipated in actual use, the sensor used as a detector for
detecting earthing or shorting ac- cident may erroneously judge due to
changes in temperature that earthing or shorting occurred. 3    EP 0 415
668 1 The reason why the garnet type ferrite polycrystal having a
composition of [err]X + Y + Z = 3) is used as the magnetooptical element is
that It is known that the Faraday rotation angle is greatly increased by
replacing locations of rare earth elements of rare earth-iron garnet by
bismuth, the garnet type ferrite poly- crystal is considered to be a
material giving a Verdet constant of not less than 1 deg/cm-Oe among
Faraday 5   materials currently available, and it is considered that the
temperature dependency within 1.0% in the tem- perature range of -20 to
+60C on the detection of the magnetic field can be realized by limiting the
kinds of rare earth elements used to Gd and Y. It is preferable that
amounts of components are set to satisfy the requirements that 0.7 < x <
1.5, 0.3 < Y/Z < 0.6, and x + Y + Z = 3, because a desired garnet type
ferrite polycrystal is readily obtained when the 10  above requirements are
satisfied. A process is known from Japanese patent application Laid-open
No. 56-162,715 for improving the tem- perature dependency of the
magnetooptical characteristics such as the Faraday rotation angle by
replacing a part of yttrium of the bismuth-substituted yttrium-iron garnet
by gadolinium. Further, as a process for producing the garnet type ferrite
polycrystal as the magnetooptical element, it is 15   preferabletousea
process in which the polycrystal is made transparent by HIP treatment after
the composition is controlled to an intended composition with molar
variations in a range of 0.05 molar %. The reason is that the thus
controlled composition is highly densified to 99.99%, and made transparent
relative to infrared rays by HIP treatment On the other hand, a material
having a composition deviated from the intended composition to the outside
of the range of  0.05 molar % is not made fully transparent even by HIP
treatment and thus 



20  difficult to use as an optical magnetic field sensor. Further, since
the density of the polycrystal having under- gone no HIP treatment yet was
around 99.8%, it could not be used as the optical element. Fig. 1 shows a
diagram illustrating a construction of the optical magneticfield
sensoraccording to the pres- ent invention. In Fig. 1, 1, 2-1, 2-2, and 3
are a light source for emitting light, optical fibers constituting light
transmission paths, and a magnetic field-detecting section constituted by a
polarizer 4, a Faraday element 5 25  and an analyzer 6, respectively. 7 is
an light-receiving element for receiving light emitted from the light
source 1 through the optical fiber2-1, the magneticfield-detecting section
3 and the optical fiber2-2, and 8 is a meas- urement controlling section
for controlling the above sections and measuring the light received by the
light- receiving element. The principle of the optical magnetic field
sensor will be explained. First, when a light beam emitted from 30  the
light source 1 (for example, an LED having a wavelength of 1.3 [err])
passes the polarizer4 of the magnetic field-detecting section 3 through the
optical fiber 2-1, it becomes linearly polarized light When this linearly
polarized light passes the Faraday element to which an external magnetic
field is applied, the light undergoes a Faraday rotation in proportion to
the intensity of the magnetic field. Consequently, the intensity of the
light emitted from the analyzer 6 is changed in proportion to the intensity
of the magnetic field. 35      As the measurement controlling section 8, a
division circuit is used for converting the light received by the
light-receiving element 7 through the optical fiber 2-2 to a voltage
proportional to the intensity of the light, sep- arating a DC portion from
an AC portion, and converting the formerto a magneticfield. By so doing, a
variation in intensity of the light emitted from the analyzer can be read
as a voltage value proportional to the magnetic field to be measured.
Further, in order to detect current in an earthing accident of a
three-phase AC, a circuit 40  is used for reading an accidental current
from a voltage value. With respect to the measurement controlling section
8, various systems other than the dividing circuit system are known, and
the effects intended can be obtained by the optical magnetic field sensor
according to the present invention Irrespective of the types of the
electric circuits. Fig. 2 shows a diagram illustrating a construction of a
device for detecting accidents such as earthing in 45  power distribution
lines. In Fig. 2, reference numerals 2A-2C, 3A-3C, and 8A-8C denote the
same members as denoted by 2-1 and 2-2, 3 and 8 in Fig. 1, and 9A-9C are
three phase conductors of a power distribution line. Reference numerals 10
and 11 denotes a current signal synthesizing circuit, and a unitfor
measuring and indicating accidents such as earthing, respectively. 50
Under normal condition, currents in the three phase power line conductors
(9A, 9B, 9C) are balanced and a zero-phase sequence current in the three
phase power line conductor is zero and the signal from the current signal
synthesizing circuit is also zero. But, when there is an unbalanced fault
in the three-phase power line, the signal from the current signal
synthesizing circuit becomes a finite value depending on the type of
faults. 55      When the accident of earthing happens, the
zero-phase-sequence current in the three phase power line 



