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- 1 TITLE OF THE I NVENTI ON MAGNETI C RECORDI NG AND
REPRCDUCI NG APPARATUS BACKGROUND OF THE | NVENTI ON The

present invention relates to a nagnetic 5 recmmw’”ﬁ
and reproduci ng apparatus having discrete tr W’”I’Wm
magneti c recording. nedia. In recent years, nuch *1591508
attention has been paid to a discrete track recoralﬁg
medi a in which adjacent recording tracks are

separated fromone another by 10 guard bands

consi sting of a groove or a nonmagnetic material to
suppress the magnetiTIThEePFeTBACENUENTREON the .

adj acent_tracks. Wien such a discrete track nedia is

man GfAN T Ko REGRRR NG i P RBR@PVCI NGt ARPARATUS
constituting recording tracks and nﬁgaftic patterns 15
corresponding to $ ROUNGY Odie /R ASHWENTHPN npri nt i ng
with a syﬁﬁger wi |l reduce costs,_ because such a

met hod can el HiHate %%Y%%t%?%cﬁe%ﬁFEFnEQKa magnetic

| o i . disk h nown i n
i R sl iser AR el B et B et e ote
t he sy diang,f & téfgé%éﬁgﬂﬁbrﬁgﬁ§gic | ayer is

formed on t'he surface there o’ formdata recording

zones (JapanesesiRat@dd r NO. n2e19 724 4389 1 o] M Ss dkﬁ&é‘ﬁrgﬁéid to

does not describe a disk size but descri bes that

head wiididrete appidxirEdeiding MRAW thajh AcHBgdel d&nt
25 disk is rotated at, for exanple, 3,600 rpmto cause

a headcgldicey traddsy.atdovemterratdd NBgRetdte rEEOFE Py

appar at uses havi ng
guard bands consisting of a groove or a nonmagnetic
material to suppress the magnetic interference between
the adjacent tracks. When such a discrete track media
is manufactured, forming both magnetic patterns
constituting recording tracks and magnetic patterns
corresponding to signals for servo zones by imprinting
with a stamper will reduce costs, because such
a method can eliminate servo track writing.

Conventionally, a magnetic disk has been known in

which protruded and recessed patterns are formed on
the surface of a substrate and a magnetic layer is
forméd on the surface thereof to form data recording
zones (Japanese Patent No. 2,972,138). This document
does not describe a disk size but describes that a
head width is approximately 1 mm and that a magnetic
disk is rotated at, for example, 3,600 rpm to cause

a head slider to fly.

However, in magnetic recording apparatuses having

MG
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a discrete track nedia, their read/wite character-
istics may be degraded by a factor different from

that in the case of a magnetic recording nedia in

whi ch a continuous-filmmgnetic layer is fornmed. 5
Accordingly, specifications for the magnetic recording
appar atuses having a discrete track nedia to achi eve
good read/wite characteristicé have not been

est abl i shed. When the present inventors have perforned
10 read/wite experinments on magnetic recording

appd &HiEsee toripra s mpdiali sdrete teabi et sshanadtsr-
been found that a degraded error_ rate nay be given

deperith iy SfY e pRdtadst fty @ Heak o i Herf e tthef rom
ma ti.c .di and al so. head crash may be. occurred in
e R i e S e S SO SR N AR
magnet.i G, re i s . i nNo. ar at us

TORR, S AR AN oR] G0 ARNALLS, commea

COMAJRA%1 Ry IRBINEId & AN fRdi g hayd e di STEL S qing
20 tracks forned of concentric nagnetic patterns; an

a heagpasldtdffe NNEVIG A o AHWdde head, herLidy eneve

the head slider is | ocated on an out er nost recording
zongoafd trkeadyagriatd cH2CHdH MG TR dhave HeUdeangl e

for the head slider as viewed froma rotation center

25 efstiald irslgrabt i ¢ recording nedia is 50 or nore. A

magneti ¢ recordi ng and reproduci ng appar at us

accor di ng'hen drivt Hare sspecinwdnttdrs grasseme i fvemgd on

conprises a magnetic recordi ng nedia having discrete

t r adREW WIS SRRSTHEERYS OMEpEStd patacassiindand
apparatuses comprising a discrete track media, it has
been found that a degraded error rate may be given
depending on the position of a head slider on the
magnetic disk and also head crash may be occurred in
the worst case.

BRIEF SUMMARY OF THE INVENTION
A magnetic recording and reproducing apparatus

according to an aspect of the present invention
comprises: a magnetic recording media having discrete
tracks formed of concentric magnetic patterns; and
a head slider having a read/write Head, wherein, when
the head slider is located on an outermost recording
zone of the magnetic recording media, a visual angle
for the head slider as viewed from a rotation center
of the magnetic recording media is 5° or more.

A magnetic recording and reproducing apparatus

according to another aspect of the present invention
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a head slider having a read/wite head, wherein, when
the head slider is |located on an innernost recording

5 zone of the nmagnetic recording nedia, a visual angle
for the head slider as viewed froma rotation center
of the magnetic recording nedia is 100 or nore. In the
present invention, the visual angle for the head
slider as viewed fromthe rotatdi or center of 10 the
magnetic recordi ng nmedi a neans the angl e between two
straight lines linking the rotation center of the

mag MR s@soradineg nddica zanbnrdia g gebicr ihav ergigdivfcrete
the head slider. BRI EF DESCRI PTI ON OF THE SEVERAL

VI EVAES A ST TRRANANG Cors et 1 o agne tsikh et & T arAnd

view of a net i di sk acc to an enbodi ment of
{ he prsgeh %%feﬁtﬁwgﬁéeazﬂd)@%atepé} C OTRRF & Toay When

h d t 5 t di sk di
n CrBol A o D6 AR (HU IO H doTding
t
one T S Ret e doRsra g e i e

the rpreseRt HaaEe1idsr BlGyvidiey & iy Vfc%élw Mhter

patterns in a servo 25 zone and a data zone In

magrat it edinignaeGe Hatd ddi n@meliodi rernt°® ob rt h@re.
present invention; FIG 5 is a perspective view of a

magnet i ¢ Imecddredipng: stk rieprerdiicimng teppar ad wsl ane@Y &li figr
to an enbodi nent of the present invention; FIG 6 is

a bltdek heiaalgrsdmdefr @ smagretdd fmporadiengotatdion center of
reproduci ng apparatus according to an enbodi ment 5 of

t he theedesnativemsicording media means the angle between

two straight lines linking the rotation center of the
magnetic recording media and the respective ends of
the head slider.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

FIG. 1 is a schematic plan view of a magnetic
disk according to an embodiment of the present
invention;

FIG. 2 is a perspective view showing a data zone
in a magnetic disk according to an embodiment of the
present invention;

FIG. 3 is a schematic diagram showing a servo
zone and a data zone in a magnetic disk according to
an embodiment of the present invention;

FIG. 4 is a plan view showing patterns in a servo
zone and a data zone in a magnetic disk according to
an embodiment of the present invention;

FIG. 5 is a perspective view of a magnetic



10

15

20

25

FIG 7 is a block diagramshowi ng a control mechani sm
for head positioning for an magnetic recording and
reproduci ng apparatus according to an enbodi nment of
the present invention; 10 FIG 8 is a bl ock diagram
showi ng an address processing unit in a channel in a
magneti c recording and reproduci ng appar at us
according to an enbodi nent -of 4t he present invention;
FIG 9 is a plan view show ng that a head slider 15
Is located on the outernost recording track; FIG 10

i s &edicagriaeg shehinspadsiadinearmraifug Feccdwetichas | i aler
| ocated at the outernost position with respect to

r ec GPdiSTy adiasRs, Oafst\hélprﬁs%%dweés@tﬁfé and

rotation me edto he head slider; 20 FIG 11

is apl e ich v@tslr% ﬁblqu%\t Rt aimaEetic recordlng
Iocatdd on .t he i.nnernost recordlg%irac FI G .

