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(67) Sammendrag:

A micro-electromechanical (MEMS) current sensing apparatus includes a
carrier portion (306), an optical portion (301) disposed on the carrier portion (306),
the optical portion (301) including an optical path (402, 403) and a magneto-sensitive
element (401) within the optical path (402, 403), a light source (302a) disposed on the
carrier portion (306) in operative communication with a first end of the optical path
(402), and a photo-detector (302b) disposed on the carrier portion (306) in operative

communication with a second end of the optical path (403).
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MAGNETO-OPTICAL CURRENT SENSING APPARATUS

BACKGROUND OF THE INVENTION

[0001] The present disclosure generally relates to current sensing, and

more particularly, to magneto-optical current sensing apparatuses.

[0002] Generally, magnetic field sensing apparatuses for surge and/or
impulse current registration are limited to semiconductor-based systems
using loop antennas, Rogowski coils (or magnetic cards). The loop antennas
detect a change in the magnetic field, which results in a change in voltage,
registering the voltage at terminals on the antennas. However, antennas and
magnetic cards have limitations in that these devices are very susceptible to
electromagnetic interference (EMI). Also Rogowski coils observe limitations
concerning the bandwidth for current measurements and magnetic field

measurements.

US 2008/0017788 describes a system for detecting lightning current with an
optical portion, a light source and a photo detector.

[0003] The known devices are difficult to integrate in applications
involving lightning detection in aircrafts, towers or tower-like structures. For
example, a wind turbine has a tower-like appearance and structure, and
includes blades that extend upward at regular intervals. Also for example, an
aircraft has wings (airfoils), which extend outside of the main structure
(fuselage) at regular intervals. Additionally, a wind turbine may be grounded,
and is susceptible to both lightning and EMI. As antennas, Rogowski coils,
and magnetic cards have limitations in applications involving EMI, their

usability in wind turbine applications may be decreased.

BRIEF DESCRIPTION OF THE INVENTION
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[0004] A micro-fabricated magneto-optical current sensing apparatus
comprises an optical portion including an optical path and a magneto-
sensitive element within the optical path, a light source in operative
communication with a first end of the optical path, and a photo-detector
disposed in operative communication with a second end of the optical path
characterized in a carrier portion with the optical portion, light source and

photo-detector disposed on the carrier portion.

[0005] These and other objects, advantages and features of the
invention will become better understood from the detailed description of the

invention that is described in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] These and other features, aspects, and advantages of the
present invention will become better understood as the following detailed
description is read with reference to the accompanying drawings in which like
reference numerals represent like elements throughout the drawings,

wherein;

[0007]FIG. 1 illustrates an example optical current sensor apparatus,

according to an example embodiment;

[0008] FIG. 2 illustrates an example optical current sensor apparatus,

according to an example embodiment;

[0009] FIG. 3 illustrates a cross section of a microfabricated magneto-

optical current sensing apparatus, according to an example embodiment;
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[0010]FIG. 4 illustrates an overhead view of a microfabricated
magneto-optical current sensing apparatus, according to an example

embodiment;

[0011]FIG. 5 illustrates an example wind turbine application of a
microfabricated magneto-optical current sensing apparatus, according to an

example embodiment.

[0012]FIG. 6 is illustrates an example aircraft application of a
microfabricated magneto-optical current sensing apparatus, according to and

example embodiment.

DETAILED DESCRIPTION OF THE INVENTION

[0013] Detailed illustrative embodiments are disclosed herein.
However, specific functional details disclosed herein are merely
representative for purposes of describing example embodiments. Example
embodiments may, however, be embodied in many alternate forms and
should not be construed as limited to only the embodiments set forth herein.

[0014] Accordingly, while exampie embodiments are capable of
various modifications and alternative forms, embodiments thereof are shown
by way of example in the drawings and will herein be described in detail. It
should be understood, however, that there is no intent to limit example
embodiments to the particular forms disclosed, but to the contrary, example
embodiments are to cover all modifications, equivalents, and alternatives

falling within the scope of example embodiments.

[0015] it will be understood that, although the terms first, second, etc.
may be used herein to describe various forms or models, these forms or

models should not be limited by these terms. These terms are only used to
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distinguish one form or model from another. For example, a first form could
be termed a second form, and, similarly, a second model could be termed a
first model, without departing from the scope of this disclosure. As used
herein, the term "and/or" and the “ / * symbol includes any and all

combinations of one or more of the associated listed items.

