(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
20 September 2001 (20.09.2001)

AP0

(10) International Publication Number

WO 01/69168 Al

(51) International Patent Classification’: GO1B 7/00, (81) Designated States (national): AE, AG, AL, AM, AT, AU,
GO1D 5/20, GOIR 33/16 AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ,DE, DK, DM, DZ, EE, ES, FI, GB, GD, GE, GH, GM,

(21) International Application Number: PCT/GB01/01085 HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK,

(22) International Filing Date: 13 March 2001 (13.03.2001)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:
0006144.0 14 March 2000 (14.03.2000) GB
(71) Applicant (for all designated States except US): ISIS IN-
NOVATION LIMITED [GB/GB]; Ewert House, Ewert

Place, Summertown, Oxford OX2 7BZ (GB).

(72) Inventor; and
(75) Inventor/Applicant (for US only): GREGG, John, Fran-
cis [IE/GB]; Magdalen College, Oxford OX1 4AU (GB).

(74) Agent: BOULT WADE TENNANT; Verulam Gardens,
70 Gray’s Inn Road, London WC1X 8BT (GB).

LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW, MX,

MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, SL,

T, T™M, TR, TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW.
(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian
patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM), European
patent (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE,
IT, LU, MC, NL, PT, SE, TR), OAPI patent (BF, BJ, CF,
CG, CI, CM, GA, GN, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: POSITION AND ELECTROMAGNETIC FIELD SENSOR

Z
V4 o0k =
BIEPL L
‘ ,——‘——~MM—— r2v
5470 3 PG
) a7 274 ~AN
7001 3 2@*' | L,
Py SR L ”
wta., =T ez ]
Vo d o—f—+¢ V22 Sz 4
» x4
>t i - e tn7
$5b ;L
S
=
& 2f Gt + Z‘f ‘?f 2/ WIA7
T oF I =27 s
+—it a/'z%}a h ) Y Gl 7
Z4 THENAL
— ( 0 P “r op
< /aé RV apr ¢
& \ LEVEL >
w T’ﬁ’
)
o — < Rpa—
— I7 2
A 57) Abstract: A position and electromagnetic field sensor is provided. The sensor relies upon an oscillator such as a Robinson
\& p p p
~ marginal oscillator to generate an rf or microwave electromagnetic field. As an inhomogeneously shaped object, such as a metallic
— fad g g g Yy shaped 0bj

toothed wheel, for example, moves through the resultant field, the field experiences a change in electric or magnetic susceptibility.
This in turn causes energy losses in the oscillator the magnitude of which can be output as a d.c. signal related thereto. To detect
non-moving objects which nevertheless generate an electromagnetic field or have attached to them a source thereof, the sensor also
includes a giant or colossal magnetoresistive structure located adjacent the oscillator coil, the structure having an imaginary magnetic
susceptibility which is strongly dependent upon the magnitude and direction of the field generated by or at the object to be sensed.
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POSITION AND ELECTROMAGNETIC FIELD SENSOR

This invention relates to a sensor for detecting
the position of an object and/or an electromagnetic
field associated with that object.

In a first aspect of the present invention, there
is provided a susceptibility sensor for detecting
relative movement between an inhomogeneously-shaped
object to be sensed and the sensor, comprising: an
oscillator including means for generating a sensor
electromagnetic field; and an output arranged to
provide a signal which varies in dependence upon the
change in the electrical properties of the said
oscillator; the sensor being arranged such that
relative movement between the object to be sensed and
the means for generating the sensor electromagnetic
field causes the electromagnetic field to be presented
with a change in electric or magnetic susceptibility
whereby at least one of the electrical properties of
the said oscillator is altered.

Using variations in electric or magnetic
susceptibility provides a number of advantages.
Firstly, the object to be detected may be formed of a
very wide range of materials, such as ferromagnets,
non-ferromagnets, metals, and even insulators such as
ceramics plastics material. Secondly, the sensor has a
very high sensitivity, relative to previous motion
sensors, and this sensitivity is independent of the
speed at which the relative movement of the object and
sensor takes place.

The means for generating the sensor
electromagnetic field may generate an alternating
current (a.c.) field, preferably at rf or microwave
frequencies. The sensor electromagnetic field may be
generated by a conductive coil arranged to pass an
alternating current, or by a capacitor subjected to an

alternating voltage.
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In use, the sensor electromagnetic field is
presented with a change in electric or magnetic
susceptibility, which may cause a variation in
electromagnetic energy losses within the oscillator.

The means for generating the sensor
electromagnetic field may comprise a coil and a
capacitative element which together form a resonant
circuit. In that case, the output of the sensor may be
arranged to provide a signal that varies in dependence
upon a change in the resonant frequency of the
resonant circuit, the change in the resonant frequency
being occasioned by a change in the real part of the
electric or magnetic susceptibility presented to the
sensor electromagnetic field. Most preferably, the
output then includes a frequency-to-voltage converter
arranged to generate a substantially d.c. voltage
which varies monotonically in dependence upon
variations in resonant frequency of the resonant
circuit.

