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~ -1 TI TLE OF THE | NVENTI ON MAGNETI C REPRODUCI NG

HEAD AND MAGNETI C DI SK APPARATUS BACKGROUND OF T

I NVENTI ON This invention relates to a magnetic di "mmmwu
*159159*

apparatus such as a hard disk drive (HDD) and a
magneti c reproducing head used in the apparatus.
Particularly, this invention relates to the technum“mmmmmmwmm
for reading out information fecbrded on a nagnetll |
recording medi um by a vertical nagnetic recording 10
method. In recent years, the size of magnetic
recording appar at us@4TLENOFudig INvEiTdicsk units, has
been rapidly getting smaller and so the recording
denNAGNERES BeBROQEEINGgHRRGhAND VAGNETIEN®ISE APPARATUS
expected 15 to becone stronger in the future. To
achi eve high recdtAfifRAUENSI @Y, THE IRVENRTEGSary not
only to increase the recording track density by
narrowi ng'8hé 1PEEBFdPAgTrEFaERS Bot aalmsenes licnckiesise

| ine recaording density) in

i AEFREbIGR nd9b 4 fohe=d ASEBRARRGPS. (Hadh and

j LS th ti.cal netjic recording
et rod T 15 o Hiab O Bhet oRar T Ahpt brechRgrathe
feCOﬁé@E@b@@éPPQ,({R{s invention relates to the technique

*G00002*

for reading out information recorded on a magnetic
recording medium by a vertical magnetic recording
method.

In recent years, the size of magnetic recording
apparatuses, including hard disk units, has been
rapidly getting smaller and so the recording density
has been getting higher. This trend is expected
to become stronger in the future. To achieve high
recording density, it is necessary not only to
increase the recording track density by narrowing the
recording tracks but also to increase the recoding
density (or line recording density) in which recording
is done. Accordingly, much attention is paid to the
vertical magnetic recording method instead of the
conventional in—plané magnetic recording method (for
example, refer to Jpn. Pat. Appln. KOKAI Publication
No. 2002-197620).

In the in-plane magnetic recording method,
magnetization is produced in a direction parallel

to the plane of the recording medium. In contrast,
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exanpl e, refer to Jpn. Pat. Appln. KOKAI Publication

No. 2002-197620). 25 In the in-plane magnetic

recordi ng method, magnetization is produced in a
direction parallel to the plane of the recording

medium |In contrast, in the vertical recording nethod,
magneti zation is produced in a direction

perpendicul ar to the plane of 2he-recordi ng medi um
Therefore, recording magnetiza- tion is difficult to

be reduced according to the 5 vertical recording

met hpd end VértﬁcglpEQEQQdiﬁétmbbﬁodxeﬁbbﬁékl&ﬁQQb%lﬁ%
nmet hod can greatly contribute to ancement of the
recopdotigceleénsnty ol rébeioagpetpendieckdi 8@ the plane of
apparatus. Further, in the vertical magnetic recording
net holde séncedihe sedéngt h Bherébfoaepngaebirdihigehdgnetiza-
flowing into the reproducing head surrounded by a
shletﬁomslgeﬁéfﬁLFy hl@ﬁebethadUFﬁdtannrﬂheglﬁOptaﬁe

medi um a reproduci ng outgut becones higher. This is

aIsdv%ﬁthﬂ%5n¥%§%r6%n9h@e Bedi eaf lkmgRefrEersEsr dhag the
net hod. 15 in t he in-plane recordi ng nethod, magnetic
f|uxve¥Fba% oh®BRAY € r BRFEA ﬁﬁ@n%F??S%VoﬁOPFéﬁQPF?oﬁO

f th
o0, Py e FARSA TS 0o A2 s
o4 it 55ROLHL00, o iDREF, 20 PRl Lot

recordi ng ne erefore. ver

ok et hocxatogrmuchce] TRARE! LBl Lbctbow
a magnetic field flowing into the reproducing head
surrounded by a shield is generally higher than that
in the in-plane medium, a reproducing output becomes
higher. This is also an advantagé of the vertical
magnetic recording method.

In the in-plane recording method, magnetic flux
flows out only from the magnetization transition
region of the recording medium. In contrast, in the
vertical recording method, magnetic flux flows out
from the entire portion of the DC region of the
recording medium. Therefore, in the vertical
recording method, an amount of magnetic flux flowing
from the medium into the reproducing head is larger
than that in the in-plane recording method. This
brings a merit that a high reproducing output can be
attained, but it is understood that this also brings

a demerit.

For example, it 1s assumed that an MR effect
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than that in the in-plane recording nethod. This
brings a nerit that a high reproduci ng output can be
25 attained, but it is understood that this also
brings a denmerit. For exanple, it is assuned that an
MR ef fect (magnetoresistance effect) type reproducing
head is wused. The MR effect type reproduci ng head has
a free layer, a hard bias l-ayey which controls
magneti zation of the free layer, and a shield |ayer
whi ch surrounds 5 the above two | ayers. The free | ayer

MoV esnaa b rd s sad@cer oot hetﬂpé“ Hepa68eEdhInkad is
the relative novenment between t magneti c

r eprachet ngrheaddR anfif ddte tyeeorepngdneithgnmebs hhe a free
vertical magnetic recording nethod, when the free

| aydrayiesr /| crdtad imias pbryeomwilichheeht exl endsgoeed zation
data tracks recorded in the nmedium a high |evel of

noi & iSO UWERE 13vesomardsesshitnkd otayehewbagBesurgounds
that the anmount of_ nmagnetic flux flowng fromthe
rec&ﬁﬁrﬁPQﬁﬁn WR i 1R the r%%?o%ﬁ%?nbaﬁ%édegeslaﬂﬁég

t t whj
1 ed ooy 1Rt (1 et BT HeeGREr Lt 5ot FAEk FerAgve

PO YA O P2 MO A £ 08, By RBEV ene
1o, SRS ABLAR, 08 AP pbbe L otocBosnc
beCQﬂﬁﬁuﬂﬁpW%%ﬁﬂ@%éCEfE%ffﬁﬁ%EhfssféagtggsiﬁiQnﬁegtion
process I n sone cases In thi case, Sl nce e
which extends over data tracks recorded in the medium,
a high level of noise is output in some cases. One of
the causes is that the amount of magnetic flux flowing
from the recording medium into the reproducing head is
large.