a difdgr ATPSHSH TGS FERATECT 6iT ac?%l‘?“&%or Ient

| ocateed at LR enr&nqrnq}%3 ttll%%m tion wwith respect to

recording trac as we as w nd pressure 25 and

rotation E"Mrenﬁ lasp@ I}:QLQDJIP CI %%%ﬂ%l p bet V\Eeé;écﬁ‘l

13 is a diagram show ng the

posieic@anafsnt R rherd s ldddar i itle fmanat ina é&&@nd
the skew angles of an armand the head sli

DET Alelciol dRRSCRINGT Iray rddubing Nﬂ@ﬂﬂéﬂ&sﬁdﬁﬂykﬁlmgCHﬁk
according to an enbodi nent of 5 the present invention

w | lanbemipesicumelmed ofi tthe gfrersemde intverfiEs; 1 to 4.
FIG 1 is a schematic plan view of a magnetic disk 1
accor di nd'i® &n lentfodilaait difagdsen prheyeimg an address

processing unit in a channel in a magnetic recording’
and reproducing apparatus according to an embodiment
of the present invention;

FIG. 9 is a plan view showing that a head slider
is located on the outermost recording track;

FIG. 10 is a diagram showing the direction of the
head slider located at the outermost position with
respect to recording tracks, as well as wind pressure
and rotation moment applied to the head slider;

FIG. 11 is a plan view showing that the head
slider is located on the innermost recording track;

FIG. 12 is a diagram showing the direction of the
head slider located at the innermost position with
respect to recording tracks, as well as wind pressure
and rotation moment applied to the head slider; and

FIG. 13 is a diagram showing the relationship

between the position of the head slider on the
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invention. FIG 1 shows data zones 11 and servo zones
10 12. User data is recorded in each of the data zones
11. This nmagnetic disk is a so-called DIR (discrete
track recordi ng): nedia having discrete tracks forned
of concentric magnetic patterns. The recording tracks
will be described later with reference to FIG 2. 15
Servo data for head positiomng is forned in each of
the servo zones 12 as patterns of a magnetic materi al
and a nonmagnetic material. On the disk surface, the
ser ViR stel A 2035 sk strapethe i Keewa aiglas aof aae arm and the
corresponding to a |l ocus of a head slider during 20
accd¥fd el d&Fvo zone 12 is forned so that its
circunferenti%l lLength is Iarger as its radial

position is OFg&EEDy DESSRIGTEPN0OF FEE FRVENTIONG 2

is a per ctive vie f a data zone in a magpetic

di sk gcczé)g?%%n?%l%ngv]e%ﬁoao‘f%&%? the?n kb?‘g%‘%?ﬁ‘t of

i nv j .t wder 22 1 s, formed on

subgﬁéagje}ezs% \gnet | ¢ Aprg%{‘ﬁelrlngbécodnesicllilu elcgd”f“il'hereference

recardimgd.racks 23 and guard bands 24 nade of
nonmagnetic material are alternately forned al ong

radial diFEetions ankdiisadie geeordidg 4f acksafdotic
are separated by the guard bands 24. The radial wdth

and disack pidatirdifng he rec endid iidrac b 23 Hy §4enaied

5 as Tw and Tp, respectively. The radial width Twis

f or megend iver .| arfger. tlharhdwe deittt hrafed ha girad ddans zones
24. In the present enbodinent, the ratio of the

magrRéti c Usgtredadle tic ttesarctethgmetdachmatfertited data heones
radial direction is 2:1, that is, the occupancy rate

10 df -t hé Mg Aeane kgt eilisy liss as@ot@ 1623 DNRGMRLscrete

elenment 31 of 3 read head and a single pole 32 of a
Wrifté'ack recording) media having discrete tracks formed

of concentric magnetic patterns. The recording tracks
will be described later with reference to FIG. 2.
Servo data for head positioning is formed in each of
the servo zones 12 as patterns of a magnetic material
and a nonmagnetic material. On the disk surface,
the servo zone 12 is shaped like a circular arc
corresponding to a locus of a head slider during
access. The sexvo zone 12 is formed so that its
circumferential length is larger as its radial
position is closer to its outermost periphery.

FIG. 2 is a perspective view of a data zone in
a magnetic disk according to an embodiment of the
present invention. A soft underlayer 22 is formed
on a substrate 21. Magnetic patterns constituting

the recording tracks 23 and guard bands 24 made of
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head, which are fornmed in the head slider, are
posi ti oned above the recording track 23. As the
substrate 21, a flat glass substrate is 15 used. The
substrate 21 is not limted to the glass substrate

but an al um num substrate nmay be used. As the
ferromagnetic material formng the recording track

23, CoCrPt is used. As the guard band 24, nonmagnetic
Si02 is used to fill the grooves that 20 separate
CoCrPt. The guard bands 24 nmay be the grooves

t herss glorgm dneto. avimadte mic Inet sy ialtémndtdl edformed R Iong
2, Si02 is filled into the grooves between the

r ecGr diasy atlr abikee 3 and arbrtiSiNXhes féenrding, tracks 23

thereby formng the guard bands 24. Al though not 25 ‘
shoRFE £ QT WY fillamBiand e 134e Ehrdoredrwidth

is forymed on the surfaces of the recording tracks 23

and ST Bnds R Qe FRCE B B | 1% (dRnoted
surface, of t rotective film If Si02 is not filled,

i nt g%t ﬁg gjaflgg\e/[‘gg’ BSREST 1 ¥ ec TP R ¥ Tiels

pr Otf%%gldakg HeS lfa(.):rgréqﬂ tq{.arnecct}ldely nvém:lttljﬂe %S)rt%ger qul?%?hr]gand

recessed surfaces of” the recor Fac

ref enencent @ Hel G9e RrANEnhod e mat tt‘ﬁ'{é]}satcﬂco tdhe sgLvo

zone and data zone will be descri bed.

schewmhietdld yashowa i it Fliae Jorddyridf MO NS A in the
i ncludes a preanbl e section 41, an address section 42,

andradjalsdisecttiion 43 farl,deftea iing dewd addAibarkdy Asate
shown in FIG 4, the data zone 11 includes the

recofdithg megoles 123 radrarach 1ofi snegrtetdcc okt t ermsGMR adlkkment
t he guard bands 24 made of a nonmagnetic material.

Pat ﬁgr R of relke megdetingd and imgreagdtd Baiferd atsite

whi ch provide servo signals are forned in each of the
head, which are formed in the head slider, are

positioned above the recording track 23.

As the substrate 21, a flat glass substrate is
used. The substrate 21 is not limited to the glass
substrate but an aluminum substrate may be used.

As the ferromagnetic material forming the recording
track 23, CoCrPt is used. As the guard band 24,
nonmagnetic Si0Os is used to fill the grooves that
separate CoCrPt. The guard bands 24 may be the
grooves themselves into which no material is filled.
In FIG. 2, Si0p is filled into the grooves between
the recording tracks 23 and then Si0y is flattened,
thereby forming the guard bands 24. Although not
shown, a protective film of diamond-like carbon (DLC)
is formed on the surfaces of the recording tracks 23

and guard bands 24. Lubricant is then applied to the
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15 preanbl e section 41, address section 42, and burst
section 43 in the servo zone 12. These sections have

the functions described bel ow. The preanble section 41

is provided to execute a PLL process for synthesizing

a clock for a servo 20 signal read relative to

devi ati on caused by rotational deflection of the

medi a, and an AGC process for 7maimtaining appropriate
signal anplitude. The preanble section 41 has

patterns of the magnetic and nonmagnetic materials
substwnta et 9L comstpreite iyl ¥S £ilreul aff a3t@ wis hoot filled
being separated in the radial direction and

r epe]gité?jlt';}‘? FTRAGH INRET i eFeeRTAINg diFaeks of3, the
The ar c material to nonmagnetic

ma

t] f th ti
s iaingl o maoptle ot o novmaralc,
1:1, | 8, t ,_th '
mat errelt a SlésdS asp&p%axcloé:ﬁgt@ia ;lc%(%ae% %r&gg]gggé gn 42
A . 2 : 4
hae sor oy gl g scogpl . Srden oy £l e shrve..

