
ELECTRIC MOTOR The present invention relates to an electric motor, and more
particularly to an electric motor for rotating a recording medium such as a
magnetic disk in a magnetic recording device for writing and reading
magnetic recording signals in and from the recording medium. Examples of
conventional electric motors of this type are shown for example in Japanese
Utility Model Kokai Publication No. 135863/1985 and Japanese Utility Model
Kokai Publication No. 104779/1986. These will be explained with reference
to Fig. 1, Fig. 2, and Fig. 3. Referring first to Fig. 1 and Fig. 2, a
magnetic disk 1 for recording information is held by a hub 16, which is
fitted with and fixed to a rotary shaft 17.  A magnetic disk 1 comprises a
recording sheet la, a center hub 1d connected to the recording sheet la,
outer case comprising an upper wall lb and a lower wall 1c for protecting
the sheet la. The center hub 1d of the magnetic disk 1 is provided with an
aperture le through which an upper end of the rotary shaft 17 extends.   A
drive pin 15 is fixed to the hub 16 at a certain distance from the axis of
the shaft 17, and is    engageable with an aperture 1f provided in the
center hub ld of the magnetic disk 1.  The drive pin 15 transmits the
rotation of the shaft 17 and the hub 16 to the magnetic disk 



1.  In this way, the hub 16 and the drive pin  15 in combination hold and
rotate the magnetic disk 1. The rotary shaft 17 is rotatably supported with
a pair of ball-bearings 11 at both axial ends of the cylindrical bearing
holder 19.  Fixed to the outside of the bearing holder 19 is a stator 20
having a core 8, which comprises an annular part 8a and a plurality of
tooth portions 8b, on which coils 21 are wound.  The core 8 and the
cylindrical bearing holder 19 are fixed to a frame 18 by means of screws
14. Fixed by a screw 6 to a first (lower as seen in Fig. 1) end of the
rotary shaft 17, the end opposite to the hub 16 is a generally cup-shaped
yoke 23 having a disk-shaped bottom wall 23a and a cylindrical side wall
23b having its first (lower as seen in Fig. 1) end connected to the outer
periphery of the disk-shaped bottom 23a.  Fixed to the inner surface of the
side wall 23b of the yoke 23 is a driving permanent magnet 22 having
magnetic poles facing the outer ends of the tooth portions 8b of the core
8. The yoke 23 and the permanent magnet 22 form a rotor 24. The driving
permanent magnet 22 emanates magnetic lines of force radially inward.  By
the interaction of the    magnetic lines of force and the electric current
through the coils 21, a rotating torque is generated, by which the rotor 



22 is rotated. An index detecting element 25 generates, in cooperation with
an index detecting magnet 26, a pulse every revolution. As shown in Fig. 3,
a signaling permanent magnet (FG (frequency generator) magnet) 27 for
detecting the rotary angle and the rotating speed (the number of
revolutions per a unit time) of the rotor 24 may be mounted to an end of
the driving permanent magnet 22, at the upper edge of the side wall 23b of
the yoke 23. The frame 28 of this example of Fig. 3 also serves as a
circuit board, on which a detecting circuit pattern 29 is formed at the
location confronting the signaling permanent magnet 27. The circuit pattern
29 has a size substantially equal to the signaling permanent magnet 27, and
generates an FG output signal in time with the rotation of the rotor 24.
The above-described electric motor is of the outer- rotor type in which the
driving permanent magnet 22 of the rotor 24 is positioned outside the
stator 20. The magnetic flux from the index detecting magnet 26 is detected
by the index detecting element 25, and on the basis thereof, the current
through the coils 21 is controlled. Magnetic heads 41 and 42 are mounted to
the frame 18 by means of a mounting structure, which includes a supporting
shaft 43 and a sliding block 44. They are so supported that 



they are capable of translation movement in the radial direction of the
magnetic disk 1. In the above-described conventional electric motor, the
rotor 24 is on the outside so when it is contemplated to reduce the
thickness of the electric motor and the magnetic recording device in  which
the electric motor is built, magnetic interferences between the permanent
magnet 22 of the rotor 24, and the magnetic heads 41 and 42 and other
components of the recording device cause problems.    The interferences can
be eliminated or reduced by use of the inner rotor type in which the rotor
24 is positioned inside the stator 20, but the conventional FG detecting
system shown in Fig. 3 cannot be adapted in the electric motor of the
inner-rotor type. Moreover, since the magnetic heads 41 and 42 move in the
radial direction of the magnetic disk, they cannot be disposed in the plane
of the rotor 24.  This also imposes a limitation to the reduction of the
thickness of the magnetic recording device. Furthermore, the frame 18 and
the bearing holder 19 are interposed between the stator 20 and the rotor 24
on one hand, and the magnetic disk and the magnetic heads, on the other
hand.  This imposes a further limitation to the reduction in thickness of
the electric motor.  If an    



