.e3e22\pl86nT<r . . . °, - 1 TITLE OF THE | NVENTI ON MAGNETI C RECORDI NG
HEAD, HEAD SUSPENSI ON ASSEMBLY, MAGNETI C RECORDI NG APPARATUS,

HEAD, AND MAGNETI C RECORDI NG AND REPRODUCI NG APPARATUS 5 BACK wuk
I NVENTI ON This invention relates to a magnetic recording apparatug, such as
a hard disk drive, and a magnetic recordi ng and reproduci ng appard?ﬁ?. Thi s
invention further relates to a magneti c reélcordi ng head, a 10 conposite
head, and a head suspensi on assenbly used in the magnetic recordi ng and
reproduci ng apparatus. Mre particularly, this invention relates to a
vertical recording head and a na{fbEi OFr #&8r ANMENEAONr epr oduci ng appar at us
using the vertical recording 15 head. In recent years, the vertical
magneti ¢ r ecor MhGNERIGOREGGRDENG r Beded BERBNPVORENRIPNeASSBMRL¥al fiel d

related to nagnetic recording and reproduci ng aﬁgaratuses. In_ a vertical

F ecor di ng di Sk MAENETIE { REGORBINGERARRALE! CEONBOSSEE AHEAD, AND
single-nagnetic%gole recording head éor wite head% and a 2-layer vertical
recordi ng di sk HeE Gk C TRECORPING AR REERPPYELNF dPREABRERS medi um has a
soft magnetic | ayer between I \ ( i,cal magneti zed

| ayer) ang 25 the substrate.%ﬁ%ﬁg&ﬁuﬁ%aﬁ%#ﬁc recordi ng system
using a ring head, o the magnetic field | eaki A faL the gap
in the wite head caEL%S éﬁgﬁpgéoPorgiFgg%rggné %%gPS%FblﬁeégﬁF%g t, in the
vertical magnet] _ in t hod si:allaot the_proneti kelkd

pr oduced fron1thép%ggg?%fnguggg%gt?cﬁ%gpehé iSd? Xgéiﬁg e?n%éﬁg%ic-pole

head can be appligdrliontngndotbpPBaleihg hayatallist heThesok di-ag-medi um
Therefore, the vertical "magnetic recording nethod can achi eve a hi gher

recording effictepgyrtibaRethech a0akt vdi BahafBaneti ecteeat dgngerat had. 10
Norrmal |y, the magnetic nonent of the nmagnetic pole piece of the wite head
i s designed so asmposite hend} tandt hehsed susasnaiwvhokesehbMgveasedwhen t he
behavi or of the nagnetic nonent becones unstable, the residual
magnet i zati on conpbhenmnapnethe decectiog ehdlBephedmedngmepaardéusl-op i n an
unrecording operation. In the vertical magnetic recording nethod, the
effect of the r¥Merdumnhrivaguéeir2zsti ShisoApysatitonsrglases Epen if the

resi dual magnetizati on_conponent in the direction of the nmediumis very
‘smal |, the magn¥ertigplf rerargivgubeads e ehBagRGHAC Eepordiptecdd s
applied to the nediumat a relatively | arge magneti ¢ flux densjty. A case
has been reportEﬂpﬁﬁ@PélpﬂeaPHPSPﬁﬁ?iHﬁlpgcﬁpﬁeﬁe5ﬁlFﬁé FEGRERNREs er ased
because ?% such, a ﬁhenonenon. 25 In recent years, there have been strong
demands war d HF@ ér recording density. To neet the demands, the data

track width of the digk ediumAas jbeen vérﬁ;céfﬂﬁé 1Y QI rdin

Therefore, it becomes difficult to forma stable magreti ¢ domai n stﬁhcture

di vi ded by-”agnﬁE%ﬁoﬂahE§’aﬁkEac%Qﬁ Lesldht ibhat nt ke beawnaricaf fikag
magnetic nonment is liable to be unstable. 5 Mreover, since the tip of the

recor di ng magneteg apebe tof nhhfewikt echeading shapeddrdéacdmeegie~ t he

resi dual magneti zati on conponent heading toward the nediumis liable to
devel op becauseratuksks .shdape amwgaetiice latiesoiddpyy, ddfske ifivrd, hert | ncr eases
the 10 possibility that the information recorded on the mediumw I | be
destroyed0 Rel atied coenbni guesthaee theeseedias cliogde-maghatidPgtoleAppl n.  KOKAI
Publ i cati on No. 3-113815 (reference 1). This reference has discl osed a

met hod of contr sleco3dingg hield regneattiidedde@idl snduct dd aera weagrieatale

recording disk medium. The 2-layer vertical recording
disk medium has a soft magnetic layer between a
recording layer (or vertical magnetized layer} and
25 the substrate.
In the longitudinal magnetic recording system

using a ring head, only the magnetic field leaking

G
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.head, in such a manner that the nmagnetic domain of the magnetic filmis
controlled by form ng a shall ow groove in the magnetic pole magnetic film
The techniques of the reference are applicable to a 20 singl e-magneti c-pol e
head. Use of the groove suppresses the novenent of the nagnetic wall caused
by the application of an external magnetic field, which assures stable
recordi ng and reproduci ng operations. Al though the track wi dth was about 50
m cronmeters 25 (50,000 nanoneters) at the tine when the reference was

di sclosed, a track width of 0.3 mcroneters (300 nanoneters) or |ess has
recently been reabhzede gap #n Therefote, héhe physbeakpptat@stand various
character istics related to nagnetic recording and reproduci ng operations
at that tine di&feecgrémnyymédbomt helpr esphtastpesinThat vsrtibelsi ze of the
magnetic 5 head described in reference 1 is larger. FIG 4 of reference 1
shows the resulthaghebbserecogdihe methodseaﬁmapEdaléfbﬁxthagm&ghetaonain
(closure dommin) divided by magnetic walls (boundary lines in FIG 4) by
the Bitter nethbiel@eproducedlifhan thesherprdhng maenebidapPdh of such a
reflux magnetic domain &closure domain) realizes a state where a magnetic
flux willSnot |BRBR &Lk %Iémﬂﬁpé*éécrﬁelﬁabﬁétil e2haPesamByéed| Rocontrast, the
size of the magneti ead 15 relaied to % ghgresent invention is much

smal | er than the? ﬁa@ﬂEFl%aﬂEEHle PEFEr 8hc T¢HBSS lPHemﬁﬁiBmof t he

magneti c donaln oun ¥ (gﬂ ﬁkne $S of the nmagnet.i cnmall bs of the
order of severaf ?Eﬁ 05 BnEPEFESF - cRAHBE HE T ﬁ8F8a i PRtPREpect to the

o1 7e 20 of the thg QlailGorecRidhag JRIORLoPaLe: cTRLE! oren the monetic

head has a nagnétic s racture ere anges

di rection contlﬂgﬁg§£ﬁdiﬁggeﬁgaa%t§cs%%Eéggaéﬁgﬁgghggmhere the nagnetlc

domain is divide y magnetic t he residual

nmagneti zagi on CO”ponQBEmbil?rOQH%eﬁa%ﬁe%l%Uﬁbh%nkob%t%%@ %Bg%@%l%ﬁgnetlc
nonent, not by a change in fhe magnetic domain structure caused by 5

the novenent of pbhe prebetbe wakl srivei BBatessl Hesiignadskat aswhere the
magnetic flux is liable to leak irregularly. Even when the size of the tip
of the magnetictd polirthad ghet madiéhmses towhbéet hi Ehwessrof whiee thgneti c
wal |, the erasure of the recorded information by the residual magnetization
conponent in theedavéori ofi dhet hegnedignmamensupprosesdubytiribden fb&sures.
Recently, however, the track width has 10 beconme narrower than 300

nanonet ers, witheshdupdsubrenehieaiipnf epmrensnteiastine gharstanenofaused by
|rregularly | eaked magnetic flux has been observed. Thus, it becones

i mport antSto takBendg aP@sC§§a¢ﬁ§?lPPuknlé&k&@ée§§F§énﬂr8&@6@5@P§1 of the

d 15 As d bed abav I
anct ¢ dom! 1o g ek, Agadseel et abale, L g SIS il
R R R Oeggg%nggﬁra%'ggg -3 S0 great
e or

that the infornmdtion 20 recor n-thé umis era changed.

Wen the track w ﬁ. Stﬂ‘ad%e@%hwhlepﬂem'aﬂ% pp%%%fttx of §¢Q di ng,

such a problemis Ie to arise fore, suitableée neasures to cope

wi th the probl eauh}@\é%lgﬁeafd%wer fddidd BRI B SUMMARY Ot nEHE AgNENH ON
According to an aspect of the present invention, there is provi ded a
”HgnetlCZOGCOYdEﬂ@lHE@Qoduced from the magnetic pole piece is applied
to the medium at a relatively large magnetic flux
density. A case has been reported where the informa-
tion recorded on the medium was erased because of such
a phenomenon.
25 In recent years, there have been strong demands

toward higher recording density. To meet the demands,

the data track width of the disk medium has been



.- 6 ,which records information on a recording nediumby a vertical magnetic
recordi ng nethod, the magnetic recording head conprises a magnetic pole

pi ece which generates a recording magnetic flux perpendicular to 5 the
recordi ng surface of a recordi ng medi um and whi ch includes a side parall el
to the track width direction of the recording nedium and a concave part

whi ch is made concavely in the side parall®l t0 the track width direction
of the recording nmediumso as to have 10 a | ongitudinal direction parallel
to the recording surface, with the length of the nmagnetic pole piece in the
track wi dth di reettbngofatheweecor Thage iedeum bebagorgaadifHiOudt

m croneters or |ess. BRI EF DESCRI PTION OF THE SEVERAL VI EWs OF THE DRAW NG
15 The acconpany® nfodnaai sigablenhatnereci dowapor atedctnrandivodstitute a
part of the specification, illustrate enbodi nents of the invention, and
toget her with tihe medeebicdestisptwbhhgibenrabule ahdtt hbedeehpvedr
description of the enbodi ments given bel ow, serve to 20 explain the
principles of t®f thochagbatiF mpmentsiy pépbpectpvieeviB@tablan enbodi nent
of a magnetic di sk apparatus according tqo the present invention; FIG 2
schematical |y SHOWBORCEectbPCPoliat EoP Pheths APSRIAEBEURPIRERIRIG 1; FIG

3 . . howi i nal i - pol cal o
hhd mpd”‘”pf 1of"% e%‘ri‘?sa@%&gﬁ% ?E%%%'?iaF%gSn_ééétséfé?rF&%CZ;' ti
S i S [

recordi ng hegd %§¥§$§553@ggxég£§g§9§§ %8% %géggtﬁgéggﬂgmﬁggggaf?bgg

enbodi ment  of t:ﬁﬁ{rg@ng%wﬂi@ Eheﬁsvéio FpELGusd: oF! &sﬁshtaﬁgugraph

showi ng the resu Ining the magnetic pole pleces (w t the

concave part 1003 gRét$anphesbBYob?, SRARLR ENrthBrTaRkeecdswit Rpdi sk 10 (A)
and neasuring the positioning error and the nunber of repetitions of

recor di ngo and rp@s@ﬂy@ima¥ Eh&: ¢hesiargeapRlishowengrbba basuhk of
conbi ning the magnetic pole pieces (wthout the concave part 100) of sanple

(i) to sanple (mgdiomTable Bewdébtdogkdl5 (A) and neasuring the positioning
error and the nunber
Related techniques have been disclosed in Jpn.
Pat. Appln. KOKAI Publication No. 3-113815 (reference
1l). This reference has disclosed a method of control-
15 ling the magnetic domain structure of a magnetic
head in such a manner that the magnetic domain of
the magnetic film is controlled by forming a shallow
groove in the magnetic pole magnetic film. The
techniques of the reference are applicable to a
20 single-magnetic-pole head. Use of the groove
suppresses the movement of the magnetic wall caused by
the application of an external magnetic field, which
assures stable recording and reproducing operations.
Although the track width was about 50 micrometers
25 {50,000 nanometers) at the time when the reference

was disclosed, a track width of 0.3 micrometers

(300 nanometers) or less has recently been realized.



