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PERPENDI CULAR MAGNETI C DI SK APPARATUS BACKGROUND OF
THE | NVENTI ON One enbodi ment of the present inventi
relates 5 to a perpendicul ar magnetic disk apparat@mmu
capabl e of suppressing degradation of recorded dat
Magnetic di sk apparatuses are perpetually denanded to
i nprove recording densities, and thus the recording
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Magnetic disk apparatuses are perpetually
demanded to improve recording densities, and thus the
recording scheme is being shifted to the perpendicular
recording -system. Also in the perpendicular magnetic
disk apparatus, the bit size carrying information on
the recording medium is inevitably reduced in
accordance with the increase in recording density.
Consequently, there is a tendency that erroneous
erasure of data recorded on the medium may easily
occur, leading to degradation of recording stability.
One factor of erroneous erasure of data recorded on
the medium is a perpendicular magnetic field that is
generated based on magnetization remaining on the main
pole after recording operation.

Conventionally, there has been proposed a
perpendicular magnetic head whose residual
magnetization on the main pole can be reduced (Jpn.
Pat. Appln. KOKAI Publication No. 2004-86961). This
perpendicular magnetic head includes a write pole, a
supplemental pole and a coil. The write pole includes

a main pole and a yoke portion having a greater width
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20 pole after recording operation. Conventionally,

t here has been proposed a perpendicul ar nagnetic head
whose residual rmagnetization on the nain pole can be
reduced (Jpn. Pat. Appln. KOKAI Publication No.
2004-86961). This 25 perpendi cul ar magneti c head
includes a wite pole, a supplenental pole and a
coil. The wite pole includes 2a main pole and a yoke
portion having a greater width Il1 than the main pole
in the cross-track direction. The mnmagnetostriction

constidi e tei iMBb AL HO01 € amdl EhessPRPaeko8i Fé6tiOA. The
constant of the yoke portion have positive and

negata yree 56 N1 ct specshyedyt &F AckOrdaing pols esear the
by the present inventor, however, it has been found

t hatmadree probt ent bdn conshevusc£rasargobé pat i cannave
be solved by nmerely controlling the magnetostriction
contehtEled ae BRIFACLIVR| elemel yoRerpekivehy. 10 BRI EF
SUMVARY OF THE | NVENTI ON According to an enbodi ment
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i ncl e and an exc
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[ MPaloBctdmg Pilkd heold dhn .
BRIEF SUMMARY OF THE INVENTION
According to an embodiment of the invention,
there is provided a perpendicular magnetic disk
apparatus comprising: a perpendicular recording medium
including a soft underlayer and a perpendicular
recording layer; and a write head including a main
pole, a return yoke and an exciting coil, wherein a
product of a magnetostriction constant A [E-6] of the
main pole and a stress S [MPa] acting on the main
pole, and a coercivity Hc [Oe] of the medium meet the
following formula:
A x 8 > 30,000,000/Hc.
BRIEEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
A general architecture that implements the
various feature of the invention will now be described
with reference to the drawings. The drawings and the
associated descriptions are provided to illustrate

embodiments of the invention and not limit the scope
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pol e, and a coercivity He [Ce] of the nedium neet the
20 following fornula: A x S > 30,000,000/ Hc. BRI EF
DESCRI PTI ON OF THE SEVERAL VI EW5 OF THE DRAW NG A
general architecture that inplenments the various
feature of the invention wll now be described 25 with
reference to the drawi ngs. The drawi ngs and the

associ ated descriptions are proyided to illustrate
enbodi ments of the invention and not limt the scope
of the invention. FIG 1 is a perspective view of a

per pendigall phveegsgti ¢ di sk apparatus according to an
enbodi mrent of the present invention; 5 FIG 2 is a

perspectivecvi ewi of aappespesdicyl atewnagnet pergeslicular
apparatus according to another enbodi nent of the

i nverHgoes 1¢l G sB aspargtaphashtoniihggt be ael atbodshept of
bet ween a coercivity Hc of a nedium and an occurrence