- 5 - electric motor of the inner-rotor type is employed the above problem
can be solved. But, the rotation of the rotor 24 Is accompanied with the
so-called thrust force in the direction of the rotary shaft. When the
thrust force is excessive. the entire rotor Is shifted upward in the
direction of the rotary shaft. This makes it impossible to rotate the
magnetic disk to rotate at a proper height (position along the shaft),
adversely affecting the recording and playback. British Application No.
9407867.2, divided from this case in accordance with Section 15(4) of the
Patents Act 1977, concerns a device comprising a reciprocable read/write 5
head for radial translation across a rotatable recording medium, and an
electric motor for rotating the recording medium, the electric motor
comprising: a rotatably supported rotary shaft; a rotor having an annular
driving permanent magnet 10 generating a magnetic flux in the radial
direction, and rotating together with said rotary shaft; and a stator
disposed outside the rotor and having a core and a plurality of coils wound
on the core, and generating a rotating torque for the rotor by the
interaction with the 15 driving permanent magnet; and either part of the
outer periphery of said core of said stator being recessed radially
inwardly to form a concavity; no coil being provided at the part of the
stator corresponding to the concavity; 



20    and wherein the read/write head of the device is adapted to
reciprocate radially into and out of the concavity; or 5        the core of
said stator having a part which is open to the rotor; said coil not being
provided at the part of the stator corresponding to the open part; and
wherein the read/write head of the data storage 10  device is adapted to
reciprocate radially into and out of said open part. An object of the
invention is to provide an electric motor of the inner rotor type which can
contribute to the reduction in the thickness of the magnetic recording
device. 15        Another object of the present invention is to provide a
thin electric motor which can restrain the thrust force in the direction of
the rotary shaft due to the rotation of the rotor. An electric motor
according to one aspect of the 20 invention comprises: a rotary shaft that
is rotatably supported; a rotor having an annular driving permanent magnet
generating a magnetic flux in the radial direction, and rotating together
with said rotary shaft; and 



a stator disposed outside the rotor, having a core and a plurality of coils
wound on the core, and generating a rotating torque for the rotor by the
interaction with the 5 driving permanent magnet; and a signalling permanent
magnet provided on the radially inner side of the driving permanent magnet;
and means co-operating with said signalling permanent magnet for detecting
the rotary angle or the rotational 10 speed of the rotor. With the above
arrangement, the signaling permanent magnet for detecting the rotation of
the rotor is provided inside the driving permanent magnet of the rotor. As
a result, it is possible to reduce the dimension (thickness) in the
direction of the rotary shaft of the electric motor, and the resultant
electric motor is of the inner rotor type which can contribute to the
reduction in the thickness of the magnetic recording device.    The
invention will be further described by way of non- limitative example with
reference to the accompanying drawings, in which:- Fig. 1 is a sectional
view of a conventional electric 



motor. Fig. 2 is a side view of the conventional electric motor. Fig. 3 is
a sectional view of another electric motor in the prior art. Fig. 4 is a
sectional view of an electric motor of an embodiment of the invention. Fig.
5 is a plan view of the electric motor. Fig. 6 is an enlarged sectional
view along line I in Fig. 4. Fig. 7 is an exploded view of the electric
motor. Fig. 8 is a perspective view of a driving permanent magnet. Fig. 9
is an enlarged sectional view of the pertinent portion of another
embodiment of the invention. Fig. 10 is a plan view of an electric motor of
a further embodiment of the invention.    Fig. 11 is a sectional view of
the electric motor of a further embodiment of the invention. Fig. 12 is a
sectional view of an electric motor incorporated in a magnetic recording
device. Fig. 13 is a sectional view of an electric motor of an embodiment
of the invention. Fig. 14 is an exploded perspective view of the motor. 



