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A miniature coll assembly for transmitting or recelving magnetic waves comprises a plurality of coils wherelin each colil has a
respective axis. The coll assembly Is assembled such that at least two of the axes are mutually linearly independent, and such that
all of the plurality of coils are contained within a volume having a cross-sectional area less than 1.0 mm?. At least two of the coils are
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MINIATURIZED POSITION SENSOR

ABSTRACT

A miniature coil assembly for transmitting or receiving
magnetic waves comprises a plurality of .coils wherein
S each coil has a respective axis. The coil assembly is
assembled such that at least two of the axes are mutually
linearly independent, and such that all of the plurality
of coils are contained within a volume having a cross-
sectional area less than 1.0 mmé. At least two of the

10 coils are photolithographic coils.
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MINIATURIZED POSITION SENSOR HAVING PHOTOLITHOGRAPHIC

COILS FOR TRACKING A MEDICAL PROBE

FIELD OF THE INVENTION

The present 1invention relates generally to object

tracking systems, and specifiCally to non-contact,

electromagnetic methods and devices for tracking the

position and orientation of a medical probe.

BACKGROUND OF THE INVENTION

In many medical procedures, probes, such
endoscopes and catheters,

body. Such probes are

as
are inserted into a patient's

used for a large variety of
procedures 1including irreversible surgical actions,

as ablation and taking of tissue samples.

such

Therefore, 1it
1s necessary to have accurate information on the position

and orientation of the probe within the patient's body.

Electromagnetic position determining systems provide

a convenient method of receiving accurate information on

the position and orientation of intra-body objects, and
allow accurate tracking of these objects. Such systems
are described for example in U.S. Patents 5,558,091,

5,391,199 and 5,443,489, and in International Patent
Publications W094/04938 and W096/05768. These systems

determine the coordinates of a probe using one or more
field sensors, such as a Hall effect device, coils or
other antennas carried on the probe. The transducers are
typically located at or adjacent the distal end of the

probe, and/or along the length of the probe. Therefore,
the transducers are preferably made as small as possible

so as to fit into the probe without interfering with the

probe's maneuverability or increasing its size unduly.

/
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U.S. Patent 5,558,091 describes a Hall effect sensor
assembly of a cube shape which includes three mutually
orthogonal, thin galvanomagnetic films. This sensor assembly
is preferably of dimensions about 3 X 0.75 X 0.75 mm. The
5,558,091 Patent further deacribes another Hall effect sensor
assembly which includes three field sensing elements 1in the
form of semiconductor chips. Each chip includes one or more
elongated bars of a magnetoresistive material. Each such chip
is sensitive to magnetic field components in the direction of
the bar. This assembly preferably has a diameter of 0.8 mm Or
less. However, such chips suffer from nonlinearities,
saturation effects, hysteresis and temperature drifts.

Therefore, most magnetic position determining systems
use sensors formed of miniature coils that include a large
number of turns of an electrically conducting wire. Such
coils are described, for example, in PCT/GB93/01736,
published as W094/04938 and W096/05768, in the above
mentioned U.S. Patent 5,391,199, and in International Patent
Publication W097/24983, which is assigned to the assignee of
the present application. The performance of a sensor coll 1is
dependent on 1its 1nductance, which is a function of the
number of turns of the coil times the cross sectional area of
the coil. Therefore, in planning a miniature coill for use
within a surgical probe, for example, it 1s generally
necessary to make a compromise between performance and the
size of the coil. Such coils typically have minimum
dimensions of 0.6 x 0.6 x 0.6 mm and more generally of 0.8 X
0.8 x 0.8 mm. Smaller coils of the same type would not
provide acceptable performance and are also hard to
manufacture.

In order to determine both translational and rotational
coordinates, some position determining systems, such as the

system described 1in the above-mentioned PCT publication

WO096/05768, use three sensor
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colls, having respective axes that are mutually linearly

independent, preferably mutually orthogonal. Preferably,

these three colils are packaged together to form a sensor

assembly, which 1s wused to provide six-dimensional

position and orientation coordinate readings. The use of

an assembly which has the three coils within one package
allows easy insertion and/or attachment of the coils to

catheters. Also, the assembly provides exact positioning

of the coils relative to each other, thus simplifying the

calibration of position determining systéms using the
coils. Generally, the coils are enclosed in a
cylindrical-shaped case, which protects the coils from
the surroundings.

