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TITLE OF THE INVENTION 02 MAR 2000
Magnetic Head Device and Recording/Reproducing
Apparatus Using the Magnetic Head Device
BACKGROUND OF THE INVENTION

The present invention relates to a magnetic head device is set in slidiﬁg contact
with a surface of a disk such as a magnetic disk or a magneto-optical disk that is used
asa recording meciium. The present invention also relates to a recording/repqu_d_u_ping
apparatus, which uses this magnetic head device. |

Hitherto known is a recording/reproducing apparatuses which uses, as a
recording medium, a magneto-optical disk that comprises a substrate transparent to
lightand a magneto-opﬁcal recording layer formed on the substrate and composed of
- a perpendicular magnetizing ﬁhﬁ. The recording/reproducing apparatus comprises a
disk drive mechanism, a magnetic head device, and an optical pickup device. The disk
drive mechanism rotates the magneto-optical disk. The magnetic head device is
arranged at one side of the magneto-optical disk to apply an external magnetic field to
the magneto-optical recording layer of the disk. The optical pickup device applies a
light beam to the magneto-optical recording layer provided on that side of the
magneto-optical disk. In the recording?reproducing apparatus, the magnetic head
device applies a magnetic field to the rhagneto—optical recording layer of the magneto-
optical disk being rotated. The magnetic field thus applied has a direction modulated

in accordance with the data signal to be recorded on the magneto-optical disk. In

-



addition, the light beam emitted from the optical pickup device is converged and
applied to the magneto-optical recording layer. Applied with the light beam, the
magneto-optical i'ecording layer is heated to Curie point. Those parts of the layer
which have lost coersive force, are magnetized in the direction of the magnetic field
applied from the magnetic head device. Thereafter, the temperature of the magneto-
optical recording layer falls below Cude point as the light beam moves relative to the
magneto-optical disk that keeps rotating. The direction of the magnetic field is fixed
i the layer, whereby the data signal is recorded on the magneto-optical disk.

The magnetic head device for applying a magnetic field to the magneto-optical
recording layer of the magneto-optical disk has a head section 101 as sown in FIG. 1.
The head section 101 comprises a magnetic field g_epemﬁng section 105 and a slider
106. The slider 106 holds the magnetic field generating secﬁon 105.‘ The section 105
: .is composed of a magnetic core 102, a coil 103, and a bobbin 104. The coil 103 is
wound around the bobbin 104.

The magnetic core 102, which is one component of the magnetic field
generating section 105, comprises a center pole core 102a.and a pair of side pole cores
102b, and a coupling section 102¢. The side pole cores 102b are arranged on one side
of the center pole core 102a and the other side thereof, respectively. The coupliﬁg
section IQZc connects the center pole core 102a and the side pole cores 102b at their
proximal ends. The I‘nagnetic core 102 is shaped like letter T, as a whole. The bobbin

104 has an upper flange section 104a and a lower flange section 104b. Both flange
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sections 104a and 104b have a through hole, through which the center pole core 102a
of the magnetic core 102 extends. The center pole core 102a of the magnetic core 102
passes ﬂlrough the holes of the flange sections and the coil 103 is wound around the
center pole core 102a and made integral therewith. The magnetic ﬁeld generating
section 105 is thereby formed.

The slider 106, which holds the magnetic field-generating section 105, is made
of synthetic resin by means of injection molding. The slider 106 has a holder section
107 at its proximal end, for holding the magnetic field generating section 105. The
slider 106 has a sliding-contact section 108 extending from the distal end of the holder
section 107. The sliding-contact section 108 may be set into sliding contact with a
magneto—'optig,gl disk. The holder section 107 has a recess, in which the magnetic field
generating section 105 is fitted. Thus, the section 105 is connected to the holder
section 107. |

In the head section 101 of the magnetic head device, a gap of about 0.1 mm is
formed beﬁween the magnetic field generating section 105 and the holder section 107.
This is inevitably because the section 105 is fitted in the holder section 107 of the
slider 106. As a consequence, the heat generated by the magnetic core 102 is hardly
be radiated through the slider 106. |

In the head section 101, the drive current and the record/transfer speed may be
increased so that the magnetic field generating section 105 generates a more intense

magnetic field. Ifso, the copper loss or iron loss of the coil 104 will increase, resulting



in a further increase in the heat generated by the magnetic core 102 or the coil 104,
When the temperaturé of the magnetic core 102 or coil 104 rises to a value-near Curie
point, the magnetic permeability inevitably decreases, reducing the intensity of the
magnetic field generated. Moreover, inter-layer short-circuiting occurs in the coil 104
when the temperature of the magﬁetic core 102 or coil 104 rises further, péssibly
resulting in burning. It is therefore impossible in the head section 101 to intensity the
magngtié field or raise the record/transfer speed.

Furthermore, the head section 101 cannot increase the minimum intensity
guaranteed for the magnetic field. This is inevitably because the tolerances of the

components are limited since the magnetic field generating section 105 must be fitted

in the shider 106.
BRIEF SUMMARY OF THE INVENTION

Accordingl}'r it is the object of the preéent invention to provide a magnetic head
device in which heat can be efficiently radiated from the head section and the
minimum intensity guax_‘anteed for the magnetic field can be increased, and also a
recording/reproducing apparatus which uses this magnetic head device.

A magnetic head device according to the present invention comprises a head
section for applying a magnetic field to a disk. The head section includes a magnetic
field generaﬁng section and a slider supporting the magnetic field genefating section
and is designed to be set in sliding contact with the disk. The magnetic field -

generating section has a magnetic core and a coil wound around the magnetic core.



The magnetic field generating section generates the magnetic field and is embedded

in and formed integral with the slider.