Fig. 15 Is a sectional view showing the electric motor incorporated in a
magnetic recording device. Fig. 16 and Fig. 17 are other embodiments of the
magnetic shielding plate. Fig. 18 is a sectional view showing a further
embodiment of the invention. Fig. 19 is a perspective view showing a
magnetic shielding plate of Fig. 18. Fig. 20 is a sectional view showing an
electric motor of the first embodiment of the invention. Fig. 21 is a
sectional view of an electric motor of the second embodiment of the
invention. Fig. 22 is a sectional view of an electric motor of the third
embodiment of the invention. Fig. 4 to Fig. 8 show an embodiment of the
invention, which is an electric motor of the inner rotor type in which
the rotor is inside the stator.  As Illustrated  a rotary shaft 101 is
rotatably supported by means of ball bearings 161 by a bearing holding
member 102. The bearing holding member 102 is fixed vertically to a flat
motor frame 104, which also serves as a circuit board. A stator 103 is
fixed to the motor frame 104.  The stator 103 comprises a core 103a formed
of laminated sheets of a metallic ferromagnetic material, and comprises a 



generally annular part 103y and a plurality of tooth portions 103s
extending radially inward from the inner periphery of the annular part
103y.  The stator 103 has a larger diameter part 103d which extends over
the region of of about 15/18 of the entire circumference. In the region of
about 3/18 of the entire circumference, the annular part 103y is indented
inward to form a concavity 103c.  More specifically, it comprises an
smaller diameter part 103b with its inner surface aligned with the inner
ends of the tooth portions 103s and a pair of connecting portions 103e
extending radially to connect the ends of the smaller diameter portion 103b
and the larger diameter portion 103d. The tooth portions 103s extend inward
from the inner surface of the larger diameter portion 103d of the annular
part 103y.  The circumference of the larger diameter portion 103d is
equally divided into a number which is a multiple of    "3", e.g., 15
sectors, and the tooth portions 103s are disposed in the respective sectors
being equi-distanced from each other. Coils 106 are wound on the respective
tooth portions 103s. The coils 106 are divided into three groups each
consisting of coils 106 wound on every third tooth portions 103s. The coils
106 belonging to the same group are 



connected to each other, and the three groups of coils 106 in combination
form a three-phase winding. Each of the three groups of coils 106 are
supplied with a current for 120  in accord with the rotational angle of the
rotor to generate a rotating torque in the same direction. The stator 103
is fixed by screws 164 to the motor frame 104. A spacer 105 is inserted
between the stator 103 and the motor frame 104. The stator 103 is disposed
coaxially with the bearing holding member 102. Provided inside the stator
103 is a rotor 109 comprising a hub 108 which is pressure-fitted with or
integrally molded with the rotary shaft 101, and a cylindrical yoke 107
which is formed of a ferromagnetic material and which is integrally formed
with the hub 108. As is best seen in Fig. 8, an annular driving permanent
magnet 110 is mounted on the outer surface of the yoke 107 and is
magnetized in the radial direction to have alternate magnetic poles on the
outer surface thereof to face the    inner surface of the tooth portions
103s of the stator 103. The driving permanent magnet 110 is formed by
magnetizing, in the radial direction, the rotor 109 into a plurality of N-
and S-poles arranged along the periphery. For example, the number of the
magnetic poles is 24. A signaling permanent magnet 111 is integrally and 



formed by magnetization In the axial direction to have alternate magnetic
poles on the lower end of the cylindrical part of the rotor 109, i.e., the
end farther away from the hub.  The signaling permanent magnet 111 has a
magnetization pattern for the purpose of FG for detecting the rotary angle
or the rotating speed (the number of revolutions per unit time). An FG
detecting circuit pattern 112 is formed on a metallic circuit board 104,
being spaced with a small gap from the signaling permanent magnet 111.  As
the rotor 109 rotates, the signaling permanent magnet 111 and the FG
detecting circuit pattern 112 acts to produce a rotary signal proportional
to the rotary speed. The cut-away portion 113 of the yoke 107 in Fig. 6 is
to prevent leakage of the magnetizing magnetic flux at the time of
magnetization of the signaling permanent magnet, thereby to achieve
effective magnetization. Further elements of the electric motor are thrust
stopper 114 mounted at the end of the rotary shaft 101    opposite to the
hub 108, a sliding member 165 of a low coefficient of friction inserted
between the hub 108 and the bearing holding member 102, and a drive pin 115
fixed to the hub 108 for rotation of the magnetic disk 1 similar to that
shown in Fig. 1. 