for nrd e tha-wanB R tahy acﬁaéehaioné)gqitf@ L EREDL L1 peg.

section 41 in the circunferenti al I rection using

Manghe sicfenertoiorh Ngy JHbwpartd ai@r,3, IHEesdhfs zone 12
cylinder data has a pattern exhibiting 10 a data

var iied fugle se\eempreserhice toeactior t41,S drecddiasss useéd@ion 42,
Manchest er encodi ng after being converted into Gay
codédidhrroiudisig sevs immidfurial fdesresricindretavsient ion.
adj acent tracks so as to reduce the adverse effect of
addr ess rFeEadiiyer¥orEl Gurd nghe statie@ operatl bningbudes
Alsq.in the address section 42, the occupancy rate of
t he Yy FESE Y% rG5ACKS Zhfromamted] ynaovwt Inearetns,
section.43 is an off-track defectin
2 hR guard‘%an&é %4 made o égnonmagnetic material.
Patterns of the magnetic and nonmagnetic materials
which provide servo signals are formed in each of the
preamble section 41, address section 42, and burst
section 43 in the servo zone 12. These sections have
the functions described below.
The preamble section 41 is provided to execute
a PLL process for synthesizing a clock for a servo
signal read relative to deviation caused by rotational
deflection of the media, and an AGC process for
maintaining appropriate signal amplitude. The
preamble section 41 has patterns of the magnetic and
nonmagnetic materials substantially constituting
circular arcs without being separated in the radial

direction and repeatedly formed in the circumferential

direction. The area ratio of the magnetic material to
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region used to detect the anmpunt of off-track with
respect to the on-track state for a cylinder address.
20 The burst section 43 has four fields of burst marks
(called an A, B, C, and D bursts), whose pattern
phases in a radial direction are shifted to each ot her
in respective fields. Plural marks are arranged at

the sane pitch as that of the Breanble section in the
25 circunferential direction. The radial period of
each burst is proportional to the period at which the
addmepmasatetern eHajesl im Uiharewnbs sdetbenvol is
track period. According to the present enbodi nent,

r esPERLVETRASS Brle fdided 3n T IREHCHICAOPe? | DS

in the circunﬁerentim_%ﬂrection. The bursts are

r epddtfe PAMNTHE Mafiehiath ret IR IR e Rty ot wi ce as

51 th t K. jod. Inthe b t ti

73, e S G T S Rl S e Ve g £ EE080ns -
| 7929 t ks i he b t 5.

Sontion Rt e o phEL Setlht Wardl S inder

Pregizsal V.ankd tharald ed&%@d“é@"ék{jlﬁ % r@gagé € hat

during head access Into account. e marK may

sl i @it lthe Qurdeth1 depeididiy N 1 eS| O din S AWMl a1
processing or processing performance for transfer

f or nitrean iand ddieg IMdte-heEee prdmei ey of detwett orunir,
a position on the 15 basis of the burst section 43

W | Isimote Wéedesdriirved datadéted la plte:eafrf -dxtaicki aimyint
is obtained by calculating the average anplitude

val ge defttar daies] el svamymsgry A tBCIG, ndi D trerstded
A process for manufacturing a magnetic di sk 20

accdSdingg Mea ke stiffodinfstingt afie prssiere qavesitiesh into

Gray codes providing the minimum difference between
adjacent tracks so as to reduce the adverse effect

of address reading errors during a seek operation.
Also in the address section 42, the occupancy rate of
the magnetic material is approximately 50%.

The burst section 43 is an off-track detecting
region used to detect the amount of off-track with
respect to the on-track state for a cylinder address.
The burst section 43 has four fields of burst marks
(called an A, B, C, and D bursts), whose pattern
phases in a radial direction are shifted to each other
in respective fields. Plural marks are arranged at
the same pitch as that of the preamble section in the
circumferential difection. The radial period of each
burst is proportional to the period at which the

address pattern changes, in other words, the servo
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will be briefly described. The steps of manufacturing
a magnetic disk include a transfer step, a nagnetic

mat eri al processing step, and a finishing step. Before
descri bing these steps, a nmethod of 25 manufacturing a
stanper used for the transfer step wll be described.
The process of manufacturing the stanper is
subdi vi ded i nto draw ng, devel &pnent, 10

el ectroplating, and finishing. In the pattern

drawi ng, an electron beamresist is applied to a
mastteraqi atesnicth elZestomiiipam driewi prge ssparetibsd imért h,
master plate rotation is used to draw patterns 5

cor FESRRTIiVe tonte riormrdlgigiedt isect iy ahel0 periods
magneti ¢ disk fromthe inner periphery to the outer

per itPhdf\f CRIEWBHERGTON e dhh 1assiian | s e Qwpees are
Then thgcegst ertr%: ate, . th %,ocess,ed by RIE or,the |]jke

to FERRE Sthsteris 38 Y K it d it Bl daiage as
tt T f f th t te i ,

oS e B SRR Slp R ¢ PR pection
I i i i I t | atj . T n ,

P B S R P R ORI s TR 1 s

t he s@leeiriaRlatgd /g mis polished to adjust film15
thickness and to flatten the film Finally, the inner

and out el afrfe fadihe i ltRANS NChad Gt 49 is
produce a di sk-shaped Ni stanper. In the stanper,

pr otesdetheportion @S aC afdc@spRNe,t @1t e ropmaneid oy,

portions in the magnetic disk. 20 In the transfer

st ep, ramraildpdiogirang tappacatihe sifewd @y lee sldeichg head

co-transfer type is used to carry out inprinting

| i t BEGESShyNtSpesichiupdl.| y The gwefitk may be slightly rounded
depending on precision in stamper processing or
processing performance for transfer formation and the
like. The principle of detection of a position on the
basis of the burst section 43 will not be described
in detail. The off-track amount is obtained by
calculating the average amplitude value of read
signals from the A, B, C, and D bursts.

A process for manufacturing a magnetic disk
according to an embodiment of the present invention
will be briefly described. The steps of manufacturing
a magnetic disk include a transfer step, a magnetic
material processing step, and a finishing step.

Before describing these steps, a method of
manufacturing a stamper used for the transfer step

will be described. The process of manufacturing the

stamper is subdivided into drawing, development,
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under | ayer and a perpendi cul ar recording |ayer are
deposited on each side of the disk substrate, and then
25 an SOG (spin-on-glass) resist is applied to each
side. The disk substrate is sandw ched between two
stanpers for the back and front surfaces. They are
uniformy - 11 pushed to transfer the protruded and
recessed patterns of the stanp@ér to the resist
surface. The recesses in the resist fornmed during the
transfer step correspond to the nonmagnetic portions

i n theamgpatatcrdj,sland imidre mpgneln cchmatgatiwdrn
processi ng step, the resist residue at the bottom of
eacldneedess ian redrasiatbn theaex posd sthel s wdrldeedfta he
magnetic material. In this stage, Si Q2 remains on

por i FFStferd alite MEyfHaIEEAR d19alt I inpeaprgtatus
This ,$102 is use s 10 a .mask to etch the exposed
TS TRRGES HLahP (TR i (45 F0r oA (e depe cerns
magneti c tterns. Si filmof a sufficien

nt coree T Gl s Sy oA S e (e G2
filmi rser r 1 g t
mgneers Ty eh o At ray D RN B lE, e
Mg RR{iGHRAN T Ag aMd ik dthe f IHdf rOYRGNetddyeloped.
material. In the finishing step, the surface of the

di sk'hiesy, pold shed.erand dthen A e dyHE WY IR eItHsS like
formed. Further, a lubricant is applied to the

pr ottectfioren 20 mamterr pA ategnattic phcthkewabebraidgrd@e ddwed
enbodi nent of the present invention is nmanufactured
by vléserstseps. TheFls@Grindes of pdvespecitiese pliave dfs anade
magnetic recordi ng and reproduci ng apparatus (hard

di slcomdugd)l vea ko Einas ittd ren sedBodimientf iofm + hélhsr ewastier
Inv%ﬂg%%nis subjected to Ni electroplating. Then, the

electroplated film is stripped. The back surface of
the electroplated film is polished to adjust film
thickness and to flatten the film. Finally, the inner
and outer diameters of the film are punched out to
produce a disk-shaped Ni stamper. In the stamper,
protruded portions correspond to the nonmagnetic
portions in the magnetic disk.