The head section has been formed by placing the magnetic field generéting
section at a prescribed position in a metal mold and then filling the metal mold with
the material of the slider. The metal mold has a positioning projection; The projection
is to abut on a distal end of the magnetic core, which opposes the disk, thereby to
position the magnetic field generat_ing section inadirection subsfantially perpendicular
to the disk. A coil is wound around a bobbin that is mounted on the magnetic core.

The bobbin has positioning projections to abut on sides of a metal mold for forming

_ the head section, thereby to position the magnetic field generating section in a

directfon substantially parallel to the disk. Thus, the magnetic field generating section
is arranged at the prescribed position in the metal mold.

A recofding/reproducing apparatus according to the present invention compriseé
a magnetic head device. The 'magnetic disk device comprises a disk driving
mechanism and a magnetic head mechanism. The disk driving mechanism rotates a
disk. The magnetic head mechanism is provided on one side of the disk and comprises
a head section for applying a magnetic field to a disk_. The head_ section includes a
magnetic field generating section and a slider supporting the magnetic ficld generating
section and is designed to be set in sliding contact with the disk. The magnetic field
generating seétion has a magnetic core and a coil wound around the magnetic core, for

generating the magnetic field. The magnetic field generating section is embedded in
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and formed integral with the slider. The recording/reproducing apparatus may further
comprise an optical pickup device provided on the other side of the disk and opposing
the head section, for applying a light beam to the other side of the disk.

According to the present invention, the magnetic field generating section and
the slider are formed integral with each other. The heat generated by the magnetic
field generating section can therefore be radiated with high efficiency. The magnetic
field lger‘mrate'd by the magnetic field generating section can increase m intensity,
without damaging the magnetic field generating section, and the record/transfer speed
canbe enhanced.. Moreover, since the magnetic field generating section and the slider .
- are formed integral in the head section, the tolerances of the components need not be
taken into consideration, and the minimum intensity gharanteed for the magnetic field
can yet be increased.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 is an exploded perspective view of the head section incorporated in a
conventional magnetic head device; |
| FIG. 2 is an exploded perspective view of an apparatus according to this
invention, which is designed to record data on and reproduce data from a magneto-
optical disk; | |

FIG. 3 is a sectional view of one part of the apparatus shown in FIG. 1, showing
a disk cartridge held in the cartridge holding section of the apparatus;

FIG. 4 is an exploded perspective view of a part of the apparatus, showing the



distal portion of the head supporting plate of a magnetic head device and the head
section of the device, which is secured to the distal portion of the head supporting
plate; |

FIG. 5 is an exploded perspective view of the magnetic field generating section
of the magnetic head device;

FIG. 6 is a perspective view of the head section, viewed from that surface of an
magneto-optical disk with which the head section is set in sliding contact; and

~ FIG. 71is a sectional view of the metal mold for forming the head.

DETAILED DESCRIPTION OF THE INVENTION
| A magnetic head device using a recording medium cartridge and a
recording/reproducing apparatus using the magnetic head device, both according to the
present invention, will be described with reference to the accompanying draWings.

As shbwn in FIG. 2, the recording/reproducing apparatus 20 holds a disk
cartridge 1 containing a magneto-optical disk that is used as a recording medium. The
apparétus 20 is designed to record data signals such as music signals, video signals and -
the like on the magneto-optical disk and to reproduce the data signals from the |

magneto-optical disk. The apparatus 20 has a magnetic head device for applying an

external magnetic field to the magneto-optical disk to record data signals on the

magneto-optical disk. The recording/reproducing apparatus 20 is made small to a

portable size.



The recording/réproducing apparatus 20 has a housing (not shown), or a main
body. As shown inFIG. 2, the apparatus 20 comprises a base 21 and a cartridge holder
22, both provided in the housing. The base 21 is a flat, almost rectangular plate made
of metal. The cartridge holder 22 holds the disk cartridge 1 and. canrotate with respect
tothebase21. The recording/reprodu:cing apparatus 20 further comprises a disk drive
mechanism 23, an optical pickup device 24; -a cartridge holding section 25, and a
magnetic head device 26. The disk drive mechanism 23 and the optical pickup device
24 are incorporated in the base plate 21. The cartridge holding section 25 is mounted
on the base plate 21, to hold the disk cartridge 1 when the disk cartridge 1 is set into

| thg cartridge holder 22. The magnetic head device 26 is moved in a radial direction
-of the magneto-optical disk, in synchronization with the optical pickup device 24.

The disk cartridge 1 used in the recording/reproducing épparatus 20 has amain
body 4. As shown in FiG. 2, the main Sody 4 comprises an upper half and a lower
half, which abut on each other and coupled together. The main body 4 contains the
magneto-optical disk 5, allowing the same to rotate. The magneto-optical disk 5 has
a hole in its center. A clamping plate 7 made of magnetic material such as metal is
fitted in the hole of the disk 5 , thus ciosing the hole. The main body 4 of the cartridge
1 has a center opening 8, a ﬁrst'recording/ reproduciﬁg window 9, and a second
recording/reproducing window 10. Through the center opening 8, the disk table 28 of -
the disk drive mechanism 23 provided in the recording/reproducing apparatus 20 may

project into the disk cartridge 1. Through the first recording/reproducing window 9,



the magnetic head device 26 may protrude into the disk cartridge 1. Through the
second recording/ reproducing window 10, the optical pickiip device 24 opposes the
magneto-optical disk 5 contained in the cartridge 1. The first recording/ reproducing
window 9 is cut in the upper half of the main body 4, and the second recording/
reprodﬁcing window 10 is cut in the lower half of the main body 4. These windows
9 and 10 oppose each other and are almost rectangular. Each widow extends from a
position close to the center opening 8 to one side 4a of the main body 4, along the line
passing the center opening 8 and perpendicular to the side 4a.