The above electric motor rotates and drives, by means of the hub 108, a
magnetic disk 1 similar to that shown in Fig. 1, in the same way as the
conventional electric motor. Accompanying the rotation of the rotor 109,
and by the rotation of the signaling permanent magnet 111, the FG detecting
pattern 112 generates a rotary signal proportional to the rotary speed of
the rotor. The electric motor is of the inner rotor type, and even when the
thickness of the electric motor is reduced for reduction of the thickness
of the magnetic recording device, there will be no problem of interference
between the magnetic head and other components of the device and the rotor
109. Moreover, since the signaling permanent magnet 111 is provided on the
inner surface of the cylindrical rotor 109, it does not increase the
dimension in the direction of the shaft, and it contributes to the
reduction in the thickness of the magnetic recording device. Fig. 9 shows a
modification of the signaling permanent magnet and its supporting
structure. As illustrated, a    flange 107a extending radially inward is
provided at the lower end of the cylindrical yoke 107, and a signaling
permanent magnet 111A which is a separate body from the driving permanent
magnet 110 is fixed to the flange 107a. 



Since the dimension of the signaling permanent magnet in the direction of
the shaft can be made adequate without increasing the dimension of the
rotor and hence the motor in the direction of the shaft, the illustrated
structure is advantageous where a large FG output is required.  In this
modification, the signaling permanent magnet 111A is a separate body from
the driving permanent magnet 110.  But they may be formed integrally. Fig.
10 shows a modification of the stator in which the part of the annular part
103y where the tooth portions 103s are not provided are cut away.  In other
words, the smaller diameter portion 103b and the connecting portions 103e
of the embodiment of Fig. 4 to Fig. 8 are not provided.  The annular part
103y is therefore in the C-shape with an open part 103f. In other respects,
the embodiment of Fig. 10 is identical to the earlier described
embodiments. Fig. 11 shows another embodiment of the electric motor in
which the upper part and the outer periphery part of the stator 103 are
covered with a magnetic shielding member 213. The magnetic shielding plate
213 is provided to cover the    coils 106 and the inner ends of the tooth
portions 103s of the core 103a. The magnetic shielding plate 213 is
provided with an annular part 213a provided on the side of the hub 



with respect to the stator coils, and a cylindrical part 213b having its
upper end connected to the outer periphery of the annular part 213a, and
tabs 213c extending radially outward from the lower end of the cylindrical
part 213b. Screws extend through holes in the tabs 213c and threaded into
the frame 104. Thus, the magnetic shielding plate 213 is mounted directly
to the motor frame 104. The annular part 213a is provided with a circular
aperture 312 defined by the inner periphery 313 of the annular part 213a.
The aperture 312 permits passage of the rotary shaft 101 and the drive pin
115. The magnetic shielding plate 213 blocks any leakage of magnetic flux
to the magnetic heads and a magnetic disk held on the hub 108, and protects
the coils 106. In other respects, the embodiment of Fig. 11 is identical to
the earlier described embodiments. In conformity with the concavity 103c of
the stator 103, the magnetic shielding plate 213 is also provided with a
concavity 213e.   More specifically cylindrical part 213b comprises a
larger diameter portion 213d which does not extend along the entire
circumference, but extends over the larger diameter portion 103d of the
stator 103, and a    smaller diameter portion 213f covering the smaller
diameter portion 103b of the stator 103, and connecting portions 213g 



extending  radially to connect the ends of the larger diameter portion 213d
and the smaller diameter portion 213f. The annular part 213a is accordingly
shaped not in exactly annular form, but is provided with a cut away portion
to conform to the cylindrical portion 213b so that the periphery of the
annular portion 213 conforms to and is connected to the upper ends of the
cylindrical portion 213b. Advantages of having the concavity 213e (Fig.
11), the concavity 103c (Fig. 5) or the open part 103f (Fig. 10) in the
above embodiment will now be explained. In the application of the magnetic
recording device, as shown in Fig. 12, magnetic heads 41 and 42 are capable
of translation movement.  The line of movement of the magnetic heads 41 and
42 is aligned with the concavity 213e, and the rotor 109, the stator 103,
and the magnetic heads 41 and 42 are disposed in a substantially common
plane.  This will make it possible to reduce the thickness of the magnetic
recording device. In addition, since part of the core 103a is provided with
the concavity 103c or the open part 103f, there is a significant imbalance
in the forces acting on the driving permanent magnet of the rotor 109 in
the radial directions, and a biasing force acts on the bearing at all times
in a    specific direction so vibration of the shaft can be 



