e3e7i 7t D4 <L6TI4 TITLE OF THE | NVENTI ON PERPENDI CULAR RECORDI NG
MAGNETI C DI SK APPARATUS BACKGROUND OF THE | NVENTI ON The present invention
relates to a perpendicular 5 recording magnetic di sk apparatus. A

per pendi cul ar recordi ng magnetic di sk apparatus presently mmmmm M ed
uses a nethod in which witing to a so-called perpendicul a mmﬂ"mﬁ
medi um havi ng a soft underlayer (SUL) and a perpen 10 dicul ar fg¢gr di ng

| ayer is perfornmed by using a single-pole Head. In this per pendi cul ar
recordi ng magneti c di sk apparatus, data is witten in the perpendicul ar
recording |ayer by enploying the magnetic coupling between the single-pole
head and the 15 soft underlayer,T+T%* OF neig ¥ﬁ§%I@Wux which flows froma

of si gnar qual i o A e e G SRR e B e cort
under| ayer be stable. 20 One P?ﬁgbﬁégﬁBtO%O&§§h§w&g§%§§giCU|ar recordi ng

magneti c di sk apparatus is |i i"uam-noi cifically, it is
desirabl e that no spi i oI eelVTen | are i deband noise be little
as a whole, and the f%qt?gnezsiergﬁa%ct erleésjr%ing(s)lal(;geeés?rrér:lg}I‘:'i1 Ef—%{/%evnecrll,c"k‘gagi nce
the coercibvity Hefrdihe &@fgtneltrlcterdi%wrafgjp%mg., it often fornms magnetic
wal | s under the influence of a magnetic field. Wien the head passes - 2
over a magnetic wal | A gEkembicdds wadutedy inhdde: Feath skt Hdbaratus
Therefore, it is desired that nagnetic walls rarely be formed in the soft
under | ayer. To &c¢ksiseve livhibs ioly etve lapstar uctay e insetised Mhivthidh fi xes the
magneti zation in the soft underlayer in a predeterm ned orientation by
form ng bel ow t W&1&3N0 Hedéyr Isgyerald afi meinmeridhyerl amdevoflayemed a hard
magnetic material . Conventionally, a nmediumin which magnetic walls 10 are
rarely formed eVERWeR 2 imgyfetSod tf ive1dg nls vagpl (S84t encher swftpamder | ayer
has beenleropos%d %#pn. Pat.dggplﬂ. KCKAI Publication No. 2003-109201). In
this reférence, “of t1é BESCLGT %M dFr PELIPTMRE %Y. MHAY i rection of

the soft underl@X%@ieL%%le head. 1In this perpendicular recording

magnetic disk apparatus, data is written in the
perpendicular recording layer by employing the
magnetic coupling between the single-pole head and the

15 soft underlayer, i.e., the magnetic flux which flows
from a main pole to a return yoke through the soft
underlayer. From the standpoint of signal quality,
it is important that the magnetization in the soft
underlayer be stable.

20 One requirement for the perpendicular recording
magnetic disk apparatus is little medium noise. More
specifically, it is desirable that no spike noise be
produced, colored wideband noise be little as a whole,
and the frequency characteristics be small. However,

25 since the coercivity Hc of the soft underlayer is
small, it often forms magnetic walls under the

influence of a magnetic field. When the head passes
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'15 intersection of a straight |line connecting a point (Hs, M) at which
magneti zation saturates in the first quadrant and a positive intersection
(0, M) of the MH curve and the ordinate, and a tangent at a negative
intersection (-Hc, 0) of the MH curve and 20 the abscissa is obtained, and
an absolute value Hn of a magnetic field at this intersection is used as a
paraneter. In this perpendicular recordi ng nedium the nmaxi num nmagnetic
field applied longitudinally to the nagﬁet?c recording nmediumis smaller
than the 25 magnetic field Hn. Therefore, the magnetization of the soft

underl ayer varies with retaini ng{tm&val ue of the saturation nagnetization,
and the M H cur V& ods MadneFIqgfally MR R MRi%ops PHRusRKkes? i thossi bl e

to keep the magneti zat.ions orignted in the sane directiaqn by the exchange
coupling inter a(r}teelaéjﬁasnlecfnv\%e'n tﬁ‘eerseo‘??reimd]etr 15y 1€ S iﬂ?ﬁ%d“qgﬂfé—rl_c 5 |f

t he exchange co [ I nni g e nd. the soft underlayer is
too strong, the%&%t&?aﬁn%% n@% e%ilﬁgiénkgglé%% un%é;err%%ﬁ%’e t oget her
with the magnet izatdon dve the Q4 dderd ayer, when & eanet ig field is
applied. Accordingly, a 10 proposal which suppresses magneti ZatT on

devi ationsi n theisefd dtHederdpari At @Rpraprird e yemeakedli ng, d.he; exchange
coupling force between the pinning |layer and the soft underlayer is also
known (Jpn. Pat.a Apdetdd@kilePuligatid oMoy 20086280 ow Mu& specifi 15
cally, in a magnetic recording nmediumin which an in-plane hard underl ayer,
an internedi at e slofjreryndar liayeyl anegisofinqnderd myerdantf a emegnetd chawgor di ng
| ayer are stacked on a substrate, the internediate layer is formed of a

mat eri al sel ect E&Iedhma Mat@oid .20 consi sting of a magnetic |ayer having
saturation magnetization smaller than that of the in-plane hard underl ayer,
a nonmagnetic |ayer KRR E A tkiess ®Fdim Himwhickessagmet bn wxl e | ayer
of the iq-plane hard under| ayer. 25 A cause that nmakes the magneti zati on of
the soft tdnder| &F&r Hatele fEmssh &Yl ah et ImpEredd Grefdiadf devi ate from a

predet erm ned direction. ncludes the - 4 magnetic field applied by the
wite head to tﬁgpgilﬁrﬁnﬁé’ &éﬂﬁers.ogfo %%%ygqﬁba@ WSee RISRGISfhnce,  a head
magnetic field i he nter of t i.ng layer st st t hened.
However, when tﬁ?%ghea ec5 %ﬁﬁﬁeﬁig§$§f3£%§€%ﬁ§%%ﬂ g, 2 —%éégéhﬁt field
applied to the pinnRiNNG | QYRS &S0 l?)'"?ﬁQ:rFFe? pd 1% s |4 e magnetic field
fromthe wite head Is too strong, therefore, magneti zation deviati on may

occur in the so&heUWWaﬂya@g{ﬁ;gégmmlQﬁeﬂggugéggqﬁggﬁﬂ%xﬁﬁj die medi um
y o

is taken into account, a thinner soft underlayer 1s presu re
preferablle becauseethenidroigs by frdi s afindndaidaverngan ke jncr eased

and dust can be reduced. Although the thickness of a conventional soft

(Hs, Ms) at which magnetization saturates in the
first quadrant and a positive intersection (0, Mr)
of the M-H curve and the ordinate, and a tangent at
a negative intersection (-Hec, 0) of the M-H. curve and