In the system of the ‘768 publication, this assembly
typically' has a length of about 6 mm and a diameter of
about 1.3 mm. Because the axes of the coils need to be
generally mutually orthogonal in order to achieve
accurate position sensing in all six dimensions, it is
not possible to make the diameter of the assembly much
smaller.

Although this coil assembly fits into most medical
probes, in some cases coils of equivalent performance and

smaller width are desired. For example, International

Patent Publication WO97/29679, which is assigned to the
assignee of the present invention and

describes a method of enhancing the
accuracy of position determination of an endoscope that
includes miniature position sensing coils, by distancing
the coils from metallic apparatus within the endoscope.
If the coil assembly can be made with a smaller width, it
is then possible to increase the separation between the

miniature coils and the metallic apparatus, and thus

achieve better accuracy from the position determining
system.

Reducing the width of the coil assembly also allows

position determining systems to be used with narrower

3
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ease of access to remote locations. Alternatively,
reducing the width of the coil assembly allows the
assembly LO occupy a smaller portion of the cross-
sectional area of the probe, leaving more space for
functional apparatus and/or working channels along the

probe.

Coils made by photolithography or VLSI procedures
are known in the art. In the following disclosure and in
the claims, these colls are referred to as
photolithographic coils. Photolithographic coils are
génerally made 1n the form of a spliral conductor printed
on a substrate of plastic, ceramic or semiconductor
material. Such coils conventionally comprise up to four
overlapping spiral lavers, using currently available
fabrication techniques.

Phottolithographic colls oL antennas are also
commonly used in contactless smart cards, as are known in
the art. These cards inductively communicate with and
receilive power from a reader circuit through a
photolithographic coil or antenna embedded in the card.
Because smart cards are limited in thickness to less than
0.8 mm, they generally include on'ly a slngle coil, whose
axls 1s necessarily perpendicular to the plane of the
card. To communicate with the reader, the smart card
must be properly oriented, so that the coll axis 1is

aligned with a magnetic field generated by the reader, in

order to achieve proper coupling.

SUMMARY OF THE INVENTION

It 1s an object of some aspects of the present
invention to provide.a sensor coill with reduced thickness
but high sensitivity and/or g-factor.

It i1s another object of some aspects of the present

invention to provide a coil assembly including three

orthogonal coils having a narrow, elongate shape.
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In preferred embodiments of the present 1nvention, a
coil assembly comprises three coils of which at least
one; -~ and preferably two, comprise photolithographic
Colls. The coils have axes which are mutually linearly

lndependent, preferably the axes are mutually

substantially orthogonal. The use of these

photolithographic coils allows forming coil assemblies

with reduced diameter, Width and/or depth, as described
below.

In some of these preferred embodiments, two of the

Colls comprise long, narrow photolithographic coils. The

coll is less than 0.8 mm, most preferably less than 0.6

0.3 mm. In a preferred embodiment of the present
invention, the photolithographic coils are produced on a
flexible substrate, SO that the assembly does not

restrict the flexibility of a catheter carrying the

dnl assembly comprises two long, narrow photolithographic
colls which are aligned with their long sides adjacent

each other and substantially at 90° with respect to each
other. Thus, the photolithographic coils define a long,
narrow box shape, having a longitudinal axis to which the
coll axes of the two photolithographic coils are
substantially perpendicular.

Preferably, the substrates of the photolithographic
Colls are cut diagonally at an angle of about 45°, so
that the substrates are adjacent each other at the

diagonal cuts. This connection Saves space and minimizes
the volume required by the assembly.

S
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The third coil, preferably a miniature wire-wound
Coil, 1is positioned with its coil axis along the
longitudinal axis. Preferably, the third coil is outside
and adjacent to the box shape, so that the width and
depth of the assembly are substantially minimized.
Alternatively, the diameter of the wire coil is smaller
than the width of the photolithographic colls, and the
wire coil is placed within the box shape defined by the
photolithographic coils. Thus, the coil assembly has

Nnarrow width and depth, preferably smaller than 0.8 mm,

most preferably about 0.6 mm, such that the diameter of a
cylinder enclosing the assembly is no more than about 0.9
mm. Consequently, the cross-sectional area of the
assembly is preferably less than 1 mm<, more preferably
less than 0.8 mm¢, and most preferably less than 0.65
mm< .