When noise is generated in a state in which the
free layer is positioned on the user data track, the
reproduction waveform becomes unstable and a readout
error or the like occurs. To make matters worse,
if noise becomes larger in a state in which the free
layer is positioned in a servo area of the medium, it
becomes impossible to perform the servo positioning
process in some cases. In this case, since the
magnetic reproducing head cannot precisely trace
the track, the problem becomes more serious.

BRIEF SUMMARY OF THE INVENTION
According to an aspect of the present invention,

there 1s provided a magnetic reproducing head which
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magneti c reproduci ng head cannot precisely trace the
track, the probl em becones nore serious. 25 BRIEF
SUMVARY OF THE | NVENTI ON According to an aspect of the
present invention, there is provided a nmagnetic
reproduci ng head whi ch reproduces information recorded
on a recording nmedium by a vertical nagnetic
recordi ng nmet hod, conprising a 4gaghet oresi stance
effect elenent including a free |ayer whose
resistance varies in response to a 5 variation in

ext eraigtodvgast iZad oAt iandracbanddbbasa kayerdwhigChedium
forms the free layer into a single magnetic domain,

wherley na (Wettlidht 2pagnet Bc Betsraehgwinenhod, pb@dp@ﬁs@ﬁg
resi dual magnetization of the hard bias |ayer and

t hi ckresgnebheresisiansetefedttélamdntOintieddghlh af free
medi um magneti zation of the recording nediumis set

to Mayer BRIEF DESTR PTRON CFr TpE SEVERARONEEWSCOE THE
DRAW NG The acconpanyi ng draw ngs, which are
|ncoYiEﬁ%ﬁ%QP h ahbcERA tm@@@%téZ%SFPnofaﬂﬁea hard bias

ficat t d t f th
oY b, VRGP EQETRer e af ERCL hBSERERAP eStREbE on

o vofhbove: anduLle, deLaLled esciiptl o0 #10LhE coc wnen

S glven serve €

pr'ﬂ&'ﬁ%ﬁ@u@% Lhey %QY&H ﬂ?%é%§iz%tggﬁgaﬁg?ﬂgsﬂg%ﬁngias

an alr earlng surrace

r epr DAeH ngn@e@ﬁl@;zﬁgggl Ple k8o 0NEs §5190%nﬁ9£105nphi s
i nvention. FIG is a view show ng the positiona
rel adt &dngth of medlum magnetization of the recording
medium is set to Mrt2.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,
serve to explain the principles of the invention.

FIG. 1 is a view showing an air bearing surface
(ABS) of a magnetic reproducing head according to one
embodiment of this invention.

FIG. 2 is a view showing the positional relation
between the tracks of the magnetic disk medium and the
magnetoresistance effect element of FIG. 1.

FIG. 3 is a schematic diagram showing the
positional relation between the magnetic reproducing

head and burst signals in the servo area of the disk
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between the tracks of the magnetic di sk nedium and the
magnet or esi st ance effect elenent of FIG 1. 25 FIG 3
is a schematic di agram showi ng the positiona
rel ati on between the magnetic reproducing head and
burst signals in the servo area of the di sk nedium
FIG 4 is a view showng a state in which nagnetic
domains are formed in the freedgayer 1. FIG 5 is a
view for illustrating the effect of 5 a single
magneti ¢ domain formed by providing the hard bias
| ayessdQim10. FIG 6 is a cross sectional view taken
along the one-dot-dash line VII-VI1' of FIG 2. FIG
7 is a greph. i adicatiNgethehowshlt aoktbhe ihOwheasUred
rel ati on between the Mt ratio and the noise |evel.
Fl Gmaynest Iac gd@pininndacat fognédieinesluét foke layer 1.
nmeasurenents of the critical point (least necessary
Mt rati ofI@hownisnaFyv@v7fehi Lelohangthggt hbel&ffect of
reproduction gap length G., FIG 9 is a graph show ng
t he heTxEk ynagre b | domairaberived Pyt PEPVEEingedhe hard
fro dPWs0 on the assunption that UBD (the ratio of

1% 1L 0 'Ie%@t h) is kept constant. 20 FIG 10
|s a persI? t| e.view of a argﬁdis

the e P oot Rg Reaae holia i fBrceeFeRganopg the
gne p C e | G C
i”St&Héﬁﬁkt—dash line VII-VII’ of FIG. 2.

FIG. 7 is a graph indicating the result of the
measured relation between the Mrt ratio and the noise
level.

FIG. 8 is a graph indicating the result of
measurements of the critical point (least necessary
Mrt ratio) shown in FIG. 7 while changing the
reproduction gap length GL.

FIG. 9 is a graph showing the necessary Mrt ratio
(least Mrt ratio) derived from dPW50 on the assumption
that UBD (the ratio of dPW50 to the bit length) is
kept constant.

FIG. 10 is a perspective view of a hard disk unit
in which the magnetic reproducing head shown in FIG. 1
can be installed.