It is preferable that the coil is non-planar. The
use of a non-planar coil provides particular
advantages such as the ability to focus the sensitive
region, and to obtain a better spatial resolution.

Alternatively, the sensor output may provide a
signal that varies in dependence upon a change in the
quality factor (Q) of the resonant circuit, the change
in the Q factor being occasioned by a change in the
imaginary part of the electric or magnetic
susceptibility presented to the sensor electromagnetic
field. In that case, the output may include a
detection stage arranged to generate a substantially
d.c. voltage that varies monotonically with the
amplitude of the a.c. voltage across at least a part
of the resonant circuit.

The oscillator is preferably a self-oscillating,
closed loop oscillator, such as a Robinson marginal

oscillator, a Van der Pol marginal oscillator or any
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oscillator variant with intermediate characteristics.
In the case of the Robinson marginal oscillator in
particular, it is preferable that an oscillator loop
and limiter detector is employed. This potentially
allows operation from the uhf region to d.c., and is
insensitive to amplitude noise.

The use of an oscillator loop together with a
limiter detector is likewise particularly advantageous
when the limiter detector includes Gallium Arsenide or
High Electron Mobility Transistors. The use of such
devices allows operation up to the GH, regime which in
turn provide increased spatial resolution.

In a particularly preferred embodiment, the
sensor of the invention is further capable of
monitoring an object electromagnetic field associated
with the object to be sensed. In that case, the sensor
may further comprise a sensor element arranged in
proximity of the means for generating the sensor
electromagnetic field, the sensor element having an
anisotropic electric or magnetic susceptibility, the
sensor being further arranged such that the change in
the magnitude or direction of the object
electromagnetic field associated with the object to be
sensed, as experienced by the sensor element, causes a
change in the electric or magnetic susceptibility of
the sensor element. Then, the sensor electromagnetic
field experiences a change in electric or magnetic
susceptibility which in turn causes the at least one
electrical property of the oscillator to be altered.

Such a sensor may be constructed using a discrete
sensor element, in close proximity to a microwave
stripline or uhf tank circuit comprising coil and
capacitor. Such a sensor is highly versatile, and can
detect both changes in the electric or magnetic
susceptibility of the object to be sensed, or changes
in magnitude or direction of the object

electromagnetic field associated with the object to be
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sensed, or both. The sensor itself requires no
modification and the output can generate a signal
regardless of which parameter of the object to be
sensed is changing. If the object to be sensed is
moving, but has no object electromagnetic field
associated with it, then the sensor of the preferred
embodiment effectively ignores the presence of the
sensor element, whose electric or magnetic
susceptibility remains constant in that case.

In an alternative construction, the sensor
element may be formed as a thin film grown or
otherwise formed upon a coil of the oscillator, which
in that case may act as a stripline structure. Such
construction is particularly advantageous when the
oscillator has a resonant frequency in the microwave
frequency region of the electromagnetic spectrum, and
the sensor then acts as a microwave motion and/or
magnetic field sensor.

Although there are particular advantages
associated with a composite sensor having both a
sensor element and means for generating a sensor
electromagnetic field, allowing monitoring of both
moving objects and objects having an electromagnetic
field associated with them that changes with time, the
sensor need not necessarily allow monitoring of moving
objects. Thus, in accordance with a second aspect of
the present invention, there is provided a
susceptibility sensor for detecting an object
electromagnetic field associated with an object to be
sensed, comprising: an oscillator including means for
generating a sensor electromagnetic field; a sensor
element arranged in proximity with the means for
generating the sensor electromagnetic field, the
sensor element having an electric or magnetic
susceptibility that varies with magnitude and/or
direction of applied electromagnetic field; and an

output arranged to provide a signal which varies in



WO 01/69168 PCT/GB01/01085

10

15

20

25

30

35

dependence upon the change in the electrical
properties of the said oscillator; the sensor being
arranged such that a change in the magnitude or
direction of the object electromagnetic field
associated with the object to be sensed, as
experienced by the said sensor element, causes a
change in the electric or magnetic susceptibility of
the said sensor element, whereby the said sensor
electromagnetic field experiences a changing
electrical or magnetic susceptibility which in turn
causes at least one electrical property of the
oscillator to be altered.

The sensor element may be formed from a colossal
magnetoresistive material, such as lanthanum strontium
manganite (LSMO). Such a material has a non-linear
magnetisation M (H). Such non-linearity occurs even at
small magnetic fields, making the sensor highly
sensitive without needing to be immediately adjacent
to the source of the electromagnetic field to be
sensed. Via the Kramers Kronig relationship, this
implies that any material that exhibits a strong
variation in imaginary magnetic susceptibility with
applied magnetic field is particularly suitable. In
addition to LSMO, therefore, Permalloy could be used.

