SPECI FI CATI ON MAGNETI C RECORDI NG DEVI CE AND MAGNETI C RECORDI NG HEAD
DRI VE MECHANI SM FI ELD OF THE | NVENTI ON [ 0001] The present invention
relates to a nagnetic recordi ng device Fnd magneti ¢ recordi ng head,
BACKGROUND OF "P'" INVENTION [err]In the negnetic recording nmethod, a
magnetic bit is seriously affected by the external tenperature and
other factors as the recording density is increased. This requires
use of a recording nedi um having a high coercive force. However, use
of such a recording medi umincreases the magnetic field required fer
recordi ng. The upper |inmdt of thespmgneteoridgl d generated by a
recording head is determ ned by the saturated magnetic flux density.
The value thereof is already. close to the limt of each material,
and a drastic increase in this value cannot he expected. In one of
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FIELD OF THE INVENTION
[0001] The present invention relates to a magnetic

recording device and magnetic recording head.

BACKGROUND OF THE INVENTION

[0002] In the magnetic 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 for recording. The upper limit 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 be expected. 1In one of
the techniques proposed to solve this problem, magnetic
weakening is caused by local heating at the time of

recording, and recording is performed when the coercive force



is reduced, After that, heating is suspended and natural cooling is
started, whereby the stabil.4' of the recorded nmagnetic bit is
ensured. This nethod is known under. the nanme of the thermally

assi sted magnetic recordi ng. mnethod, [6003]Fbmever, 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 rneguided generat ilon dragnetdi,d il dofdhe J egoy t?{a{\gfrsakl

el ement. Further, subsequent to the recording operation, the
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assi sted magnetic recordi ng. nethod, wherein a nmagnetic pattern is
forne&i|?§E%?q%ﬁﬂqﬁ9%ﬁlxrﬁ??&ﬁﬁ@ﬁiQ@$m%¢Hcg@%%?ﬁ b@gb%egh@drecording
el ement. [0004] However, in a magnetic recording device using this

t heLmal | i 08i]st ed nHgmeties r edortdiig dvewd,diwe matheod haram |yf a

assi sted magnetic recording head is noved along an arc in the radi al

di xect i omagmathe: mhgrieti< hsked theregw | heaBihe acchange kndt hae
angl e betweeh the track. recorded by the recording el enent, and the
head. Thend:he sheatd g sectilons | esated farraxwayed or wantgnet 0f g%]:.fﬂ@tern
recording elenent may heat a different track. In such a case, the

track whareim thhe; rigcandi ng. ol emeptpasses-by Lscpotvheatede g@@ 8 a
magneti c pettern cannot be fornmed correctly’ on the magnetic i'sk.

100051To : lemy far. I | as eam wused for
heat i ng i%@é)\éaﬁ d l?%%ﬁé % rseegjie(;%)r(]%?s) t\%ees\?\eb(?apoeg‘{a}%uoe y T o ¥ﬁ%rmed
regi on ofc}q%ngner ted magnetic. field, SO as to.br%ng t he heat ed
regqi on clOSEr 10 tHE region of Yenerat ed mhgHet F&Cf feF 4 ( Pht SAE
Docunentiﬁéii I.n anct her met hod havi ng been proposed, a |aser beam

for heati 515 6N Hom e THSEI 1 1P I BEEEt §D tiHe Heeer dhed ever

possi bl e, using a wavegui de (Patent Docunent 2),
operation, the disk temperature is reduced back to the room

temperature, and therefore, even a small magnetic pattern is
less subjected to thermal agitation. A stable recording
pattern is maintained for a long time. Achievement of this
advantage is what is intended by this thermal assisted
magnetic recording method, wherein a magnetic pattern is
formed in the region of the magnetic field generated by the
recording element.

[0004] However, in a magnetic recording device using
this thermally assisted magnetic recording head, when the
thermally assisted magnetic recording head is moved along an

arc in the radial direction of the magnetic disk, there will



[ 00061According to the nmethcO di sclosed. in. Patent Docunent |
hewever, the di stance between the head and nmagnetic disk is reduced to
ensure high-density magnetic recording. the effect ofapplying a

| aser beamin a slanting direction wll°be reduced, and the position
i mredi ately bel ow the recordi ng el ement. cannot be heated, According
to the nethod disclosed in Patent Docunent 2, if the size of the
recording elenent is reduced to ensure high-density nmagnetic
recording, the formation of the waveguide will be very. dirficult,

[0007) I nystid |oanpther, netd 3a(n<#é b, O S e MEchap! §é‘&é§%€‘&%gfﬁhg?

nove the region heated by the heating sectiol-i, across t

the slid tive to the, recordi el e t, thereby overcom ng the
di sadvan'?;eé:reoptlo the nea n:hi’nqa%&ec%}?%gg%%(%ihg%ﬁl(?@att@& zle%écr]é}%liﬁcﬁ m

t he recordi ng el emant, and_ ensuring high-density recording. (Patent
Document 1§)c.agcﬁ‘ge %[:ﬁ éarﬂawmﬁﬁd@ga‘?%o“b? ST OLES theS HetHol BRY heat
providing a plurality of recording elenments and heati ng sections,

wher ei n. “oRe GfetHE" tlechildi ndlelseiéntes corscond o e khedidumin the
sections is selected as appropriate so that the region heated by the

recor di ngeglcerenty andentveat | prE Sectihoni swhot beemoved aedati vebyeacross

the wwdth of. the head slider. Pat ent Docunent |'. Japanese

Unexam nedhtR.e&Q: -cdnridtt tApptd@add ofo Pudd i Tat bont N, 20§1et+ 339384k .
[0005] To 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 region closer to the region of
generated magnetic field (Patent Document 1). In another
method having been proposed, a laser beam for heating is
applied from the position closest to the head wherever
possible, using a waveguide (Patent Document 2).
[0006] According to the methed disclosed in Patent
Document 1, however, if the distance between the head and
magnetic disk is reduced to ensure high-density magnetic
recording, the effect of applying 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



Pat ent Docunent 2: Japanese Unexam ned Patent Application Publication
NO, 20&2 -50012 Pat ent Docunent 3: Japanese Unexam ned. Patent
Application Publication NO,2004-13405-1. DI SCLOSURE OF | NVENTI ON
PROBLEMS TO BE SOLVED BY THE | NVENTI ON 4 nes414. 11 n the nethod of
using an offset nechani sm as disclosed in the Patent Docunent 3,
however, tte heating section is noved in the axial direction of the
head. This redtires a high-precision drive device. Munting ot sucfl
a drive device on a. very snmall head. is difficult, Fhrther,

conpl i cted, cont; L cui ontr pr r.equj te
ensure hint-pré%?iig%ﬁ%r#%ém%Qg?ﬁegﬁeg%?n%gggg#%gé ggf%hgghgégg
n.:yes on the disk. Further, the Patent Docunment 3 discloset a.