.of repetitions of recording and reproducing; FIG 8 is a perspective view
showi ng the magnetic pole piece 31 of the wite head used in conparative
exanple 3; 20 FIG 9 is a graph showi ng the result of conbining the
magneti c pol e pieces (wthout the concave part 100) of sanple (c') to
sanple (f') with disk (A) and neasuring the positioning error and the
nunber of repetitions of recording and tepfoducing; 25 FIG 10 is a graph
showi ng the result of conbining the nagnetic pole pieces (wth the concave
part) of sanmple (¢ " ) to sanple (h " ) and sample _ g _ (1" ) to sanple
(n " ) with di skhé¢Arfand, neasuphpgithe posiéksoahdgveriousaoHathetaunber of
repetitions of recording and reproducing; FIG 11 schenmatically shows the
direction of 5 magheti cehvhedt tprodgnetiat reherdiiggeand pepeopirze¢eg3l of
FIG 5, FIG 12 is a graph showing the result of conbining the magnetic
pol e pi eces (w PherhtlienAcatetbart Fine dafpfres geeat}vt dremnphe (e" 6) with
disk (A) 10 and neasuring the osit(oning error and the nunber of
repetitions of PEBSPBFNGN&Ad rEbPBdaéinﬁ,eFﬁE?elsfi§h8 BPREBPELEi ve vi ew of
athird earodinﬁnt of the,ga%netic ole piece,31.in FIG 3. FIG 14 is a
graph showi ng t RB2feSGFFréPeesiRohBERTRRCENE ABgHBFPETpol Elfirefes (with the
concave part) of _.sanple (e"'.1).to s le (e’ 6 i th disk ) and
nmeasuring the pBEiFgEﬁFﬁ Cgr}o%hgwﬁ ?ﬁg ﬁﬁ%ﬁéF 8% &bﬁ@?yﬁpgnéﬁéf recordi ng
and reproduci ng; LD per t] Lew qf _a.fourth_20 enbodi nent of
t he magnetic poF%EEEEEé §§§P§dF$&?E§% é%%?gkgcigoggéLagﬁagﬁggfng the result

of combini ng thgofBIASt LevRaka Bgeﬁgg e%ghwgﬁﬁsCQBsexgaggr §1nak sanple (c
) to sanple ?n ) with disk ? and nmeasuring the positioning error
and the nunber 25 gfgrepgtbli eAs 8f tkeeondiRgqandreeR-adEei Aghaand FIG 17

is a perspective view of a fifth enbodi nment of the nmagnetic pole piece 31
in FIG 8o shown that the formation of such a reflux magnetic
domain (closure domain) realizes a state where a
magnetic flux will not leak outside unless the
magnetic walls move.
In contrast, the size of the magnetic head
15 related to the present invention is much smaller
than the magnetic head of reference 1. Thus, the size
of the magnetic domain boundary (the thickness of
the magnetic wall is of the order of several tens of
nanometers) cannot be ignored with respect to the size
20 of the tip of the recording magnetic pole. Therefore,
the magnetic head has a magnetic structure where the
magnetic moment changes its direction continuously
instead of a simple structure where the magnetic
domain is divided by magnetic walls. Consegquently,
25 the residual magnetization component is produced by

a subtle rotation of the magnetic moment, not by a

change in the magnetic domain structure caused by



.- g , DETAILED DESCRI PTION OF THE INVENTION FIG 1 is a perspective view
showi ng an enbodi nent of a magnetic recordi ng and reproduci ng apparatus and
a magnetic recording apparatus (herein5 after, generically called a
magneti c di sk apparatus) according to the present invention. The magnetic
di sk apparatus has, in a housing 1, a disk nedium 2, a magnetic head 3, a
head suspension assenbly (a suspension-ancd an-arn) 4 on which the nmagnetic
head 10 3 is nounted, an actuator 5, and a circuit board 6. The di sk. nmedi um
2 is mounted on a spindle nmotor 7, which rotates the nedium 2. On the disk
medi um 2, vari otisetypesmehtdbgi thé mlagaedie weatbdsdedhbyharweultealinmagnetic
recordi ng nmethod. The magnetic head 15 3 is a so-called conposite head. In
t he magneti c headsBate swshapéethagmeghetpol éluki e héablactordieny to the
enbodi ment of the present invention and a read head using a GWRR filmor a
TVMR filmare nounredubariyeconmon slider mechanism The read head uses a
shield MRT 20 reproducing el ement or the |ike. The head suspension assenbly
4 supports the magneEverhehgn3ths sder afnhhgeitithaf the magnetil€ head 3
faces the_recordi g surface of the disk nmedium 2. The actuator 5 sets the
magneti c Piead 3PPHealEtvERTESRpELPERBNtENtRRe CHISK RE G 5P6i a t he head
suspensi on assenbl% @. The iirggit board 6,fmg%ch has %n hea? | C, generates
a driving signal®fBftifie¥atfuatBf 8Tandre °f 1H° H°C8REFGI 1BEGREP for
perform ng read i C 1 f i . El 2
schematical ly SE2§§ ggség O?Q%%ﬁkg? %%Qﬁﬁgggggﬁonegﬁﬁ%PgePE EpG. 1. The
magnetic disk a r gt ; t ko t he
sector servo ne?ﬁgdéigggﬁl§%a§EGggéo#égggﬁdﬁgﬁ %ggﬁgﬁggeﬁgbgingg into

servo sectors 2¢.38drdata REEERESyZ3holBuERe $BEVEraekt Qfi g2, nhkack
positioning information has been fecorded. The data sector 23°is an area

for 10 regordi ngedpfler RREOIWELNERHAEBODNHhARBRELGRs, OdGeht BBl RE@ULTREI ON N
the servo sector 22 is recorded, it will never be rewitten. Wien the user

information is tehatrdednfobradaba seatarefl phenemendnngauiBeddat/a i s sought
fromthe positioning information in the servo 15 sector 22 and only the
information in itheegatgelydaeaksdcmepgnisicediliukt bas beenhebsesivedal

magneti zation | eaks fromthe magnetic head 3 in_ an unrecordi ng operation,

t he informati onTBASt hétt PaERMeS émRobEapEwEprt takeasieaspgeseggpingt t he

| eakage. When the information in the data sector 23 has been rewitten, the
information i n theXpapekpgeoprydaestPByeanikalngd fhceipgbetds drBadiher .
However, ghen thg information in the servo sector 22 has been rewitten,
the posit?oni ngS88UFHPEFmation is lost and therefore its influence is very

serious. Magnetic digk apRaratuges igue Reen GaNRLY Deresead?

magnetic recording head has disadvantages in that the
effect of the residual magnetization component in an
unrecording operation is so great that the information

20 recorded on the disk medium is erased or changed.
When the track width is made narrower to achieve high-
density recording, such a problem is liable to arise.
Therefore, suitable measures to cope with the problem
have been desired.

25 BRIEF SUMMARY OF THE INVENTION

According to an aspect of the present inven-

tion, there is provided a magnetic recording head



i nmproved. To record as nuch information as possible on a disk wwth the sane
area, it is necessary to increase the data recording density. Use of the
vertical magnetic recording nethod enables informa 5 tion to be recorded
wi th nmuch higher density. In the nmagnetic disk apparatus of the enbodi nent,
too, the vertical magnetic recording nethod is used. The di sk nmedium 2 used
in the nmethod has a structure where a underl ayer with soft magneti smand an
information 10 recording |layer with vertical magnetic ani sotropy are
stacked one on top of the other on a glass substrate or an al um num
substrate. Fl Gwiicls meperdpeihfoematton stwk ngeaogeineyg ahedbduhi lgur at i on of
t he singl e-nagnetic-pole recording 15 head used in the vertical magnetic
recordi ng et hodl. vahelgel twadieedic nceodeding mghkodc poeenpyretigl, a
recordi ng yoke section 32, an exiting coil 33, and a return yoke section
34. The nmgnet i EeFRTELIRG ckead 1COBPHERRF o | P2ghaped PPke Ripest Weéfbosed of
a soft 20 magnetic thin filmwth high saturated nagnetic flux density. The
recordi ng yoke $eRe¥ahe822 chRceht+RY cBagRgheti ELPKURSBReRAECHABReEPC pol e

iece 31._ The exiting coill 33 exgites netic flux by the applied
Pecor di ngd cur r ohBe SREOTEIRFNSYDERCE oRf | BNt 26051 RE FEGLER ABEWBRCE! ¢ he

nder | ayer of 1 HeCIaRe narbe pAralFeb eBy e ) BRERk e e, APFERERERT he
fllow of rmanet | 6efLyx pLOSUGedy! eA2aRr NG 2! chhiEVEl berbegtiah, FIG 3. in

information recordrng, current”is caused | ow throu the exciting coi

33, thereby 5 piQdM&&QgcénEEGBfﬁiEnkaé-sIB@ preduced FBORRLI €rhEux
concentrates on the magnetic pole piece 31, wth the result that a | arge

recordi ng magnefigthi @i detb8igRNEEaLRE betveeinyhReARANEELCaBOLE AReEE 31
and a soft magnetic underlayer 41. By the 10 recording nmagnetic field,
information i s setongetdudhnalveitecdionepardingll agethd2retotriéndi sk nmedi um
2. The magnetic flux entering the soft magnetic |ayer 41 forns a cl osed
magneti c path rstufacag wbthheheetendthgoyokkesmatnehid2pbyewnyeak t he
return 15 yoke section 34 of the wite head. Hereinafter, the magnetic pole
pi ece 31 accordingthe thecknwbdihedireftibe pfetbat repvedihgnmediumbe
explained in detail. [First Enbodinment] FIG 5 is_a perspective view
showi ng a firstPebnenbedrkeh® Bf 3tHeCHAGAELFE P&l epFece 31 in FIG 3. In
FIG 5 NHis the length of the nmagnetic pole piece 31 in the direction in
whi ch & recor di RTRGrRS CHTTHOY O ey dttEbhat LHLS QR THE JAT NG he
si de of %ge magnet i c.pal e giece 31%. gH i s_the neck,height.. Tw 25 %séihe
track width of the nEﬁﬁePF OPBFBYpEc 83T IRAS  c 8P E8p8RTs PEOCRE A

wi dth of the di i ; LS_t engt b, LN di.rection i;n i.ch
recordi ng - ?g Qﬁg gghéFlE g% Fs?gfkeggi ﬁ%tﬁkggﬁgggggﬁbgﬁel%ég%etic

pol e piece 31. JcPaE?eeifana&m@H?deﬁe%e nGANEAYUR, Pahl 1B8QekpetRAS thn one
of the four sides of the nagnetic pole 5 piece 31. Specifically, in the

