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1 TITLE OF THE | NVENTI ON DI SK DRI VE HAVI NG A MAGNETI C
HEAD FOR PERPENDI CULAR MAGNETI C RECORDI NG BACKGROUND

ENTION 5 The present invention relates to a
\NNMMMWNENN havi ng a perpendi cul ar magnetic recording
syst el

stem Cenerally speaking, in a small-type disk
drive in particul ar, a magnettc head for perform ng
data read/wite operation on a disk mediumis nounted
on a 10 rotary type actuator. The rotary type
actuator is so operat 8dTag ©6 aHEoWNVRETWONt e

oper ati on nagnetic head to smﬁng_in a radi al
[

di recPfek BREVEalPULNEdAdMERNERRH] HAMANHORDFEABENGISELAR
the h ' 0 Q_a target position. 15 Were
t he r@?gp§§gépggé§?B;P8r IS uged, the nmagnetic head
| ocat ed over the di§£§i€§%éﬁ%iﬁgoh%stﬁVEﬁfE 'l ed
n

skew angl e and encounters an interval™ variation

srelative t?h@np§gkgﬁ%nﬁnbgﬁggoﬁggégﬁﬁggdkega Hgakhgrive

radi al position over the fum In nore

detaihav@ﬁgich€@§6n899§§5@WhéggéEi&e§HEB§dEHgasystem.
decrease in the effective track width (effective data

track w dtBrne¥hele apgreahgr adnmbeemaf 1tegpksdaee drive in

formed on the disk nmedium surface, a variable track

pitchpgyg@gniar, a magnetic head for performing data
read/write operation on a disk medium.is mounted on a

10 rotary type actuator. The rotary type actuator is so
operated as to allow the write operation magnetic head
to swing in a radial direction over a turned disk
medium and, by doing so, the head is located to a
target position.

15 Where the rotary type actuator is used, the
magnetic head located over the disk medium involves a
so-called skew angle and encounters an interval
variation relative to an adjacent track corresponding
to the.radial position over the disk medium. In more

20 detail, an increase in screw angle results in a
decrease in the effective track width (effective data
track width).

Where a greater number of tracks are formed on
the disk medium surface, a variable track pitch system

25 for varying a track pitch according to the radial

position over the disk medium has been proposed as a

method of increasing the track recording density so as
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25 for varying a track pitch according to the radi al
position over the di sk nmedi um has been proposed as a
nmet hod of increasing the track recording density so as
[1T1T1TO 120 VILLEEEEEErEvEnIoll~i~ *@0002* r r 2 to
consi der the skew angle (see JPT PAT APPLN KOKAI

PUBLI CATI ON NO. 11-25609). In a disk drive of a

per pendi cul ar magnetic recordi iy system a nagnetic
head is nmounted on a 5 slider with a data read only
read head and perpendi cul ar magnetic recordi ng type
Wi t etheadns sépar ahedskber engle Theear VP PRAJAPRLEN OKOBAI
the perpendi cul ar nagnetic recordlng on the disk

medi urY 2 ICARECHNPont s5u¥PaeR) of a main magnetic pole
structure 10 for generating _a perpendicul ar recording
nagnetlc FPeFd 1FR ?ﬁév§oogaﬁl@GrPﬁﬁngPﬁ€rr@€8PIFh§

n the record botton1§urfac

of th%ﬁé%ﬁ?h”%a@%%Y?% p%l a%??Eb?uP%a asS thiduSkew on 2
ang| e 1P§&P”§§tﬁa£9§£ta'EeSéeééfylrgéﬁaﬂgédﬁ sts e

ef fect on an adj acent trac di s rive of

t he p@@mg@u@&rrm%@étgc Fecording §y1§éemlté HE&d
IS nade of a wite head having a bevel angle defined

by wosdkpangatde tméfeoBgnehé Cwpote BEEHCHEF Eob@sathe

trapezoi dal or triangular
perpendicular magnetic recording on the disk medium at
the bottom surface of a main magnetic pole structure
for generating a perpendicular recording magnetic
field. In the so-called footprint recording, that is,
in the recording made at the bottom surface of the
main magnetic pole structure, as the skew angle
becomes larger, it exerts a greater adverse effect on
an adjacent track.

In the disk drive of the perpendicular magnetic
recording system, if use is made of a write head
having a bevel angle defined by working the main
magnetic pole structure to a trapezoidal or triangular
shape, there is a tendency, on the cother hand, that,
as the skew angle becomes larger, the effective track
width becomes greater. If, on one hand, the bevel
angle becomes larger, the area of the main magnetic
pole structure is decreased and the perpendicular
magnetic recording capability is lowered. In the disk
drive of the pervendicular magnetic recording system

it is not possible to enhance the track recording



20 shape, there is a tendency, on the other hand,
that, as the skew angle becones |arger, the effective
track w dth becones greater. If, on one hand, .the
bevel angle beconmes larger, the area of the main
magnetic pole structure is decreased and the
per pendi cul ar 25 magnetic recording capability is
|l owered. In the disk drive of the -perpendicul ar
magneti c recording system it is not possible to
enhance the track recording - 3 density of the disk
medi uhes$ hpy yo bythusi digsla vedbabl eimplacky pisehg a variable
configuration capable of a track pitch variation on
the basiek oPltHe Skehi Angt bl oOBRIEFRGLMMVARY: GFEaHE P1tch
INVENTION 5. 1t is accordin I%fthﬁ?obkect of . t he
preseft” *3nEht Pon 1D PFOVT det atiF skEuYi Y9 0f - a
per pendi cul ar L.C i ng te hi can
realize an effec ?gébv%pﬁg Fg ?Faﬁﬁéprpgﬁﬁk%BN

5 confi gur at on; £0fc 2o BEARPOULEU! 855 BANGE | €ntCopEdEAY
systemand realize a 10 higher track recordi ng
densiiyved i ONe: ASPLsti @ & hei Pk eseMtei sveat hoRpéh@I€ular
is provided a disk drive conprising a di sk nedi um
conf igagest 1© addovd peg penslt el @i i olgoet | ces bCoe damng;
a magnetic head configured to include a read head for
15 reabifewgt but per pende cutack npghelt | conttordi hgodafar a
from the disk nmediumand a wite head for effecting.
the RRYPUMNNCUlaF Ragnetic Feeording drstde @pdkrealize a

medi um . . ,
10 higher track recording density.