Although sensor elements that exhibit variations
in imaginary magnetic susceptibility with applied
magnetic fields are currently preferred, materials
with variations in imaginary electric susceptibility
as a function of applied electric fields could be
employed instead or as well. DMoreover, a material
that exhibits variations in both electric and magnetic
susceptibility would be particularly suitable.

Preferred features of the first aspect of the
invention are equally preferred for the second aspect
of the invention.

The susceptibility sensor of the invention is

particularly suitable for sensing or monitoring
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certain objects. Accordingly, the present invention
also provides, in combination, the susceptibility
sensor of the first aspect of the invention, and an
inhomogeneously-shaped object to sensed by the sensor,
the inhomogeneously-shaped object causing the sensor
electromagnetic field to be presented with a change in
electrical or magnetic susceptibility as it is moved
relative to the said sensor.

Preferably, the object to be sensed is
rotationally inhomogeneous. For example, the object
may have one or more spatially-projecting members, the
position of the or each projecting member relative to
the sensor at a given time defining the electric or
magnetic susceptibility presented to the sensor
electromagnetic field at that time. In other words, a
region of space common to, or intermediate between,
the sensor and the moving object has a varying
electrical magnetic susceptibility by virtue of its
being invaded by a portion of the moving object whose
motion is being sensed.

The object to be sensed may, most preferably, be
a cam having one or more lobes, or a toothed wheel.

As previously, the object to be sensed may also
include means for generating a second electromagnetic
field. This may be attached to the object to be
sensed, for example a small permanent magnet, or may
be otherwise associated with it. The second
electromagnetic field generated may be of constant
amplitude, and in that case movement of the object
relative to the sensor causes the electric or magnetic
susceptibility of the sensor element to change.
Alternatively, the second electromagnetic field may be
of variable amplitude. For example, a small
electromagnet located on or adjacent to the object to
be sensed may switch on and off to indicate the status
of the object to be sensed, and the sensor is then

able to detect the changing magnetic field of the
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electromagnet on the object to be sensed via a change
in the susceptibility of the sensor element of the
sensor.

The invention also extends to a combination of
the susceptibility sensor of the second aspect, and an
object to be sensed, the object to be sensed having
associated therewith means for generating an object
electromagnetic field.

In yet a further aspect of the invention, there
is provided a method of detecting relative movement
between an inhomogeneously-shaped object to be sensed
and a sensor, comprising: generating a sensor
electromagnetic field via an oscillator, the
oscillator having a plurality of electrical
properties; moving the object relative to the sensor,
such that the sensor electromagnetic field is
presented with a change in electric or magnetic
susceptibility, thus causing a change in the
electrical properties of the oscillator means; and
detecting the change in at least one of the said
electrical properties.

A method of detecting an object electromagnetic
field associated with an object to be sensed is also
provided, the method comprising generating a sensor
electromagnetic field via an oscillator, the
oscillator having a plurality of electrical
properties; generating an object electromagnetic field
at or proximal the object to be sensed; varying the
direction or magnitude of the said object
electromagnetic field; and detecting changes in the
direction or magnitude of the said object
electromagnetic field by monitoring the change in the
electric or magnetic susceptibility of a sensor
element located proximal the said oscillator, and
which has an anisotropic magnetic or electric
susceptibility.

In summary, the present invention provides a
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sensor that detects position and motion of mechanical
components, light beams, magnetic and electric fields
and other entities, using measurement of variations in
magnetic and/or electric susceptibility. These
variations are consequent on some component or region
of space in either the sensor assembly or the moving
system or both having a magnetic and/or electric
susceptibility which has either a real or an imaginary
component (or both) whose value 1s modulated by the
mechanical (or other) motion being detected.

The invention may be put into practice in a
number of ways, and some embodiments will now be
described by way of example only and with reference to
the accompanying Figures in which:

Figure 1 shows a sensor according to a first
embodiment of the present invention;

Figure 2 shows a sensor according to a second
embodiment of the present invention;

Figure 3 shows a sensor according to a third
embodiment of the present invention; and

Figure 4 shows a sensor according to a fourth
embodiment of the present invention.

Figure 1 shows a circuit diagram of a sensor
according to a first embodiment of the invention. The
circuit 10 comprises a closed loop Robinson-type
oscillator 20 connected with a tank circuit 30. The
tank circuit 30 comprises a capacitor and inductor
provided by a variable capacitor 40 in parallel with a
coil 50. The coil 50 is wrapped around a sensor
element 60 and comprises a piece of colossal
magnetoresistive material such as lanthanum strontium
manganite (LSMO). This material has a strong variation
in the imaginary part of its susceptibility, as a
magnetic field applied to it varies.

In the circuit of Figure 1, transistors Tl and T2

have a triple function. Firstly, they provide the gain
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to keep the closed loop Robinson oscillator 20
running, secondly they provide a limiting action which
makes the feedback independent of amplitude noise, and
thirdly they perform detection to generate an output
signal. These three functions provided by transistors
Tl and T2 may be separated out, as will be described
in connection with Figure 2 below.