Preferably, a long, ellipsoidal ferrite core is
contained inside the angle formed by the two
photolithographic coils. Preferably, the wire coil is
also wound around a core, most preferably around the long

ellipsoidal core. The ferrite core enhances the

from the surroundings.

In another preferred embodiment of the present
invention, a plurality of small photolithographic coils
are used to form the third coil. Preferably, the small
Colls ate placed parallel each other, orthogonal to the
first two coils, within the box shape defined by those
Coils, as described above. The small coils preferably
have a rectangular shape with a width of about 0.4 mm,
such that the small coils do not protrude from the box
shape or from a cylinder encompassing the box shape.
Alternatively, the plurality of photolithographic coils

IPREA It VA b e, LHOOLPE 11301 - BrATLAN ELOSINP ISR S WM R ehiy 3 ey
mmmﬂﬁﬂ
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are placed outside the box shape of the first two coils
but along the longitudinal axis thereof.

In some preferred embodiments of the present
invention, the co1il assembly may comprise three

photolithographic coils, the axes of which are mutually
linearly independent.

In some preferred embodiments of the present
invention, one or more photolithographic coil assemblies,
as described above, are placed within a medical probe to
allow determination of coordinates of the ©probe,
preferably six-dimensional position and orientation
coordinates. In these assemblies, each coil preferably
has a separate wire connection, so that the sensed effect
Of an external magnetic field on each coil 1s determined
independently. A position determining system determines
the position and orientation of the assembly based on the

sensed effect on all three coils, as described, for

example, in the above-mentioned WO096/05768 patent
publication.

Use of assemblies with photolithographic coils
allows substantial decrease of the diameter of the

Cylinder encompassing the coils. This decreased diameter
allows easier attachment or embedding of the assembly in
the probe. A smaller assembly also makes it possible to
use smaller probes, and/or reduc;es interference of the
assembly with working channels and functional apparatus
in the probe. Also, small width and thickness of the coil
allow larger separation between the coil and metallic
apparatus 1in the probe, thus minimizing interference with
the operation of the position determining systemn.

In other preferred embodiments of the present
invention, a photolithographic coil assembly is used for
inductive transfer of power and/or information. In these
preferred embodiments, the three coils in the assembly
are preferably connected together in series or in

parallel. Such inductive information transfer is used,

7
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for example, in smart cards, as described above. The

narrow width of the photolithographic coil assembly makes

it especially suitable for use in smart cards, which

generally must be no thicker than 0.8 mm. Using this coil

S assembly makes the coupling between the smart card and

the reader substantially insensitive to the angle between

' the Smart Card and the reader, since the axes of the coil
assembly are mutually linearly independent.

Similarly, such photolithographic <c¢oil assemblies

10 may be hsed in ' intrabody tube location confirmation

devices, as described, for example, in a PCT Patent

Application filed September 15, 1997, entitled “Position

Confirmation with Learn and Test Functions,” and filed as

US patent application Serial No. 09/079,338 (applicant’s

15 docket no. BIO 0050.1 US) which is assigned to the
assignee of the present invention, *

There is therefore provided, 1in accordance with-

an embodiment of the present invention, a
20 miniature coil assembly for transmitting or receiving
magnetic waves including a plurality of coils, each coil
having a respective axis, assembled such that at least
two of the axes are mutually linearly independent, and
such that all of the plurality of coils are contained
25 within a volume having a cross—-sectional area
substantially less than 1.0 mm2, preferably substantially

less than 0.8 mm?, and most preferably substantially less
than 0.65 mm<. |

Preferably, at least two of the coils include
30 photolithographic coils.

There 1is further prdvided, in accordance with a
preferred embodiment of the present invention, a-
miniature coil assembly for transmitting and receiving
magnetic waves including two phof:olithographic coils
having respective, mutually linearly independent axes.
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Preferably, the photolithographic coils have a width
smaller than 0.8 mm, and more preferably smaller than
0.65 mm,

Preferably, the axes of the two photolithographic
Colls are mutually substantially orthogonal.

In a preferred embodiment of the invention, the
assembly includes a third coil, wherein the axis of the
third coil and of the two photolithographic coils are

mutually linearly independent. Preferably, the axis of

the third coil is substantially orthogonal to the axes of

the two photolithographic coils.

In one preferred embodiment, the third coil 1s a
wire-wound.coil, whereas in another preferred embodiment,
the third coil includes a plurality of interconnected

photolithographic circuits.