10 rthe pfesethridivgnihetability when magnetic heads

each including a main pole formed of different ,

mat eri al sE1@r e2ukeda BPpBESFREEivej ¥lgwgphph BRBARAgicular
lower-limt conditions under mhigg%the occurrence

rat S TCOr Ty ABPI TR EADi FFEITBERONES 2BPLTH a

coordi.nate systemof the coercivity Hc of the nmedi um
and ‘?I?]]%O%Jr%eﬁ%tog}&i{e x- &SN | ED DESCRI PTI ON OF THE

| NVENTI ON-ar i gus g ebogi BRNL 503869 #hE9rL Oat PEnship

i nvention
between a coercivity Hc of a medium and an occurrence

rate of recording instability when magnetic heads each
including a main pole formed of different materials
are used; and

FIG. 4 is a graph showing lower-limit conditions
under which the occurrence rate of recording
instability becomes zero in a coordinate system of the
coercivity Hc of the medium and the product of A x S.

DETAILED DESCRIPTION OF THE INVENTION

Various embodiments according to the invention
will be described hereinafter with reference to the
accompanying drawings.

Whether erroneous erasure of data recorded on the
medium occurs depends on the balance between magnitude
of a perpendicular magnetic field by magnetization
remaining on the main pole after recording operation
and stability of the recorded state in the medium.

The inventor has found that, in order to solve the

problem of erroneous erasure, 1t 1s necessary to take
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wi Il be described hereinafter with reference to the
20 acconpanyi ng drawi ngs. \Wet her erroneous erasure of
data recorded on the nmedium occurs depends on the

bal ance between magni tude of a perpendi cul ar nmagnetic
field by magnetization remaining on the main pole
after recording operation 25 and stability of the
recorded state-in the nedium 4The inventor has found
that, in order to solve the problem of erroneous
erasure, it is necessary to take the magnetostriction

Consﬂﬁgnméénéﬁﬁ%iﬁﬂékfgﬂE%oﬂ§@bn§t6§3§h@0&éfﬁ gh1therne
mai n pol e,  and the coercivity of the nediuminto

acCctites T dE HPren SPeSihaLtn pdlés an@cessacyetBatity of
product of a magnetostriction 5 constant X [E-6] of

t he ttee Mmeodl wm aitk @ stec@sst S [MPahe mactée ngpenifhe, matnis
pole, and a coercivity Hc [Oe] of the medium neet the

f ol InRGeRFIRY nhat (A)products of 39, 09gnedesHei¢tjonThe
stress S is induced when the main pole is 10 forned,

and §2 A Fori gﬁ-a@l ©F nthdgnain pale f ak@. a THECpeddSc{MPal

of Xand S is ectrostriction ener ,
per FETdi I R fhﬁumﬁ%% R ?'aﬁﬁ%r%tgée¥ﬁéYl§étﬁ§fi%§] of

the relationship of for ta recorded on the
nemﬁﬂﬁ|Q;% é&%?é r%hé;éﬂ%é%t %ﬁm?g ﬂ hg on the
15 main pple affef r@@@r@lb@gngeratl?ﬂia FIG. lis a
perspective view of’ a perpendicul ar agneti ¢ di sk
appar at ustR¢ cof i 59 §01@”1@&@8Qanﬁﬂéno£hetH§19r55§8tls

i nvention. A magnetic disk shown in
formed, and it unlformly acts in the film surface.
The product of A and S is electrostriction energy. In
a perpendicular magnetic disk apparatus that satisfies
the relationship of formula (1), data recorded on the
medium is not erased by magnetization remaining on the
main pole after recording operation.

FIG. 1 is a perspective view of a perpendicular
magnetic disk apparatus according to an embodiment of
the present invention. A magnetic disk 10 shown in
FIG. 1 includes a substrate 11, a soft underlayer 12
and a perpendicular recording layer 13 having magnetic
anisotropy in the perpendicular direction to the film
surface. Another layer such as a crystal orientation
layer may be formed. Usually, a protective layer is
formed on the perpendicular recording layer 13, and a
lubricant is coated on the protective layer. A
magnetic head 20 shown in FIG. 1 is a separate-type