first enmbodi mentpet §eneeAtaMBsPREbt16A L3 vERABbLReOBRdSHR Patalihely to the
track width direction of the disk nmedium 2. The concave part 100 is forned

into a concave asapeiphieh bf paeakhBbdifehlie peced belsul,f seevef tibhe di sk
medi um 10 2 and has a longitudinal direction. Let the | ength of the concave
part 10020n t heekphgihuthraprdncepfiesnolietive Linhvieatdesi.rabl e that the
condition w > 1/2Tw should be net, or that w should be equal to or |arger
than half of the tra&kGui dths B perspecdiigeaviewl ®hanweapadidmerdntal of

t he concave part 100 and the ,
a magnetic disk apparatus according to the present

invention;
FIG. 2 schematically shows a sector format of the
25 disk medium 2 in FIG. 1;
FIG. 3 is a perspective view showing a single-

magnetic-pole vertical recording head used in a



«medi um facing side of the nmagnetic pole piece 31 and indicates the position
in which the concave part is made. It is desirable that the condition h 5
1/ 2NH shoul d be nmet or that the concave part 100 should be 20 nade cl oser
to the disk nmedium 2 than the mdpoint of the I ength of the magnetic pole
piece 31 in the direction in which magnetic flux is generated. The concave
part 100 can be nade by irradiating a convergent ion beamonto the nmagnetic
pole piece 31 25 inmediately after the filmis formed. Alternatively, the
concave part 100 may be nmade simultaneously with the process of formng a
filmfor the nageeticapohegnetiddrepoedéngdlmedbati; the results of
experinments using the nmagnetic di sk apparatus according to the first
enbodi ment will be eXpFai Aedchematheafllysshewbodhnes fenwt ofi mbgnetiicon was
recorded and reproduced onto and fromthe di sk medium 2 by use of the
magneti ¢ head 3T&R¥ PRedpeset iBnrAgoEdipg 8h the dpsrradBpuReadwas
measured. I n experinents, the nagnetic head 3 was used which included a
write head havi 5Gthé’10 magneti c pole piece 31 of FIG 4 and a shield GWR

head including a GWR ?Iengnt with a tra%k wi dth of 0.12 m croneters and
having a 3hi el d- t o- shr 8 d>di*§t 8nEE*8PeF6 HanSEtePS. 2TRETRFi te head and

d head i h .slider. 15 A 2.5-i tical
magnet o r ocor ARG A BEr kg ubas SeSPREE: bRTRel 8Re2 31 R L FoCs 841 neh
tical ti di .di sk i
Gozr Mo a 20- manomet S0t heekovar FFaBR SASRARs he. SRGETL PE cPilathy,
CoCrPt, 20 and gn3 fRGABLE! pbhboli EBLRONBEALRE! LUE LBKELyWepg gtacked in

that order on a glass substrate. Two types o i sk medium 2 were prepared:
one had a soft pegnebkcsunges! ayer tof sagRPlraanametar gabhicck (eahl gdsdi sk
(A)) and the other had a soft magnetic 25 underlayer thickness of 100
manonet e1® t hi cka{cahtiededsskifiB) theTpesapevatihggeelharaaher khki audbegach

di sk was neasur ed. - 15 In operation tests, recording and reproduci ng
were done on a sfecepetitiank of rheomdgnegt anddirskrapgpaiatus as many tines
as 10 rounds and the anmount of head positioning error on the track was
measured 5 in each r&dfd JnﬂBIatHéangnﬁépwéﬂGréb@trﬁﬁ@ﬁi off covbrigiing and
reproduci ng had exceeded 20000_to 50000. In each track of the disk medi um
2, 12d servo seER®rBadreEienbBedfcBirReer AvitBARLythe saBRayenRAkEr that the

bet t . th divid into 10 500 dat t
S hce 1 nformat | GRS haSEr SEBPAEA AN FOt SUFREEAAEY $BctaPae Pttt Ay Has
t d d off, 500 .ti h t] . d. d the t :
Suppose 1b servrharadi BEESRFRR, B BRstReoeLAg; EEErorad R ifbey
compar at i ve exagpl geolbPectgaul b3 18:0t CXRELLIROLS sl ng g verti cal

recordi ng head wt e magnetic pole pre € COnhcave part 100

are shown. <First comparaki & eXPERER I vieNhe GORAANGY & neX ARt 1@ ght
magneti ¢ heads 20 were prepared which were conposed of a CoFeN 7“soft

magneti c singl epbagepitickngiapd @h&faeaﬂefh@auongeathh@mearbm@vbrack

wdth (Tw), pole thickness (PT), and neck height (NH) of the tip portion of
t he magneti c pokrappeee33l. Let the eight nmagnetic 25 heads be sample (a)
to sanple (h), respectively. Table 1 lists the track w dths, pole
t hi ckneszés, and necKEIRei §htis af gxramhl ehoa)ingo thenplesullt) of combbning
the magnetic pole pieces (without the concave part
100) of sample (c¢’) to sample (f£’) with disk (A) and
measuring the positioning error and the number of
repetitions of recording and reproducing;
25 FIG. 10 is a graph showing the result of

combining the magnetic pole pieces (with the concave

part) of sample (c’’) to sample (h’’) and sample



. Tabl e 1 abcdaf ghTrackw dt h4. 40. 30. 250. 250. 20. 150. 150. 12Tw ( ~C m

) Fi I mt hi ckness0. 30. 30. 30. 20. 20. 20. 150. 12( ~

m Neckhei ght 0. 30. 30. 30. 30.30.30.30.3N~i ( am) FIG 6 is a graph show ng
the result of conbining the nagnetic heads (w thout the concave part) of
sanple (a) to sanple (h) in Table 1 with disk (A) 5 and neasuring the
positioning error and the nunber of repeti&ions of recording and
reproduci ng. As shown in FIG 6, when a head whose track width is 0.3

m cronmeters or nore (sanple (a) and sanple (b)) was used, the head
positioning errbok’1aytonsamsiable’ 1D witbrdiakgéd) regdruéassrbhgt he nunber
of repetitions of recording and reproducing. In contrast, with the track
width smaller thee PoSibkicrbngtersor agndheheraekberdefi aedepbtonhi ckness
are decreased, the positioning accuracy decreases wth 15 an increase in
the nunber of rebe¥e¢eBHALNGfaRGcHERTPGIGRAT? epr oduci ng (see sanple (c) to
sanple (h)). Wen the_nunber of recordings had exceeded a specific val ue,
posi tioning coul d nofife dbn8chematicahy¥t fBovesthendikhectiarkofo be
measur ed gﬁs di scontj nued. 20 Inveatig&tiﬁn %nto t he_cause_has, shown t hat
the - r e S AhYC PBRTEF brP hgoRotf a2 hoF"BeMABREETS PRLE PHECServo

i nformation disﬁfR?frff in5a part of the servo sectors. It is conceivable
that, when the head in ?he tonparati ve exanpl e passed over the servo sector
5 after recording on e ta.sec i d e iLaf ormati on on

t he di sk nmedi um 2, rgggfd?gsgsog %ﬁépan%ggg?ggdté?afég&gghb%o recordi ng
current. That iSombinifigCOREChYGREEILNBE18NpELEEEUL AL LheshEUBbncave |
magneti zati on conponent “devel oped at the tip of the 10 nagnetic pol e piece
31 in the unreceseed sfatemphet e’ p1pbedi khhy1ef (aboyj Qner HNskOQA)ti nes
and this erased the servo information. Such a phenonenon devel oped in a

hi gher pr@babilany msagheisnyzehef pbhethenadnyi prport hnd breoffembawl bér. In
sanple (h), 15 positioning could not be done after only one recording
operation. The sepetheidnsrof ezeeordheg dndkréByodasingibi ned with each of
sanple (a) to sanple (h). <Second conparative exanpl e> Next, a second
conpar ative exanple WGl bé 26 axprabnedtive view odnpathtirde exanpl e,
sanple (i) to sanple, (n) wth the neck height (NH) of head %C) to head (h)
shortened to 0.epediBeRteps GRecrprephiedPahl PhECSaR®: &RpEFFredfs as in

the first conparative_example were made. Table 2 lists the track w dths, 25
pol e thi cknesses, an IﬁecEBhéFgﬁt§r6Pgs§HBVén@ifhﬁor§§ Fe Ofn) . - 18
15 combining the magnetic pole pieces (with the concave

part) of sample (e’’’1l) to sample (e’’’6) with disk
(A) and measuring the positioning error and the number
of repetitions of recording and reproducing;
FIG. 15 is a perspective view of a fourth
20 embodiment of the magnetic pole piece 31 in FIG. 3;
FIG. 16 is a graph showing the result of
combining the magnetic pole pieces (with the concave
part) of sample (c’’’’) to sample (n’"'’) with disk
(A) and measuring the positioning error and the number
25 of repetitions of recording and reproducing; and
FIG. 17 is a perspective view of a fifth embodi-

ment of the magnetic pole piece 31 in FIG. 3.



. Tabl g 2 ijklmTrackw dt h0. 2S0. 250. 20. 150. 150. 12Tw ( a m

) Fi | mt hi cknessO0. 30. 20. 20. 20.150. 12( a n) Neckhei ght 0. 20. 20. 20. 20. 20. 2NH ( ~
m FIG 7 is a graph showing the result of conbining the heads (w thout the
concave part) of sanple (i) to sanple (n) in Table 2 with disk (A) and
measuring 5 the positioning error and the nunber of repetitions of
recording and reproducing. FromFIG 7,-it9is seen that, in each of the
heads, the nunber of repe titions of recording and reproducing for a stable
positioning operation increases as a result of the 10 neck hei ght being
shortened from 0.3 m cr OERATIED OERCRIBTIONTEIR RHE PANVENTIGN |y in sanpl e
(i) to sanmple (k), the amount of head positioning error does not get worse
in a range of the nubb€r of irepeperispastovervéowdshgwand reproducing up to
50000 tines. It 15 is conceivable that the factor inproving the posi
tinning error ieMaodiBeRhselia Bagnetieghraprrébsgdand rephednganfon
conponent as a result _of shqrtening the neck height. This can be expl ai ned

on the basis of 2PPRI2BUSHAPE ARPREEFEIGNF SEPFBPYT ofPPREERRGNEREECHBI e pi ece
- 19 31..Since_ip a lon narrow nmagnetic materjal, .t he demagneti zi ng ,
field is &mall 6Pt GPEnIEHE hEF b Y aRR L GRdS| BRgar T aF oS EnePRRROFUSKI s, ¢ he
magneti ¢ nonent _ | ,able to_point alopg.the jor axis and 5. lLess liable
to point al ong ?%éo%éﬁgg ggiEBeTﬁﬁ§§e§ﬁo}?gﬁPﬂgb?he ﬁéskmﬁgPﬁﬁ%cnakes it
possible to red t Ldua ghet | zal] ohnponpe eadi.ng. tgward t he
mediumin the nggﬁétggp%gﬁgggi%%g?B?S aﬁ F%gPérPE ?ngéagpﬁgh?g? ?b sanpl e
(k), since 10 thensgsidual hERANSt i ZahibQl CQUPOASHLLI §sSHRBLESTEd
sufficiently, it isgseen that naking tﬁe ne%E ﬁe?gﬂt gqugP ?oﬁor shorter
than the track whgbbnbasnt Aedebhesimpf 4desr RRSEAGthBemRgaEEL BNHhAGGEr ror .
<Third conparative exanple> 15 Next, a third conparative exanple wll be
expl ai nedd Thi s3cbapacahted, exanpteudsed &, wahtieaheadcuwhtcbogadesthe tip
portion of the magnetic pole piece 31 a stacked structure with a
nonmagneti ¢ i nt er nredfheedliakemedanuwichedmbehwednorsoht spagadei mottiolkns. 20
FIG 8 is a perspective view of the nagnetic pole piece 31 of the wite
head used in théstWhighcoapatasi teeeradpls. 2TheOnaghet dispomedpimce 31