The oscillator 20 operates at the resonant
frequency of the tank circuit 30, defined by the
inductance of the coil 50 and the capacitance of the
variable capacitor 40. The amplitude of oscillation is
a function of the electrical losses in the tank
circuit 30. These in turn are a function of the
susceptibility presented to the electromagnetic field
generated by the coil 50, as explained below.

The rf amplitude is converted into a d.c. signal,
and this is amplified by transistors T3 and T4 to give
a circuit output 70. The transistors TS5 and T6 act to
smooth the power supply and to produce the frequency
output respectively.

The sensor of Figure 1 allows sensing in a
variety of different ways, which will now be

explained.

I. Variable Susceptibility of an Object to be Sensed

An object 80 to be sensed is located in the
region of the coil 50 of the tank circuit 30. The
object 80 shown in Figure 1 is a toothed wheel. As the
toothed wheel rotates, because it is rotationally
inhomogeneous, the electromagnetic field generated by
the coil 50 experiences a periodic variation in the
electric or magnetic susceptibility (depending upon
the material from which the toothed wheel is formed).
In particular, a change in the imaginary magnetic
susceptibility experienced by the electromagnetic

field generated by the tank circuit 30, as a function
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of time, translates into rf losses in the coil 50.
This in turn lowers the quality factor Q of the
circuit 10, and the amplitude of the rf signal in the
circuit changes as well. The changing rf amplitude is
detected and converted into a changing d.c. voltage.
The variation in susceptibility is related to the
rotational speed and converts directly into a
corresponding variation in the output voltage from the
sensor.

Thus, the sensor of Figure 1 will sense movement
(in this case, rotation) of any object which presents
a varying magnetic susceptibility to the
electromagnetic field generated by the coil 50. This
makes the sensor particularly advantageous, because it
allows magnetic materials, non-magnetic materials, or
metals to be monitored.

Although the object to be sensed 80 in Figure 1
is a toothed wheel, it will be appreciated that an
inhomogeneously-shaped object moving linearly past the
coil 50 of the sensor will likewise present a change
in susceptibility to the electromagnetic field
generated thereby, which can be detected. Indeed, it
is even possible to monitor a fixed, inhomogeneously-
shaped object to be sensed, by for example providing
an array of coils 50 at different locations, and
switching between them, or by moving the sensor

relative to a fixed object to be detected.

II. Detection of Magnetic Fields

In case I above, the change in electric or
magnetic susceptibility is provided by the object to
be sensed itself, which has an inhomogeneous shape and
is moved relative to the sensor. In that case, the
sensor element 60 is not a prereguisite of the circuit
10 as the movement of the object 80 itself (in the

described embodiment) presents the changing electric
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or magnetic susceptibility to the field generated by
the coil 50. However, because the sensor element 60
has a susceptibility which varies with direction
and/or magnitude of applied magnetic field, a second
mode of operation may also be provided by the same
circuit.

In the second mode of operation, the object to be
sensed 80 has attached thereto a source of an
electromagnetic field. In the most straightforward
form, this may simply be a small permanent magnet. As
the object 80 moves relative to the sensor 10, the
magnetic field generated by the permanent magnet, as
experienced at the sensor element 60, changes. As
previously explained, the imaginary part of the
susceptibility of the sensor element 60 changes with
applied magnetic field. The sensor element 60, being
located proximal the coil 50, causes the
electromagnetic field generated by the coil 50 to
experience a changing magnetic susceptibility
(specifically, a changing imaginary susceptibility),
which causes the electromagnetic losses in the circuit
10 to occur, with the change in susceptibility instead
being provided by the movement of the object 80 itself
(example I above).

This second mode of operation is not restricted
to measurement of a moving object 80. A change in the
magnitude of the magnetic field generated at the
object 80 will likewise be sensed by the sensor
element 60. Therefore, a small electromagnet may be
mounted upon or adjacent the object to be sensed. As
the electromagnet switches on and off, this may be
sensed by the sensor, by virtue of a changing
susceptibility in the sensor element 60.

By a suitable choice of material for the sensor
element 60, the sensor may have its sensitivity

matched to whatever magnetic field range is required
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to be detected. For example, where it is simply
desired to detect a change in magnetic field, and the
magnitude of that change is not important, then a
magnetic material with a sharp magnetic singularity
would be chosen. Although this provides very high
sensitivity, the sensor is not then optimised for
quantitative measurements of magnetic field strength.
By contrast, in order to measure the magnetic field
strength quantitatively, the magnetic material
selected for the sensor element 60 is chosen such that
its magnetic characteristics vary smoothly over a wide
magnetic field range. In this case, because the
electronics driving the rf magnetic field generated by
the coil 50 is self-oscillating and consists of a high
frequency closed loop, the sensor outputs data not
only as analog voltage, but also as a shift in the
radio frequency. Since the latter is of the order of
MHz, and can be measured to the order of a few Hz, the
field detection sensor thus generated is extremely
sensitive and in practice is limited in performance
only by microphonic noise.