In one aspect of the present invention there is
provided a disk drive comprising a disk medium
configured to allow perpendicular magnetic recording;
a magnetic head configured to include a read head for

15 reading out perpendicular magnetic recording data from
the disk medium and a write head for effecting the
perpendicular magnetic recording on the disk medium,
the write nead having a main magnetic pole structure
with a bottom surface formed to trapezoidal or

20 triangular shape and facing the disk medium; and a
rotary type actuator having a mounted magnetic head
and configured to move it over the disk medium in a
radial direction, in which those tracks recorded by
the write head on the disk medium are such that, with

25 respect tc a bevel angle defined relative to the
bottom surface and a skew angle of the magnetic head

located by the rotary type actuator over the disk
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the wite head having a main magnetic pole structure
wWth a bottomsurface fornmed to trapezoidal or 20
triangul ar shape and facing the disk nedium and a
rotary type actuator having a nounted nmagnetic head

and configured to nove it over the disk nediumin a
radial direction, in which those tracks recorded by

the wite head on the di sk nedi ym are such that, with
25 respect to a bevel angle defined relative to the
bottom surface and a skew angl e of the magnetic head

| ocatreeiymt he tot@k ypiype set datoed overthdhesdiskod the
medium a track pitch set based on the size of the

bot t de LT ater 63C¢ hef nEid Faghatrg Pole R +@uctFecture,
skew angl e and bevel ang|le is variable in a radial .
posi t3 67 V¥ 1§ i FrelgmBt + c2 et uhs wher B he Skelv B!
5 ? the bevel angle. BRI EF DESCRI PTI ON THE SEVERAL

V1 BN T R R T SebonBanyhg dFa Tigs o angle
whi ch-.are | or.at in and constitute a part of

t he sﬁegi |2§$%§hé%qﬁ%'ustrate enbodi nents of the

i nvendg ofy Bskk peetherodOrsk t Sp v HRAYENEEdS OF THE DRAWINGS
description given above and the detailed description

of the enbogdénestsmpinginetiowwinger vehiohexpéaincdéhporated
principles of the invention. FIG 1 is a block diagram
showi iy and acoangenend a obpant dbEktei yeeattocai hont o
an enbodi rent of the 15 present invention;
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 block diagram showing an arrangement
of a disk drive according to an embodiment of the
present invention;

FIG. 2 is a view for explaining a structure of a
magnetic head according to the present embodiment;

FIGS. 3A and 3B are views for explaining a main
magnetic pole structure of a write head according to
the present embodiment;

FIG. 4 is a view for explaining a positional
relation showing a write head relating to the present
embodiment which is mounted on an actuator;

FIGS. 5A and 5B are views for explaining a
practical example of a variable track pitch relating

to the present embodiment;

FIG. 6 is a view for explaining a relation



FIG 2 is a viewfor explaining a structure of a
magneti ¢ head according to the present enbodi nent;
FIGS. 3A and 3B are views for explaining a main
magnetic pole structure of a wite head according to
20 the present enbodinent; FIG 4 is a view for
explaining a positional relation showng a wite head
relating to the present enbodi rfent™ which is nmount ed
on an actuator; FIGS. 5A and 5B are views for
explaining a 25 practical exanple of a variable track
pi t chPeeredn iy tack Hel belesent aehbddi Prehte BFeseBtis a
view for explaining a relation - 5 between a track

pi t CHETMEPRTRRY T e Predemtdlenbodi ment and a skew

RS s

bet ween a I Ry e preésen

embodi IEfl o and @réél@cgg%ggﬁs:fé}!étﬁlg 8 {8e 3 Vi8¥ht

expl aining a process of deriving a relation equation

5 bet veaphdikack phach tehatiagnsoryt he present
enbodi nent and respective paraneters of a nain

magneti c ppie. sgrustareiedOckpGifihg a wrewvebsrof deriving
expl aining a process of deriving a relation equation

bet weenral4tack pitzhionebatiagnte thecpresenh relating to
enbodi nent and respective paraneters of a main

magnethe @@@@e@tr@m@@¢émeghdand respective parameters of a

main magnetic pole structure;
10 FIG. 9 is a view for explaining a process of
deriving a relation equation between a track pitch
relating to the present embodiment and respective
parameteré of a main magnetic pole structure; and

FIG. 10 is a view for explaiﬁing a process of
15 deriving a relation equation between a track pitch
relating to the present embodiment and respective
parameters of a main magnetic pole structure.

DETAILED DESCRIPTION OF THE INVENTION

An embodiment of the present invention will be
20 explained below with reference to the drawings.

(Structure of Disk Drive)

FIG. 1 is a block diagram showing a structure of
a disk drive relating to the present empodiment.