Cplé (@)
net hod of instal %gg recording el ements and heating sections, wherein

one of the refording el enents or one of the heating sectiont is _
sel ect ed. LHE Bhpr opr ifdt &P SHUQURT &Gt et C Jre PSSt ol be

mounteb on a very small head, and conlicate:d control circuits and
control priooedifpest ¢ onpee usled, region heated bynthteheofintesprioprnart
probl ens descri bed. above, it is an object of the present invention
to provi demnssragnbtvcdriecof ding deviee capabliee 0b peefoenbngiag
hi gh- preci si on nagneti c recordi ng.
element, thereby overcoming the disadvantage of the heating
section being located separately from the recording element,
and ensuring high-density recording (Patent Document 3). The
Patent Document 3 also discloses the method of providing a
plurality of recording elements and heating sections, wherein
one of the recording elements or one of the heating sections
is selected as appropriate so that the region heated by the
recording element and heating section will be moved
relatively across the width of the head slider.
Patent Document 1: Japanese Unexamined Patent
Application Publication No.2001-319387
Patent Document 2: Japanese Unexamined Patent
Application Publication No.2002-50012

Patent Document 3: Japanese Unexamined Patent

Application Publication No.2004-134051



MEANS FOR SOLVI NG THE PROBLEMS [ 0010] To sol ve t he aforenenti oned
probl ens, the present invention is characterized by the follow ng
Structures: [0011]1, A magnetic recording device including: a disk
driving device for rotating a nagnetic disk.; a head provided
with a heating section for heating the circular track of this
magnetic di skd a recording elenent for applying the magnetic field

nmodul ated by electric signals to this magnetic disk; and a.
head dri ve devi ce for m)vi ng the head along an arc in the radial
dlrectlo I@y rotating about a drive shaft;

t he afor erren(%l one magnetl C recor di ng device being further
characterized in that, in any of the tracks t&gbe recorded in the

magneti c FHEEEHe? o HPMEER | BreTHE cHRY RS magneti ¢ appl yi ng

section of a |ength capable of a%g ying magnetismto the track heated
by the hedtdGRy secti dit (TOOITDOMHE gt i reclori rite deviewn as

described in the Structure 1 wherein the length G of the magnetic
appl yi ng siectiarecati sfhesPd henFobouhme () Swheawever, the heating

section is moved in the axial direction of the head. This
requires a high-precision drive device. Mounting of such a
drive device on a very small head is difficult. Further,
complicated control circuits and control procedures are
required to ensure high-precision drive of the heating
section as the head moves on the disk. Further, the Patent
Document 3 discloses a method of installing a plurality of
recording elements and heating sections, wherein one of the
recording elements or one of the heating sections is selected
as appropriate. This requires a great number of parts to be
mounted on a very small head, and complicated control
circuits and control procedures to be used.

[0009] In view of the prior art problems described
above, it is an object of the present invention to provide a
magnetic recording device capable of performing a high-

precision magnetic recording.



d1" denotes the distance between the point wherein the |ine segnment
connecting between the center of the drive shaft crosses the

af orenenti oned magneti c applying section, and the center of the
heati ng secti on; "01" indicates an angle forned by the line
segnent El cbnnecting 'between the center of the heating section and
the rotating center of the drive shaft in the outernost. peripheral
track, and the tangential Si of the outernost peripheral track heated
by. the heating section; and "02" represents an angle fornmed
by the |ine segnent L3 connecting between the center of the heating

section aN&2Re FO& LYY NG Mt FORIEri ve shaft in the track of

the innernost. perip4Jery, and the tangential 32 of the innernost.
peri phery [6010de tracKoheaiwd byret héomemeintdosect powblems, the pirgsent
The magnetic recordi ng device described in the Structure | wherein.
t he af or edentenadiec MagReicreaRp Al Bedihont okl ehapedSasuaceresul ar .
arc fornmed about the center of the heating section-

[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 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
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:

"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



[0014] 4. The nagnetic recorhine device described in any one of the

af orenenti oned Structures | through. 3 wherein the heating section
heats the track by irradiation with [ight. [0015]5. The nagnetic
recordi ng devi ce described in the af orefrenti oned. Structure 4 wherein
the head is provided with an optical fiber that |eads the Iight from
a light source to the head. [0016] 6. The magnetic recordi ng device
described in the Structure 4 wherein the heating section has a plasnr
probe for generating near field light and irradiating the

af or enentd.o, . 7 her oRgREL | i Vi -
descri be ]?ﬁﬁgﬁﬁ&%ﬁg %%Qgiéia}%%eﬁgntlo%%%fgégﬁgégéggtggth?gﬁgﬁng

wherein the aforenqui ned hegdringlgges%a £§$roduc£lon el ement for
c i 0

r eadi ng t%ﬁ?%ﬁﬁﬁﬁetl i nfor Bt Foh Pecorded®? es%%gﬁg?fc di sk,

[0018] 9. A nmmgnetic recording head drive mechani sm
"O1l" indicates an angle formed by the line segment L1

connecting between the center of the heating section and the
rotating center of the drive shaft in the outermost
peripheral track, and the tangential S1 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 S2 of the innermost
periphery of the track heated by the heating section.

[0013] G > dl x tan |01 + dl x tan [62] ...... (A)

3. The magnetic recording device described in the
Structure 1 wherein the aforementioned magnetic applying
section is shaped as a circular arc formed about the center
of the heating section.

[0014] 4. The magnetic recording device described in
any one of the aforementioned Structures 1 through 3 wherein
the heating section heats the track by irradiation with

light.



i ncl udi ng; a head including a heating section for heating the
circular track of a rotating magnetic disk, and a recording el enent
for applying the nagnetic field nodul ated by electric signals to this

magneti ¢ di sk; and a head drive glevice for noving 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 nmagnetic disk, the recording el enent contains a
magneti c applying section of a | ength capabl e of applying magneti sm
to the track heated by the heating section. [0019]9. The nagnetic
recordi ng R€3d1dri ve hechBlm snedlestt ¢ bedcpndihg Seviceudesgrihedein
the length G of the nagnetic applying section satisfies he Fornula
(A), whenthe aforadiehtdenaidestihetdirst ancehdeiiveerhd heeqpdi 1 pher edad
the Iine segnment connecting between the center of the aforenentioned

heating seGtihorrarghtike Ir gtiddNgeantdadd dhe 11dme shahta c1pgges
t he af orenenti oned magneti c applying section, and the center of the

heating secti QL to the head. | Ndicates an angle formed by the |ine
segnent Li connectinge%etmeen the center of the heating section and
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by the heating section;
y ghe %tructure 4 wherein the heating section has a plasmon

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] 8. 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

drive shaft;



"2" represents an angle forned by the |ine segnment L3 connecting
between the center of the heating section and the rotating center of
the drive shaft in the track of the inneinbst periphery, and the
tangential 52 of the innernost periphery of the track heated by the
heati ng section, 10 [0020]G > dIl x tan 1011dl x tan 10. (A