20 ' the abscissa is obtained, and an absolute value Hn
of a magnetic field at this intersection is used as
a parameter. In this perpendicular recording medium,
the maximum magnetic field applied longitudinally to
the magnetic recording medium is smaller than the

25 magnetic field Hn. Therefore, the magnetization of

the soft underlayer varies with retaining the value of

the saturation magnetization, and the M-H curve does



*15 underlayer is 200 to 250 nm the ainmed thickness for the future is
preferably 150 nmor |l ess, and nore preferably, 100 nmor |ess. Wen the
soft underlayer is thus made thinner, the field strength applied by the
wite head to the pinning | ayer increases further, 20 and the magnetization
in the soft underlayer may easily deviate. Unfortunately, a design
criterion of a perpendicul ar recording di sk apparatus for preventing
magneti zation deviation in the soft undéerl ayer has yet to be established.
25 BRI EF SUMMARY OF THE | NVENTI ON A perpendi cul ar recordi ng magnetic di sk
appar at us accordiqﬁJ{o enbodi nents of the present invention - 5

e

conprises: a pefifendiCilt & TRY AR RIS et AgkeeDer, a

soft underl ayer d erpendicul ar recording layer; and,a wite head
conprising a mit%%po%g?nea e %%/o%_elee{h%éanlg‘bx % i‘d_f@“% %Jo]f?‘_,:tjac_m 59
magnet i zation regQel,ab nd@%aalciﬁgqleﬂ&éieg@ti% LG A0S RLNDLRG | ayer
and the soft underl ayer ensure magheti zat1 on recovery raElo 0 bei ng

l'arger than a magneidicfdeltharplded, ylat}heer_wri te head to the pinning
| ayer. 10 In the perpendicul ar recordi ng magnetic di sk apparatus accordi ng

to the enbodi ments ofIf hdresEEndOVENIDDihg iBedveds @ndracknwhgth (in
~cnm) of the main pole, PT is a dinension (in ~ n) in the head tracking
direction of théay®m gpal egheB (cBt indeslatywgmati onedd uxc ddnglensiiéy and t is
a thickness (in nm of the soft underlayer, the nagnetization recoverable
magnetic fiel d H&emeddtdadfiaes ia rdlaatgionship rapesent edebyride fol | owi ng
formul a: Hexf -~

(((0. 264%| og(t) F2IEDeR- OV i(d) ey (B IBHFERMAHIT (20 Ithex pgo Ot OUde j)ay @D

BRI EF DESCRI PTION OF THE SEVERAL VIEWS OF THE DRAWNG FIG 1 is a
perspective vi eW'Showi HG B SFeighdticd Hilsk ahRl e dmgaserdicngil vi a
perpendigﬂlar magneti c di%ﬁ Efparatus according to an enbodj nent of the
present imventi &P Bhis i%?Qf%ﬁ%ﬂﬁFsﬂﬁﬂﬂékf?qRQQQHQﬁY%ﬁEﬁﬁ% bt ween

the thick t .Qf f der]| d netic field YV liedt
e clnees S a5 L r e a0 SO ol s sl 10

| ationship b i ok ¢ 7L e
magnet 1 1 61 d Fh el L5 A o e, Iy G el fdat e
the rel ati onshi phhetawgen R AIAL: Wdth st ]é?‘fo_ﬁrhe&foﬁ% n pol e ginihe

magneti c head and the magnetic field Hrax applied he center of the
recording | ayer KORAG E3 liiTa iGramd Shaw na dhwTel athonship 0 pet ween the

track width Tw of the main pole and the in-plane magnetic field Hh applied
to the piléni ngl apdny,FIiG 24 nayretalanadew iofg el nerk pendicidiaran
in-plane hard underlayer, an intermediate layer,
an in-plane soft underlayer and a magnetic recording
layer are stacked on a substrate, the intermediate
layer is formed of a material selected from the group
20 consisting of a magnetic layer having saturation
magnetization smaller than that of the in-plane hard
underlayer, a nonmagnetic layer having a thickness of
0.5 nm or less and an oxide layer of the in-plane hard
underlayer.
25 A cause that makes the magnetization of the soft

underlayer in the perpendicular two-layered medium

deviate from a predetermined direction includes the



"magnetic di sk apparatus according to an enbodi nent of 15 the present
invention; FIG 5A is a graph show ng the relationship between an external
magnetic field and read distortion; and FIG 5B is a graph show ng the
relati onship 20 between the read distortion and the bit error rate BER
DETAI LED DESCRI PTI ON OF THE | NVENTI ON Enbodi nents of the present invention
w Il be described belowwith reference to the acconpanying 25 draw ngs.
FIG 1 is a perspective view showing a magdetic di sk and a nagnetic head of
a perpendi cul ar nmagnetic di sk apparatus according to an enbodi nent of

t he present inventi on Referring to FIG 1, the nmagnetic head is depicted
by its section {E¢ %H@%%I%%th‘—ﬁ%r% thrad it drhof a main
pol e along the 5 .track ﬂIrectlo shomm |n FIG. 1 a magneti c di sk 10
has a structure 3 HI% a:;Yepti nnlanb %@?{éﬁrc

t I ft I d I d 14 d
0F o magneti oo SR nﬁay et aﬁeelnoaf’%tl ok ;%a“rgti%aoopé‘” % hediirdo on s
substrate 11. A rg%&rle rg?%% 5, A VIlfd eq]&ea a%dl%a%ja{ead 40.

ol e s I'e YO

The wite head 30|nclu esarraln a return 'yoke e) 32

and an exai ti ng eQidet3% fhha J eaddigad A%r?g | 0&?&%&{%&1@ ¢£ading side of

the wite head 30,” and 15 has a structure in which a gi ant magnet or esi stive

(GWR) el ement 42 ifeat rRd thes weigth imPaidyed Shielkisddes Asc sbyayn in FIG
1, the pinning layer 12 is forned bel ow the soft underlayer 13, and the 20

magnet i zati on ofl & ldhes ofagnerder | fEyerd 1 drs tfiexed e usday) thec@xchange
coupling, thereby avoiding the formati on of magnetic walls and preventing
the generation oftrspicke trivsirse o nahe Mg neeginstti ioorf idehd 4 tsl arppild edbdaut he

pi nning | ayer and soft underlayer and 25 then the magnetic field is
renoved, if thelr‘r‘a iSRG SmlaYfese |ayers return to the| r respective
origi naI t at es, |t cahn be said that no magneti zati on devi ati on

occurs. PR the presertR§hydift itanuiacien %Yl%%t@%@?@#‘ffhel?)l%k%

| ayer and soft un erI er conpletely retur heir original stat es when
the applied magriéti aﬁyéﬂud)tl’s aretrﬂjl\fé’tf ﬁoqnts %rll?é’ed'ef%%éblrea%umaa ly

t t t f t Al d t
a1 by whi cn (hoce negjare i i ATRe ot oAU dcovdls 13T 0 of
Habey i bod” Shoye bt A RIS ald AL RAAE! AP JRANELS 4 EIeddIréeé‘cI. 10 As

er pendi

descri bed above,
Although the thickness of a conventional soft

15 underlayer is 200 to 250 nm, the aimed thickness for
the future is preferably 150 nm or less, and more
preferably, 100 nm or less. When the soft underlayer
is thus made thinner, the field strength applied by
the write head to the pinning layer increases further,

20 and the magnetization in the soft underlayer may
easily deviate. Unfortunately, a design criterion
of a perpendicular recording disk apparatus for
preventing magnetization deviation in the soft
underlayer has yet to be established.