i ncl udes a nonmagnetic internediate |ayer 300b and soft magnetic filns 300a
sandwi chi ng t he?noVidhgneei Evpssi afedisdtal edpbgerreonpcpstatehYt Bem | n

this conparative exang e, sanPle %c') was prepared which was such_t hat

nonmagneti ¢ carbBhtbfel Magpetsq RerBRELBAsMERNER - wasl8aftadrehed BeRfAeen

t ft tic.fil f 15 m t hi ck whi ch had t

track wiHEh s Saipl 8 T8} ARG A BrObF e PATt ho Fi FRF BOBALRE fB20
le. | dditi : L ) : ' : i.ch

sueh that nonmagheti - At Boirebn b aler Eet hrbr HEEoBaT EResot woon

two soft ”Bgnetéﬁb$ﬁhﬂ§n9f09-%h51?£8%§?§r§nEBhEKoﬁn?n (%F?e%gghégﬁ same

track width as sanple (c) to sanp Then, sanple to sanple
(f') were conbingdnyi hcedRskifM) o2nd PRARr &t lANateShouAsedesar hbedmabave
were carried out. en the tip portion of the recording nmagnetic pole is
stacked, if nagstideatineshpaibhs | Theheehtabkawi dkBsdhr eBtiedd MR i S
expected that an opposite 15 parallel nagnetization state is formed between
the | aye2®. Thusepsodueingmagarenst akri thel yikere stable state than a single
| ayer is obtained, the effect of suppressing the residual magnetization
conponent headi ng t ohhedherd sugbemsionerpsesembdy 20 sfp@Gorys $he graph

showi ng the result of conbining,
magnetic head 3 in such a manner that the magnetic

head 3 faces the recording surface of the disk medium

2. The actuator 5 sets the magnetic head 3 in a given
25 position on the disk medium 2 wvia the head suspension

assembly 4. The circuit board 6, which has an head

IC, generates a driving signal for the actuator 5 and



.the ymagnetic pole pieces (wthout the concave part) of sanple (c') to
sanple (f') with disk (A and neasuring the positioning error and the
nunber of repetitions of recording and reproducing. As shown in FIG 9, it
25 is seen that, in sanple (c¢') with soft magnetic filnms stacked, a stable
positioning operation was continued, regardless of the nunber of recordings
and an - 21 inprovenent was made to-sod® extend. However, in sanple (d')
to sanmple (f'), like in sanple (d) to sanple (f), positioning-related
failures occurred as the nunber of recordings increased and therefore the 5
test could not bdecoohtohugilgnds fonppeeflowinthgt healli aatl wodrpar abnteol
exanpl e, the magnetization of the soft magnetic filnms becane slightly
stabl e. HoweverofithesmggratihahetfieBe is a limt where the track width and
pol e thickness are smaller. 10 <Experinental result related to the present
invention> In the fiFEE.18 shhedatompatat shewsxanpleesort Korseticafetpart 100
has not been nade in the magnetic pole piece 31. Next, in_experinental
resul ts rel at eddiskiBeghamny eé@nFIgnvéntlghe ﬁﬁgé%ﬁﬁﬁlélék ﬁﬁ??ﬁ@tﬁéas

urenent s th thg ca art 100 de in the et| e 31 will
bekexp|aL¥Ld 9 ﬁ?§~eiaﬁgﬁa,asaﬁﬁ o seryo, Besy aPEhe, Fﬁbﬁéd by

t t 20t 1
Toapoctively anabEufapbeigd, | BpBRTE %%Qf%?ﬁéﬁéwmﬁéﬁe
concave part 108;(043ampheq(11:40 gsgph§s<9& gha'alle Secespachively were

prepared. Tabl e rac ol e I'cknesses neck

?eightEZOf sanbif {fie"sér¢d £8c88EPhLE, (R EkaBgsiﬂﬁBhﬁnﬁl nkotfatapml e (n”

thKIINVIf-IhDOQMNfséEE“&%E&E&EEKBrThél&EEETsEH%EECHHNEECHNNEEEHN%%EII*
. k_-~s~~3~~~~a xH3HwWH~Z~ H In this exanple, the concave part

100 was 50 r’raderéhatdhn\yﬁanabﬁupréﬁécﬁ)ﬁgt heecreclk rbemght o andcw was about
3/4 or nore of the track width Tw (that is, alnost equal to Tw) in FIG 5.
The soft nagnetinf5rhhtﬂonfinhEhaageeVbcspaterpQécésBkewaxd&ddeimf CoFeNi .
I nstead of CoFeNi, for exanple, CoFe, CoFeN, NbFeN , FeTaZr, or FeTaN may

be used. Moreoveilladedvdrebeneawsihtignbe Woebhéhenuged infhrrasdenmagnetic
materials as nmain conponents. 10 FIG 10 is a graph showing the result of

conbi ni ng the nﬁ@né??@rﬁéﬂe ﬁh@céétemﬁﬁﬁtPﬁef@éné&@@rﬁéﬁﬂ) bk dafgl ds(c" )
to sample (h" ) and (1" ) to (n " ) wth disk (A) and neasuring the

posi tioni ng err®PUgh ?H@mnGﬁBePoéﬂtﬂéﬁéPHtFBﬁ@rHﬁt#@@oﬁﬁiﬁ&el§eéﬂ@

Lﬁﬂﬁﬁwﬁﬁ%g%pE%%%%m?%ﬁm%ﬁéﬁ%%%ﬁ$$

caused head- posggbggkngsrg a%ggtegllures as the nunmber of recordings
increased in thé co G tive exanpl e, a stable positioning operation

can be carried out CoBt kRUOUSkYaLEA0R 089 0 1B 1uuTRe T Qfy igROr dings i n

this exanpl e.
magnetic head 3 in an unrecording operation, the

information on the track 21 can be rewritten as a

20 result of the leakage. When the information in the
data sector 23 has been rewritten, the information
in the part is only destroyed and has no effect on
the other. Howéver, when the information in the
servo sector 22 has been rewritten, the positioning

25 information is lost and therefore its influence is
very serious.

Magnetic disk apparatuses have been constantly



. Furt hernore, even when these sanples were conbined with disk (B) whose soft
magneti ¢ underl ayer 25 was nade thinner, a stable positioning operation was
carried out simlarly with all of the heads. Consequently, it is seen that
maki ng the concave part - 24 104 in the magnetic pole piece 31 enables
positioning control to be stabilized, al nbst regardl ess of the thickness of
the soft magnetic filmof the magnetic-di $3k. +t is conceivable that the
reason such an 5 effect is obtained is that naking the concave part 100 in
the side of the magnetic pole piece 31 produces shape nmagneti c ani sotropy.
FIG 11 schematimpibdyedhowsot hecdtdeasi wachf inagmeattonoaenpopsodlieed in
the magnetic pole piece 10 31 of FIG 5. In FIG 11, when the nmagnetic
nonent - at t enpt sohoa pdisk wdthheheedamen anagneitcishaegesappgats at the
surface of the concave part 100, increasing the nagnetostatic energy.
Therefore, the hagnetse bbeedatbereaesdingbflensdtpoi nUsgnofhehe5 direction
paral l el to the concave section 100. This tendency increases as the nonent
is getting closBertdcehemegnebie pacerdbng msthodesnpbleshénfesndna
magneti zati on conponent_ headi ng toward the medi um produced at the nagnetic
pol e piece 31 2B1PR EQpPreteeal ffli ¥hthnprebeRighersfgpsttyy ofnt hBe
magnetic pole piece 31 in,an unrecording_operation..To sumup, ip the first
enbodi nent , thém%%ﬂﬁg%g gé?? 3pBere HﬁdgfiﬁgﬁhgmngémSP%{Hgoﬁaghgﬁic pol e
pi ece 31 of the ' e I n o nper the 2 oncaye rt is
parallel wth t%%étég%?dﬁgghgﬁigagggg '%ﬁg ﬁ%gagﬁea?uﬁgﬁgandééﬁtgga& in the
| ongi t udi nal di I ON< ok g i p nLs I -..25 produced
in the nagneticﬁggigﬂp?egéegl?ﬂtﬁége §t§§§t§8?|?n%E?ﬁg¥H?§e¥P?E% of the

magnet i c rmrre_ntaaanaaelayaromtﬂesaggnﬁa'gﬁee%ﬁ Rh8C&n31nkBrAdtYBKECOr di ng
operation. This suppresses the residual magnet i zati1 on conponent headi ng

from t heroagnet tecpoliengi e69e3lwient BeraedhUmuabheteby apfi e¥eRbpRJat-be
residual nmagnetic field fromleaking to the nedium which helps realize a
hi ghly reliabl esteckedabneecnr dopgohegtet baheasstr esgaabsgBabsstrabiel ity of
10 the recorded information. Specifically, according to the first

enbodi nent, evearwhenalheinegnetbetpate.pi ece 31 whose track width is 0.3
m cronmeters or |ess, whose pole thickness is 0.2 mcroneters or |ess, and
whose neck hei ght isFI§.| &rger at ranspretivacKigivdshowsngsed geineseabi ity in
an unrecordi ng operation can be suppressed, which nmakes it possible to
provi de a hi ghl §oRELPEBRELQRY PECEPenBdREL PCRrERBEHFNGOARI T RERIEANEI Ny
apparat u Accor di ng

|y, ' K ding, the inf ti 20
recordedf%n t hePFa oPéFﬂSXﬁgahgnQQS 8%%3ggggﬁé%gg;5%§8rFé@%ohgtgﬁggd:22nt]
Hereinafter, a Egoagignbgdigegk gfdghe presen%.%nve %ion gill be
explained. In tﬁe s8cond enbodinsatoetné LBHcava ng 180°F§ %&dealn t he

i de 25 of j ' 31 W .+ Sanpl "1)t
sl o (o 6) v oo R R RS2 oA Rt SOd el SRenged wi th
respect to - 3@tu§ﬁ”§bﬁe(géctﬂoﬁagh lTﬁb-ﬁagnEQQCtbgﬁg ?ﬁ@%@ By = 4.2

e
m croneters, the pole thickness PT = 0.2 mcroneters, he neck hei ght
NH = 0.3 n1cronggegéheaalibogﬁaF@dTabke 4. pdhencompbBedaprunt seffthead

positioning error was neasured for each sanple.
20 magnetic thin film with high saturated magnetic flux
density. The recording yoke section 32 concen-
trates magnetic flux on the magnetic pole piece 31.
The exiting coil 33 excites magnetic flux by the
applied recording current. The return yoke section
25 34 controls the path of the excited flux, thereby

forming a magnetic path reaching the soft magnetic

underlayer of the disk medium 2.