10, The magnetic recordi ng head drive nmechani sm described in. the
Structure 8 wherein the aforenenti oned magneti c applying section is
shaped as a circular arc formed about the center of the heating
section. [0021]11. The nagnetic recording head drive mechani sm
descri bed i n anyhexeigf, tile agforadhmdiite dnedbkSt ructhe e @nderdugh e
wherein the heating section heats the track by irradiation with

i ght. [0022jnE2icThe gkggneid caeoalirt ngldieat: descrdred 4 mddeetic
aforenentioned Structure 11 wherein the head is provided with an

opti cal fia%%‘lyti}h@t deradsrd e |d ghindtwnefod b Ohto SAsEey 19y thegheadsm to
(0023] 13. e magnetic recordi ng head drive nechanism
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 the Formula (A7), 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

drive shaft crosses the aforementioned magnetic applying

section, and the center of the heating section;

"01" indicates an angle formed by the line segment L1
connecting between the center of the heating section and the
rotating center of the drive shaft in the outermost
peripheral track, and the tangential S1 of the outermost
peripheral track heated by the heating section; and

"g2" 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 S2 of the innermost

periphery of the track heated by the heating section.



described in the Structure 11 wherein the heating section has a

pl asnon probe for generating near field Iight and irradiating the

af orenenti oned track. [0024] 14. The magnetic recordi ng head drive
mechani sm descri bed in any one of the afgrenentioned Structures 8

t hrough 10 wherein the aforenenti oned head includes a reproduction

el ement for reading the magnetic information recorded on the maqgnetic
di sk. EFFECTS OF THE | NVENTI ON [ 00251. 1, 'ccording to the ptesent

i nvention, when recording on any of the tracksthe radial direction of
the magnetic disk, the nagnetic apply, Lg- section ﬁra erses the track
heat ed hr.[00R®Iheati n& sedﬂdantaﬁhi61$twudnuxetaheiﬁg a.sinC. I(e)
structure, ensures hig--density nmagnetic recordi ng, w thout being

affected 157 theodi S'@hécﬁaﬁﬂét@@t yeeBrbhegheabiang 96t hierad.sm
recordi ng el ement caused en the head is noved along an arc in the

radi ?'S Fbg%%ﬁ%e e ipgnatl & AR B B DT S dbke exddes) -

Dl g. I's an expl anatory di agram showng an
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 recording 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 magnetic disk.



exaT:ple of the configuration of a magnetic recordi ng device of the
present invention; Fig. 2 is a cross sectional v-iew show ng
the magnetic recordi nq device of the present invention.; Fig.
3 is a schematic confisntation diagramllepresenting an ezanple of

t he head of the present. invention; Fig, 4 is an explanatory
di agram representing the scope of a head 53 noving alonl an arc in
the radial direction of a nmagnetic disk 51 in the nagnetic recording
device :LOO of the present invention; Figs,. 51 51 and Sc are

pl an vi e%%%%g%;:%\ﬁﬁ%ﬁ%giéﬁti ng the heads SSa, 535 and 53c in.

the first. sent invention at each track position
explained with reference to Fig. 4, as viewed fromthe sane side as
that & |E9Q25] A0 B An'd® SHark” o Hyr ar’ @xpt & ni %gSan

exanpl e of the configuration of a recording elenent 103 in the, first
enbodi nentecErgsngsoandny00ar ehpl anavtkirewe Fepr 858aRIngliERetHeadt the
5Sa, 535 and 53c in the second enbodi nent. of the present invention.

at each tmackeposi tlish, exptainngdewiithapefeiencectdibine tr4veasas ewed
fromthe sane side as that of Fig, 4; and 8 is a diagram
expl ai ni ngranx exaapke By the seaftiger eticonoof arnecosdirngtekenebein@3a

in the second. enbodi nent _
simple structure, ensures high-density magnetic recording,
without being affected by 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

disk.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026] Fig. 1 is an explanatory diagram showing an
example of the configuration of a magnetic recording device
of the present invention;

Fig. 2 is a cross sectional view showing the magnetic
recording device of the present invention;

Fig. 3 is a schematic configuration diagram
representing an example of the head of the present invention;

Fig. 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;



DESCRI PTI ON- OF REFERENCE NUMERALS (0027] ma Suspension section 19 Arm

21 Liunt emtting outlet 51 Magnetic disk 52 Spindle 13 53 Head $4
Drive shett 55 Light source )
1

Figs. ba, 5b and 5c are plan views respectively
representing the heads 53a, 53b 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 of Fig. 4;

Figs. 6a and 6b are diagrams explaining an example of
the configuration of a recording element 103 in the first
embodiment;

Figs. 7a, 7b and 7c are plan views representing the
heads 53a, 53b and 53¢ in the second embodiment of the
present invention at each track position explained with
reference to Fig. 4, as viewed from the same side as that of
Fig. 4; and

Fig. 8 is a diagram explaining an example of the
configuration of a recording element 103 in the second

embodiment.

DESCRIPTION OF REFERENCE NUMERALS
[0027] 18 Suspension section
19 Arm
21 Light emitting outlet
51 Magnetic disk

52 Spindle



56 Optical fiber 80 Mdtor 100 Magnetic recordi ng device 102 Heati ng
section 103 Recording- elenent 104 Reproduction elenment 108 Pi asnon

probe 120 Magnetic applying section 121 Core 123 Coi
13

53 Head

54 Drive shaft

55 Light source

56 Optical fiber

80 Motor

100 Magnetic recording device
102 Heating section

103 Recording element

104 Reproduction element

108 Plasmon 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 100]

Figs. 1 and 2 show the schematic configuration of the
magnetic recording device 100 in an embodiment of the present

invention. Fig. 1 represents the upper side of the magnetic



BEST MODE FOR CARRYI NG OUT THE | NVENTI ON [ 0028] The fol | owi ng
describes the enbodi nents of the present invention with reference to
drawi ngs: [0029] [ Schemati c configuration of magnetic recording device
1001 Figs, 1 and 2 show the schidmatic cobfignrstion of the
magnetic recording device 106 in an enbodi nent of the present
invention. Fig, 1 represents the upper side of the nmagnetic 14
recurdi np device 100, while Fig, 2 shows the cross section taken

al ong arrow |l i ne The magnetic recordiec. device 100
i ncl udes a magnetic. djsk head_ 53 for ecordln and re rodu%ln%
i nf or mat i'GIEOH VG SHAFEES ndwﬁl%? §bdrc Bgowﬁs 8RoWwhCPR BFGEIT)

the head 53 is supported by the suspension. section. 18 of the arm
19, and ttkearad 499 srragshied dn’the drive, shaft 54. Wen the
magnetic disk. Si. is stopped, the bead 531s bi ased downwerd by the
suspensi ol0&®et i on 18 heamhdrieref oresothendottohrsulPacenetudhe heed
Si is kept. ie contact with the magnetic. disk 51. Wien the nmagnetic
di sk 51 stagtsti® @aotmteljnhthe direcki eacshawngbynar rewrGdutthechead
53 is. levitated at. a very small clearance of about 2 nmthrough 30

