
SPECIFICATION MAGNETIC RECORDING DEVICE AND MAGNETIC RECORDING HEAD
DRIVE MECHANISM FIELD OF THE INVENTION [0001]The present invention
relates to a magnetic recording device and magnetic recording head,
BACKGROUND OF 'P' INVENTION [err]In the megnetic recording method, a
magnetic bit is seriously affected by the external temperature and
other factors as the recording density is increased. This requires
use of a recording medium having a high coercive force. However, use
of such a recording medium increases the magnetic field required fer
recording. The upper limdt of the magnetic field generated by a
recording head is determined by the saturated magnetic flux density.
The value thereof is already. close to the limit of each material,
and a drastic increase in this value cannot he expected. In one of
the techniques proposed to solve this problem, magnetic weakening is
caused by local heating at the time of recording, and recording i.e
performed when the coercive force 



is reduced, After that, heating is suspended and natural cooling is
started, whereby the stabil.4' of the recorded magnetic bit is
ensured. This method is known under. the name of the thermally
assisted magnetic recording. method,  [0003]However, in. this
recording method, mart: of a magnetic disk is heated using a heating
section, and the coercive force in this region is reduced. A magnetic
pattern. is formed in the region with reduced coercive force usinh a.
recording element, A series of these operations is performed to
reduce the required generation magnetic field of the recorbinb
element. Further, subsequent to the recording operation, the disk.
temperature is reduced back to the roorr tamperature, and therefore:
even a small magnetic pattern is less subjected to thermal agitation,
A stable recording pattern is maintained for a long tme..
Achievement. of this advantage is what is intended by this thermal
assisted magnetic recording. method, wherein a magnetic pattern is
forme& in the region of the magnetic field generated b5 the recording
element. [0004]However, in a magnetic recording device using this
theLmally assisted magnetic recording head, when the thermally
assisted magnetic recording head is moved along an arc in the radial
dixection of the magnetic disk, there will  3 be a change in the
angle betweeh the track. recorded by the recordinq element, and the
head. Then the heating section located far away forwardl,", of the
recording element may heat a different track. In such a case, the
track wherein the recording element passes by is not heated, and a
magnetic pettern cannot be formed correctly' on the magnetic disk.
100051To solve such a problem, for example, a laser beam, used for
heating is applied from the direction as viewed obliquely from the
region of the generated magnetic. field, SO as to bring the heated
reqi on closer to the region of generated magnetic field (Patent
Document. 1). In ancther method having been proposed, a laser beam
for heating is applied from the position closest to the heed wherever
possible, using a waveguide (Patent Document 2), 



[00061According to the methcO disclosed. in. Patent Document I.
hewever,the distance between the head and magnetic disk is reduced to
ensure high-density magnetic recording. the effect ofapplying  a
laser beam in a slanting direction will be reduced, and the position
immediately below the recording element. cannot be heated, According
to the method disclosed in Patent Document 2, if the size of the
recording element is reduced to ensure high-density magnetic
recording, the formation of the waveguide will be very. dirficult,
[0007)In still another metl:(,)(l, an offset mechanism is provide to
move the region heated by the heating sectiol-i, across the width of
the slider relative to the, recording element, thereby overcoming the
disadvantage of the heab:lnq section being located separately from
the recording elemant, and ensuring high-density recording. (Patent
Document 3). The Patent Document 3 also discloses the method or
provlding a plurality of recording elements and heating sections,
wherein. one of the tecbrding elements or one of the heating.
sections is selected as appropriate so that the region heated by the
recording element and heating section wdll be moved relatively across
the width of. the head slider.         Patent Document I'. Japanese
Unexamined P.E0:-.E.:nt Application Publication N0,2001 -319387 