[0016] As used herein, the singular forms "a", "an" and "the" are
intended to include the plural forms as well, unless the context clearly
indicates otherwise. [t will be further understood that the terms "comprises”,
“comprising”, "includes”, and/or "including”, when used herein, specify the
presence of stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of one or more
other features, integers, steps, operations, elements, components, and/or
groups thereof. Therefore, the terminology used herein is for the purpose of
describing particular embodiments only and is not intended to be limiting of

example embodiments.

[0017] Hereinafter, example embodiments of the present disclosure
will be described in detail. According to example embodiments, a current
sensing device integrated in a micro-electromechinal (MEMS) structure is
disclosed. The current sensing principles of the microfabricated magneto-
optical device is based on a Faraday effect in an optical crystal or other
optical medium (e.g., optical fiber). According to at least one exemplary
embodiment, a microfabricated magneto-optical current sensing
device/apparatus may include an energy source, a light source, a magneto-
sensitive material, a photo detector, a signal processing / storage unit, and/or
a communication unit, although some of these components may be omitted
or integrated separately according to any particular implementation. The
relatively small device may be placed near a conductor to register lightning
and/or AC-pulsed current events by measuring the magnetic field induced by

the current in the conductor. The data may be stored for transmission after
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the event (or at substantially the same time as the event) to a system control
unit remote to the current sensing device. The device may be equipped with
additional features on the MEMS structure, for example, accelerometers,
strain measurements sensors, and/or temperature measurement devices. To
measure the magnetic field in several dimensions, the optical portion of the

sensor may be mulitiplexed.

[0018] One application of current sensing devices may be lightning
and/or surge current detection. Lightning current measurement systems may
require a broad frequency spectrum, a wide measurement range, and may
need to be electromagnetic interference(EMI) isolated or resistant. Fiber optic
current sensors (FOCS) may meet these specifications. FOCS rely on
magneto-optic effects in which optical properties of materials are affected by
magnetic fields or the materials’ own magnetization. FOCS are robust with
respect to EMI, as the magnetic field caused by current may be converted
into an optical signal in a device with small dimensions. Hence, the electrical
signal noise is not transmitted to a data acquisition unit. Other advantages of
FOCS are, apart from reduced weight, that the sensor may not be damaged
by over current originating from an unexpected surge caused by a lightning
strike or large current event. Depending on the applied optical materials,
different configurations based on the Faraday effect may be implemented as

disclosed herein.

[0019] As depicted in FIG. 1, an exemplary optical current sensing
apparatus 100 is illustrated. The apparatus 100 includes a first polarizer 101
and a second poiarizer 102. The first polarizer 101 is positioned at a
beginning portion of optical fiber 103, and the second polarizer 102 is
positioned at an ending portion of the optical fiber 103. The optical fiber 103
is wound at least once around a conductor 104. The angle 8, through which

the polarization plane of light rotates in the fiber in the presence of a
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magnetic field induced by the current | in the conductor 104, is given by

Equation 1 presented below.
Equaton1: 8 = VNI

[0020] In Equation 1, V denotes the Verdet constant of the magneto-
optic material (e.g., the optical fiber), N denotes the number of windings of
the optical fiber 103, and | denotes the current flowing through the conductor
104. To achieve a high signal-to-noise ratio (SNR) in the output signal,
several turns N of the optical fiber conductor 104 may be needed, and
different optical paths and light rotation detection methods may be used to

reduce and/r eliminate external effects.

[0021] Currently, fibers with a relatively large Verdet constant exist, but
a long propagation path may be necessary to obtain measurable effects
(e.g., large N). However, using optical fibers as a sensor may be impractical
in some applications because it is not always feasible to wind the fiber coil
around a conductor. Another disadvantage of an all-fiber sensor is that, in
some applications, the conductor may be no smaller than 4-5 cm in
diameter. Violation of this condition typically results in a relatively large
temperature sensitivity. Additionally, induced linear birefringence caused by
bends in the optical fiber as well as intrinsic ones due to internal stress may

become increasingly significant in fiber current sensors.