The disk drive 10 of the present embodiment is
25 comprised of a hard disk drive using a disk medium 11
capable of perpendicular magnetic recording. The disk

medium 11 is fixed in place on a spindle motor (SPM)
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FIG 10 is a view for explaining a process of 15
deriving a relation equation between a track pitch
relating to the present enbodi ment and respective
paranmeters of a main magnetic pole structure. DETAILED
DESCRI PTI ON OF THE | NVENTI ON An enbodi nent of the
present invention will be 20 explained below wth
reference to the drawi ngs. (Structure of Disk Drive)
FIG 1 is a block diagramshowing a structure of a
disk drive relating to the present enbodi nent. The

di sk ¥ iamd 10t of s t ec preaedtc@npbl berd ¢iskgrive 10 to
conprised of a hard disk drive using a disk nedium1l
capal? el ®f et Be tHabPret i ¢l hecdt Ut MEC TR ot skS
medium 11 js fixed in place on pi ndl e pot or éSPN@ -
6 1FYMF13°F °F ncdt p%l?%‘frédlw ‘ﬁ]?h Tt sKHTTVET 10 to
allow%@f@@% ngdoﬂoﬁaﬁéﬁmﬁ%g-@ig'§5b?@géyg)1&f|§ soft
conpri Sed of, as shown in ¥l , a lamnate

StruciilCet 0N B NOAMBONELLC SUDSERAdLat OFndnd@ihe®ic layer
magnetic layer 112, an I nternedi ate nonnmagnetic | ayer

111 anth azperpepdiseh@rcliesor teagrdaygr1idddr The. The
per pendi cul ar recording |layer 110 is an area for
magnetpe ced hyi¢cetar diago dat mg chayespbhdi hg ¢ area for
per pendi cul ar recordi ng magnetic field froma wite 10
head n2wesiorlly beeserdbey detaveoHeserordgr@atera

nunber of tracks are provided on _ _ _
perpendicular recording magnetic field from a write

head 12W as will be set out below.

Here, a greater number of tracks are provided on
the disk medium 11 for data recording by a write head
12W. In the present embodiment, as will be set out
below, the track pitch of a track-to-track interval is
varied in accordance with a radial position over the
disk medium 11.

The disk drive 10 has a magnetic head 12
including, relative to the disk medium 11, a read head
12R for reading out data (servo information and user
data) and a write head for writing data. The magnetic
head 12 is mounted on an actuator 14 driven by a voice
coil motor (VCM) 15. The VCM 15 has its drive current
supplied from a VCM driver 21 so as to be driven under
control. The actuator 14 is a head moving mechanism
driven under control of a microprocessor (CPU) 19 to
allow the magnetic head 12 to be located to a target

position (target track) of the disk medium 11.
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the di sk nmedium 11 for data recording by a wite head

12W I n the present enbodinent, as will be set out

bel ow, the track pitch of a track-to-track interval is

15 varied in accordance with a radial position over

the disk nmedium 11. The disk drive 10 has a magnetic

head 12 including, relative to the disk nedium1ll, a
read head 12R for reading out data (servo information

and user 20 data) and a wite head for witing data.

The magnetic head 12 is nounted on an actuator 14

driven by In vaideticeoitonpterh¢adMiids. aThenyiw 16hqadisk
its drive current supplied froma VCMdriver 21 so as

to belmiris/ el ke haom rivfeamhkl bkt tat bFcult i s°a hedtpnal
novi ng nechani sm 25 drjven under control] of
mcgaﬁﬁﬁ§§mn%utﬂd¢& %%WWW&%Qﬁ&f@WkﬁﬁifPUl9
to be cated t target position (target track) of

t he d”}“sq? W%"z@ 7 In addition tg thg head dizc,k

assenbly, %ﬁg @%%Béwgf%ffe}0c§£§9i99§6iggéggg?éi&i§ﬁplifief

circuit 16, n rocessing unit ,

cont rd )} el d HDE) 1 A8, 2 GRALd Ha @ ds MBI Ywiz0ch Sidh@utput from

pre-anplifier circuit 16 has a read anplifier for

anpl idnd N ad rresdh det @ sf giied e hl 2 saodit puvr frememplifier

the read head 12R of the head 12 and a wite anplifier

whi cheisiugpl s esp i ew i ¢ evdata ¢dgmasigoat heowrhe ewhébg head

12W The signal processing unit 17 is conprised of a
12W. The signal processing unit 17 1s comprised of a
signal processing circuit for processing a read/write
data signal (including a servo signal corresponding to
the servo information) and also called a read/write
channel.

HDC 18 has an interface function between the
drive 10 and a host system 22 (for example, a personal
computer and various kinds of digital devices). The
HDC 18 executes the transfer control of read/write
data between the disk 11 and the host system 22.

The CPU 19 is comprised of a main controller of
the drive 10 and executes the head positioning control
and normal read/write operation of the user data under
control. That 1is, the CPU 19 is comprised of a
practical means which, in order to allow the track
pitch of the tracks on the disk medium 11, to vary,
effects the head positioning control and data write

operation control.

The memory 20 includes, in addition to a flash
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10 signal processing circuit for processing a
read/ wite data signal (including a servo signa
corresponding to the servo information) and al so
called a read/wite channel. HDC 18 has an interface
function between the 15 drive 10 and a host system 22
(for exanple, a personal conputer and various ki nds
of digital devices). The HDC 18 executes the transfer
control of read/wite data between the disk 11 and
t he host system 22. The CPU 19 is conprised of a main
cont Feiicgry ofEEERPMhe fdrd Vet larid lex daitasy it He Hhd ROM.
positioning control, and normal read/ g}e oper at i on
tovg ;

of t k& Cuserdati® @ider VaddiolX? 2hhe Py P Tan
is conprised of a ti.cal ich, I d
aIIpW%ﬂ%?ﬁ%%ka)6&%%%Ig$q{ﬁ%gﬁéaggglgn tkg g{sﬁr to
”Ed'“”‘lL&ﬁ§}d6H&%e S0 i d8al 5 thesdead posi tioning

control an ata wite operation control. The nenory
20 incl udesyg i addid ipned e fdashs Bniderory: (EERRM o £
of a nonvol atile nenory, a RAM etc., and

ret aiths VRIgreus Kindsi af2 dadla@ndy progriemp resessar y

to control The CPU 19. (Structure of Magnetic Head) 5
FI G ehdgliananew for explaining a structure of the

magnetic head 12 relating to the present enbodi nent.
The magnetic head 12 is comprised of a structure

mounted on a slider, not shown, with the write head

12W and read head 12R separated. The read head 12R is

constructed of a read only head and, normally, a GMR

(giant magnetoresistive element).