+ Tabl e 4
a"la"2a"3a"4a"5a"6h(~cm 0. 070.070. 10. 10. 150. 15w, um 0. 140. 10. 140. 10. 140. 1
FIG 12 is a graph showing the result of conbining the nagnetic pol e pieces
(with the concave 10 part) of sanple (e" 1) to sanple (e" 6) with disk (A
and nmeasuring the positioning error and the nunber of repetitions of
recording and reproducing. FromFIG 12, &£ is seen that, although the
positioning error is alittle larger in sanple (e " 4) to sanple 15 (e " 6)
where the concave part 100 is farther away fromthe mediumfacing side and
has a narrower w dt hFIa.sttabkbepesitadniynghoper dhieor loanolfemagsedined
continuously, regardless of the nunber of recordings as in the first
embodi ment . Mor 86v¥rpreduededi ih nee2ordodnbi bt £ba wrihedhskRdA(Bf with a
t hi nned soft nagnetic underl ayer, a simlarly stable positioning operation
was carried outEf8r a11 &P LRECKBAFIOPAEEEPERARPY, CHETRBLséEnCRREET in the
second enbodinEEt, ioo, EOSi Eiggin% control cai BS s%%bil'zed, al nost
regardl ess 25 of°t ht°¥hiBKABE €t RECIGEPINEGREt PE/ f FPAREGPYthe 27
magnetic disk. In sanple e" 4 ).to_sanple e" 6 it_is conceivable
That the Posi 11 BRPROCERFoP FREPekibaThaRausans: PEOAREPEabRRRERe of foct of
gi ving shape 5 |.SO esyl f L i he . caye part and a
decrease in theﬁgFge%§8g¥nggﬁ??%Iﬁﬁngh hg§§§8%2?i§?%é gﬁgggt?gh near the

medi um faci ng sjdenagha EEEHEE Rhathg EQ?%@V?eE@EhiQ%BhEQgFEEEther avnay

fromthe nmedi umtacing si Fromthrs, secure a S icient stability

of the_nagnetin@eha_@gegené%akedaﬁeﬁaé%BO%ﬁhn&a@a%%ahigelgypigearessing,
sufficiently the residual magneti zati on conmponent headi ng toward t he nmedi um

in the nmagneti c3pohfadpheedfBlmabhels ccongedengdresfiect Byethe make the

hei ght h of the 15 concave part 100 equal to or less than half of the neck
hei ght NEDand t hecbedghly waghethe cdedayeipdotrnb@@oaqial reecoadeldess t han
hal f of the track width Tw. Furthernore, as a result of further

i nvestigation ubhder ¥emtierlconmdpridéng, leyaw dat odntbe dhek2Oedipii t ude of
the servo signal after 10000 recording and reproducing tests has shown that
there was a 1002var Faei Badratire fanyl entesipser theur@ fitnmagmsitdc(e " 4) to
sanple (e" 6) ._In contrast, in sanple (e" 1) to sanple (e " 3), a
variation in thé2¥@pl fluderBscressegedsnpgnelig, PpESs rgdrpd®9d LOFr om thi s,
it is seen that, to a certain eﬁtent, t he éac%nd enbo%j nt has the effect
of suppressing SBGaFPSPFGAPENYPKE SRFEEPRAEZ PY. WaY OLTADE] LEMNSE ment |

FlG 13 18 2 Perspectivesvhew,shenag Rl deaiodilel gl e Tagreti c

magnetic pole piece 31 according to the embodiment

of the present invention will be explained in detail.
[First Embodiment]
FIG. 5 is a perspective view showing a first
20 embodiment of the magnetic pole piece 31 in FIG. 3.
In FIG. 5, NH is the length of the magnetic pole piece
31 in the direction in which a recording magnetic flux
is generated (that is, the length of the side of the
magnetic pole piece 31). NH is the neck height. Tw
25 is the track width of the magnetic pole piece 31 and
corresponds to the track width of the disk medium 2.

PT is the length in the direction in which recording



.In the third enbodi nent, the concave part 100 is 5 nade in the side
perpendi cular to the track width direction of the disk nedium?2, that is,
inthe bit length direction. As in FIG 5, the concave part 100 is parallel
to the recording surface of the disk nmedium 2 and has a | ongi tudi nal
direction. 10 In the third enbodi nent, the concave part 100 was nmade in
sanple (e) in Table 1 (i.e., the track-wi @8h Fw = 0.2 m croneters, the pole
thickness PT = 0.2 microneters, and the neck height NH = 0.3 nicroneters)
as shown in FIG 13. Then, sanple 15 ( e" ' 1 ) to sanple ( e" ' 6 ) were
prepared whi ch ierdosechthhatib, ahdewfwkbmetbhakhgedsasfshhanmagndabte 5. The
sane materials as in the first enbodi nent may be used for the conposition
of the soft magpelécpiéten 3i.the nagnetic pole piece 31 of each sanple.
Then, 20 the anmount of head positioning error was neasured for each sanple.
Table 5 a"' 1a"' 2a"In3ghe firstsgmbogdhmente @) gonceve pagg0lO01ds. 10 .
150 . 15W(um 0. 140. 10. 140. 10.140.1 FIG 14 is a graph show ng the result of
conbi ni ng the rBgAetie poeechi Ehesfewrt pidps QSngEQemQQHEBEF)P@iesanple

1)t | "1 6) with, disk 2 AL, .ing th
égsitiéni%gsggﬁBfeé%d3%hé %%ﬁﬁégigﬁl}EﬁeﬁgtFB%s%bgggegggaaaéggﬁd ©

ducing. F FLG 14, it _| Nt hat | th h.t.h Ltioni
(o a Tt 1 arbar rrneaks:varh108a s §8us fneoRelE 10 g RO LE RS 1

concave part 100,k sfackngtapnay; tropybheoredhumiag pdashfiesandrias
narrower w dth, "a stable posSitioning operation can be suStained
continuously, regardless.pt {Bg HUTREENEh §REAr di BERCAT BnhRE HRGERC
enbodi ment. Moreover, e@%n m}th 10 a p%n%ination m?tﬁ dFsE %E), a s?nilarly
Stab|e_pOS't'PniQQpQPQIQE&Oﬂomﬁﬁec@é&b@gnguéuEQEgéléfOEhbh@iQﬁaﬁédium
Accordingly, it is seen that, in the third enbodi nent, too, positioning
control r@an be stabhil hzeda abAgstudegandiesscefiohhe thicknessealthS the
soft magnetic filmof the magnetic disk. In sanple (e"' 4) to sanple (e"
6) , it is concefvabéecbthatavehpapbsiibDonhngher ionginodéaséddbeeattsenof a
decrease in the shape anisotropy. Fromthis, to secure a sufficient
stability of thee2®.nagheibcdpslicablecehdt theamondiédonding dpgéfati on by
suppressing sufficiently the residual magnetization conponent headi ng
toward the nedi 8APRhdt e BA§nePrctpakewWpFherldibej eauglcAsPideladIgif ecti ve
to nmake the height h of the concave Bart 100 equal to or less 25 than half
of the neck heigh?nhpﬁéﬁdoﬁhghﬁeﬁﬁﬁﬁ wofthne BoAgatbepaittenseequal to or
| ess th hal f of  the track wi dth Tw. - 30 Furthermre, as result of
furcher Tovesti JRHIBRnURRE: CEhEER ab Lobha: COREVCcRARAP oAsr thEe
anplitude of th rvo.signal _af.ter 10000 recaordin nd_r.eprodyci_ng, tests
has shown t hat ﬁﬁé?gmméécgngoa?gengig Foﬁagﬁngg gﬁgfi a0 %epgg Fg%hd in
sanple (e " '4);10; 88iBLke heCposifibn: ihNWHRIRHS 28k RSP §s ' 1) to
sample (e " '3)} a?va??atioﬁ PRt he gnﬁhiVU e_decreé%eééﬁo %%%g} ess per
round. Fromthigadet istsesndkBakablia @nheer takh cenbemt ont Me <t Ri/meH
enbodi nent has the 10 effect of suppressing a variation in the anplitude.
Furthernore, inshbal8hbedmefbedi fRat, the conexpechadtt hat maloulg Hae
concave part 1Q0 in the position shown in FIG 13 inproves the recording
and reprdduci ngmetar atbeerstocshel dikitdmedinec@r dhag he edapetindgn and
medi um noi se, and nakes the surface

of the length of the magnetic pole piece 31 in the

direction in which magnetic flux is generated.
The concave part 100 can be made by irradiating
a convergent ion beam onto the magnetic pole piece 31
25 immediately after the film is formed. Alternatively,
the concave part 100 may be made simultaneously with

the process of forming a film for the magnetic pole



,recording density higher than in FIG 5. In conparison with FIG 5, since
there is no concave part in the side determning the boundary of a bit, the
magneti c nonent in the recording nagnetic 20 pole is nore liable to point
perpendicularly to the magneti zation transition regi on between bits.
Therefore, the wite angle in the magnetization transition region can be
made sharper. [Fourth Enbodi ment] 25 F+G 145 s a perspective vi ew showi ng
a fourth enbodi mrent of the nmagnetic pole piece 31 of FIG 3. In the fourth
enbodi nent, a concave part 100a is made - 31 in the side of the nagnetic
pol e piece 31 paitatéeBlto the track width direction of the disk nedium 2
and a concave part 100b is made in the side perpendicular to the track

wi dth direction. LetNeK&,| &hgt hesvltshefsegpatapengsr tisingoghel100b in the

| ongi tudi nal direction be wi and w2, respectively. Suppose each of wl and
W2 is equal to BRORBEECt AARkaBBORrAENES BFCPRALRFAER Rﬁ@tﬁl¥ﬁﬁ The positions
in which the concave, parts 100a, 100b_are made_are represented by hl and
h2, respec 10 tFW@P??mSBEpUéélegéheﬁPlﬁinﬁﬁd h2ni Ehgp6tESENEMPRART of the
neck hei ght NH. Thg si,zes of sanples used in exp rinenta conducted in the
fourth enBodi meMERhf e PESTRALIANTYBF T 8CCEIRI 8 %crepr? H6SSaftpt8 (h" " )
and sanple (1" " o _sapple .(n, " ).are,the sane as,_l15 sample.(c) to

Sl e (h) and 8atpFEoR T Rpoc BpPeti i 2 RERB% RE: thReTRURELIE par i s

100a, 100b are #edg. 3TheaSpHE BBLCE:BhInASeLBokNEn! Bhbdaeahodbmen My be
used for the conposition of the soft nagnetic filmoft the nmagnetic pole

pi ece 31 of each §3gPheastben. the 2RpaM@weht8f BeadnBgakkienhaggerror was
nmeasured for each sanple. 32

NNt - 1. - | NOOON. B livh BO@ed! MYOSENAAELLNEEOA! wk'i £ & MIORd NEGDEYNHEOO. NNMOOOMN
MVUOOOh33HA~ rd E1 - 33 FIG 16 is a graph showing the result of
conbi ni nyot he mMagpgaetdécppbéeppiees GW bl Flie.cdanaadeapahntiplaf caanple (¢ " "
) to sanple (n" " ) with disk (A and nmeasuring the positioning error and
t he nunber 5 of heegetintilodsngf ar 6M8r dilrgeandwiepr edticard. wAsithhown in FI G
16, the positioning error equal to or less than 12 nanoneters can be
obt ai ned for al®fof.ilRendgwphesersnaaddhevéeng ensbaehdototisbisddpl es, the
amount of error did not increase, regardless 10 of the nunber of
recordi ngs. Mor8avERNCBvEA it RRROFSHEISat | SRSWER LG SRadBRRda TeRR | arl y
stabl e positionLng ogerat'on was carried % t for all. of the heads.

pedg

Accordingly, it Ehet RRER PRURKES: 8B RS fBBG fedfe oo, positi oni ng
trol b tabi .15 I.i zed | t dl f the . .thi f th
Soft mghatic 111 m oft Bne-EsRever acal. ARt B bd N, t aki ng

shape anlsotrop%agnhgegpgguthoggs igﬁgﬁuﬁabd tﬁg%tkge pasi;tigns and

| engths of the concave parts provi'de conditions that make a

resi dual magnet i,gatiien1cQERaReRt eadiuig f auaid themdidigjmne |iable to
devel op than in the configuration of each of FIGS. 5 and 13 (h: 1/4 -. 1/3,

w 3/4 -. 1/2) unberspilee ahdehios colzenpgsul boohaRaskng Hikg positioning
error tends to be 25 inproved. Fromthis, it is conceivable that formng

t he concave partert@@al HAGhHeitdcsirées rafinighe ayagnaizide pd €quredg 31 in both
of the track width direction and
20 and a 3-nanometer-thick carbon protective layer
were stacked in that order on a glass substrate.
Two types of disk medium 2 were prepared: one had
a soft magnetic underlayer of 300 nanometers thick
(called disk (A)) and the other had a soft magnetic
25 underlayer thickness of 100 nanometers thick (called

disk (B)). The operating characteristic of each

disk was measured.



