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-1 TITLE OF THE | NVENTION  MAGNETI C RECORDI NG 197103
APPARATUS BACKGROUND COF THE | NVENTI ON The present

verton el ates to s rmanet 5 ecor o oo (R
el ectrostatic discharge damage of a read head using @sorcas

gi ant magnetoresistive elenent. In order to achieve a
hi gh-density nmagnetic recordi bg appar at us,

essential to have a read 10 elenent of a hlgh
sensitivity which can detect sufficient I y hi gh- | eVJ””ﬁ”"””’ﬂmmmmﬂ
signals froma m nutE Tlet FRerHE dINTEENT *Gooogzs
Conventional ly, there has been proposed a magneti c
r ecYRENRG 1&p PECORDI NCOMPHARATHS a thin-film nagnetic
head i ncluding a S|n%%e-gole head, and a 15
nagentore3|st|ve BRAeheRPYNANAFaTHEgABVENTL®Yor di ng
medi a co rising servo nmark zones fornmed al ong the
radi al ditPEcBIrER Sidd & NIRRT b G507 thorfs magnetic
recegsed portlons ata zones focge al ong

{

C|rcu EPAREI APPEITPERS; ﬁvggﬁaﬁa HQﬁaéﬂQQR}Qﬂquat
?Q@en@gd gegkgng%rq?a%H rg%%%ﬁm%.%b er@%gd head

d|c recordrng I ayer torned e Sér

20n§§1ﬁ6datB@aﬁ%tﬁaé%%%%me@HEEQWQ %q%H%%&pendlcular

recording |layer is magnetized in opposite directions
In order to achieve a high-density magnetic

recording apparatus, it is essential to have a read
element of a high sensitivity which can detect
sufficiently high-level signals from a minute recorded
domain. Conventionally, there has been proposed

a magnetic recording apparatus comprising: a thin-film
magnetic head including a single-pole head, and a
magentoresistive element; and a magnetic recording
media comprising servo mark zones formed along the
radial direction made of protruded portions and
recessed portions, data zones formed along the
circumferential direction separated by the servo mark
zone, and a high-permeability layer and a perpen-
dicular recording layer formed on the servo mark

zones and the data zones, wherein the perpendicular
recording layer is magnetized in opposite directions
on the protruded portions and the recessed portions,
respectively, in the servo mark zones (See Jpn. Pat.
Appln. KOKAI Publication No. 7-121804). However,

the magnetoresistive element in this document is not
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on the protruded portions and the recessed portions,
25 respectively, in the servo mark zones (See Jpn.
Pat. Appln. KOKAlI Publication No. 7-121804). However,
t he magnetoresistive elenent in this docunment is not a
so-cal l ed gi ant magnetoresistive el enent (GWR
el ement), and thus it is hard to address further
hi gh-density recording. Thetefdrer in order to achieve
further high- 5 density recording, it is necessary to
use a GVR elenent of higher read sensitivity. The GWR
el eaeab-chhdkddgs aatspiagneabve sfiisktivien edkinelmta pi nned
layer (the direction of magnetization is pinned), a
spadEMR pagmentandaads thas| afed s( maghletioz adidmesef further
which freely 10 rotates in accordance with a magnetic
fi ePdphafiensdtyckegorPRBIGMVR el ement can be further
categorized into a current-in-plane GWR (ClP-GW), a
current-TE@F&@H&FGuPﬁrngﬁﬁléﬁeaéﬁﬂe@GPiH§%§9rzPlgh‘
tunggkigg nggne%oresis ive (TMR) and a MR
cur rent=&énf TH8d paen 1P NEEEPSANK) tO i5Ehé ©
C PeWRenthg s r. ry i .of a petal. layer
mhe?eln 3E5§35§§§§F5e%¥295Sgggggng?Hfoug eiﬁ“?hé%ement
i n- phangqdir 8C5baN. vhivEhe €hP1 EVBni chhe $RAGEH ll%gférr
is made of a netal |ayer wherein a sense current |
pasgeHet HiowghibA bliemdigheetiz@R i0R0 iRepRaRdGY! ar s?:%cer
the plane. In the TMR the spacer |ayer is made of a
di elegerj cahdyer fnber eéagea Jengeectdubredh oF paIsed freely
through in the direction perpen- dicular to the plane.
| n theateP- GVRacthedspaeewithagemaigaetdde faklal) are
dielectric layer and snmall netal

stacked. The GMR element can be further categorized

into a current-in-plane GMR (CIP-GMR), a current-
perpendicular-to-plane GMR (CPP-GMR), a tunneling
magnetoresistive (TMR) and a current-confined-path GMR
(CCP-GMR) . In the CIP-GMR, the spacer layer is made
of a metal layer wherein a sense current is passed
through in the in-plane direction. In the CPP-GMR,
the spacer layer is made of a metal layer wherein

a sense current is passed through in the direction
perpendicular to the plane. In the TMR, the spacer
layer is made of a dielectric layer wherein a sense
current is passed through in the direction perpen-
dicular to the plane. In the CCP-GMR, the spacer
layer is made of a dielectric layer and small metal
paths wherein a sense current is passed through the
metal paths in the direction perpendicular to the

plane. The sensitivity of the element becomes higher
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25 paths wherein a sense current is passed through the
nmetal paths in the direction perpendicular to the

pl ane. The sensitivity of the el enent becones higher 3
in the order nentioned above, and it is known that the

el ement with higher sensitivity can achieve a higher
recordi ng density. However, the GWR el enents entai

such a drawback 5 that they aBe susceptible to

el ectrostatic discharge danmage. The C P-GWR and

CPP- GWR det ect resistance change of the sense current
passhnghtheedgh meetrneinald atpaeer dnaydr Havikigwe that the
t hi ckness of several nanonmeters. Therefore, if static

el eetleimentharigé ibs gbvegatse sfigr viQ ys o reedd@veard Hitgher
Is discharged at the netal spacer [|ayer, the el enent

i s daFegednandensséy -the read-out function. In the

TVR and CCP-GWR, if the dielectric I|ayer constituting
the spacECvEXFer $hea MR Gdfmentsy endisut SUHIm3 sdraWbaCk

el ectrostati |schar ose
o Ee By SEe st i AR Lagmhadky A o Scharge
INV n tlc C | a ccor di
b Paheds A TRANET o2 AEC AR 00 HARRR! Hate ACSH AR
ma C [ di-a; | C
o0 Bfafe, 2EHE BenIR It AP PRSI OO g mepal
sl i dghcernghydirn@ad 1 head Q%@@H#@é&?d%(ﬂéygral nanometers.

magnet oresi stive element; an actuator which noves the
healhskredereqvert stlau@@rl@tdt&lrcemracﬁg@ ie@r@atedd for

chassi s which houses the above nenbers; and a
di sehaegeemsonaninsmiwhiich discharged at the metal spacer
layer, the element is damaged and loses the read-out
function. In the TMR and CCP-GMR, if the dielectric
layer constituting the spacer layer of a thickness of
about 1 nm is damaged by electrostatic discharge, they
lose the function as a read element.
BRIEF SUMMARY OF THE INVENTION
A magnetic recording apparatus according to an
aspect of the present invention comprises: a magnetic
recording media; a spindle motor which rotates the
magnetic recording media; a flying head slider
including a read head using a giant magnetoresistive
element; an actuator which moves the head slider over
the magnetic recording media; a chassis which houses
the above members; and a discharge mechanism which
passes metal portions and dielectric portions

alternately with facing to the read head within

a distance of 50 nm or less.
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25 passes netal portions and dielectric portions
alternately with facing to the read head within a

di stance of 50 nmor |ess. BRI EF DESCRI PTION OF THE
SEVERAL VIEWS OF THE DRAWNG FIG 1 is a perspective

vi ew showi ng a magnetic recordi ng apparatus according

to an enbodi nent of the present invention; 5 FIG 2

is a diagram schematically showi ng a placenent of a
magnetic disk and a head slider; FIG 3 is a plan

view showi ng the air-bearing surface of the head

Sli dBRIEFI SARIBTAOKr OBSTERECEEURRALVVEBWShOW THE DBAWING
structure of a magnetic head; FIG 5 is a diagram
schemat i ¢dlG.y 1sHewian@ear gleatenentyigfw shdivsictargenagnetic
mechani sm and the head slider; FIG 6 is a diagram

i ndiF e8P AGNEesBPES as11S1 B CcaeEaliddattad anesmpadgment of the
el ectrostatic di scharge damage of GVR elenents in
nmagREEEENFedBVENtd C8ppar at uses nanuf act ured usi ng

ti i sk f i, [ . FIG 7 .
et ¢ Siaks Of werlous o el S AP Sonire
di sk g&%%%ﬂt""!otfh aaﬁl‘li%%%'%%g%ti%% %%%f“%”'qse@d HiQqd /s
a perSpective view show ng anot hier “ exanpl e of a

) S T e Ly e e
of auragpet b¢ dhek hRRQvisdadew;th a discharge

FIG. 4 is a cross-sectional view showing
a structure of a magnetic head;

FIG. 5 is a diagram schematically showing
a placement of a discharge mechanism and the head
slider;

FIG. 6 is a diagram indicating results of
accelerated tests for electrostatic discharge damage
of GMR elements in magnetic recording apparatuses
manufactured using magnetic disks of various sizes;

FIG. 7 is a perspective view showing an example
of a magnetic disk provided with a discharge
mechanism;

FIG. 8 is a perspective view showing another
example of a magnetic disk provided with a discharge
mechanism;

FIG. 9 is a cross-sectional view showing an
example of a magnetic disk provided with a discharge

mechanism;

FIG. 10 is a cross-sectional view showing another
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mechanism FIG 10 is a cross-sectional view show ng
another 5 exanple of a magnetic disk provided with a
di scharge nechanism FIG 11 is a cross-sectiona

view show ng still another exanple of a magnetic disk
provided with 5 a discharge nechanism FIG 12 is a
cross-sectional view show ng still another exanple of

a magnetic di sk provided wi th & discharge nechani sm
FIG 13 is a perspective view showing a chassis 10
used for the magnetic recording apparatus according to
t he exaiypdienmerft aofmatdme tpircesHtk ipneenitdeah;wiatd & ldEsclbrge
is a diagramindicating results of accelerated tests

f or Melcdetyissvat i ¢ di scharge damage of GWR el enents in
magneti c recordi ng apparatuses 15 manufactured using
chassi s Waind lupperd ShFSceeGfionar ibipy dlewsing still
DETAIL% DESCRI PTI ON OF THE | NVENTJ ON I n the nagnetic

r ec6PqiAG Fa s Odc CoMATG UG Hif e mFsiimsst Worth he

present. invention, netal portions 20 and dielectric
por%ig%gcgﬁggﬁa&§%ﬂ§ﬂ%%% alternately with facing to

t he read d-w t:hj istance .of _.50 .nmor |ess .
t her eby di sc'hal\r%gilnrgg%c%argggsesg%{)éncett%oena%ev&ae_w Twing still

fLpbschr R AR S Y e
1 he aappacabugel alechamE srgason. On the

FIG. 13 is a perspective view showing a chassis
used for the magnetic recording apparatus according to
the embodiment of the present invention; and

FIG. 14 is a diagram indicating results of
accelerated tests for electrostatic discharge damage
of GMR elements in magnetic recording apparatuses
manufactured using chassis having upper surfaces of
various areas.

DETAILED DESCRIPTION OF THE INVENTION

In the magnetic recording apparatus according to
an embodiment of the present invention, metal portions
and dielectric portions are made to pass alternately
with facing to the read head within a distance of
50 nm or less, thereby discharging charges on the
head. The dielectric portions accumulate charges
created by, for example, friction with air and those
created by the apparatus for some reason. On the
other hand, the metal portions accumulate no charges.