Write head 12W is comprised of a single pole type

head suitable to the perpendicular magnetic recording
and has a main magnetic pole structure (recording
magnetic pole structure) 120, a return yoke having a
trailing-side magnetic pole structure 121
corresponding to auxiliary magnetic pole structure,

and exciting coil 122. The write head 12W is such

that, in the running direction (the right direction of

FIG. 2) of the disk medium 11, a trailing-side
magnetic pole structure 121 is set at the rear end
side and the main magnetic pole 120 is set on the

leading end.

The main magnetic pole structure 120 is comprised

of a soft magnetic material of a relatively high

magnetic permeability, allowing the excitation of a
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The magnetic head 12 is conprised of a structure
mounted on a slider, not showmn, with the wite head 10
12W and read head 12R separated. The read head 12R is
constructed of a read only head and, normally, a GWR

(gi ant magnetoresistive elenent). Wite head 12Wis
conprised of a single pole type head suitable to the
per pendi cul ar magnetic recording 15 and has a main
magneti c pole structure (recording nmagnetic pole
structure) 120, a return yoke having a trailing-side
rmgnetampqmile:tsltamotmtee IEgn&ore eSiporfli gry tosponding to a
auxiliary magnetic pole structure, and exciting cojl
122. Wé:%qltféf%otpl%wri% SHRHPD THare G i co+l 122.

running direction (th ht directi

t he dﬁ%l@%cﬁﬁﬁﬁeﬂé etf? q??rhtg stde’ Oﬁagﬁeﬁet lfz“) i,
structure 121 |s SE t. at the g t
nalntﬁhgﬁﬁlc bol & RS seT%ﬂ‘éﬁgg f%agLng en %m g “YPe
The nBiNL r@%ﬁ%g&&pl&fﬁgwtﬂ&ﬂ%%é Wdée&f @{e disk

a soft nagnetic nater of a relatively high

nmagnetd & perimeabl lidyedl 4 OW g the: exsdiatdon ©f a 9
per pendi cular wite nmagnetic field corresponding to a

Wit ec elH@ntaf | ovagg. t hrough the exciting coil 122.
In the present enbodinent, as will be set out bel ow,
the mai n ndgnet i dapoeel st Pate uberdoufrs) of such a type

5 that the bottom surface facing the surface of the
di sk Referring to FIGS. 3A to 10, an explanation will

be made below about the structure of the main magnetic
pole structure 120 at the write head 12W of the
present embodiment.

FIGS. 3A and 3B are views showing a bottom
surface 120W, facing the surface of the disk medium
11, at the main magnetic pole structure 120 of the
write head 12W of the present embodiment. Further,
the bottom surface 120W may be worked to have a
triangular shape.

Here, those parameters on the main magnetic pole
structure 120 are: PW, the upper base width of the
bottom surface 120W; PT, the main magnetic pole
length, and PWB, the lower base width, as shown in
FIG. 3A. And, as shown in FIG. 3B, Ba represenfs a
bevel angle based on the upper base width PW, main
magnetic pole length PT and lower base width PWB.

FIG. 4 is a view showing that, in a state mounted

on the actuator 14, a positional relation of a read
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medium 11 is worked to have a trapezoi dal or

triangul ar shape. (Main Magnetic Pole Structure)
Referring to FIGS. 3A to 10, an explanation will 10

be made bel ow about the structure of the main magnetic
pol e structure 120 at the wite head 12Wof the

present enbodi nent. FIGS. 3A and 3B are views show ng

a bottom surface 120W facing the surface of the disk
medium 15 11, at the nmain magnetic pole structure 120

of the wite head 12Wof the present enbodi nent.

Fur t lkéremertthel 38t tofm St fered 100 nedR bR shid? Kieeo oSur face
have a triangular shape. Here, those paraneters on

the el migriets Pt éﬂa%%@ﬁ (RILF 5 ADEF B s %@/9 %%“ the

upper  base wdth of_th bottom surface 120
mai n Feghetg Pl e 11 Z}’anlfll'eﬁ;j‘?ﬁisc ‘ﬁ% Fov & %rssé "Ere

wi dt h F

Ba r &pt elsneenigfwawr}i ]%e 1{‘2@3 cij on the u%%%ré%aesg%ere'
Wi dt by LV Pl 1y 29 ﬂ@&f‘ﬁlrﬁc P End &not fe PT-20d | pM€K of the
base width PMB. FIG 4 is a view showing that, in a

st at gy ountrach g orew hies acdphod 9Enddd 1oy mmztamatthe magnetic
relation of a read 10 elenent 120R of the read head

12R atwhdotiduh suf faoe rd20Wedd t heR ney nMR@gneti ¢ pol e
structure 120 over the disk medium In FIG 4,
respecti vepee anet eggnarel, the magnetic track width MWW

and upper base width PW of the main magnetic pole
structure 120 have a relation of (MWW Z PWJ. And the
magnetic read width MRW and read width RW of the read
element 120 have a relation of [MRW Z RW). And the
magnetic head length of the write head 12W and main
magnetic pole length PT have a relation of MT = PT.

In a state with the skew angle Ha given to the
magnetic head 12, as shown in FIG. 4, eMWW represents
the effective track width relative to the magnetic
track width MWW, and eMRW, the effective read width
relative to the magnetic read width MRW.