[0022] However, exemplary embodiments are not limited to current
sensors comprised entirely of optical fiber. According to some exemplary
embodiments, optically transparent or translucent ferrimagnetic materials
may be used. For example, optically transparent ferrimagnetic and
ferromagnetic crystalline materials feature a large Verdet constant and hence
a higher sensitivity due to an increased rotation angle per unit length.
Ferrimagnetic iron garnet crystals exhibit a magneto-optic sensitivity that is
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orders of magnitude higher than those of typical paramagnetic and
diamagnetic materials. In yttrium iron garnets (YIG), sensitivities of approx.
0.3 - mT, with 500+ MHz bandwidth may be obtained in flux-grown rods of
1mm diameter and 5mm length. Substitute garnets, such as Ga:YIG, exhibit
larger sensitivities, though often with lower resonance frequencies that may

decrease bandwidth.

[0023]To better understand exemplary embodiments including
ferrimagentic materials, the following description of the general Faraday
effect, the Faraday effect in ferrimagnetic materials, and an exemplary
current sensing apparatus comprising a ferrimagnetic block is given herein

below.

[0024] The Faraday effect may generally consists of the rotation of the
plane of polarization of a linearly polarized light on emergence from a
medium with a longitudinally applied magnetic field. For diamagnetic and
paramagnetic materials, linearly polarized light traveling in the direction of a
magnetic field emerges with a net rotation 6, such that Equation 2,

presented below, is satisfied.

Equation 2:

O T) = V(A,T) / Hdl

[0025] In equation 2, 68 denotes the measured angle of rotation of the
electric field of the emerging light, A denotes the free-space wavelength of
the emerging light, T denotes the ambient temperature, V denotes the Verdet
constant of the magneto-optic material, and H denotes the magnetic field

intensity along the propagation path.



10

15

20

25

DK 177179 B1

[0026] Unlike optical activity, where the direction of rotation is directly
related to the direction of propagation, the Faraday effect is nonreciprocal.
The rotation is most directly refated to magnetic field, such that reflection of
light back on itself doubles the rotation, which can be a useful characteristic,

particularly for FOCS using fiber coils as sensing element.

[0027] Due to the equation for diamagnetic and paramagnetic
materials (Equation 2) the Verdet constant is an indicator for the suitability of
a magnetic material for its use as a Faraday rotator. The optical rotation of
polarized light passing through an electronic structure can be understood as
circular birefringence, which is described by the existence of different indices
of refraction for left-circularly I-polarized and right-circularly r-polarized light
components. Each component traverses the sample with a different refractive

index n and therefore with a different speed.

[0028] If light of frequency f is traversing an electronic system and/or
optical path that is rotating with the Lambor frequency f, the frequency-
dependant refractive indices are given by Equations 3 and 4 presented

below.

Equation 3: ny = n(f - fL)

Equation 4: Tor = n(f + fL)

[0029] Hence, the result for the equation of the Verdet constant is
given by Equation 5 presented below.

o _ & &

Equation 5: 2mc  dA

[0030] The Verdet constant is proportional to both the wavelength of
the light and to its dispersion in the medium, which is temperature

dependant. In ferrimagnetic and ferromagnetic materials, the magnetization
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is non-linearly related to the magnetic field strength. Thus, the Verdet
constant may not be used.

[0031] Ferrimagnetic materials, such as for example, yttrium and other
rare earth iron garnets (e.g., YIG and RIG), have a relatively larger specific
Faraday rotation if compared to optical fiber in general. This results in a
smaller Faraday rotator to measure a given magnetic field strength, such that
lightweight magneto-optical transducers become possible. Methods to grow
these materials are well established. Furthermore, packaging of the
transducer may be smaller with the introduction of high-Verdet-constant

materials.

[0032] Due to the inherent magnetic properties, which have their roots
at the atomic level, one possible drawback concerning ferrimagnetic and
ferromagnetic materials is their complexity on a theoretical level, which do
not lend them well to pure theoretical predications of the Faraday rotation,
unlike diamagnetic and paramagnetic materials, where Equation 2 may be

fully applied.