nn by thelﬁfcsrrﬁw%gen@mz@dsgaftns4bghaonnl§wcf eeE3ce Wherehy thewn in

di stance fromthe magnetic filmof the magnetic disk 51 is mainteined

Conetant,Flg. 1, the head 53 is supported by the suspension section 18
of the arm 19, and the arm 19 is mounted on the drive shaft
54. When the magnetic disk 51 is stopped, the head 53 is
biased downward by the suspension section 18, and therefore,
the bottom surface of the head 53 is kept in 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 nm by the
air flow generated on the bottom surface, whereby the
distance from the magnetic film of the magnetic disk 51 is
maintained constant.
[0031] The light source 55 is the laser light source of
a semiconducting laser element and others. The laser beam
emitted from the light source 55 is led to the head 53 by an
optical fiber 56.
[0032] Fig. 2 is an example of the cross sectional view

of the magnetic recording device 100 for recording and

production using both sides of a plurality of magnetic disks



[ 0031] The light source 55 is the laser light. source, of a

sem conducting | aser elenent and others. The | aser beamemtted from
the i gnt source 55 is led to the head Si by an optical fiber 56.
[0032]2 is an erenpie of the cross sectifonal view of the magnetic
recordi ng' 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 notor Sli The arm 19
01F. each head 53 used for recording and reproductions on both sides

f h th t 5
ohi ch 1 i ven by g etor 00 (0033) 7o Control e (har e ot ek

il lustrat.ed) eads Qut the ser p tern r r the net i
di sk 51, $SS|an{11 ‘the yepr HHUCT T o%?el ZII i(‘é) Cﬁﬁt eabcr}b ahder%gg‘h%?gcfor
di sk 51, and d tects %§03|t|on of the head 53 on magnet |
di sk: 51° VOSF gt OBf h%v?%@hb%eﬂeﬁeaé %ﬁ?h Bgsééeon
the result. of p05|t|on detection, the controller drives the notor ao
and r ot af'es 1He Ard vk s hat t1 54108t ¢ Ratn ebleh Aeade 58afs At edwhalcong s
an arc in the radial direction of the nmagnetic disk. SI, as shown in
the arrowrlidef B gy Mot@nd®s stopped at a predeternined track
position, [003el) The magnetic recordi ng device 10 for recording

[0033] A controller (not illustrated) reads out the

servo pattern recorded on the magnetic disk 51, using the
reproduction 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 signal having been read out. Based on the
result of position detection, the controller drives the motor
80 and rotates the drive shaft 54, so that each head 53 is
moved along an arc in the radial direction of the magnetic
disk 51, as shown in the arrow B of Fig. 1, and is stopped at
a predetermined track position.

[0034] The magnetic recording device 100 for recording
and reproduction using both sides of a plurality of the
magnetic disks 51 has been described with reference to Fig.
2. Without being restricted a plurality of the magnetic
disks 51, the present invention is applicable to the case of
recording and reproduction using one side of one magnetic
disk 51.

[0035] (Head overview)



and reproduction using both sides of a pjuralit- of the nagnetic

di sks 51 has been described with reference to Fig, 2. Wthout being
restricted a plurality of the magnetic diska 51, the present
invention is applicable to the case of lPecording and reproduction
usi ng one side of one magnetic disk 51, [0035] (LI ead overview)

Fic;, 3 shows an exanple 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. elenment 103 and
reproduction el nt T i 0 i ded. wi :
106, and a prigﬁgﬁl 5%$§“g%2§h2§§§%§- 5ﬁfﬁk§35%??%%§§§h¥%éiyfﬁ@f%€lon
hol e 106. _The | ower tion of the prism 105 is equi pped with an
opti cal ﬁﬁ%éﬁfﬁgmfﬁ%gﬂghe optical waveguide 107 is forned to have a
di anet er %f %$out 200 nm, and.. a plasnon probe 108 is installed on
the I'i ghtt%ni®%ti ng enbef 868%FP 3 he BEHPPOMTSEr Pace "6F SO RSP 53,

[ 0037] The pl asnon probe 108 is a triangular tabular netallic thin.
film (-mageteoralifmiafurhhe gelrd, 1 %i | Vére &edcotierls) pricor decanplte) and
is equi Pped with an antenna having an apex 1:3 with a radius of 20 ma
O 1,:iiascoffiemd igglemeact sl @h dihe. rqbasion: probel 408t neds . f iBla head
light is formed in the vicin.l.-v of the. apex P. It is known to
permt. macardiaigOrprepradutetiomn titobe pesf osmeda usihgn t1he Light
with a very small spot size_In this enbodinent., a plasnbn probe 103

i's installeddioqdihe ldghthemdiing posidionpfcibendpticab. The
wavegui de, whereby a | ocal plasnon is generated, and the size of the

i DR reSent ahbod et L the aps P of 1t He bl agnon B obh 1oa% s
assuned to be |.ocat at _the center of the .opti wavecni de 107, and
t he portiw&‘]’e(?fultcﬁeem'a rﬁ?ﬁ glolecafoéqusegcll&l ed helshea(?lil?%&s%%tl?%%e a
102. diameter of about 200 nm, and a plasmon probe 108 1is
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, gold, silver and
others), for example, and is equipped with an antenna having
an apex P with a radius of 20 nm or less. When light acts on
the plasmon probe 108, near field light is formed in the
vicinity of the apex P. It is known to permit recording or
reproduction to be performed using the light with a very
small spot size. In this embodiment, a plasmon probe 108 is
installed at the light emitting position of the optical

waveguide, whereby a local plasmon is generated, and the size

of the light spot formed in the optical waveguide is reduced



(0038]Fu.r.thlEn:, an optical fiber 5 is enbedded in the head 53. The
lemtting slid of. the opticel fiber 56 is arranged in the head 53 in
sucfl a way that the | aser beamemtted fromthe optical. fiber 56
will enter the prism 105. The optical iVber normally used has a

di anet er of about 50 through 250 ;.im [00391Wen information is
recorded, a |laser beamis applied to the prism 105 through the
optical fiber. 56. The | aser beam having been refracted or. reflected
is qu:Lded by the optical. wasegnide 107, and the dianeter of . the

| aser beam i duced to bo . 0"05 win urt her S|ze of_t
optical $pof %Oé&r ga@ué“é[br t E PTG RN Wfbofjﬁgleﬁl pr&Be & 1£ G
this manner, the |i . gfes t hrough the center of the heat|n

secti on. P1GZMOaNdPY P 13° THE hreighetd c Az B3t vc%?e%%n‘aer of

predeternlned m nut e reglon is heated, (0040] The | aser beamis
app' i ed ttdret e trregrietway aiskds 1101, 8and the portion of the \plasmon

probe 108 is called the heating section 102.

[0038] Further, an optical fiber 56 is embedded in the
head 53. The light emitting end of the optical fiber 56 is
arranged in the head 53 in such 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 pm.