Therefore, when the metal portions and dielectric
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ot her hand, the netal portions accunul ate no charges.
Therefore, when the netal portions and dielectric
portions are passed alternately with facing to the
head, an alternating electrical field is created,
thereby making it possible to discharge (AC discharge)
the charges accunulated in the GWR el enent of the 5
read head | ocated at a distance wi-thin 50 nmor |ess.
Thus, the requirenents for the discharge nechani sm
are: [1] the distance fromthe read head is wwthin 50

nm porkess;s ame palsskle amisainapelty aizrrhdiiey to the
dielectric portions are alternately passed with facing

10 heatlheaneadtkeadtiAy & lmeands dadr fapaldyiing areaAGd,
electric field, an ordinary antenna that generates

el eébﬁirébmwéumw itheossiddiey disl eils}eldnm (AChelischarge)
elecgrlc field froman antenna propagates | ong

di st3RcEhandest PECHETRAPD 18 bR @tli@@}ermwéﬁ tthe

head F th n._a nna ma deposit char
dzg5ﬁalﬁéeéﬁrgﬁgaggﬁfﬁéuﬁagﬁ§ﬁ %Iﬁ% m&mor less.

Paariish, HhE TRUNEHheb Rl bR g i'ff}%cmitiw
eleSEé'C ﬁﬂekﬂefﬁqgkgﬂc@n%%%ﬂﬁ &% %ea%a%eég)fé - B,

contrast, in the case wheré net portions

d'ebgchﬁ|6rp95559n§n@r32@|E%rn%k%gﬁ %%%T%ﬁ@tihd the
facing to the read hea IS possible to apﬁly an

a!tetéaébﬁgie|9@&&&@n%l@E@_%QE%&%%Q%Hgt%a%%%%?w1th facing
di scharge within a close distance of 50 nmor |ess
25 abt hbagheatl hsaddnpossi bl e to generate an el ectric
field that propagates a |long distance. In this
As a means for applying an AC electric field,
an ordinary antenna that generates electric waves may
be conceivable. However, the electric field from
an antenna propagates a long distance and affects many
devices other than the head. Further, an antenna may
deposit charges depending on the configuration of the
mechanical parts of the magnetic recording apparatus.
In addition, it is not possible to spot a high
intensity electric field from an antenna to a read
head. By contrast, in the case where metal portions
and dielectric portions are alternately passed with
facing to the read head, it is possible to apply
an alternating electric field sufficient to cause
discharge within a close distance of.50 nm or less,
although it is impossible to generate an electric

field that propagates a long distance. 1In this

manner, the charges accumulated on the GMR element can
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manner, the charges accunul ated on the GVR el enment can
be di scharged without affecting the other parts in the
magneti ¢ recordi ng apparatus. In the enbodi ment of the
present invention, the dielectric constant of the
dielectric portions should 5 be 1 or nore, and
therefore it may be air. It is preferable that the
dielectric constant of the pars -should be 3 or nore
since the discharge capability is higher as the

di el ectric constant is higher. Further, as a

pr obectiivehkayged, wa timugr iadlf elcdnvingg tdehioginelO pelitdi nigr the
performance such as carbon may be deposited on the

sur fagastaer treoddénac BPiP@ igéisi-ons and met a

portions at a thickness of S nmor |ess. Al though
carbon hd® &GfdFERRAELMEN e Athitife P X&HBdn HYeA Ieedihotthe

SLoRIEE Rt e PR, 00 0o oGl Lo PR S

thake Hsbrtg%rgﬁ:g%%n%%e%%f%%%sh@gg%&hﬁgﬁaq%P:Lgﬁifg%e

portions an ectric portions pref

1 hgh 0 +PLOVis is [ r.g f.f.ec
The e G b o aR o e e Satrt & o e Ty P ee

sucBha&1d0pkhat o2 hbeuUane-cOfnk Mi%s Pl /g € Gabibs ty is
achieved at a practical linear velocity (rotationa

speadjhelbeg specifiegalhy.ict henlsdberali ssinaghefr .eachiafher,

the dielectric portions should preferably be 200 nm

or akessprandcmorve pagkerakl yat@d imm oraviess.a Ihigy der

to 25 enhance the discharge efficiency, the distance

bet #éédinghpe@iRreparents uahd asheadicooh avaye bee cleantissimed

should preferably be 30 nmor less, and nore

pr ePBr &BPy spgfages of the dielectric portions and metal
portions at a thickness of 5 nm or less. Although
carbon has conductivity, a thinner carbon film cannot
discharge all the charges on the dielectric portions.
The frequency of the alternating electric field, that
is, the frequency of passing of the metal portions and
dielectric portions should preferably be 1 MHz or
higher to provide a high discharge effect. ‘The size
of each of the dielectric portions may be such as
that a frequency of 1 MHz or more can be achieved at
a practical linear velocity (rotational speed).
More specifically, the lateral size of each of the
dielectric portions should preferably be 200 nm or
less, and more preferably 100 nm or less. In order to
enhance the discharge efficiency, the distance between

the GMR element and the discharge mechanism should

preferably be 30 nm or less, and more preferably 20 nm
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or less. Wen installing the discharge nechanismin

the limted space in a chassis, it is preferable that
the discharge nechani sm should be fornmed on the
magnetic 5 disk that rotates at a distant of about 20
nmfromthe GWR elenent. In this case, the discharge
mechani sm has such a configuration that the netal
portions and dielectric porti®ns~are forned
alternately in the circunferential direction of the
magneti c di sk. 10 The di scharge nechani sm may be
forpedleeseccupy only a part of the disk in the

radial direction, or may be fornmed substantially
entire sWheacenstalldngi $he |dismtdege omgshardmm time the
charging of the GWR elenent in the read head, it is
prefélabPe ERACCad! 85CRESEISri dtte I6haISiferahd® dhee the
devi,sed, I n ordipary magnetic recording apparatus, a,
| afLBoR2EREp BT CERAESTS S8 Caip b6y 07 SHd AT Teargeiie s e
sur s, of ssis _arge, .i.n . many cases,,ade of a
met é?g%m}_’gﬁtt %F’g a%t%r%ug"ttu Pe ,dltsﬁé"mr?aé’%etai%gur e&Sr fingrom the
apPafAt USemeR® .1 1 58! kniiS eAWval @Rl QB SARAGSNani sm
conprising two netal plates facing each “other
Pragbcaliby, at BenrYBRehL 3N 866 tand el B oWy fUACe ng
of the chassis are électrically connected t0 each

ot helteYEat8QAEPSOKEH 0k aleFbii@dCianeirnat@Nd in the
therefore they are not likely 25 to have such a high

el ecirostméitirentdpacitiyectdwevelf, theneathetthe iR,
surface (cover nenber), a disk substrate, a printed

ci r €bet dpsahdraadmechanisonpaiyeves fommech tar @ccupy only

dielectric, are randonmy placed.
a part of the disk in the radial direction, or may be

formed substantially entire surface of the disk.

In order to prevent the charging of the GMR
element in the read head, it is preferable that an
appropriate chassis should be devised. 1In ordinary
magnetic recording apparatus, a flat box-shaped
chassis is employed, and the largest surfaces of
the chassis are, in many cases, made of a metal.

With this structure, the magnetic recording apparatus
itself is equivalent to a capacitor comprising two
metal plates facing each other. Practically, the
upper surface and the lower surface of the chassis are
electrically connected to each other via some sort of
electric circuit, and therefore they are not likely

to have such a high electrostatic capacity. However,
beneath the upper sufface (cover member), a disk

substrate, a printed circuit board and other
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As a result, a slight amount of charges may be
sustained locally on the upper surface, which are

equi valent to rows of capacitors connected in 5
paral l el. Since the charges are sustained on the

nmetal surface, it appears to cause no problemin terns
of the whol e charge on the upper surface. However,
even in a very snmall amount; i® the sustained charges
are injected to the GVR elenent in the read head for
10 sone reason, the GVWR el enment conprises thin filns
of cempenehtmaneietcer srenyliled eeasiiley Brrekemndomly placed.
Therefore, in order to reduce the total anount of
chaPges rsautii nedsdnghite amopartatofs chiatrges megessary
to reduce the area of the |argest surface of the
cha8¥P§21TRds Lore Livt Rru§deofippech #3ifa asayivig & s |
surface a&ea it is possible to control the | oca
chaPGEIVAIERE ERaL8IMS Offo CRPAGHO&FeCHYISTESTS 18F t he
con Frvity of..the tal _surface. In the enpadi nent
of %ggggééntglpﬁ\?eﬁ ieorcfihatr E5aP&8 SR NS é’éls{?he
sur 0 0 chasgi oyl d preferabl 0
TV P e i i e AT
posskbkget ghbeducsatie LAl @hefh@ple GurGaRACH t Yidlever,
meki ng a di stance between two surfaces wth the

| ar gesh anea b@rghgmﬁﬂqséh%uh%EQQf HOWR \LRIst 249 e Refrges
many ki nds of substances can be placed in the body

spaeee theéevaedatioonhienGire ellea@intelieCtth@straidd head for

capacity caused by the internal conponents nay be 10

| ar gemeFoeathns téasGNR ehemednst anoe teteseamirhe iilws of
several nanometers may be easily broken. Therefore,
in order to reduce the total amount of charges
sustained on the apparatus, it is necessary to reduce
the area of the largest surface of the chassis. Thus,
with use of a chassis having a small surface area, it
is possible to control the local charge in the chassis
to a low level by means of the conductivity of the
metal surface. 1In the embodiment of the present
invention, the area of the largest surface of the
chassis should preferably be 2,000 mmZ or less, more
preferably 1,000 mm2 or less.

It is possible to reduce the total electric
capacity by making a distance between two surfaces
with the largest érea in the chassis large. However,
since many kinds of substances can be placed in the
body space, the variation in the local electrostatic

capacity caused by the internal components may be
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surfaces of the chassis should preferably be set as
short as possible. Mre specifically, the distance

bet ween the two surfaces of the chassis should 5
preferably be set to 6 mMmm or less, nore preferably 5
mm or less. In order to effectively discharge the GWR
element in the read head, it is preferable that a
current should not be suppliédd to the GWR el enent
when the 10 magnetic head is | oaded over the nmagnetic
di sk on which netal portions and dielectric portions
ar elagbeer n&el Lhfier med.soWhern hiehal isdgmetel beteeemditig two
apparatus is reserved or transferred w thout
confB&ELrR§st 6Lt hbepehassiiisnshosiar pes fegpde Megisgr as
15 accunul ated. I n_order to discharge such charges,

it FEOpLefsr ROSE1PA&: t Norgpsaestidd Ceidu d the FF nce

SupBFYIHE o "B8r FURL LS TPRESGRR ehEmEhe Soand TR R
' lied.to the GKR el t. 20 L
R T Rt NS SR, ol

deser jhed WL sref erence to acconpanyi ng draw ngs.
Exanple 1: Wth reference to FIG 1, a magnetic

recordi Nngn 2% d@RPAALYF REGHi NG it 1T | i Afement
the present invention will be described. The

recandichg appar akusl, CeNpLi $eefdragilde thaghaswus rkdt a
magnetic disk 11, - 11 a head slider 16 including a
readhbeadd uvsicnpeasgpaitied to the GMR element when the
magnetic head is loaded over the magnetic disk on
which metal portions and dielectric portions are
alternately formed. When the magnetic recording
apparatus 1s reserved or transferred without
connecting to the power line, charges may be highly
accumulated. In order to discharge such charges,
it is preferable that the apparatus should be first
discharged with use of the discharge mechanism without
supplying a cufrent to the GMR element, and then
a current is supplied to the GKR element.
EXAMPLES
Examples of the present invention will now be
described with reference to accompanying drawings.
Example 1:
With reference to FIG. 1, a magnetic recording
apparatus according to an embodiment of the present
invention will be described. The recording apparatus

comprises, inside a chassis 10, a magnetic disk 11,
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magnet oresi stive el enent (GWR el enent), a head
suspensi on assenbly (a suspension 15 and an actuat or
arm 14) that supports the head slider 16, a voice coi

5 nmotor (VCM 17 and a circuit board. The nmagnetic

disk 11 is mounted on and rotated by a spindle notor
12. Various digital data are recorded on the nagnetic
di sk 71 in perpendicul ar nmagndtli c - recordi ng manner.