prevented. Fig. 13 to Fig. 15 show a further embodiment of the invention.
In this embodiment, the radius of the circular aperture 312 of the magnetic
shielding plate 314 is smaller than the radius of the rotor 310. More
specifically, the magnetic shielding plate 314 comprises an annular part
314a, a cylindrical part 314b, and tabs 314c. The annular part 314a is
provided with an aperture 312 defined by the inner periphery 313 of the
annular part 314a. The radius of the inner periphery 313 is smaller than
the radius of the outer surface 110p of the driving permanent magnet 110 of
the rotor. The magnetic shielding plate 314 is fastened, at its several
mounting tabs 314c formed on its outer periphery, to the core 303a by means
of screws 314h, by which the core 103a is also fastened to the motor frame
104 via a spacer 105. Fig. 16 to Fig. 19 show other embodiments of the
magnetic shielding plate. The magnetic shielding plate 314 of Fig. 16 is so
configured that protrusions 318 are formed at several locations of the
inner periphery 313 of the aperture 312. The inner extremities of the
protrusions 318 are positioned closer to the rotary shaft 101 than the
outermost periphery    



of the permanent magnet 309 of the rotor 310. With this configuration, the
magnetic shielding  plate 314 confronts the permanent magnet 110 of the
rotor only at the protrusions 318, rather over the entire inner periphery.
As a result, the area of the magnetic shielding plate 314 confronting the
driving permanent magnet 110 is reduced, so is the magnetic attracting
force acting on the magnetic shielding plate 314.  Sticking of the magnetic
shielding plate 314 to the rotor 310 due to the magnetic attraction is
thereby avoided. Another difference of this embodiment from the previously
described embodiment is that in place of the ball bearings 161, a plain
bearing 302, e.g., oil-impregnated sintered bearing, is used.  It is
supported by the bearing holding member 102.  A sliding member 443 of a low
coefficient of friction is inserted between the hub 108 and the
oil-impregnated sintered bearing 302.  Use of a plain bearing is
advantageous in that the shaft can be supported over a long distance along
its length with a simple construction, and with a smaller dimension in the
radial direction. In other respects, the embodiment of Fig. 16 is identical
to the earlier described embodiments. The magnetic shielding plate 314 of
Fig. 17 is so configured the protrusions 318 formed at several locations   



of the inner periphery 313 of the aperture 312 are bent in to the direction
parallel with the shaft 101 and downward as seen in the figure, i.e., away
from the hub. The tips of the protrusions 318, rather than the entirety of
the protrusions 318 are in confrontation with the the driving permanent
magnet 310, so the area of the magnetic shielding plate confronting the
permanent magnet 310 of the rotor is further reduced. The magnetic
shielding plate 314 shown in Fig. 18 and Fig. 19 is similar to the magnetic
shielding plate in the embodiment of Fig. 11. That is, it is provided with
a cylindrical part 319 having its upper end connected to the outer
periphery of the annular to part 314a, and tabs 319a extending radially
outward from the lower end of the cylindrical part 319. Screws extend
through holes in the tabs 319a and are threaded into the frame 304. Thus,
the magnetic shielding plate 314 is mounted directly to the motor frame
304, as opposed to the magnetic shielding plate of the embodiments of the
Fig. 16 and Fig. 17. It will be seen that according to the embodiments of
Fig. 16 to Fig. 19, part or entirety of the inner periphery 313 of the
magnetic shielding plate 314 is positioned closer to the rotary shaft than
the outermost periphery of the rotor 310, so that the magnetic shielding
plate 314 serves to prevent escape of the rotor 310 in the direction of the



rotary shaft. This will eliminate the need for a separate part for
preventing the escape of the rotor in the shaft direction, and thereby
simplify the configuration and reduces the cost of the electric motor. Fig.
20 is a sectional view showing an electric motor of a further embodiment of
the invention. The stator of this embodiment comprises bent portions
extending from the inner extremities of the tooth portions 103s of the core
103a.  The bent portions extend in the direction parallel with the shaft
101, and downward as seen in the figure, i.e., away from the hub. The bent
portions 436 are formed by bending one of a plurality of the laminated
sheets of the stator core 103a. In other respects, the embodiment of Fig.
20 is identical to the earlier described embodiments. With the bent
portions 436, the area of the stator core 103a confronting the permanent
magnet of the rotor is increased.  This will reduces the magnetic
resistance across the air gap between the extremities of the tooth portions
of the core 103a and the poles of the permanent magnet of the rotor, and
increase the magnetic flux through the air gap, and accordingly, the torque
generated by the interaction of the stator and the rotor. Another advantage
derived from the provision of the bent portions 436 is that the magnetic
attraction between 