FIG. 11 is an enlarged perspective view of the
tip part extending from the actuator arm 155 of a
magnetic reproducing head assembly 160 in the hard
disk unit of FIG. 10, when looked at from the medium

side.
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FIG 11 is an enlarged perspective view of the tip
part extending fromthe actuator arm 155 of a 25
magneti ¢ reproduci ng head assenbly 160 in the hard
disk unit of FIG 10, when | ooked at fromthe nedi um
si de. DETAI LED DESCRI PTION OF THE INVENTION FIG 1 is
a view showi ng an air bearing surface (ABS) of a
magneti ¢ reproduci ng head accorgling to one enbodi nent
of this invention. The nmagnetic 5 reproduci ng head

i ncl udes a magnetoresi stance effect el enent,

general ly Ca|dE9¢I&IEdVFbﬁéE8P§TIWeOE@|ﬁﬁ@niNVEl@f‘ﬂoN\hose
resi stance vari es accordi ng to variation in

external mR@neli ¢sfaebdewThRoNREGERAr @&lrsbéﬁff&ngefsﬁﬁ‘ftace
element has a free layer 1 which is a 10 ferromagnetic
| ayeftABR sphcarm@gnet hai ngpkageciBgandadseedokayay 4o
are lamnated in this order on the free layer 1. The
freeonyeimbadimefor afdthhsoiavenngbe. néigremagndodai n
by the presence of hard bias layers 9, 10. Shields 5,
6 areCRRIEHRD %%@@ohﬂ@lvﬁéslé maghetoresistance effect
effect el ement and bias layers 9, 10. Further,
antl?%ﬁm%HEEQ%%??Eari e?%l%edSa%r%R ?égﬁéEtFVEPyelement
Ian1 and adj acent_to.the_hard 6 bias |ayers

I Bhets e B ERET i R R ar BRo b B0 oS AnGr eat Lop in
|nd| eng Magneti zati o

rol ML ERRAGhELDg BB Lonothe NRORELLERLI S ance

of the free varies accord i

fll“%ﬁf@ci“%ﬂ@ﬁéﬁtfh§édg E£QQ’IQ§ePEQ'HH1thE§ Lhe

ferromagnetic layer. A spacer 2, pinning layer 3 and
seed layer 4 are laminated in this order on the free
layer 1. The free layer 1 is formed into a single
magnetic domain by the presence of hard bias layers
9, 10. Shields 5, 6 are formed to surround the
magnetoresistance effect element and hard bias layers
9, 10. Further, antiferrormagnetic layers 7, 8 are
respectively laminated on and adjacent to the hard
bias layers 9, 10.

In FIG. 1, the length indicated by a symbol GL
indicates the reproducing gap length. Magnetization
of the free layer 1 varies according to the magnetic
flux (or magnetic field) from the medium, thus the
resistance of the free layer 1 varies according to the
variation amount of the magnetic flux. By removing
this the resistance variation from the output,

a variation in the magnetic flux of the medium is

output as an electrical signal. 1In recent years,
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resi stance of the free layer 1 varies according to the
vari ation anount of the magnetic flux. By renoving 25
this the resistance variation fromthe output, a
variation in the magnetic flux of the nediumis

output as an electrical signal. In recent years, 7 a
GWR el enent based on this very principle has been
provided. FIG 2 is a view show ng the positiona
relation between the tracks of the magnetic disk
medi um and 5 the magnet oresi stance effect el enent of

FI Ga Iouf e Rfen®, pésdd esenth dat fe by ePBi AEEPpIEI hEENHEBN
the different tracks (tracks T1, ). Each data item

I's dbgpiadedlata of "0" or "1" corresponding to the

di rection of medi um magnetization. In FIG 2, the 10

magnet i zaFi®n 2i iecéi ohswaskowespethevpbyithdnaadt edlation

by stripes indicated by synbols 100 and 200. It is

asslrethvediat thdet raghet dZathemagneticodiek mbéimedaum

magneti zation 100 is set fromthe rear side towards

t he thomagnefeonssiseancawt hfcandet feenbgnét F2ati én 15

direction of the medi um magneti zation 200 is set from

the ¥3 ontCsite FohEPHBNEHEAFRatLNBeaBE YRELHPAWPRgENE

When t? reproduci ng head of F]G é noves on the |

magriet %eﬁ?g?,tf%%kgré%r?%§%rT ' af §b: nobRSh Agtenigem

time,_noise levels are greatly.dj,fferent frqmeach g

ot et 1555t £ S reb e b oy LeFEErrOBy The " BRa ths

In Féfiegtiéﬁ 59%n@8§ﬁ$'HQgE@tiEQEiéﬁ?e &§y§EG1 b? the
magnetization directions are respectively indicated
by stripes indicated by symbols 100 and 200. It is
assumed that the magnetization direction of the medium
magnetization 100 is set from the rear side towards
the front side of the drawing and the magnetization
direction of the medium magnetization 200 is set from
the front side towards the rear side of the drawing.

When the reproducing head of FIG. 1 moves on the

magnetic disk, the free layer 1 also moves. At this
time, noise levels are greatly different from each
other in positions respectively indicated by P3 and P4
in FIG. 2. 1In the position P3, the free layer 1 is
positioned on one track. In contrast, in the position
P4, the free layer 1 is positioned to extend over
different tracks. More specifically, in the position
P4, the free layer 1 lies across the boundary between

the tracks Tl and T2. 1In this state, there is a

possibility that much noise occurs. One of the
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posi tioned on one track. In contrast, in the position
P4, the free layer 1 is positioned to extend over
different tracks. More specifically, in the position
25 P4, the free layer 1 lies across the boundary
between the tracks Ti and T2. In this state, there is
a possibility that nuch noi se occurs. One of the
reasons for this is the large agmunt of nmagnetic fl ux
flowing fromthe magnetic nediuminto the reproducing
head in the vertical magnetic recording nethod. FIG 3

IS aSehmli O 08 a3 SO NPr§8earoRRe! bEORALnetic flux
rel ati on between the magnetic reproducing head and

bur stlsiignal Srom tihe megfver B¢ efe®f utheéntbSkhe nEépHBHuCJ.ng
Generally, signals (burst patterns) used to contro

t he hpesd tirotlod  tdret mghetagndead aeeowlihiyemethodt he

di sk nedium Four types of burst patterns are 10

provi ded BHé- rdshecai vehgmaeierdedoremashAawbogstheB
burst, C burst and D burst. In FIG 3, the
repr%ﬂ&%%%lwt}%&e%we?%et@ BegREL becbRBEOEHE1NG
| argest and the C burst sigpal is not detected while

the 1t T o R Y hesd *f%e 15°FYachhgat At F‘r‘ﬁchSk

pur 4 G i 1 ST Dt JQ@%S% nléréﬁlfa BGHEFF bRgd to

e ol e B R L e

TR SOOI, P00 Lt 208k Bl o e

A bysdvidddadnd Ord SisedeDFODVICEE PO L8N et o Ok st Repurst, B
burst, C burst and D burst.