(Main Magnetic Pole Structure and Variable Track
Pitch Configuration)

In the write head 12W of the present embodiment,
even if the skew angle Ha becomes larger by working
the bottom surface 120W of the main magnetic pole
structure 120 to a trapezoidal or triangular shape and
giving the bevel angle Ba as set out above, the

effective track width becomes larger as will be set
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defined with a skew angle Ha given in the case where,
5 over the disk nedium the nmagnetic track w dth of
the wite head 12Wis represented by MW and the
magnetic read wdth of the read head 12R by MRW
Here, in general, the magnetic track width MW and
upper base width PWof the nmain magnetic pole 10
structure 120 have a relation ofl[ MW ? PW. And the
magnetic read width MRWand read width RWof the read
el ement 120 have a relation of rMRW? RW. And the
magnetitc drelany | erfyttefofre hiet wrd teo $reidel & 200 afRE hed 2
magnetic pole length PT have a relation of M > PT. 15
In a St i 13 Heskidw angl e 1P diVerP et mend, the
magnetic head 12, as. shown in FIG 4, eMMWrepresents .
Uhe e 15e15 stk W UTES el 3T%e (1'% HE Fhghbt e Bortor

etic

track wdth . a t LV ' 120
Cror LA M 0 ST R i L e
Magnetd ¢ uctiir e ands vakiabte frackenPidedheric
Confilgéurdaét:)%&;] Cﬁ]'t e vvrlteSlhead 12W of the pres%?ﬁ :

enbodidentqin@&veibdhi they skew angl e Ha becones | ar ger
by working the bottom surface 120Wof the main

magneti c pohe @2beséfitcénibedlROnt opaotidpezeoi dakiaple track
triangul ar shape and giving the bevel angle Ba as set

out abbveh stheucedfecfdéverezhiking d hhbeleoresriak gepcording
as wll be set - 11 out below, therefore it is ,
possi@ﬁ@si@yrégflkewggle maintaining a magnetic recording

capacity.

In more detail, with MWWO, MRWo and MT
representing the magnetic track width, magnetic read
width and magnetic head length, respectively, when the
skew angle Ha = 0°, the track pitch Tp is set as

indicated by an equation (A) bellow.

2Tp==MWWb-cosHa-%MTVlﬁ-tan2Ba-sin(Ha—-Ba%%MRMb-cosHa'°'(A)

provided that, Ha = Ba

Or the track pitch Tp may be so set as to satisfy
the relation indicated by the following eguations (B)

and (C).

MWWy - cosHa + MTY1 + tan? Ba -sin (Ha — Ba) + MRWy - cosHa < 2Tp - * * (B)

2TpSDWWb-cosHa+MTV1+tanzBa-sin(Ha—Ba%%MRWycosHa+60

..(C)

provided that, Ha = Ba
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hi gher track density. If, on the other hand, the

bevel angle Ba is nade |larger, the area of the bottom
surface 120Wof the main nmagnetic pole structure 120 5

i s decreased, thus causing a fall in the magnetic
recordi ng capability. The present enbodi ment provides

a variable track pitch structure for realizing a

hi gher track recording densttylZTPt) while

mai ntai ning a magnetic recording 10 capacity. In nore
detail, with MMWO MWD and MI' representing the
magneti ¢ tBacke e dt hpgnegnEi¢e. reéato W dt anaagplanation
magnetic head | ength, respectively, when the skew

angl eviHal 9 madre hehek Freeh TheiRreeesascisderiving an
i ndi cated by an equation (A). be|llow. 2Tp=MN\OcosHa+MI .
1+tam¢mw%wm@%g Yoy Lopr TR ¢ haE, TERCK piten
Ba O_the track pitch Tp rmay be so set, as to saf]

20 (1P raichy TSP G B GBI e 1L | ove Tt Sauat panLie pote

(B) gpg gg% NM%? cosHa+MI 1+t an2Ba sin (Ha-Ba)+VRWO
cosHa<-2Tp. %S " 2Tp<MWAOc os Ha+MT
1+t an2Basi 4 Han B +MRWEEOS He 60 e (£ gnBE O¥i dedckhatach Mww

Ha ? Ba 12 By referring to FIGS. 8 to 10, an

expl anad 199 calculated from cos (Ha) when the magnetic
track width = MWWy at Ha = 0°. Thus, the bevel angle
Ba of the main magnetic pole structure 120 and
magnetic head length MT can be expressed by the
relation shown in FIG. 9.

As shown in FIG. 10, the following equation D of

calculating the effective track width eMWW can be

derived from the relation between the skew angle Ha

and the bevel angle Ba.

eMWW=DﬂW@-cosHa+MTVl+tan28a-sin(Ha—Ba) <+ (D)
When the effective read width eMRW can be derived
as the following equation (E) from cos(Ha) when the
magnetic read width = MRWg at Ha = 0°
eMRW=MRWq*cosHa .. {E)
Here, the effective track width eMWW can be
derived from the following equation (F) at Ha > Ba.
eMWW=MWWq-cosHa ... (F)
provided that, Ha>Ba
When, on the other hand, the skew angle Ha = the
bevel angle Ba, the pole of the main magnetic pole

structure 120 projects cut to an extent given by the
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wi |l be nmade bel ow about the process of deriving an
equation show ng the relation between the track pitch
Tp and respective paranmeters of the main nagnetic pole
5 structure 120. As shown in FIG 8, the magnetic
track width MWW can be cal culated fromcos (Ha) when
the magnetic track wwdth = MWD at Ha = 00. Thus, the
bevel angle Ba of the main maghétit pole structure
120 and 10 nagnetic head | ength MI can be expressed by
the relation shown in FIG 9. As shown in FIG 10,

t he fiolllow imp existiiom D of calculating the effective
track width eMMWW can be derived fromthe relation

bet angl e _Ha._ 15 and the bevel angle Ba.g
eww@k//g RSN Tt GAoEad) n(Ha-Ba) (D) When the =’
effecé\#g\giag@dt}yg@,t ?aegb_/lg\é\/can be derived as the

fol | ow ng equation E) from cos(Ha) when the 20

magneti ¢ rgade yé didr = MY b cdlas = 9ve eMRVEMRYEXOSHR to
... (BE) Here, the effective track width eMAW can be

deri wegtk froomides f o d owa g eguaty ot M@t Heor Bae
eMNMNEMANNOcosHa ... (F) 25 provided that, Ha>Ba When,

on t hegwtthiern haid, albdree skelr ang)l eodaixl¢ heo, beyeah the
angle Ba, the pole of the main magnetic pole,

St r uCUHaEL APTS pfj extd out 1BV extientegrdeheby (Rhefor

setting the track pitch Tp. It is also possible to
derive the relation equations (B) and (C).
FIG. 5 is an explanatory view showing a practical

case of respective parameters applied on the present

embodiment and its associated track recording density.