conductors becomes a value of from 100 mAto 5 A. The detecting precision of
magnet field can be reduced to not more than 1/10,000 by this magnetic
garnet materials, so 100 mAearthing current can be detected In the case of
a load current being 600 A. 4    EP 0 415 668 B1 As the process for
producing the magnetooptical element to be used as the detecting section of
the optical magnetic field sensor, as mentioned above, a single crystal
material obtained by a flux process or the like, and the polycrystal
material which is made transparent by adding calcium are known. However,
these magne- tooptical elements have the above-mentioned drawbacks, and
pose a problem when they are used in optical 5   magnetic field sensors for
detecting earthing or shorting in the power distribution. In the following,
a process for obtaining a bismuth-substituted rare earth-iron garnet
polycrystal having a sufficient sensitivity and output stability as a
magnetooptical element of the optical magnetic field sensor for detecting
the earthing or shorting in the power distribution, and possessing uniform
magnetooptical charac- teristics will be given. 10      As a process for
preparing powder of a raw material, a process is employed in which a mixed
aqueous solution containing iron (III) nitrate, bismuth nitrate, and
nitrates of yttrium and gadolinium is used as a starting material, this
mixed aqueous solution of these metallic salts is dropwise added into an
aqueous solution of a base to co-precipitate hydroxides, and the hydroxide
is separated from the aqueous solution, and dried, cal- cined and milled.
The reason why neither chlorides nor sulfates are used is that If these
salts are present in 15  the co-precipitated hydroxides and if the
co-precipitate contains an oxide such as bismuth oxide having a low melting
point, release of anions thereof is a speed-controlling step, and a
temperature for converting the pow- der to garnet becomes higher, so that
fully densified sintered bodies cannot be obtained by a post processing. As
a base to be used as a co-precipitating agent, it is preferable to use a
base containing no metallic ions, such as ammonia
waterortetramethylammonium hydroxide. Further, it Is effective that
anotheranions are pre- 20  vented from being co-precipitated by co-existing
carbonate ions in the mixed aqueous solution. The composition of each of
the thus produced powders having slightly different contents of bismuth is
con- trolled within a deviation range of 0.05 molar % with respectto the
intended composition by mixing two kinds of the powders at a given ratio.
Then, the powder is shaped, fired, and highly densifled by hot isostatic
press. Thereby, a bismuth-substituted YIG polycrystal having a porosity of
not more than 0.01% and a light absorption 25  coefficient ofnot more than
50[err]ata wavelength of 1.3 pm is obtained. Elements having the
lightabsorption coefficient of not more than [err]at the most can be
obtained by more finely controlling the composition, and examining the
firing conditions and HIP conditions. The thus obtained element had
sufficient sensitivity and output stability as the optical magnetic field
sen- 



sorelementfordetecting earthing accident in the powerdistribution line, and
the characteristics of the element 30  are uniform. Actual examples will be
explained below. Examples 35      With  respect to  each  of compositions
of [err] [err]two kinds of aqueous solutions in which bismuth nitrate,
gadolinium nitrate, yttrium nitrate and iron nitrate were mixed while
amounts of a bismuth-substituting elements in the solutions were slightly
changed such that the contents of the bismuth-substituting elements in the
composition fall between those in the solutions. Each of the solutions was
dropwise added into ammonia aqueous solution, thereby ob- 40  taining a
co-precipitate powder of a hydroxide having an intended composition. The
co-precipitate was sepa- rated from the solution, dried, calcined at
700[err]C, and milled to obtain fine powder of which almost 100% was
converted to garnet. These two kinds of the powders were mixed such that
the content of Fe in the composition was changed 0.05 mole by 0.05 mole,
press molded, and fired at 950[err]C for 10 hours in oxygen atmosphere.
Each of the fired bodies was worked to a size of 5 x 5 x 5 mm, and treated
by HIP at 950[err]C under pressure 45  of 1,500 atms in argon atmosphere.
As a result, as shown in Table 1 by way of example, one kind of samples
having composition falling inside the scope of the present invention was a
translucent polycrystal (absorption coefficient = 1). The polycrystal has a
uniform grain diameter with the average grain diameter of 2 to 3 [err]. A
great amount of polycrystals having this composition was prepared, and
translucent polycrystals were produced by the similar 50  treatment The
obtained materials were worked to a size of 3 x 5 mm, while the thickness
was varied among 50, 100, 200, 500 and 1,000 [err] Opposite surfaces of
each of the materials were optically polished (Since the surface of the
material has no antireflection coating, the light transmittance is about
70% even when completely no absorption occurred). After magnetooptical
characteristics of the Faraday rotation angle, the Verdet constant, 55  the
saturated magnetization and the light transmittance were measured with
respect to each of the thus ob- tained elements, the element was assembled
as an optical magnetic field sensor as shown in Fig. 1. Then, an AC
magnetic field of 60 Oe was applied at 50 Hz, and the output-temperature
characteristic and the output stability in detecting of the magnetic field
in the range of-20 to+60C were measured with respectto the voltage 5
EP0415668B1 outputted from the measurement controlling section of the
division circuit system. Table 2 shows measurement results with respect to
the composition of [err] and Tables 3 and 4 show those of the com-
positions of [err]respectively. 