.- 34, bit length direction has the effect of inproving the stability of the
magneti c pole piece 31 in an unrecording operation. [Fifth Enbodi nent] 5
FIG 17 is a perspective view showing a fifth enbodi nent of the nagnetic
pole piece 31 of FIG 3. In the fifth enbodi nent, concave parts 100c, 100d
are made in the side of the magnetic pole piece 31 parallel to the track
width direction of the disk 10 nedium 2. Lét the position where the concave
part 100c is made be hl. Suppose the concave part 100d is nade in a
position a distance of h2 away fromthe disk medium2 with respect to the
concave part 100c. | bnFbBeri?iohetebisherabhoutiaggaatt eepabdukdngeck 15

hei ght NH and h2 be about half of the neck height NH Let the Iength w of
each of the conegave ganésonrO8cspéO0fibetequl ofotbe megeethandabiut hal f of
the track width Tw. In the fifth enbodi nent, the sanme sanples as 20 sanple
(c) to sanpl e (hAprandtyanpbengny témganPSel@nyouéﬂéeppdtﬁ £ eAeuBSncave
parts 100c, 100c were nmade, were used. The sane materials as in the first
to fourth enbodPﬁeh?édnﬁ9st19§éHgfSFrPHeOEoﬁBSSFF?SK Yest Reassrenagnet i ¢

filmof the magnetic pole piece of each s Then, the amount of
head posi 51 ont i ePRoR RERHORShLLd Eher MEERTS AhpPEDeAL LAORES AR - of

mbi h - ith th h
of sampl e (c) tbGahrRY RRIaRRCEaRBFIE oo SERATES, AP Ot HOaPRRI0A) and
reasuring the PegLLEN! PRLELIgE BAd KOS HERSLOb T RRl LEL s L6807 di NG

and reproduci ng, was obtaine That

I's, the positiogLp 8 8&d88”§hté9m€%t%§%§¥thﬁesﬁ%hn%”& E%&Stﬁ%%'@hge

obtalned for all o e sanpl es eac e anmpunt of

error did not Igﬁaeassetweaargb%%é @Ectaesnwaee&uqth@@cah@u@@a ihfo
addition, 10 even with a conbination with disk (B), a simlarly stable

posi tioning operabi aatwaseedbiked 8uhckoin&blrmak ibhe whsadscoteear dnigl y, it
is seen that, in the fifth enbodi nent, too, positioning control can be
stabilized, al mbstthegdatdbessctbrishe rekbeckiiagswak thrihkel sof andagfetic film
of the magnetic disk. In the fifth enbodi nent, taking shape anisotropy into
account, it canS5Bé $andst kacht hémposi roons wad Mengt e dhet heacdncave parts
100c, 100d provi de conditions that make a residual nagnetization conponent
20 headi ng t owaPHPPRESNBEEI BRENEr BaltRaBle ONSTHELAILEH ©OFarkien SeFao
configuration of each of FIGS. 5 and 13 (w. 3/4 ~ 1/2). In spite of this,
the result of n§8§EPFﬁg tﬁéxﬁosﬁﬁlénFﬁ@PéF@GﬂVFeﬁ6§mP&ebeqh@p r&5dd-tSrr om

t hi t bl e.that f th 5 10Q¢, 100d
the s delSf {neohmBABEFATBBLS BPACE" 31 R ﬁ@%tF%%%%%ampp%aa%tap1 nas. t he
ef fect of |npro¥ {,n9 %gge%gggbp%gy g%g%h%lng%n%tt%Fﬁ ca e tplece 31 in

an unrecordi ng opera ron e Ti simlar
experinments mergogog%gcgﬁgwgn a sanpl e which was such that tmo concave
parts were nmade in the si

<First comparative example>
In this comparative example, eight magnetic heads
20 were prepared which were composed of a CoFeNi soft
magnetic single-layer films and differed from one
another in the track width (Tw), pole thickness
(PT), and neck height (NH) of the tip portion of
the magnetic pole piece 31. Let the eight magnetic
25 heads be sample (a) to sample (h), respectively.
Table 1 lists the track widths, pole thicknesses,

and neck heights of sample (a) to sample (h).



.5 the magnetic pole piece 31 perpendicular to the track width direction of
the disk nmedium2 (that is, in the bit length direction) and hl, h2, and w
were the sane as in FIG 17. The result was the sanme as when the concave
parts 100c, 100d were forned in the side of 10 the magnetic pol e piece 31
parallel to the track wwdth direction of the disk nmedium 2. Therefore,
maki ng concave parts in the sanme side eanlbe eonsidered to have the effect
of inproving the stability of the nagnetic pole piece 31 in an unre 15
cording operation, regardl ess of whether the concave parts are made in the
side in either the track width diyecticrPRrey bit length direction. In
addition, the effe¢t of the dﬁdih of [t he clongaveepgrtfcan de {camsi|der ed.
When two or nore copcave partis arle de, 20 a gtiTI}f greater effect] can be
expected. In each ¢f Ffi€ above enpodijments, it |is desirable tlhat tlhe width
of the magnetic pol eipitece 310i.4 [Oha [tOr.2k Owi2dt|A - diiPedbilBnlEnould [be 0.3
m croneters or Ies>Tw Qiléfason flor this iis to|further decregse the 25

possibility that the—+estduat—re ZattoR—coffpongnt—headtng—towdard t he
di sk medi um 2 i n apFaAmecordi|ng okgra¢ion wi |l \remgin. Iln addition, in each
of the - 37 abo %hg@mgggge@ts,o.B ios deisi.nalhbextibab tibe1pgok1hai ght NH

shoul d be nade Ionqer than the recordi ng nagnetfic pole wdth.| I n tlhis case,

too, the reason is tld* Bl t her| deck easle t he pasdibillity tihat tlthe residual 5
magneti zati on conpfrealk headijng towari{d the| disk medium3 in &n unrecording

operation will re rt herymar f h odiynent en the
tip of the magneti lhﬁ&lgg%plecg' 1%P:§E%S|gne§ %a@gga gpgck§d3structure
of a nonmagnetic inNa&r e di ate| | ayer s ndmnched bet wgen sgft negnetic
films, it is possible to obtain a nagnetostatically nore stable state than
a single layer. In additi 6nisi a @xelhoishowd ngntbdei mesudt oife coffodati ngf
suppressing the residual magnetization conponent can be increased 15
further by maki Ahcamegnesie pardsi AWAtpeytt tbs eAncREFenvgH&Eli €Tpol e piece
31 equal to or less_than half of the neck height fromthe faC|ng si de of
the di sk nedi un®2™PkBr é8lefO SAMRAEN (Bf ﬂHeTé%BSdﬂnﬂﬁFQ digE dffect of

th dual t 20 t d
Fur L her by ki ABCL RESFERGLH SPet AE=ChACRYBopRE o 2tAe FenG AR nal

direction equaloko %%8£§§§0£Qa8fh§eco hlh& a ddEQ IW&% h %netlc pole

pi ece 31. As descri ove, usin I ous gnetirc 25 heads shown in

each of the embggdlEnt§ ﬁﬁes 6, th@ﬁshbh%aTdowﬁBQQr %%%ckh%lﬁ'tfﬁo eg8°f the

recorded i nformation caused by instability in an unfecordi ng -

operation even b“BGmEé%ﬁWtEE:%C%rh%(}eaggahﬁ%ef (@ €ah@ REAYIEe &)nore
highly reliable vertical magnetic recording apparatus. This |nvent|on i's

not limted to he abewe bhenmbeddnpiisstibeingnet-abee,laynshead sefapIeki ng a
concave part, a convex part may be forned. In
10 error range, regardless of the number of repetitions

of recording and reproducing.
In contrast, with the track width smaller than
0.3 micrometers, as the track width and pole thickness
are decreased, the positioning accuracy decreases with
15 an increase in the number of repetitions of recording
and reproducing (see sample (c) to sample (h)). When
the number of recordings had exceeded a specific
value, positioning could not be done at all and the
test on the track to be measured was discontinued.

20 Investigation into the cause has shown that the



.short, shape anisotropy has only to be produced at the tip of the nmagnetic
pol e piece 31. The nunber of concave parts is not limted to 1 or 2. Since
there 10 is a tradeoff between the nunber of concave parts and the nagnetic
recording capability, the nunber of concave parts is expected to have the
opti mum val ue. According to the opti num val ue, the optinmum nunber of
concave parts should be made. 15 Furthernbffe, -i n each of the enbodi nents,
the lower Iimt of the width of the concave part is about 20 nanoneters
because of the capability of the processing unit. Since it is difficult to
eval uate the depédisoh hehli pdéidiohbrgdeptibdi sotobectene. iklovkserth@0 a
sufficient effect can be expected, provided that both of the width and
depth are in theervngenbbrmébioexdiphppedred 50 aapanttefsthensedudti on,
the present invention is not limted directly to the above enbodi nents and
may be practice8egbons. enﬁbdiédCPﬂCG@Vﬁblgthéatmaybeﬂﬁth@ubeéépaﬁting from
the spirit or essential character thereof. Myreover, various inventions my
be contrived bytEenBPRPAE2ELve. eXaNPAR PAFFE) BVCEORPBNEAEVEI ERERPS

di scl osed_in the_enbodi nents. For instance, some conponent elenents may be
el imnated fronfhigro ¥eFﬁ§dé6ﬁpBHeﬁPeeﬁéﬁénF§CG@Ed EE grassf £

enbodi nents. Furthernor nt..el ements used in t nor e of
The onbodi *rent SoRED RTGERPEPY SBnERRol Sk RE 6umw;ATrF§a€gXFﬁﬁD 'S 1. A
magneti c recor di ead mh ch r d |nf mat i e medi um b

a 8ertical nagn%?ggg?eg ﬁé %8%e hagﬁe 8 d%ﬁggg %ead d

compri sing: a magget i, pekeleleeﬁcggbgel engLat gy ér&sggggkngeggawgilc flux

perpendi cul ar to the récording surface o a recording Ium an I ch

includes a SIdemaaﬁakhﬁbtaentB@mbbaehtwuéba1@bé365t0@h@ftlg blre thacor di ng
medi um and a conCave part which is made concavely in the side parallel to

the trackow dt hndiyhe€eticopo0t pheceeger dnngheednecsedas k@akavena
| ongi tudinal direc tion parallel to the recording surface; with the 15

| engt h of the mapeepreobpblieéipyecE abouleohracknwldDb dinest atwl ahishe
recordi ng nmedi um being equal to 0.3 mcroneters or less. 2. A nmagnetic
recording head whashdr eber derivnf dnfatrmation.a Sechr di phemetiemonby a
vertical developed in a higher probability as the size of
the head tip portion become smaller. In sample (h),
15 positioning could not be done after only one recording
operation. The same held true even when disk (B)
was combined with each of sample (a) to sample (h).
<Second comparative example>
Next, a second comparative example will be
20 explained. In this comparative example, sample (i)
to sample (n) with the neck height (NH) of head (c)
to head (h) shortened to 0.2 micrometers were prepared
and the same experiments as in the first comparative
example were made. Table 2 lists the track widths,

25 pole thicknesses, and heck heights of sample (i) to

sample (n).