25 BRIEF SUMMARY OF THE INVENTION

A perpendicular recording magnetic disk apparatus

according to embodiments of the present invention



"recordi ng magnetic di sk apparatus, a magnetic field applied by the wite
head to the pinning | ayer may cause the magnetization in the soft

underl ayer to deviate fromthe predeterm ned direction. In the 15 present

i nvention, magnetization deviation in the soft underlayer can be prevented
by satisfying a relationship that the nmagnetization recoverabl e nagnetic
field Hexf is larger than an in-plane nagnetic field applied by the wite
head to the pinning | ayer. 20 The in-plane5nagnetic field Hh, therefore,
applied by the wite head to the pinning |layer will be discussed bel ow. One
possi bl e factor which affects the magnetic field Hh is the thickness t (nm
of the soft 25 GRISMI&FS:. TRATRNAiHe hdlierlavrrahitddeds t of the soft
under | ayer, the small.er, the di,stance between the mm|QF ead and pi nni ng

layer, i.e., thg%ﬁsﬁga@milﬁtgﬁe?dfr?eﬁ'lcas%ﬁﬁ‘ et ts in
i ncrease of the rr%%%%]encd féuﬁhdr frreocrgrt(p Wr]%atycesarlh(gaadnd n%tr%vgl tg head

having a track w € nain po am a nston PT in the

head 5 tracki ngcqun{eiqtsll A O{gagqbr@l% pgal ereo(:furqI r?dsfr‘} Lg)g(; J[rh | ux

density B of the |n po agapG

strength applieddiq ,a MERLLdtG Msko had g, & 30fd n%{lﬁ-?éﬂ 8cyef Mdha
t hi ckness t when c}ataal S witten to the magnetic 10 di skl hasl been ©*F

det ernmi ned by sibjuhatiicon.cHd GimdArshows,dihedeldaid anshi prhet Megpe £ he
thickness t of the soft underlayer and the nagnetic field Hmax applied to
the center of tkasueeoradimeagetyierat G ra2whonsrdthies reef at iosishy p bet ween
the 15 thickness t of the soft underlayer and the in-plane nagnetic field
Hh applied to tR&nsiemitig & ergnas ishduelich JEMG 1 2B bywhsre twiel tdivkadss t
of the soft underl a er decreases, the in-plane magnetic field Hh applied by
the wite head tt® tt ;ﬁ?ilr'i)rﬁ—rﬁ’@ Ila?sb@rr 20 increases significantly. For

exanpl e, en the thickn t of the soft underl ayer is 80, nm_ the magnetic

field HhiPs about 6500 W%qu’r@t‘?rc THERIE B9 H@aqfﬁ%tla%o@éS& ze is
used, therefore, Jragnetic disk . in Whl g‘ﬁ’ %ess the soft 25
under | ayer is 861p|£|° STV %r?eot G egr%lf?%erﬁ eI d
Hexf of 650 Ce qr I nat SSI .Q ch affect he -
magnetic field alﬁvfggltﬁﬁerﬁsﬁém{r %n @ﬁeaé]?g* Jth g ‘t‘ﬁ@ tra(T::tIEl V\Ilngtlﬁl TW of

the main pole. Thatk iy the gﬁﬁLeEf{sltl P r@%mw %hti‘é( ¢l gtcﬁh%r%kq.

the smaller the magnetlcfle to the pinning ayer nga

wite head havi @qr@&w&n%mrﬂmaﬁ hehead t(rﬂCklé“Qa de‘,a{tﬁ%é@{br?ffilﬁ‘;@ mai n
pole of 0.2 ~.cm a saturation flux density B of the main pol € of 2.

and a gapsG of GehsieM aad itelid o randhanpl (8d iAo 10 an@aett C dl Sk
havi ng a soft underlayer with a thickness t of 80 nm when data is witten

to the magneti c utidek llkgs Meamed etarymd tiedh thiors i Bl @td b 1 & ifa g3 shows t he
rel ati onship between the track width Tw of the main pole and the magnetic
field Hrax field Hgxr satisfies a relationship represented by the
following formula:
Hexf > (((0.264*1og(t)+2.77)*B-0.09) *exp (3.48*PT*T,;) ) * (201*exp (-0.014*t)) .
20 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
FIG. 1 is a perspective view showing a magnetic
disk and a magnetic head of a perpendicular magnetic
disk apparatus according to an embodiment of the
present invention;
25 FIG. 2A is a graph showing the relationship

between the thickness t of a soft underlayer and

a magnetic field Epax applied to the center of



15 applied to the center of the recording layer. FIG 3B shows the
relationship between the track wwdth Tw of the main pole and the in-plane
magnetic field Hh applied to the pinning | ayer. For exanple, when the track
width Tw of the main pole is reduced to 20 0.12 ,um the magnetic field Hh
applied to the magnetic di sk having the soft underlayer with the thickness
t of 80 nmis about 610 Ce, which is snmaller than that shown in FIGS. 2B,
where Twis 0.16 ,um Accordingly, this"naénefic di sk apparatus need only
25 have a mmgneti zation recoverabl e magnetic field Hexf of 610 Oe or nore.
Fromthe results showmn in FIGS. 2A to 3B, the - 11 relationship between
the magnetic fi & FOGMEE1A9PI4i% ¢ %0 the center of the recording |ayer, the

track width Tw (~cm t mai n pol e, the di nension PT (u jn the head
tracki ng direction ofFﬁGHe@%aiJﬁs r?ol%?aﬁkhesqbo‘%]di%r § o?le]f‘?{ﬁ(o Pty B (T) of
t he mai n pol e, I.C SS . of_ t of t der | r,.and the
magnetic field h%ecz‘ftpe%lnl egk%biqlhe%%gsné iogfeﬁczlaed sto:)ﬂt ﬁ‘lencg%/rﬁlnﬁ%egr Iaari/é(;rai S

represented by the f1Ql/.0W ggyeng-qﬁki$lov§nﬁgg Co s )
((0.264%1 og(t)+2. 77)*B-0. 09) *exp( 3. 46+ PTETRES Hh HOS01%eXp 12 052 81%+ 1) |

and Hh = s FIG. 3A is a graph showing the relationship

(((0.264*1 og(t)+2.77)*B-0.09) *exp(3. 48*PT*Tw) )*(201*exp(-0. 014*t)).
Accordingly, if pcheiomgnetd zatadcn vfiQitQNGiTaﬁlefe tHrRgnetirc dded dbiexie satisfies
the follow ng fornula, 15 magnetization deviation in the soft underl ayer
can be prevent echaggaitist hidael iamdpltaree mmgreatiic fiiedld Hppl igsbhyed hsowr i te
head to the pinning |ayer: Hexf ~