5                                            Table  1 Fe (molar%) in
formulated  62.50   62.55   62.60   62.65   62.70 composition 10 Absorption
coefficient               60          10           1          25
80 18 20 25 30 35 40 45 50 55 6    EP 0 415 668 B1    EP 0 415 668 B1    EP
0 415 668 B1 A translucent polycrystal was produced by the same process as
in Examples except that the composition was [err]. Results are given In
Table 5. With respect to the thus obtained polycrystals, the Faraday
rotation angle, the Verdet constant, the satu- 55   rated magnetization,
the light transmittance, and the output-temperature characteristic in the
detection of the magnetic field in the range from -20 to [err] were
measured. Results are shown in Table 6. 9  



EP 0 415 668 B1 Table 5 Fe (molar%) 5      in formulated  62.35   62.40
62.45   62.50   62.55 composition Absorption coefficient      70      20
2      15      60 10 15 25 30 35 40 45 50 55 10    EP0415668B1 50      It
is seen from the results of Examples and Comparative Examples that when the
garnet type ferrite poly- crystal having the Verdet constant of not less
than 1.0 deg/cm.Oe, the thickness of not less than 100 [err], and the given
composition Is used, the output-temperature characteristic on the detection
of the magnetic filed In the range of -20 to [err] can favorably be
suppressed within 1.0%. Fig. 3 shows the changes in the output- temperature
characteristics. 55      As is clear from the above-mentioned explanation,
according to the high sensitivity optical magnetic field sensor of the
present Invention, since the garnet type ferrite polycrystal having the
desired magnetooptical characteristics, sufficient magnetic field-detecting
precision and the temperature characteristics with the com- position of
[err]is used, the magnetic field can stably be detected at any use
temperatures with 11    



EP0415668B1 such high precision that the sensor may be satisfactorily used
for detecting earthing accident on the power distribution. 5   Claims 1. A
high sensitivity magnetooptical sensor comprising a light source section
(1), a magnetic field-detecting section (3), a light-receiving section (7)
for receiving light emitted from the light source section (1) and passing
through the magnetic field-detecting section (3), a measurement-controlling
section (8) for con- 10      trolling the light source section (1), the
magneticf ield-detecting section (3), and the light-receiving section (7),
and for measuring an intensity of light received by the light-receiving
section (7), and light transmission paths using optical fibers (2-1,2-2)
for optically connecting the light-source section (1) and the magnetic
field-detecting section (3) and optically connecting the magnetic
field-detecting section (3) and the light- receiving section (7), said
magnetic field-detecting section (3) being constituted by a polarizer (4),
an ana- 15      lyzer (6) and a magnetooptical element (5) arranged between
the polarizer (4) and the analyzer (6), where- in a garnet type ferrite
polycrystal is used as the magnetooptical element (5), said ferrite
polycrystal has a Verdet constant of not less than 12.56 deg/A or 1
deg/cm.Oe, a thickness of not less than 100 [err], a light transmittance of
not less than 10%, a temperature dependency for detecting a magnetic field
in a temperature range of -20 to [err] of 1.0%, a magnetic field-detecting
precision of not more than 20      1/10,000, and the composition of [err]+
Y + Z = 3. 2.  The high sensitivity magnetooptical sensor according to
Claim 1, wherein components of the composition of the garnet type ferrite
polycrystal satisfy requirements that 0.7 < X < 1.5, 0.3 < YIZ < 0.6, and X
+ Y + Z =3. 25 Patentansprriche 1.  Hochempfindlicher magnetooptischer
Sensor, umfassend einen Lichquellenabschnitt (1), einen Magnet- 30
felddetektionsabschnitt (3), einen Uchtempfangsabschnitt (7) zum Empfangen
von Licht, des vom Licht- quellenabschnitt (1) ausgesendet wird und durch
den Magnetfelddetektionsabschnitt (3) hindurchgeht, einen
Messungsstbuerungsabschnitt (8) zur Steuerung des Lichtquellenabschnitts
(1), des Magnetfeld- deatktionsabschnitts (3) und des
Lichtampfangsabschnitts (7) und zur Messung einer vom Uchtemp-
fangsabschnitt (7) empfangenen Lichtintbnsitit, und Lichtubertragungswege
unter Verwendung von 35      Lichtleitern (2-1,2-2) zuroptischen Verbindung
des Lichtquellenabschnitts (1) und des Magnetfelddetek- tionsabschnitts (3)
und zur optischen Verbindung des Magnetfelddetektionsabschnitts (3) und des
Licht- empfangsabschnitts (7), wobei der Magnetfelddetektionsabschnitt (3)
aus einem Polarisator (4), einem Analysator (6) und einem magnetooptischen
Element (5), das zwischen dam Polarisator (4) und dem Ana- lysator (6)
angeordnet ist, aufgebaut ist, worin ein Ferrtpolykristall vom Granattyp
als magnetooptisches 40      Element (5) verwendetwird, wobel der
Ferritpolykristall eine Verdet-Konstante von nichtwenigerals 12,56 deg/A
odor I deg/cm-Oe, eine Dicke von nicht weniger als 100 jum, eine
Lichtdurchlassigkeit von nicht 