.20 magnetic recordi ng nethod, the magnetic recordi ng head conprising: a
magneti c pol e piece which generates a recordi ng nmagnetic flux perpendicul ar
to the recording surface of a recordi ng nmedi um and which includes 25 a side
perpendi cular to the track width direction of the recording nedium and a
concave part which is nmade concavely in the - 41 side perpendicular to
the track width direction of the recordi ng8nedi umso as to have a
| ongi tudi nal direction parallel to the recording surface. 3. The magnetic
recordi ng head according to 5 claim 2, wﬂgfein the I ength of the magnetic
pol e piece in the track—wdth direction g ecording ilymis equal to
or less than 0.3 mcrofeters. 4. |[The magneli & recordi ng head according to
claim1l1, wherein the Ie&gth of the magnetit pole 10 |[precé in the track
width direction of the|tr&85%di ng [medi dmis||ess|than the|l eng{h of the
magnetic pole piece in|whdtdirect[CoR3i|A-dh|TrE t e k500l Gi|PglZliux is
generated. 5. The nagne&%c(r Prding head according [to 1% clailm 2, wherein
the length of the nagnef%e—ﬁgﬁe—Aicbc H—tHe—track—wHdthrdirecti on of the
recording nediumis | es&iflman thel 1 ength of thel magnetic|pol e|piece in the
direction in which the|regeidiaRg [fol.Bx |0s208ner afeed |2Q 16,0 The {magnetic
recordi ng head according to claim1, whereln the length of the concave part
in the | ongitudinal dirn MBhn is greatier than hhlf of the |ength of the
side in which the concawecpart is| nade, in|a difectijon paralle¢l to the
recording 25 surface. 7. The magnetis |regofding d.according to claim?2
wherein the length of {R&& cave%bé}tbfg (ﬂé? (£%§2°°%ongr udi nal
direction is greater tham hatf)of| the|l ength of|the |side|in which the
concave part is nmade, in a direction parallel to the recording surface. 8.
The magnetic recordi R§Gheddigceoodpny sbovivhaithelreabéditeiod goplodndhioty of

units of the concave part are nmade in the sane side. .
the heads (without the concave part) of sample (i)

to sample (n) in Table 2 with disk (A) and measuring
5 the positioning error and the number of repetitions
of recording and reproducing. From FIG. 7, it is
seen that, in each of the heads, the number of repe-
titions of recording and reproducing for a stable
positioning operation increases as a result of the
10 neck height being shortened from 0.3 micrometers
to 0.2 micrometers. Particularly in sample (1) to
sample (k), the amount of head positioning error does
not get worse in a range of the number of repetitions
of recording and reproducing up to 50000 times. It
15 is conceivable that the factor improving the posi-
tioning error is a decrease in the irregular residual
magnetization component as a result of shortening the
neck height.
This can be explained on the basis of the

20 shape magnetic anisotropy of the magnetic pole piece



. 9. The magnetic recordi ng head according to claim2, wherein a plurality of
units of the concave part are nmade in the sane side. 10 10. The nagnetic
recordi ng head according to claim1, wherein the concave part is made in
the side in such a manner that the concave part is closer to the recording
medi um than the m dpoint of the length of the magnetic pole piece in the
direction in which 15 the recording flux L8 generated. 11. The magnetic
recordi ng head according to claim 2, wherein the concave part is made in
the side in such a manner that the concave part is closer to the recording
medi um t han t he3m dp®inteoint helbengthaPbowfmsdeethgnesterpale piece in the
direction in which the recording flux is generated. 12. The magnetic
recordi ng head tlteodehagnebizingnfilelahesesmal her naloeyi thpohaipkece has,
at least in the vicinity of the recording nmedium a stacked 25 structure
that causes a ndwhBgaR®i taraetr abonat BheaRenRor oakhs er VeRenpenaEes a
plurality of soft magnetic fil ns. - .43 13. The mmgnetic recordi ng head
according to clBPRe2t dmetbrhlenkonpgheti 8lpePetpreBeiREsa%4f PBEst in the
vicinity of the recording nedium a stacked structure that ﬁguses a

nonnmagnety c int%?ﬁ%d%é?@gFa§%rp@lPB ?i?ﬁngﬁﬁ BebRkeA®aSpl ur8PPty of soft
tic films. 14.. A head ion. nb isir ti
edor di ng head SSCEFAPRGO: 5hEI RERE 1AAAGTE BABED: L EnRBRERPLA VAT ch support s
the magnetic head;1Q.i pygu %s?dﬂg?nﬁE BQ@EZEFEOHGQQm§§883ttHSaa?ﬁgrd'”9
surface of the recoralng medrum - 15 A magneti c recor di ng apparatds
RgnheadrAEC

conprising a ma i of.d} ag; Lo sy ng1by recording
t he infornationggﬁé¥ﬁe£§gcﬁgglng nedlun1@%g%ggﬁgepggétggéﬁgggétic recordi ng

head. 16. The ”PQE@EEQléEQ?rthgaﬁ?DérQ§M5t§C§9ﬁ§h@9(kQ,CEQhﬁbl5, wher ei n
the recording nmediumincludes a soft magnetic underlayer, and a vertically

ori ent edigragnet tger eegi Ay haypet2@astiaskedmpbnthe sef buppgaekied
under | ayer. 17. A conposite head conprising: a nagnetic recording head
according to claufificiantépy odtuctisonebradhwhi shkiegdshenherkahedanght
equal to or shorter than the track width has the
effect of decreasing the positioning error.
<Third comparative example>
15 Next, a third comparative example will be
explained. This comparative example used a write head
which gave the tip portion of the magnetic pole piece
31 a stacked structure with a nonmagnetic intermediate
layer sandwiched between soft magnetic films.
20 FIG. 8 is a perspective view of the magnetic
pole piece 31 of the write head used in the third
comparative example. The magnetic pole piece 31
includes a nonmagnetic intermediate layer 300b and
soft magnetic films 300a sandwiching the nonmagnetic
25 intermediate layer 300b between them.
In this comparative example, sample (c’) was

prepared which was such that nonmagnetic carbon of



. recorded on the recording nedium by use of the 25 nmagnetic recordi ng head;
and a slide nmechani smwhich has the magnetic recordi ng head and the
reproducti on head both nount ed - 44 thereon and slides the magnetic
recordi ng head and the reproduction head with respect to the recording
surface. 18. A head suspension assenbly conprising a 5 conposite head
according to claim 17 and a support nmechadPsmwhi ch supports the conposite
head in such a nmanner that the conposite head faces the recording surface
of the magnetic recording nmedium 19. A nmagnetic recording and reproducing
10 apparatus coaprinsnogebersnposckewhsadandwdcdedgbebwekai twd7sald by
recording the information on the recordi ng nedi um by use of the conposite
head and readi npaghetiecbitod OAfOr bt nbarppetisesothink sondpobick hedd. 15
20. The magnetic recording and reproduci ng apparatus according to claim 19,
wherein the recB?ﬁlﬁ@mﬁeEFﬁﬁ¥|Hé@gﬁe§5a5§ﬁpﬂené@heb?&lﬂﬁdérPﬁ?@ﬂemand a
vertically orlentedh net recordkng | ayer 0 stackeg on . the soft

magnet i c under | & 1rs compara e examp In aadition, sample
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sample (d’) to sample (f’), like in sample (d) to
sample (f), positioning-related failures occurred as
the number of recordings increased and therefore the
5 test could not be continued. As compared with the
first comparative example, the magnetization of the
soft magnetic films became slightly stable. However,
it is seen that there is a limit where the track width
and pole thickness are smaller.
10 <Experimental result related to the present
invention>
In the first to third comparative examples, the
concave part 100 has not been made in the magnetic
pole piece 31. Next, in experimental results related
15 to the present invention, an example of making meas-
urements with the concave part 100 made in the
magnetic pole piece 31 will be explained.
In this example, sample (c¢’’) to sample (h'')
obtained by making the concave part 100 in sample (c)
20 to sample (h) of Table 1 respectively and sample (1'7)
to sample (n’’) obtained by making the concave part
100 in sample (l) to sample (n) of Table 2 respec-
tively were prepared. Table 3 lists the track widths,

pole thicknesses, and neck heights of sample (c’’)

25 to sample (h'’) and sample (1’’) to sample (n’’").
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In this example, the concave part 100 was so
made that h was about 1/4 of the neck height NH and
w was about 3/4 or more of the track width Tw (that
is, almost equal to Tw) in FIG. 5. The soft magnetic
5 film of the magnetic pole piece 31 was made of CoFeNi.
Instead of CoFeNi, for example, CoFe, CoFeN, NbFeNi,
FeTaZr, or FeTaN may be used. Moreover, added
elements may be further mixed with these magnetic
materials as main components.

10 FIG. 10 is a graph showing the result of
combining the magnetic pole pieces (with the concave
part) of sample (c’’) to sample (h’’) and (1'') to
(n'’) with disk (A) and measuring the positioning
error and the number of repetitions of recording

15 and reproducing. As shown in FIG. 10, it is seen
that, in all the samples, the positioning error was
kept stable. That is, even with the track width
that caused head-positioning-related failures as
the number of recordings increased in the compara-

20 tive example, a stable positioning operation can
be carried out continuously, regardless of the
number of recordings in this example.

Furthermore, even when these samples were
combined with disk (B) whose soft magnetic underlayer

25 was made thinner, a stable positioning operation

was carried out similarly with all of the heads.