(((0.264*1 og( k) £2e7PerRer. @F) tdvep (A PRFITWIygr201* exp(- 0. 014*t)). In
order to increase the magnetization 20 recoverabl e magnetic field Hexf, it

i s conceivabl e to indriéasel He tthitiadsssioiwine Hiqiniekptbgeshar to use a

mat eri al _havi ng_hi gh nagnetic ani sotropy as the pinning |ayer.
Magnet i zé'lBi on dé\‘ﬁtg‘ﬁe@ngcihﬁ e oMl Aftdem Bfertiayais PP stipriesded by

appropriately 25 weakening th ,ex%a ouplin C{)or ce between, t he pinning
| ayer and soft dhd& Iaéﬁ?ef“%weg&dﬁ ,er]%gt éPPptlh% i 7fhi T IR sof t
underl ayer, a mggneti.c - 12 internediate |ayer having saturation

magneti zati on | ower than that of the pinning layer. FIG 4 is a plan view

of the perpendicul ar gwmgnet isg dj glaa}pg,air use a&g&r&é%%?iaplggbodi ment 5

of the present invention. A magnetic disk 103 1s rot y attached to a

cl anper 102 of ﬁx_a@me&qlced&twra%ﬂaw&fé Ut D RASR 1Y arf e int Sof
supported by a pivot 104 | ocated near the magnetic di sk 103. A suspension
106 i s atbachedthe e s@inst alnwend i@fn;10 the arm 105, and a slider and a
head 107 are attached on the air-bearing surface of the distal end of the
suspension 106. A VoiKE.CHA imtorgfafiMsHOBinG t1oe at€la Ok fieipr oxi mal end

side of the arm 105. The VCM 108 has a driving coil wound around a bobbi n,
between an external magnetic field and read
distortion; and
FIG. 5B is a graph showing the relationship
20 between the read distortion and the bit error
rate BER.
DETAILED DESCRIPTION OF THE INVENTION
Embodiments of the present invention will be
described below with reference to the accompanying
25 drawings.

FIG. 1 is a perspective view showing a magnetic

disk and a magnetic head of a perpendicular magnetic



*15 and a permanent nmagnet and a counter yoke whi ch oppose each other on the
two sides of the driving coil. Supplying a current to the driving coil of
the VCM 108 rotates the arm about the pivot 104. In the present invention,
to ensure a 20 nmagnetization recovery ratio of 1 of the pinning | ayer and
soft underlayer, it is preferable to take into account a magnetic field Hv
applied by the VCMto the pinning |layer, in addition to the nmagnetic field
Hh applied by the wite head to the pinni nd | ayer. 25 As the magnetic field
Hv, it is sufficient to take account of a magnetic field applied to the
pinning layer in a data region positioned on the outernost - 13

peri phery of th@lr?égr‘?é’tﬂacragﬁ‘é% ARG dvsestenkpdieniomt Aq he magnetic

field Hv applied by the VCMto the pinning | ayer, a val ue neasured by a
Gauss meter pl aé’er&ysleﬁ1 HE XAy g%‘e e}fegﬂﬁetr%ﬁ(;'p i pHE YRSt e

magnetic disk c - —~alnt rese vention, the nmagnetjzation
recoverabl e nag%e%tall?g %%Sgﬂ%&ﬁ%x%éfbs‘pplr et géreaclb yo atr‘—’g(eérrl than 1 %ae Qjoatréﬁ of the
magnetic field |4 i%ﬁhaqa . DI NN I r d the
magnetic field %ﬁg&gpgﬁ%%@%}ﬁ todciiihga Bﬁnrlpr%mlé;%elréy .te}?é,1 Hexf >

Hh + Hv pref er ablps Oldse AGEHT di N Yohdun 115 BFRS erable foysatisfyi dihe
follow ng formula: Hexf

(((0.264*] og(k) 12. B} B Gt 3 AR )3 (30K ey OlA HaderHv. 15
The results of evaluation of magnetic di sk apparatuses manufactured by
using a pluralitf of hreghetagnediisksnadidfierlenta igoMalurelenfl 4 eer Megynetd zat i on
recoverabl e magnetic field Hexf will be expl ai ned bel ow. The eval uati on was
performed by usien@exrpamndic @ hamtdraiing lawemackd watte of- a rofgridiel arai n
pole of 0.2 ,um a dinension PT in the head tracking direction of the main
pol e of 0.2 ~. mleafdidlsdariad demrandidenst B st ndny e Paeked 2. 15
T. I\/agnetli c di sk apparatuses were manufactured by using two types of 25
magneti c18i sk e&fh 2h&WaFT T8 tofltl undemagnat i thead 131 dareksdds &F 120 nm

and havi ng a magneti zati on recoverable magnetic field Hexf of 250 and 500
Ce. - 14 In g’&&ﬁeag'ﬁﬁrc{;th,aq%er%ﬁ"@ﬁdc 49 el dFH% vEpidtS ey The vam to
the pinning layer in the data regi.on gn the quternost periphery s, 60 Ce.
Al'so, the magneti€ & al—lﬁladﬁblq%&f b'{/lt’tl‘?e% iX° a@sqjtfrﬁtc{]é’%?eﬁni ng 5
| ayer, which was.cal.cul_at s .ab f orul s 274, Oe. Therefore,
t he signal qual ?tzy%nguﬁieg%rgaﬁqy%%lgdgj\éﬁi fOI{}hee %aagér,l\gﬁaz%t% Oc?ﬁlsr ecover abl e