Figure 2 shows a modified sensor 85 which offers
more gain and resolved processing functions than the
sensor 10 of Figure 1. The tank circuit 30 of the
modified sensor 85 in Figure 2 includes a fixed
capacitance 90 along with the coil 50 and the sensor
element 60. The transistors Tl and T2, together with
ancillary capacitors and resistors, form a
Cherry/Hooper amplifier pair 100. The output of the
Cherry/Hooper pair 100 is fed to a limiter and
detector 110 formed from transistors T3 and T4 which
act as a long tailed pair.

Figure 3 shows yet another sensor arrangement 200
which provides an improved spatial resolution relative
to the sensors of Figures 1 and 2. The sensor

arrangement 200 again comprises a tank circuit 210
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including a coil L and two capacitors C; and C,. The
tank circuit feeds a long tailed pair detector 220,
similar to the sensor of Figure 2. In contrast to the
sensor of Figure 2, however, the transistors T, and T,
forming the long-tailed pair are GaAs FETs or High
Electron Mobility Transistors (HEMTs). By employing
such devices, the frequency of operation of the sensor
arrangement 200 of Figure 3 can be raised into the GH,
regime, whilst preserving the high efficiency long-
tailed pair detector configuration.

The typically low input impedance of III-V
devices such as GaAs requires that the impedance of
the tank circuit be transformed down. As the coil L is
typically only a single loop of wire, this is achieved
by capacitor tapping using the capacitors C, and C,.

A variable capacitor C, is also employed in the
circuit of Figure 3, to adjust the size of current
pulse that is fed back. This in turn allows the
amplitude of oscillation to be adjusted.

Two diodes D1 and D2 define a negative potential
of -1.2V to which the emitter resistor is attached.
because this 1.2 V potential is small relative to the
voltage rail (typically +/-15 Volts, the emitter
resistor is then 15/1.2 smaller which in turn improves
the detector efficiency (proportional to the
conductance of the emitter resistor) by 15/1.2 times.

A range of transistors are suitable for the long-
tailed pair T, and T,, such as BFE 505, BFE 520,

BFG 505, BFG 520 or BFG 590.

Figure 4 shows a part of a sensor 120, which is
particularly suitable for sensing an object 80 using
microwave, rather than uhf frequencies. The components
in Figures 1, 2 and 3 which constitute the oscillator,
limiter and detector are compressed, in the sensor 120
of Figure 4, into a single block represented by a

microwave transistor T1l. The tank circuit 30" of
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Figure 4 is now more akin to a transmission line since
the inductive and capacitive functions are less
distinct at microwave frequencies. The sensor element
60' is a magnetic film grown onto the stripline of the
tank circuit 30'. Changes in the susceptibility of the
sensor element 60' cause the transistor Tl to operate
on a different part of its characteristics and hence
draw a different d.c. current. This d.c. current is
converted to a variation in output voltage by
associated control electronics (not shown).

The sensor described above in connection with
Figures 1 to 4 is, as previously mentioned, extremely
versatile in that it allows detection or monitoring
(that is either guantitative or qualitative
measurement) of inhomogeneously shaped objects formed
from an extremely wide variety of materials. At the
same time, using a sensor element having an electric
and/or magnetic susceptibility that varies with
direction and/or magnitude of applied magnetic field,
within the sensor itself, qualitative and quantitative
measurements in the magnitude and/or direction of a
magnetic field at an object to be sensed can also be
made. The shape of the sensor element is not
important, except in so far as if it is too big, then
the spatial resolution of the sensor is impaired. It
is, however, helpful to arrange the resonant circuit
so as to ensure maximum penetration of the
electromagnetic field generated by the coil into the
sensor element itself. This is one reason why it is
particularly advantageous to grow the sensor element
onto the coil itself.

The sensor described above has already been
tested in the distributor of an internal combustion
engine from a motor vehicle, the movement of the rotor
relative to the sensor causing the susceptibility

experienced by the sensor coil to change periodically
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as the rotor rotates. The sensor generates a signal
which is capable of controlling the ignition timing.
For this specific application, the sensor has proved
to be highly advantageous in comparison with
conventional sensors, because it can tolerate
temperatures in excess of 1000°C for long periods of
time, and has an excellent signal-to-noise ratio, in
practice limited only by microphonic noise. Moreover,
the sensor has allowed “skipping” at low engine speeds
to be eliminated and this has reduced hydrocarbon
emissions from the internal combustion engine by a
significant amount. Moreover, the sensor 1s capable of
detecting movement in a rotor which is neither
metallic nor magnetic. The sensor is also
advantageous for this particular application because
it is capable of producing a large output signal,
independent of the rotor speed.