[0039] When 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 guided by
the optical waveguide 107, and the diameter of the laser beam
is reduced to about 0.05 pum. Further, the size of the
optical spot is reduced to about 30 nm by the plasmon probe
108. 1In 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 applied to the magnetic disk 51
through the heating section 102, whereby the minute region on

the rotating magnetic disk 51 is heated. At the same time,



the reording. elenent 10% allows a magnetic field to be applied to
the m nute region having been heated. The circular magnetic section
to be recorded. on the rotating nagnetic disk 51 by the nmagnetic
field applied in this manner is calledlfhe track. [0041] An exanple
usit the prism 105 has been described wth reference to Fig, 3, The
optical elenment is not restricted to the prism 105 alone, A mrror
or lens can be used as the optical elenent_ Further, w thout using an
or.tical elenent, it is possible to use a head 53 wherein the |ight

T ooan i SR lede APPI PRl 4 N dAney! £ 8k dhoe

t hrough t
expl anat ory di agram representing the scope of a. head ﬁﬁ i ng al ong
an arc iﬁﬁ%quﬁoaltklﬁpﬁ‘é]&%ﬁ] 79 O e et T2 k?ﬁ%rkhh%‘it? "ﬁ%%gneti c
recording .device 100 of the present invention - [0043] The sane
f unct i onalirslemente g tHosee dekset i bed®® o FaxBecaset ghed WPEATERE
sane nunerals of reference, and will not be described to avoid d
pl i cati omadrl04i4] Thies ir €f erignciehe mmernat 1 538i¢ hdt flep Hiahi g Fhdbcareser
the pos-ition of the Jiead. 53a at the tine of retarding on the track
i n the outerdmsteperipheryck of the magnetic di sk 51, The reference
nnnmeral 53c shows the
[0041] An example using 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
optical 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 108.
[0042] Fig. 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 far will be assigned with the same numerals of reference,
and will not be described to avoid duplication.
[0044] The reference numeral 53a in the drawing
indicates the position of the head 53a at the time of

recording on the track in the outermost periphery of the

magnetic disk 51. The reference numeral 53c shows the



| 9 position of the head 53c at the tine of recorhing on. the

i nnernnost 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 nuneral 53hlPndicates the position. of the
head. 53'n at the tine of recording on the track |ocated internediate
bet ween the outernost and i nnernost peripheries. [0045]"1'l1" denotes
the rotating center of the magnetic. disk 51, The X axis indicates
the |line segnent passing through "M and parallel to L2, while

t heaxi s r%p(jl sent S ,_rt ht% | |qrzteeaﬁs1e§{cen§t @(é’e@ﬂhe‘;“&?rré }t(ﬁtfn&( %4§T¢The

arr ow na rec 1 OI’IS (0] and axes are pOSI | ve Li"
is a. line seggti3: connect i t hi etmeen R€%§ce§{ the 3f§
section 102'Y Stlﬁqﬁkﬁq%ﬁ¥xp i e ARyt He
and the. rotating center O of the drive shaft 54, "L2" |s a line
segment dorectidRy bet vissh THe centeneior het ekt niP selt | oht02 eHet
illustrated in Fig, 4) provided on the head 53b, and the rotating
center O roft tihg whiine eshaf (ThE4 reflegerice e segnentdiconnett §ling
bet ween the center of the heating. section 102 illustrated in Fig, 4)
provi ded.pca ttihen headhdb3Icsa@ns3h het rohat t nge cefit eeodrtihegdpnvehshaf t
54, "01" indicates an
track located intermediate between the outermost and
innermost peripheries.
[0045] "M" denotes the rotating center of the magnetic
disk 51. The X axis indicates the line segment passing
through "M" and parallel to L2, while the Y axis represents
the line segment perpendicular to the X axis. The arrow-
marked directions of the X and Y axes are positive.
[0046] "L1" is a line segment connecting between the
center of the heating section 102 (not illustrated in Fig. 4)
provided on the head 53a, and the rotating center O of the
drive shaft 54. "L2" is a line segment connecting between
the center of the heating section 102 (not illustrated in
Fig. 4) provided on the head 53b, and the rotating center O
of the drive shaft 54. "L3" is a line segment connecting

between the center of the heating section 102 (not

illustrated in Fig. 4) provided on the head 53¢, and the

rotating center O of the drive shaft 54. "01" indicates an



: 20 angl e between the Li and 1,2, '02' indicates an angle between the
L2 and L3. If the linmsegnent L2 is parallel wth the X axis, and
the T2 is a reference., thmhead 53 rotates about. "0" by. 01 in the
outernost. peripheral direction, and by002 in the innnrnost

peri pheral direction, 100471As descti bed abovo, '.Thm havi ng noved
in the outernost peripheral direction, the head 53 is tilted by 01
wWth respect to the X axis. Wien having noved in the innernost

peri pheral direction, the head. 53 is tiltnd by 02 with respect to
the X axis. [0048] The foll owi ng describes the head 53 and. recaqrd".no
el enent FOFi%h RHe'$§1 sthenbodiment? of the préSémttShehti e Suth-veen
reference to Figs. Sa 5b and Sc and Figs. Se and (Jib. Figs. 5a, 5b
and 5c artégllah ai@ws3 r esifectiieveliyna eprasent iL1 hies heads! 53a,w58h ahd X
53c in the first enbohi ment at each track position explained with

ref ntencesstos Fighd 4sha@sLyi ewed feosréheesanreshded a3 rhatteb BEbgkar

t he sake of explanation, Figs. 5a, 5b and Sc show a heating section

102, recardi t 3 0 i e r ovjyd :
102, 7 SCon 10| SN A0S0k 000 oL L00e TR 0P 90 e

Se and Share di agr.21nms expl ai ni ng .an exanpl e of the configuration
rof a redﬁFﬁiﬁ@?eﬁm%ﬁ%nPeﬁgﬁéeFﬂT afretick.

[0047] As described above, when 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 tilted by 02
with respect to the X axis.

[0048] The following describes the head 53 and recording
element 103 in the first embodiment of the present invention
with reference to Figs. 5a, 5b and 5c and Figs. 6a and 6b.
Figs. 5a, 5b and 5c are plan views respectively representing
the heads 53a, 53b and 53c in the first embodiment at each
track position explained with reference to Fig. 4, as viewed
from the same side as that of Fig. 4. For the sake of
explanation, Figs. 5a, 5b and 5c 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] Figs. 6a and 6b are diagrams explaining an

example of the configuration of a recording element 103 in



21 the first entodinent. in the first pLiicci:, the configuratiom of
the recording. element. 103 wll be described with reference to Figs.
6a and Lb. Fig. 6ais a plan view of the recording el enent 103 as
viewed fromthe side of the Tragnetic dilsk 51, and Fig. Lb is the
cross sectional view thereof. .r.r,flrfl N LVWOVA The recording

el ement 103 is a comoniv used nagnetic head.. A. core 121. made of
a magnetic material is wound with a coil 123 to formthis recording
el enent 103, When an electric signal is applied to the coil. 123, the

magnetic field is generated by the tic appl .i.. sectd.on. 120

and a rragtﬁbeti%“bsatit %Oc?%m?ré%br d‘gld tgﬁegt 1é magneti e &%Co&fl i ton
i ndicates the length of the nmagnetic_applyin ection 120, The
nagneticcﬁi&QPi%?QQﬁ?&%BVW%?W?P¥h}g3r%hbi,b%0%%§§?ﬁge o+ bli pgference
descri bes the heed 53e at the tinme. of recording on the track at the
ref erenc&Pdsias ontd ovad el - | itier mediiat & betateeht he® fouit &t notoamtng