weniger als 10 %, sine Temperaturabhangigkeit fOr die Datektion eines
Magnetfelds in einem Tempera- turbereich von -20 bis +S0C von i1,0 %, eine
Magnetfelddetaktionsgenauigkeit von nicht mehr als 1110 000, und die
Zusammensetzung von BixGdyYzFea012, X + Y + Z = 3, aufweist 45 2.
Hochempfindlicher magnetooptischer Sensor nach Anspruch 1, worin die
Bestandteile der Zusammen- setzung des Ferritpolykristalls vom Granattyp
der Anforderung genugen, dam 0,7 < X c 1,5, 0,3 < Y/Z < 0,6undX+Y+Z=3 ist.
50 Revendications 1. Capteur magn6to-optique de grande sensibilite
comprenant une section de source de lumiere (1), une section de dhtection
du champ magn6tique (3),une section de r6ception de la lumiere (7) pour
recavoir 5S      la lumiere emise par la section de source de lumiere (1)
et passant A travers la section de d6tection du champ magn6tique (3), une
section de controle de la mesure (8) pour contrdler la section de source de
lumiere (1), la section de d6tection du champ magnetique (3) et la section
de reception de la lumiere (7) et pour mesurer l'intensit6 de la lumiere
reoue par la section de r6ception de la lumiere (7) et des trajets 12    EP
0 415 668 BI such high precision that the sensor may be satisfactorily used
for detecting earthing accident on the power distribution. 5   Claims 1. A
high sensitivity magnetooptical sensor comprising a light source section
(1), a magnetic field-detecting section (3), a light-receiving section (7)
for receiving light emitted from the light source section (1) and passing
through the magnetic field-detecting section (3), a measurement-controlling
section (8) for con- 10      trolling the light source section (1), the
magneticfield-detecting section (3), and the light-receiving section (7),
and formeasuring an intensity of light received by the light-receiving
section (7), and light transmission paths using optical fibers (2-1,2-2)
for optically connecting the light-source section (1) and the magnetic
field-detecting section (3) and optically connecting the magnetic
field-detecting section (3) and the light- receiving section (7), said
magneticfield-detecting section (3) being constituted by a polarizer (4),
an ana- 15      lyzer (6) and a magnetooptical element (5) arranged between
the polarizer (4) and the analyzer (6), where- in a garnet type ferrite
polycrystal is used as the magnetooptical element (5), said ferrite
polycrystal has a Verdet constant of not less than 12.58 deglA or 1
deglcm.Oe, a thickness of not less than 100 Pm, a light transmittance of
not less than 10%, a temperature dependency for detecting a magnetic field
in a temperature range of -20 to +800C of 1.0%, a magnetic field-detecting
precision of not more than 