The magnetic head incorporated in 10 the head slider

16 is a so-called integrated head including a read
head bskdgsai@yR ékedenfuaddga awriehel hread wefing i rglant
pol e structure. The suspension 15 is held at one end

of TRAgnatryacsstavm edemensudpiiRt etllementtead aslhieder 16
so as to face the recording surface of 15 the nagnetic
dusﬁuiﬂen$h@naé€98WSAYaﬁﬁ1f@5p§n§ﬂp@cﬁédan@oa@ giokstator
13. _The not or (VA ich _serves as an
actﬁﬁ?o?x9 ggﬁFo§P888r£F %HCN%FﬁgrSéﬁ§e6f16Vhé voice coil

act 8£8£ iéCMTh§7g§é F;gbgcﬂégo%|%ﬁ 17 drives the

susp nsi he magnetic 20

head at apedfRhheany padial pqg Sn'o%%t “?xea] nr%tﬂacced by

disk 11. The CIrCUIt board conprises a ead

genérgbﬁnQEéVh890§'QQa|SVEQEOEQed¥%h%%lC@'ka”%&%rgecorded
(VCM and control signals for controlling rea

wibe operahynesipenfokmed by F@%p@aﬁ%w%rh%%ne%%c
FIG 2 is a diagramschematically showing a placenent

of teeordgnetinandesk lThanflaghetheadesk dekortdrath@l in

head slider 16 noves fromthe |left-hand side - 12 to

t heth¢ gheadlandidedelbeliat aveot-calhednighebira teids kead
including a read head using a GMR element and a write
head of a single pole structure. The suspension 15 is
held at one end of the actuator arm 14 to support the
head slider 16 so as to face the recording surface of
the magnetic disk 11. The actuator arm 14 is attached
to a pivot 13. The voice coil motor (VCM) 17, which
serves as an actuator, is provided at the other end of
the actuator 14. The voice coil motor (VCM) 17 drives
the head suspension assembly to position the magnetic
head at an arbitrary radial position of the magnetic
disk 11. The circuit board comprises a head IC to
generate driving signals for the voice coil motor
(VCM) and control signals for controlling read and
write operations performed by the magnetic head.

FIG. 2 i1s a diagram schematically showing a

placement of the magnetic disk 11 and the head slider

16. The head slider 16 moves from the left-hand side
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11. The read head and wite head are forned on the
termnal end (the portion closest to the nmagnetic disk
11) of the head slider 16. The head slider 16 is 5
supported by the suspension 15, in which the distance
between the head slider 16 and magnetic disk 11 is
determ ned based on the bal ance between the force of
the spring of the suspensien 18 ard the levitation
force generated by the head slider 16. 10 FIG 3 shows
the air-bearing surface 21 of the head slider 16. The
ai rtbethengightflaged( AB® 2élhasvesuohtheshagekuie disk
that the hatched sections thereof are protruded to

t hel¥ronfhei deadi hhadespdcvribet headsartafervedt he the
paper sheet. This structure generates 15 appropriate

| evieERiDALf BRde tiAenpgheipe Réages? tpsthermegnesichdisk

tralllng end of the head slider. The nagnetlc head 22
i ncthtest atP%a]aeﬁ%aElﬁg'?ﬁgmtheT@ﬁ/RhéﬁénéﬂafL §%d1l8 1is

ﬁ%l%@p%‘ﬁ??e?hgys?b%ﬁﬁ S8 eRon | AnFilsch Foengidrgnce
é Lhat,gaki g kgér 6035 QgEB%E'f'Ca | 99, ig
hé g%

can In-any confll guration

as &Q@Qrﬁ§n@dr§§9e§eég tHé'BQlQPGQS?@%ﬁEEHtthé force gf

provided. FIG shows an exanpl e e magnetic hea

22 th35s.lé\ gkeprat sﬁ%géﬁswid%caﬁe bgtvweeRidapabh
shields 31 and 32 e of the shields, the shield

32,foﬁbé0géﬁéy&§eésb9 tBbURBaMOkeidand1d.si ngle pole

head 13 34 is forned to be connected to the shield

32. A coFIG. 3 shows the air-bearing surface 21 of the
head slider 16. The air bearing surface (ABS) 21 has
such a structure that the hatched sections thereof
are protruded to the front side with respect to the
surface of the paper sheet. This structure generates
appropriate levitation force. A magnetic head 22
is formed on the trailing end of the head slider.
The magnetic head 22 includes a read head using
the GMR element and a write head of a single-pole
structure. It should be noted that the structure
shown in FIG. 3 is merely an example that satisfies
a certain specification, and that the ABS can be
modified in any configuration as long as a read head
using a GMR element is provided.

FIG. 4 shows an example of the magnetic head 22.

A GMR element 33 is sandwiched between a pair of

shields 31 and 32. One of the shields, the shield 32,

also serves as a return yoke, and a single pole head
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35 is wound around the single pole head 34. It should
be noted that the structure shown in FIG 4 is nerely
an exanple, and the structure of the magnetic head 22
5is not particularly limted. FIG 5 is a diagram
schematically showi ng a placenent of a discharge
mechani sm and the head slider. As shown in FIG 5, a
di scharge nechanism40 is-Horied-4dnto a flat shape,
in which netal portions 10 41 and dielectric portions
are alternately fornmed. The discharge nechanism 40 in
t he3pr éserfbriednplbe beasonaeditekl frar mhien shtiiedhl \B2as A coil
netal portions 41 and A1203 as dielectric portions 32
ar e3al tér navady areumedd ththe ingdgt Podfe el Bdt.al It should
portion is set to 200 nm and 15 that of each
di ePBcPPIEIMERBEr the SECUCS XG0 SHRWrand Fillfe thilekmesely
thereof (the length in the perpendicular direction in
FI cf‘ns?xgiglpis gdséhﬁmstﬂlutcﬁbl&&h Gt the megnedds dead 22
in the fkgur onlproEective film having a

8s Kmafd &% ubri cant are 20 forned

1 gy 2.0ar0
t hi cRneéss™ 6f 5688 ] 0
on the s ac f. the .di ar i.sm 40. .The

di schar ggxl_fr?éc%a%isstr“?‘w ?dq’lgssr nar?%?’aegfaﬁérl%gé%)y the "Sanke _
met Bog138eBnkNe £cas Q1 kb ﬁ%c%a%'i%ﬁh%{ngﬁ JRRChASM
on the surface of a magnetic disk, as wl e

desglLiibed.| aher shdanThe fread 3l i deqik@hasgURRRMEd sm 40
over the discharge nmechanism 40 at a flying hei ght of

seveésaformedsiatonandieteshaphs tihe wiiisehaied@l portions
mechanism40 is - 14 rotated, the netal portions 41
and4di ehdctlietepdrticoportions are alternately formed.
The discharge mechanism 40 in the present Example has
a disk form in which W as metal portions 41 and Al»03
as dielectric portions 32 are alternately formed.
The length of each metal portion is set to 200 nm, and
that of each dielectric member is set to 200 nm, and
the thickness thereof (the length in the perpendicular
direction in FIG. 5) is set to 50 nm. Although it is
not depicted in the figure, a carbon protective film
having a thickness of about 5 nm and a lubricant are
formed on the surface of the discharge mechanism 40.
The discharge mechanism 40 is manufactured by the same
method as in the case of forming a discharge mechanism
on the surface of a magnetic disk, as will be
described later.
The head slider 16 is supported over the

discharge mechanism 40 at a flying height of several

tens of nanometers. As the discharge mechanism 40 is



42 of the discharge nmechanism 40 pass alternately with
facing to the read head forned on the trailing end of.

the head slider 16 at a distance within 50 nmor |ess,

5 preferably 30 nmor less, and nore preferably 20 nm

or less. A regular magnetic disk was nmounted on the
spindle to assenbl e a magneti c recordi ng apparatus of

the structure shown in FI G- 1,14and then the apparatus

10 was tested for flying characteristics of the

magnetic head in various cases. Chassis used in these
tesrstavere chestandar gotrtpessf an muntdird e&th-idigdbrtions
1.8-inch, 1-inch and 0.85-inch disks. The GWR

el ed@ntg tbeddhechawmgee meahantiyped,0 ClaRsGWR teEPRER; with
15 TMR and CCP-GVR Two sets of the four types of
cha§dringndor 6bie w@pels hepchdadaageca dded tine iddms mpd of.

tions, and a toqtal of 32 apparatuses were prepared.
EacﬁESf ﬁeﬁe SBOFE Ts dfpPés andld s&aBicee ted g nm or less,
accel erated.degradation.test, in which each s le 20
maspFSFe§F§%§ %8rn§tOFe&?FSOnénﬁegW5913¥ (ﬁﬁﬁgg%ﬂ%p nm or
the;pugi dity was naintained at 5% and then the
chassi s 'was rubbed with woolen yarn for five mninutes

to gener at i.C €l r: Cld:\. ter t he
rmgget i cghgggh\%tgsr Im%gg%g,lCgr(#dl)étﬁw'e%\jarsgsnllotsdt?g%]ecde C!\/%l/astkb%

nmeaggk gd1at tBohRsends 0h hRgnEVR el Ry BASRD Ohtus of

the neasurenments, the yield of the damage causéd to
t hetkkeseRlicvas ceXBBWAEdn TG I uhbiangl testn WHd M ratus

15 wvyarn was carried out 10 tines for each sanple, and
thewas tested for flying characteristics of the magnetic
head in various cases. Chassis used in these tests

were of standard types for mounting 2.5-inch,
1.8-inch, l-inch and 0.85-inch disks. The GMR
elements used here were four types, CIP-GMR, CPP-GMR,
TMR and CCP-GMR. Two sets of the four types of
chassis and four types of heads were used in combina-
tions, and a total of 32 apparatuses were prepared.
Each of the above samples was subjected to
an accelerated degradation test, in which each sample
was let stand for at least one week in a room where
the humidity was maintained at 5%, and then the
chassis was rubbed with woolen yarn for five minutes
to generate static electricity. After that, the
magnetic head was loaded, and the resistance was
measured at both ends of the GMR element. Based on

the measurements, the yield of the damage caused to

the element was examined. The rubbing test with wool
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occurrence of the electrostatic di scharge damage of
the GWR el enent was determ ned. The results were
summarized in FIG 6. 5 As can be seen fromFIG 6, in
the magnetic recording apparatus in which regular
magnetic disks are installed, it was observed that

el ectrostatic discharge damage occurred at | east one
time in all of the 16 types df5 apparatuses. In this
figure, 10 the circle plot denotes a case where the
nunber of occurrence of electrostatic discharge
danmigeni yaswearariedesst a0t tiiamg &€ ol @tactesatmgsl e, haind the
the nunber of occurrence of electrostatic discharge
danB§€Uirs enioge o foit hiee £d e c& rogirartd lddts aerrstee slantzate of
t he pumper of 15 occurrence of electrostatic discharge
damk§é FY¥R1Glsmentesss gedeandness pllde desnlds tiene

t he nunber, o% ,oc%ﬁrrnge of electrostatic discharge
danByB"PE #E%rD fofe. °The results indicate that as
t he size

f the, media i Lt i,
daraged By SCAt RS 50°0) SOt GaC R St TR AT
f b TR and, T Ly

damagSa By o BRCr LA e APeERa s tRdn D T disks

Nexbret BB sEATBLESHS WRLE BBkl QYL UGN tatic
di scharge nechanism 40 in place of the nmagnetic gis .