In the transfer step, an imprinting apparatus
of double-sided co-transfer type 1s used to carry
out imprinting lithography. Specifically, a soft
underlayer and a perpendicular recording layer are
deposited on each side of the disk substrate, and then
an SOG (spin-on-glass) resist is applied to each side.
The disk substrate i1s sandwiched between two stampers

for the back and front surfaces. They are uniformly
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25 The magnetic recordi ng and reproduci ng appar at us
conprises, inside a chassis 70, a magnetic disk 71, a
head slider 76 including a read head and a wite 12

head, a head suspensi on assenbly (a suspension 75 and

an actuator arm 74) that supports the head slider 76,

a voice coil notor (VCM 77 and a circuit board. The
magnetic disk (discrete track hkdia) 71 is 5 nounted

on and rotated by a spindle notor 72. Various digital
data are recorded on the magnetic disk 71 in

per pevediesulter theegvadid e e @b tgidehrerd Adhee swgmabatterns
head incorporated in the head slider 76 is a so-called

i nt &fr &hed HeaPahduding et suretaref aTke ngpeedses in
pol e structure and a read head using a shielded MR

r eazh& et Y sﬁ‘}aﬁn% WA 15160 Iorans HVR $5¢R)conFrspond

suspension 75 is hel.d at aone end of the actuator , arm

74 10 S pET A e RIA I S 68 I TSI Gk
recordin - t] ' 71. The 1

act uat or %a{f %%%qugeﬁlgf hng%g%e)léaf p?%/%%es%l.nq'hsét%‘goi c%he

coi | r - 77 ' %5gg Mool

pr 0\}: ieggtg'%atr(e:éﬁiewu& ﬁag: r W{:Hr?g %oﬁoﬁ%a%% uc_:{zlathoflﬁC 4. él)'hles femoved

Voi €0 @Ridostdle (VEMack! ¥ ittRs rihdhdiead miuspensi on
assenbly to position the nagnetic head at an arbitrary

20 raditali spesisigeyn Safost heemgnetdre ghskichls wH$re the

circuit board conprises a head ICto generate driving

si gnalggetfior meteni@ilce scdid beotlef {.VChiandB icontiolused as

signals for controlling read and wite operations

per PofRsd By efeh lign exine sesha 28 R Gmat eshicas ey 1on

bl ock _di,.agram of the magnetic recording and '

r epFodudRg LRpFATH d¢ e mHEIetdd \atterns.  An SiO)
film of a sufficient thickness is deposited by
sputtering. Then, the SiOs film is reverse-sputtered
to the surface of the magnetic layer to flatten the
recesses between the magnetic patterns with the filled
nonmagnetic material.

In the finishing step, the surface of the disk is
polished, and then a DLC protective layer is formed.
Further, a lubricant is applied to the protective
layer. A magnetic disk according to the embodiment of
the present invention is manufactured by these steps.

FIG. 5 is a perspective view of a magnetic
recording and reproducing apparatus (hard.disk drive)
according to an embodiment of the present invention.
The magnetic recording and reproducing apparatus

comprises, inside a chassis 70, a magnetic disk 71,

a head slider 76 including a read head and a write
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according to an enbodi nment of the present invention.

13 This figure shows the head slider only above the

top surface of the nmagnetic disk. However, the

per pendi cul ar magnetic recording layer with discrete
tracks is fornmed on each side of the magnetic disk as -

5 descri bed above. A down head and an up head are

provi ded above the bottom and ¥%p surfaces of the
magneti c di sk, respectively. The disk drive includes a
mai n body unit called a head disk assenbly (HDA) 100
and heashi it drbasd rowdpensi®rb o sEPGB) (2001 spenshown’ $ nand
FIG 6, the head disk assenbly (HDA) 100 has the

mag et igctdiadioq digeride thadcleunri s 7ahe herd splidee 76,
nmotor 72, which rotates the magnetic di sk, . the head

sl i FerVorEe iGRY udiHPt e/ MBad hetf ehFifer it RpdEe-

read, (e SUSRSIRLOR, T8 A0, RELLLEL BTl g0 0o
whi ' t . i de 6 i , ded ;
1L A P e, S A0, | BPUSC i

t he arg &, et rgclléJCQéb%hﬁ A e Q@A(ﬁié@jic V@ié’l@l ?{/ein

20 shown in FIG 2. The head slider 76 is el astica

SUp@ﬁﬂp%ild!)étﬂazgin%eﬁ@\&iéiﬁﬂrﬂrh%%m.ensﬂ%‘ n@gnetic

The suspension 75 is attached to the actuator arm 74,

whi thedds Imiatmidatad tiachat teddespidot 78.iIhe y@+E£lled

coil 25 notor (VCM 77 generates a torque around the

pi vantEyraterd tHeaddtiruaiwdiray m W itee moved tdie aesdhghe

the radial direction of the magnetic disk 71. The

headdfpldfiugtupe and a read head using a shielded MR
read element (such as a GMR film or a TMR film).
The suspension 75 is held at one end of the actuator
arm 74 to support the head slider 76 so as to face
the recording surface of the magnetic disk 71. The
actuator arm 74 is attached to a pivot 73. The voice
coil motor (VCM) 77, which serves as an actuator, 1is
pfovided at the other end of the actuator 74. The
voice coil motor (VCM) 77 drives the head suspension
assembly to position the magnetic head at an arbitrary
radial position of the magnetic disk 71. The circuit
board comprises a head IC to generate driving signals
for the voice coil motor (VCM) and control signals for
controlling read and write operations performed by the
magnetic head.

FIG. 6 shows a block diagram of the magnetic

recording and reproducing apparatus (hard disk drive)

according to an embodiment of the present invention.



(HHC) is fixed to the actuator arm 74 to anplify input
signals to and output signals fromthe head. The head
anplifier (HHC) is connected to the printed circuit
board (PCB) 200 via a flexible print cable (FPC) 120.
5 Providing the head anplifier (H C) on the actuator
arm 74 enables to reduce noise in the head signals
effectively. However, the headlanpkifier (HHC) may be
fixed to the HDA nmain body. As described above, the
perpendi cul ar magnetic 10 recording layer is formed on
eacH sl tlef bIutheshegnethe heddksVidenndni healsevwothe
zones each shaped like a circular arc are forned so
as tPR T4 E othhanagreisc ofiske nbdvvegeheathe The
speci fications of the nmagnetic disk neet outer and

i nndt®Th SHALMPIBE T vAdFF P E I RBak aveBrisEh cdiscrete

adaq;%ﬂﬂag a particular drgve, The_radi us of the

ci rciBar-are ForEd P t$RC1 s2 @ 2bnkh e shy9iehiasdipk as
di stange. f Y o . the magnet head el enent.