TR e € 0" 35 0 R, AREEhe SR T st ame Leund I
15 has a structure in which a giant magnetoresistive
(GMR) element 42 is formed between a pair of
shields 41.
As shown in FIG. 1, the pinning layer 12 is
formed below the soft underlayer 13, and the
20 magnetization of the soft underlayer 13 is fixed
by using the exchange coupling, thereby avoiding
the formation of magnetic walls and preventing the
generation of spike noise. When a magnetic field is
applied to the pinning layer and soft underlayer and
25 then the magnetic field is removed, if the magnetiza-

tions in these layers return to their respective

original states, it can be said that no magnetization



" magnetization recoverabl e magnetic field Hexf of 250 OGe. This indicates

t hat nmagneti zation deviation occurred in the soft underlayer. An opti cal
surface anal yzer (OSA) i mage of the nmagnetic disk in which the 15

magneti zati on devi ati on occurred was checked. As a result, magnetic walls
in substantially the radial direction were found in two portions of the

di sk. No data was obtained in those portions where the nagnetic walls were
formed. Especially in a region where theé 28 magnetic wall extended to a
servo area, the apparatus could not operate because of servo signal |oss.
In contrast, in the magnetic di sk apparatus using the magnetic disk with
Hexf of 500 CE,Q%Y%%ﬂHa§lﬂﬁQH¥%ms]§bﬁﬂf R4RA St i iy @ HatCho Fagneti zati on
devi ation 25 was, produced., | ,additiogi no troubl e was caused Pg data | oss
or servo |oss, ang Fﬁ@l?&dﬁ%wsoplé} NS Rt 1o R Setls  The
results of eval ' (o i.sk ar at uses .manuf.act ured_ by_using a
plurality of naé%lgte%cqa iesrrl:g:qﬁl v]'le(r:fge f]eregg%en \a/ta }geo@t%%l l%%]gt?g%%?%n
recover abl e mag iC el jffer i '5FQ§SS- e soft
under | ayer wi || r‘hglteelneﬁc})]:eaia g}q)loéfec}\ g&v%gr%stfjicﬁ Eﬁh@eldalgios\slertéeh&/a uat iloEn,P% hEecgl

eval uatiog was per i Rl U RMhdhaiida hapd-hanidyy, ardd asko i @t he Jw of
the main pole of 0.2 a m a dinension PT in the head tracking direction of
the main pole oR1Go? aumMabdnand abpsatdd atdpiedildx densidy whodh thige s@i n
pole of 2.15 T. Also, the magnetic di sk apparatuses were manufactured by
usi ng three typésyefrsmegreetdec tdies kisa draat ingp tal @ofrie avicery ayetrisheste

t hi ckness t was 120, 150, and 180 nm respectively, and the magneti zation
15 recover abl e maghst ilc fdedlicheders wasnasnratoirdat 300 @ecoveraabd appar at us,
the magnetic field Hv applied by the VCMto the pinning layer in the data
regi on on the oM ®dsC ferdlshétexfivas 60 Ce. Al so, the magnetic fields Hh

applied the magnetic head to th inning 20 | ayer, which were cal cul ated
fromtheqébove for mulf® A\?ﬁ’eﬁcerl?f%ﬁi %{‘f‘?ﬂ AT Lhe PerRendBRUERT (for t = 150

nm and 120 Ce (for t,.= 180, nm,,. respectively. Therefore, the sj I
quality is pr es& rflﬁggfrf@ég?tijfc tcﬁégw&]%/aztéﬁ 'orf FEHVRr b él%gcgneti c
fields Hexf are I t .= n 242 Qe or. nore (t = 150
nm, and 180 e’ %lﬁlj)er%eg(i’t %—hengj&elr#% k3‘eoaga2(rjceos;r;E)eHce’tipvlennalpnpgdrl{ﬁ3(|esresn.(ay - 16 In

effect, spike nQijseas, f %géfrq%é;}gdz; r nglf}{e_térﬁet'éé% W{éﬁ?é??yﬁé‘g t he

magneti c di sk having the s ayer wt e t hickness 120 nm

Consequently, nQedakd Vas QPHAN§he Ut d M RRPABIUS: 2 f0ul £ Nt Operat e
because of servo signal loss. Incontrast, i1n the magnetic di sk apparat us

usi ng 15 present invention, magnetization deviation in the soft

underlayer can be prevented by satisfying a relation-
ship that the magnetization recoverable magnetic field
Hexf 1s larger than an in-plane magnetic field applied
by the write head to the pinning layer.

20 The in-plane magnetic field Hy, therefore,
applied by the write head to the pinning layer will be
discussed below.

One possible factor which affects the magnetic
field Hy is the thickness t (nm) of the soft

25 underlayer. That is, the smaller the thickness t of
the soft underlayer, the smaller the distance between

the write head and pinning layer, i.e., the smaller



‘the magnetic disk having the soft underl ayer whose thickness t was 150 or
180 nm no spi ke noise was found, so no trouble was caused by data | oss or
servo 10 | oss, and the apparatus operated w thout problem Furthernore, an
external magnetic field may be applied to a magnetic di sk apparatus in
addition to the magnetic field Hh applied by the wite head to the pinning
| ayer and the magnetic field Hv applied by 15 the VCMto the pinning | ayer.
Especi ally when the magnetic disk apparétu§ i § used for nobil e purposes,
the influence of the external nmagnetic field nust be taken into account. If
the external magnetic field is Ht, it is preferable that the magnetization
20 recoverabl e SR HGIQ Freqtingi e ide THYI0E dg rigtats I D thexf >

Hh + Hv + H, in order, to kee magneti zation recovery ratio of 1 with
preventing from“}?éﬁ‘r‘?gﬁczdfﬂie;?f)cé\ﬂ“étqﬁn.wrﬂstq %3fe above eval uation, the
eval uati on was 25 perforned by usi a ite head having a track wdth Tw
of the main pole of Cgsf‘ng M ar%(?rer}ﬁes&i%%éﬁﬁ'”?% 3hn raf%&d%tc?ta}bkf%go irection
of the main pol g i -« b/ 1and a sa [ flux cdensi t f the
mai n pol e of 2. %S%fT.H%Al% gneet iocf gﬂ'slk@apgér %t Elgﬁl\%tgssqﬁgnup aégur%ﬁ& %lf%t?gi ng a

magneti ¢ di sk hawiaRg id s fitr ditdey ayere i tofy 8 thickngsses, t, qf 150 nmand a
magneti zation recovers able magnetic field Hexf of 400 Ce. The nmagnetic

field H appli eddyyrtdtd oVOMItux than it 1 ayes rdid e dates reg on, on the
out ernost periphery was 60 OCe. Also, the magnetic field Hh applied by the
magneti ¢ head t anche piamnichgfl dy.dr , 1 whi ah fuwed dcakteehat-@d abpdmetO tiche above
formula, was 182 QCe. External magnetic fields of 50, 100, 150, 200, and 250
Ce were appli ed af merane tgosidiisdn heboivey tehes affgnetder Idivske apigdr at us. As a
result, when the external magnetic field was 200 Ce or |ess, no spike 15
noi se was found?@ i"hdiaEsty & el aregniet iwtitom devitdis ookt ed. Al so,

no {1 oubl v CAUSH by ek 995 0L SFro Loss, and Lhe spparaus
Ce 25, 2010, o1 kool g v 0A0FL 20106 sk el rgpet zetTon
thickness t of the soft underlayer and the magnetic
field Hpax applied to the center of the recording
layer. FIG. 2B shows the relationship between the
15 thickness t of the soft underlayer and the in-plane
magnetic field Hp applied to the pinning layer.
As shown in FIG. 2B, when the thickness t of the
soft underlayer decreases, the in-plane magnetic field
Hp applied by the write head to the pinning layer
20 increases significantly. For example, when the
thickness t of the soft underlayer is 80 nm, the
magnetic field Hy 1s about 650 Oe. When a magnetic
head having the above size is used, therefore,
a magnetic disk in which the thickness t of the soft
25 underlayer is 80 nm must have a magnetization

recoverable magnetic field Hgygf of 650 Oe or more.