magnetic head in which a write head and a read head



10

15

20

25

FIG | includes a substrate 11, a soft underlayer 12
20 and a perpendi cul ar recording | ayer 13 having
magneti ¢ anisotropy in the perpendicular direction to
the film surface. Another |ayer such as a crystal
orientation |layer may be fornmed. Usually, a
protective layer is fornmed on the perpendicul ar
recording layer 13, and a 25 Isubricant is coated on
the protective |ayer. A magnetic head 20 shown in FIG
| is a separate-type magnetic head in which a wite

head, ands &4 £ade headrid 6,sepArd £4. 1 T 4EL 12 MeRd pole
includes a nain pole 21, a return yoke 22 di sposed on

the 1padi ngeshde Pdke INB AP P HO €02 1t h@NTe 21 €K CELHETo £
coil 23. The main pole 21 is fornmed of a .

hi ghtipermeabipoly Ihf esnhdl amnekdl gemerades 23. The main
per pendi cul ar magnetic field to the magnetic disk 10.

A clpskd 2hghet ferpad hof sa kidhcpermesgbbimedndyethel and
main pole 21, the soft underlayer 12 of nmgnetic disk
10, GRIEIFHET a2 UPRr Yokl cpbar TrRor&El ¢ i ite kdi to28hes
wound around a, back yoke 10 that couples the npin pole

21 dPREMPRELT i ydkel 92 Pfh%lo?%%d“%‘é%“r%c%%sl%

i St fil h .' I 1 d
ORISR S Gl D Rieree
o LA, O LBgo AN 1881 01 o A BB vore

T e Ao FRESLAL ORISR 5 back yoke

MgNetd € Ebhiskl SPPAALHSI NaSo 1€ BadRy SEEUGENT FoRS 2D€  The
read head includes a magnetoresistive film (not shown
in FIG. 1) and shield films 25 and 26 disposed on the
trailing side and leading side of the magnetoresistive
film.

FIG., 2 is a perspective view of a perpendicular
magnetic disk apparatus according to another
embodiment of the invention. This perpendicular
magnetic disk apparatus has the same structure as the
perpendicular magnetic disk.apparatus shown in FIG. 1,
except that the return yoke 22 is disposed on the
trailing side of the main pole 21.

FIG. 3 shows the relationship between a
coercivity Hc of the medium and an occurrence rate of
recording instability when magnetic heads each
including a main pole formed of different materials
are used. The physical properties of the materials

for the main poles are indicated by the product of the
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per pendi cul ar magneti c di sk apparatus shown in FIG 1
20 except that the return yoke 22 is disposed on the
trailing side of the main pole 21. FIG 3 shows the
rel ati onship between a coercivity Hc of the medi um
and an occurrence rate of recording instability when
magneti ¢ heads each 25 including a main pole fornmed of
different materials are used. grlhe physical properties
of the materials for the main poles are indicated by
the product of the magnetostriction constant X [ E-6]

of tieym@t SsPel e 8l cdhersht ess[S-§MPar aréiMgipNpbhe and
main pole, i.e., the nagnetostrictive energy. The

occurliensereds recveh Ngachsi@bohi tyei sabndpblegdiby., the
occurrence of output degradation of read signals for

r ecovaipte tag tar Leideve aesétemt i on that no current is
supplied to the wite head. Specifically, the .
occurrencBhefogeebranag PhAsrappPriingi sngeebidingdis

when a_degradation of 5% or _nore is observed with 10
respihines the PeFiresnout phtoetrihedeeradat ypnl eff spad
recorded data. The occurrence rate of recordin
RS Fon ST ars Tare WiOGRItnS EhRaTAER, Hhap no

i nstabj | i . 0C f or reat nunber of wife heads
hat et 1Y SoRnS g o RGO e S b Re T L

e e R e
perinmental results
rel ajHdW 4 LsevLdat 1 SWnelF esk t Or SpyeE al st hHOYSAREIWILER
respect to the initial output of the read signals for
recorded data.

The occurrence rate of recording instability
refers to a rate at which the recording instability
occurs for a great number of write heads that are
fabricated using a material with the same
magnetostrictive energy. Usually, the occurrence rate
is calculated on the basis of experimental results
relating to several hundred to several thousand write
heads.