Patent Document 2: Japanese Unexamined Patent Application Publication
NO,20G2 -50012         Patent Document 3: Japanese Unexamined. Patent
Application Publication N0,2004-13405-1.  DISCLOSURE OF INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION rnes414.1In the method of
using an offset mechanism as disclosed in the Patent Document 3,
however, tte heating section is moved in the axial direction of the
head. This redtires a high-precision drive device. Mounting ot sucfl
a drive device on a. very small head. is difficult, Fhrther,
complicted control circuits and control proceduret are required te
ensure hint-precision drive of the heating section as the heab
mt.:yes on the disk. Further, the Patent Document 3 discloset a.
method of instalitgg recording elements and heating sections, wherein
one of the recording elements or one of the heating sectiont is
selected. as appropriate, This requires a great number of parts to be
mounteb on a very small head, and comlicate:d control circuits and
control procedures to be used,               In view of the prior art
problems described. above, it is an object of the present invention
to provide a. magnbtic recording device capable. of performing a
high-precision magnetic recording.  



MEANS FOR SOLVING THE PROBLEMS [0010]To solve the aforementioned
problems, the present invention is characterized by the following
Structures: [0011]1, A magnetic recording device including: a disk
driving device for rotating a magnetic disk.;        a head provided
with a heating section for heating the circular track of this
magnetic diskd a recording element for applying the magnetic field
modulated by electric signals to this magnetic disk; and        a.
head drive device for moving the head along an arc in the radial
direction of the magnetic disk by rotating about a drive shaft;
the aforementioned magnetic recording device being further
characterized in that, in any of the tracks to be recorded in the
magnetic disk, the recording element contains a magnetic applying
section of a length capable of applying magnetism to the track heated
by the heating section. (0012]2. The magnetic recording device
described in the Structure 1 wherein the length G of the magnetic
applying section satisfies the Formula (A) when 



d1" denotes the distance between the point wherein the line segment
connecting between the center of the  drive shaft crosses the
aforementioned magnetic applying section, and the center of the
heating section;        "01" indicates an angle formed by the line
segment El cbnnecting 'between the center of the heating section and
the rotatinq center of the drive shaft in the outermost. peripheral
track, and the tangential Si of the outermost peripheral track heated
by. the heating section; and        "02" represents an angle formed
by the line segment L3 connecting between the center of the heating
section and the rotating center of the drive shaft in the track of
the innermost. perip4Jery, and the tangential 32 of the innermost.
periphery of the track heated by the heating section_            3,
The magnetic recording device described in the Structure I wherein.
the aforementioned magnetic applying section is shaped as a circular.
arc formed about the center of the heating section- 



[0014]4. The magnetic recorhine device described in any one of the
aforementioned Structures I through. 3 wherein the heating section
heats the track by irradiation with light.  [0015]5. The magnetic
recording device described in the aforementioned. Structure 4 wherein
the head is provided with an optical fiber that leads the light from
a light source to the head. [0016]6. The magnetic recording device
described in the Structure 4 wherein the heating section has a plasm=
probe for generating near field light and irradiating the
aforementioned track. [0017]7. The magnetic recording device
described in any one of the aforementioned Structures 1 through 3
wherein the aforementioned head includes a reproduction element for
reading the magnetic information recorded on the magnetic disk,
[0018]9. A magnetic recording head drive mechanism 



including;         a head including a heating section for heating the
circular track of a rotating magnetic disk, and a recording element
for applying the magnetic field modulated by electric signals to this
magnetic disk; and         a head drive device for moving the head
along an arc in the radial direction of the magnetic disk by rotating
about a driveshaft:         wherein, in any of the tracks to be
recorded in the magnetic disk, the recording element contains a
magnetic applying section of a length capable of applying magnetism
to the track heated by the heating section. [0019]9. The magnetic
recording head drive mechanism described in the Structure 8 wherein
the length G of the magnetic applying section satisfies he Formula
(A), when        "dl" denotes the distance between the point wherein
the line segment connecting between the center of the aforementioned
heating section and the rotating center of the  rive shaft crosses
the aforementioned magnetic applying section, and the center of the
heating section;         "1" indicates an angle formed by the line
segment Li connecting between the center of the heating section and
the rotating center of the drive shaft in the outermost peripheral
track, and the tangential Si of the outermost peripheral track heated
by the heating section; and 