Another possible factor which affects the



'The GWR el enent used in the read head increases the read distortion and the
bit error rate (BER) when an external magnetic field is applied. An

al l owabl e 25 external magnetic field is also defined fromthis standpoint.
FI G 5A shows the rel ationship between the - 18 external magnetic field
and read distortion. FromFI G 5A, the read distortion exceeds 15% when the
external magnetic field is 200 OGe or nore.. FIG 5B shows the relationship
between the read distortion and 5 BER Frofi FIG 5B, when the read

di stortion exceeds 15% .the BER becone -0.8 orders of magnitude smaller
than that when there i,s ngo read distortion. Fromthese results, in order to

avoi d degr adat i 8RS e TBER the ek tT&ihal Ffaditetin® M Bl ¥es§ &l y 200

- Ce 10 or less. Accordingly.. the ti.zatiaon recoverahl e magnetic field
Hexf pref erabl ytgléat & sxfﬁﬁjtécq Jrvg%%ﬁéﬁﬁ P b s et egbrkﬁ(}t 2 919 owi ng

formul a: Hexf -~ ; :

(((0. 264*1 0g(t) £32775¥ B8 0 58S (3 Uy P £ \F I8 R 0149 ) ) +Hv200.

15 Addi tional adyanhages nand.pdidiications gy | dogieadi 196 ageun, 4,0 {dipse
skilled in the art. Theref orea, thel I nvlenti 0 ir?Firts brooader a%lpecltr{s}?i S not

limted tg the gpegeirfic details and representative enbodi nents shown and
descri bed herein. Accordingly, various 20 nodifications my be nmade w t hout

departing fromthe spisirg &r waciope dad heageneraldimestdivepTong epie as
defined by the appended clains and their equival ents. - 19 WHAT IS
CLAIMED | S: 1. Aecper rerdikdumcard irecaridim@ firegreetriaci rdiggkl eapplar@t sy m,
conprising: a perpendicular two-1layered nmedi um conprising 5 a pinning

| ayer, a soft ufRdéeltayeéritismd fdyre itaulBarofr ddor diaigy Iendey ;ofardl- A wite
head conprising a main pole, a return yoke and an exciting caoil, a

magnet i zati on r 886vér 8Pe Grednétilc # e 8 HéRAA16tEENERNCRPPRE SFi (19 ng | ayer

bei ng Tatfer ¢ hin "8 CHEGAGH b 5 0 S0l G By I AU HOHd 1 ¢ he p nni ng

| ayer. thickness t of 80 nm when data is written to the
magnetic disk has been determined by simulation.

FIG. 3A shows the relationship between the track

width Ty of the main pole and the magnetic field Hpgx

15 applied to the center of the recording layer. FIG. 3B
shows the relationship between the track width T, of
the main pole and the in-plane magnetic field Hp
applied to the pinning layer. For example, when
the track width Ty of the main pole is reduced to

20 0712 um, the magnetic field Hp applied to the
magnetic disk having the soft underlayer with the
thickness t of 80 nm is about 610 Oe, which is smaller
than that shown in FIGS. 2B, where T, is 0.16 um.
Accordingly, this magnetic disk apparatus need only

25 have a magnetization recoverable magnetic field Hgyxf

of 610 Oe or more.

From the results shown in FIGS. 2A to 3B, the



2. The apparatus according to claim1, wherein 15 if Twis a track width
(in ,um of the main pole, PT is a dinension (in ~cm in the head tracking
direction of the main pole, B (T) is a saturation flux density and t is a
t hi ckness (in nn) of the soft underlayer, the magnetization recoverable
magnetic field Hexf 20 satisfies a relationship represented by the
follow ng fornula: Hexf ~
(((0.264%1 og(t)+2.77)*B-0.09) *exp(3. 48*PT*Pw) )* (201*exp(-0. 014*t)). 3. The
apparatus according to claim1l, wherein if Twis the track width (in a n
of the main pole, 25 PT is the dinension (in ,um in the head tracking
direction of thé&eraitdopshdp BeCFeens thise Megingtatd dn liditindensinBliqdis the
t hi ckness (in nn) of the soft - 20 underlayer, and Hv is a magnetic

field applied by W6 E&NEET AGfotde 6FEFIhAdYGa -aydre diFaak diErthost
i ph fth di £ Wo- | d_pedi th tizati
P ecovor abl o mager R ePl FRrHEsaPPerr a5 B FONBEPORENED et bstit ed by
the fol | owing f La: o>, . . .
((Co. 264°T oget) BBEroRed G ta6iing, td ZEE e 50 DA EY- 0145 ) +hv. 4.

The appar gt us age@diaRg oo rahd Mehs WRerel )10 4 fenfwils 4 g, td ack i dth (in
,um) of the main pole, PT is the dinension (in ,um in the head tracking

direction of theneikhepe & Brl)Thf THeh& TR urratdan fdux depsidy, t is the
t hi ckness (in nn) of the Soft underlayer, and Hv is the nmagnetic field

applied by 15 t hagreitde @diell dTel0RHHA ildie i e gnd AaTi Dt aid er nost

peri phery of the perpendicular two-layered nedium and if a nmaxi num

ext ernal magnet ithef ipent iing 26¢erCd)s, relperavagrieid Zat itdre rfecdvweriabl e nagneti c
field Hexf satisfies a relationship represented by the 20 foll ow ng
formul a: Hexf >formulas:

(((0.264*1 og(t)+2.77)*B-0.09) *ex %3.48*PT*T ) *(201*exp(-0.014*t)) +Hv+200.
5. The apfar at umaccdP d6hHos &) td-A7 )P0 Ontierds #8tHETY hi ckness of the soft
underl ayer is 150 nmor 25 |ess. .A9[

Y. AL{ . A h_. A h&n/Anegs ARG WK 28 A {r. AhL ALLA{L.Ah . A{LALAL
. A" h. AsW9. A" AY

Lo 6 Ty em) oug BATR I bR LcB 12 20)4Rr 0, 090 BT A EPAKRI A L ca ca

I
]Ca]Ca]Ca]Ca]Ca]Ca]c%u%gfﬁﬂﬁéﬂfﬁ%ié)the magnetization recoverable

magnetic field Hgyf satisfies the following formula,

15 magnetization deviation in the soft underlayer can be
prevented against the in-plane magnetic field applied
by the write head to the pinning layer:
Hoxf > (((0.264*1og (k)+2.77) *B=0.09) *exp (3. 48*PT*T,,) ) * (201*exp (-0.014*t) ) .