It will also be understood that the sensor can be
manufactured very cheaply.

Other applications for the sensor include
detection of plastics materials buried underground. In
this case, the sensor needs to be moved relative to
the buried plastics material. This may be carried out
by mounting the sensor upon a probe and inserting this
probe into the ground; during insertion, the sensor is
then moving relative to the plastics material which
causes a signal to be detected. As the output signal
is independent of relative speed between the plastics
material and the probe, the probe does not need to be
inserted at a particular speed to successfully achieve
detection. Alternatively, an array of sensors may be
mounted on a fixed probe, the sensors being spatially
separated from one another and then triggered
sequentially.

Alternative applications are contemplated, such

as the detection of plastics-based cables or pipes
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(e.g. fibre optics cables) or non-metallic utilities
pipes. Furthermore, it is possible for the sensor to
detect a flow of inhomogeneous fluids such as blood.
Having understood the principles of the present
5 invention, other applications will be apparent to the

skilled reader.
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CLAIMS:

1. A susceptibility sensor for detecting
relative movement between an inhomogeneously-shaped
object to be sensed and the sensor, comprising:

an oscillator including means for generating a
sensor electromagnetic field; and

an output arranged to provide a signal which
varies in dependence upon the change in the electrical
properties of the said oscillator;

the sensor being arranged such that relative
movement between the object to be sensed and the means
for generating the sensor electromagnetic field causes
the electromagnetic field to be presented with a
change in electric or magnetic susceptibility whereby
at least one of the electrical properties of the said

oscillator is altered.

2. The susceptibility sensor of claim 1, in
which the means for generating the sensor
electromagnetic field is adapted to generate an

alternating current (ac) field.

3. The susceptibility sensor of claim 1 or
claim 2, in which the means for generating the sensor
electromagnetic field comprises a conductive coil

arranged to pass an alternating current.

4. The susceptibility sensor of claim 1 or
claim 2, in which the means for generating the sensor
electromagnetic field comprises a capacitor subjected

to an alternating voltage.

5. The susceptibility sensor of any preceding
claim, in which, in use, the sensor electromagnetic

field being presented with a change in electrical or
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magnetic susceptibility causes a variation in

electromagnetic energy losses within the oscillator.

6. The susceptibility sensor of any preceding
claim, in which the means for generating the sensor
electromagnetic field comprises a coil and a
capacitative element which together form a resonant

circuit.

7. The susceptibility sensor of claim 6, in

which the coil is non-planar.

8. The susceptibility sensor of claim 6 or
claim 7, in which the output is arranged to provide a
signal that varies in dependence upon a change in the
resonant frequency of the resonant circuit, the change
in the resonant frequency being occasioned by a change
in the real part of the electric or magnetic
susceptibility presented to the sensor electromagnetic
field.

9. The susceptibility sensor of claim 8, in
which the output includes a frequency to voltage
converter arranged to generate a substantially d.c.
voltage which varies monotonically in dependence upon
variations in resonant frequency of the said resonant

circuit.

10. The susceptibility sensor of claim 6, in
which the output is arranged to provide a signal that
varies in dependence upon a change in the quality
factor (Q) of the resonant circuit, the change in the
0 factor being occasioned by a change in the imaginary
part of the electrical or magnetic susceptibility

presented to the sensor electromagnetic field.
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11. The susceptibility sensor of claim 10, in
which the output includes a detection stage arranged
to generate a substantially d.c. voltage that varies
monotonically with the amplitude of the a.c. voltage

across at least a part of the resonant circuit.

12. The susceptibility sensor of any preceding
claim, in which the oscillator is a self-oscillating,

closed loop oscillator.

13. The susceptibility sensor of claim 12, in

which the oscillator is a marginal oscillator.

14. The susceptibility sensor of claim 13, in
which the oscillator is a Robinson marginal oscillator

comprising an oscillator loop and a limiter detector.

15. The susceptibility sensor of claim 12,
claim 13 or claim 14, further comprising one or more
Gallium Arsenide or High Electron Mobility Transistors
acting as rf gain elements so as to permit operation

in excess of 1 Gigahertz.

16. The susceptibility sensor of any preceding
claim, for further monitoring an object
electromagnetic field associated with the object to be
sensed, the sensor further comprising:

a sensor element arranged in proximity with the
means for generating the sensor electromagnetic field,
the sensor element having an electric or magnetic
susceptibility that varies as a function of the
magnitude and/or direction of an applied
electromagnetic field;

the sensor being further arranged such that a
change in the magnitude and/or direction of the object

electromagnetic field associated with the object to be
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sensed, as experienced by the said sensor element,
causes a change in the electrical or magnetic
susceptibility of the said sensor element, whereby the
said sensor electromagnetic field experiences a
changing electric or magnetic susceptibility which in
turn causes the at least one electrical property of

the oscillator to be altered.