25 Hbsthesget @ainagenocelietletosiatlict sdi sehargedamngs 1
occurred in any of the 16 types of apparatuses. It

canofetbendludedetshatt tbpadiasubansge mechanissmiqguke,

according to the present invention has an effect of
the circle plot denotes a case where the number of
occurrence of electrostatic discharge damage is two
or less, a triangle plot denotes that the number of
occurrence of electrostatic discharge damage is five
or less, a square plot denotes that the number of
occurrence of electrostatic discharge damage is 10 or
less, and a cross plot denotes that the number of
occurrence of electrostatic discharge damage is 11 or
more. The results indicate that as the size of the
media increases, it is more easily damaged by static
discharge. Further, it has been found that the
CCP-GMR and TMR are more easily damaged by
electrostatic discharge than the rest.

Next, the same tests were carried out using the

discharge mechanism 40 in place of the magnetic disk.
In these tests, no electrostatic discharge damage

occurred in any of the 16 types of apparatuses.

It can be concluded that the discharge mechanism
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preventing the el ectrostatic di scharge damage of the
GWR el enent. Exanple 2 5 A sanple nagnetic recording
apparatus was prepared using a magnetic di sk provided
with a discharge nechanism As shown in FIG 7, the
di scharge nmechani sm has such a structure that netal
portions 41 and dielectric portions 42 are forned 10
alternately and conti nuously it the circunferentia
direction of the magnetic disk 11. The discharge
mechani sm may be formed to occupy only a part thereof
i n eheorddingl tdi teet prrsehltt envanitvieny hazs ash@fifddt of
FIG 8, the discharge nechani sm has such a structure
15 PREVERELaD [bet rorstapsand idi elischeing epotariages o2
are_. forned alternately in the circunferenti al
di r BBEi BHRoe! epﬁétﬁagnetlc di sk 11, by which the
di scharg |sn1 may be formed on substantially
entire 535958 fthe disk. It is alternatively
ossi bl et 1 ze, .the 20 dj.schar chani sm
gervo zonegaﬁ) ¥ ﬁl%gjlnugelCrn?lrgf;erﬁ:é)trldlc ngpgtq%ear %gwusséqc?

sery¥e.ghgnal asaﬂg di ﬁ&sﬁgtlle ROY! g%\,ﬁ%@awtu g the

magnetic pattern 'S a CrosSs-sectio vi ew of

a maghetktBargkSkePhavkdad Wakh s@.o%hsq_l?larﬂ% mechanpjesm
according to 25 the present Exanple. The magretic

di skisbhwhgenmEtGan9shasasushca st BYehe ehathatOhed a1
di sk substrate 51, a soft underlayer (SUL) 52, a

receedthgnkaygér ahd d58landrdcppotedbinge dlapate Fb rateel
deposited, and
alternately and continuously in the circumferential
direction of the magnetic disk 11. The discharge
mechanism may be formed to occupy only a part thereof
in the radial direction. Alternatively, as shown in

FIG. 8, the discharge mechanism has such a structure

that metal portions 41 and dielectric portions 42 are

formed alternately in the circumferential direction of

the magnetic disk 11, by which the discharge mechanism

may be formed on substantially entire surface of the

disk. It is alternatively possible to utilize, as the
discharge mechanism, servo zones that include magnetic

patterns used as servo signals and dielectric portions

separating the magnetic patterns.

FIG. 9 is a cross-sectional view of a magnetic
disk provided with a discharge mechanism according to
the present Example. The magnetic disk shown in
FIG. 9 has such a structure that, on a disk substrate

51, a soft underlayer (SUL) 52, a recording layer
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a lubrication |layer 55 is applied to the protective

| ayer 54. The magnetic di sk according to the present
Exanpl e has a structure that the nmagnetic patterns 56
5 are separated by the dielectric portions 57 forned
such as to fill the recesses between the magnetic
patterns. In the present Exanple, the disk substrate
51 is made of glass having-a slize -of 0.85 inches. For
the magnetic disk of the present Exanple, 10 materials
and stacked structure of various |layers used for

or dbAapypdper perndiectlize fageet i5d reeoodipag inedi,a angin

be applied. Materials used for the layers of the
nagﬁegll@rﬁééﬁﬁ-@mn@a[‘redl asSad swelpplasd e sthackedtective
structure of the layers will be described bel ow 15
<Subateat 64 -Th§h§u@§6ﬁﬁﬁécnﬁ1} Slie & oo ddxamploe the giresent
substr at al l oy substrate, a ceram c substrate,

, Al
ac FﬁgﬁﬁguggﬁrététrHCGBEﬁoGH& ts &hec BRABEEIC Pattﬁfns 56
b t al bst.r at 20 T
R B R
SUbéﬁE ”g% ??l&oE d.afe %%rp%%%%e%'a%%e magnetic
I ze I U

crysta ass e anDr ous gI ass 1 nc S SO

li nBagkasss. al WRi Reel b'r%@%ﬁtglE§§§1 190 ttlél% ldik& s EI%%tr te

crystalllzed gl ass i ncludes lithi n}bas crystalTize

25 ghass frdther! tg'i@ssﬂ‘l@v@ﬁga@ 6 1SWbgler at @5l Nelkdes
a sintered body mainly formed of al um num oxi de,

al um nunEpit thdemaghnkitden diistkr iode ther pirlkes dritk &x 0o 148
a material obtained by fiber-reinforcing the sintered
materials and stacked structure of various layers used
for ordinary perpendicular magnetic recording media
can be applied. Materials used for the layers of
the magnetic recording media as well as the stacked
structure of the layers will be described below.
<Substrate>
The substrate may be, for example, a glass
substrate, an Al alloy substrate, a ceramic substrate,
a carbon substrate, a compound semiconductor
substrate, or an Si single-crystal substrate.
These substrates may be coated with a NiP layer. The
glass substrate may be formed of amorphous glass or
crystallized glass. The amorphous glass includes soda
lime glass, aluminocilicate glass, or the like. The
crystallized glass includes lithium-based crystallized
glass or the like. The ceramic substrate includes

a sintered body mainly formed of aluminum oxide,

aluminum nitride, silicon nitride, or the like, or
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body. In order to coat the surface of the substrate
wth a NP layer, plating or sputtering is used. <Soft
Under |l ayer> 5 The magnetic recordi ng nedia shown in

FIG 9 is a so-called perpendicul ar double | ayer

media in which a perpendicular magnetic recording

| ayer fornmed on a soft underlayer. The soft underl ayer
in the perpen- dicular doubl ellgayer nedia is provided
so as to pass 10 a recording magnetic field froma
recordi ng magnetic pole through this layer and to

r et armatbeirécobdingedmagnétive ri-irelid fio@ cd ngetten syoke red
arranged near the recording nagnetic pole. That is,

t hebgdft uhderkdyper toprovritdébea sparfacef oifheheuschbistrate
of the wite head, 15 serving to apply a steep

perpehlli euNaF hayReri eleitdng odi spritheriion de tised.
recording |l ayer. so as to inprove recording
perforna%§8%¥TH€d§6ﬂPY@ﬁ8erlayer is made of a high

20 N+ 2R CEBCaEH CREerr AL Hetide STRrae HiG0p e
, i al | h JFeNi_, .
PP NG FaRLCE BRAORAN. STk Cpai e fRY o s p gyt which
r afd-FeRt S, dn PeA > afd
an Rera By eTEak heolBR Reroa®ihnd TP RATSA O,

FeZs QbEQYuﬁdéthFeE$zrNheTQ%f%ohhdHQQ§§F?ygﬁ WRY Rerpen-

made of a material having a mcrocrystalline

strdttul erodoableandlatr medfa Skr pebiigeeoBbALR RS pass

fine grains dispersed in a matrix
a recording magnetic field from a recording magnetic
pole through this layef and to return the recording
magnetic field to a return yoke arranged near the
recording magnetic pole. That is, the soft underlayer
provides a part of the function of the write head,
serving to apply a steep perpendicular magnetic field
distribution to the recording layer so as to improve
recording performance.

The soft underlayer is made of a high
permeability material containing at least one of Fe,
Ni, and Co. Such materials include, an FeCo alloy
such as FeCo and FeCoV, an FeNi alloy such as FeNi,
FeNiMo, FeNiCr and FeNiSi, an FeAl- and FeSi alloy
such as FeAl, FeAlSi, FeAlSiCr, FeAlSiTiRu and FeZlO,
an FeTa alloy such as FeTa, FeTaC and FeTaN, and
an FeZr alloy such as FeZrN.

The soft underlayer may be made of a material

having a microcrystalline structure or a granular
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such as FeAlO FeMyO FeTaN, and FeZrN, each

containing 60 at% or nore of Fe. The soft underl ayer

may be nade of other 5 materials such as a Co alloy
containing Co and at |east one of Zr, Hf, No, Ta, Ti
and Y. The material preferably contains 80 at% or

nmore of Co. An anorphous |ayer is easily fornmed when
such a Co alloy is depositedl®y sputtering. The

anor phous 10 soft-nmagnetic nmaterial exhibits very

excel l ent soft nagneti sm because of free of
magaetracrystakbnne i ndnigs dtinepy,radmys todls pdefseet sirard matrix
grai n boundaries. Further, the use of the anorphous

sof suphgnhet FeAlPat EeMall, r ééliedls roids &'fZmdin tdeehmedi a.
Preferred 15 anorphous soft-nmagnetic materials

i ncFagéaipdpg ERamplle crameE2r ©f E§Zr Nb- and

CoZr Ta- based al l oys.. Anot her underl ayer nay he

provi ded TBFdEP fth & SER AYifdemady &1 iMEtT dr 210 Tpr ove
themg£¥§3a&gniﬁ%h0fstgeCoS%fé un%%ﬁhgjg{ﬁprcih%nd
adh@8i6n t5°t RE“SubSt Fats, % Wt & a1 f o the

undectl i ncl.u Iy ) Cr . n oy
therg{éo??éggﬁdggl)%i gg gﬁd E?t’ri é rIbgdntFT)tz;]fl r??{rg]g Y?heaﬂa}{)eove
et gh ¢ oA NERERRILBNG |RA¥RH 16QNBI0S LY B rdbre of Co.
nonmagneti ¢ substancé may be provi ded between the

sof AnuBafierbayek 1349eand st ke sparperRgnd amdmEIRiH G co
recording layer. The internedi ate | ayer serves to
supplésy exchapgeiteduply R@puithiceriact.i omrHeetaneapHdies
soft underlayer and 20 the recording layer and to
conspbk-tmhgneryst akiteirtiyp lokexhibits very excellent soft

magnetism because of free of magnetocrystalline
anisotropy, crystal defects and grain boundaries.
Further, the use of the amorphous soft-magnetic
material reduces noise from the media. Preferred
amorphous soft-magnetic materials include, for
example, a CoZr-, CoZrNb- and CoZrTa-based alloys.

Another underlayer may be provided under the soft
underlayer in order to improve the crystalinity of the
soft underlayer or the adhesion to the substrate.
Materials for the underlayer include Ti, Ta, W, Cr,
Pt, and an alloy thereof, and oxide and nitride
containing the above metal.