[0033] With regards to the Faraday effect in ferrimagnetic materials,
ferrimagnetic and ferromagnetic materials become magnetized in an external
magnetic field and remain magnetized after the field is removed. They may
both exhibit spontaneous magnetization (i.e., they possess a net magnetic
moment in the absence of a magnetic field). In ferrimagnetic materials, the
magnetic moments of the atoms on different sub-lattices are opposed.
However, the opposing moments are unequal, and a net magnetization
remains. In ferromagnetic materials, all magnetic ions have a positive
contribution to the net magnetization. Magnetism is due to the magnetic
dipole moment brought about by the spin of an electron combined with its
orbital angular momentum. In ferri-magnets and ferro-magnets, atoms have
partially filled shells or spins which are not in up/down pairs that cancel off
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the dipole moment, and are thus able to have a net magnetization without an

external magnetic field applied.

[0034] The electrons are in the same directions due to the Pauli
exclusion principle. However, there exists a conflict phenomenon, and it is
that nearby dipoles have a tendency to align in opposite directions. This
creates magnetic domains, whereby there is dipole alignment at short range,
but anti-alignment in the long-range. The transition between two domains is
called a domain wall, or Bloch wall. Under a strong enough external magnetic
field the domain will re-align. However, this also dictates that under low
applied fields the existence of these domains and their interaction with an
intensifying or changing magnetic field must be considered. The rapidity with
which the magnetization of the material can be changed is limited by the

dynamic properties of the domain wall movements.

[0035] YIG, Yttrium iron garnet, is a ferrimagnetic garnet crystal with
the composition Y3Fes042. it is transparent for light with a wavelength longer
than about 1.1 ym. At 1.3 ym and 1.5 ym, wavelengths at which reliable
sources and detectors are readily available in telecommunications, optical

losses are relatively low.

[0036] Dispersive rotation from electrical dipole transition and a non-
dispersive part rotation from magnetic dipole transition may be distinguished
for YIG due to its large Faraday rotation. The contribution to the magneto-
optical rotation per unit length from the different atoms can be described by
Equation 6, presented below.

Equation 6:

O(T) = (Am + A)Mp (T) + (Bm + Be) Mpo(T) + (Cr + Ce)Mp(T)

[0037] The indices m and e indicate contribution from different types of

resonance, and the superscripts 0 and t indicate octahedric and tetrahedric
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positions from the iron atoms of YIG. For low frequencies, the magnetic near
field induced by an electrical current in a current sensing apparatus based on
ferrimagnetic materials may be calculated by the Biot-Savart law represented
by Equation 7, below:

dﬁ,:IdZXT

Equation 7: 4mr 3

[0038] In Equation 7, vector H denotes the magnetic field, | represents
the current in a given wire segment, vector | represents the length element of
the wire segment, and vector r represents the displacement vector from the
magneto-sensitive element to the field point. Therefore, ferrimagnetic
materials may be used to detect the Faraday effect, and thus, may be used in
optical current sensing apparatuses. For example, FIG. 2 illustrates an
example optical current sensor apparatus 200 including ferrimagnetic

material, according to an example embodiment.

[0039] The apparatus 200 includes polarizers 201 and 202. The
polarizers 201 and 202 may be similar to polarizers 101 and 102. For
example, polarizers 201 and 202 may be used to effectively polarize light
entering the apparatus 200, and to measure an angle 6, representing the
change in angle of polarization of light exiting the apparatus 200. The
apparatus 200 further includes ferrimagnetic block 203. The ferrimagnetic
block 203 may comprise any ferrimagnetic material, for example, as
described above. Furthermore, the ferrimagnetic block 203 may be of a
generally rectangular shape. Alternatively, the ferrimagnetic block 203 may
be in a generally elliptical shape, allowing for light entering the block 203 to
travel a distance |, representing the overall length of the block 203. As the
light travels the distance |, it experiences a change in angle of polarization
related to a magnetic field affecting the ferrimagnetic block 203. For example,
the effects of the magnetic field are described in detail above.
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[0040) The apparatus 200 further includes a conductor 104. The
conductor 104 may be similar to the conductor 104 of FIG. 1, and may
therefore carry a current | to be measured by the apparatus 200. The current
I produces the magnetic field B which affects the ferrimagnetic block 203,
thereby altering the angle of polarization of light within the ferrimagnetic block
203, allowing the apparatus 200 to effectively measure the current |