In FIG. 3, the reproduction signal level of the D
burst becomes the largest and the C burst signal is
not detected while the magnetic reproducing head is
tracing the track Tl. At this time, the reproduction
levels of the A burst signal and B burst signal are
set to half the reproduction level of the D burst
signal. It is possible to detect the relative
position between the magnetic reproducing head and the
track by obtaining the ratio of the reproduction level
of the A burst signal to the reproduction level of the
B burst signal. Based on the above principle, the
process of causing the head to precisely trace the
track can be performed at the seek time of the head.

In FIG. 3, for example, the same state as that
shown in FIG. 2 is set in the position indicated by

P4. That is, in the existing technique, when the head
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B burst signal. Based on the above principle, the
process of causing the head to precisely trace the
track can be perforned at the seek tine of the head.
25 In FIG 3, for exanple, the sanme state as that
shown in FIG 2 is set in the position indicated by
P4. That is, in the existing technique, when the head
passes through the A burst and 8 burst, nuch noise
tends to occur. This nmeans that nuch noise occurs in
the servo positioning operation, and therefore, it is

NeCESSAEYs Lont pfﬁéeﬁtbﬁﬁsﬂeé§8rEsbu§sE|Gﬁuéh'ﬁo@se
vi ew showi ng a ate in which nmagnetic donai ns are

f or neshd# tcheoéw@. | aylefs Imeaht tBa@SsUARInbhat bheurs in
hard bias layers 9, 10 of FIG 1 are not provided. In

t hi stloasservagneslzadbhdmg opetdeidbneeahdyehetefsrset it is
in various directions in 10 the filmand the free

| ayeredssshwy ded take sravéntegeonsasiirbsmagneti zation

of the sane direction. The block of nmagnetization in

the sane BfFecti b8 fsviedl peawangmgnetpEedodmaiwhichn

this state, if a pedium nmagnetization portion 100
(NNH%@%@?%%@I?O%%¥%§/%5% ﬁgr@gg b@thﬁgf§9?féé¥e€AéS)

t fl t the f I 1 th
P | fo o e et Dot SoeF alSBFe  Bn S805Es

set F |2a¥e££éc$éFh§9$b£agH[ayeraﬁﬁ?gucgse magggﬁ%gg%ion

magne i on varires in

fash5?”th£”fré@ 15§ %0109§p£§% gﬁs$g¥?gﬂﬁgggiections in

rmgnetl zati on, | em of nol _se 0
reproguicti op QH&DHEeaf‘QeQYiSé%?SE divided into small

regions with magnetization of the same direction.
The block of magnetization in the same direction is
called a magnetic domain. In this state, if a medium
magnetization portion 100 comes directly below the
air bearing surface (ABS), magnetic flux flows into
the free layer 1 since the direction of the medium
magnetization portion 100 is set in a vertical
position. As a result, magnetization of the free
layer 1 varies in a complex fashion. Due to the
complex disturbance of magnetization, a problem of
noise of a head reproduction output and hysteresis
occurs. Therefcre, the hard bias layers 9,'10 are
provided to set the magnetic domains of the free layer
1 into one magnetic domain. This magnetic domain is
called a single magnetic domain.

FIG. 5 is a view for illustrating the effect of

a single magnetic domain formed by providing the hard
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occurs. Therefore, the hard bias layers 9, 10 are
provided to set the magneti c domains of the free | ayer
1 into one nagnetic donmain. This nagnetic donain is
25 called a single magnetic domain. FIG 5 is a view
for illustrating the effect of a single magnetic
domain forned by providing the hard 10 bias |ayers 9,
10. The magnetic domai ns of -thepofree |layer 1 are set
into one nmagnetic domain by providing the hard bias

| ayers 9, 10 and a variation in the magnetization

becomss exdyenel y, sigpl ergyenayhen; EhgomaiABIbEM he free
magneti zati'on portion 100 is directly below the free

| ayerayelhher ef 05 esed Piobl & oha§obsEcandmal}Sher esosiding
does not occur. However, even if the hard bias |ayers
9, Iharleapt dviaked, apeps 0b) ehd ofdndos seaandtibyster ekies
will occur in some cases in the vertical 10 magnetic
r ecaralingf et thioeh Mdemés expremnakd sbhmpdet avenwiwhben the
reference to FIG 6. FIG 6 is a cross sectional view
t ak S & Whgra et bt Hor -RRERL PR nkOY fs\Wireest 1K below
As shown_in FIG 6, the free layer 1 is forned into a
si ndi® 15 §RughR¥$ % dohREFehyrehe? pPecehed 6f PRéSRarAd
bi a quers.Q,dlo. The magneti zation directionfof thg d
magriet T & domet P9%S i haf cCRTeW by AAVaYFbw 280 aft APg Dar
st atig, ghg e%iclélg%(f]p deqnedi et i-zatign
portlé%s ‘%%?ggo " 1ying %iée%%%y %élom#?hg?gﬁeéklgéége and
?g-%§§¥%¥§%£§r@yﬁf dbe, L OVRT s PRELLQBEABS Bhde)ePlical
e

magnetic recording method. This is explained in

detail with reference to FIG. 6.