Now suppose a disk drive 10 in which, as shown in
FIG. 5A, at a target areal density of 300 Gbpsi, the
radial value of a disk medium 11 is 15 to 30 mm, the
skew angle Ha is -13° for the radius of 15 mm, or 13°
for the radius of 30 mm, and the track group is
equidistantly divided into 20 zones.

In this disk drive 10, respective parameters of
the main magnetic pole structure 120 are set to be:

PW = 100 nm, PT = 300 nm, RW = 500 nm, MWW = PW + 30 =
130 nm, MRW = RW = 50 nm, and MT = PT = 300 nm.

Here, FIG. 6 shows a relation between the skew
angle Ha and an optimal track pitch Tp. The track
pitch Tp is calculated out from a relation equation
[2Tp - eMWW - eMRW > 40J. In FIG. 6, the solid line

60 shows the characteristic when, the bevel angel Ba,
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13 - follow ng equation: Ml |+tan2Basin(Ha-Ba) '(Q
provided that, Ha :-S Ba By the deriving process above
it is possible to 5 derive the effective track width
eMMW fromthe equation (D) above. It is possible to,
fromthe equations (D) and (E), derive the equation
(A) for setting the track pitch Tp. It is also
possible to derive the rel ati ohtequations (B) and
(©. 10 FIG 5 is an explanatory view showi ng a
practical case of respective paranmeters applied on

t he prresent tlentwdiarentoahdf tshagvool atagneaekeole
recordi ng densi tﬁl Now suppose a disk drive 10 in

whi clEtascshont iy B d SAO%tt"aet%‘?l'g%‘f G “d“e%s?%ted

f 300 Gop th 15 radi al f di.s
't 151 F0L IO The Sk BT o HE T & 43 %feﬁ et edie e

radi us ng 1 howal:% .t tge {@éjlyg @}g O@ngs

the track group equi distantly di vi ded |nt02
zones. o d & 4y Slr@“é %é/eoéoa Fespectdyve paMeless ogle

20 the mai n rmgnetlc pol e structure 120 are set to be:

PW =00, yun e 4390 meai W F1 500 nm MAW = PW + 30 =
130 nm MRW= RW= 50 nm and MI = PT = 300 nm Here,

FIG 6 shoas @éhsehathonibet WBenif heaskew =angyl ecéacahation
an optimal track pitch Tp. The track 25 pitch Tp is

cal cul attreziouto foloma an rehat $one esjuafdon capacity when the

variable track pitch is not used, then the average
linear density (kBPI) and average track density (kTRI)
become 1459 kBPI and 206 kTPI, respectively. When, on
the other hand, the variable track pitch is used, the
average linear density (kBPI) and average track
density (kTPI) become 1341 kBPI and 224 KkTPI,
respectively.

Likewise, at Ba = 9°, when the variable track
pitcn is not used, then the average linear density
(kBPI) and average track density (kTPI) become 1397
kBPI and 215 kTPI, respectively. When, on the other
hand, the variable track pitch is used, the average
linear density (kBPI) and average track density (kTPI)
become 1317 kBPI and 228 kTPI, respectively. That is,
the difference of the linear densities whenr the
variable track pitch is not used is 118 kBPI. When,
on the other hand, the variable track pitch is used,
the corresponding difference is 24 kBPI only. If the

variable track pitch is used, a higher track density
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[2Tp - eMW- eMRW> 40]. In FIG 6, the solid line

60 shows the characteristic when, the bevel angel Ba,

14 one of the paramators of the nain magnetic pole
structure 120, is 7. On the other hand, the dotted

line 61 shows the characteristic at the bevel angle Ba

9. As shown in FIG 6, the track pitch Tp is 5

constant in a range of a relatiVvely-small skew angle

Ha over the di sk nmedium 11. As shown in FIG 5B, if,

at Ba = 7, calculation is nmade to obtain the sane

sur f ac®P Papawi tiye whelhi e hed whthabt egtyaek phycheiathpe high
used, then the average 10 |inear density (kBPI% and |
aver RV I derBity TRIRIIS, bekohe Hﬁ%@*kRJB‘PI AnAP2HE" 2
kTPl , respecti ot her han

var i abt® t?%%%rihg%ﬁxm%sh%%dWlT%%Uta%é?%@bnglﬁ%%radverse
donsid Y lbBH ngkﬁ%@ﬁea@i%tﬁeagwnga{iydggﬁmdp&ﬁow

1341 % res ec i Ve Kew se

9, MhﬁfGth¢ ¥§5 QbLeV£L§§5109'5§hth§ peLcWs@dnsity
then the average linear density (kBPlI) and average

track(gensity {kdPtaqabesoaerd307on kPl taadda24k kd®lum. In
respectively. Wien, on the other 20 hand, the variable

trackepit ch, i sheised tédiel aver ageshodwnedne dengrayteristic
(kBPI') and average track density (kTPl) becone 1317
kBPI 'ameh 228 kTPt {alpbgpece¢vepytciThas net uspd, that is,

difference of the |inear densities when the , _
the track pitch is constant. And the solid line 70

shows the characteristic when the variable track pitch
is used. As indicated by the solid line 70 in FIG. 7,
a given high track density is involved at an
intermediate circumferential portion of the disk
medium 11 in a relatively small skew angle Ha range,
and a track pitch is set variable at those inner and
outer circumferential portions to allow the track
density toc vary.

As set out above, a track structure is realized
based on the relation equation (A) and equation (B) or
(C), that is, it is realized with the use of a
variable track pitch Tp, taking into consideration the
skew angle Ba and bevel angle Ba over the magnetic
head 12 which is a parameter of the main magnetic pole
structure 120. For such track structure on such disk
medium 11, it is possible to achieve a relatively high
track density (TPI) on the disk medium 11 while

retaining a recording capacity of the main magnetic



10

20

25

variable track pitch is not used is 118 kBPI. When,

25 on the other hand, the variable track pitch is
used, the corresponding difference is 24 kBPI only.