[0041] To measure current (e.g., lightning current), the sensing
element of the fiber optic magnetic field sensor (i.e., block 203) may be
placed relatively close to the conductor 104 to detect the magnetic field
density B or magnetic field H produced or induced by the current and to
minimize effects resulting from sources of interference. In the sensor head,
the magneto-optic iron garnet, or block 203, may be arranged between the
two polarizers 201 and 202 (see FIG. 2). As light source, a super-
luminescent diode (SLD), a laser diode, or a light emitting dicde may be
used, which couples light into an optical waveguide (e.g., optical fiber)
feeding the block 203. Additional optical devices, such as for example, lenses
or other devices may be used to aid in coupling light exiting the optical
waveguide to the ferrimagnetic block 203. Similar optical devices (e.g.,
lenses, etc) may be used to couple light exiting the ferrimagnetic block 203 to
another optical waveguide to be transmitted to a light sensor, such as a
semiconductor photo receiver, reverse biased diode, or other suitable device
such as an opto-electrical converter. Thus, the output of the sensor head
may be an intensity-modulated light signal which is transported to the opto-

electrical (o/e) converter via another optical waveguide.

[0042] Hereinafter, a microfabricated magneto-optical current sensing
apparatus will be described with reference to FIGS. 3 and 4. The

microfabricated magneto-optical current sensing apparatus may operate
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based on the principles described above, and may include ferrimagnetic
and/or ferromagnetic materials and/or other magneto-sensitive materials for
detecting the Faraday effect, and therefore, may be used in current sensing
applications.

[0043] Tuming to FIG. 3, a cross section of a microfabricated
magneto-optical current sensing apparatus 300 is illustrated, according to an
example embodiment. The apparatus 300 includes an optical portion 301.
The optical portion 301 may include optical waveguides and magneto-
sensitive elements, for example, optical fiber and/or ferrimagnetic materials.
The apparatus 300 further includes light source/photo-detector portion 302
a/b. The portion 302 a/b may include a separate light source for transmitting
polarized light through the optical portion 301, and a separate photo-detector
for detecting the Faraday effect from polarized light exiting the optical portion
301.

[0044] The apparatus 300 further includes a signal processing/energy
source portion 303. The portion 303 may provide energy for the light source
of portion 302 and other portions of the apparatus 300. Further, the portion
303 may provide signal-processing operations such as, for example,
operations somewhat similar to the equations described in detail
hereinbefore. The operations may include determining a current value or
detecting a lightning strike based on an angular difference of polarized light

exiting the optical portion 301.

{0045] The apparatus 300 further includes a communication unit 304.
The communication unit 304 may be in operative communication with the
portion 303, and may transmit information related to current detected by the
apparatus 300. For example, a current may flow in relatively close proximity
to the apparatus 300. The current may be detected through an angular
change in the polarization of light exiting the optical portion 301, which may
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be detected by a change in the light intensity. The portion 303 may interpret
the angular difference and determine if a current or magnetic field varying
event has occurred (e.g., a lightning strike). Thereafter, or at substantially the
same time, the communications portion 304 may transmit information relating

to the determination.

[0046] The apparatus 300 further includes an EMI isolation or
reduction barrier 305. The barrier 305 may provide some shielding from or
reduction of EMI for the apparatus 300. For example, although the optical
portion 301 may be relatively unaffected by EMI, the portions 303 and/or 304
may require an amount of EMI reductionfisolation. The barrier 305 may be

comprised of any suitable material for reducing EMI.

[0047} The apparatus 300 further includes carrier 306. Carrier 306
may be a mechanical portion or substrate effectively supporting the different
portions of the apparatus 300 (e.g., 301-305). Tuming to FIG. 4, an overhead
view of the microfabricated magneto-optical current sensing apparatus 300 is

iHustrated, according to an example embodiment.

[0048] As illustrated in FIG. 4, the apparatus 300 may further include
optical waveguides 402 and 403 situated within or upon the optical portion
301. The optical waveguides may provide a path for light to travel to/from
light source/photo-detector portions 302 a/b. The apparatus 300 further
includes magneto-sensitive element 401. The magneto-sensitive element
401 may comprise ferrimagnetic, ferromagnetic, or other suitable materials,
and may establish a change in angle of polarization of light traveling through
the magneto-sensitive element 401 if a magnetic field is affecting the
magneto-sensitive element 401. For example, a current flowing in a
conductor in relatively close proximity to the apparatus 300 may produce a
magnetic field which affects the magneto-sensitive element 401, thereby

registering a change in polarization of light within the optical portion 301.
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[0049] Therefore, as described above, example embodiments provide
microfabricated magneto-optical based current sensing apparatuses. It is
noted that current sensing apparatuses as described herein may be used in a
variety of applications susceptible to EMI or other forms of electrical
interference. For example, as described hereinbefore, wind turbine or
aircrafts may experience a relatively large amount of EMI. Furthermore, it
may be desirable to detect lightning strikes (e.g., detect large current spikes)
in wind turbines or aircrafts. Therefore, an example application including a
wind turbine and an aircraft are described herein. This example application is
for the purpose of further understanding of example embodiments only, and

thus is in no way limiting of example embodiments.