FIG. 6 is a cross sectional view taken along the
one-dot-dash line VII-VII’ of FIG. 2. As shown in
FIG. 6, the free layer 1 is formed into a single
magnetic domain by the presence of the hard bias
layers 9, 10. The magnetization direction of the
magnetic domain is indicated by an arrow 40. 1In this
state, the magnetic flux from the medium magnetization
portions 100, 200 lying directly below the free layer
1 passes through the lower portion (ABS side) of the
free layer. As a result, in the positional relation
of FIG. 6, magnetization which matches the magnetiza-
tion 40 is induced due to the presence of the medium
magnetization portions 100, 200 directly below the
free layer 1. Therefore, if the medium magnetization

is strong, the single magnetic domain structure of the

free layer 1 cannot be maintained and much noise will
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free layer. As a result, in the positional relation

of FIG 6, magnetization which matches the nagneti za-
tion 40 is induced due to the presence of the nedi um
magneti zation portions 100, 200 directly bel ow the 25
free layer 1. Therefore, if the nmedi um nmagneti zation
is strong, the single magnetic domain structure of the
free layer 1 cannot be nmi ntai mgd and rmuch noi se wl |

- 11 be generated at this tinme. The critical point of
noi se thus generated is determ ned by the ratio of

the d rend M dg hat debl asciho, the strength of medi um
magnetization. The strength 5 of hard bias is

i ndi cat edrhy ¢hecpeotusdbiiM b} abisthentespeHakated is
magneti zation M of hard bias and the thickness t.

Li kelettsermirhed sy etnige hr @f 1 oredf unhe nagnehgzht b6nhead bias

al so be expressed by Mt. At this tinme, the val ue

(M ttoftimargt prae)i (M tmedlwednagnddiragheti zalhenytrength
used and referred to as the Mt ratio. FIG 7 is a

gr apht itREERIIY ihelR@LEREedfPYt Hee npradrel (¥rali of

bet n the ratio and the noise |evel In FIG 7,

Che TR oh v enterias & 55 sorfaun end| ohe

e giprodel i on W il s 110, poponeL et apdLhe,

CCOHMIBITE G don Lo L3 ADSSLE0S, QBIPRS00

on tﬂ%é‘P%é%P?&°(@§t ecgfjailxafcﬁ’ }9£a§m—"| Il@{ of medium
magnetization) is used and referred to as the Mrt
ratio.

FIG. 7 is a graph indicating the result of
the measured relation between the Mrt ratio and the
noise level. 1In FIG. 7, the reproduction gap length
GL is 80 nanometers, the reproduction width is
110 nanometers and the floating (or rising) amount is
15 nanometers. According to FIG. 7, it is understood
that noise becomes abruptly larger when the Mrt ratio
indicated on the abscissa becomes equal to or smaller
than 3.0.

Generally, Mrt of the hard bias is set to a
necessary minimum value required for forming the free
layer into a single magnetic domain, and corresponds
to a.portion approximately equal to 2.1 on the
abscissa of FIG. 7. This is because the free layer is
more strongly magnetized and becomes more difficult to

move and an output thereof becomes lower as the hard
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20 than 3.0. Cenerally, Mt of the hard bias is set to
a necessary mninmmvalue required for formng the
free layer into a single nagnetic donain, and
corresponds to a portion approximately equal to 2.1
on the 25 abscissa of FIG 7. This is because the free
layer is nore strongly nagnetized and becones nore
difficult to nobve and an out pup thereof becones | ower
as the hard 12 bias becones stronger. On the other
hand, in the present enbodi nent, the value of Mt of

the hieg 4l Hb@Smed SsELIn§Oras bAr ggeastBeP- ndhat s, the

the vertical magnetic recording nethod, the relation
expresseshbyebéhemé ot | ovhagvexpeessi wpt (3 thedabirdedias
in the present enbodinment in order to attain the

stable operatvion larga aegdoh. cofihatniag thetbervertical
region. (Mt of hard bias)/(Mt of nmedium
magreadretionyecqréing m¢uhodp Wheergéatianl gxpuhesed by
the product_ of the residual nmgnetization of the hard

bi asthayk?l kol R hec X PF ekPbaR (igeiéoﬂeféngétlﬂotN@tPresent
and the trength of nmedium pmagnetization of the disk
medi ?il%%l‘c‘ tH MI2erthe abaftestAfeSsaPsat OR§TRGION 1in
satisfy the rela%ion.exRiessed 15 bg the foll ow ng
expr%s%?%hoTlcﬁg T ME2)S95878 £€9¢9%) FIG 8 is a

graph indigatipg KheqresuLt /Of MERSHEETRA! fa8hetSation)
critical §O|nt %Ieas? necegsgry
=3,0 (1)

More generally, when the product of the residual
magnetization of the hard bias layer and the thickness
thereof is set to Mrtl and the strength of medium
magnetization of the disk medium is set to Mrt2, the
values are so set as to satisfy the relation expressed
by the following expression (1').

(Mrtl/Mrt2)=23.0 e (1)

FIG. 8 is a graph indicating the result of
measurements of the critical point (least necessary
Mrt ratio) shown in FIG. 7 while changing the
reproduction gap length GL. As shown in FIG. 8, the
necessary Mrt ratio becomes larger as the gap length
GL becomes smaller. This is because it is necessary
to set a strong hard bias, since a variation in the
medium magnetic flux near the ABS portion is smooth,
although the magnetic flux from the hard bias layer
tends to escape into the upper and lower'shielding

portions when the gap length GL becomes smaller.
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Mt ratio) shown in FIG 7 while changing the 20
reproduction gap length G.. As shown in FIG 8, the
necessary Mt ratio becones |arger as the gap | ength
GL becomes smaller. This is because it is necessary
to set a strong hard bias, since a variation in the
medi um magnetic flux near the ABS portion is snooth,
25 al t hough the nmagnetic flux fidcom-t he hard bias | ayer
tends to escape into the upper and | ower shi el ding
portions when the gap |ength G becones snaller. 13
It is necessagynk6esBhanceot Baheasel BhicoRe@b 1 tthen of
reproduci ng head in order to set the reproducing head
to cdre esgoncdtoinyehbaghihi aedeecendspg desdsireproanding
t he val ue of dPWsO i ndicates enhancenent of the 5
r esdlead opo i porhespendi tal thaghéghcliseordicngdiepghognsity
EnhanC|nghthe resol ution indicates reducing the val ue