Preferably, the two photolithographic coils include

elongate rectangular substrates having a long side and a
narrow side, and the two photolithographic coils are
aligned such that the long sides of the two coils are
mutually adjacent. Preferably, the substrates of the two
photolithographic coils are aligned substantially at a
right angle with respect to one another.

Preferably, the assembly is circumscribed by a
cylindrical volume having a diameter smaller than 1.1 mm,
more preferably smaller than 0.9 mm.

In a preferred embodiment, the assembly includes a
ferromagnetic core for enhancing the inductance of the
colls, preferably an elongate ellipsoidal ferrite.
Preferably, the ferrite serves as a common core for
substantially all of the coils in the assembly.

Preferably, a position determining system receives
signals generated by the coils responsive to an
electromagnetic field and analyzes the signals to
determine coordinates of the coils. Preferably, the

Colls are inserted in an invasive medical probe, for

AP (PR A VR T P YT b £ & 34 b i A2 M S0 it MY P2 e - e b M P P st 41 w0 0
PR SR A Sy, I TS WAESHIP 20 | 3u w0y S M MEANI 1 L s i 1 3 2 AU et 3 e A R A . .
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finding coordinates of the probe, preferably six-
dimensional position and orientation coordinates.

There 1is also provided, in accordance with a
preferred embodiment of the present 1invention, a method

for determining the position of an object including:

attaching a photolithographic coil assembly to the
object; and

recelving signals from the assembly to determine
coordinates thereof.

Preferably, attaching the assembly 1ncludes
embedding the photolithographic coils within the object.

Further preferably, attaching the coil assembly
includes fixing two photolithographic coils having
respective axes to the object such that the axes of the
two coils are mutually linearly independent, and so as to
define a volume having a cross-sectional area

substantially less than 1 mm2.

There is additionally provided, in accordance with a
preferred embodiment of the present invention, a probe
whose position is tracked within the body of a subject,
including:

an 1lnsertion tube; and

a photolithographic coil assembly attached to the
insertion tube.

Preferably, the assembly is contained within a
volume having a cross-sectional area substantially less
than 1.0 mm<.

Further preferably, the photolithographic coil
assembly includes at least two photolithographic coils

and, preferably, a wire-wound coil, wherein the coils
preferably have respective axes that are mutually

linearly independent and, most preferably, mutually
substantially orthogonal.

In a preferred embodiment of the invention, a

position determining system receives signals from the

10
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coils and analyzing the slgnals to determine coordinates
of the probe. “

The present invention will be more fully understood
from the following detailed description of the preferred

embodiments thereof, taken together with the drawings, in
which:

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 1is a schematic perspective view of a
photolithographic coil, in accordance with a preferred

embodiment of the present invention;

Fig. 2 1s a schematic exploded view of the
photolithographic coil of Fig. 1;

Fig. 3 is a schematic, isometric view of a coil
assembly, in accordance with a preferred embodiment of

the present invention:

Fig. 4 is a sectional view of the assembly of Fig. 3
taken along line IV-IV;
Fig. 5 is a schematic, sectional view of a coil

assembly, in accordance with a preferred embodiment of
the present invention:;

Fig. 6 1is a schematic, isometric view of a coil
assembly, in accordance with a preferred embodiment of
the present invention; and .

Fig. 7 is a schematic illustration of a catheter

including a coil assembly, in accordance with a preferred
embodiment of the present lnvention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Figs. 1 and 2 show a sensor coil 10 made using a

photolithographic method, in accordance with a preferred

embodiment of the present invention. Fig. 1 shows a

schematic view of coil 10, and Fig. 2 shows an exploded
view of coil 10, which contains a plurality of layers 18,
ordinarily four, the number of which is 1limited
practically by the limitations of current
photolithographic technology. Each layer 18 contains a

conducting spiral 12, which is deposited on a substrate
11
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14 of an electrically insulating material. LXxternal ports

16 positioned at the ends of spiral 12 allow electric

access to coil 10, as is known in the art. Wires 26,

which are connected to ports 16, couple coil 10 to 3

position determining system or alternatively to a

transmitter (not shown in Che figures), which provides

wireless transmission of signals to the ©position

determining system.

Substrate 14 preferably comprises a long, narrow,

rectangular-shaped flat plece. Preferably, substrate 14

has a thickness of approximately 0.3 mm as is known in

the art. The width (W) of substrate 14 is approximately

between 0.4 and 0.7 mm, preferably 0.6 mnm.
the length

mim.