It is found from FIG. 3 thaﬁ the occurrence rate
of recording instability becomes higher as the
coercivity Hc decreases. In addition, it is found
that the coercivity Hc of the medium, with which the
occurrence rate of recording instability becomes zero,
varies depending on the product of A and S.

FIG. 4 shows lower-limit conditions under which

the occurrence rate of recording instability becomes
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heads. 20 It is found fromFI G 3 that the occurrence
rate of recording instability beconmes hi gher as the
coercivity Hc decreases. In addition, it is found

that the coercivity Hc of the nmedium w th which the
occurrence rate of recording instability beconmes zero,
25 varies depending on the product of \ and S. FIG 4
shows lower-limt conditions under- which the
occurrence rate of recording instability beconmes zero
in the coordinate systemof the coercivity Hc of the

medi 2im anth (ige PEQSHELn O e &{/h&eédl 5f5t1[1é/b§&>ergls1@i:€9w§ of

in FIG 4 is represented by formula: X x
30, Ot O Hem drd actperpeddiet! &F A S pegnetic ditgk] .

apparatus that satisfies the condition above the

curve, dallerecoveetn oRIEhed nedi vaprssantedebasedeby

magneti zation remaining on the nain pole after

r ecofalimigl opex at i De 36, QP UP0@ HHe edube & heerpendiicngar

instability, it 10 is preferable that the val ue of

Mgt Pt rictdvek MRyt e} prthefhes Hoevepndition

Lhe SR BN S 1S xcesslvel v bl o oyl gal

o ook O % 00 PRl LI B 200540 0L £ 00

UG A ST g g e e T pvent ons e been

way of expimEiOR! Yo AOGuAE e ROt r&RLERERY t1RsEEB R ity, it
is preferable that the value of magnetostrictive
energy [A x S] be high. However, if the product of A
and S is excessively high, physical breakage of the
main pole may occur. Thus, the product of A and S is
set within a range in which no physical breakage of
the main pole will occur.

While certain embodiments of the inventions have
been described, these embodiments have been presented
by way of example only, and are not intended to limit
the scope of the inventions. 1Indeed, the novel
methods and systems described herein may be embodied
in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of
the methods and systems described herein may be made
without departing from the spirit of the inventions.
The accompanying claims and their equivalents are

intended to cover such forms or modifications as would

fall within the scope and spirit of the inventions.
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in a variety of other forns; furthernore, various

om ssions, substitutions and changes in the form of

the nethods and systens descri bed herein nmay be nade

W t hout departing fromthe spirit of the inventions.

25 The acconpanying clains and ¢ heir equivalents are

i ntended to cover such fornms or nodifications as woul d
fall within the scope and spirit of the inventions.
WHAT | S CLAIMED | S 1.W}&1pelr§)ecq%4mgr@rlgmgneti c disk
apparatus conprising: a perpendi cular recording

medi um i ntl udangeapsplit cudakngaghayer andkdapparatus
per pendi cul ar recording |layer; and a wite head

I nclaohhpigi sime@t n pole, a return yoke and an exciting
coil, wherein a product of a nagnetostriction constant
N [ E-6] of phepenidhcpbhe aadoadstgessdBSufppMPatladihpgga soft
10 on the main pole, and a coercivity Hc [Oe] of the
medi ekl Yeheahd| & e pe i@t eular recoxd$hg layer; and
30, 000, 000/ Hc, 2. The apparatus according to claim1,
wherein %herteeubrfa§okeci4dingpdsedinnralreadi A§terdeyoke
of the, 15 main Pole. 3, The apparatus according to

claj%ﬁq”aﬁw%ﬁ%ﬁ n?h%o+%¢urn yoke is di sposed on a
tralllng ﬁﬁg§e9£ éhSroHH&E gglg'magnetostriction constant

A [E-6] of the main pole and a stress S [MPa] acting
on the main pole, and a coercivity Hc [Oe] of the
medium meet the following formula:

A x S > 30,000,000/Hc.

2. The apparatus according to claim 1, wherein
the return yoke is disposed on a leading side of the
main pole.

3. The apparatus according to claim 1, wherein

the return yoke is disposed on a trailing side of the

main pole.