Four  ngj olrgega;]sa{g;%v{'ﬂ gaé%w%ﬁlj%?%oaq%‘ﬁ PR riFER TS0

our” : . .
cont ol o HAG 210 Y e v 1 & e anRE s 286 e

MPUmd3fhe taiel B 101 Qfeg:géé/@fvéﬁ.240. The MPU 230 is a
control unit of a driving system and includes ROM

RAM  CPU,Trendd s k afif v pr DEEBSHEY 2omalh tb Y Clinit called
i npl enent a head positioning control system according
t o Bhéeaceshntk erdmmhiiignt (HDhe 10Wiand M OsESSt @ eduit
is an arithmetic processing unit 15 conposed of a
har ®®&rrel ciBCRIi 1200 execut e hi gh-speed cal cul ati ons.
Firmwmare (FW for the | ogic processing
As shown in FIG. 6, the head disk assembly (HDA)
100 has the magnetic disk (discrete track media) 71,
the spindle motor 72, which rotates the magnetic disk,
the head slider 76, including the read head and the
write head, the suspension 75 and actuator arm 74, the
voice coil motor (VCM) 77, and a head amplifier (HIC),
which is not shown. The head slider 76 is provided
with the read head including the GMR element 31 and
the write head including the single pole 32, which are
shown in FIG. 2. |
The head slider 76 is elastically supported by a
gimbal provided on the suspension 75. The suspension
75 is attached to the actuator arm 74, which is
rotatably attached to the pivot 73. The voice coil
motor (VCM) 77 generates a torque around the pivot 73

for the actuator arm 74 to move the head in the radial

direction of the magnetic disk 71. The head amplifier
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circuit is saved to the ROM The MPU control s the

drive in accordance with FW 5 The di sk controller

(HDC) 210 is an interface wunit in the hard disk drive

whi ch manages the whole drive by exchanging

information with interfaces between the disk drive

and a host system (for exanple, a personal conputer)

and with the MPU, read/wite 14 channel I1C, and notor
driver 1C. The read/wite channel IC 220 is a head

signal processing unit relating to read/wite
oper@liCons.s fhxed dad/trg taec tohstmielaanC PP ¢ sarephpbs ebinput
of a circuit which switches the channels of the head
anplsilﬁné‘rlslﬁ'—o( ARG AHPUthi TS oot 52 fheadrs#dt e The head
signal s . read/ wite o eratio The nmotor driver IC
240 F® fﬁﬁr\/eﬁ% (% GOPTHE Hb1ER QR [PREE d (weuit

d h d
cont?éa'lS %@Bsp fnqo;ﬁ%taorf-rlf% tggo"illr*}'gt;/e‘ir%? {91§C)72120

PR A ST MR Gy e

current, on a

manipyl aty %a\bqré@moe rfé’cRIEet he IR 123G n d (he\é@v' Jlgngps

drive the head noving nmechanism A control nechanism

for drerd taesdiityl . OniHGvaMdd, &%@m&@ﬁqm@adfwﬁ N(HIC) may be
reference to FIG 7. This figure is bl ock dlagram

shovdiikgdhead tPesiHO2OMaith Loy syrrbols C, F, P, and S

mean systemtransfer functions. 16 The control target

P speci f iAxsaldes carlyess prdowgiee t ot Hee gek rgexvd hgu heeansagnetic

i ncluding VCM_The signal processing unit Sis .

spegiefdogaling ilgyieaners dpuned o el Wiriide ot Hamhehagi@etic

and MPU executln a part of off-track
disk 71, and the servo zones each shaped like a
circular arc are formed so as to correspond to the
locus of the moving head. The specifications of the
magnetic disk meet outer and inner diameters and
read/write characteristics adapted to a particular
drive. The radius of the circular arc formed by the
servo zone 1is given as the distance from the pivot to
the magnet head element.

Four major system LSIs are mounted on the printed
circuit board (PCB) 200. The system LSIs are a disk
controller (HDC) 210, a read/write channel IC 220,

a MPU 230, and a motor driver IC 240.

The MPU 230 is a control unit of a driving system
and includes ROM, RAM, CPU, and a logic processing
unit which implement a head positioning control system

according to the present embodiment. The logic

processing unit is an arithmetic processing unit
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5 detection processing). The control processing unit

is conposed of a feedback control unit C (first
controller) and a synchroni sm conpensating unit F
(second controller). The control processing unit is
specifically 10 inplenented by MPU. QOperations of the
signal processing unit S wll be described later in
detail. The signal processing lbnit S generates

i nformat.ion on the current track position (TP) on the
di sk on the basis of read signals 15 froma servo zone
on tdmnrtissd iafivedi e edwe bel v et heaskeosi¢ i lohgfHR)eed
On the basis of the positional deviation (E) between

a t &HPtukatdI0 posi T RP) (B tfer dilk bewic tiweocessing
current position (TP) of the head on the disk, 20 the
fir ﬁllé'd'ﬁttr oi9 YRR PR he AP%perkits P gt 1als the

reduges the positional deviation. The second
contdfr&"ieerlq sacacql’?—’doa(fbcffpeyﬁstﬁ iTfy unit that conpensates

f th ; k h i sk d,

Pr ot ron T O SRR AP )% SRdimercace
r ot afyiGN iQf drhe kFQL%(:diTsh@ cﬁ%ﬁ%‘qﬁﬁo&ﬂ rn?ér{aeigpsgaé/k??s.whole
pre-calibrated rotation synchroni Zati on conpensati ng

val ues vied by BIBHAnd 8l 6:n fHenSecand, Gty d BFa ced 7
normal |y nmakes reference to the table on the basis of

ser \oe tseeirort henfdirsiatd rainy e otd shawyt vt ded( fyr tdeample,
signal processing unit S to output an FF operation
val @e Pz spinshowongs e eof) posl twidrialtide WL, aredd)wrixe
The control processing unit adds the outputs Ul and
2 chammelf kGt el moscondimiorsr dld.ers to supply
The read/write channel IC 220 is a head signal
processing unit relating to read/write operations.
The read/write channel IC 220 is composed of a circuit
which switches the channels of the head amplifier
(HIC) and which processes read/write signals in
read/write operations.
The motor driver IC 240 is a driver unit for
the voice coil motor (VCM) 77 and spindle motor 72.
The motor driver IC 240 controls the spindle motor 72
so that the motor 72 can rotate at a constant speed
and provides a current, which is determined based on a
VCM manipulating variable from the MPU 230, to VCM 77
to drive the head mdving mechanism.
A control mechanism for head positioning will
be described with reference to FIG. 7. This figure is

a block diagram showing head positioning. The symbols

C, F, P, and S mean system transfer functions.
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a control operation value Uto VCM 77 via the disk
controller (HDC) 210 to drive the head. The

synchroni zati on conpensating value table is 10
calibrated during an initializing operation. Wen the
positional deviation (E) becones equal to or |arger
than a set value, a re-calibrating process is started
to update the synchroni zation tonpensati ng val ue. A
nmet hod for detecting a positional deviation 15 from
read signals of a servo zone wll be briefly
des@hiebebn tHed regrostti @ dimsded Sl lat exbdmeddends to head
spindle notor at a constant rotation speed. The head
sl i @&Ving gesinghed aloidia U st i cdlhy sshuppol treeb &ys $ hrg
gi mbal, provi ded on the suspension and to retain a_ver
2

0 SHH S 151 PGl G el TR TRFSATHP Y GresseAd/urite
oS RB o GCIR. (SIS 1o (S ey HebgE rack

det %%tt%c%-logﬁlb%%efsls%xnfromthe recording | ayer of the
magneti c di%sk FAST68s agp)r'edet erm ned magnetic spaci ng.

25 The ratal i Qi o ,i@‘gﬁtfg JH Sk fsa.‘%ﬁg?cgé‘%ﬁ‘ gEr Vo

zone in the magnetic ss 1 nmedi el ow

t he shgad ddlack GOSN e Qd. &(ﬂz%@d VQ T REESSy Cady, pe
18 executed by detecting track position information

on  at Bgnlasios iG rRaghesi gialrsy frie the(SaidH Zeeroller) .
Upon finding an identification flag for the servo
zon&healdoad ra 1s erecasarikig ture tdiisk spemdirfildagrl « HDC) 5

can predict timng when the servo zone passes i medi -

at e prBemewteide byedPUon the basis of the periodicity

of the servo zone. Thus, the disk controller (HDC)

causes t RPEARIRAS (& Stheer tsigrsel wr prepveisng atndt tneill

be described later in detail. The signal processing
unit S generates information on the current track
position (TP) on the disk on the basis of read signals
from a servo zone on the disk immediately below the
head position (HP).

On the basis of the positional deviation (E)
between a target track position (RP) on the disk and
the current position (TP) of the head on the disk,
the first controller dutputs a FB operation value Ul
that reduces the positional deviation.