[O050) FIG. 5 illustrates an example wind turbine application of a
microfabricated magneto-optical current sensing apparatus, according to an
example embodiment. As illustrated, a wind turbine 500 may include a
plurality of blades 510. Each blade may be susceptible to lightning or other
current events, and therefore, one or more of the wind turbine blades 510
may be equipped with a microfabricated magneto-optical current sensing
apparatus 502. The apparatus 502 may be substantially similar to apparatus
300 described hereinbefore.

[0051] A communications channel 503 may be interconnected
between the apparatus 502 and a wind turbine control unit 501. The
communications channel 503 may be any communications channet
effectively enabling communication of information between the apparatus 502
and the control unit 501. For example, the communications channei 503 may
be a fiber optic channel, an electrical communications channel, or other
suitable channel. The control unit 501 may be integrated or installed on or

within the nose cone portion 511 of the wind turbine 500, and may both
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communicate with the apparatus 502, and control operation of the wind
turbine 500.

[0052]FIG. 6 illustrates an example aircraft application of a
microfabricated magneto-optical current sensing apparatus, according to an
example embodiment. As illustrated, an aircraft 600 may include a plurality of
wings (Airfoils) 610. Each wing may be susceptible to lightning or other
current events, and therefore, one or more of the aircraft's wings 610 may be
equipped with a microfabricated magneto-optical current sensing apparatus
602. The apparatus 602 may be substantially similar to apparatus 300

described hereinbefore.

[0053]A communications channel 603 may be interconnected
between the apparatus 602 and an aircraft control unit 601. The
communications channel 603 may be any communications channel
effectively enabling communication of information between the apparatus 602
and the control unit 601. For example, the communications channel 603 may
be a fiber optic channel, an electrical communications channel, or other
suitable channel. The control unit 601 may be integrated or installed on or
within the fuselage portion 611 of the aircraft 600, and may both
communicate with the apparatus 602, and control operation of the aircraft
600.

[0054] It is further noted that according to example embodiments, for
an amount of time when the lightning detection system is in standby modus
and prepared to be triggered in case of a strike, the current through the light
source is adjusted such that the o/e-converter outputs a constant signal at a
defined set point. When a strike occurs, the output signal is modulated
depending on the polarity of the strike current in a positive or a negative
direction. However, due to a change in the ambient temperature and due to

other effects in the optical equipment, this set-point signal is not constant.
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This drift affects the triggering of the system at the set-point and can exceed
the trigger level or move towards the limits of the o/e-converter.

[0055] For a multi-sensor system (e.g., a plurality of sensors affixed to
a plurality of wind-turbine blades or aircraft foils), the drift at each sensor
head is the same when one common optical source is used. Hence, by
observing one channel, the other sensor drifts can be deducted. To control
the drift and to keep the set-points adjusted at an optimum level, an
additional low frequent signal input is incorporated to the data acquisition
system. This channel is connected to a control circuit which adjusts the set-
points with a proportional-integral-derivative (PID) controller. As the sampling
rate of the control circuit is smaller than the data acquisition for the lightning
current measurement, the controller system does not interfere with the

lightning current measurement.