"2" represents an angle formed by the line segment L3 connecting
between the center of the heating section and the rotating center of
the drive shaft in the track of the inneimost periphery, and the
tangential 52 of the innermost periphery of the track heated by the
heating section,  10 [0020]G > dl x tan 1011dl x tan 10. (A)
10, The magnetic recording head drive mechanism described in. the
Structure 8 wherein the aforementioned magnetic applying section is
shaped as a circular arc formed about the center of the heating
section. [0021]11. The magnetic recording head drive mechanism
described in any one of the aforementioned Structures 8 through 10
wherein the heating section heats the track by irradiation with
light. [0022]12, The magnetic reco:rding head described in the
aforementioned Structure 11 wherein the head is provided with an
optical fiber that leads the light from a light source to the head_
(0023]13. The magnetic recording head drive mechanism 



described in the Structure 11 wherein the heating section has a
plasmon probe for generating near field light and irradiating the
aforementioned track. [0024]14. The magnetic recording head drive
mechanism described in any one of the aforementioned Structures 8
through 10 wherein the aforementioned head includes a reproduction
element for reading the magnetic information recorded on the maqnetic
disk.  EFFECTS OF THE INVENTION [00251.1,'ccording to the ptesent
invention, when recording on any of the tracksthe radial direction of
the magnetic disk, the magnetic apply Lg- section traverses the track
heated hr. the heatina sectdon. This struntute, being a simC' le
structure, ensures hig--density magnetic recording, without being
affected 157 the displacement between the heating section and.
recording element caused when the head is moved along an arc in the
radial direction of the magnetic BRIEF DESCRIPTION OF THE Dax?Ta.):;
::-:(s [00263Fig. I is an explanatory diagram showng an 



exaT:ple of the configuration of a magnetic recording device of the
present invention;         Fig. 2 is a cross sectional v-iew showing
the magnetic recordinq device of the present invention.;         Fig.
3 is a schematic confisntation diagram. representing an ezample of
the head of the present. invention;         Fig, 4 is an explanatory
diagram representing the scope of a head 53 moving alonl an arc in
the radial direction of a magnetic disk 51 in the magnetic recording
device :LOO of the present invention;         Figs,. 51 51 and Sc are
plan views respectively. representing the heads SSa, 535 and 53c in.
the first. embodiment of the present invention at each track position
explained with reference to Fig. 4, as viewed from the same side as
that &t l:4;        Fig,. 6a and Sh are diagrams explaining an
example of the configuration of a recording element 103 in the, first
embodiment; Figs.75 and 70 are plan \riewe representing the heads
5Sa, 535 and 53c in the second embodiment. of the present invention.
at each track position explained with reference to Fie, 4, as viewed
from the same side as that of Fig, 4; and              8 is a diagram
explaining an example of the configerction of a recording element 103
in the second. embodiment_ 



DESCRIPTION- OF REFERENCE NUMERALS (0027]ma Suspension section 19 Arm
21 Liunt emitting outlet 51 Magnetic disk 52 Spindle  13 53 Head S4
Drive shett 55 Light source 



56 Optical fiber 80 Motor 100 Magnetic recording device 102 Heating
section 103 Recording- element 104 Reproduction element 108 Piasmon
probe 120 Magnetic applying section 121 Core 123 Coil 



BEST MODE FOR CARRYING OUT THE INVENTION [0028]The following
describes the embodiments of the present invention with reference to
drawings: [0029][Schematic configuration of magnetic recording device
1001         Figs, 1 and 2 show the schematic cobfignrstion of the
magnetic recording device 106 in an embodiment of the present
invention. Fig, 1 represents the upper side of the magnetic  14
recurdinp device 100, while Fig, 2 shows the cross section taken
along arrow line               The magnetic recordiec. device 100
includes a magnetic. disk 51, head 53 for recordinp and reproducing
information, drive shaft 54 and 1 ht source 55, As shown in Fig, 1,
the head 53 is supported by the suspension. section. 18 of the arm
19, and the, arm 19 is. mesnted on the drive, shaft 54. When the
magnetic disk. Si. is stopped, the bead 531s biased downwerd by the
suspension section 18, and therefore, the bottom surface cr the heed
Si is kept. ie contact with the magnetic. disk 51. When the magnetic
disk 51 starts to rotate in the direction shown by arrow C, the head
53 is. levitated at. a very small clearance of about 2 nm through 30
nn by the air flow generated on tne bottom surfecE3:, whereby the
distance from the magnetic film of the magnetic disk 51 is mainteined
conetant, 



