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1 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
magnetic recording device and magnetic recordi ng
head. BACKGROUND CF THE | NVENTI ON [0002] In the
magneti c recordi ng nethod, a magnetic bit 1is
seriously affected by the external tenperature and
other factors as the recording density is increased.
This requires use of a recording nedium having a high
coercive force. However, use of such a recording

medi um i ncreases the nREREEFECATEOYN required for
recording. The upper limt of the magnetic field
generated by a recording head is determ ned by the
saturated magnetic flux density. The value thereof is

MAGNEWY CC REGORDUNGhBEVICE! AND HAGREWBCEREGORDENG HEAD DRIVE
drastic increase in this value cannot be expected. In

one of the techniques propegafirkMm sol ve this problem
magneti ¢ weakening is caused by [ ocal heating at the
time of recording, and recording is perfornmed when

the coercive force 2 is reduced. After that, heating
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[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 i1s already close to the limit of each material, and a
drastic increase in this value cannot be 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 is performed when the coercive force




cooling is started, whereby the stability of the
recorded nmagnetic bit is ensured. This nethod is
known under the nane of the thernmally assisted
magneti c recordi ng nmethod. [0003] However, in this
recording method, part of a pmagnetic disk is heated
using a heating section, and the coercive force in
this region is reduced. A magnetic pattern is forned
in the region with reduced coercive force using a
recording elenment. A series of these operations is
performed to reduce the required generati on nmagnetic
isf reHdcefi.t hefteeconai ngheteheptis FRrsperded b queriiral
to the recording operation, the disk tenperature is
cobeduged shack rtedt heheeeny tespetabuiétyand ther ebopeded
even a smal|l magnetic pattern is Iess subjected to
nabREEARl pagi tat kaRurAdSt abh es resorel Ngs Paswerindsr the name
mai ntained for a long tinme. Achievenent of this
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assi sted magnetic recordi ng head is noved al ong an
cogreiive ttheceadinalthdisr EOLER &F ﬁﬁéuﬁﬁSnet$cm@9§%?lc pattern

there wll 3
is formed in the region with reduced coercive force using a
recording element. A series of these operations is performed
to reduce the required generation magnetic field of the
recording element. Further, subsequent to the recording
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




be a change in the angle between the track recorded by
the recording elenent, and the head. Then the heating
section located far away forwardly of the recording
elemrent may heat a different track. In such a case,
the track wherein the recordgng el enent passes by is
not heated, and a nagnetic pattern cannot be forned
correctly on the magnetic disk. [0005] To sol ve such
a problem for exanple, a |laser beamused for heating
is applied fromthe direction as viewed obliquely
fromthe region of the generated magnetic field, so
PHL 1T WINgL R Hhen Bk riefiwrer| Usert tack heegegiah of the
generated magnetic field (Patent Docunment 1). In
regiotdiery evettiott haai g Heedrequi opased, tael asar ibgageten on
heating is applied fromthe position closest to the

1dwedtbdereveray possidddEly Ui Nthed MREAUIE (IRMEM may heat
Docunent 2). [0006] According to the nethod disclose
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bet ween the head and nmagnetic disk I's reduce
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applying a | aser "beam1n sl anti ng

I e nd the pasitjon i iately below the
paﬁg%%?ﬁ?ﬁﬁﬁgﬁé&%hﬁg%gﬁﬁ%fxﬁgggggﬁéﬁﬁ ALEOMGIORG TG CHek-
[O%ﬁ§q0d di s Ioseg in Patent Docunent 2, if the size of

t recor dPng°el8nghthi @ Peabedn: t BoBnswpePle, a laser

hi gh-density magnetic 4
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 method 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
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recording, the formation of the waveguide wll be very
difficult. (0007] In still another nethod, an offset
mechanismis provided to nove the regi on heated by
the heating section, across the width of the slider
relative to the recording elgnent, thereby overcomn ng
t he di sadvantage of the heating section being |ocated
separately fromthe recording elenment, and ensuring
hi gh-density recordi ng (Patent Docunent 3). The
Pat ent Docunent 3 al so discl oses the nmethod of
providing a plurality of recording el enents and
reveatd iny s edtd dsymaghierreiat e wafvadhe deecarldi g very
el enents or one of the heating sections is selected
digsfiappropri ate so that the region heated by the
recordi ng el enent and heating section will be noved
[oogAti vel y Tackess 1t Bacwhdi-hmetnbhe BeadrgkedefmecRaheBh is
Docunent 1: Japanese Unexam ned Patent Application

priMRldLatd On Ne. 2001- 13387 Rakent [OGUNEN. 25 lARANAS SN,

Unexam ned Pat ent plication Publication

T
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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




[0008] In the nethod of using an of fset nechani sm as
di scl osed in the Patent Docunent 3, however, the
heating section is noved in the axial direction of
the head. This requires a high-precision drive
devi ce. Mounting of such a dgive device on a very
small head is difficult. Further, conplicated contro
circuits and control procedures are required to
ensure high-precision drive of the heating section as
t he head noves on the disk. Further, the Patent
Docunment 3 discloses a nethod of installing a
DESOL@BVRE OF INUEBNTAPNg el enments and heating sections,
wherein one of the recording elenents or one of the
PREBLEMS TECBEOBOLVEDSBWeTHEAINUENEPPNOpPri ate. This
requires a great nunber of parts to be nounted on a

[eog]smal | heathe ansk k@I § Gad Bty GONtI D setCinLdidrsi St s
control procedures to be used. [0009] In view of the
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e present 1nvention to
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PROBLEMS | 0010 To sol ve the af orementi oned probl ens,
r?ﬂglﬁ?és@nFlgPnEEﬁFf-BhOPSdEh‘é?a@?‘é??%ed MR tHE9 of such a

follow ng Structures: [0011] 1. A magnetic_ recording
dgévgcgeyhggugpn@ 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.