i nnernost peripheries, As described above, |aser beamis applied to

t he medi umdnwough)3 the heavengfsest toa 402et ofheht. mebirehiautieésk 51,
regioh. of the magnetic disk ti. At the sag.e tinme, the recordinp

el ement 103 applj eso magneté ccibebdséot i beabi nute tkgireafhavi hq been
heat ed, whereev recording is perfornmed. The m nute region. having

been heatgshd ) subj ectied 10 dmane i€ weaken g by Headihhiehl andsed

coercive force is reduced_ This 22

' 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 applying section
120, and a magnetic pattern is recorded on the magnetic disk
51. "G" indicates the length of the magnetic applying
section 120. The magnetic field is formed within this range.
[0051] The following describes the head 53b 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 region of
the magnetic disk 51. At the same time, the recording
element 103 applies magnetic field to the minute region
having been heated, whereby recording is performed. The

minute region having been heated is subjected to magnetic

weakening by heating, and coercive force is reduced. This



al l ows magnetic recording te be nerfornmed by the magnetic field
formed by the recording elenment 103. In the neantine: the non-heated
regi on has a blab. degree of coercive force, ang recordi ng cannot be
performed by application of magnetic. £ield, [0052] As descri bed
above, the recprding elenent 103 applies magnetic field to the
magnetic disk 51 within the range definbd by the Iength G of the
magneti ¢ applying sectioh 120, Tn this case, the length. G of the
magneti c ppl.ying section 120 is not directly :equivalent to the

ion of di t t k 51, _but
o9 on of neser g on Lhe. TRaneL) ool 8 S8 pBthobgy ALY

|0053]The_"d|" of 5 denotes the distance bfégeen th 0|nt
wher ei n tHe %ﬂﬁﬁkﬁﬁ onnettP Ryl het weehct he ntéPlo lﬂ??ﬁ%&mﬁg
section. 102 and the rotating center 0 of the drive shaft 54 crosses
the magnetiic rapptiyéaigeSecedonn 1205 andlighedeenter 0bf COREChEBEL FAGCS,
section, The line sebnent indicated by the arrow 02 in Fig, 5b is the
tangenteﬁndrmemmmmim@ pontdonbef ptheotmabhkbwhbpeil nicthéoheafedaninpitie
regioh Gt the magnetic disk 51 noves, In the vicinity of the heated
regi on, thie-t@angential 02 lies in the positive X axis dirbction, and
agrees with the Iine segnent L2. [0054]Fig. 5a. shows that the head

53 is rotfd@sbjoy 01 fromdde neferanse. posid i 8f:okdi fhes DR ADSD3
peri pheral direction to reach the track on the outernost periphery.

The |ine aﬁ@%;é .I‘f\{%ﬁﬁ%ﬁigdﬁ%ﬁ&h@oa{‘-Egyﬁ%gmt 83 skhe 1t 3eent ale on

Iaa%nelg

t he outer 0 e frac In the heated m nute

regi on on the etic disk 51 Myves. t Vi ci_ni of at ed

m nut e reﬁﬁ?ﬁ? l?% g%ﬁtFBF éangﬁeg Ph Eﬁg nglt%ég ?pgﬁgl%%
direction, The line se nent Li is tllted by 01 with_reference %

t angent i al€BALOTol pdt (4" anvtheratiay. Cho1l§29thet anfl P F oPAERSbY Ct he

Li connecting between the center of t he heati ng. section 102 ane
rotating.aigeht erg Oseftine dPPvesshatt d54ecaad EREiVaRGenRt ital tSie gipgion
t he outernost periphery of the track heated or the heating section

102, of recording on the magnetic disk 51, but the width of the

heated region is the width of the magnetic track for
recording.

[0053] The "dl" 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 O
of the drive shaft 54 crosses the magnetic applying section
120, and the center of the heating section. The line segment
indicated by the arrow S2 in Fig. 5b is the tangent at the
central portion of the track wherein the heated minute region
on the magnetic disk 51 moves. In the vicinity of the heated
region, the tangential S2 lies in the positive X axis

direction, and agrees with the line segment LZ2.



raflir.cl 5,0, oo t. As doscribed above, magnetic recording

can be nmade only when the magnetic field is applied to the heated

m nute region, The nmagnetic applying section 120 nust. have at | east

the length of traversLaq the tangentiak3Si wherein the heated m nute

region nores. The length qi of the magnetic. apply 'io section 120

requi red when the head 53 has nctned to the track on the outernost.

peri phery nust satisfy the following Forn2la (1): (0056]qgi > di x tan

ol ", ", (1) 24 As shown in Fig, Sc, the case is the sane

when the head is noved. by 02 in. the direction of_ the innernost

peri pher LG4 t he r &f6rence 56T iTORT 02 Hessr esents &gl &2y 01

formed by the |ine segnent L3 connecting between the center of the

heati ng sectn arh< 02 andtde potatiog centiee ofit¢treodri vershattrab4,

and the tangential 3 of the innernost periphery of the track heated

by the heatidd S8Cti®NeHMCEhd MErack on the outermost periphery. The
line segment indicated by the arrow S1 denotes the tangential
on the outermost periphery of the track wherein the heated
minute region on the magnetic disk 51 moves. In the vicinity
of the heated minute region, the tangential S1 lies in the

positive X axis direction. The line segment L1 is tilted by
01 with reference to the tangential S1. To put it another

way, 01 is the angle formed by the L1 connecting between the
center of the heating section 102 and rotating center O of
the drive shaft 54, and the tangential S1 on the outermost
periphery of the track heated by the heating section 102.
[0055] As described 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 traversing the tangential S1 wherein
the heated minute region moves. The length gl of the
magnetic applying section 120 required when the head 53 has
moved to the track on the outermost periphery must satisfy

the following Formula (1):

[0056] gl > dl x tan [01] ...... (1)



tangential S3 is tilted by 02 with respect to the |line segnent L3,
the length g2 of the nmagnetic applying section 120 required when the
head 53 noves by 02 in. the direction of descri bed
above, the length G of the nagnetic appbsaa_ section 120 capabl e of
recordi ng can be obtained fromFormula. (3) both on the innernost and
out ernost peripheries, [0058]C > gl g2 = dl x tan 1011dl x tan 1021_
For exanple, assune that "di" is 1 sm and 1011 = 100. This requires
the recording el enent 103 wherein the length G of the nagnetic
appl ying section 120 is greater than 0.353 tam

As shown in Fig. 5c, the case is the same when the head

53 is moved by 62 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 S3 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
the innermost periphery is required to satisfy the Formula
(2):

[0057] g2 > dl x tan |02] ...... (2)

As described above, the length G of the magnetic
applying section 120 capable of recording can be obtained
from Formula (3) both on the innermost and outermost
peripheries.

[0058] G>gl +9g2=4dl x tan |01] + d1 x tan |62]...(3)

For example, assume that "dl1" is 1 pm, and 101| = |92|=

10°. This requires the recording element 103 wherein the
length G of the magnetic applying section 120 is greater than

0.353 pm.