The main i)ody 4 of the disk cartridge 1 l_1as a shutter 11 that can be moved to
open and close the first and second recording/ reproducing window 9 and 10 The
shutter 11 has a U-shaped cross -section, extends from the side 4a of the main body 4
~ toward the center opening 8, and usually covers or closes the windows 9 and 10. The
shutter 11 hasa guide\ strip, which is loosely fitted in the guide groove made in the side
4a of the main body 4. Thus, the shutter 11 can be moved along the side 4a of the
main body 4. .I_f the shutter 11 is moved in the direction of arrow- B, it will 6pen'the
windows 9 and 10. Ifthe shutter 11 is moved in the. direction of arrow A, it will close
thé windows 9 and 10. |

The disk cartﬁdge 1 is inserted into the recordinig/reproducing apparatus 20 in
the direction of arrow A, first at the front 4b (i.e., 6ne of two sides perpendicular to the
side 4a). _Tﬁe shutter 11 is thereby moved in the opposite direction, i.e., the direction

of arrow B, thus opening the windows 9 and 10. When the disk cartridge 1 is



“completely inserted into the apparatus 20, the disk cartridge 1 is set into the cartridge
holder 22 provided in the recording/reproducing apparatus 20.

Once the disk cartridge 1 is set in the cartridge holder 22, it is held by the
cartridge holding section 25. Thereafter, the magneto-optical disk 5 contained in the
disk cartridge 1 can be rotated by the disk drive mechanism 23. As shown in FIG. 2,
the disk drive mechanism 23 comprises a spindle motor 27 and a disk table 28 to be
driven by the spindle motor 27. The spindle motor 27 is secured to the lower surface
of the base 21. The spindle shaft 27a of the motor 27 protrudes upwards from the -
upper surface of the base 21, on which the cartridée holding section 25 is mounted.
The disk table 28 is connected to the distal end of the spindle shaft 27a and can rotate
as the spindle shaft 27a does so. A centering éection 28a projects from .the center part
of the disk table 28. The centering section 28a is fitted into the center hole of the
magneto-optical disk 5, thereby centering the disk 5, when disk cartridge 1 is set in the

-cartridge holder 22 and held by the cartridge holding section 25. On the disk table 28,
magnets are provided to magnetically attract the cl amping plate 7 so that the magneto-
- optical disk 5 may be rotated when the disk table 28 is rotated by the spindle motor 27.

The optical pickup device 24 is arranged on the base 21. The optical pickup
device 24 is designed to apply a light beam to the magneto-optical disk 5 while the disk
drive mechanism 23 is rotating the disk 5. The optical pickup device 24 comprises a
semiconductor lasér (not shown), an objeétive lens 24a, and a photoelectric detector

(not shown). The semiconductor laser emits a light beam. The objective lens 24a

10



converges the light beam and then applies the same to the magneto-optical disk 5. The
photoelectric detector detects the light reflected from the magneto-optical disk 5 and
converts the light to data signals and control signals. The light beam emitted from the
semiconductor laser and converged by the objective lens 24a is aﬁplied to selected
regions of the magneto-optical recording layer of the disk 5, heating these regions to
Curie point and depriving them of coersive force. The light beam is reflected from the
magﬁeto—optical disk 5. The light, thus re;ﬂected, is detected by the photoelectric
detector.

The opticﬂ pickup device 24 has both end supported mounted on a pair. of
parallel guide .rail 31 that are provided below the base 21. The opticai pickup device
24 can move in the radial direction of the magneto-optical disk 5 ._,A'I‘h;a base 21 has an
opening 33, through Wlﬁch the objective lens 24a opposes the magneto-optical disk 5
located above the base 21. A screw shaft 32 extends below the base 21 and parallel
to the guide rails 31 and is connected at one end to a feed motor (not shdwn) that is
fastened to the lower surface of the base 21. When the feed motor rotates the screw
shaft 32, the optical pickup device 24 is moved in the radial direction of the disk 5
mounted on the disk table 28, while being guided by the guide rails 31. In other words,
- the optical pickup device 24 is moved from the innermost track on the disk 5 toward
the outermost track theréon, in order to record data'sighals on or reproduce data
signals from ﬂle magneto-optical disk S.

As mentioned above, the cartridge holding section 25 is mounted on the upper
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surface of the base 21 and holds the disk cartridge 1 containing the magneto-optical
disk 5 which is clamped to the disk table 28 and which is rotated by the disk drive
mechanism 23. The cartridge holdihg section 25 has a positioning pin 34 and height-
setting projections 35. The pin 34 positions the disk cartridge 1 on the cartridgé
holding section 25. The projections 35 set the disk cartridge 1 ata desiréd height. The
disk cartridge 1 is thereby held on the cartridge holding section 25, positioned as
desired in both horizontal direction and vertical direction.
© The cartridge holder 22 is provided above the base 21and can be rotated. To
hold the disk cartridge 1, the cartridgé holder 22 has a top plate 41 and a pair of
cartridge holding sections 42 and 43. The cartridge holding sections 42 and 43 have
been made by bending doqu_vards two opposing edge portion of a horizontal. Thus,
the cartridge holder 22 has an invefted U-shaped cross section. The cartridge holding
sections 42 and 43 hold the front and back of the disk cartridge 1, respectively, when
the disk cartridge 1 is inserted into the recording/reproducing apparatus 20 through a
cartridge slot 44 made in one side of the apparatus 20.
A shutter-opemng strip 45 protrudes toward the center of the cartridge holder
22 from the middle part of the cartridge holding section 43. The strip 45 is designed
to open the shutter 11 of the disk cartridge 1. The strip 45 slips into the guide groove
made in the side 4a of the cartridge 1 and abuts on the shutter 11 when the disk
cartridge 1 is inserted into the cartridge holder 22. When the disk cartridge 1 is

completely set in the cartridge holder 22, the strip 45 pushes the shutter 11 in the
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direction of arrow B (FIG. 2), thereby opening both recording/ reproducing window
9 and 10. The top plate 41 of the cartridge holder 22 has an opening 46, through
which a part of the mégnetic head device 26 can enter the cartridge holder 22.