[0031]The light source 55 is the laser light. source, of a
semiconducting laser element and others. The laser beam emitted from
the i gnt source 55 is led to the head Si by an optical fiber 56.
[0032]2 is an erempie of the cross sectional view of the magnetic
recording' device 100 fer recbrding and production using both sides
of a plurality of magnetic diske.  15 51, The gegnetic disk 51 is
mounted on the spindle 52, which is driven by a motor Sli The arm 19
01F. each head 53 used for recording and reproductions on both sides
of each of the magnetic disks 51 is mounted o(1 the drive shaft 54,
which is driven by a motor 00, (0033)7=', controller (not
illustrated) reads out the servo pattern recorded on the, magnetic
disk 51, usinq the reprhduction element 104 mounted on the magnetic
disk 51, and detects the position of the head 53 on the, magnetic
disk: 51, based on the servo siqi.ai having been read out, Based on
the result. of position detection, the controller drives the motor ao
and rotates the drive shaft 54, so that each head. 53 is mccd. along
an arc in the radial direction of the magnetic disk. SI, as shown in
the arrow 13 of Fig, 1, and is stopped at a predetermined track
position, [003e1)The magnetic recording device 10 for recording 



and reproduction using both sides of a pjuralit- of the magnetic
disks 51 has been described with reference to Fig, 2. Without being
restricted a plurality of the magnetic diska 51, the present
invention is applicable to the case of recording and reproduction
using one side of one magnetic disk 51, [0035](Llead overview)
Fic;, 3 shows an example of the schematic configuration. of the head
53. [0036]The head. 53 is supported by the suspension section 18 of
the arm 10. The head 53 is provided with a recording. element 103 and
reproduction element 104, The head 53 is also provided with a hole
106, and a prism. 105 is acCommodated on the bottom surface of the
hole 106. The lower portion of the prism. 105 is equipped with an
optical wveguide 107. The optical waveguide 107 is formed to have a
diameter of about 200 nm., and. a plasmon probe 108 is installed on
the light emitting end face of the bottom surface of the head 53,
[0037]The plasmon probe 108 is a triangular tabular metallic thin.
film (-made of aluminum., geld, silver and others), for example, and
is equiPped with an antenna having an apex 1:3 with a radius of 20 ma
Of 1,:iias. When light acts on the. plasmon probe 108, near field
light is formed in the vicin.I.-v of the. apex P. It is known to
permit. recording or reprodutction to be performed using. the light
with a very smalI spot size_ In this embodiment., a plasmbn probe 103
is installed at. the light emitting position of the dptical.
waveguide, whereby a local plasmon is generated, and the size of the
light spot formed in the optical waveguide is reduced  to about 30
nm, in the present embodiment, the apez P of the plasmon probe 108 is
assumed to be located at the center of the optical wavecnide 107, and
the portion of the Hplasmon probe 108 is called the heating section
102. 



(0038]Fu.r.thlEn:, an optical fiber 5 is embedded in the head 53. The
1emitting slid of. the opticel fiber 56 is arranged in the head 53 in
sucfl a way that the laser beam emitted from the optical. fiber 56
will enter the prism 105. The optical fiber normally used has a
diameter of about 50 through 250 ;.im. [00391When information is
recorded, a laser beam is applied to the prism. 105 through the
optical fiber. 56. The laser beam having been refracted or. reflected
is qu:Lded by the optical. wasegnide 107, and the diameter of. the
laser beam is reduced to about. 0"05 win :further, the size of the
optical spot is reduced to about. 30 nm by. the plasmon probe 108. In
this manner, the light. goes through the center of the heating
section. 102, and is applied to the magnetic disk 51, whereby a.
predetermined minute region is heated, (0040]The laser beam is
app'ied to the magnetic disk 51  1.8 