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 nodul ated by
electric signals to this magnetic disk; and a head
drive device for noving the head along an arc in the
radi al direction of the magnetic disk by rotating
about a drive shaft; the aforenmenti oned magnetic
recordi ng device being further characterized in that,
in any of the tracks in the radial direction of the
MEﬁﬂﬁnE%BcsﬁFgﬁyGtWEErBBQPHEH§ el ement contains a
magnetic applying section that traverses the track
fo%gﬂ ed by Thesdeet i tite sebtiomni0012] Problkemgyagriat imresent
recordi ng device described in the Structure 1 wherein
invhetienglh EnhatatberimgaebictAPPEYlDEwisGCEt Plctures:
satisfies the Fornula (A), when: "dl" denotes the
[00135] ance be!weemalghetRel Rk cWher ey dehe ol Re1sagrBnt
connecti ng between the center of 'the aforenentioned
heat i ng; sgci op; ddéﬁfcéo£@f'9 SEN raQﬁaééE%fe disk;
drive shaft crosses the aforenenti oned magnetic
applgiﬁgadsection and the center of the h

ti .
secti on: 2@ 0T OV haTCat b5  af Bt E'9 o??@%l%eﬁféq??%%mg the

. nt L1 _ . . .
c1§§§f§r 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 in the
radial direction of the magnetic disk, the recording element
contains a magnetic applying section that traverses 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




connecting between the center of the heating section
and the rotating center of the drive shaft in the

out ernost peripheral track, and the tangential Si of
the outernost peripheral track heated by the heating
section; and "02" represents an angle forned by the
line segnment L3 connecting between the center of the
heating section and the rotating center of the drive
shaft in the track of the innernost periphery, and

the tangential S2 of the innernost periphery of the
track heated by the heating section. [0013] G > dl x
dramelehaf+ dirogseanthe2aforementfapedamaghetimgaepilyging
recordi ng device described in the Structure 1 wherein
stheiaher enenthenedntagneti chappkytihgg section;i s

shaped as a circular arc fornmed about the center of
the hegiinggeckton. a£094é1e4fo£m@d gn@ﬁé Cl{ﬁ&og%rﬂ&nt L1
deV|ce described in any one of the atorenentioned

ruc%ures 1. thr sec

RhLEEL RS pRokeRy Oe gHNEER A LR REAEIRY 88CHLB rna the

5. The magnetic recordi ng device descrjibed in the
rQFéFéﬁﬁnFﬁaﬁéa 8fr GeeureiiewABRrEFn1RhENRegytFEMOSE

provided wth an optical fiber that | eads the |ight
pPeEdRharplghrackeurpd tbet hangeafiial S1 of the outermost

peripheral track heated by the heating section; and

"O2" 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 |81] + 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.




[0016] 6. The magnetic recordi ng device described in

the Structure 4 wherein the heating section has a

pl asmon probe for generating near field |ight and

irradiating the aforenentioned track. [0017] 7. The

magneti c recordi ng device degcribed in any one of the

af orenenti oned Structures 1 through 3 wherein the

af orenenti oned head includes a reproduction el enent

for reading the magnetic information recorded on the

magnetic disk. [0018] 8. A magnetic recordi ng head

i ncl udi ng: a head including a heating section for
[0R@&di ng t he. dihecweameatiiage kesforalingt atevigemdgsetriidbed in

di sk, and a recording elenent for applying the
theaghetenehitébdenodulratedrbydelierein theghahd te phosided

magneti ¢ di sk; and a head drive device for noving the
wibgadnabphgcan afpeirnthbhelkadkatnhdi 1eghtopreh hheight

magneti c disk by rotating about a drive shaft;
sowherein, +hA gayqof the tracks in the radial direction

of the nmagnetic, disk, the recording el enent contains

[ | yi ' tnat t t .
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[ ' [ in
thgagQ%EE u%gcgr%hggeggaghgegggt?gg sec%ygn 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 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;

wherein, in any of the tracks in the radial direction

of the magnetic disk, the recording element contains a




Structure 8 wherein the length G of the magnetic

applying section satisfies the Fornmula (A, when:

"dl" denotes the distance between the point wherein

the |ine segnent connecting between the center of the

af orenenti oned heating sectiog and the rotating center

of the drive shaft crosses the aforenentioned

magneti ¢ applying section, and the center of the

heati ng section; "01" indicates an angle forned by the

i ne segnment L1 connecting between the center of the
heating section and the rotating center of the drive
mghatticnaphe véugessostonpéhpphéraverpaskthangrapk heated by
tangential Si of the outernost peripheral track
theahedthyigt Becheahi.ng section; and "02" represents an
angle fornmed by the line segnent L3 connecting

[bettegen thegcentiey nfgridie healdorglisecthea ardddided in the
rotating center of the drive shaft in the track of the

Sk?ﬂ@%ﬁ?ét8p%ﬁb9@95yth@nQeBB%ht@nggnEhélm§ neﬁlEhgpplylng
i nnernost periphery of the track heated Dy th

Sng}oﬂgsa%ﬁgﬁgslgﬂgngL Gzadiak AebA | 0l x tan

...... Etic récordi ng head

d
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a circular arc forned about the center of the heating
liget pgAment 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;

"91" indicates an angle formed by the line segment Ll
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

"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.