The second controller is a FF compensating unit
that compensates for the shapes of the tracks on the
disk and vibration that occurs in synchronism with the
rotation of the disk. The second controller saves
pre-calibrated rotation synchronization compensating

values to a memory table. The second controller
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when the preanble section will pass inmediately bel ow
10 the head. Wth reference to the bl ock diagramin

FIG 8, an address reproducing process in the channe
will be described. Read output signals fromthe head
amplifier 1C (HC) are |oaded into the channel 1C and

15 subjected to an analog filtering process

(l ongi tudi nal signal equalrzi hg process) by an
equal i zer, and then sanpled as digital values by an
anal og-to-digital converter (ADC). A |eakage fl ux

f r o Hegrist kes dif ske serer dimgthe@Otalole henptleselbesis of
enbodi nent is a perpendicular field corresponding to

t he $RIgHRtIC R e Rty efnotl $hogD opfeeided by the
components are renpved fromthe | eakage fl ux

b
hi QI FHRRGRISTIE (IEES of §heoheRiE ol 1T | @pera Hiey
d i tudi | lizi , by the 25
Soaldid PEHUNY s R P SRE iarTot (Y.
It i h bl i
St IR PG S laLs LA A PR e G s 0

19 aseudo o nhaveve. s he PNl Sid f &S c?lfé:%nécpesupply

signal obtained fromthe conventional perpendicul ar
magretdoh t 7o il i iBdivaa e thato tiiey ST BNA 5 arpd | 4 pde

is reduced by half. 5 In the case where the polarity

of tdvethedd drs GHIC) i2IAPW ORIt ate!dhe tHeadit 1" or

"0" may be m stakenly recognized dependi ng on the

di recti offheef ayrecH makiagpet 1 d1 weripams 4 thiengerabugotghle is

causing the channel to fail in code detection, which

i s &Fgilitedtes whirior yan 10 ithe di sioretapa raciomedihen the

accordi.ng to the present
positional deviation (E) becomes equal to or larger
than a set value, a re-calibrating process is started
to update the synchronization compensating value. .

A method for detecting a positional deviation
from read signals of a servo zone will be briefly
described. The magnetic disk is rotated by the
spindle motor at a constant rotation speed. The head
slider is designed to be elastically supported by the
gimbal provided on the suspension and to retain a very
small flying height balancing with air pressure
resulting from the rotation of the magnetic disk.
Thus, the GMR element, included in the read head,
detects a leakage flux from the recording layer of the
magnetic disk across a predetermined magnetic spacing.
The rotation of the magnetic disk causes each servo

zone in the magnetic disk to pass immediately below

the head at a constant period. A servo process can be
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enbodi nent but al so anot her nmedia. Accordingly, the
polarity of the head nust be appropriately set in
accordance with the patterned | eakage flux. The
channel 1C switches the process in accordance 15 with
read signal phases. Specifically, the channel IC
executes, for exanple, a process of pulling into
synchroni sm of synchroni zi ng al8ead signal clock with
a nmedia pattern period, an address readi ng process of
readi ng sector and cylinder data, and a burst process
20 fesreqigrestthngdattrcofig ttaekk aposht 1 omhin o oeessonf on
pul ling into synchronismw |l be described briefly.

I n tHhes Brdcesst zean otk b TEymcHron ¥ vy 906 ng

for ADC i jth sinusoidal, read signals and an

AGC proczgggbfgﬁﬁ¥%ﬂgn@nth e%?bﬂh$a§5°%n§f??u@%rthe Servo
di gi S | values at_.a certain , |evel

execzhotq{eed. eécppgarisoédrs,v%fm?ﬂ%’ bi'1% (?Llsalﬁaccbnt%?{f%% (FDC)

medica, PRI taln.arng | figk ttﬁ@ug?lp@%né@% aséér]setﬂ%nedi—

address ‘readi ng process, the sanplin es a

SUbjREIGH e 0T S RPN AL SR s A ADeriodicity

convertéd into sector and track data by t terbi

decedi RhePrRGAES, zdrased Tudexinaind d keddhwoash fer (HDC)
estimation, or the Gray code inverse transformation

pr ocesssesThile rakamdl possidtte 4 CaOMIigoSSEYat a time
track informati on of the head. Then, the channe

shi fthent dheheeywaodelss ofctidet ectihgdde offediaickly below
anount in the burst section. 10 This process is not

i || ddver &8¢ -but proceeds as follows. Signal anplitudes

are subjected to sanple- hold integration in the order
of the bd&gﬁhsﬁ%ﬁﬁﬂence to the block diagram in FIG. 8,

an address reproducing process in the channel will

be described. Read output signals from the head
amplifier IC (HIC) are loaded into the channel IC and
subjected to an analog filtering process (longitudinal
signal equalizing process) by an equalizer, and then
sampled as digital values by an analog-to-digital
converter (ADC).

A leakage flux from the magnetic disk according
to the present embodiment is a perpendicular field
corresponding to the magnetic patterns. However, all
DC offset components are removed from the_leakage flux
by high-pass characteristics of the head amplifier
(HIC) and the longitudinal equalizing process by the
equalizer in the earlier stage of the channel IC. As
a result, an output signal from the preamble section

after the analog filtering process becomes ar almost
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patterns A, B, C, and D. A voltage val ue correspond-

ing to the average anplitude is output to MPU. 15 A

servo process interruption is then issued to MPU

Upon receiving the interruption, MPU uses the interna

ADC to load the burst signals in a tine series manner.

DSP then converts the signals into an off-track

anount. The servo track posttibh of the head is 20
precisely detected on the basis of the off-track

amount and the servo track information. Wth reference

to FEs@8dd® gimel avehe [sd tamlry afi £ fdweernmadt sdm dene antgnal
the correspondi ng visual angle for the head slider in

t he dpdgrierat fresbridien apisartEtas R Paomdndisee asnagnetic
descri bed above will be described. |In the discrete

t r adl R IRT MR iGy dts ddiadnEhh Pl sywal Hridgel s

surface thereof not be conpletely - 21 elimnated
everf ce?dflbéi ll'ké%afgg process. It is thus likely to be
difficult:tq,co e flyi f_th h sl der,. .

In parti cIu gcrh,et aresoécov?]krerro% %%Q%%%%lg%fofﬁgh%e%dad 1s set
sli defapps d r{'fa'et(‘elil , 'tfhencibinconniag §fd ahi dSakenly

il(bv5
filled int recesses between the nagnetic

pat tIRnikldd RPehdB iR ah WRW St it dhe heads ge

slider 76 is |l ocated on the outernost recording track.

In thivk case dred Qkwe 4die vicsai mpae fafadtel head
10 slider 76 as viewed fromthe center of the magnetic

di skal.l EnGcobk idetaquliam,viww cthavd ngpd lhiadd tihe hewdonly
slider 76 is |l ocated on the innernost recording track.
| n tthies digsw,e teett I3Z Moanadie \Asmidiany |t fiore tivee sead
slider 76 as viewed fromthe center of the magnetic
embodiment but also another media. Accordingly,
the polarity of the head must be appropriately set in
accordance with the patterned leakage flux.

The channel IC switches the process in accordance
with read signal phases. Specifically, the channel IC
executes, for example, a process of pulling into
synchronism of synchronizing a read signal clock with
a media pattern period, an address reading process of
reading sector and cylinder data, and a burst process
for detecting the off-track amount.