In order to increase the magnetization

20 recoverable magnetic field Heyf, it is conceivable to
increase the thickness of the pinning layer or to use
a material having high magnetic anisotropy as the
pinning layer. Magnetization deviation in the soft
underlayer may also be suppressed by appropriately

25 weakening the exchange coupling force between the
pinning layer and soft underlayer by adding, between

the pinning layer and soft underlayer, a magnetic
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by a pivot 104 located near the magnetic disk 103.
A suspension 106 is attached to tha distal eﬁd of

10 the arm 105, and a slider and a head 107 are attached
on the air-bearing surface of the distal end of the
suspension 106. A voice coil motor (VCM) 108 is
located on the proximal end side of the arm 105.
The VCM 108 has a driving coil wound around a bobbin,

15 and a permanent magnet and a counter yoke which oppose
each other on the two sides of the driving coil.
Supplying a current to the driving coil of the VCM 108
rotates the arm about the pivot 104.

In the present invention, to ensure a

20 magnetization recovery ratio of 1 of the pinning layer
and soft underlayer, it is preferable to take into
account a magnetic field Hy applied by the VCM to
the pinning layer, in addition to the magnetic field
Hy, applied by the write head to the pinning layer.

25 As the magnetic field Hy, it is sufficient to take
account of a magnetic field applied to the pinning

layer in a data region positioned on the outermost
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v

the pinning layer, a value measured by a Gauss meter
placed in the vicinity of the outermost periphery of
5 the magnetic disk can be used.
| In the present invention, the magnetization
recoverable'magnetic field Hgxf 1s preferably larger
than the total of the magnetic field Hpn applied by the
write head to the pinning layer and the magnetic field
10 Hy applied by the VCM to the pinning layer, i.e., Hexf
> Hp + Hy preferably holds. Accordingly, it is
preferable to satisfy the following formula:
Hexf >
(((0.2064*1og (k) +2.77) *B-0.09) *exp (3.48*PT*T,) ) * (201*exp (-0.014*t) ) +Hy,.
15 = The results of evaluation of magnetic disk
apparatuses manufactured by using a plurality of
magnetic disks different in value of the magnetization
recoverable magnetic field Hgyf will be explained
below. The evaluation was performed by using a write
20 head having a track width Ty of the main pole of
0.2 um, a dimension PT in the head tracking direction
of the main pole of 0.2 um, and a saturation flux
density B of the main pole of 2.15 T. Magnetic disk
appératuses were manufactured by using two types of
25 magnetic disk each having a soft underlayer with
a thickness t of 120 nm, and having a magnetization

recoverable magnetic field Hgyxf of 250 and 500 Oe.
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the VCM to the pinning layer in the data region on the
outermost periphery was 60 Oe. Also, the magnetic
field Hp applied by the magnetic head to the pinning
layer, which was calculated from the above formula,
was 274 Oe. Therefore, the signal quality is
presumably degraded if the magnetization recoverable
magnetic field Hgyxf is 334 Oe or more.

In effect, spike noise was found in the magnetic
disk apparatus using the magnetic disk with the
magnetization recoverable magnetic field Hgyf oOf
250 Oe. This indicates that magnetization deviation
occurred in the soft underlayer. An optical surface
analyzer (OSA) image of the magnetic disk in which the
magnetization deviation occurred was checked. As a
result, magnetic walls in substantially the radial
direction were found in two portions of the disk. No
data was obtained in those portions where the magnetic
walls were formed. Especially in a region where the
magnetic wall extended to a servo area, the apparatus
could not operate because of servo signal loss.

In contrast, in the magnetic disk apparatus using
the magnetic disk with Hgyf of 500 Oe, no spike noise
was found, indicating that no magnetization deviation
was produced. In addition, no trouble was caused by
data loss or servo loss, and the apparatus operated

without problem.

}A2uS1l 1!

'y

10 10 10! 6! 109& ()- 6! 109%& ()- |



10 10!'s3 "109%&' ()-f!s3 "10%& ()-f! % 109& ()-,-,,,\--}.zX60P1 1!

Y1098 ()-!s& 10%&' ()-t!s& 10%&' ()-t{

109& ()-! 1109 ()-j!n! 10%& ()-j}..~//C0011zX9.1 10Y : @O%& ()-! /! 10%& ()-
1Y/ 1109 ()- ' "10%& ()-s! ' "109%& ()-s!s# 109&' ()-1111F11M22gEl 10Y

1YY" 1098 ()-! Y"10%& ()-!s'1109%&' ()-j~ 109%& ()-Z109%&' ()- 10 102MB34456WU3E1L
100", /" 109! ()= 17, /"109& ()- |° 109 ()--11 "109& ()--1

"109%& ()--! Y'10%+& ()-606162636: 677: 8=\ 15> -

10017 110%& ()-! 1 109%8$& ()-! 1109%& ()-yml0% ()- 10 10 10Y

: 109%&' () -: 888} 999: wX6~\: 10!! s-"109& ()-Y +s10% ()-! @"10% ()-Y ! @

" 1098 8\/ ! }@ 109% \2g )r-eﬁql‘qslc@}é&'e(‘ﬁl?%%% OLNFAINRE IS da9e ug () - |

10% u& () -1 apparatuses manufactured by using a plurality of
magnetic disks having.the same value of the magnetiza-
tion recoverable magnetic field Hgyf but different in

5 thickness t of the soft underlayer will be explained
below. As in the above evaluation, the evaluation was
performed by using a write head having a track width
Tw ©of the main pole of 0.2 um, a dimension PT in the
head tracking direction of the main pole of 0.2 um

10 and a saturation flux density B of the main pole of
2.15 T. Also, the magnetic disk apparatuses were
manufactured by using three types of magnetic disks
having a soft underlayer whose thickness t was 120,
150, and 180 nm, respectively, and the magnetization

15 recoverable magnetic field Hgyxf was commonly 300 Oe.
In each apparatus, the magnetic field Hy applied by
the VCM to the pinning layer in the data region on the
outermost periphery was 60 Oe. Also, the magnetic
fields Hy applied by the magnetic head to the pinning

20 layer, which were calculated from the above formula,
were 275 Oe (for t = 120 nm), 182 Oe (for t = 150 nm)
and 120 Oe (for t = 180 nm), respectively. Therefore,
the signal guality is presumably degraded if the
magnetization recoverable magnetic fields Hgyxfr are

25 315 Oe or more (t = 120 nm), 242 Oe or more (t =
150 nm), and 180 Oe or more {(t = 180 nm) for

respective apparatuses.
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n effect, spike noise was found in the magnetic
disk apparatus using the magnetic disk having the
soft underlayer with the thickness t of 120 nm.
Consequently, no data was obtained, or the apparatus
5 could not operate because of servo signal loss.