[0020] G > dl x tan |81] + d1 x tan |62] ...... (A)



[0021] 11. The magnetic recordi ng head described in
any one of the aforenentioned Structures 8 through 10
wherein the heating section heats the track by
irradiation with light. [0022] 12. The nmagnetic
recordi ng head described in t{he aforenentioned
Structure 11 wherein the head is provided with an
optical fiber that leads the light froma Iight source
to the head. [0023] 13. The magnetic recordi ng head
described in the Structure 11 wherein the heating
section has a plasnon probe for generating near field
| i ghtlCandTher mdgaekag rheocaflonenbasfodedcrihel. i100R4]
14. The magnetic recordi ng head described in any one

Stafudthe eafoenerdiironed: Strarcimares dBechmaygle tiC wperlgiimg
the aforenentioned head includes a reproduction

seeltamenti § hagRading tdie daghetd¢ infrefdmiEuy eery dethter
on the magnetic disk. 11 EFFECTS OF THE | NVENTI ON

ofl Q02D AGCH i 1:Q,,f he present invention, when

recordlng om any of the tracks in the radial direction

1yhe Eet ' fr acrﬁg%né e n%@&?%cﬂfrﬁgﬂ%éﬁ NG SECILOR in any

tra\)er Ses eaf ed ating section.
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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 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 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.




wi t hout being affected by the displacenent between the
heating section and recordi ng el enent caused when the
head is noved along an arc in the radial direction of
the magnetic disk. BRI EF DESCRI PTI ON OF THE DRAW NGS
[0026] Fig. 1 is an explanatqgry diagram show ng an
exanpl e of the configuration of a nagnetic recording
device of the present invention; Fig. 2 is a cross
sectional view showi ng the magnetic recording device
of the present invention; Fig. 3 is a schematic
configuration diagram representing an exanple of the
EREBETSf OF hEHBr EN¥BNTIONention; Fig. 4 is an
expl anatory di agram representing the scope of a head
[63B25DVi ng dAongrdmart ithe hperasadital irdiargcitdron wifera
magnetic disk 51 in the nmagnetic recordi ng device 100

r&tothengpPbeSeny bAVERti oRack? iffi ge badiadb andedStiameof the
pl an views respectively representing the heads 53a,

nagReand é%gk'ntBQemgbﬁ§Elce§?§gyﬂ§@ts@éti@ﬁ Prevehtes the

I hvention at each track pos ion explained with
t%%c@?rﬁggge&obg gEeA’heQ 1 ggi&qm ?}Essasr@ruc,sd%,a%elng a
nd are di agrans
51m8£g|gkggcggrgfaggsurgs 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;




the configuration of a recording element 103 in the

first enbodinent; Figs. 7a, 7b and 7c are plan views

representing the heads 53a, 53b and 53c in the second

enbodi nent of the present invention at each track

position explained wth refgsence to Fig. 4, as

viewed fromthe sane side as that of Fig. 4; and Fig.

8 is a diagram expl ai ni ng an exanpl e of the

configuration of a recording elenent 103 in the second

enbodi ment. DESCRI PTI ON OF REFERENCE NUVMERALS [0027]

18 Suspension section 19 Arm 21 Light emtting outlet

51 MiEgaeti &adi Sk BRdSpicndire pP3ans53ipwadrsarpEtyEedtaf t

55 Light source 56 Optical fiber 80 Mtor 100
repagpethitd ngechredihegddevidag 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 53c 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




102 Heating section 103 Recording el enent 104
Reproduction el enment 108 Pl asnon probe 120 Magnetic
appl yi ng section 121 Core 123 Coil BEST MODE FOR
CARRYI NG QUT THE | NVENTI ON [ 0028] The fol | owi ng

descri bes the enbodi nents of {tHe present invention
wth reference to drawi ngs: [0029] [Schematic
configuration of magnetic recording device 100] Figs.
1 and 2 show the schematic configuration of the
magneti c recordi ng device 100 in an enbodi nent of the
present invention. Fig. 1 represents the upper side
of the3ndtgrdic 14 recording device 100, while Fig. 2
shows the cross section taken along arrow line A-A'.
[ 0030} 4 Ther imeggregta it r ecor di ng devi ce 100 i ncludes a
magneti c di sk 51, head 53 for recording and

reprodecimgyht arrmd i on, drive shaft 54 and |ight
source 55. As shown in Fig. 1, the head 53 is

suppostedhhy; dhe syspensi on section 18 of the arm 19,
and the arm19 is nounted on the drive shaft

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




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 wwth the magnetic disk 51. Wen the

magnetic disk 51 starts to rpfate in the direction

shown by arrow C, the head 53 is levitated at a very

smal | cl earance of about 2 nmthrough 30 nm by the

air flow generated on the bottom surface, whereby the

di stance fromthe magnetic filmof the magnetic disk

51 is nmaintained constant. [0031] The light source 55
reicoridi@d alseridel g0, sotwide 6 g.a2seliovendbet crgsisasection

el ement and others. The | aser beam emtted fromthe
talkieghta 190U e ro i1Snleed -0 .t he head 53 by an optica

fiber 56. [0032] Fig. 2 is an exanple of the cross
[0980Yi onal ¥YheWnaghethe PBEDEHIBGI €6PLEENYOOEVHEEBUAOI 2

for recording and production using both sides of a

| i f g iC =di 4ngh [ i

e e ted Gn RS Spl mee 5T on e SaPvan by
4 tor .81. The.arm_19 of .each head, 53 f Qr .
lnE%é@?&ﬁﬁ&’aﬁ&lﬁgpﬁéﬁggtPgngngn%68P% §%§§geo$5éacﬁso?hown tn
the_ magnetic disks 51 is nounted h riv haft .
Fi§4,1whﬁ%ﬁ ineady S 3ﬁ @prOﬁgpgr%g %%FB§§§%6RS?O% %e%tlon 18