¢ nvaterof odBYPai AndhFatept epbapeguienédotothe
reduce t e%g%g | engt h and make smal |l the floating

' t

anodﬁ? He %ng?FEl?Pﬁxm@HPEElFIéﬁéoF@éﬁgtW§thOd
to_the f f the

fl oarﬁelﬂhuml'arﬂ%ﬁme%eéﬁﬁgjcaﬁﬁl thOF e R RS oreduretas shey value
th t L

the TP T o T orasf 1 abbatli DB he P epPotftingen to

si gnlaéduéé)ag}gé c%gr m Momgkgn@ng%;n@hsn@@g%gtihae

line 15 recordi dens t y reduci ng e gap
and a@ki g t@?nééoﬁﬁénﬁaéﬂgﬂﬁE skl wnELS £90kE Zrom the

graph show ng the necessary Mt ratio
medium into the free layer increases if the floating
amount is made small, it becomes necessary to increase
the Mrt ratio. It 1is required to increase the Mrt
ratio in order to stabilize the reproducing signal
(particularly, a servo signal) and enhance the line
recording density by reducing the gap length and
making the floating amount small.

FIG. 9 is a graph showing the necessary Mrt ratio
(least Mrt ratio) derived from dPW50 on the assumption
that UBD (the ratio of dPW50 to the bit length) is
kept constant. As is understood from FIG. 9, the
necessary Mrt ratio linearly increases with an
increase in the line recording density. The relation
can be expressed by the following expression (2).

Necessary Mrt ratio > 1.5 X line recording
density (MBPI) + 1.9 e (2)

In the above expression, (MBPI) is a value

BPI X 106.
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(least Mt ratio) derived from dPWO0 on the assunption
that UBD (the ratio of dPWh0 to the bit length) is 20
kept constant. As is understood fromFI G 9, the
necessary Mt ratio linearly increases with an
increase in the line recording density. The relation
can be expressed by the foll ow ng expression (2).
Necessary Mt ratio > 1.5 X-lina recording 25 density
(MBPI) + 1.9 In the above expression, (MBPl) is a
value BPlI X 106. 14 \Wen the line recording density

i's equal HReAr thbOMEhet B@Eo?@@nBBBEnsﬁlﬂ? H%C%ﬁﬁﬂ%rly M
ratio is set to a value corresponding fo the

bi asisteenghlin sequkred, f oref peAEBgathembreeakayen slset
into the single 5 nagnetic domai n. Therefore, the

rel ato om expuessedrbypohlitngxpoesseonafd) béap bergbgeh
preferably applied particularly to a portion in which

BPI reqhbrge {8P|formOng BRI freFhaeyes, li inks the single
possible to attain the stable operation of the hard

di sKN@ReTHFt AOBAEN} | n‘éhqeeff@é@r dfhg dehsikignopxpgessed by

k BPI nor e bg satlsf g the rel atiaon exEressed by
t he %&%r%@f%ﬁ 9y (Fhect | Bei BRTexpresssarhy PRELicY

?éf’[%%f%ﬁguéaﬁgéﬁ%‘o%’em”gﬁe oSt Lt oBRE o33kl e >
Lo TRRSLbAE] oGPl LIE A0, 5. LEKEL BOiLORsp che
medi 4Mp1e operation of the hard disk unit with the line
recording density of 700 kBPI or more by satisfying
the relation expressed by the expression (2).
The relation expressed by the expression (2)
can be more generally expressed by the following
expression when the product of the residual
magnetization of the hard bias layer and the thickness
thereof is set to Mrtl, the strength of medium
magnetization of the disk medium is set to Mrt2 and
a value of the line recording density of the disk
medium expressed by using MBPI as a unit is set to Q.
(Mrtl/Mrt2)=21.5 X Q + 1.9 e (27)
As described abové, in the present embodiment,
in the magnetic reproducing head which reproduces
information recorded on the disk medium by the
vertical magnetic recording method, the magnetoresis-
tance effect element having the free layer 1 whose
resistance varies in response to a variation in the

external magnetization, and the hard bias layers 9, 10
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magneti zation of the disk mediumis set to Mt2 and a
value of the line recording density of the disk

medi um expressed by using MBPI as a unit is set to Q

20 (Mtl/Mt2) ?1.5 X Q+ 1.9 (21) As described

above, in the present enbodinment, in the magnetic

repr oduci ng head whi ch reproduces information

recorded on the disk medi um-byighe- vertical magnetic
recordi ng nmet hod, the magnetoresis 25 tance effect

el ement having the free layer 1 whose resistance

var igsidh fEespose teed vayéatiomts the s@xg%nﬁbgnetic
magneti zation, and the hard bias layers 9, 10 15

whi cdoriaim dhe freeideyer @hént bhéhprsdngkeommgnet residual
domai n are provi ded. Wien the product of the residua
magmetgreet i omt odn thie tlae dhbrdsbiayetsy8rs10, and the the

t hi ckness thereof is set to Mtl and the strength of 5

t he Tediume pagieereaf i b9 oeétthe Mitsk apdi bhei stgengtdb of
Mt2, the relation of (Mﬁl/hﬁtZé ?3.0 is satisfied.
Partﬁft%u%ﬁcﬁwm.m\aqrh%tbﬁ*séﬁ@ eRbbAENBhEk WAEAUThéS| SRE tO

recqr di ensity of the_disk iumis set to C%che

rel dth o T MEHF M) %A, SMRthrizbﬂ% $ats s$ilebsfied.

Th f t

ma'en t%e%rlﬂ%}‘lg ﬂtffhg BR Pataeht r%wé9§aﬂ§XEVewhe§32ﬁe line
TeOnRlAgALL D ddoueefIOm LhE disk HELU 101 8eLNEo o

neti1c reproduci n even rii
recqredwtgla‘@%fl S AL 5 pECUMY BRCR cu‘ agh @gaetvleéfled.
15 of noise whic occur at the reproduction tine

The s1ngle magnetic domain of the free layer 1
can be maintained by setting the above relations even
when magnetization flows from the disk medium into the
magnetic reproducing head. Thus, even if the vertical
recording medium is used, occurrence of a high level
of noise which will occur at the reproduction time,
particularly when the servo positioning operation is
performed, can be prevented. Therefore, it becomes
possible to provide a highly reliable magnetic
reproducing head which is optimized for the vertical
medium characteristic.