In contrast, in the magnetic disk apparatus using
the magnetic disk having the soft underlayer whose
thickness t was 150 or 180 nm, no spike noise was
found, so no trouble was caused by data loss or servo

10 loss, and the apparatus operated without problem.

Furthermore, an external magnetic field may be
applied to a magnetic disk apparatus in addition to
the magnetic field Hp applied by the write head to
the pinning layer and the magnetic field Hy applied by

15 the VCM to the pinning layer. Especially when the
magnetic disk apparatus is used for mobile purposes,
the influence of the external magnetic field must be
taken into account. TIf the external magnetic field
is Ht, it is preferable that the magnetization

20 recoverable magnetic field satisfies the following
relationship: Hgyxf > Hp + Hy + Hi, in order to keep
a magnetization recovery ratio of 1 with preventing
from magnetization deviation.

As in the above evaluation, the evaluation was

25 performed by using a write head having a track width

Ty of the main pole of 0.2 um, a dimension PT in the

head tracking direction of the main pole of 0.2 um



1109 x& () -1 "10% & ()-!"109%& () - mL0% ()-10cc10cclOcc! “1"10%c& ()-h
SHFHI ; 1 JwdJ}~?uS1 117"~ 1109 ()- %W 109%& ()-Z ! %109 ()-Z

S9"10%& ()-179"10%& ()-Y Y10%&' () - JKKKKKKcLLr P1

11109& ()-f!d! 10%& ()-fmlo%& ()- 10$$ 10$$

10$$! ° 2" 10963$& ()-u! 2" 10%& () - uLLoMVt NNG} ~<r P1

11" %109 ()-z 1s1109& ()-z! |1s!10%& ()-z "10%& ()-! "10%& ()-c

109%& () - 0O0PQOQ Q r S4 1F 109%& ()-yml0%&: (37 10&& 108&

108&! ° S/ " 10%R&&' ()-& ~S/"10%& ()-& % 10%A&' () - z; QMQQOR6RI RAEr S4 1F 10Y
3109&' ()-F 3109 ()- @O%& ()-Y sS10% ()-Y gl0%& ()-Y

109%&' () -i RRRS5SI B S Y Ao neiGov@ns i L Wl (Hher main pole of

2.15 T. A magnetic disk apparatus was manufactured

by using a magnetic disk having.a soft underlayer with
a thicknesses t of 150 nm and a magnetization recover-

5 able magnetic field Hgyxf of 400 Oe. The magnetic
field Hy applied by the VCM to the pinning layer in
the data region on the outermost periphery was 60 Oe.
Also, the magnetic field Hp applied by the magnetic
head to the pinning layer, which was calculated from
10 the above formula, was 182 Oe.

External magnetic fields of 50, 100, 150, 200,
and 250 Oe were applied from a position above the
magnetic disk apparatus. As a result, when the
external magnetic field was 200 Oe or less, no spike

15 noise was found, indicating that no magnetization
deviation occurred. Also, no trouble was caused by
data loss or servo loss, and the apparatus operated
without problem. However, when the external magnetic
field of 250 Oe was applied, spike noise was found,

20 indicating that magnetization deviation occurred in
the soft underlayer.

The GMR element used in the read head increases
the read distortion and the bit error rate (BER) when
an external magnetic field is applied. An allowable

25 external magnetic field is also defined from this
standpoint.

FIG. 5A shows the relationship between the
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external magnetic field and read distortion. From
FIG. 5A, the read distortion exceeds 15% when the
external magnetic field is 200 Oe or more. FIG. 5B
shows the relationship between the read distortion and
5 BER. From FIG. 5B, when the read distortion exceeds
15%, the BER become -0.8 orders of magnitude smaller
than that when there is no read distortion. From
these results, in order to avoid degradation of the
BER, the external magnetic field is desirably 200 Oe
10 or less. Accordingly, the magnetization recoverable
magnetic field Hgyf preferably satisfies the
relationship represented by the following formula:
Hexf >
({(0.264*1og (t)+2.77) *B~0.09) *exp (3. 48*PT*Ty,) ) * (201*exp (-0.014*t) ) +H+200.
15 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. Accoraingly, various
20 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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WHAT IS CLAIMED 1IS:
1. A perpendicular recording magnetic disk
apparatus comprising:
a perpendicular two-layered medium comprising
5 a pinning layer, a soft underlayer and a perpendicular
recording layer; and
a write head comprising a main pole, a return
yoke and an exciting coil,
a magnetization recoverable magnetic fieldIHeXf
10 by which the pinning layer and the soft underlayer
ensure a magnetization recovery ratio of unity being
larger than a magnetic field applied by the write head
to the pinning layer.
2. The apparatus according to claim 1, wherein
15 if Ty is a track width (in um) of the main pole, PT
is a dimension (in um) in the head tracking direction
of the main pole, B (T) is a saturation flux density
and t is a thickness (in nm) of the soft underlayer,
the magnetization recoverable magnetic field Hgysf
20 satisfies a relationship represented by the following
formula:
Hoyf > (((0.264*1og (t)+2.77) *B-0.09) *exp (3.48*PT*Ty,) ) * (201*exp (-0.014*t) ) .
3. The apparatus according to claim 1, wherein
if Ty is the track width (in um) of the main pole,
25 PT is the dimension (in um) in the head tracking

direction of the main pole, B (T) is the saturation

flux density, t is the thickness (in nm) of the soft
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the magnetization recoverable magnetic field Heyxf
5 satisfies a relationship represented by the following
formula:
Hexf >
(((0.264*1log (t)+2.77) *B-0.09) *exp (3.48*PT*Ty,) ) * (201*exp (-0.014*t) ) +H,,.
4. The apparatus according to claim 1, wherein
10 if Ty is the track width (in um) of the main pole,
PT is the dimension (in um) in the head tracking
direction of the main pole, B (T) is the saturation
flux density, t is the thickness (in nm) of the soft
underlayer, and Hy is the magnetic field applied by
15 the voice coil motor to the pinning layer on an
outermost periphery of the perpendicular two-layered
medium, and if a maximum external magnetic field is
200 (Oe), the magnetization recoverable magnetic field
Hexf satisfies a relationship represented by the

20 following formula:
Hexf >
(((0.264*1og (t)+2.77) *B-0.09) *exp (3.48*PT*Ty,) ) * (201*exp (-0.014*t) ) +H+200.
5. The apparatus according to claim 1, wherein

the thickness of the soft underlayer is 150 nm or

25 less.