An intermediate layer consisting of a nonmagnetic
substance may be provided between the soft underlayer
and the perpendicular magnetic recording layer.

The intermediate layer serves to suppress exchange

coupling interaction between the soft underlayer and



10

15

20

25

the recording layer. Materials for the internediate

| ayer include Ru, Pt, Pd, W Ti, Ta, C, Si and an
all oy thereof, and oxide and nitride containing 5 the
above netal. To prevent spi ke noise, the soft
underlayer may be divided into |ayers that are
antiferromagnetically coupled with each other through
a Ru layer with a thickness-of2®.5to 1.5 nm

sandw ched t herebetween. 10 Alternatively, the
soft-magnetic | ayer may be exchange-coupled with a

pi nitiheg deayerd imadd afera drat o reagitaidlc ord eddytaliftity of
i n-pl ane ani sotropy, such as CoCrPt, SmCo and FePt,

or &heameicoediomagretdc. Meterrial sutty ahd riiteameediate
Ptvh. In this case, to 15 control the exchange

coupliveg fiscdaidea Ryagridti @d,ayer Tisudlm,as£1Go Sr and
nonmagneti c | ayer such as Pt may be stacked on and

undéft fHé o Hrgy&cf <paYhardidauiand Megreide Rederidiimp

Layer > The perpendi cul ar magnetic recording |ayer is
20 ﬁ&&eagPY%fSE% nple, a material mainly containing

Co, containi t. least Pt.. containing C a
requiredﬁ%bﬁﬁﬂgﬁsphg ﬁkﬁﬂ%ﬁ%ﬁ%ﬁ)éh?(ﬁé%ﬁ;%@§kﬁ%%%§r may
Si | kbeor 1QX%ide ; tiE%Qi i o dnt :
perpendﬁcular ﬁhg%@&ﬁ Fgggggi%g%iéﬂ;%ég%ﬁﬁﬁﬁqq?tlcally

Crysbah 166aiN% PIRfE@f ntr 3hARIA & ¢ UMAL with a
structure. In a perpendi cul ar magnetic recording |ayer

havithg ckwel sa ot UG Wee,1 .theum MRENREHIh e Wil e ki @l .
have favorable orientation and 21 «crystality, making
it Ppdseirblae itve 1y, owihde sa f3i-gR@indtdc layer may be
exchange-coupled with a pinning layer made of a hard
magnetic material with in-plane anisotropy, such as
CoCrPt, SmCo and FePt, or an antiferromagnetic
material such as IrMn and PtMn. 1In this case, to
control the exchange coupling force, a magnetic layer
such as Co or a nonmagnetic layer such as Pt may be
stacked on and under the Ru layer.
<Perpendicular Magnetic Recording Layer>
The perpendicular magnetic recording layer is
made of, for example, a material mainly containing Co,
containing at least Pt, containing Cr as required,
and further containing an oxide (such as silicon oxide
and titanium oxide). In the perpendicular magnetic
recording layer, magnetic crystal grains preferably
form a columnar structure. In a perpendicular
magnetic recording layer having such a structure, the

magnetic crystal grains have favorable orientation and
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noi se ratio (SNR) suitable for high-density recording.
The anount of oxide is inportant for obtaining the

above structure. The content of the oxide in the 5

total amount of Co, Pt and Cr is preferably 3 nol % or
nore and 12 nol % or |less, nore preferably 5 nol % or

nore and 10 nol % or less. If the oxide content of the

per pendi cul ar magnetic recordi2lg |-ayer is within the
above range, the oxide is precipitated around the 10
magnetic grains, making it possible to isolate the
magneystagiayns makd ngo iteguss ittiel rtosipzeszidd 4 heignal-to-
oxi de content exceeds the above range, the oxide
remaPhsei nathe reYRet istigediles fiox deghadensiey recording.
orientation and crystalinity. Mreover, the oxide is

15 Ehécﬁwppatte@fo@érldgndSuﬁa@prttﬁélwetqhiagwrm% tthe
prevent fornatlon of the columar structure. On th

ot h8P°K&ngd~t HxW@om&@&%ﬁ%Ff@ﬁ&%qﬂﬁ?ﬁ%tm
b th | ati . t
?hggre ucgegﬁ i ﬁoltfﬁg . & z@gd & ﬁ’?sg{ieﬁfcﬁ éaﬂ{al g%“fﬁl% or
o k
'nCﬁS?éeﬁnHEQQamQQ'S%raﬁ% ga gﬁ%gNEfég%ﬁ%§#§eﬁgn % or

obtaln a signal -to-nol sé Par|

hi ghodenahby 10eqendl BG- 1E8S Pt 1G0RLENG Qfid R ntent of the
per pendi cul ar magnetic recording layer is preferably

10 pt¥pendaBneadnthagd2etd? aUoidiRsSaydend R tin the
content is within the above range, the perpendicul ar

magabbive reagedi e bayjele Arovirded pd taa@d readhund axtial
magneti c ani sotropy - 22 constant Ku. Moreover, the
maghethetgeaogme ieshi iatkking it possible to isolate the
magnetic grains and to reduce their sizes. If the
oxide content exceeds the above range, the oxide
remains in the magnetic grains to degrade the
orientation and crystalinity. Moreover, the oxide is
precipitated over and under the magnetic grains to
prevent formation of the columnar structure. On the
other hand, if the oxide content is less than the
above range, the isolation of the magnetic grains
and the reduction in their sizes are insufficient.
This increases media noise and making it impossible to
obtain a signal-to-noise ratio (SNR) suitable for
high-density recording.
The Pt content of the perpendicular magnetic
recording layer is preferably 10 at% or more and
25 at% or less. When the Pt content is within the

above range, the perpendicular magnetic recording

layer provides a required uniaxial magnetic anisotropy
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good cyrstalinity and orientation, resulting in
thermal fluctuation characteristics and read/wite
characteristics suitable for high-density recording. 5
If the Pt content exceeds the above range, a |ayer of
an fcc structure may be forned in the magnetic grains
to degrade the crystalinity and orientation. On the
ot her hand, if the Pt content 22 Il-ess than the above
range, it is inpossible to obtain a uniaxial magnetic
10 ani sotropy constant Ku and thus thermal fluctuation
chacaokérnst Kos sWiotrablve rf, ot hiei glagthendid yrsdeey dixigbit
The C content of the perpendi cul ar nagnetic recording
| ay@pods cpreteddbliy y0 aadywoor emyed iand 1@ satl%ingr ilress,
nore preferably 10 at% or nore and 14 at%or 15 |ess.
WhehPERBaEr fdoptentics wherasterils thasganchinged/write
tization can be maintained without reduction in
un|Sgﬁéﬁcﬁﬁ§ﬁéFF€SaﬁPé&PP&ﬁy @6n§ﬂ§ﬁrd@@SlfW'§qQQHﬁﬁP

f d/ h t d th
1 UGEub PR CCARFAEDS: Pt CEe s T EaBrE For ARG, Gerdgy of

20 gaceed @gfuhftu&%emggt BB 80 Hhel BB PRUE arpins

rarns decreases

thetbhgéﬁﬁhdglﬁﬁguékgg@aﬁﬁﬁﬁﬁgt%56§%EQ%n%%%1EQF . On the

crystalinity and oriéntation he ‘magnet’i ¢ grains.

As athesUhhndt he rr ead/ whi -en¢Raragtenicsld 63 MY HRE aldrre
degraded. The perpendi cul ar magnetic recording | ayer

mayra6gelain net 18pbYs@elePto Gbtane an 1@Xiadd8 NUnRYredic
one 23 or nore additive elenments selected fromthe
groapisotropy constant Ku and thus thermal fluctuation
characteristics suitable for high-density recording.
The Cr content of the perpendicular magnetic
recording layer is preferably 0 at$% or more and 16 at%
or less, more preferably 10 at% or more and 14 at$ or
less. When the Cr content is within this range, high
magnetization can be maintained without reduction in
uniaxial magnetic anisotropy constant Ku. This brings
sufficient read/write characteristics and thermal
fluctuation characteristics suitable for high-density
recording. If the Cr content exceeds the above range,
Ku of the magnetic grains decreases to degrade
the thermal fluctuation characteristics and the
crystalinity and orientation of the magnetic grains.
As a result, the read/write characteristics may be
degraded.
The perpendicular magnetic recording layer may

contain not only Co, Pt, Cr and an oxide but also one
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consisting of B, Ta, Mb, Cu, Nd, W No, Sm Tb, Ru and
Re. These additive el enents enable to facilitate
reduction in the sizes of the magnetic grains or to 5

i nprove the crystalinity and orientation. This in

turn makes it possible to provide read/wite charac-
teristics and thermal fluctuation characteristics nore
suitable for high-density recctdling. The total

content of these additive elenents is preferably 8 at%
10 or less. If the total content exceeds 8 at% a
phase motrkerddidn van clemepltas 6l dtedrettdm titee group
magnetic grains. This degrades crystalinity and

or i ERPELISEANST oft Be Magndid.c GraiNes, WmRking S, Tb, Ru and
i npossible to provide read/wite characteristics and

t heFRal Fpﬁéﬁuéﬁﬂéﬁlf§ CH&MEA TS iede ¢ tfasid itarte

hi g r.ec materi als for the

RN L S g i S &%m%twa%@%%ﬁo

al lp?étbr go%\ﬁtaélrro ’tal'f‘f?él% eraﬁéﬁl(ﬂ)lr%ngl%%‘}é)&eti J_S ln
" eCeldhngh@Ueh Ma% 8 30 for By Al eazfg«'d' s o] e

containing a fil |nc

el egept ssekected E%%@hhhefHﬂé%ﬂ%ﬂ%yﬁyéﬁéﬂgiﬂgffgblégtmore
Rh and Ru and a Co |ayer. The perpendicul ar magnetic

recendiapleayer mayhbelenfsartRed «foraiimy.ti ImaerJddim
such as CoCr/PtCr, CoB/PdB 25 and CoQ RhO, which are

pr epanednhy o&ddhegeCraddBtdlveO ellemegAach ilsaydte fAfrddiey 8 ats
above nmultilayer film The thickness of the
per pendissl. ar Ifaghet itotal24ontecdr dixogddsydr at%, a phase
preferably ranges between 5 nm and
- other than an hcp phase is formed in the magnetic
grains. This degrades crystalinity and orientation of
the magnetic grains, making it impossible to provide
read/write characteristics and thermal fluctuation
characteristics suitable for high-density recording.
Other materials for the perpendicular magnetic
recording layer include a CoPt alloy, a CoCr alloy,
a CoPtCr alloy, CoPtO, CoPtCr0O, CoPtSi and CoPtCrSi.
The perpendicular magnetic recording layer may be
formed of a multilayer film containing a film of an
alloy mainly including an element selected from the
group consisting of Pt, Pd, Rh and Ru and a Co layer.
The perpendicular magnetic recording layer may be
formed of a multilayer film such as CoCr/PtCr, CoB/PdB
and CoO/RhO, which are prepared by adding Cr, B or O

to each layer of the above multilayer film.