2 5 [0059]As the length G of the magnetic applying section 120: the

| oss of the generated magnetic field is increased. Aconrdi hgly, the
length. is preferably shorter than. the spece between tracks (U0601As
dencri bed above, the lennth. G of the fAagnetic applying section 120
of the recording. element 103 is increased to ensure that the
recording element 103 is non. affected by the displacenent of the
heating section 102 ann recordi ng. el enent 103 caused when the heed
is noved along an arc in the radi al direction of t he mahnetin di sk

51. This r geTent _ensures hi nhede c reonr.dl.no to bhe
perforne& ﬁg a si 3% ﬁ?ﬁ@?@r% 06é lﬁgaﬁgﬁﬁ%ﬂg SFE S Y
7c anh 8, the follomnng descri bes the heeh 53 and record|n

el ement . f@é|q¥%fk?%%éﬁhdjﬁaﬂﬁﬁﬂ?ﬂﬁﬁdcﬁaqmﬁﬁh?é@éﬂ |h%eh@?6ﬁasﬁﬁ
a, 7b anh Sc: are plan views respectively representing the hnadh 535,
53b and 33cdmirel weddd erbodi mentpof ¢ hed by esentt¢nviehan ohhat seach
track position explained wwth reference to 4, as viewed from

t he sanersitdean thwmikof Fig, 4, For theeake of wxplaatioh, Fig, 7a
7b and 7c show the heating section 102, recording. elenent 103 and

repr oductioyx el ement pAk04provinded v d he sunface roppast& Ho hdgnetic

magneti c disk 51 of the head 53. Fig., 8 is a diagramexplainirg. the

nagneticaﬁgiying section 120 of the recording element 103 is
increased to ensure that the recording element 103 is not
affected by the displacement of the heating section 102 and
recording element 103 caused when the head is moved along an
arc in the radial direction of the magnetic disk 51. This
arrangement ensures high-density magnetic recording to be
performed using a simple structure.
[0061] Referring to Figs. 7a, 7b, 7c and 8, the
following describes the head 53 and recording element 103 in
the second embodiment of the present invention. Fig. 7a, 7b
and 7c are plan views respectively representing the heads
53a, 53b and 53¢ in the second embodiment of the present
invention at each track position explained with reference to
Fig. 4, as viewed from the same side as that of Fig. 4. For
the sake of explanation, Fig. 7a, 7b and 7c show the heating
section 102, recording element 103 and reproduction element

104 provided on the surface opposed to the magnetic disk 51

of the head 53. Fig. 8 is a diagram explaining the magnetic



appl yi ng section 120 of the recording elenment. 103 in the second
enbodinment. It is a. plan. view of the head 53 as abserved fromthe
side of the magnetic. disk 51. rnflIC :zNIn the first place, referring
to Fie, 8, the configuration of the reéérdfrly el enent 103 will be
descri bed_ The recording element 103 of this enbodinment is different
fromthat of the first enbpdinent in that. the magnetic applying
section 120 is fornmed in a circular arc abput the center of the
heating section 102. The cross section of the recording el ement 103

|s the s%ﬁ&%@% rcecclogriz;ll% ecldte”ﬁ?é_ 103, desg Qf&e%tﬁie{ﬁréﬂge to

Fi gs, ogre a magnet c nateri I'S woun

wth a. coil oxm t his recordi eIenEnt 006
refers t @etcﬁél%ﬁ%md{“?e&tm dﬁﬁg 15N %t g‘ ack" r?t d| a aed3]t)5§t ken t he

i nnernost and outernost. peripheries, In the sane nanner as El a" 5b,
the heat OPSHTR®E Fegh omd s5 ¥ ot de'd e THeITF heC séhent L i ndi cat ed by
the arrow S2 in Fig. 7b denotes the tangential wherein the heated

m nute rddid®lon t he Livaghet ife rdits o 150 avoriest e I tch & Vi idi hi td ofh¢ he
mnute region, the tangential 32 lies in the positive X axis

di r ect i omorahndyagxeies) w £ hcltderdcmed segnenene2t The wdi! bé Eegsribed.
and 5c. is assuned to denote the distance between the point wherein

the |ine 1segneMoconnect i dgebet nveenor 27hi becgienti eeot thedheatiragt
section 102 and the rotating center 0 of the drive shaft 54 crosses

‘the magneti g, applyidg tsﬁ&tfPf‘s’é-z&nb@@gméﬁg centeit Ofntheaheatiing

section. [0064] As showmn in Fig. 7a, on the track of the
applying section 120 is formed in a circular arc about 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 core 121
made of a magnetic material is wound with a coil 123 to form
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 Fig. 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 moves. 1In the vicinity
of the minute region, the tangential S2 lies in the positive
X axis direction, and agrees with the line segment L2. The

"dl" of Figs. 5a, 5b and 5c is assumed to denote the distance

between the point wherein the line segment connecting between



out ernost per phery, the tangential. Si on the outernost periphery of
the track wherein the heated m nute region on the magnetic disk 51
shown by the arrow Si noves is tilted by 01 with respect to the |ine
segnent LI. Thus, in Fig, 7a, the portien wherein magnetic field is
applied to the heated m nute region corresponds to the upper portion

of the magnetic applying section 120, "d3" is assuned to denote the

di stance 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

i s rotatedhy Tntaownrt tHe thegkind $%%t%%%e%&%s@nﬁthﬁh§P9?tﬂH€ center
tangential 33 wherein the heated m nute regi on on the magnetic disk

51 i ndi cat@®dbythdedarvoveEst novescTess¢st ede byagnet it Appégpact seetion
the Iine segnent L3. Thus, in Fig, 7c, the portion wherein nagnetic
field is amd, ethd cclidhecdeadedofn tivé eheging sectesponds to the | ower
portion of the magnetic applying section 120, "d4" is assuned to

denote thero@fdi st aneg heideend hegenter &f dhe heatiedof eghen. in.

this case, and the crossing point wherein the magnetic applying

SeCtioniﬂ%hgéfH$§§ ef%ﬁ?égggig%ég#agﬁen£99§6kinohhhﬁeeggggkm%@b

the magneti c appl yi S e recording el enment 103

nmount ed on_the -head 53 is for in acir a ne . c r. of

the heati A setToh 102718 otk -e‘ﬁﬂ%ﬁﬁf‘lai g#én@e%%%% g‘%}m&og@ iqgrﬁl, To
put 1t angthe tina®id af% s P39 it by enb! TE-051 WEEN NS LA0 BY g 1y

01 with respect to the line segment L1l. 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 S2.