17. A susceptibility sensor for detecting an
object electromagnetic field associated with an object
to be sensed, comprising:

an oscillator including means for generating a
sensor electromagnetic field;

a sensor element arranged in proximity with the
means for generating the sensor electromagnetic field,
the sensor element having an electric or magnetic
susceptibility that varies as a function of the
magnitude and/or direction of an applied
electromagnetic field; and

an output arranged to provide a signal which
varies in dependence upon the change in the electrical
properties of the said oscillator;

the sensor being arranged such that a change in
the magnitude or direction of the object
electromagnetic field associated with the object to be
sensed, as experienced by the said sensor element,
causes a change in the electric or magnetic
susceptibility of the said sensor element, whereby the
said sensor electromagnetic field experiences a
changing electric or magnetic susceptibility which in
turn causes at least one electrical property of the

oscillator to be altered.

18. The susceptibility sensor of claim 17, in
which the means for generating the sensor

electromagnetic field is adapted to generate an
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alternating current (a.c.) field.

19. The susceptibility sensor of claim 17 or
claim 18, in which the means for generating the sensor
electromagnetic field comprises a conductive coil

arranged to pass an alternating current.

20. The susceptibility sensor of claim 17 or
claim 18, in which the means for generating the sensor
electromagnetic field comprises a capacitor subjected

to an alternating voltage.

21. The susceptibility sensor of any one of
claims 17 to 20, in which, in use, the sensor
electromagnetic field that is being presented with a
change in electric or magnetic susceptibility causes a
variation in electromagnetic energy losses within the

oscillator.

22. The susceptibility sensor of claims 17 to
21, in which the means for generating the sensor
electromagnetic field comprises a coil and a
capacitative element which together form a tank

circuit.

23. The susceptibility sensor of claim 22, in

which the coil is non-planar.

24. The susceptibility sensor of claims 17 to
22, in which the means for generating a sensor
electromagnetic field includes a stripline or

transmission line segment.

25. The susceptibility sensor of claim 22, 23 or
24, in which the output is arranged to provide a

signal that varies in dependence upon a change in the
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resonant frequency of the resonant circuit, the change
in the resonant frequency being occasioned by a change
in the real part of the electric or magnetic
susceptibility presented to the sensor electromagnetic
field.

26. The susceptibility sensor of claim 25, in
which the output includes a frequency to voltage
converter arranged to generate a substantially d.c.
voltage which varies monotonically in dependence upon
variations in resonant frequency of the said resonant

circuit.

27. The susceptibility sensor of claim 22, 23 or
claim 24, in which the output is arranged to provide a
signal that varies in dependence upon a change in the
quality factor (Q) of the resonant circuit, the change
in the Q factor being occasioned by a change in the
imaginary part of the electric or magnetic
susceptibility presented to the sensor electromagnetic

field.

28. The susceptibility sensor of claim 27, in
which the output includes a detection stage arranged
to generate a substantially d.c. voltage that varies
monotonically with the amplitude of the a.c. voltage

across at least a part of the resonant circuit.
29. The susceptibility sensor of any of claims
17 to 28, in which the oscillator is a self-

oscillating, closed loop oscillator.

30. The susceptibility sensor of claim 28, in

which the oscillator is a marginal oscillator.

31. The susceptibility sensor of claim 30, in
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which the oscillator is a Robinson marginal oscillator

comprising an oscillator loop and a limiter detector

32. The susceptibility sensor of claim 29,
claim 30 or claim 31, further comprising one or more
Gallium Arsenide or High Electron Mobility Transistors
acting as rf gain elements so as to permit operation

in excess of 1 Gigahertz.

33. The susceptibility sensor of any of claims
17 to 32, in which the sensor element is formed from a

colossal magnetoresistive material.

34. The susceptibility sensor of claim 33, in
which the colossal magnetoresistive material is

lanthanum strontium manganite (LSMO).

35. The susceptibility sensor of claim 21 or
claim 22, in which the sensor element is formed as a
discrete component, the coil being arranged such that
its associated electromagnetic field intersects at

least a part of the said sensor element.

36. The susceptibility sensor of claim 35,
further comprising a power supply arranged to supply a

radio frequency (rf) signal to the tank circuit.

37. The susceptibility sensor of claim 24, in
which the sensor element is formed as a thin film
grown upon the said stripline or transmission line

segment coil.

38. The susceptibility sensor of claim 37,
further comprising a power supply arranged to supply a

signal at microwave frequency to the said stripline or

transmission line segment.
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39. In combination, the susceptibility sensor of
any of claims 1 to 15 and an inhomogeneously-shaped
object to be sensed by the sensor,

the inhomogeneously-shaped object causing the
sensor electromagnetic field to be presented with a
change in electric or magnetic susceptibility as it is

moved relative to the said sensor.

40. The combination of claim 39, in which the

object to be sensed is rotationally inhomogeneous.