The cartridge holder 22, thus constructed, is rotatably supported by a pair of
support strips 36 secured on the réar part of the base 21. While the holder 22 remains
rotated upward from the cartridge holding section 25, the disk cartridée 1 can be
inserted into and removed ﬁ-orﬁ the cartridge holder 22. When the holder 22 holding
the disk cartridge 1 is rotated downward to the cartridge holding section 25, it places
the disk cartridge 1 in the cartridge holding section 25. In the section 25, the
positioning pin 34 and height-setting projections 35 set the disk cai'uidge 1 atadesired
position. ‘While the cartridge 1 remains at this positioﬁ, data can be recorded on and
reproduced from the magneto-optical disk 5 contained in the cartridge 1.

The magnetic head de'viq.,e 26 is provided to apply a magnetic field to ;he
recording layer of the magneto-optical disk 5. As shown in FIGS. 2 and 3, the
magnetic head device 26 is coupled to the optical pickup device 24 by a coupling
member 50 shaped almost like L. The device 26 can therefore move along with the
optical pickup device 24. The magnetic head device 26 comprises a support plate 51,
a head support plate 53, a rotation control plate 52, and a head section 55. The support
plate 51 is supported at its proximal end by the coupling member 50 secured to the
optical pickﬁp device 24 and can be rotated. The head support plate 53 has its

proximal end supported by the distal end of the support plate 51. The control plate 52
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is fastened to the support plate 51, overlapping the proximal part of the support plaie
51. The head section 55 is designed to apply a magnetic field to the recofding layer
of the magnetd-optical disk S.

The magnetic head device 26 is supporte;l at one end-and can be rotated since
the éoupling member 50 is supported at its proximal end by the support plate 51. The
coupling member 50 is secured at its lower part to a carriage, which is one of the
components of the optical pickup device 24. The upp& part of the coupling member
50 extends to the top of the cartridge holder 22 along the rear edge of the base 21. An
axle 56 is provided at the upper end of the coupling member 50, which is a free end.
.The axle 56 supports the proximal end of the support plate 51 such that the support
plate 51 can rotate éround the axle 56.

The support plate 51, which supports the magnetic head device 26 to the distal -
end of the coupling member 50, allowing the head device 26 to rotate, is a metal plate.
The support plate 51 is therefore rigid enough to hold the proximal end of the heéd
device 26 firmly and reliably and to rotate in stable condition. The éuppoft plate 51
is biased to rotate toward the cartridge holding section 25 or in the dir,ection of arrow
C, shown in FIG. 3, by means of a torsion spring (not shown). The torsion spring
stretches between a pair of support strips 51a and the coupling member 50.

The rotation control plate 52 has its proximal end secured to the distal end of
the support plate 51. The rotation control plate 52 is made of an elastic ﬁetal plate.

The plate 52 has a plurality of through holes in its proximal part. The plate 52 is
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positioned with respect to the support plate 51 and fastened thereto, by using screws
extending thrdugh these holes or by fitting projections of the support plate 51 into
these holes. The rotation control plate 52 extends from one side of the support plate
51. The distal end of the plate 52 controls the rotation of the head support plate 53
when the plate 53 is rotated away from the cartridge holding section 25, thereby
preventing the plate 53 from being dispiaced to excess. The head support plate 53,
which supports the head section 55 for applying a magnetic field to the recording layer
of the magneto-optical disk 5, is an elastic, thin metal plate. The plate 53 has its
proximal end seqﬁred to the support plate 51 and overlaps the support plate 51. The
head support plate 53 holds, at its proximal part, the head section 55 that applies a
magnetic field to the recording layer of the r’nagneto-o.ptical disic 5. The head support
plate 53 applies a resilient force to the head section 55. The resilient force is barely
strong enough to make the head section 55 lightly touch the surface of the magneto-
optical disk 5 to record data signals. on the di;sk 5. The head support plate 53 has a
head;holding section 54, on which the Heéd section 55 is provided. As shown in FIGS. |
3 and 4, the head-holding section 54 has a head-holding opening 54a made by means
of punching. The opeﬁng 54a is substantially rectangular. A tongue-shaped strip
horizontally protrudes from the distal end of the head support plate 53 toward the
proximal end thereof. This strip has an engagement hole 54b, into which an
engagement projection of the head section 55 can be fitted. The head section 55 is

positioned within the head-holding opening 54a.
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As shown in FIGS. 4 and 5, the head section 55 secured to the head-holding
section 54 comprises a magnetic field generating section 61 and a slider 62. The
section 61 generates a magnetic field to be applied to the recording layer of the
magneto-optical disk 5. The slider 62 supports the magnetic field generating section
61 and can move in sliding contact with one major surface of the magneto-optical disk
5. Thus, the head section 55 can apply the magnetic field generated by the section 61,
to the magneto-optical recording layer of the magneto-optical disk 5.