controller (not illustrated) reads out the ,
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
alir flow generated on the bottom surface, whereby the
distance from the magnetic film of the magnetic disk 51 1is
malntained 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




servo pattern recorded on the magnetic disk 51, using
the reproduction elenent 104 nounted on the nagnetic
di sk 51, and detects the position of the head 53 on
t he magnetic disk 51, based on the servo signa
havi ng been read out. Based 9§ the result of position
detection, the controller drives the notor 80 and
rotates the drive shaft 54, so that each head 53 is
noved 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 predeterm ned track position.
517.0034F Thensadretiickr Sdordi pguaseidceniObef 6pipdéer §2ngwhich
and reproduction using both sides of a plurality of
ig heriveagret i nditsks Bl h&sebeen désorfi bedhwhehd 53 used for
reference to Fig. 2. Wthout being restricted a

rldyclnd yaref dAdierdmgnetdrs o skrblkiddie 9 esei of the
invention is applicable to the case of recording and

md FRIOAUCTI QN USi NG AR K one Jmanetdartdisk Shich is
[0035] (Head overview) 16 Fig. 3 shows an exanple of

d%ﬁ@fﬁ%{}ﬁ"%‘(&&(’@d guration of the head 53. [0036]

I ST 'supported by the suspension section 18
S, 2 Sl PoiS R SRR Rl Khafe g, ohe
s;ggziggﬁlern 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)




53 is also provided with a hole 106, and a prism 105
is accomodated on the bottom surface of the hole
106. The Ilower portion of the prism 105 is equi pped
with an optical waveguide 107. The optical wavegui de
107 is fornmed to have a diapgter of about 200 nm and
a plasnon probe 108 is installed on the |ight
emtting end face of the bottom surface of the head
53. [0037] The plasnon probe 108 is a triangul ar
tabular netallic thin film (made of alum num gol d,
silver and others), for exanple, and is equi pped wth
an aftiennad awviwsg anarexapex ePodi thea scadimas iof c2@figueation
| ess. Wien light acts on the plasnon probe 108, near
off iteled Helaghts3.s formed in the vicinity of the apex P.
It is known to permt recording or reproduction to be

[opasfior med wuskngekheshi g8t subpBrocdehy t88BLLsSORL on
size. In this enbodi nent, a plasnon probe 108 is

I .
sec@%%%lh%dc@tt%%e r%gqb eggﬁ&'ﬂ a@oﬁkg?ag%név%ggd with a

optical  wavegui wher oca

rated and .t S|ze of t i,ght ot fo d
ref Bl A G&Fmﬁg&eﬁﬁ. SetR rﬁgafa?g&ti% £388b6 108  afhe head
In th present enbodi nent, the_apex P of the plasnmn
53pﬁ§béﬁf@8pF§V&§§9n§&tPoabéolSc&péd 4P RePEeATor 081 15
the optical wavegui de 107, and the portion of the
acgPagRren tegr 6be thggbics terl sudfeke Réathaghedet L6A-10Dhe

lower portion of the prism 105 is equipped with an optical
waveguide 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, 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] Further, an optical fiber 56 is enbedded in the
head 53. The light emtting end of the optical fiber
56 is arranged in the head 53 in such a way that the
| aser beam emtted fromthe optical fiber 56 wll
enter the prism 105. The optical fiber normally used
has a dianeter of about 50 through 250 m [0039] Wen
information is recorded, a |aser beamis applied to
the prism 105 through the optical fiber 56. The |aser
beam havi ng been refracted or reflected is guided by
the optical wavegui de 107, and the dianeter of the
td agerutbedinnn.s fdedttedpresabsuendofsmentiruchheppekh& of the
size of the optical spot is reduced to about 30 nm by
plidtencpl asrawme probe s S unlad thi Sardnneited ke [Hightcegoes of
t hrough the center of the heating section 102, and is

trPRIdtetd10 dheeqmaneticr dislg b pderiely & the plasmon

predeterm ned mnute region is heated. [0040] The

pild@ser iean i arpl el bR dhe Jaanatid, diggk 51 through

the heating section 102, whereby the ninute region on

[qqg%fotati %r%%%@et%% gb%kS%én%§gggaggﬁ%aﬁ%mbgggggnﬁn the

, 18 hée “r'ecording el a magnetic

field to be _applied.to.the m nute region,hayi bee ,
k“ﬁ%%ﬁgﬁ. $%§ l&ﬁBEuPQﬁtﬁﬁBﬁeﬁpé QQCFFSnOPBlBQXrEgB?Heg6 1s

on the rotatin magnetic di sk 51 by the magnetic
araglgehppl i tde i%hfatchi 3 faghrdrich 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 pm. 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 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,




Is called the track. [0041] An exanple using 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 wused as the optica

el ement. Further, without using an optical elenent,

it is possible to use a head 53 wherein the [ight

gui ded by the optical fiber is applied to the magnetic
di sk 51 through the plasnon probe 108. [0042] Fig. 4
is an explanatory diagramrepresenting the scope of a
head 53 noving along an arc in the radial direction
thfe aermgeerioc edieslerdl 103 teHe owmgretmagnegdor dilegd to be
devi ce 100 of the present invention. [0043] The sane
appndteiconal téleemaEmis cas clgiose hdescly bedn seaftad.w Thebe
assigned wth the sane nunerals of reference, and
Arlch: 170t rRerdese isked il avwid deploireRid on. th@044katheqg
reference nuneral 53a in the drawing indicates the

m@ b%h%ndg kt%q Q@thég%a%%e%H% EHQQdQPpFﬁQQquthhQQ manner

e track in the ternost” periphery o magnetic
dISk he reference numeral 53c shows the 19

lSoSFﬁﬁon g?lthe 4édd 53c at the tine of recordi ng on

BB3n10"0r PhesReanloout: St BScPELREpbiS! bA® sBEep oficscribed
18 and others are

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




not illustrated. The reference nunmeral 53b indicates

the position of the head 53b at the tine of recording

on the track |ocated internediate between the

out ernmost and innernost peripheries. [0045] "M

denotes the rotating center ofgthe magnetic disk 51.