41. The combination of claim 40, in which the
object to be sensed has at least one spatially
projecting member, the position of the or each
projecting member relative to the sensor at a given
time defining the electrical or magnetic
susceptibility presented to the sensor electromagnetic
field at that time.

42. The combination of claim 41, in which the

object to be sensed is a toothed wheel.

43. The combination of any of claims 39 to 42,
in which the inhomogeneously-shaped object to be
sensed is formed from a ferromagnetic, a non-

ferromagnetic, a metal or a plastics material.

44. The combination of any of claims 39 to 43,
when dependent upon claim 13, in which means for
generating an object electromagnetic field of constant
amplitude is attached to the object to be sensed,
movement of the said object relative to the sensor
causing the said change in the electric or magnetic

susceptibility of the said sensor element.

45. The combination of any of claims 39 to 43,
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when dependent upon claim 13, or claim 44, in which
means for generating an object electromagnetic field
of variable amplitude is attached to the object to be
sensed, the change in the said amplitude of the second
electromagnetic field causing the said change in the
electric or magnetic susceptibility of the said sensor

element.

46. In combination, the susceptibility sensor of
any one of claims 16 to 38, and an object to be
sensed, the object to be sensed having associated
therewith means for generating an object

electromagnetic field.

47. The combination of claim 46, in which the
means for generating an object electromagnetic field
is attached to the object to be sensed and, in use,
generates an object electromagnetic field of constant
amplitude, the movement of the said object relative to
the sensor causing the said change in the electric or

magnetic susceptibility of the said sensor element.

48. The combination of claim 46, in which the
means for generating an object electromagnetic field
generates, in use, an object electromagnetic field of
variable amplitude, the change in the said amplitude
of the object electromagnetic field causing the said
change in the electric or magnetic susceptibility of

the said sensor element.

49. A method of detecting relative movement
between an inhomogeneously-shaped object to be sensed
and a sensor, comprising:

generating a sensor electromagnetic field via an
oscillator, the oscillator having a plurality of

electrical properties;
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moving the object relative to the sensor, such
that the sensor electromagnetic field is presented
with a change in electric or magnetic susceptibility,
thus causing a change in the electrical properties of
the oscillator means; and

detecting the change in at least one of the said

electrical properties.

50. The method of claim 49, in which the object
to be sensed is rotationally inhomogeneous, the method
further comprising rotating the object relative to the

sensor.

51. The method of claim 49 or claim 50, in which
the step of detecting the change in at least one of
the said electrical properties comprises measuring the
change in electromagnetic losses in the said
oscillator as the inhomogeneously-shaped object moves

relative to the sensor.

52. The method of claim 51, in which the step of
measuring the change in electromagnetic losses in the
oscillator comprises measuring the variation in the

quality factor of the oscillator.

53. The method of claim 51 or claim 52, in which
the step of measuring the electromagnetic losses in
the oscillator comprises measuring the variation in

the resonant frequency of the oscillator.

54. The method of claim 49, 50 or 51, in which
the oscillator comprises a coil and a capacitance, the
method further comprising exciting the oscillator at
its resonant frequency, and detecting changes in the

said resonant frequency.
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55. The method of claim 54, in which the step of
detecting comprises converting the change in frequency
into a change in voltage, and generating a

substantially d.c. voltage.

56. The method of claim 49, 50 or 51, in which
the oscillator comprises a coil and a capacitance, the
method further comprising exciting the oscillator at
its resonant frequency, and detecting changes in the

quality (Q) factor of the oscillator.

57. The method of claim 46, in which the steps
of detecting comprises converting the amplitude of the
a.c. voltage across at least a part of the oscillator

into a substantially d.c. voltage.

58. The method of any of claims 49 to 57,
further comprising:

generating an object electromagnetic field at or
proximal the object to be sensed; and

detecting changes in the direction or magnitude
of the said object electromagnetic field by monitoring
the change in the electric or magnetic susceptibility
of a sensor element located proximal the said
oscillator and having a magnetic or electric
susceptibility that changes as a function of the
magnitude and/or direction of applied magnetic field,
such that the said sensor element causes the said
change in the at least one of the said electrical
properties of the oscillator as the direction or
magnitude of the said object electromagnetic field
changes;

whereby the method permits sensing of both
movement of the inhomogeneously-shaped object as well
as changes in the object electromagnetic field

generated at or proximal to it.
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59. A method of detecting an object
electromagnetic field associated with an object to be
sensed, comprising:

generating a sensor electromagnetic field via an
oscillator, the oscillator having a plurality of
electrical properties;

generating an object electromagnetic field at or
proximal the object to be sensed;

varying the direction or magnitude of the said
object electromagnetic field; and

detecting changes in the direction or magnitude
of the said object electromagnetic field by monitoring
the change in the electric or magnetic susceptibility
of a sensor element located proximal the said
oscillator, and which has a magnetic or electric
susceptibility that varies as a function of the change
in magnitude and/or direction of applied magnetic
field.
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