AsFIG. 5 shows, the magnetic field generating section 61 comprises a magnetic
core 63 and a coil 64 wound. around the core 63. The magnetic core 63 is made of
magnetic material such as Ni-Zn ferrite. The core 63 is composed of a center pole
core 635, a pair of side pole cores 63b and 63c, and a“connecting part 63d. The side
* pole cores 63b and 63c are located respectively on one side of the center pole core 63a
and the other side thereof. The connecﬁné part 63d connects the pole cores 63a, 63b
- and 63c atone end. Thus, the magnetic core 63 is shaped likeletter Eas a whole. The

* center pole core 63a is longer than the side pole cores 63b and 63c. Its distal end
projects a little from the plane m which the distal ends of the side pole cores 63b and
63c exist. ' "

A bobbin 65 is loosely mounted on the center pole core 63a. The above-
‘mentioned c-oil 64 is wound around the bobbin 65. The bobbin 65 is made of synthetic
resin suitable for molding of very high precision, such as liquid crystal polymer_or

polyphenylene sulfide. The bobbin 65 comprises a coil holder 67 and a pair of flanges
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68 and 69. The coil holder 67 has an axial through hole, into which the center pole
core 63a of the magnetic core 63 is to be inserted. The upper flange 68 and the lower
flange 69 are rectangular plates, fastened to the upper and lower ends of'the coil holder
67, respectively. The flanges 68 and 69 prevent the coil 64 from moving ubwards and
- downwards. The upper flange 68 supports an'end portion (not shown) of the coil 64
so that the coil 64 may be electrically connected to the control section of the
recording/reproducing apparatus 20. Positioning projections 71a protrude from the
corners of the upper flange 68, extending along the diagonals of the flange 68.
Similarly, positidning projections 72a protrude from the four corners of the lower
flange 69, extending along the diagonals of the flange 69. The projections 71a and 72a
abut on the inner sides of a mold for molding the magnetic field generating section 61
and the slider 62 together. Thus, they appropriately position the magnetic field
generating section 61 in the cavity of the mold, in a horizontal plane parallel to the
magneto-optical disk 5, that is, in the directions of arrows X and Y shown in FIG. 4.
The coil 64 is wound around the coil holder 67, and the center pole core 63a of the
‘magnetic core 63 is inserted into the axial through hole of the coil hoider 67. The coil
64 is thereby mounted on the magnetic core 63, with the coil 64 wound around the
center pole core 63a. The positioning projections 71 and 72 need not protrude from
the corners of the flanges 68 and 69. Rather, they may pfotrude from any other parts -
of the flanges, so long as they reliably position the mag:nétic field generating section

61 in the mold, in both the direction of arrow X and the direction of arrow Y.
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The magnetic field generating section 61 thus constructed is supported by the
slider 62. The slider 62 has been formed by injection molding. It is made of non-
magnetic, electrically insulating and hard wearing material, such as cement or plastic
(eg, liquid crystal polymer for moldiﬁg). The slider 62 comprises a main body 73 and
a sliding section 74. It is in the proximal part of the slider main body 73 that the
magnetic field generating section 61 is embedded. The sliding section 74 extends from
the slider main body 73 and from the distal end of the magnetic head device 26 and
can move in sliding contact with the magneto-optical disk 5. The slider 62 is shaped
like letter L as a whole. Inserted in the slider main body 73 is the magnetic field
generating s,éction 61. The section 61 is narrower than the head-holding opening 54a
punched in the head-holding section 54 that is the distal end of the head support plate
53. In the corners of the slider main body 73, there rest the distal portions 71a and 72s

of the positioning projections 71 and 72 provided on the magnetic field generating

section 61.

The sliding section 74, which can move in sliding contact with the rotating
magneto-optical disk 5, extends from the lower surface of the slider main body 73 to
the ciisfal end of the slider 62. The' distal portion of the sliding section 74 is bent
upwards in the form of an arc. The sliding section 74 therefore has a sliding surface
74a that is curved along._a gentle arc. That is, the sliding surface 74a has such an
elevation angle with respect to the major surface of the magneto-optical disk 5, that

it can assume a smooth sliding contact with the major surface of the magneto-optical
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disk 5.

As shown in FIG. 6, the main body of the sliding section 74 has an recess 73,
which is located to oppose the center pole core 63a of the magnetic core 63 embedded
in the slider main body 73. The recess 75 comes to oppose the objective lens 24a of
the .c'tptical pickup device 24 when data signals are recorded on the disk 5. The recess
75 is used to position the magnetic core 63 with respect to the objective lens 24a at the
time of recording data signals. The recess 75 receives the positioning projections of
the mold for injection-molding the slider 62, thereby to positioning the magnetic core
63 in the Z axis that extends at right angles to the magneto-optical disk 5. Further, the
sliding section 74 has an engagement projection 76 in its upper surface. The
engagément projection 76 ;irotrudes from the upper surface of the sliding section 74.
This projection 76 is fitted in the engagement hole 74b ﬁade in head-holding section
54, i.é., the distal part of the head support plate 53.

The head section 55, which has the mﬁgnetic field generating section 61
embedded in and formed integral with the slider 62, is formed by the use of such a
metal mold 81 as is illustrated in FIG. 7. The metal mold 81 consists of a fixed mold
half 82 and a movable mold half 83, which abut on each other and fastened together,
forming a cavity 84. The fixed mold half 82 is designed to mold mainly the slider
main body 73, while the movable mold half 83 to mold chiefly the sliding section 74.

The fixed mold half 82 has nozzles 85, through which material of the slider 62,

such as plastic, cement or the like, is injected into the metal mold 81. The fixed mold
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half 82 has two sections 86 and 87 that define a part of the cavity 84. The first section
86 is designed to form the slider main body 73, whereas the second section 87 is
designed to form the engagement projection 76 that protrudes from the sliding section
74. On the other hand, the movable mold half 83 has.a section 88 deﬁm'né the
remaining part of the cavity 84 and designed to form the sliding section 74. The
movable mold half 83 has a positioning projection 89 that abuts on the center pole core
63a 6f the magnetic core 63 to position the magnetic ﬁeld generating section 61 in the
cavity 84 before the cavity 84 is filled with the material of the slider 62.