[0056] As described herein, example embodiments provide current
sensing apparatuses using optical materials. The apparatuses may be
integrated with a power supply. The power supply may deliver the power for
a light source, a photo detector, a data processing unit, and/or a
communication unit. The power supply may be a battery, a photocell (e.g. fed
by fiber optics or sunlight), and/or an electromechanical transformer. The
light source may be a super luminescent diode {(SLD), a Laser diode, or a
light-emitting diode. The emitted light may be linear polarized. The light may
be guided on to a micro structure of the apparatuses in an integrated light
guide system to a magneto-sensitive element or crystal. If the state of
polarization cannot be controlled by the light source a polarizer may be
integrated in front of the crystal. The optical crystal structure, featuring a
relatively high Verdet constant (e.g. ferri- or ferromagnetic crystals), may
either be deposited directly during the micro processing or placed afterward
in the structure. After the crystal a second polarizer (e.g., 45° to the incoming
light) lead to an intensity modulation of the passing light in relation to the
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magnetic field (Faraday effect). The photo detector unit may measure this
intensity. The signal-processing unit may measure the derivative in respect to
time. Lightning or current is detected as this derivative exceeds a given limit

(positive or negative).

[0057]In an exampie of a lightning strike, the information may be
stored and may be sent by a communication unit via fiber optic link, radio
transmission, electrical transmission, etc, to a control unit. Electronic portions
of the apparatuses may be EMI isolated. In current measurement
applications, enhanced MEMS devices, measuring for example lightning
parameters, may be equipped with a light source control loop. This loop,
controlled with a lower frequency than the lightning frequency, may keep the
output intensity at a relatively steady value. To calibrate the magnetic field
measurements a temperature-sensing device may be realized in the EMI
isolated MEMS structure.

[0058] With only some example embodiments of the present invention
having thus been described, it will be obvious that the same may be varied in
many ways. The description of the invention hereinbefore uses these
examples, including the best mode, to enable any person skilied in the art to
practice the invention, including making and using any devices or systems
and performing any incorporated methods. The patentable scope of the
invention is defined by the claims, and may include other examples that
occur to those skilled in the art. Such other examples are intended to be
within the scope of the claims if they have structural elements that do not
differ from the literal language of the claims, or if they include equivalent
structural elements with insubstantial differences from the literal languages of
the claims. Such variations are not to be regarded as a departure from the
spirit and scope of the present invention, and all such modifications are
intended to be included within the scope of the present invention as stated in
the following claims.
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Patentkrav

1. Magnetisk/optisk stremfalende apparat, hvilket apparat omfatter:

- en optisk del {301), hvilken optiske del (301) indbefatter en optisk ba-
ne (402, 403) og et magnetsensitivt element (401) inden for den opti-
ske bane (402, 403);
- enlyskilde (302a) i operativ kommunikation med en fgrste ende af den
optiske bane (402); og
- en fotodetektor (302b) i operativ kommunikation med en anden ende
af den optiske bane (302b);
kendetegnet ved en baererdel (306), idet den optiske del (301), lyskilden
(302a) og fotodetektoren (302b) er anbragt pa beererdelen (306).

2. Apparat ifelge krav 1, hvor det magnetsensitive element (401) er en ferri-
magnetisk blok, en ferromagnetisk blok, en magnetsensitiv krystal eller en
polariseringsopretholdende optisk fiber.

3. Apparat ifelge krav 1, hvor lyskilden (302a) er en super-luminescerende
diode, en lysdiode eller en laserdiode.

4. Apparat ifglge krav 1, hvilket apparat endvidere omfatter:

- en signalbehandlingsdel (303) i operativ kommunikation med fotode-
tektoren (302b).

5. Apparat ifalge krav 4, hvor signalbehandlingsdelen (303) er i operativ
kommunikation med lyskilden (302a).

6. Apparat ifalge krav 5, hvor signalbehandlingsdelen (303) er konfigureret til
at bestemme en maengde af strem, der strammer i relativ taet naerhed af det
magnetsensitive element (401).

7. Apparat ifalge krav 4, hvor signalbehandlingsdelen (303) er konfigureret til
at bestemme en maengde af strem, der stremmer | relativt taet naerhed af det
magnetsensitive element.
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8. Apparat ifalge krav 4, hvilket apparat endvidere omfatter:

- en kommunikationsdel (304) i operativ kommunikation med signalbe-
handlingsdelen.

9. Apparat ifelge krav 8, hvor kommunikationsdelen (304) er konfigureret til at
transmittere stremmalingsresultater bestemt af signalbehandlingsdelen.

10. Apparat ifalge krav 8, hvilket apparat yderligere omfatter:
- en elektromagnetisk isolations- (EMI-) barriere (305), der er konfigure-

ret til at isolere kommunikationsdelen, signalbehandlingsdelen, lyskil-
den og fotodetektoren fra EMI.
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