[0065] As shown in Fig. 7c, when the head 53 is rotated
by 02 about the track of the innermost periphery, the
tangential S3 wherein the heated minute region on the
magnetic disk 51 indicated by the arrow S3 moves is tilted by
02 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



| aser beam t hrough the heating. section. 102 and application of
magnetic field fromthe magnetic applying section 120 is constant,
regardl ess of the position on the nagnetic. disk. 51 to whicn the
head. 13 is noved. This ensures that tRé tenperature of the heated

m nute region on the magnetic di sk 51 when magnetic. field is appaied
is constant, and magnetic recordini is performed under stable

condi tions, (0067] The read-out operation is perforned separately from
the wite-in operation. The reproduction elenment 104 related to the

read-out pperation is not subjected any restriction on.the.relative
bost £ on TRHTHTe HERTHY oot TERCaDo Ants o6t o g™ e khant 108>
1.0068) T: s descri bed above, the present invention provides a nﬁgnetic
recordi r FE\A ceHest ghed $ 1S A S WpHet sYr ettt et P Raf @8RS tkes?PP LY ing
hi gh-density magnetic recording, -)9 CLAIMS A magnetic recording
devi ce i rdidiang: 120 di skvel¥$ 9% nghdevicgchbtatobati ng a magnetic di sk;

[0066] In this embodiment, the magnetic applying section
120 of the recording element 103 mounted on the head 53 is
formed in a circular arc and the center of the heating
section 102 is located equidistant from any position, to put
it another way, d2 = d3 = d4. 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 which the head 53 is moved. This ensures that the
temperature of the heated minute region on the magnetic disk
51 when magnetic field is applied is constant, and magnetic
recording 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 element 103.

[0068] As described above, the present invention
provides a magnetic recording device designed in a simple

structure that ensures high-density magnetic recording.



a head provided with a heating section fir heating a circular track
of the magnetic disk, and a recording el enent for applying a magnetic
field nodul ated by electric signals to the magnetic disk; and

a head drive device for noving the headal ong an arc in a radi al
direction of the magnetic disk by rotating about a drive shaft;
wherein, in any of tracks to he recorded in the magnetic disk, the
recordi ng el enent contains a magnetic applying section of a length
capabl e of applying magnetismto the track heated by the heating
section. 2. The magnetic recordi ng device described in claiml wherein
the length G of the magnetic applyi ngCBaE¥ P on satisfies a Fornul a.
(A, when: "dl " denotes a distance between a point wherein a
I i ne segnent coAneethegibetweemrddngeieer cef inkd udgalg:ng section and a
rotating center of the drive shaft crosses the magnetic applying

sect'-n and theacanter gefiving BeaticRg feRCHRRLing a magrRltid ndigHat es
an angle forned by a |line segnent Li connecting between the center of

ggeogtegﬁ :ﬂggt sec H@aﬂ”?r&%dﬁéo wrigthatai R GEMLTs Lt sl e A M shald 4 n
peri pheral track, and the. taneehtial Si of the
outermost RerLREr k2Pt REA A Ned e 188 N8ia SPUd bdi B %1 ement
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 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.
2. The magnetic recording device described in claim 1
wherein the length G of the magnetic applying section
satisfies a Formula (A7), 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 section, and the center of the heating section;
"91" indicates an angle formed by a line segment L1

connecting between the center of the heating section and the



"02" represents an angle formed by a |line segnent 13 connecting

bet ween. the center of the heating daction and the rotating. center
of the drive shaft in the track of the innernost periphery, and the
tangential 52 of the innernost peripherdf of the track heated. b- the
heati ng section, 011di x tan 3. The magnetic recordi ng device
described in claim| wherein the maghetic appjsection is shaped as a
circular arc formed about the center of The heating' section.

The nmagnetic recording device described in any one of clains 1

t hrough 3 rein_the hea S ct ion s.the tra k rradi.a
Wt P gmo S el TR - Bl e huCaalr L shotpi BEECHIaraPRTBR
track, and the tangential S1 of the outermost peripheral

track heated by the heating section; and

"02" represents an angle formed by a 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 S2 of the innermost
periphery of the track heated by the heating section.

G > dl x tan |Gl| + dl x tan |62| ........... (A)
Bl The magnetic recording device described in claim 1
wherein the magnetic applying section is shaped as a circular
arc formed about the center of the heating section.
4. 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 recording 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.
6. 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.



wherein the head is provided with an optical fiber that |eads the
light froma |light source to the head- The magnetic recording
devi ce described in claim4 wherein the heating section has a.

pl asnmon probe for generating near fieldshight and irradiating the
track.. 31 7.The magnetic recording device described in any one of
clainms 1 through 3 wherein the head includes a reproduction el ement
for reading the magnetic information recorded on the nagnetic di sk,
8A nmagnetic recordi ng head drive nmechani smi ncl udi ng: a head
including a heating section for heating a circular track of a
rotating magnet i’ &liAgneHC et iRy baeniesor1appl yrngivhene of
magnetic field nodul ated by electric signals to the nmagnetic disk;

and claimad drhiveuglevi cend oeimovhaghesd headudeong aapapductian
radi al direction of the magnetic disk by rotating about a drive
shaft; elemaier &b, rédd oy ofie tnaghkstio berfoeeatded racbhéed on the

magneti ¢ di sk, the recording el ement contains a magnetic applying
section ofpaylengt hacapabl e of applying magnetismto the track heated
by the heating. section.

8. A 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:

"dl" denotes the distance between the point wherein the
line segment connecting between the center of the heating

section and the rotating center of the drive shaft crosses



9. The magnetic recordi ng head drive nechani sm described in claim38
wherein a length G of the nmagnetic applying section satisfies the
Formula (A), when: "dl denotes the distance between the point
wherein the e segnent connecting betweersz he center of the heating
section and the rotating center of the drive shaft crosses 32 the
magneti c applying section, and the center of the heating section;

"1" indicates an angle forned by the |ine segnent Li connecting

bet ween the center of the heating section and the rotating center of
the drive shaft in the outernost peripheral track, and the tangenti al
Si of the Wi cna@Ret perdphty angt fackinBat eBdbyhehechESE] R $&6& iheting
and "2" represents an angle fornmed by the |line segnent L3
connect i ngsdetiven the center of the heating section and the rotating
center of the drive shaft in the track. of the innernost periphery,

and the tangentiad; 62 ,0ii ddxe-d nherimsie PESI-REEI ¥y oththeiheagkgheated, 1
by the heating section. 101 + di x tan 021. (A 1%,The magneti c

recording Qg eQEiHE ﬂggagghsghgeégﬁhggdof the heating section and the

rotating center of the drive shaft in the outermost
peripheral track, and the tangential S1 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 periphery, and the tangential S2 of the innermost
periphery of the track heated by the heating section.

G >dl x tan |01 + d1 x tan |62]............ (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
in any one of claims 8 through 10 wherein the heating section

heats the track by irradiation with light.



in claim8 wherein the magnetic applying section is shaped as a
circular arc fornmed about the center of the heating section. 11.The
magneti c recordi ng head drive mechani sm descri bed one of
clainms 8 through 10 wherein the heatingszsection heats the track by
irradiation with light. 33 12, The nmagnetic recordi ng head drive
mechani sm described in claim11 wherein the head is provided with an
optical fiber that leads the light froma light source to the head.
13. The magnetic recording head drive nmechani smdescribed in claim1l
wherein the heating section has a plasnon probe for generating near
field |ighR-andTher Hgoaeitdg Mesonddeis. hepd drHeg el e i higeed
head drive nmechani sm described in any one of clainms 8 through 10
wherein the kdadm A4l wihesedn repr dohwet iien petceneisd fvorthr eadiat idrel
magnetic information recorded on the magnetic di sk,

fiber that leads the light from a light source to the head.

1.3, 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
reproduction element for reading the magnetic information

recorded on the magnetic disk.