To form the head section 55 by using the metal mold 81 described above, the
movable mold half 83 ié separated from the fixed mold half 82. In this condition, the
magnetic field generating section 61 is placed in the fixed mold half 682. More
precisely, the section 61 is positioned in the fixed mold half 82 such that the side pole
core 63c of the magnetic core 63 is located at the nozzles 85 and the positiqning
- projections 71 and 72 of the bobbin 65 are set in the corners of the first section 86 that
is designed to form the slider main body 73. The magnetic field genefating section 61
is thereby positioned in the cavity 821, in both the direction of arrow X and the
~ direction of arrow Y.

The movable mold half 83 is then placed upon the fixed mold half 82. The
mold halves 82 and 83 are fastened together, whereby the positioning projection 89 of
the movable mold half 83 abuts on the center pole core 63a of the magnetic core 63.

As aresult, the magnetic field generating section 61 is positioned in the in the cavity

20



84. Thereafter, the material of the slider is injected into the cavity 84 through the
nozzles 85. After the material solidifies, the movable mold half 83 is moved from thé
fixed mold half 82. The slider 62, which has tﬁe main body 73 embedding the
magnetic field generating section 61, is taken out, whereby the head section 55 is made
completely.

The head section 55 thus formed is secured to the head-holding section 54.
More specifically, the engagement projection 76 of the sliding section 74 is fitted in
the engagement hole 54b made in the head-holding section 54, and the slider main
body 73 is fitted in the engagement hole. 74b made in héad-holding section 54. The
projection 76 and slider main body 73 are fixed in position with adhesive such .as
epoxy resin. The head section 55 jg connected to the control section of the

recording/reproducing apparatus 20 by means of the wiring pattern provided on a

flexible wiring board: (not shown).

As indicated above, the head section 55 is formed integral with the slider 62 and
has the magnetic field generating section 61 that is embedded in the slider 62. By
contrast, the conventional head section 101 has the maghetic field generating section
105 that is fitted in the holder section 107 of the slider 106. The operating
characteristic of the head section 55 will be explained, in comparison with that
operating chafacteristic of the conventionéi head section 101. The magnetic field
generating sections 61 and 105 are made of the same material and have the same size,

and the sliders 62 and 106 are made of the same material and have the same size, for
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the purpose of comparing the head sections 55 and 101 in terms of temperature
characteristic.

The design details of the magnetic field generating sections 61 and 105 will be
described, with reference to FIG. 5. As mentioned above, tﬁe magnetic cores 63 and
105 are shaped like letter E. They have a width w of 3.1 mm, measured along a
tangent to any track of the magneto-optical disk 5, a depth d of 0.5 mm, measured
along_ a normal to any track of the disk 5, and a height h of 1.7 mm. The center pole
core 63a of the magnetic corer 63 and the center pole core 102a of the magnetic core
102 have a width w, 0f 0.35 mm. The magnetic cores 63 and 102 are made of Ni-Zn
ferrite. A wire having a diameter of 70 um is wound 30 times around the center pc;le
core 63a, forming the coil 64. Similarly, a wire having a diametef of 70 pm is wound
30 times around the center pole core 102a, forming the coil 103. The coils 64 and 103
have the same inductance L, which is 3.7 H at frequency 7 of 7 MHz. They have"fhe
same impedance Z of 11Q (=271 x 7 x 10° x 3.7 x 106) at frequency of 7 MHz. When
a current of 190 mA flows through the coils 64 and 103, either coil generates a

magnetic field whose intensity H is 150 Oe at a position which is 60 m above the

center pole core (63a or 102a).

The sliders 62 and 106 having the magnetic field generating sections 61 and
- 105, respectively, are identical in shape and size, except for the holder section 107 of
thc_c slider 106. The sliders 62 and 106 have been 'formed by injection molding, by

using plastic of liquid crystal polymer as material.
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The head section 55 having the magnetic field generating section 61 embedded
in the slider 62 will be compared with the head section 101 having the magnetic field
generating section 105 embedded in the slider 106, in terms of temperature
characteristic.

The head section 55 and the head section 101 were attached to two
recording/reproducing apparatus of the same type, respectively. A currentof 190 mA,
p based on a (1,7) RLL code was supplied to the head sections .55. and 101, with the
channel bit clock signal set at a frequency of 18 MHz. The power lost in each of the
coils 64 and 103 was about 0.3 W.

In the case of the conventional head section 101, the distal end of the center
pole core 102a of the magneﬁc core 102 was at 140°C when the ambient temperature
was 25°C. In the head section 55, the distal end of thé center pole core 63a of the
magnetic core 63 was at 95°C when the ambient temperature was 25°C.

The upper limit of the ambient temperature is 60°C. The temperatures of the
distal ends of the center pole cores 63a and 102a are estimated to be 175°C .(-—.' 140 +.
(60 - 25)) and 130°C(= 95 + (60 - 25)), respectively, when the ambient tempefature
is at its upper limit (60 °C). If the temperatures of the distal ends of the magnetic cores
63 and 102 rise above 180°C, there will probably occur inter-layer short circuit or
burning in the coils 64 and 103 In view of the temperature upper limit of 60°C and
the variation in the current/field efficiency, an allowance scarcely exists for

temperature in the conventional head section 101. This is because the gap between the
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holder section 107 of the slider 106.and the magnetic field generating section 105 is
about 0.1 mm and the slider 102 can hardly radiate heat. In the head section 55, heat
can be efficiently radiated through the slider 62 since the magnetic field generating
section 61 is embedded in the slider 62 and formed integral therewith.

That is, the head section 55 has magnetic field generating section 61 embedded
in the slider 62 and formed integral with the slider 62. Hence, a gap is not formed
between the section 61 and the slider 62 as in the conventional head section 101 in
which a gap is provided between the magnetic field generating section 105 and the
slider 106. This enhances the heat-radiating efficiency.