FIG. 10 is a perspective view of a hard disk unit
in which the magnetic reproducing head shown in FIG. 1
can be installed. A magnetic reproducing head
related to the present invention can be installed in
a magnetic disk apparatus which reads digital data
magnetically recorded on a magnetic recording medium.

A typical magnetic recording medium is a platter
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particularly when the servo positioning operation is
perfornmed, can be prevented. Therefore, it becones
possible to provide a highly reliable magnetic
reproduci ng head which is optimzed for the vertica
20 nmedi um characteristic. FIG 10 is a perspective
view of a hard disk unit in which the nmagnetic
reproduci ng head shown in FI.G 1§ can be installed. A
magnetic reproduci ng head related to the present
invention can be installed in 25 a magnetic disk

appas@i us YR ghnpeadyi divgiht-al,edat ap E@@@%ﬁi%§|EYmagnetic
recorded on a magnetic recordi ng nedi um K typi ca

magneép eodl@€Of di RgafedbUALE8 BoPhabt Bresel® 1BWieht 1idh can

a hard disk drive. In addition, a magnetic

reprioeluchsgahead iel atedghettberpresanhgi AveNtre@rot@Ring

be installed in a magnetic recordi ng and reproducing

appazribasa whs chhatsoahas hhe thecfiuontabnwoift wedting

digital data onto a magnetic recording medium In a

har @ #¥skalinfétasonep & wagretig recargingctmediom.is

used to mpve a magnetic head. In FIG_ 10, a recording

di sk nmedi tth 3002fS AhsKakréd 8rVacdpiFAfl-e 10152, rpfary

di sk_nmedi um 300 is ro%ated in the direction 10 shown

by att o Abytd WoEdr CPnBPVEhBWRRIRAF LA PEEFoNdSM £dGa 10,

cont o% ' f%%f om a drivin ni.t contr g section |,

(notgs %§%€£ rélnka%e%ﬁgmd?g ﬁéd?ﬂﬁ%%g ed 8P Bespindle

proviged. Thisqiypengh;aRP3hatys | A5 tnbN8irect

nulti-platter type.m i bt v's Egtgggﬁnln the glrectlon
shown by arrow A by a motor (not shown) which responds
to a control signal from a driving unit control
section (not shown). More than one disk medium 300
may be provided. This type of apparatus is known as
the multi-platter type.

A head slider 153, which is provided at the tip
of a thin-film suspension 154, stores information onto
the disk medium 300 or reproduces the information
recorded on the disk medium 300. The head slider 153
has the magnetic head of FIG. 1 provided near its tip.

The rotation of the disk medium 300 causes the
alr bearing surface (ABS) of the head slider 153 to
float a specific distance above the surface of the
disk medium 300. The present invention is applicable
to a so-called contact running unit in which the
slider is in contact with the disk medium 300.

The suspension 154 is connected to one end of

an actuator arm 155 which includes a bobbin section
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15 A head slider 153, which is provided at the tip of
a thin-filmsuspension 154, stores information onto
the di sk medi um 300 or reproduces the infornmation
recorded on the di sk nedium 300. The head slider 153
has the magnetic head of FIG 1 provided near its tip
20 The rotation of the disk nmedium 300 causes the air
beari ng surface (ABS) of the head slider 153 to fl oat
a specific distance above the surface of the disk
medi um 300.. The present invention is applicable to a

so- cahdedsieonh acthatnnbNgsuai Britingi eBithends shicder .

is in contact with the di sk medi um 300. The suspension

154 Asvebowmecded motonelBhd aof typs act lahearamatdzh is

whi ch includes a bobbin section - 17 (not shown) that
hold$r©V5d$@ihg thélothet shdwnf. tha wokvetosi brmoilés.

156, a type of linear notor, is provided to the other

end BretFeiaet cai broarar 1556 Thecowbesedopf motoivise coil

I's conposed of a driving coil 5 (not shown) wound
ar ouﬁrélo’{' hehBEBbi HOWBEt FOAVDE Ehe baé?aatéfecaﬁ-ﬁmeé &G
netic circui er manent , ﬁ gnd a

fa at@%&%rmﬁf%h5%$eag$oe.%aane hcsE&HCHl ige 2

sandue ohere BEcn i L BEE S05RRuRhCTRAF oY éFE1T§§ pgovided
heldlpys@éﬁlabﬁéﬁﬁggsth§90£ﬂ§h§%$ 8P28¥E ?gkénfggg each

upper and |ower parts o I'n suc

MANNGEnd k1 LRCCAL 4 DD GaAdwPEnLa! BEEHeLheBhYnbY the
voi ce coil notor .
The actuator arm 155 is held by ball bearings
(not shown) provided in the upper and lower parts of
the spindle 157 in such a manner that the arm 155 can
be rotated freely by the voice coil motor 156.
FIG. 11 is an enlarged perspective view of the
tip part extending from the actuator arm 155 of a
magnetic reproducing head assembly 160 in the hard
disk unit of FIG. 10, when looked at from the medium
side. In FIG. 11, the magnetic reproducing head
assembly 160 has the actuator arm 155. A suspension
154 is connected to one end of the actuator arm 155.
At the tip of the suspension 154, there is provided
a head slider 153 including the magnetic reproducing
head of FIG. 1. The suspension 154 has leads 164 for
writing and reading a signal. The leads 164 are
connected electrically to the individual electrodes of
the magnetic head built in the head slider 153. The

leads 164 are also connected to electrode pads 165.



FIG 11 is an enlarged perspective view of the 15 tip

part extending fromthe actuator arm 155 of a

magneti ¢ reproduci ng head assenbly 160 in the hard

disk unit of FIG 10, when | ooked at fromthe nedi um

side. In FIG 11, the magnetic reproduci ng head

assenbly 160 has the actuator arm 155. A suspension 20

154 is connected to one end-of jighe _act uat or arm 155.