The X axis indicates the Iine segnent passing through

"M and parallel to L2, while the Y axis represents

the line segnent perpendicular to the X axis. The

arrow marked directions of the X and Y axes are

positive. [0046] "L1" is a |ine segnent connecting
Petimden e theeheard B ke hdat itdgeseét regord2ngnen the
illustrated in Fig. 4) provided on the head 53a, and

inhe rmotsat iprg ipgrirgr o dahet megnertiive dils&f 6154. THe24rmsl9 of
a line segnent connecting between the center of the
theahieRdsseckl amdl 82 o, Nelusidehysbhatedtiibn FiBgand) others are
provi ded on the head 53b, and the rotating center O

nek tihe drike cshaf tnadretl3dents AuhéPE1 SEUFEMdicates the
connecting between the center of the heating section

pé%%;Q%%tofiE%%S%%%%?%3%”a%iQhe4%&&E?égdg@c8Qdﬁﬁgf?ﬁggpe

and the "rotating center 0 rive s
"01" i.ndicates an 20 ..angl etween.the L1 and, L2,
LIgEK (INHPEatod e ARG e R Ty nEeL SUERATES AN he
1ine se%nent,LZ is parallel with the X axis, and the
1PDSrBO8 Ty PPELEREE 1he head 53 rot at es about

[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 53c, and the

rotating center O of the drive shaft 54. "61" indicates an




"0" by 01 in the outernost peripheral direction, and
by 02 in the innernost peripheral direction. [0047]
As descri bed above, when having noved in the

out ernost peri pheral direction, the head 53 is tilted
by 01 wth respect to the X axis. Wen having noved
in the innernost peripheral direction, the head 53 is
tilted by 02 wth respect to the X axis. [0048] The
foll owi ng describes the head 53 and recording el enment
103 in the first enbodi nent of the present invention
wth reference to Figs. 5a, 5b and 5¢c and Figs. 6a and
ablyle EegSiedra,thzb IANdinGe 1ar.e pban vheisatespectangly between
representing the heads 53a, 53b aid 53c in the first

+@Ebedi nenf raf, e§§hthér§9KeDQégﬁé89 E%phé'ﬁ§9aﬂﬁéb with the X
reference to |g 4, as VI ewe fromthe sane side as

%ﬁ%ﬂSb angﬁgi é%o ar fhe sake of t%ép%%ggtk%”roﬁ'g%s about

W a heating séct r écor

ement. 103 and reproductlon el ement 104 provided on
"1Ohebsy dé dn the REAETBISEppEséREsatndinfghéPne anekPy 02 in
51. [0049] Figs. 6a and 6b are diagrans expl ai ning an
téeanpine rofo stthe eacdmfhiegwlatdiorocafioa .r ecor di ng el enent
103 in 21 the first enbodinent. In the first place,
[Dlog7gonf i guRat HeBcrobetinebbeepr dheg rhetROtmdOS8dWh! the
be described with reference to Figs. 6a and 6b. Fig.

o082 elrtho® PLAT 1WA L1 S8GA AR head 53 is tilted by 61
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 53¢ 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



el ement 103 as viewed fromthe side of the magnetic

disk 51, and Fig. 6b is the cross sectional view

t hereof. [0050] The recording elenent 103 is a

commonly used magnetic head. A core 121 made of a

magnetic material is wound wih a coil 123 to form

this recording elenent 103. Wen an electric signa

is applied to the coil 123, the nmmgnetic field is
generated by the magnetic applying section 120, and a
magneti c pattern is recorded on the magnetic disk 51.

"G' indicates the length of the magnetic applying

téectliilgrs tl 2botheemagnefinctheefdrss poared wWhehtonfhggration
range. [0051] The follow ng describes the head 53b at

dfhe hid e coafd imec erldimeg ton OBheitinaclke ale siche beelf eiehceeference
position | ocated internediate between the outernost

%n@1@%ne%ﬁp%&mekiph@ﬁges6a1§5a $6hi bedwabevenel a88brding
beamis applied to the nedium rough the heating

3%%%%%”1%%2 a0 Nedled e Q %esE%%'%% he hﬁgngﬁg%ebh%k 51,

51. At the sane tine e recording nment
pl gnetl field ta the ute regian avi ng
JPk oS TRONSL el Lokl £ Lhe LIuLe Legta ey
e reg haV|n been heat ed subjected to
BBt ¢ o SERonP R By Rest PR ahd® cbBI €1 VETPBREY tged
reduced. This 22 allows magnetic recording to be