The process of pulling into synchronism will be
described briefly. 1In this process, a process of
synchronizing timing for ADC sampling with sinusoidal
read signals and an AGC process of matching the signal
amplitude of digital sampling values at a certain

level are executed. The periods of the bits 1 and 0

of the media pattern are sampled at four points.
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15 disk 1. FIGS. 10 and 12 are diagrans show ng the
directions of the head slider 76 | ocated as shown in
FIGS. 9 (outernost position) and 11 (i nnernost
position), respectively, with respect to the recording
20 tracks 23, as well as wind pressure and rotation
nmonment applied to the head slider 76. A dashed arrow
R denotes the rotating directi®h of the magnetic disk.
The synbol P denotes the direction of the w nd
pressure exerted on the head slider 76. The synmbol nR
25 denot € tHe rasiditg oh TRABMY apprdess ¢ ot hheSduaking
slider 76. The direction of the rotation monment nR
cor &1 U§FoRde dRe st d19 P ihis e@dut ivpfin HefR, and

magnetic - 22 disk 71. The rotatjon ment applied to

t ho tER0 CONEFER D 6 h AR RO SAeraig BV (4
oy R AR D e S0 P R oo
5 Rl . ‘o a di : . . . .

bet \/e\el(g’aet—‘nl { tg%ﬁdsgjt?%@egﬁtgﬁe C%gjae:jqzl"ire?esfé S i brmation

nmagpRetdcesdi sk nd thaskew anales1f dde aunanddhe

head slider. If the head slider 76 is |ocated on the
out et inkdrieadrgh i tyhackeasd shown in FIG 9, then

it receives the rotation nonent nR as shown in FIG

10 and i STiewys tentchamree disteicfiti ©rtd helte tgw skew anhgl e

of the slider is nore reduced than that of the arm

( Fl Getr3ting rihen odifti-drraeek igoieimd] iporthieomundte ddqigiaon .

velocity of 15 the magnetic disk 71 tends to becone

hi gH&r Sad A6 Sisndredy tiHe WAt tRB St 1R GRRAS ks

thegyfygw%' Signal amplitudes are subjected to sample-
hold integration in the order of the burst signal
patterns A, B, C, and D. A voltage value correspond-
ing to the average amplitude is output to MPU.
A servo process interruption is then issued to MPU.
Upon receiving the interruption, MPU uses the internal
ADC to load the burst signals in a time series manner.
DSP then converts the signals into an off-track
amount. The servo track position of the head is
precisely detected on the basis of the off-track
amount and the servo track information.

With reference to FIGS. 9 to 12, the position of
the head slider and the corresponding visual angle for
the head slider in the magnetic recording apparatus
configured as described above will be described.

In the discrete track media, the protrusions and

recesses on the surface thereof cannot be completely



hei ght of the slider. However, the smaller skew angle
of the slider reduces the wind pressure exerted on

the slider. This nakes it possible to suppress 20 an
increase in flying height and thus in error rate. As
descri bed bel ow, to produce such an effect, it is
necessary to set the visual angle 61 of the head

slider 76 located in the outer2bertpheral portion, to
50 or nore. 25 If the head slider 76 is | ocated on the
i nnernost recording track as shown in FIG 11, then

t he elliimé ave t ek leotsint yoyofa tfhe btegriatd prhicks 7.1 becohesthus
lower to - 23 reduce the flying height of the head

sl i dékety. tAs bg dddffdlqult He pomsdinst] ithe oflhidut @F ashe
becgnes high. On _the other hand, when the head slider
76 P§3%HE Lon Wh@IGe et ridordfitig @t &k, finng

i | of the hegad slider, is | t han,
Uhe o1 438 e ¢ eflen il S P A bRt
t , '. t - - t
ot SR Aanamt R SRETES (Y RECHAT & e EnT o

thi gcaseid badieadslider 76 receives a large
rotati'on moment nR as shown in 10 FIG 12 and is thus

bent in adi.rection tddn theskawyanglen ot the sdiger

is nore increased than that of the arm(FIG 13). The
| ar geridekeweang a oofatldre o3l il oddedmeasesrdderdnyl track.

pressure exerted on the slider. Consequently, in

spi Te ¢hiz lcewd,i dear ovelbecitthe ofidus Emgiegnedn coith Skead

71, a sufficient flying height can be naintained for

t he sdilidgar .7 6Thiss vighves! ifirgoddieblaenter mfevdra magnetic

increase in error rate caused by contact of the head

wi t Aietfe ImagidG-c 1di sié & Blein Vde'hedp emgsihat the head
slider 76 is located on the innermost recording track.
In this case, let 65 be the visual angle for the head
slider 76 as viewed from the center of the magnetic
disk 1.

FIGS. 10 and 12 are diagrams showing the
directions of the head slider 76 located as shown in
FIGS. 9 (outermost position) and 11 (innermost
position), respectively, with respect to the recording
tracks 23, as well as wind pressure and rotation
moment applied to the head slider 76. A dashed arrow
R denotes the rotating direction of the magnetic disk.
The symbol P denotes the direction of the wind
pressure exerted on the head slider 76. The symbol mp
denotes the rotation moment applied to the head slider

76. The direction of the rotation moment mgp corre-

sponds to the rotating direction R of the magnetic
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As descri bed bel ow, to produce
20 necessary to set the visua
slider 76 |ocated in the inner
100 or nore. As shown in Table

such an effect, it is
angl e 62 of the head
peri pheral portion, to
1, magnetic recording

and reproduci ng apparatuses are produced by conbi ning
25 discrete track nedia of a plurality of sizes with
head sliders of a plurality-of22izes. Read/wite
experiments are perfornmed on the magnetic recording 24
and reproduci ng apparatuses. The track pitch is set

at ZBiGhm¥.or Td ndte i g meeent aake et ato Thiee head
recesses between the magnetic patterns have a depth of
20 fhidme udrendrarddse SN el stincthe esarﬁes

whi ch no nonmagnetic material js filled therein,

t he GPs s A?haarﬁ CBf O IR MediRe |I%agf&|%1'e3dc ‘F‘hSk 71,

t hi di th di t f
recdFihg 1K B P T ?éd%er'””er T on o

thg out er fccgcgrgh k é@oﬁlng the rgygt ?ggh
slider use He appar a Fus A hAS | ong STde eng
(in it t de
engﬁéiﬁfﬂﬁ&cﬂﬁ%ﬂ th{HacCEE dtlzr}ée)g% I on) @eﬁngr{ n%k?é The

hea%adeéﬂﬁfc userk ighd h&l@%@év@té’rﬁl%@a@f #hé O SAEE the

length (in the track direction) mm 15 and a
shored dg idngth (in the cross-track direction) of

3.5 nm the size of which is larger than that the

former. ITf tites appad adlisdey, Thelyi sa@dtadigbe floe dheermost
head slider is 9.8 on the inner periphery and 3.7 on

t he rex®@nylitrey fperdpheer yshdwn tire Bfhardt ushd; ithereceives

visual angle
the rotation moment mg as shown in FIG.

10 and 1is
thus bent in a direction that the skew angle of the
slider is more reduced than that of the arm

(FIG. 13).

In an outer peripheral portion, the linear velocity of
the magnetic disk 71 tends to become higher and to
increase the wind pressure P and thus the flying
height of the slider. However, the smaller skew angle
of the slider reduces the wind pressure exerted on
the slider. This makes it possible to suppress
an increase in flying height and thus in error rate.
As described below, to produce such an effect, it.is
necessary to set the visual angle 67 of the head
slider 76 located in the outer peripheral portion, to
5° or more.