the stator and the rotor serves to create a force acting on the rotor
downward, i.e., in the direction away from the hub. This force counteracts
the thrust force acting on the rotor    axially        of the rotary shaft
[err] due to the rotation of the rotor. Accordingly, the entire rotor is
prevented from shifting    axially         of the rotary shaft 101. It is
therefore possible to avoid adverse effects on the recording and playback.
As a result, a reliable, stable, and thin electric motor can be obtained.
In the embodiment described, the bent portion is formed throughout the
entire circumference of the core 103a, i.e., on all the tooth portions
103s. However, the bent portions may alternatively be provided over part
only of the circumference of the stator core 103a, i.e., some only of the
tooth portions 103s. Fig. 21 is a sectional view showing an electric motor
of a further embodiment of the invention. In the figure, reference numerals
and marks identical to those used in connection with the earlier described
embodiments denote identical or corresponding parts. The bent portion 436
of this embodiment extends from the inner extremities of the tooth portions
103s of the stator core 103a obliquely downward. The bent portions 436 



are formed by bending a plurality of the laminated sheets of    the stator
core 103a. In other respects, the embodiment of Fig. 21 is identical to the
embodiment of Fig. 20. With the structure of this embodiment, advantages
similar to those described in connection with the embodiment of Fig. 20 are
obtained. Fig. 22 is a sectional view showing an electric motor of a
further embodiment.  In the figure, reference numerals and marks identical
to those used in connection with the earlier described embodiments denote
identical or corresponding parts. In the figure, reference mark A denotes a
midpoint of the driving permanent magnet in the direction of the shaft 101,
and B denotes the midpoint of the stator core 103a, particularly, the inner
extremities of the tooth portions of the stator core 103a in the direction
of the shaft of the stator core 103a. The midpoint B in the direction of
the shaft of the stator core 103a is lower than the midpoint A of the
driving permanent magnet 110 in the direction of the shaft 101. In other
respects, this embodiment is identical to the embodiments Fig. 20 and Fig.
21. Because the midpoint B in the direction of the shaft of 



the stator core 103a is lower than the midpoint A of the permanent magnet
110 in the direction of the shaft 101, the    magnetic attraction between
the stator and the rotor creates a force acting downward, to counteract the
thrust force due to the rotation of the rotor.   The entire rotor is
therefore prevented from shifting   axially           of the rotary shaft
101. It is therefore possible to avoid adverse effects on the recording and
playback.  As a result, a reliable, stable, and thin electric motor can be
obtained. An advantage of the embodiment of Fig. 22 over the embodiments of
Fig. 20 and Fig. 21 is that the bent portions 436 can be omitted, and the
structure and the fabrication of the electric motor are simpler.    *  C
L  M   S   * CLAIMS 1.   An electric motor comprising: a rotary shaft that
is rotatably supported; 5              a rotor having an annular driving
permanent magnet generating a magnetic flux in the radial direction, and
rotating together with said rotary shaft; and a stator disposed outside the
rotor, having a 



core and a plurality of coils wound on the core, and 10  generating a
rotating torque for the rotor by the interaction with the driving permanent
magnet; and a signalling permanent magnet provided on the radially inner
side of the driving permanent magnet; and means co-operating with said
signalling 15 permanent magnet for detecting the rotary angle or the
rotational speed of the rotor. 2.   The electric motor of claim 1 wherein
said means co-operating with said signalling permanent magnet comprises a
detecting circuit pattern provided to face said signalling 20  permanent
magnet. 3.   The electric motor of claim 1 or 2, wherein said core
comprises an annular part and tooth portions extending radially inward from
the inner surface of the annular part, and said coils are wound on the
tooth portions. 25       4.   The electric motor of claim 1, 2 or 3,
wherein said driving permanent magnet has alternate magnetic poles on the
outer surface thereof to face the inner surface of    the core. 5.   The
electric motor of claim 1, 2, 3 or 4, wherein said rotor further comprises
a hub which is fixed to said rotary shaft, and an annular yoke fixed to
said hub; 5 and 



said annular permanent magnet is mounted on the outer surface of the
annular yoke. 6.   An electric motor according to any one of claims 1 to 5
wherein the rotatable shaft is supported by ball 10 bearings. 7.   An
electric motor constructed and arranged to operate substantially as
hereinbefore described with reference to and as illustrated in Figures 4 to
22 of the accompanying drawings. 15       8.    A data storage device
including an electric motor according to claim 7.    