As described above, the head section 55 is made by injection molding, using the
metal mold 81. Instead, the head section 55 may be formed by means of potting.

In the magnetic head device 26 described above, the support plate 51 can rotate,
supported at one end by the disfal part of the coupling member 50 as is illustrated in
FIGS. 2 and 3. The head section 55 attached to the distal end of the head support paté
51 opposes the opening 46 of the cartridge holder 22. In the magnetic head device 26,
the head section 55 attached to the distal part of the head support plate 53 is rotaied
around the axle 56 that is provided a_t.the upper end of the coupling member 50, when

- driven by a lift mechanism 91 provided on the cartridge holder 22. The head section
55 can therefore move between a position close to the magneto-optical disk 5
co;1tained in the cartridge 1 and a position remote from the disk 5.

As shown in FIG. 2, the lift mechanism 91 comprises a head lifting plate 92 and
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an operation plate 93. The head lifting plate 92 serves to rotate the head support plate
53 of the magnetic head device 26. The operation plate 93 is driven by a drive motor |
to rotate the head lifting plate 92. The plate 92 is provided on the upper surface of the
cartridge holder 22 and extends over the opening 46 of the cartridge holder 22. The
head lifting plate 92 is composed of a head supporting section 94 and two support arms
95 and 96. The section 94 supports the head support plate 53 from below. The
support arms 95 and 96 protrude from the ends of the head supporting section 94,
respectively. The head lifting plate 92 is supI')orted at the proximal ends of the support
arms 95, by means of axles 96 that are provided at the back of the cartridge holder 22
and in the vicirﬁty of the opening 46. The head lifting plate 92 can rotate on the

cartridge holder 22, around the axles 96. | )
| The operation plate 93, which is provided to rotate the head lifting pla_te 92,1is
movably arranged on the cartridge holder 22. A cam 97 stands upright from one side
of the operation plate 93. The cam 97 is set in engagement with a projection 98
protruding from the head lifting plate 92. The operation plate 93 is driven by a drive
mechanism (not shown) provided below the base 21, sliding on the upper surface of
the cartridge holder 22, in the direction of arrow Dl (FIG. 2) when the disk cartridge
1 is inserted into the recording/reproducing apparatus 20 or in the direction of arrow
D, (FIG. 2) when the cartridge 1 is removed from the apparatus 20. As shown in FIG.
3, the operation plate 93 rotates the head lifting plate 92 in the direction of arrow C,

or in the direction of arrow Cz.
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When the drive mechanism (not shown) provided below the base 21 drives the
operation plate 93 in the direction of arrow D, (FIG. 2) on the upper surface of the
cartridge holder 22, the cam 97 pﬁshes the projection 98 upwards. As a result, the
head lifting plate 92 is rotated in the direction of arrow C,- Then, the support platé 51
supporting the head support plate 53 held by the head supporting section 94 is rotated
in the direction of arrow C, against the bias of the torsion spring. When the operation
plate 93 is moved by the drive mechanism in the direction of arrow D , (FIG. 2), the
projection 98 moves downwards along the cam 97, causing the head support plate 53
to rotate in the direction of arrow C,. The head support plate 53 is rotated by the bias |
of the torsion spring that is provided to rotate the head support pate 51.

~ The disk cartridgeﬁi_s inserted into the recording/reproducing apparatus 20, in
which the 6artridge is set in the cartridge holding section 25, as will be explained
below. First, the cartridge holder Zé is rotated to the upper position above the
cartridge holding section 25 as is illustrated in FIGS. 2 and 3, in order to record data
signals on a magneto-optical disk 5 or reproduce data signals from the disk 5. In this
éonditidn, the cartridge slot 44 of the holder 22 is aligned with the slot made in one
side of the apparatus 20. The disk cartridge 1 is inserted into the cértridge holder 22
via the slot 44 and held in the cartridge holding sections 42 and 43. At this time, the
operation plate 93 of the lift mechanism 91 has alreédy moved in the direction of
arrow D, (FIG. 2) in the head section 55 of the magnetic head device 26. The cam 97

has pushed up the projection 98 protruding from the head lifting plate 92. The head
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lifting plate 92 has therefore been rotated in the direction of arrow C_ (FIG. 3), spaced
apart from the magneto-optical disk 5. This prevents the head section 55 from
colliding with the main body 4 of the cartridge 1 when the disk cartridge 1 is inserted
into the cartridge holder 22. The head section 55 is thereby protected. After the disk
cartridge 1 is held in the cartridge holder 22, the cartridge holder 22 is rotated toward
the cartridge lholding section 25 and held in position in the cartridge holding section
25.

When the disk cartridge 1 is held in the cartridge holding section 25, it is
detected that the. cartridge 1 contains the magneto-optical disk 5 that is to be used as
arecording medium. The record button is then pushed, selecting the recording mode.
The operaﬁon plate 93 is thereby moved along the cam' 97 in the direction of arrow D,
(FIG. 2) as shown in FIGS. 2 and 3. So moved, the operation plate 93 rotates the head
support plate 53 in the direction of arrow C, (FIG. 3). As the head support plate 53 is
rotated in the direction of , the head section 55 attached to the distal part of the heaci
support plate 53 moves from the position remote from the magneto-optical disk 5 to
the position near close thereto. At the same time, the head section 55 moves into the
cartridge holder 22 through the opening 46 of the cartridge holder 22.

The head section 55 enters the main body 4 of the cartﬁdge 1 through the first
recording/ reproducing window 9 until the sliding surface 74a of the sliding section 74
lightly touches the surface of the magneto-optical disk 5. When the disk drive

mechanism 23 rotates the magneto-optical disk 5, an air film is generated between the
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disk 5 and the slider 62. Due to the air film the head section 55 floats above the
surface of the disk 5, against the bias of the head support plate 53. The sliding surface
74a of the sliding section 74 is thereby set in slight contact with the surface of the
magneto-oiatical disk §.