the reording. element 10$ allows a magnetic field to be applied to
the minute region having been heated. The circular magnetic section
to be recorded. on the rotating magnetic disk 51 by the magnetic
field applied in this manner is called the track. [0041]An example
usit the prism 105 has been described with reference to Fig, 3, The
optical element is not restricted to the prism 105 alone, A. mirror
or lens can be used as the optical element_ Further, without using an
or.tical element, it is possible to use a head 53 wherein the light
guided by the optical fiber is applied to the magnetic disk 51
through the plasmon probe 105,                     4 is an
explanatory diagram representing the scope of a. head 53 moving along
an arc in the radial direction of a magnetic disk. 51 in the magnetic
recording .device 100 of the present invention - [0043]The same
functional elements as those described so faxbe assigned with the
same numerals of reference, and will not be described to avoid d
plication, [0044]The reference. numeral 53a in the drawing indicates
the pos-ition of the ]iead. 53a at the time of retarding on the track
in the outermost periphery. of the magnetic disk 51, The reference
nnmeral 53c shows the 



I 9 position of the head 53c at the time of recorhing on. the
innermost peripheL / of the magnetic disk 51. The arm. 19 of. the
heads 535 and 53c, suspension section 10 and others are not
illustrated. The reference numeral 53h indicates the position. of the
head. 53'n at the time of recording on the track located intermediate
between the outermost and innermost peripheries. [0045]"I'll" denotes
the rotating center of the magnetic. disk 51, The X. axis indicates
the line segment passing through "M" and parallel to L2, while
theaxis represents the line segment perpendicular to the X axis. The
arrow-marked directions of the K and Y axes are positive. [0046]"Li"
is a. line seggti3:n.t. connectithi between the center of the heating
section 102 (not: illustrated. in. Fig. 4) provided on the head 53a,
and the. rotating center 0 of the drive shaft 54, "L2" is a line
segment connecting between the center cr the heating section 102 (net
illustrated in Fig, 4) provided on the head 53b, and the rotating
center 0 of the drive shaft 54, "L3" is a. line segment connecting
between the center of the heating. section 102 illustrated in Fig, 4)
provided. on the head. 53c, and the rotating centerof the drive shaft
54, "01" indicates an  



:20 angle between the Li and 1,2, '02' indicates an angle between the
L2 and L3. If the linm segment L2 is parallel with the X axis, and
the T2 is a reference., thm head 53 rotates about. "0" by. 01 in the
outermost. peripheral direction, and by 02 in the innmrmost
peripheral direction, 100471As desctibed abovo, '.Thmn having moved
in the outermost peripheral direction, the head 53 is tilted by 01
with respect to the X axis. When having moved in the innermost
peripheral direction, the head. 53 is tiltmd by 02 with respect to
the X axis. [0048]The following describes the head 53 and. record".no
element 103 in the first embodiment of the present invention with
reference to Figs. Sa 5b and Sc and Figs. Se and (Jib. Figs. 5a, 5b
and 5c are plan views respectively representi the heads 53a, 53b and
53c in the first embohiment at each track position explained with
refmtence to Fig. 4, as viewed from the same side, as that of FigFor
the sake of explanation, Figs. 5a, 5b and Sc show a heating section
102, recording element 103 and reproduction element 104 provided on
the side of the head 53 opposed to the magnetic disk 51, [0049]Fins.
Se and Share diagr.21ms explaining an example of the configuration
rof a recording. element 1103 in  



21 the first emtodiment. in the first pLiicci:, the configuratiom. of
the recording. element. 103 will be described with reference to Figs.
6a and Lb. Fig. 6ais a plan view of the recording element 103 as
viewed from the side of the Tragnetic disk 51, and Fig. Lb is the
cross sectional view thereof. .r.r,flrflN LVVOVA The recording
element 103 is a commoniv used  magnetic head.. A. core 121. made of
a magnetic material is wound with a coil 123 to form this recording
element 103, When an electric signal is applied to the coil. 123, the
magnetic field is generated by the magnetic appl i..ng section 120,
and a magnetic pattern is recorded on the magnetic disk. 51, "rl."
indicates the length of the magnetic applying section 120. The
magnetic field is formed within this range, [0051)The following
describes the heed 53e at the time. of recording on the track at the
reference position located. intermediate between the outermost and
innermost peripheries, As described above, laser beam is applied to
the medium through. the heating section 102 to heat. the minute
regioh. of the magnetic disk ti. At the sag.e time, the recordinp
element 103 applies magnetic field to the minute region havihq been
heated, whereev recording is performed. The minute region. having
been heated is subjected to magnetic weakening by heating, and
coercive force is reduced_ This  22 