Mgeresifed Sl -t he faghetie m@¢@|aff@rm@anﬁyl@h@aterlal is

recordi ng el enent 103. In the neanti ne,
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



the non-heated regi on has a high degree of coercive
force, and recording cannot be perforned by

application of magnetic field. [0052] As described
above, the recording elenment 103 applies magnetic

field to the magnetic disk 51,9ithin the range

defined by the length G of the nagnetic applying

section 120. In this case, the length G of the

magneti c applying section 120 is not directly

equi valent to the region of recording on the nmagnetic

di sk 51, but the wdth of the heated region is the

ali ldtws ofadries imagresta ditrrqadio iy pardormdichdpy [tOBS3aghedic
"dl" of Fig. 5 denotes the distance between the point
Wherei fo dnee 14 e tsegreidr dionnedisnkg theatogeenihheéhe meantime,
center of the heating section 102 and the rotating

tHRNERIN -Ghe e d he Frdry e shaf thidth HRaSRS dMe IRl Gorce,
appl yi ng section ™ 120, and the cent'er of the heating

ti The | ] | Ndj LAt 4 [0 '
SR | 8P P00 BER AN Shaner
%#5%#rack wherein the heated mnute region on the

€

netic disk 51 noves. In the vicinity of the heated
(I TS TN e HA T
[0054] Fig. 5a shows that the head 53 is rotated by 01
applies magnetic field to the magnetic disk 51 within the
range defined by the length G of the magnetic applying
section 120. 1In this case, the length G of the magnetic
applying 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 for
recording.
[0053] The "d1" 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 L2.



fromthe reference position in the outernost

peripheral direction to reach the track on the

out ernost periphery. The line segnent indicated by

the arrow S1 denotes the tangential on the outernost
periphery of the track wherei psthe heated mnute

region on the magnetic disk 51 noves. In the vicinity

of the heated m nute region, the tangential Sl lies in

the positive X axis direction. The line segnment Llis
tilted by 01 with reference to the tangential S1. To

put it another way, 01 is the angle forned by the L1
[®®dddct i ng Pétweén thewscehter thé hbedheat iBgrseate@nby 61
102 and rotating center O of the drive shaft 54, and

g tangedAle el QNG QULEN MRS o REMHRRS Ye0f il a1
track heated by the heating section 102. [0055] "As
dQ%%%&PQ§91ﬁ§"PéacH“%% eg&%cﬂg%%{gk go%%%r%%stna%ei%%g¥y. The
when the magnetic fie i's applied to the heate

m nute region. The magnetic applying.section 120 nust ,
HaVe eI T dad HHrd 4e §Pht%€ r ?&r%ﬁn&epﬁéeﬁaﬁ Enfpgoential
S1 wherein the heated minute region noves. The |ength

g1 the P S TRRGetied RNy /g $E6t itdR clooheagdinr Edewheqted
the head 53 has noved to the track on the outernost

M3 ERiteh erew Livtks to1s dthies fop gnette of dlilséwiddg megesul alflyhe vicinity
[0056] gl >dIl x tan 10i ...... (1) 24 As shown in

OFEiI ghebheattkel casaties richg osanmehwheangkatheddSl 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, 61 is the angle formed by the Ll 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)




I MR LIRETIN MRS IR T T mn T BT en s mem e IR
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53 is noved by 02 in the direction of the innernost
periphery fromthe reference position. "02"
represents an angle formed by the Iine segnment L3
connecting between the center of the heating section
102 and the rotating center ofgthe drive shaft 54,
and the tangential S2 of the innernost periphery of
the track heated by the heating section. Since the
tangential S3 is tilted by 02 with respect to the |ine
segnent L3, the length g2 of the magnetic applying
section 120 required when the head 53 noves by 02 in
t he difsecstioom éfh Ftilge iSenertimesicaper iiphéhg isemeeybienedhe head
to satisfy the Formula (2) : [0057] g2 > dl x tan

5802% moved Hy2h2A3ndeser bhedc aheweort Reel eAdbRnEsef periphery
the magnetic  applying section 120 capabl e of

ecor%ﬁ gﬁﬁgg‘gﬁﬁgbtalned frQ@%FS%%P¥%§é3%%g§%]a%9£§ formed

gl + 92 =dl x tan 1011 + dl x tan 1021. &E) For

bax &gl ,1ngs swameniatl 3’ glonnesting baf#ee1 the t@pter of the
10. This requires the recording elenment 103 wherein

hielae: ingngtele tGoof 1t0i2e amaigrétel codpyliyiongeseetri of t2@ idgive
greater than 0.353 m 25 [0059] As the length G of

shReg thEgnetine apR! tahge$@alilos2 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 + g2 =dl x tan |081] + d1 x tan |62]...(3)

For example, assume that "dl1" is 1 pm, and |91| = |92|=

10°. This requires the recording element 103 wherein the

length G of the magnetic applying section 120 is greater than

0.353 pm.



120, the loss of the generated magnetic field is

i ncreased. Accordingly, the length is preferably
shorter than the space between tracks [0060] As
descri bed above, the Iength G of the nmagnetic

appl ying section 120 of the rggording elenment 103 is
increased to ensure that the recording elenent 103 is
not affected by the displacenent of the heating
section 102 and recording el enent 103 caused when the
head is noved along an arc in the radial direction of
the magnetic disk 51. This arrangenent ensures
[90F®Idensi t fsnapretflecgtec6r dfngheombgnepect sppegdingi agction
a sinple structure. [0061] Referring to Figs. 7a, 7b,

100 ,anthe8,1 ddie o ff alHoWdr@ réesey inbesdtie Fead b3 sadthcreased.
recording elenent 103 in the second enbodi nent of the

ResNind1vertdoneddtdh i@ pré¥e At /GHAR R #hati 8% space
respectively representing the heads™ 53a, 53b and 53c

ddh Lhe second enmbodi ment of the present invention at
each track position explained wwth reference to Fig.

(808 %akeof FExPIARAL PaR. “EPGC 7S 7RCRRKR /6 Shol ERBIoneTic
heating section 102, recordi ng el enment 103 and_ .