Preferably,
(L1) of substrate 14 is between about 4 and 5

Spiral 12 contains a plurality of 1loops 20 of
diminishing size. Pre ferably,

possible,

loops 20 are as large as
leaving only a minimal distance between each
two adjacent loops, as required by VLSI technology rules,
SO as to encompass a maximal area. Spirals 12 of

different layers are connected at vias 22,
the art.

as 1s known in

Coil 10 is suitable for use as a near field sensor,
especially for sensing electromagnetic fields alternating
at a frequency between 1-5 kHz.

Fig. 3 shows a coil assembly 30, in accordance with

d preferred embodiment of the present invention. Assembly
30 comprises two photolithographic coils 32, such as coil

10 of Fig. 1, and a wire coil 34. Wire coil 34 preferably

has a diameter of about 0.8 mm and a length (L2)

1.4 mm, in which there are preferably about 400 turns.

other and at approximately 90° with respect to each

other, substantially defining a box shape. Preferably,

wire coil 34 is positioned in a longitudinal extension of

12
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the box shape, so as not to add to the width or depth of‘
assembly 30. “

Preferably, wire coil 34 is wound around a ferrite
core 36, which enhances the inductance of the coll. More
preferably, ferrite core 36 is long and narrow and is
contained both within wire coil 34 and within the box
shape defined by coils 32. Thus, ferrite core 36 enhances
the inductance of all of the coils in assembly 30. |

Preferably, assembly 30 1S enclosed within a
Ccylindrical case 38, which has a diameter approximately
equal to or slightly greater than a diagonal of the box
shape defined by photolithographic coils 32.

Fig. 4 shows a cross-section of the assembly of Fig.
3 taken along line IV-IV. Preferably, along a common edge

33 between coils 32, the substrates of the coils are cut

‘diagonally to reduce the volume taken up by coil assembly

30. Alternatively, the substrates may be cut square, and

one of coils 32 may be made wider than the other.

Fig. 5 shows a coil assembly 31, in accordance with
an alternative embodiment of the present 1nvention.
Assembly 31 is similar to assembly 30, except that in
assembly 31, wire coil 34 is contained within the box

shape defined by photolithographic coils 32, and possibly

extends therefrom into case 38. Wire coil 34 has a
diameter smaller than the width (w) of coils 32,
preferably approximately 0.4 mm. In this embodiment, wire
coll 34 preferably has between about 600 and 800 turns,

in order to compensate for its small diameter.

It will be observed that assembly 30 includes three
substantially orthogonal coils, i.e., the axes of the

colls are mutually substantially orthogonal. Therefore,
assembly 30 may conveniently be used in apparatus such as
a position determining system with six degrees of
freedom. The size of assembly 30 is limited by coils 32,

wherein its diameter is determined by the width (w) of

13



10

15

20

25

30

35

CA 02283006 1999-09-22

Colls 32, and the length of assembly 30 is substantially
the length (L1) of coils 32.

connected in series so that a magnetic field incident on
the card induces a substantial current in the assembly,
regardless of the orientation of the card relative to the
field. Alternatively, the coils may be connected to each

other in parallel. Due to the small dimensions of the

insert it into conventional smart cards, which are
typically limited in thickness to no more than about 0.8
mm.

Fig. 6 shows a coil assembly 50, in accordance with
an alternative embodiment of the present invention.
Assembly 50 comprises two photolithographic coils 52
similar to coil 10 of Fig. 1. Preferably, coils 52 are
aligned relative to each other in a manner similar to
assembly 30. A plurality of small coils 54 are situated

within a box shape defined by coils 52. Coils 54 are

and length, so that they fit in the box shape. Coils 54

coills. Preferably, coils 54 are aligned such that they
have a common axis, which is perpendicular to the axes of
Colls 52, forming together with coils 52 an assembly of
three perpendicular sensors.

Fig. ] shows a catheter 70 including a
photolithographic coil assembly 72, in accordance with a
preferred embodiment of the present 1invention. Catheter
70 comprises an insertion tube 74, which is inserted into

a patient's body. Coil assembly 72 is preferably a

14
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miniature assembly, similar to assembly 30 or 31, as

d'escribed above, and is preferably situated adjacent the
distal end of insertion tube 74. As described, for
example, in the above-mentioned PCT publication
WO36/05768, the coils in assembly 72 generate signals
Iesponsive to an external magnetic field applied thereto.
A position determining system 80 coupled to coil assembly
12 receives the signals and accordingly determines
Position and orientation coordinates of the coil assembly
and hence,} the position and orientation of the catheter.