If the wvariable track pitch is used, a higher track
density - 15 (TPlI) can be achieved w thout giving any
relative high bevel angle Ba. That is, it is possible
to obtain a high recording denkfty-wi thout exerting
any adverse effect on the nagnetic head 12 and di sk
medium 11. 5 FIG 7 shows a variation of the track
densiggole (sStRIYctiwre he radi us direction on the disk
medium In FIG 7, the dotted |line 71 shows the
characterlg@l%th%he%0¥%%fva?l%b@%rtP%c%c%+?%% ?shh%?er

used, that s tch st ant . th
sollcij% {F%h8§éﬁ d%é?ﬁ%?%?l% ?% ﬂﬁ% the fn the
variable tr itch

sol i &Tie’ Cu na"filC gl{‘]étluéepe(\zléﬁd£ﬂg r ac %%%Igssurface

i's i nyvolyeds aéhé‘r}rairmﬁéﬁgﬁ% e&idcunferentdal 20 is worked

portion of the disk medium1l in a relatively snal

skew @ e Habd 200€a1 16r anghi and i ek Phisd ts sebvide a
vari able at those inner and outer circunferentia

portimnsel camdlovB4 hendy ack ddemsi ¢y, teovemryf Asrskdtively
out above, a track structure is realized based on the

r el athiogh etq@meel omng¢ly Badisgquatipro(Bjedr 1R0igQyossible to
that is, it is realized with the use of a variabl e

tr ackagh ieve Tphe t akepRr | BE@CkoRSTeEr At { BRI et the variable

track pitch on the disk medium 11. It is to be noted
that, if the skew angle Ha is lower than the bevel
angle Ba, the track pitch Tp may be constant.

According to the present embodiment, for the disk
drive using a perpendicular recording system write
head having a bevel angle given by working the main
magnetic pole structure to a trapezoidal or triangular
shape, it is possible to achieve an effective variable
track pitch configuration without lowering a
perpendicular magnetic recording capability and to
achieve a high track recording density.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general inventive concept as



skew angl e Ba and bevel angle Ba over the magnetic
head 12 which is a paraneter of the nmain magnetic pole
structure 120. For such track structure on such disk
25 medium 11, it is possible to achieve a relatively
high track density (TPI) on the disk medium 11 while
retaining a recording capacity of the main magnetic 16
- pole structure. In other word$/ in order to achieve
a higher track density (TPlI) at a higher skew angle
Ha in the perpendicular magnetic recording, the

bot t ote Surddcey 5c1Q0ApoEndde ehd hngragnet Fiepol equivalents.
structure 120 is worked to a trapezoidal or
triangul ar shape to provide a bevel angle Ba and, by
doing so, even if a relatively high bevel angle Ba is
not provided, it is possible to achieve the higher
track density (TPI) at the variable 10 track pitch on
the disk nmedium1l. It is to be noted that, if the
skew angle Ha is |l ower than the bevel angle Ba, the
track pitch Tp may be constant. According to the
present .enbodi nent, for the disk drive using a

per pendi cul ar recordi ng systemwite 15 head having a
bevel angle given by working the main nmagnetic pole
structure to a trapezoidal or triangular shape, it is
possi bl e to achieve an effective variable track pitch
configuration without |owering a perpendicul ar
magneti c recording capability and to
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20 achieve a high track recording density. Additiona
advant ages 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 representati ve enbodi nrents 25 shown and
descri bed herein. Accordingly, various nodifications
may be nade w t hout departing ftdmthe spirit or
scope of the general inventive concept as - 17

defined by the appended cl ai ns and their equival ents.
18 - WHAT IS CLAI MED | SIHAL IR dISKMED ViéS :conpri sing: a
di sk medi um configured to all ow perpendicul ar

magneti c récordi AgSksdaiHagRerPELfRedd: configured to

include a read head for reading qut perpendicular,.
magneti c r%cgfﬂgdmﬁﬁfﬂm ?PB%%?ngaigﬁ ﬁég?ﬁnPgﬁaegdlcular
wite head for_ ef ing the perpendicul ar magnetic
recor%ﬁ%@e%ﬁ Or?%é§§%$€, medi um said wite head

having a ngiﬂaaﬁgg§5iHeQQl@oﬁ@i?&E@@tHBeiﬂﬁﬁhd@ Rottam nead

surface forned™to a trapezoidal or triangular shape

and fagingedhendi ske pBdbentiantad hQ§AsYitypecorded data
actuat or having a nounted nmagnetic head and

configusedci® dbye médowveratdea divsktaedeacn for d6facting

radial direction, in which those tracks recorded by
the perpendicular magnetic recording onto the disk
medium, said write head having a main magnetic pole
structure with a bottom surface formed to a
trapezoidal or triangular shape and facing the disk
medium; and

a rotary type actuator having a mounted magnetic
head and configured to move it over the disk medium in
a radial direction, in which those tracks recorded by
the write head on the disk medium are such that, with
respect to a bevel angle defined relative to said
bottom surface and a skew angle of the magnetic head
located by the rotary type actuator over the disk
medium, a track pitch set based on the size of said
bottom of the main magnetic pole structure, skew angle
and bevel angle is variable in a radial position over
the disk medium where the skew angie Z the bevel
angle.
2. A disk drive according to claim 1, in which,

in a radical position over the disk medium where the

skew angle is less than the bevel angle, the track is
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the wite head on the di sk nmediumare such that, wth
respect to a bevel angle defined relative to said
bottom surface and a skew angl e of the magnetic head

| ocated by the rotary type actuator over the disk 20
medium a track pitch set based on the size of said
bott om of the main magnetic pole structure, skew angle
and bevel angle is variable tn &9radi al position over
the di sk nmedi um where the skew angle ? the bevel