APEFHIRHC 1556 TENe et © 1 A S FEFOFEE N elr@estr f143e 1S

opposed to the magnetic disk 51 of the head 53. Fig.
igareagedi dgr @nsexsl dAihsitng hehe seegdmnioc edgment 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 53c 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 elenent 103 in
the second enbodinent. It is a plan view of the head
53 as observed fromthe side of the magnetic disk 51.
[0062] In the first place, referring to Fig. 8, the
configuration of the recordi nggel enent 103 will be
described. The recording elenment 103 of this

enmbodi nent is different fromthat of the first

enbodi nent in that the magnetic applying section 120
is formed in a circular arc about the center of the
heating section 102. The cross section of the
aredoriding st telment1 2003 § & cheresmmsliay telemeadorldingn the
el ement 103 described with reference to Figs. 6a and
sHrondl cotterdizdentrade tofi saamadnet vdéewabér kb headoGidas
wth a coil 123 to form this recording el enent 103.
d0QE3)e Fi Gon? e Heef I tox the casg«afid eaedisng on the
track intermedi ate between the innernost and outer nost

RRFgPNeri es oyl ‘Ehteh%ﬁ%‘ﬁep‘f[@@@er r@?e%‘rgng5@o FB%I heat ede

n1nute region is recorded. line segiment in cat ed
rr Qw Fi 7 engat ngent il
SRR I PN R T p—

Int t.h
T?wfng%iq%sraqlr%z %eeé%érf%”w% odﬁssmsiee%?ecéﬂ o °”aa%%rent
and a rees with the line segnent L2. The "dI" of
frioys © b @il Bersts Nt idedded Hhe Fegide

bet ween t he poi nt mhereln the |ine segnent connecting
dpetlwdery 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. In 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



27 the center of the heating section 102 and the

rotating center O of the drive shaft 54 crosses the
magneti ¢ applying section 120, and the center of the
heating section. [0064] As shown in Fig. 7a, on the

track of the outernost periphery, the tangential S2

on the outernost periphery of the track wherein the

heated m nute region on the nagnetic disk 51 shown by

the arrow Si noves is tilted by 01 with respect to

the line segnent LI. Thus, in Fig. 7a, the portion

wherein nmagnetic field is applied to the heated
thengeeteegpdntber hespondsseotihe Uppepngothfonobfiting center
magneti c applying section 120. "d3" is assunmed to
Odefoteet Heivdi shafceShetwesnetheheentgneolict Apphgathgdsection
region in this case, and the crossing point wherein

1bbe mm@nehiccapphkyi B tsecheabirgdOstrayvenses the

tangential S2. [0065] As shown in Fig. 7c, when the

(0684153 i s Aot eeh Py B abput dhecid acks Of dheche

i nner nost periphery, the "tangential S3 wherein the

oDEBHAE, DAL S0, 00 0D L0ReMBONS: i, Uhskyfye e
res

ect to tg line se nt L3, Thus, in Fig., 7c t he
PBorbIGRYWAGT GR FRGR PESFRENGtlS BRpFFad B FRereaion on
heated mnute region corresponds to the_ |ower portion
the TRENSHAGNEEFE appFYPRY BEcERBnaIpeY BH4moyesaisyhedted by
to denote the
61 with respect to the line segment Ll1. 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 62 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
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28 distance between the center of the heated region
inthis case, and the crossing point wherein the
magneti ¢ applying section 120 traverses the
tangential S2. [0066] In this enbodi ment, the magnetic
appl ying section 120 of thejgecording el enent 103
nmounted on the head 53 is fornmed in a circular arc
and the center of the heating section 102 is |ocated
equi distant fromany position, to put it another way,
d2 = d3 = d4. The tinme between heating by |aser beam
t hrough the heating section 102 and application of

d heigmet ¢ co¢tetdn f tioen et engnet tloe dpph Yehgreeten obn 1201 s
is constant, regardless of the position on the

chdgneing €thekcbdssingwhd oht tiiee herad H3e isagmeyetc dpwbying
ensures that the tenperature of the heated m nute

sé€GL O oMot heahBgest i endi skngSde whensrpgnetic field is
applied is constant, and magnetic recording is

[P&EEPT Med under, st ablie, condid Ctl'h% QA The 18 PWect ion

operation is perforned separately fromthe wite-in

eration. The reproductio e e :

1€@eofe%%?oﬁ?c%§%% ?i%ne?%nﬁofbggﬁ?%%%%% %ﬁ%yh"flé fdd 53 1s
restriction on the relativ osition with the heatin

feeeedon” 202 BRY FEcoF di ?@5 e %%%?HE%%.OF o‘b%%]h%%tlngq
descri bed above, the present invention provides, a

serighetr i £07 etdr HPagte@ve el dbst ynedt FoM a218Y mppeition, 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.



structure that ensures high-density magnetic
recording. 29 CLAIMS 1. A nmagnetic recordi ng device
including: a disk driving device for rotating a
magneti c disk; a head provided with a heating section
for heating a circular trackof the magnetic disk,
and a recording elenent for applying a nagnetic field
nodul ated by electric signals to the nmagnetic disk;
and a head drive device for noving the head al ong an
arc in a radial direction of the magnetic disk by
rotati ng about a drive shaft; wherein, in any of
tracks in the radial directGIddM% the magnetic di sk,
the recording el enent contains a magnetic applying
lsecti dmabatticavecseditpedévack healediby: t he
heating section. 2. The nmagnetic recordi ng device

deSCfab@ﬂskndﬁiﬁiﬁéldevbﬁéef@rtB@téﬁﬂﬁéhaCh&?nébﬁc disk;
magneti c applylng section satisfies a For a (A,

when: ;" gk 2 48P £5e 8 9i§ﬁaQCﬁe§€lMGeQe@tP&hnfo%“ﬁé@&fng a

a line segmsnt connect1 ng bet ween™ a center of

c[‘ﬁé‘\S'{LQQ %egéko%eéﬂg %a%;ﬁ’éé‘ '”g gfémgx'id % J‘:Q&%th%lement

Cr 0SSes magne app section; and

f8§n§§£1$§n5h§ Qgggéggcsﬁleig 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 in the radial direction of
the magnetic disk, the recording element contains a magnetic
applying section that traverses 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 (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 section, and the center of the heating section;