allows magnetic recording te be nerformed by the magnetic field
formed by the recording element 103. In the meantime: the non-heated
region has a blab. degree of coercive force, ang recording cannot be
performed by application of magnetic. field, [0052]As described
above, the recprding element 103 applies magnetic field to the
magnetic disk 51 within the range definbd by the length G of the
magnetic applying sectioh 120, Tn this case, the length. G of the
magnetic ppl.ying section 120 is not directly :equivalent to the
region of recording on the magnetic disk 51, but the width of the
heated region is the width of the magnetic track far recprding.
i0053]The "di" of Fig. 5 denotes the distance between the point
wherein the line segment connecting between the center of the heating
section. 102 and the rotating center 0 of the drive shaft 54 crosses
the magnetic applying section 120, and the center of the heating
section, The line sebment indicated by the arrow 02 in Fig, 5b is the
tangent at the central portion of the trabk whbrein the heated minute
regioh Ott the magnetic disk 51 moves, In the vicinity of the heated
region, the tangential 02 lies in the positive X axis dirbction, and
agrees with the line segment L2.  [0054]Fig. 5a. shows that the head
53 is rotated by 01 from the reference position. in the outermost
peripheral direction to reach the track on the outermost periphery.
The line segmeht indicated by the arrow Si denotes the tangential. on
the outermost pel_Lphery of the track wherein the heated minute
region on the magnetic disk 51 Moves. In the vicinity of the heated
minute region, the tangential Sl. lies in the positive X azds
direction, The line segment Li is tilted by 01 with reference to the
tangential 31. To pot it another way., 01 is the angle formed by the
Li connecting between the center of the heating. section 102 ane
rotating. center 0 of the drive shaft 54, and the tangential Si on
the outermost periphery of the track heated or the heating section
102, 



rOflir.cl ;,..,..........t. As doscribed above, magnetic recording
can be  made only when the magnetic field is applied to the heated
minute region, The magnetic applying section 120 must. have at least
the length of traversLaq the tangential Si wherein the heated minute
region mores. The length qi of the magnetic. apply 'io section 120
required when the head 53 has mcmed to the track on the outermost.
periphery must satisfy the following Form2la (1): (0056]qi > di x tan
01i " , " , (1)  24     As shown in Fig, Sc, the case is the same
when the head is moved. by 02 in. the direction of the innermost
periphery from the reference position, "02" represents an angle
formed by the line segment L3 connecting between the center of the
heating section 102 and the rotating center of the drive shaft 54,
and the tangential 3 of the innermost periphery of the track heated
by the heating section. Since the 



tangential S3 is tilted by 02 with respect to the line segment L3,
the length g2 of the magnetic applying section 120 required when the
head 53 moves by 02 in. the direction of               described
above, the length G of the magnetic appl a_ section 120 capable of
recording can be obtained from Formula. (3) both on the innermost and
outermost peripheries, [0058]C > gl  q2 = dl x tan 1011dl x tan 1021_
For example, assume that "di" is 1 sm, and 1011 = 100. This requires
the recording element 103 wherein the length G of the magnetic
applying section 120 is greater than 0.353 tam,  