The thickness of the perpendicular magnetic
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60 nm nore preferably between 10 nmand 40 nm A

per pendi cul ar magnetic recording | ayer having a

t hi ckness within the above range is suitable for 5

hi gh-density recording. If the thickness of the

per pendi cul ar magnetic recording layer is less than 5
nm read output tends to be so |ow that a noise
conmponent becones relatively H4gh.-On the other hand,
when the thickness of the perpendicul ar magnetic 10
recording | ayer exceeds 40 nm read output tends to

be sechirghnas ltayedi $irerfte nsvlef arargye sThes tooedrci virny arod
t he perpendi cul ar magnetic recording |ayer is

pr eo€r apl,y M23E 0@ tAnanly, Gerwesn o0 mor eand f4Q hem.
coercivity is less than 237,000 A/ m (3,000 Ce), the 15
t he PmBE HPERELFAHIEGH MBEING e & SRR B gt sette d1a e

per pendi.cul ar squareness of the perpendi cul ar nmagnetic
rec6r 5‘?‘&5%“53?& WL Y SRR e 381 9% ore. Sukta for
per pendi cul ar. . squareness is | than 0.8, the thermal
T Bt R Y et aed Taitte (o Bd ogredlpe 26t i
<Pr ge?%)te'n\éq clu@é?’ Ta %tﬁrcmreec drvog].nlgiyleg yesre ri\/sesléso s than
prevent corrosion the perpendi cul’ar’ magnet’ic

recer dinNg Jeavel @pditt ¢ e RN, danpge,d d e ek fse

surface when the magnetic head conmes into contact
Wi t Bohbeneedi ded¥alesy iradl 1% tfiale 125 Hilgh or Qir?ﬁéﬂé/eoﬂ}?élﬁrhand,

i nclude, for exanple, C, SiQ2 and ZrQ2. The
pr oweehi véel aydrc kpreafserogblnhehase o drid icddaiess mafndti®
10 nm When the thickness of the protective - 25
| ay geciog duinghil viehre eato@esisr difigenm,t heeadl stwme: betveento
be so high as to distort waveforms. The coercivity
of the perpendicular magnetic recording layer is
preferably 237,000 A/m (3,000 Oe) or more. If the
coercivity is less than 237,000 A/m (3,000 Oe), the
thermal fluctuation tolerance may be degraded. The
perpendicular squareness of the perpendicular magnetic
recording layer is preferably 0.8 or more. If the
perpendicular squareness is less than 0.8, the thermal
fluctuation tolerance tends to be degraded.
<Protective Layer>
The protective layer serves to prevent corrosion
of the perpendicdlar magnetic recording layer and to
prevent damage to the media surface when the magnetic
head comes into contact with the media. Materials for
the protective layer include, for example, C, SiOs and

ZrOp. The protective layer preferably has a thickness

cf 1 to 10 nm. When the thickness of the protective



the head and the nedia can be reduced. This is

sui tabl e for high-density recordi ng. <Lubrication
Layer> 5 The | ubricant may be nade of, for exanple,

per fl uoropol yet her, fluorinated al cohol or fluorinated
carboxylic acid. The followng is an exanple of the
nmet hod of manufacturing a magnetic disk. 10

<Manuf acture of Stanper> Fi+st25 a-master plate used as
an original of the pattern was prepared in the
following manner. A Si substrate was coated with a
phoflegemnsiiti we thesi hheaathoveherangke phet ddensinicievdetween
resin was irradiated with 15 an el ectron beamto form
a | ahenheppngad The Medéat canmbge reasiceéevel Gped tis
formprotruded and recessed patterns. The patterns
wer 8UE5RReE wWPLhhige —8engd te éecesfibgam | it hogr aphy
apparatus_conpri si.n a signal source that irradiates
t he photé&@%gﬁF@&éO%zé@ﬂgggh on the substrate with the

el ectron_bheam at .a _predeternmined timn and a st age
t hat novggetﬁg r GRS APy &€ ﬁFﬁﬁzég%u%E’ Lol

Syng@%@ﬂ98§%¥ﬁﬁ$%ggEgzpfﬁhgqghgﬁggr%%Coﬁ%ﬁnbragghorinated

conductive osite 5 the prepar

reskabpRRSE €L Byian ordinary sputtering method. Then,
a nickel electroplated filmhaving a thickness of

about 30@heU AW iher MR 20N e’ FORIUC ik dd Idr
by electroplating. In the electro-
manufacturing a magnetic disk.
<Manufacture of Stamper>
First, a master plate used as an original of the
pattern was prepared in the following manner. A Si
substrate was coated with a photosensitive resin, and
then the photosensitive resin was irradiated with
an electron beam to form a latent image. The latent
image was developed to form protruded and recessed
patterns. The patterns were formed with use of
an electron beam lithography apparatus comprising
a signal source that irradiates the photosensitive
resin on the substrate with the electron beam at
a predetermined timing, and a stage that moves the
substrate at high accuracy synchronously with the
signal source.
Then, a Ni conducfive film was deposited on
the prepared resist master by an ordinary sputtering

method. Then, a nickel electroplated film having

a thickness of about 300 um was formed on the
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pl ati ng, high-concentration nickel sulfamte plating
liquid (NS-160), avail able from Showa Chem ca

I ndustry Co., Ltd., was used. The electroplating 5
conditions were as follows: Nickel sulfamate: 600 g/L,
Boric acid: 40 g/L, Surfactant (sodium | auryl

sulfate): 0.15 g/L, Liquid tenperature: 55C, 10 pH
3.8 to 4.0, and Current DensiZzéy: 20 A/dnR. After

that, the electroplated filmwas stripped fromthe
resi st master and thus a stanper that includes the
condastiieeifel M lal bgt edplcatreg liitlimoand IS thesiestect ro-
resi due was obtained. Then, the resist residue was
renb¥@8ipg . okygbncphasvi rashiong nilckettheudrfesatte plating
Exanpl e, the oxygen plasnma ashing was carried out at
100 EBFdléNﬁ’l_ﬁ\égés P34 LeRaRb & oo Svveh Chefdé lgas
was_i ntroduced at O mM/mn to adjust the internal 20
preggapﬁgfg Pa’ %%g'regﬁptgﬁFdfatﬁgﬁ §l&G5CH Y9

cancggdy?ggnsa%e%n gnp%gqﬁi@%,stanper. However, the
af orenenti oned "€ ec?roplaglng process was carried out

on the fﬁggg%l %Eﬁ%ﬁﬁﬁt%ep%%beglt to replicate a great
e I

nunber o stanpers in 'the faol'l'dwi ng manner. First,

an oxygeRorpl-ase®qashigng simlar to the step of
renmoving the resist residue was carried out and thus

an oxi des??fapassitvalsioon uld l1uwmes. fsenmedon thes g/L,
surface of the

Liquid temperature: 55T,

pH: 3.8 to 4.0, and

Current Density: 20 A/dmZ2.

After that, the electroplated film was stripped
from the resist master and thus a stamper that
includes the conductive film, electroplated film and
resist residue was obtained. Then, the resist residue
was removed by oxygen plasma ashing. In the present
Example, the oxygen plasma ashing was carried out at
100W for 10 minutes in a chamber to which oxygen gas
was introduced at 100 ml/min to adjust the internal
pressure to 4Pa.

The resultant father stamper itself can be used
as an imprinting stamper. However, the aforementioned
electroplating process was carried out on the father
stamper repeatedly to replicate a great number of
stampers in the following manner. First, an oxygen

plasma ashing similar to the step of removing the

resist residue was carried out and thus an oxide
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father stanper. At this tine, the father stanper was
processed under 300Wfor 3 mnutes, in a chanber to

whi ch oxygen gas was introduced at 100 mM/mn to 5
adjust the interior pressure to 4Pa. After that, a

ni ckel electroplated filmwas fornmed in the sane

manner as descri bed above by el ectropl ating. Then,

the electroplated filmwas -strd/pped fromthe father
stanper, and thus a nother stanper, which is a 10
reversed formof the father stanper, was obtained. By
r eppassayathenprfidesves fformeor mnngheheunitloer of the
stanper fromthe father stanper, 10 or nore nother

st afpéhsrhatprgerhe Sanehiier mimen e thist fiotder Afteaper was
that, in a simlar manner to _thgse 15 procedures of

obt REAPRGSEAmBPREr SOAWpdP T ﬁoml%eSfrathe@ %ﬁ&&r to

S PR SRR DT A
t
e 0 g, Sl emic ot U Ui econlatan

hadat he%a e@'égtt'}:Bg?cgt@@df 196es5ed f#ﬁntetae %S 3% those

of the father sta nprinting> son) st anper

wasmsHhpechgd ke cgllb@@s ahse Bheanichg r\eaptﬂat%%t oner{edy,
5 mnutes. Then, the 25 stanper was immersed i'n a

sol uheoel@b@@amdtbm failkUtiiaRg s& rGRpiRld FeoRAse@d father
fl uorocarbon resin- containing silane coupling agent,

t hastesp28, bBhdotaalkkyl sioltadee stamper, which is a

[ CF3(CF2) 7CH2CH2SI (One) 3] (TSL8233
reversed form of the father stamper, was obtained.
By repeating the processes for forming the mother
stamper from the father stamper, 10 or more mother
stampers having the same form were obtained.

After that, in a similar manner to those
procedures of obtaining a mother stamper from the
father stamper, an oxide passivation film was formed
on the surface of a mother stamper, an electroplated
film was formed on the mother stamper, and then the
electroplated film was stripped to obtain a son
stamper, which had the same protruded and recessed
patterns as those of thé father stamper.

<Imprinting>

The (son) stamper was subjected to ultrasonic
cleaning with acetone for 5 minutes. Then, the
stamper was immersed in a solution prepared by

diluting a chlorine-based fluorocarbon resin-

containing silane coupling agent, that is
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manuf act ured by GE Toshiba Silicones), which was used
as a fluorine-based rel easing agent, with ethanol to

2% Then, the solution was blown with a blower and 5
the stanper was annealed in a nitrogen atnosphere at
120C for one hour. On the other hand, a nmagnetic disk
was coated with a resist, which was prepared by
diluting S1818 (tradenane of Rghm-and Haas El ectronic
Materials) five times with propyl enegl ycol nononet hyl

10 et her acetate (PGVEA), or S1801, by use of a spin
coatfénordhéhy lishie astearfiérs (Choi) g Hpddtoriddmearg] (TSL8233
recessed patterns formed thereon are pressed onto the

r esenuga cithie efa§ive GEC T@isdk kgt 450. deare flor WO Beamfdgised
to transfer the patterns to the resist. After that, 15

t he 3§t @npeMokas erOFPPed LEdiadF 1A ANt WeldZerathanol to

After the transfer of the patterns onto the resist,
e Zbesi Trelias ta GO 1OV MASELTOI T 5 TN

to E?ltea IS[E aE’n % r S ld\lrafSa %% I'lC 9 qfel Cp Litr atal (l')ln tq:fo tel?le a[%.r oOt ﬁ[prhdeerdeZ (? t

and recesse patterns. en, e entir resi s m

was %b@§sk§9ksﬁebxoﬂﬁatiag @Belégﬁéﬁoﬁaﬁg,UE”H%géfggg

<Medi a Etching> In order to renove the resist

in Hhek (BGeesRd ROMIItANS oRdiRe Mgnel Gl foeddted by
di sk was subjected to RIE using oxygen gas.

Subgiequenhky sihe 2% rmm@tehicc o Honvasare! et M1 Aftronic
ion mlling. In order to avoid danmages on the

f er Manmegnetlis¢ rfacer diingd ayierh prwipydlereayl e lactorennetthyl
by suppressing re-deposition, - 29 the etching was
car eité¢ roacelyy tear(FiGYEAhe drorg1801, by use of a spin

coater. Then, the stamper having protruded and
recessed patterns formed thereon are pressed onto the
resist on the magnetic disk at 450 bar for 60 seconds
to transfer the patterns to the resist. After that,
the stamper was removed using a vacuum tweezers.
After the transfer of the patterns onto the resist,
the resist was cured by UV irradiation for 5 minutes
to retain the surface configuration of the protruded
and recessed patterns. Then, the entire resist film
was crosslinked by heating at 160C for 30 minutes.