"@1l" indicates an angle formed by a line segment L1

connecting between the center of the heating section and the



"01" indicates an angle forned by a |ine segnment L1
connecti ng between the center of the heating section
and the 30 rotating center of the drive shaft in an
out ernost peripheral track, and the tangential Sl of
the outernost peripheral tragk heated by the heating
section; and "02" represents an angle forned by a |ine
segnent L3 connecting between the center of the
heating section and the rotating center of the drive
shaft in the track of the innernost periphery, and
the tangential S2 of the innernost periphery of the

roreack chestred thy ft Hénehehtiiveg sdediti dm aB@ »udle mmotsdn pEGlipheral
+ dl x tan 1021 ........... (A) 3. The magnetic

treetQr dirg tdey itca gdesardibed iaf alhal mukerwhereipr rtik@eral
magneti ¢ applying section is shaped as a circular arc

e foMTRd AkeUY, f hyContarn f ddwe ieat ing section. 4. The

magneti ¢ recordi ng device described in any one of

cl ai 1 through 3, wherein the heating_section heat
The "DPackoBySRPrLa: 80 6Foart noFTgR: Paa° SReemagHEE S 2
recordi ng device described in claim4 wherein the
COREEF LIS pREHEER Wheh CaR tEat icdalt el beptingt Seeaden gpel the
light froma light source to the head. 6. The magnetic
rotetomndi mgrdevi of déscdigd ishadltailm 4hewltepeikn otfhéhe
heati ng section has a plasnon probe for
innermost periphery, and the tangential S2 of the innermost

periphery of the track heated by the heating section.

G > dl x tan Iell + dl x tan |92| ........... (A)
3. 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.




generating near field light and irradiating the track.

31 7. The magnetic recording device described in any

one of clains 1 through 3 wherein the head includes a

reproduction elenment for reading the magnetic

information recorded on the s;{mgnetic disk. 8. A

magneti ¢ recordi ng head including: a head including a

heati ng section for heating a circular track of a

rotating nmagnetic disk, and a recording elenent for

appl ying the magnetic field nodul ated by electric

signals to the magnetic disk; and a head drive device
7.for fMbe mgoned iltead calrongoanearicei desagribddalin any one of

direction of the magnetic disk by rotating about a
cldrimee 1shafriouguher eiherdim ame oGlkeadhaenrnacks ian reproduction

ter-adial direction to be recorded of the magnetic
eldinght the neeiting el ekt iCONhFHhat iBRIRRLELEded on the

appl yi ng section that traverses the track heated by

I section. 9. The magnetic recordi ng head

ne g%&??ﬁg&%%ﬁ claim8 wherein a length G of the

magneti ¢ appl.yi ng sect.ion,satisfies .the Fornula (A),
®-hen’ PGP Cdfot 8SOEhE "t SEARC6 BALASER t he poi nt

wherein the  |ine segnent connecting betmeeg t he

centérhﬁﬁdtﬁgcﬁégﬂpﬁga heating sectilon 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 the tracks imn—theradial-—direection
to be recorded of the magnetic disk, the recording element
contains a magnetic applying section that traverses the track
heated by the heating section.
9. The magnetic recording head 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



section and the rotating center of the drive shaft
crosses 32 the nmagnetic applying section, and the
center of the heating section; "01" indicates an
angle forned by the line segnent L1 connecting
between the center of the hegping section and the
rotating center of the drive shaft in the outernost
peri pheral track, and the tangential Si of the
out ernost peripheral track heated by the heating
section; and "02" represents an angle forned by the
line segnment L3 connecting between the center of the
thise atciong tsieT taipgn vamg tshees t iroot, ataingg téentcemtefr e tdvel eating
shaft in the track of the innernost periphery, and
seldd drgngential S2 of the innernost periphery of the
track heated by the heating section. G > dl x tan 1011

+ dl » tan . . . A 0 T ti
ccor Simg Fead GaZ.rThaR e EPnelaby REpTRANE) Bonent 11

magnet.i c | yi ng section is shaped as . a circular arc
R S SR A (O GETOE S I % TR 0G e Ipp nd the

The magnetic recordi ng head described in any one of
rodiedilms sardug TdawtErgien st théat ithG SEEEIrERSteat s

the track by irradiation with light. 12. The magnetic
perdginediadg theadk deset ithed tamasindilmll £1 wietdien otte tvesd

is provided with an optical fiber that |eads
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 |91t + dl x tan |92| ........... (R)

10. The magnetic recording head 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 described in any one of
claims 8 through 10 wherein the heating section heats the
track by irradiation with light.

12. The magnetic recording head described in claim 11
wherein the head is provided with an optical fiber that leads

the light from a light source to the head.



the light froma |light source to the head. 33 13. The
magneti c recordi ng head described in claim1l1l wherein
the heating section has a plasnon probe for

generating near field light and irradiating the track.
14. The nmagnetic recordi ng heags descri bed in any one
of clains 8 through 10 wherein the head includes a
reproduction elenment for reading the magnetic

i nformati on recorded on the nmagnetic disk.

13. The magnetic recording head 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 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.