''   20       1110,000, and the composition of BixGdyYFe5O12, X + Y + Z =
3. 2. The high sensitivity magnetooptical sensor according to Claim 1,
whereIn components of the composition of the garnet type ferrite
polycrystal satisfy requirements that 0.7 < X < 1.5, 0.3 < YIZ < 0.6, and X
+ Y + Z =3. 25 Patentansprfche 1.  Hochempfindlicher magnetooptischer
Sensor, umfassend einen Llchquelienabschnitt (1), einen Magnet- 30
felddetektionsabschnitt (3), einen Lichtempfangsabschnitt (7) zum Empfangen
von Licht, das vom Licht- quellenabschnitt (1) ausgesendet wird und durch
den Magnetfelddetektionsabschnitt (3) hindurchgeht, einen
Messungssteuerungsabschnitt (8) zur Steuerung des Lichtquellenabschnitts
(1), des Magnetfeld- detbktionsabschnitts (3) und des
Lichtempfangsabschnitts (7) und zur Messung einer vom Lichtemp-
fangsabschnitt (7) empfangenen Lichtintensitat, und Lichtfbertragungswege
unter Verwendung von 35      Lichtleitern (2-1,2-2) zur optischen
Verbindung des Lichtquellenabschnitts (1) und des Magnetfelddetek-
tionsabschnitts (3) und zur optischen Verbindung des
Magnetfelddetektionsabschnitts (3) und des Licht- empfangsabschnitts (7),
wobel der Magnetfelddetektionsabschnitt (3) aus einem Polarisator (4),
einem Analysator (8) und einem magnetooptischen Element (5), das zwischen
dem Polarbsator (4) und dam Ana- Iysator (6) angeordnet ist, aufgebaut ist,
worin ein Ferritpolykristall vom Granattyp als magnetooptisches 40
Element (5) verwendetwird, wobei der Ferritpolykristall eine
Verdet-Konstante von nichtwenigerals 12,58 deg/A 6der I deg/cm-Oe, eine
Dicke von nicht weniger als 100 pm, eine Lichtdurchlissigkeit von nicht
weniger als 10 %, eine Temperaturabhangigkeit frir die Detektion sines
Magnetfelds in einem Tempera- turbereich von -20 bis +80C von 1,0 %, eine
Magnetfelddetektionsgenauigkeit von nicht mehr als 1/10 000, und die
Zusammensetzung von BixGdyYzFe6Ol2, X + Y + Z = 3, aufweist. 45 2.
Hochempfindlicher magnetooptischer Sensor nach Anspruch 1, worin die
Bestandteile der Zusammen- setzung des Ferritpolykristalls vom Granattyp
der Anforderung genugen, dal 0,7 < X < 1,5, 0,3 < Y/Z < 0,8 und X + Y + Z
=3 ist. 50 Revendications 1. Capteur magneto-optique de grande sensibilit6
comprenant une section de source de lumiere (1), une section de d6tection
du champ magn6tique (3),une section de r6ception de la lumibre (7) pour
recevoir 5 la lumibre 6mise par la section de source de lumiere (1) et
passant A travers la section de d6tection du champ magn6tique (3), une
section de controle de la mesure (8) pour controler la section de source de
lumiere (1), la section de d6tection du champ magnetique (3) et la section
de r6ceptbon de la lumiere (7) et pour mesurer l'intensite de la lumiere
recue par la section de reception de la lumiere (7) et des trajets 12 I
11111111111111 IIIU 11101l 



EP 0 415 668 B1 de transmission de lumibre utillsant des fibres optiques
(2-1, 2-2) pour une connexion optique de la seo- tion de source de lumibre
(1) et de la section (3) de d6tection du champ magnitique et une connexion
optique de la section (3) de d6tection du champ magn6tique et de la section
(7) de r6coption de la lumibre, ladite section (3) de dhetction du champ
magn6tique etant constitu6e d'un polariseur (4), d'un analyseur 5       (6)
et d'un 6l6ment magn6to-optique (5) agenc6 entre le polariseur (4) et
l'analyseur (6), ob un polycristal de ferrite du type grenat est utWisM en
tant qu'6l6ment magn6to-optique (5), ledit polycristal de ferrite a une
constantb de Verdet de pas moins de 12,56 degreslA ou 1 degr6/cm-Oe, une
6paisseur de pas moins de 100 tm, une transmittance de la lumibre de pas
moins de 10%, une d6pendance de la tbmp6rature pour la d6tection d'un champ
magnetique dans une plage de temperatures de -20 a 60C de 1,0%, une 10
pr6cision de ditection du champ magn6tique de pas plus de 1110 000 et pour
la composition Bi. GdyYFe5012 X + Y + Z = 3. 2. Capteur magn6to-optique de
grande sensibilite solon la revendication 1, ob les composants de la compo-
sition du polycristal de ferrite du type grenat satisfont aux conditions
telles quo 0,7 < X < 1,5, 0,3 < YIZ 15      <0,6etX+Y+Z=3. 20 25 30 35 40
45 50 55 13~~ ~~~~~ 1gG1|          Hll 111|11 gll, ,,|  , ..    