If the head Slider 76 is located on the innermost
then the linear

recording track as shown in FIG. 11,

velocity of the magnetic disk 71 becomes lower to
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for the head slider is 24.6 on the inner periphery

and 9.0 on the outer periphery. As shown in Table 1,

the apparatus B exhibits a lower error rate than the
apparatus A for both the innernost and 25 outernost

peri pheries. In the apparatus A, on the outernost
periphery, the head is vibrated by its vertica

movement caused by the recessed3and 25 5 protrusions
present on the surface of the discrete nedia. On the

I nner nost periphery, the head can be brought into
contrastuad tthe Hel iedi drelmghta ofestile \hadre skiderrége iAs a
increased. In the apparatus C, 0.85-inch nedia In .

t hi Lafddita, Hife RORA 1 IHdel 1aloMeAd tHeash FQey Nigh.
track is 9.7 mm .and the radial . the outernosf .
reodrUiTg SIS NETE 7 AR 1T RAGSe Aot e 18 located
apparatuys C has a l.ong 10 (in the track direction

o BE e d T Red s et hod e o ol Hadle o2

h i t : 1 i i t
[rods e HEW sl e S L M (il Wifsual angle o)
t he yHespale anglidared sy haad oSt d d88st Srddb A% ) dheck.

i nner periphery and 5.03 on the outer periphery.” Like
t he Tappariaidie Bed hthe Lo @pPasratmisnda©xii KAgS fed 006 the

error rate for both the
head slider 76. 1In this case, the head slider 76
receives a large rotation moment mgp as shown in
FIG. 12 and is thus bent in a direction that the skew
angle of the slider is more increased than that of the
arm (FIG. 13). The larger skew angle of the slider
increases the wind pressure exerted on the slider.
Consequently, in spite of a low linear velocity of the
magnetic disk 71, a sufficient flying height can be
maintained for the slider. This makes it possible to
prevent an increase in error rate caused by contact of
the head with the magnetic disk as well as head crash.
As described below, to produce such an effect, it is
necessary to set the visual angle 6 of the head
slider 76 located in the inner peripheral.portion, to
10° or more.

As shown in Table 1, magnetic recording and
reproducing apparatuses are produced by combining
discrete track media of a plurality of sizes with
head sliders of a plurality.of sizes. Read/write

experiments are performed on the magnetic recording
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i nner nost and out ernost peripheries. Table 1 indicates

that the visual angle el of the head slider 76

| ocated on the outer periphery should be 5 or nore

and that the visual angle 02 of the 20 head slider 76

| ocated on the inner periphery should be 10 or nore.

26 a) -P roCDC)CDC)C)CD ) C) CDC) 0C) 00. C) CDOOCD

1:41 CY) mCN r-00 a) NCDC~ 0240 -4-j N
and reproducing apparatuses. The track pitch is set
at 250 nm for all the discrete track media. The
recesses between the magnetic patterns have a depth of
20 nm. The guard bands have a groove structure in
which no nonmagnetic material is filled therein.

In the apparatuses A and B, 2.5-inch media is
used. In this media, the radial position of the
innermost recording track is 12 mm, and the radial
position of the outermost recording track is 32 mm.
The head slider used in the apparatus A has-a long
side length (in the track direction) of 2.05 mm and
a short side length (in the cross-track direction) of
1.6 mm. The head slider used in the apparatus B has
a long side length (in the track direction) of 5.0 mm
and a short side length (in the cross-track direction)
of 3.5 mm, the size of which is larger than that the
former.

In the apparatus A, the visual angle for the head
slider is 9.8° on the inner periphery and 3.7° on the
outer periphery. In the apparatus B, the visual angle
for the head slider is 24.6° on the inner periphery
and 9.0° on the outer periphery. As shown in
Table 1, the apparatus B exhibits a lower error rate
than the apparatus A for both the innermost and
outermost peripheries. In the apparatus A, on the

outermost periphery, the head is vibrated by its

vertical movement caused by the recesses and
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protrusions present on the surface of the discrete

media. On the innermost periphery, the head can be
brought into contact with the media. As a result,

the error rate is increased.

In the apparatus C, 0.85-inch media is used.

In this media, the radial position of the innermost
recording track is 9.7 mm, and the radial position of
the outermost recording track is 4.7 mm. The head
slider used in the apparatus C has a long side length
(in the track direction) of 0.85 mm and a short side
length (in the cross-track direction) of 0.7 mm.

In the apparatus C, the visual angle for the head
slider is 10.42° on the inner periphery and 5.03°
on the outer periphery. Like the apparatus B, the
apparatus C exhibits a low error rate for both the
innermost and outermost peripheries.

Table 1 indicates that the visual angle 61 of the
head slider 76 located on the outer periphery should
be 5° or more and that the visual angle 65 of the
head slider 76 located on the inner periphery should

be 10° or more.
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Addi ti onal advantages and nodifications will readily
occur to those skilled in the art. Therefore, the
invention in its broader aspects is not |limted to
the specific details and representative enbodi nents 5
shown and described herein.-Acgérdirngly, various
nodi fi cati ons may be nade w t hout departing fromthe
spirit or scope of the general inventive concept as
defi ned byddheioppbnaddantages and mhdifiegtivakentdl

28
readily occur to those skilled in the art. Therefore,

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

defined by the appended claims and their equivalents.
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VWHAT IS CLAIMED IS: 1. A magnetic recording and
reproduci ng apparatus conprising: a magnetic
recordi ng medi a having discrete tracks 5 fornmed of
concentric magnetic patterns; and a head slider having
a read/ wite head, wherein, when the head slider is

| ocated on an outernost recording zone of the
magnetic recording nedia, a vidual- angle for the head
slider as viewed 10 froma rotation center of the
magnetic recording nmedia is 50 or nore. 2. The

appar atus accordi ng t oVARI b ICLARMERI BS: t he out er nost
recordi ng_zone of the magnetic recording nedia is

| ocated at-a Oi BeaReéi6f racorgdnglendmreremdls inke
rotati on center of the magnetic recording nedia, and
t he PRNYFALBF ERABPREAENSFi der along a track direction
is 0.85 mm _or Igss. 3. THe apgaratu according to
claim1, #heFEPRTIEnECRRGREIPCFEtPePAYINGr RitRGTERE tracks
trac ES t .ayer.and a.

per pend a5 - FaforArhetl Bet S B5AERER3  apeis

accor di ngat Hegaagmerwﬁsb%g al B8 ABANELLC HRaHL er ns
form ng the tracks are separated Sy a nonmagnetic

material . wher&i ARIRBEhCthECAEARNY12Rd T €Rr 9dWGiBY o25an
appar atus conprising: a nagnetic recordi ng nedi a

havi mgt eliises et eetoadksg tonsedrotheonagnttie pagpeliag

patterns; and 29 a head slider having a read/wite

headyedivher®i niswhknathee hfad shedeeatisslddatedsoniared
from a rotation center of the magnetic recording media
is 5° or more.

2. The apparatus according to claim 1, wherein
the outermost recording zone of the magnetic recording
media is located at a distance of at most 10 mm from
the rotation center of the magnetic recording media,
and the length of the head slider along a track
direction is 0.85 mm or less.

3. The apparatus according to claim 1, wherein
the magnetic patterns forming the tracks comprise
a soft underlayer and a perpendicular recording layer.

4. The apparatus according to claim 1, wherein
the magnetic patterns forming the tracks are separated
by a nonmagnetic material.

5. A magnetic recording and reproducing
apparatus comprising:

a magnetic recording media having discrete tracks

formed of concentric magnetic patterns; and
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i nnernost recordi ng zone of the magnetic recording
medi a, a visual angle for the head slider as viewed 5
froma rotation center of the nmagnetic recordi ng nmedia
is 100 or nore. 6. The apparatus according to claimb5,
wherein the innernost recording zone of the magnetic
recording nedia is located at a distance of at nost 5
mm from 10 the rotation center28f the magnetic
recording nedia, and the length of the head slider
along a track directionis 0.85 mmor less. 7. The
appar at us® aeedd df hgded truing52 whedévnitehbeadgnetic
patterns forn1ng the tracks conprise 15 a soft
under | aye¥P&he B pEhpRnEReuPardr 8EoREF ngS| Ageptedgon an

The BRPALGLLE SO0 Lo, ol S p, Mhetel LIS, asng

a n?ﬂﬁﬁﬂyﬁtécvfgﬁf '§“gle for the head slider as viewed
from a rotation center of the maghetic recording media
is 10° or more.

6. The apparatus according to claim 5, wherein
the innermost recording zone of the magnetic recording
media i1s located at a distance of at most 5 mm from
the rotation center of the magnetic recording media,
and the length of the head slider along a track
direction is 0.85 mm or less.

7. The apparatus according to claim 5, wherein
the magnetic patterns forming the tracks comprise
a soft underlayer and a perpendicular recording layer.

8. The apparatus according to claim 5, wherein
the magnetic patterns forming the tracks are separated

by a nonmagnetic material.