The insertion tube of a catheter normally has a
diameter of about 1-5 mm. A catheter having a round
insertion tube of 3 mm diameter has a cross section of
about 7 mmz. Assembly 72 has a cross section of about 0.6
mm<, thus taking up less than 10% of the cross sectional
area of the catheter. Hence, assembly 72 does not

substantially interfere with the operation of the
- catheter.

Preferably, assembly 72 is distanced from metallic
and other substances in catheter 70 which may interfere _
with magnetic position determination, as described in the
above-mentioned International Patent Publication W097/29679. The
small width of assembly 72 allows larger separation from
such interfering substances than other sensor assemblies.
Endoscopes frequently comprise insertion tubes that
include metallic substances. These insertion tubes
normally have a diameter of about 12-15 mm. If the
insertion tube has a metal core with a diameter of about
8 mm, it is possible to have over 2.5 mm separation
between the metal core and coil assembly 72. Such
separation is sufficient to reduce substantially
interference caused by the metal core in position
determination of the tube.

It 1s noted that insertion of assembly 72 into a
catheter is siinple and does not require any special

design characteristics of the catheter. Thus, assembly 72

15
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may be inserted into exXisting catheters with relatively
minimal change to the catheter’s design.

It will be appreciated that the preferred

and the full scope of the invention is limited only by
the claims.

16
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What 1s claimed 1is:

1. A miniature coil assembly for transmitting or
receiving magnetic waves for tracking a medical probe,
the assembly comprising a plurality of coils, each coil
having a respective axis, assembled such that at least
two of the axes are mutually linearly independent, and
such that all of the plurality of coils are contained
within a volume having a cross-sectional area less than
1.0 mm?, wherein at least two of the coils comprise
photolithographic coils having respective, mutually
linearly independent axes, the axes of the two
photolithographic c¢oils being mutually substantially
orthogonal, and a third coil, whereln the axis of the
third coil and of the two photolithographic coils are
mutually linearly independent, the axis of the third
coil being substantially orthogonal to the axes of the

two photolithographic coils.

2. The coil assembly of claim 1, wherein all of the
plurality of coils are contained within a volume having

a cross-sectional area less than 0.8 mm®.

3. The coil assembly of claim 2, wherein all of the
plurality of coils are contained within a volume having

a cross-sectional area less than 0.65 mm°.

4 . The coil assembly of <¢laim 1, wherein the

photolithographic coils have a width smaller than 0.8

mit .

5. The coil assembly of <c¢laim 1, wherein the

photolithographic coils have a width smaller than 0.65

mm.

17
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6 . The coil assembly of claim 1, wherein the third

coil is a wire-wound coil.

7 . The coil assembly of claim 1, wherein the third
coil comprises a plurality of interconnected

photolithographic circuits.

3. The coil assembly of c¢laim 1, wherein the two
photolithographic coils comprise elongate rectangular
substrates having a long side and a narrow side, and
the two photolithographic coils are aligned such that

the long sides of the two coils are mutually adjacent.

9. The coil assembly of c¢laim 8, wherein the
substrates of the two photolithographic coils are
aligned substantially at a right angle with respect to

one another.

10. The coil assembly of claim 9, wherein the assembly
is circumscribed by a c¢ylindrical volume having a

diameter smaller than 1.1 mm.

11. The coil assembly of c¢laim 10, wherein the

cylindrical volume has a diameter smaller than 0.9 mm.

12. The coil assembly of claim 10, and comprising a
ferromagnetic core in said volume for enhancing the

inductance of the coils.

13. The coil assembly of claim 12, wherein the core

comprises an elongate ellipsoidal ferrite.

14. The coil assembly of claim 13, wherein the ferrite
serves as a common core for substantially all of the

colls 1n the assembly.

18
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15. The coil assembly of claim 1, including a position
determining system for receiving signals generated by
the coils responsive to an electromagnetic field and
analyzing the signals to determine coordinates of the

colls.

16. The coil assembly of claim 15, wherein the coils
are inserted in an invasive medical probe, for finding

coordinates of the probe.

17. The coil assembly of c¢laim 16, wherein the
coordinates comprise six-dimensional position and

orientation coordinates.

19
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