At the tip of the suspension 154, there is provided a

head slider 153 including the magnetic reproducing

head of FAG sReowdheénsuspenshonahad 1has theads 1164 ifony of

witing and reading a signal. The | eads 164 are 25

connges eifa i egt skcahly tentbe Eﬂﬁhhbﬁuéhhﬁh%ébrQ%ﬁ%SQEg
e

the magnetic head built in the head slider 153.
| eadshd 6dagmet At speppodectad heael ect Fade pads 165. 18
As shown in FIGS. 10 and 11, the reliability of the
hard di skThhst isuanbéochuishertedhanced by usiengbdvhe
magnetic reproducing head of FIG 1. This invention is
not $MpedEaeR®. t hEcabevemBlenbddi Fbat abFue exawglimenitn a
t he above enbodi nent, a case wherein the Cl P-GWR
el eneéh?® i ¥PeERY akNanCeRafiRec L PBeBRpl g HEGD Bt abhiekample
is not linmtative. This, .invention_can be applied.to
any 1ypehd ah%%%etPEp ﬁngoaﬁcPﬁ eLBrEA lVF'thg%ls
magngt &, L £0% odugi %g . % i.ch has free | ayer
and cays%s_?%e %ﬁe@g §EFSE§Q egg&agypﬁzgg By onss 151
hardr@bﬁédﬁéiﬂéegleméﬁtt@Estﬁ¥pﬁaSRe%&S”@@broﬁu&%%ga
magnetor esi st ance
element which has a free layer and causes the free
layer to be stabilized by use of hard bias is used.
As this type of element, a tunnel magnetoresistance
element (TMR element) or CPP (Current Perpendicular-
to-the-Plane)-GMR element is provided, for example.
Further, this invention is not limited to the
above embodiment as it is and this invention can
be embodied by modifying the constituents without
departing from the technical scope at the stage of
the embodiment. In addition, various inventions can
be made by adequately combining a plurality of
constituents disclosed in the above embodiment.
For example, some constituents can be eliminated from

all of the constituents disclosed in the above

embodiment.
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element (TMR elenent) or CPP (Current Perpendicul ar-
to-the-Plane)-GWR el enent is provided, for exanple. is
Further, this invention is not limted to the above
enbodi ment as it is and this invention can be
enbodi ed by nodi fying the constituents w thout
departing fromthe technical scope at the stage of

t he enbodi nent. In addition,- vard ous inventions can 20
be made by adequately conbining a plurality of
constituents disclosed in the above enbodi nent. For

exanpl e, sone constitugmis etancheigEbnrgated from al
of the constituents disclosed in the above

enbodi mentl. 12 mAHAEtLS CleplMdRdisy heaA FBUNREE ieproduces
reproduci ng head whi ch reproduce-s information
recotdédroataonececdirdgdnmedi amreycadient meali umadget i c
recording method, conprising: 5 a nmagnetoresistance
ef f egt vereieal Mmaghadisgregordéadgl apshomhosemprising:
resistance varies in response to a variationin
ext ernal ARPASNEIREEEAStARE Ca SHEEE thicdsMenferinghiushing
forms the free Ia&gr into ,a single nmagnetic donain,
10 WReFEFR (RVEF/ RRPSS 5856 5£8168t "aR a Lpr S@IBONSS Lo
resiguggrgagge%iz%tigg of ghe harg.bigs | ayer and
t hi ckné88 Fhar8of i §*s&f "fo NPEP®and? 9PQngFﬁ§of
?gdkrrgnagnﬁgkéabﬁgg %%y%qew%§%%r%BQ%Sm%ﬁé“Pfé%STgyer into
a single magnetic domain,
wherein (Mrtl/Mrt2)=23.0 is set when a product
of residual magnetization of the hard bias layer and
thickness thereof is set to Mrtl and strength of
medium magnetization of the recording medium is set

to Mrt2.

2. The magnetic reproducing head according to
claim 1, wherein (Mrtl/Mrt2)=21.5XQ+1.9 is set when
a value of line recording density of the recording
medium expressed by using MBPI (Mega bit per inch) as.
a unit is set to Q.

3. The magnetic reproducing head according to
claim 2, wherein Mrtl is increased with an increase
in Q.

4. A magnetic disk apparatus compfising the
magnetic reproducing head according to claim 1,
wherein magnetic information recorded on a magnetic
recording medium is reproduced by using the magnetic

reproducing head.



15 2. The magnetic reproduci ng head according to
claiml1, wherein (Mtl/Mt2)?1.5X Qt1.9 is set when a
val ue of line recording density of the recording
medi um expressed by using MBPI (Mega bit per inch) as.
aunit is set to Q 20 3. The magnetic reproducing
head according to claim?2, wherein Mtl is increased
with an increase in Q 4. A megnetic disk apparatus
conprising the nagnetic reproducing head according to
claim1l1, 25 wherein magnetic information recorded on a
magnetic 5recar fdhgaciedi WsikS abpRraduee ¢ dny s 1 thiee
magneti c reproduging head. 20%%%. A nagﬁ§¥1c d?gi
appanagmst tonpepsbdgcti hg heagnatice roepgoaiuciole iead
according to claim?2, wherein magnetic information
r ecovidkede bn magagheéti ¢nfpremetdiong reedirded snr epneduead c
by using the nmagnetic 5 reproducing head. 6. A
magne¢terdisg mppavat is copprdsicrd blye usimgnethiec magnetic
reproduci ng head according to claim3, wherein

5 nmagnetPECHRESRERPEBA - recorded on a magnetic recording

medi um i s _reproduced by using the magnetic 10
reproduciﬁg h&afagnetic disk™ apparatus comprising the

magnetic reproducing head according to claim 3,
wherein magnetic information recorded on a magnetic
recording medium is reproduced by using the magnetic

10 reproducing head.