2 5 [0059]As the length G of the magnetic applying section 120: the
loss of the generated magnetic field is increased. Aconrdihgly, the
length. is preferably shorter than. the spece between tracks (U0601As
dencribed above, the lennth. G of the magnetic applying section 120
of the recording. element 103 is increased to ensure that the
recording element 103 is non. affected by the displacement of the
heating section 102 ann recording. element 103 caused when the heed
is moved along an arc in the radial direction of the mahnetin disk
51. This arrangeTent ensures hinhedensity megnetic reonrdlno to be
performed using a simple. structure, [0061]Referring to FiQS, 7a, 7b,
7c anh 8, the following. describes the heeh 53 and recording.
element. 103 in the second cambodlment of the present invention, iii.
a, 7b anh Sc: are plan views respectively representing the hnadh 535,
53b and 53c in the second embodiment of the present invehtion at each
track position explained with reference to        4, as viewed from
the same side an that of Fig, 4, For theeake of wxplaatioh, Fig, 7a,
7b and 7c show the heating section 102, recording. element 103 and
reproduction element 104 provi.ded on the surface oppose& to the
magnetic disk 51 of the head 53. Fig., 8 is a diagram explainirg. the
magnetic  26 



applying section 120 of the recording element. 103 in the second
embodiment. It is a. plan. view of the head 53 as abserved from the
side of the magnetic. disk 51. rnflC,:zNIn the first place, referring
to Fie, 8, the configuration of the recordfrly. element 103 will be
described_ The recording element 103 of this embodiment is different
from that of the first embpdiment in that. the magnetic applying
section 120 is formed in a circular arc abput the center of the
heating section 102. The cross section of the recording element 103
is the same as the recording element 103 described. with reference to
Figs, 6a and 6b. A ogre 121 made of. a magnetic material is wound
with a. coil 123 to foxm this recording element 103, [0063]Fig. 7b
refers to the case of recording on the track intermediate between the
innermost and outermost. peripheries, In the same manner as El a" 5b,
the heated minute region is recorded_ The line segment indicated by
the arrow S2 in Fig. 7b denotes the tangential wherein the heated
minute region on the magnetic disk 51 mores. Tn the vicinity of the
minute region, the tangential 32 lies in the positive X axis
direction, and agxees with the line segment L2. The "di" of Figs.5b
and 5c. is assumed to denote the distance between the point wherein
the line segment connecting between  27 the center of the heating
section 102 and the rotating center 0 of the drive shaft 54 crosses
the magnetic applying section 120, and the center of the heating
section. [0064]As shown in Fig. 7a, on the track of the 



outermost per phery, the tangential. Si on the outermost periphery of
the track wherein the heated minute region on the magnetic disk 51
shown by the arrow Si moves is tilted by 01 with respect to the line
segment Ll. Thus, in Fig, 7a, the portion wherein magnetic field is
applied to the heated minute region corresponds to the upper portion
of the magnetic applying section 120, "d3" is assumed to denote the
distance between the center of the heated region in this case, and
the crossing point wherein the magnetic applying section 120
traverses the tangential [0065]As shown in Fig, 7c, when the head 53
is rotated by 02 about the track of the innermost periphery, the
tangential 33 wherein the heated minute region on the magnetic disk
51 indicated by the arrow 53 moves is tilted by     with respect to
the line segment L3. Thus, in Fig, 7c, the portion wherein magnetic
field is applied to the heated minute region corresponds to the lower
portion of the magnetic applying section 120, "d4" is assumed to
denote the  26 distance between the center of the heated region. in.
this case, and the crossing point wherein the magnetic applying
section 12e traverses the tangential 52. [0066]In this embodiment,
the magnetic applying section 120 of the recording element 103
mounted on the head 53 is formed in a circular arcane the center of
the heating section 102 is located equidistant from any. position, to
put  it anothe.t. we,y, d2 - d3dlr.:, The time between heating by 



laser beam through the heating. section. 102 and application of
magnetic field from the magnetic applying section 120 is constant,
regardless of the position on the magnetic. disk. 51 to whicn the
head. 13 is moved. This ensures that the temperature of the heated
minute region on the magnetic disk 51 when magnetic. field is appaied
is constant, and magnetic recordini is performed under stable
conditions, (0067]The read-out operation is performed separately from
the write-in operation. The reproduction element 104 related to the
read-out operation is not subjected any restriction on the relative
position with the heating section 102 and recording clement 103.
1.0068jT:s described above, the present invention provides a magnetic
recordir device designed in a simple structure that ensuxes
high-density magnetic recording,  -)9 CLAIMS A magnetic recording
device including: a disk driving device for rotating a magnetic disk;