<Media Etching>

In order to remove the resist residue in the
recessed portions on the magnetic disk, the disk was
subjected to RIE using oxygen gas. Subsequently, the
magnetic disk was etched by Ar ion milling. In order
to avoid damages on the ferromagnetic recording layer,

which can be achieved by suppressing re-deposition,
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incident angle to 30 and 70 .

After the etching of

the magnetic film an oxygen RIE was carried out to
strip the etching mask. After processing the 5
magnetic film the carbon protective filmwas forned.
The resultant nedia was coated with a | ubricant by

di pping. Wth the aforenenti oned processes, a nagnetic
di sk having a surface configuriion of protruded and
10 recessed patterns can be manufactured. In this

case, the neta

portions are nade

of a magnetic

mat eheaktchioh assCobrPtedamdtt by dicglyecty ithepararn ons

of air, the carbon protective |ayer

andinchdehgbengast toASOschendt V8al | y Aheawn the RRGching

15 the di scharge nmechani sm has such a pattern that the

net &F BHEt MBASEL1Cafd Lithe 38 SPYIET & LFoMaoremit ag eut

aIternateLé a ranggg,on one tra
&

are a conposite

i s pBsSthi

1

manUfacturing tsteh “a “magnetic

£oeng

car

Al ternati vel

ot
BEUMESK -l FHOSE Faii e

substantial |l y.fl at surface. 20 A net.hod af
L XN the $on gﬁgﬁé@%ﬁwe g%lm was ﬁﬁﬁ?ed'

Wi e descri

?ﬁ'?ﬂ% IQ%uRE%%%S%%%i%fw@%”%%%%é&*dﬁlﬂ'Effﬁ&?ﬂgﬁhé”ﬁy

e sane as t

ose

escri bed above.

I'n the inprinting

progeppinkhne magnetic di sk was coated with SOG 25
(spin-on-glass) by use of a spin coater. SOGs can be
cat egori meah itheacEVrdaee Wridd theehaidcala shagedtl €

of siloxane, to silica glass,

al kyl si | oxane pol yner, -

30 dakky hsaivlises gquisoxdre ep aoprferguidd@an kyfdrogenatdasd and

recessed patterns can be manufactured. In this case,

the metal portions are made of a magnetic material

such as CoCrPt,

a composite of air, the carbon

the lubricarnt.

and the dielectric portions are

protective layer and

As schematically shown in FIG. 7,

the discharge mechanism has such a pattern that the

metal portions 41 and the dielectric portions 42 are

alternately arranged on one track.

Alternatively, it 1s possible to manufacture

a magnetic disk having a substantially flat surface.

A method of manufacturing such a magnetic disk will be

described below.

The processes of manufacturing the stamper are

the same as those

described above. In the imprinting

process, the magnetic disk was cocated with SOG

(spin-on-glass)

categorized,

of siloxane,

by use of a spin coater. SOGs can be

in accordance with the chemical structure

to silica glass,

alkylsiloxane polymer,
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si | sesqui oxane pol yner (HSQ, hydrogenated

al kyl si | oxane pol ynmer (HOSP), etc. In this
alternative nethod, the material obtained by diluting
5 T-7 of Tokyo Ohka Kogyo Co., Ltd. and FOX of Dow
Corni ng Corporation with nethylisobutyl ketone (M BK)
five times was used. After the application of the
SOG the disk was placed i n- aBlven and prebaked at
100C for 20 mnutes, to evaporate the solvent within
10 the SOG, thereby maintaining the SOG at an
appedpyilatié selsaudoxane AotlegmerhatMSQ)he hstdampemated
whi ch patterns of recording tracks and serve data are
enbedded saas oxpres pod yoretro (H5Q)S0B wdegiosnadteU50 bar
for 60 seconds, thereby transferrlng the patterns
ont 81kné SSAG*PEST FOLYIE INGHOSE)n € et A rfgH i ocess,

the residue of the. SOGfilmin th cessed ortj.ons
vas ALERBPEE LTS AETNAR | B MRS A eIAP toaIch (Pl ety L na

et chi_ng %p&%&ﬁt“%mkaA%Ithe Chl a%WFS?§§M§ﬁ1

The “chaffber ressure nﬂor
coi d I RF r t.
ol B DA SR AANY cope %IB‘“

secenqde. tInl%SmWIaSI NGed 06882 Uhd %%ﬂﬁ%b@ctl'&l Hkne

was simlar to that described above. After

m | lsoag, thize diexessed Rerdddons Wl &vedd drid |;ﬁféb/aktéﬁ at
the same SOG as that used for the resist wusing the

spi noodat esr Abtmintbak, tbeeBBowascetbbedolback within
until the magnetic filmwas exposed by mlling. 31 1In
t hi $heas$eG,t i ediedye atariing giorinprihes B e tneede agfpropriate
hardness. After that, the stamper in which patterns
of recording tracks and serve data are embedded was
pressed onto the S0G resist at 450 bar for 60 seconds,
thereby transferring the patterns onto the SOG resist.
Next, in the etching process, the residue of the
SOG film in the recessed portions was removed using
an ICP (inductively coupled plasma) etching apparatus.
As the etching gas, SFg was used. The chamber
pressure was set to 2 mTorr. For the ICP, coil RF and
platen RF were set to 100W, respectively. The etching
time was 2 minutes and 40 seconds. The milling
process for the magnetic disk was similar to that
described above.
After the milling, the recessed portions were
filled with the same SOG as that used for the resist
using the spin coater. After that, the SOG was etched

back until the magnetic film was exposed by milling.
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Si2. Alternatively, for the filling process, it is
possi bl e that A1203, Ta205 or the like is deposited by

an ordinary sputtering nethod and then the filmis 5
etched back by mlling. In this case, an arbitrary
materi al that can be sputtered is used as the nmateri al

for the dielectric portions. It should be noted that

if the amount of etch-back i 81 ncreased, it is

possi bl e to manufacture 10 such a nmagnetic di sk as

shown in FIG 10, in which the dielectric portions are
enbéddetdisnchke,r ebessided 1l eparrticops rad dnve SSurdfrac enaated of
the surface al so has protrusions and recesses.

Fur8hep, iBlisrpessivele,t ¢ormiumef ddtludmgspatocess, it is
magnetic disk as shown in FIG 11, 15 in which with a

si nPPaFiREEhbBatoALlRAR  dEgePished tdlsove keprigt desiasmiged by
and recesses are fornmed on the disk substrate 51 and

t heft REIABAELE FPHIS CEABIf BArE@ by nc Rderetthsd foflm is
manuf act yrjng, ap ordinary magneti ¢ di sk. Furthernore,

by EORBEHRPRGK By Tid Jahbeda s S (RS20 6t A bade Ly

of Lelectric teri cribed ahave, it is ,
posEEPE fs” bt saR.Pe TruntaTelbarantid (v Higacerial

nag@@Ei%hgi55e§§c§§9@nngtEbﬁs.12’ with use of the

substrate 51 having protrusions and recesses. Magnetic

di sks manyf agbuned ten ot Present: r 45 M W e
subjected to an accelerated test for electrostatic

di sebangpadamageisiebaed, 0ithals weedGiviR RxamImithcture

The results indicated that no 32 electrostatic

di sehahge dapageéiecddskeds buowherin FAG. 10, in which
the dielectric portions are embedded in the recessed
portions on the surface and the surface also has
protrusions and recesses. Further, it is possible to
manufacture such a magnetic disk as shown in FIG. 11,
in which with a similar method to that described
above, protrusions and recesses are formed on the disk
substrate 51 and then the media films are formed by
the method of manufacturing an ordinary magnetic disk,
Furthermore, by combination of the embedding and the
etch-back of the dielectric material described above,
it is possible to manufacture such a substantially
flat magnetic disk as shown in FIG. 12, with use of
the substrate 51 having protrusions and recesses.

Magnetic disks manufactured in the present

Example were subjected to an accelerated test for
electrostatic discharge damage similar to that used

in Example 1. The results indicated that no
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the 0.85-inch type apparatus, magnetic di sks having
the structures shown in FIGS. 10, 11 and 12 were

manuf actured and then they were subjected to the 5
simlar electrostatic discharge danage test. In each

of these magnetic disks, the servo zones including the
nmetal portions and dielectric portions were used as

t he di scharge mechanism |n eath case, the servo

zones extended over the entire surface in the radial

10 direction and had a circunferential |ength of about
100 edmctHos tsdrivo ddemes rgep eamed €l 28 dunmesi .al dhgrther, for
circunference of the disk, and the rest is used as

dat &heoRe$ Si—d Nt ¢y Pree eOPANRG Usrradleg rertal F oo theving
record data. Wth this structure, both functions of 15

a dit @hélt&élcr‘?éléﬁnlsé’tﬂwé]nd%ﬁgtﬁé|  Grecdr cﬁrﬁb Carvare

i mul t aneousl Accordi ng t the suIt of
P R R e pagy Ehaky O ik dhe
da rr res l1.s indi cates that th
or oS BRI F Rl B T gy | e

el e%tfrca %%te' Cha ngt G %qsci@mec ﬁ%c%@és“%éldﬁwg the

provi di ng al “portions an tric portions

on feBANQlir® 1GnsK Jregaridi1ess afc t IO G, e used as
manuf acturing the nmagnetic di sk. anple 3 25 A

magrek ¢iseterdicntheapRariaitls Sinridath tavddatt i servo
Exanpl e 2 was manufactured. A 0.85-inch or 1.0-inch
magnrehies dixslendzs! used. the smvird sufdf@cd 3 n tite: aredial
- 33 of an upper surface 61, which is the | argest
sur flagection and had a circumferential length of about
100 nm. The servo zones appeared 128 times along the
circumference of the disk, and the rest is used as
data zones in which recording tracks are formed to
record data. With this structure, both functions of
a discharge mechanism and magnetic recording can be
performed simultaneously. According to the results
of the accelerated tests, no electrostatic discharge
damage occurred. The results indicates that with
the present invention, the effect of preventing
electrostatic discharge damage can be obtained simply
by providing metal portions and dielectric portions
on a magnetic disk regardless of the method of
manufacturing the magnetic disk.
Example 3
A magnetic recording apparatus similar to that of

Example 2 was manufactured. A 0.85-inch or 1.0-inch

magnetic disk was used. As shown in FIG. 13, the area
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of the chassis, was changed in a range of 1000 to

4000 nmmR2. The di stance D between the upper surface

and | ower surface was set to 6 mMmm In the case of the
5 0.85-inch nedia, the area of the upper surface was
changed to 1000, 2000 and 3000 mm2. In the case of

the 1.0-inch nedia, the area of the upper surface was
changed to 2000, 3000 and 400@3m%. The nunber of
apparatus was 10 for each set, that is, 10 apparatuses
10 for each of the types of 1000 and 4000 nmm®2 and 20
appaf ahnseppéor saacthcef 6llhewhypés ief tAe0Qaanest36Q@&face
nm2. In the present Exanple, the accelerated tests
werefchhei edasat sundes pbregsdvéneacondiei ofs 100&N tols
t hose of E? nple 2 in the foll ow ng manner. That is,

t hedfBgnenfc r éber din§aappaPabesvras Ebsneered ﬁ@rﬁ@ce

personal conputer (PC) and read/MW|te oper ati ons
car?P%dlBU?rféPriécﬁlHéﬁe§eth%?t t'He aﬂﬁaF@Fu§asﬁa§f the

di t t | et stand
S SEopBectef AR e oMU, aldl o slendn 20,5,
, I
e 28 A S L R
S'SGHQnﬁcbe?ncﬁhﬁadléhetﬁ@péE%%U%fW%%ngﬁg%%t%%r%%ce was

he PC. "Further, befofe [oading the ver the

medtRandeUEbeNbovas 388pPhhad 400 ot hgZheadneTh@mber of
results of the tests were summarized in FIG 14. I n

thi spphgatas aasi 10l €opl ebctleBetes thhat itshe 134 apparatuses
el ectrostatic di scharge damage did not occur, a

for each of the types of 1000 and 4000 mm? and

20 apparatuses for eaéh of the types of 2000 and

3000 mm?,

In the present Example, the accelerated tests
were carried out under more severe conditions than
those of Example 2 in the following manner. That 1is,
the magnetic recording apparatus was connected to
a personal computer (PC) and read/write operations
were carried out for 10 minutes. Next, the apparatus
was disconnected from the computer and let stand in
a room in which the humidity was maintained at 5% for
1 week or more. After that, the chassis was placed in
a wool pocket and was shaken 500 times while being
disconnected. Then, the apparatus was connected to
the PC. Further, before loading the head over the
media, A current was supplied to the head. The

results of the tests were summarized in FIG. 14.