The objective lens 24a of the optical pickup dévice 24 is located at the position
where the sliding section 74 of the slider 62 remains in sliding contact with the
magneto-optical disk 5. The light beam emitted ﬁ'on-l the optical pickup device 24 is
applied to the magneto-opticalhdisk 5. Anexternal magnetic field, whose intensity has
been modulated in accordance with a data signal, is applied to a part of the magneto-
optical recording layer that has been irradiated with the light beam and lost coersive
force. The data signal is thus recorded on the magneto-optical disk 5. Thc_a head
section 55 that applies the external magnetic field to the magneto-optical recording
layer of the disk 5 excels in heat-radiating property, because the magnetic field
generating section 61 is embedded along ﬁth the main'body' 73 of the slider 62. The
magnetic field generating section 61 can generate a magnetic field of a great intensity,
without being damaged. This helps to increase the record/transfer speed.

No external magnetic field needs to be applied to the magneto-optical recording
layer in order to read data signals recorded on the magneto-optical recording layer of

‘the disk 5. Hence, the head section 55 is moved, repiaim'ng at a position éway from
the magneto-optical disk 5. That is, the head sectic_m 55 is spaced away from the

magneto-optical disk 5 since the operation plate 93 of the lift mechanism 91 is moved
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in the direction of arrow D, (FIG. 2), causing the cam 97 to push up the projection 98
protruding from the head lifting plate 92, and the head lifting plate 92 is rotated in the
direction of C, (FIG. 3). In this condition, the light beam emitted from the optical
pickup device 24 scans the magneto-optical recording layer of the disk 5. The
photoelectric detector provided in the optical pickup device 24 detects the light beam
reflected from the layer of the disk 5. .The data signals recorded on the magneto-
optical disk 5 aré thereby read out.

In the recording/reproducing apparatus 20 described above, the magnetic head
device 26, which applies an external magnetic field to the magneto-optical disk 5 to
record data signals thereon, has the head section 55. The head section 55, in turn, has
magnetic field generating section 61 and the slider 62 that are formed integral with
each other. Therefore, the head generated by the magnetic field generating section 61
can be radiated with high efficiency. For the same reason, the coil 64 .of the magnetic
field generating section 61 can be protected against damage. In addition, the magnetic
field generated by section 61 can i1;crease in intensity, thereby to enhance the
record/transfer speed. Moreover, the magnetic field gener'atiﬁg section 61 can be
réliably positioned in the directions of arrows X and Y as shown in FIG. 7, because the
positioning projections 71 and 72 of the bobbin 65 are set in the corners of the first
section 86 of the metal mold 81. Furthermore, the movable mold half 83 is reliably
positioned in the vertical direction, i.e., the direction of arrow Z (FIG. 4), because the

positioning projection 89 of the movable mold half 83 abuts on the center pole core
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63a of the magnetic core 63. The magnetié field generating section 61 can therefore
be embedded at the prescribed position in the slider 62, without fail.

The magnetic head device 26 and the apparatus 20 using the device 26 and
designed to record data signals on and read data signals from a magneto-optical disk
5, both according to the present invention, has been described with reference to the
accompanying drawings. Nevertheless, the invention is not limited to the device 26
and the apparatus 20. Rather, the present invention may be applied to a magnetic head
device that applies_an external magnetic field to a magnetic disk to record data signals
. on and read data signals ﬁdm the magnetic disk, and also to a magnetic
recording/reproducing apparatus that uses this magnetic head device. The
recording/reproducing apparatus 20 described above uses, asa recording medium, the
disk cartridge 1 comprising the main body.4 and the magneto-optical disk 5 contained
in the main body 4. Nonetheless, the present invention may be applied to a

recording/reproducing apparatus that incorporates a bare disk used as a recording

medium.
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WHAT IS CLAIMED IS:

1. A magnetic head device comprising a head section for applying a magnetic
field to a disk, said head section including a magnetic field generating section and a
slider supporting the magnetic field generating section and designed to bé setin sliding
contact with the disk, said magnetic field generating section having a magnetic core
and a coil wound around the magnetic core, designed to generate the magnetic field
and embedded in and formed integral with the slider.

2. A magnetic head device according to claim 1, wherein the magnetic field
| generating section is insertion-molded in the slider.

3. A magnetic head device according to claim 2, wherein a material for the
insertion-molding is plastic.

4. A magnetic head device accordixig to claim 1, wherein a metal mold for
forming the head section has a positioning projection that is to abut on a distal end of
the magnetic core, which opposes the disk, for positioning the magnetic field

“generating section in a direction substantially perpendicular to the disk.

5. A magnetic head device according to claim 1, wherein the coil is wound
around a bobbin that is mounted on the magnetic core, and the bobbin has positioning
projections to abut on sides of a metal mold for forming the head section, thereby to
position the magnetic field generating section in a direction substantially parallel to the
disk.

6. A recording/reproducing apparatus comprising a magnetic head device
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which comprises:

a disk driving mechanism for rotating a disk; and

a magnetic head mechanism provided on one side of the disk and comprising
a head section for applying a magnetic field to a disk, said head section including a
magnetic field generating section and a slider supporting the magnetic field generating
section and designed to be set in sliding contact with the disk, said magnetic field
generating section having a magnetic core and a coil wound around the magnetic core,
designed to generate the magnetic field and embedded in and formed integral with the
slider.

7. - A recording/reproducing apparatus according to claim 6, further
" comprising an optical pickup device proﬁded on the other side of the disk and

opposing the head section, for applying a light beam to the other side of the disk.
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