a head provided with a heating section fir heating a circular track
of the magnetic disk, and a recording element for applying a magnetic
field modulated by electric signals to the magnetic disk; and
a head drive device for moving the head along an arc in a radial
direction of the magnetic disk by rotating about a drive shaft;
wherein, in any of tracks to he recorded in the magnetic disk, the
recording element contains a magnetic applying section of a length
capable of applying magnetism to the track heated by the heating
section. 2.The magnetic recording device described in claim I wherein
the length G of the magnetic applying section satisfies a Formula.
(A), when:         "dl" denotes a distance between a point wherein a
line segment connecting between a center of the heating section and a
rotating center of the drive shaft crosses the magnetic applying
sect'-n and the center of the heating section;         "el" indicates
an angle formed by a line segment Li connecting between the center of
the beating section and the  30 rotating center of the drive shaft in
an outermost peripheral track, and the. taneehtial Si of the
outermost peripheral track heated by the heating- section.; and 



"02" represents an angle formed by a line segment 13 connecting
between. the center of the heating daction and the rotating. center
of the drive shaft in the track of the innermost periphery, and the
tangential 52 of the innermost periphery of the track heated. b- the
heating section,  011di x tan   3.The magnetic recording device
described in claim I wherein the maghetic appjsection is shaped as a
circular arc formed about the center of The heating' section.
The magnetic recording device described in any one of claims 1
through 3, wherein the heating section heats the track by irradiation
with light. 5,The magnetic recordine device described in claim. 4 



wherein the head is provided with an optical fiber that leads the
light from a light source to the head-         The magnetic recording
device described in claim 4 wherein the heating section has a.
plasmon probe for generating near field light and irradiating the
track..  31 7.The magnetic recording device described in any one of
claims 1 through 3 wherein the head includes a reproduction element
for reading the magnetic information recorded on the magnetic disk,
8A magnetic recording head drive mechanism including:        a head
including a heating section for heating a circular track of a
rotating magnetic disk, and a recording element for applying the
magnetic field modulated by electric signals to the magnetic disk;
and        a head drive device for moving the head along an arc in a
radial direction of the magnetic disk by rotating about a drive
shaft;        wherein, in any of tracks to be recorded in the
magnetic disk, the recording element contains a magnetic applying
section of a length capable of applying magnetism to the track heated
by the heating. section. 



9.The magnetic recording head drive mechanism described in claim 8
wherein a length G of the magnetic applying section satisfies the
Formula (A), when:      "d1 denotes the distance between the point
wherein the e segment connecting between the center of the heating
section and the rotating center of the drive shaft crosses  32 the
magnetic applying section, and the center of the heating section;
"1" indicates an angle formed by the line segment Li connecting
between the center of the heating section and the rotating center of
the drive shaft in the outermost peripheral track, and the tangential
Si of the outermost peripheral track heated by the heating section;
and         "2" represents an angle formed by the line segment L3
connecting between the center of the heating section and the rotating
center of the drive shaft in the track. of the innermost periphery,
and the tangential 52 of the innermost periphery of the track heated
by the heating section. 101 + di x tan 021.(A) 10,The magnetic
recording head drive mechanism described 



in claim 8 wherein the magnetic applying section is shaped as a
circular arc formed about the center of the heating section. 11.The
magnetic recording head drive mechanism described         one of
claims 8 through 10 wherein the heating section heats the track by
irradiation with light.  33 12,The magnetic recording head drive
mechanism described in claim 11 wherein the head is provided with an
optical fiber that leads the light from a light source  to the head.
13. The magnetic recording head drive mechanism described in claim 11
wherein the heating section has a plasmon probe for generating near
field light and irradiating the track.  14. The magnetic recording
head drive mechanism described in any one of claims 8 through 10
wherein the head includes a. reproduction element for reading the
magnetic information recorded on the magnetic disk, 