In this figure, a circle plot denotes that the
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triangle plot denotes that the ratio of the apparatus
in which electrostatic di scharge damage occurred was
10% or | ess, a square plot denotes that the ratio of 5

t he apparatus in which electrostatic discharge damage
occurred was 50% or |l ess, and a cross plot denotes the
rest. As can be understood fromthis figure, when the
area of the upper surface i-s 2000 +mR2 or |ess, the
effect of preventing the electrostatic discharge 10
damage is nore prom nent. Since these tests were

car eiledteukstunder ddcetlagivat edneordididnst idcarr, a
apparatus has the electrostatic di scharge danage yield
in théangde pflot0%emotlessghatthe happartdtausfi $he apparatus
considered to_have no problemas a product. In the 15
casénwhBieha eTRR teloskgritl cod icCha@uR elagiaft dEWERyl was
whi ch can perform further higher-density magnetic
recoPdi RG, LPESis 3s &AL l%@q%dﬁ%%tﬁss Wath W9 drafest of

surface of 1000 mmR2 or |less.. A drive-in ich a
G SthEcaPharates S Phish BISCIn VAL i B SHhakgs damage

manuf actur%d an% t,he sane tests, were carr.i
occlurred wa

d out.
The resdrts i"Adi cé)tﬁeébrt %aetsséveaﬁldf S T1E° s,pllzogC o#)erﬁ)ii)eos the
nm e ehectrostati [ Ve %
or Feshe PHSCEEAKE Wil MR AR o W kR Ocne
surbaes off 10RO upper the rdicet ance duet weeh 25 i d acase

was set to 5 nm and the sane tests were carried out.
Theeff€zultt »fi paietangd nighathd ke egteldb t atbisc A ifsahdaid

cases of the TMR el enent and CCP-GWR 35 el enent.
damage is more prominent. Since these tests were
carried out under accelerated conditions, if an
apparatus has the electrostatic discharge damage yield
in the test of 10% or less, the apparatus is
considered to have no problem as a product. In the
case where a TMR element or CCP-GMR element is used,
which can perform further higher-density magnetic
recording, it is safe to use a chassis with a largest
surface of 1000 mm2 or less.

A drive in which a distance between surfaces was
set to 8 mm was manufactured, and the same tests were
carried out. The results indicated that even for the
size of 1000 mmZ, the electrostatic discharge damage
yield was 50% or less. Further, for the apparatus of
a largest surface of 1000 mm2, the distance between
surfaces was set to 5 mm, and the same tests were

carried out. The results indicated that the yield

was 0 for both cases of the TMR element and CCP-GMR
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Exanpl e 4: The magnetic recordi ng apparatuses with
chassis whose areas of the upper surfaces are 2000

nm2 and 5 3000 mm2, which were nanufactured in
connection with Exanple 3 were subjected to simlar
tests to those described above, w thout supplying a
current to the head before | oadi ng over the magnetic

di sk. The results indicated ti3& ro electrostatic

di scharge 10 damage occurred in the TMR el enent or
CCP-GWR el enent even in the case where the area of

t heelippentsurface was 2000 nmR. Therefore, it has

been found that it 1is better for preventing the

el ect r osEaeimpléadage of the read el ement not to

supply a current to the head 15 before | oadi ng over ,
the nedi APFhER JAGFACArESESdare appqaried eﬁowagh chassis
operated in severe environments. Additio
oviRPages aRa g FF‘FC&PFSES Wi Readrty oo,imds and
tho kilbed in the art. .t he invent.ion

v o 3B S alinr” aubdchs feBen BRI od SFo Lo T RE Ce et Hig P
det%kk@ g@d r%BESSE g% Y& qeqnodi; pEALS %%% %%dthose
descFibe din aly, varlous ificati

naydggcgﬁggd LHBOUL @?Qﬂ%b%”% E@Q? Ca %%'&' toEg by

Scope of the genera I nventive t as I ne

thetﬁﬁpﬁaagdbéE@kgsl@@@lb@ebﬁeQQQh%ah@@h%t1t 3 s KHAT
IS CLAIMED I'S: 1. A magnetic recordi ng apparatus

conphesirBgulta Haghebitedr epardneg eeditaosthlicadischarge

spindl e notor (12) which rotates the magnetic
damage occurred in the TMR element or CCP-GMR element
even in the case where the area of the upper surface
was 2000 mm2. Therefore, it has been found that it
is better for preventing the electrostatic damage of
the read element not to supply a current to the head
before loading over the media when apparatuses are
required to be operated in severe environments.

Additional advantages and modifications will

readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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5 recording nedia (11); a flying head slider (16)
including a read head wusing a giant nmagnetoresistive
el enent; an actuator (17) which noves the head slider
(16) over the magnetic recording nedia (11); 10 a
chassis (10) which houses the above nenbers,
characterized by further conprising a discharge
mechani sm which permts topask nmetal portions (41)
and dielectric portions (42) alternately with facing
to the read head within a distance of 50 nmor |ess.
15 2. The magneti c rewbBAdi Dg appaMabugsaccording to
claim1, characterized in that the magnetic recording
medi a (11) cénprigses iiche adicsohargemsctEniseaipraising:
structure in which the netal portions (41) and

di el ect r idc MBENETETs (AP Hrw dladranatlelys pl aced in 20

a C|rcunferent|al direction of the nmedia (11). 3. The
magnet i c & é(?dtnﬂjilr?g mz%ﬁ’afr dthdd AtdiGhiTRFa % %S cihg magnetic

char acter,,zed | %ﬁ the discharge nechanismis
f or REFOFA Qgpgf &é ‘magnet i c recording nedi a

(11). 25 45 Ulﬁl raC%%F ' 4 Cror@hé;t Al iaacxceogcgll{@ad

to claim terlze ar ge

mechanhgms b3 aher Pﬁ%g;n%%%te%qtg ally o e%tsurface of

t he magneti ¢ 37 di ng ne |a (I1) in the radia

directioRn 2ctlReJmgnet) %Hl%?fpfndmgs HANLMUS slider (16)
according to claiml, characterlzed in that the

magobetirC thec akagneg 1 credica rdihy wees.a asit)he discharge
mechani sm servo

a chassis (10) which houses the above members,

characterized by further comprising a discharge
mechanism which permits to pass metal portions (41)
and dielectric portions (42) alternately with facing
to the read head within a distance of 50 nm or less.

2. The magnetic recording apparatus according to
claim 1, characterized in that the magnetic recording
media (11) comprises the discharge mechanism of
a structure in which the metal portions (41) and
dielectric portions (42) are alternately placed in
a circumferential direction of the media (11).

3. The magnetic recording apparatus according
to claim 2, characterized in that the discharge
mechanism is formed in a part of the magnetic
recording media (11).

4. The magnetic recording apparatus according to
claim 2, characterized in that the discharge mechanism

is formed substantially whole surface of the magnetic
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5 zones of a structure in which the netal portions

(41) and dielectric portions (42) are alternately
placed in a circunferential direction of the nedia

(11). 6. The nmagnetic recordi ng apparatus according to
claim1l1, characterized in that each of the dielectric

10 portions (42) has a length of 200 nmor less in a
novi ng direction thereof. % T magnetic recording
apparatus according to claim®6, characterized in that
each of the dielectric portions (42) has a length 100
nm eecbessi ngnmthie al5 1NYviing ttier eatdiien tdiereafiond. The
magneti ¢ recordi ng apparatus according to claiml,

char act ebi.zedhien melgate ttilve rdicelradiing appertdators aqaf)ding to
have_a dielectric constant of 1 or nore. 9. The .
magRetil Aeceharagtappacs: 8 adedr diheg megnetd clrgigamgliing
characterized in that the dielectric portions (42)
havBS41gi dlléet MPEScoRsSt AR G STNGF IFoMEChpR L Sfhe S€rVo

ti di t [ t laim 1,
Charaerer Piod FhILRLEEE ATSPAICE borudsh o Rohtagds (41)
heag ﬁngiEEECQEighggg%'g%%hQQQ M3 %Qt%@n el 5|f§%%d in
11. °F e magnetic r cor&lng appar at'us ‘accor di ng t &

cl abm1Qcuphanagkenihz %g deelihat fehe pdi stance 138 |

between the read head and the di scharge mechanismis
20 nm or ¢l.esgheldaghe iMRGRRII G IMRC UH A ARPH AU ing to

according to claiml, characteriZed in that two

sur taees af tha@racterized in that each of the dielectric
portions (42) has a length of 200 nm or less in
a moving direction thereof.

7. The magnhetic recording apparatus according to
claim 6, characterized in that each of the dielectric
portions (42) has a length 100 nm or less in the
moving direction thereof.

8. The magnetic recording apparatus according to
claim 1, characterized in that the dielectric portions
(42) have a dielectric constant of 1 or more.

9. The magnetic recording apparatus according to
claim 8, characterized in that the dielectric portions
(42) have a dielectric constant of 3 or more.

10. The magnetic recording apparatus according
to claim 1, characterized in that a distance between
the read head and the discharge mechanism is 30 nm or
less.

11. The magnetic recording apparatus according

to claim 10, characterized in that the distance
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5 chassis (10) having a |l argest area are nmade of a
material mainly made of a netal, and characterized in
that the area of each of these surfaces is 2000 mm2 or

| ess, and a di stance between the two surfaces is 6 nm
or less. 10 13. The magnetic recordi ng apparatus
according to claim12, characterized in that the area
of each of the two | argest- s aces of the chassis

(10) is 1000 mMm®? or less. 14. The magnetic recording
apparatus according to 15 claim 12, characterized in

t habetheedi $hanceabethweehn anidhe htenal ilsartgeste snedregessnofis
the chassis (10) is 5 mm or less. 15. The nagnetic

r ecéPdihnpgogpp&sat.us according to claiml,

characterized in that the read head is not 20 supplied
a currenttwhedeh@xIngtig HesplingeraqpEmatiss §errieding

over th nagqetg%arecordLn%dm%%ia

11).
to claim racteriz tﬁét)two surfaces of the
chassis (10) having a largest area are made of a

material mainly made of a metal, and characterized in

that the area of each of these surfaces is 2000 mm2 or

less, and a distance between the two surfaces is 6 mm

or less.

13. The magnetic recording apparatus according to

claim 12, characterized in that the area of each of
the two largest surfaces of the chassis (10) is

1000 mm2 or less.

14. The magnetic recording apparatus according to

claim 12, characterized in that the distance between
the two largest surfaces of the chassis (10) is 5 mm

or less.

15. The magnetic recording apparatus according to

claim 1, characterized in that the read head is not
supplied a current when the flying head slider (16)

loaded over the magnetic recording media (11).