angle. 25 2. A disk drive according to claiml1, in
whi chgo dan fal gk ¢ at hpost t4 ofr avierp then di ke oregi am? -
where the skew angle is |less than the bevel angle,

the track ¥s A1@15§00%bﬁ$|@%?%Hd%%%tt?h%l%+%ck p??c%thh
'S consta I sk drive according to cla

whi GHELY ”WWI;%%%%%W'%@"%G%% (T W dih o

Of tﬁggn i'c reé@gﬁxhﬁﬂ t$§%ﬁ §M% %? %ﬂ;qu

mgn%é&ie‘hle@dréﬂgﬁ*b@{ Shecpei E@acﬁ‘er@ad angr Tpa Ragnetic

track pitch Tp, the track is so conflgured as to

sati sfaad Neendoh | Ot eppptd oncadO TP To MYQ r£o8 Hacch
+ Ml 1 +tan2Ba -sin (Ha - Ba) + MRTn' O cos Ha (H

provimed tHatt rddak ?i Basdl. con i skrelt | v accoxtdi a1y tohe
claiml1l, wherein, wth MM representing a magnetic
trackfaiiiof ¢edeatiwite head at. a skew angle Ha =
0; MRWDO, a mmgnetic

2Tp==MWW3~cosHa4—MTVl4—tanzBa-sin(Ha-—Ba%%MRWQ-cosHa'°'(H)
provided that, Ha = Ba

4, A disk drive according to claim 1, wherein,
with MWWy representing a magnetic track width of the
write head at a skew angle Ha = 0°; MRWp, a magnetic
read width; MT, a magnetic head length of the write
head; and Tp, a track pitch, the track is so

configured as to satisfy the following equations:
MWNycosHa+MTV1+tanZBa-shnﬁa—Ba%+MRNycosHa$2Tp'“(I)

2Tp < MWWy - cosHa + MTV1 + tan? Ba - sin (Ha — Ba) + MRV - cosHa + 60
*+(J)

provided tha%, Ha = Ba

5. A magnetic head avplied to a disk drive using
a disk medium allowing perpendicular magnetic
recording, comprising:

a read head configured to read out perpendicular
magnetic recorded data from the disk medium; and

a write head configured to effect perpendicular
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read width; MI, a magnetic head length of the wite
15 head; and Tp, a track pitch, the track is so
configured as to satisfy the follow ng equations: MA
-cosHa+Mrl +t an2Ba-si n(Ha-Ba) +MR[rb -cosHa: -2Tp(I)
2Tp<MA nb -cosHa+MI 1+t an2Ba- si n( Ha- Ba) +MRt - cosHa+60
O..(J) wprovided that, Ha ? Ba 5. A nmagnetic head

applied to a disk drive using @&0disk nedium al | owi ng

per pendi cul ar magnetic recording, conprising: a read

head configured to read out perpendicular 25 magnetic

r ecorveinelat@ feomdheg bkt nedd iek Bedli@cw seedhergte head

configured to effect perpendicul ar - netic
reccwcﬁY&PQnﬁtW%#Hl%%g%%d+%n?o%%lﬂtﬁH?F%rﬁegdthh%v?ﬁbtom

a main net# ole structure with a bottom sy

ks ;

fornéﬁ*? &t i oAl @ or” ???%%bﬁ?%rogh%rlan
facin evef A S @ﬁ '&f&kamg N Wi ch, 5 HBEﬁSDQEEh respect

to a angt e defined a e to sald otto

surf ace @rwe@eﬁk%@@%@fm@@t edi pvercthe dhsk pedtsm

t hose tracks recorded on the di sk nmediumare forned at

a vardabtecpidcd dnsaewaghgle postiten onethendi sksk medium,
medi um where the skew angle ? the bevel angle, the 10

si ze ioc¢hethttomswfded of the dash magheni grpofermed at

structure and bevel angle matched to the track Eitch
are setvariable pitch in a radial position on the disk

sﬁape

medium where the skew angle = the bevel angle, the
size of the bottom surface of the main magnetic pole
structure and bevel angle matched to the track pitch
are set.

6. A magnetic head according to claim 5, in
which, with MWWy representing a magnetic track width
of the write head when the skew angle Ha = 0°; MRWg, a
magnetic read width of the read head; MT, a magnetic
head length of the write head and Tp, the track pitch,

the following equation is satisfied:

2Tp = MW - cosHa + MTV1 + tan?Ba -sin (Ha — Ba) + MRWg - cosHa * * *(K)
provided that, Ha = Ba

7. A magnetic head according to claim 5, in
which, with MWW representing a magnetic track width
of the write head when the skew angle Ea = 0°; MRWgp, a
magnetic read width of the read head; MT, a magnetic
head length of the write head; and Tp, a track pitch,

the following equations (L) and (M) are satisfied:
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6. A magnetic head according to claim5, in which,
with MWD representing a magnetic track width 15 of
the wite head when the skew angle Ha = 00; MRWO, a
magnetic read width of the read head; MI, a nmagnetic
head I ength of the wite head and Tp, the track pitch,
the followi ng equation is satisfied: 20
2Tp=MNAOcosHa+MI' 1+t an2Basi nf Ha2 Ba)+MRWOcosHa ... (K)
provided that, Ha ? Ba 7. A magnhetic head according to
claim5, in which, with MNAD representing a magnetic

track width of thg—mr%igjhead when the skew angl e 5@ L
= 0; WeDcosHaralRet ird & &fvﬁldﬂﬁamBét)ﬁéVlﬁ—V@a&Oﬁ%éoﬁ, cprtll
NI T, a magnetic 25 head length of the wite head; and
Tp, a track pitch, the follow ng equations (L) and

(. BRI CEaraea T {75 3o Vvikb & EE?RK}?‘QOSHMO

| +t an2Ba sin (Ha-Ba)+VRVb cosHa+60 5 ... provided...(y
that, Ha ? Ba

provided that, Ha = Ba