Consequently, it is seen that making the concave part
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thickness of the soft magnetic film of the magnetic
disk. It is conceivable that the reason such an
5 effect is obtained is that making the concave part
100 in the side of the magnetic pole piece 31 produces
shape magnetic anisotropy.
FIG. 11 schematically shows the direction of
magnetic moment produced in the magnetic pole piece
10 31 of FIG. 5. 1In FIG. 11, when the magnetic moment
attempts to point to the medium, magnetic charge
appears at the surface of the concave part 100,
increasing the magnetostatic energy. Therefore,
the magnetic moment becomes liable to point in the
15 direction parallel to the concave section 100.
This tendency increases as the moment is getting
closer to the concave part 100. As a result, the
residual magnetization component heading toward
the medium produced at the magnetic pole piece 31
20 is suppressed, which improves the stability of the
magnetic pole piece 31 in an unrecording operation.
To sum up, in the first embodiment, the concave
part 100 is made in the side of the magnetic pole
piece 31 of the write head in such a manner that the
25 concave part is parallel with the recording surface

of the disk medium 2 and extends in the longitudinal

direction. By doing this, shape anisotropy is
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controlling the direction of the magnetic moment
at the tip of the magnetic pole piece 31 in an
unrecording operation. This suppresses the residual
5 magnetization component heading from the magnetic
pole piepe 31 to the medium, thereby preventing the
residual magnetic field from leaking to the medium,
which helps realize a highly reliable vertical
recording head that assures a higher stability of
10 the recorded information.

Specifically, according to the first embodiment,
even when the magnetic pole piece 31 whose track width
is 0.3 micrometers or less, whose pole thickness is
0.2 micrometers or less, and whose neck height is

15 larger than the track width is used, instability in an
unrecording operation can be suppressed, which makes
it possible to provide a highly reliable vertical
magnetic recording and reproducing apparatus. Accord-
ingly, even in narrow track recording, the information

20 recorded on the recording medium can be stored stably.

- [Second Embodiment]

Hereinafter, a second embodiment of the present
invention will be explained. In the second embodi-
ment, the concave part 100 is made in the same side

25 of the magnetic pole piece 31 as in FIG. 5. Sample

(e'’1) to sample (e’’6) were prepared which were

such that h and w were changed with respect to
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combining the magnetic pole pieces (with the concave
part) of sample (e’'’1l) to sample (e’’6) with disk (A)
and measuring the positioning error and the number

of repetitions of recording and reproducing. From
FIG. 12, it is seen that, although the positioning
error is a little larger in sample (e’’4) to sample
(e’”6) where the concave part 100 is farther away
from the medium-facing side and has a narrower width,
a stable positioning operation can be sustained
continuously, regardless of the number of recordings
as in the first embodiment. Moreover, even with a
combination with disk (B) with a thinned soft magnetic
underlayer, a similarly stable positioning operation
was carried out for all of the heads. Accordingly,
it is seen that, in the second embodiment, too, posi-
tioning control can be stabilized, almost regardless

of the thickness of the soft magnetic film of the
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an unrecording operation by suppressing sufficiently
the residual magnetization component heading toward
the medium in the magnetic pole piece 31, it is
considered effective to make the height h of the
15 concave part 100 equal to or less than half of the
neck height NH and the length w of the concave part
100 egqual to or less than half of the track width Tw.
Furthermore, as a result of further investiga-
tion under similar conditions, examination of the
20 amplitude of the servo signal after 10000 recording
and reproducing tests has shown that there was a 10%
variation in the amplitude per round in sample (e’’4)
to sample (e’’6). In contrast, in sample (e’’1l) to
sample (e’’3), a variation in the amplitude decreased
25 to 7% or less per round. From this, it is seen that,

to a certain extent, the second embodiment has the

effect of suppressing a variation in the amplitude.
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5 made in the side perpendicular to the track width
direction of the disk medium 2, that is, in the bit
length direction. As in FIG. 5, the concave part
100 is parallel to the recording surface of the
disk medium 2 and has a longitudinal direction.
10 In the third embodiment, the concave part 100 was
made in sample (e) in Table 1 (i.e., the track
width Tw = 0.2 micrometers, the pole thickness
PT =.0.2 micrometers, and the neck height NH =
0.3 micrometers) as shown in FIG. 13. Then, sample
15 (e’’’1) to sample (e’’’6) were prepared which were
such that h and w were changed as shown in Table 5.
The same materials as in the first embodiment may be
used for the composition of the soft magnetic film
of the magnetic pole piece 31 of each sample. Then,
20 the amount of head positioning error was measured

for each sample.

Table 5
e”’l|e”2|e”'3|e”4|e”'5|e”6
h(gym) |0.07|0.07]|0.1 |0.1 [0.15]|0.15
w(um) [0.14]0.1 |0.14;0.1 [0.14(0.1

FIG. 14 is a graph showing the result of
combining the magnetic pole pieces (with the concave

25 part) of sample (e’’’1l) to sample (e’’’6) with disk
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part in the side determining the boundary of a
bit, the magnetic moment in the recording magnetic
20 pole is more liable to point perpendicularly to
the magnetization transition region between bits.
Therefore, the write angle in the magnetization
transition region can be made sharper.
[Fourth Embodiment]
25 FIG. 15 is a perspective view showing a fourth
embodiment of the magnetic pole piece 31 of FIG. 3.

In the fourth embodiment, a concave part 100a is made
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9, &t é'() concave parts 100a, 100b in the longitudinal direction

be wl and w2, respectively. Suppose each of wl and w2

is equal to or more than about half of the track width

Tw. The positions in which the concave parts 100a,

100b are made are represented by hl and h2, respec-

10 tively. Suppose each of hl and h2 is about one-third

of the neck height NH. The sizes of samples used in

experiments conducted in the fourth embodiment are

listed in Table 6. Sample (c’’’’) to sample (h'’’')

and sample (1’’’’) to sample (n’’’’) are the same as

15 sample (c) to sample (h) and sample (1) to sample (n),

except that the concave parts 100a, 100b are made.

The same materials as in the third embodiment may be

used for the composition of the soft magnetic film of

the magnetic pole piece 31 of each sample. Then, the

20 amount of head positioning error was measured for each

sample.
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(A) and measuring the positioning error and the number

5 of repetitions of recording and reproducing. As
shown in FIG. 16, the positioning error equal to or
less than 12 nanometers can be obtaihed for all of
the samples. In addition, in each of the samples,
the amount of error did not increase, regardless

10 of the number of recordings. Moreover, even with
a combination with disk (B), a similarly stable
positioning operation was carried out for all of the
heads. Accordingly, it is seen that, in the fourth
embodiment, too, positioning control can be stabi-

15 lized, almost regardless of the thickness of the soft
magnetic film of the magnetic disk.

In the fourth embodiment, taking shape anisotropy
into account, it can be said that the positions and
lengths of the concave parts 100a, 100b provide

20 conditions that make a residual magnetization compo-
nent heading toward the medium more liable to develop
than in the configuration of each of FIGS. 5 and 13
(h: 1/4 - 1/3, w: 3/4 - 1/2). 1In spite of this, the
result of measuring the positioning error tends to be

25 improved. From this, it is conceivable that forming
the concave parts 100a, 100b in sides of the magnetic

pole piece 31 in both of the track width direction and
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31 parallel to the track width direction of the disk
10 . medium 2. Let the position where the concave part
100c is made be hl. Suppose the concave part 100d
is made in a position a distance of h2 away from the
disk medium 2 with respect to the concave part 100c.
In FIG. 17, let hl be about a quarter of the neck
15 height NH and h2 be about half of the neck height NH.
Let the length w of each of the concave parts 100c,
100d be equal to or more than about half of the track
width Tw.
In the fifth embodiment, the same samples as
20 | sample (c) to sample (h) and sample (1) to sample (n),
except that the concave parts 100c, 100c were made,
were used. The same materials as in the first to
fourth embodiments may be used for the composition of
the soft magnetic film of the magnetic pole piece 31
25 of each sample. Then, the amount of head positioning
error was measured for each sample.

As a result of combining the magnetic pole piece
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positioning error equal to or less than 12 nanometers
could be obtained for all of the samples. In each
of the samples, the amount of error did not increase,
regardless of the number of recordings. In addition,
10 even with a combination with disk (B), a similarly
stable positioning operation was carried out for all
of the heads. Accordingly, it is seen that, in the
fifth embodiment, too, positioning control can be
stabilized, almost regardless of the thickness of
15 the soft magnetic film of the magnetic disk.

In the fifth embodiment, taking shape anisotropy
into account, it can be said that the positions and
lengths of the concave parts 100c, 100d provide condi-
tions that make a residual magnetization component

20 heading toward the medium more liable to develop
than in the configuration of each of FIGS. 5 and 13
(w: 3/4 - 1/2). 1In spite of this, the result of
measuring the positioning error tends to be improved.
From this, it is conceivable that forming the two

25 concave parts 100c, 100d in the side of the magnetic

prole piece 31 in the track width direction has the

effect of improving the stability of the magnetic pole
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Cefgijknk§7{ the magnetic pole piece 31 perpendicular to the track
width direction of the disk medium 2 (that is, in the
bit length direction) and hl, h2, and w were the same
as in FIG. 17. The result was the same as when the
concave parts 100c¢, 100d were formed in the side of

10 the magnetic pole piece 31 parallel to the track width
direction of the disk medium 2.

Therefore, making concave parts in the same side
can be considered to have the effect of improving the
stability of the magnetic pole piece 31 in an unre-

15 cording operation, regardless of whether the concave
parts are made in the side in either the track width
direction or the bit length direction. In addition,
the effect of the width of the concave part can be
considered. When two or more concave parts are made,

20 _ a still greater effect can be expected.

In each of the above embodiments, it is desirable
that the width of the magnetic pole piece 31 in the
track width direction should be 0.3 micrometers or
less. The reason for this is to further decrease the

25 ~ possibility that the residual magnetization component
heading toward the disk medium 2 in an unrecording

operation will remain. In addition, in each of the



'ni z109%&' () -
(ni z109%&' () -

Q 7 sniz10%&' ()- uvxyz|}IPniz10%& ()- %i z10ni z10%& ()- ni z109%& () -

ni z109&' () -
9%i z109&' () -
sni z109%&' () -
sni z109%&' () -
ni z109&' () -
ni z109&' () -
ni z109%&' () -
ni z109%&' () -
ni z109&' () -
ni z109&' () -
sni z109%&' () -

&ni BAGRRE (- pale10Y&th) -
ni z10%&' ()- ni z109%&k ()- ni z109%&k ()- ni z109%&k () -

ni z109%&' ()- ni z109%&' ()- ni z109%&' ()- }~|\ @ni z109&' () -

ni z10%&' ()- niz109% ()- niz10%& ()- Q7 sk#F Q7
Oni z109%&' ()- ni z109& ()- -ni 330%& ()- ni z109%& ()- t X<{

ni z10%&' ()- niz10%& ()- niz10%& ()- niz109%& ()- niz109%& () -
dH, <{ ni z10%& ()- niz10%& ()- G Q7 sniz10% ()- niz10%& ()-
t X<gbbb& 1eiBbalAU&LE) - 18I Z30%&5E L apnbz LYK Che ALEKO%E () -
ni z109%&' ()- ni z109%&' ()- | @ni z109%& ()- ni z109%& ()- ni z109%& () -
G h@LghsnNH18%EU(Y- bePRadd0¥8ngrr NhahORha10¥MEokHingi Z109%& () -
ni z10%&' ()- ni z109%& ()- ni z10%& ()- dH, ni ni z109%& () -
Ahz tB¥%&' Chsel toQ, 7thak, meGtonQid

pP4ni G ni z10%&' t¥- fnrzhevederrensel 0@ ppssnbzl0¥g thatnithe0¥@sfual

ni Z109% () -

10

15

20

25

ni z109%& ()- ~D(4ni z109%& ()- niz10%& ()- G Q7

ni z109%&' ()- ni z10%&' ()- niz10%& ()- niz109%&' ()- (niz109& () -
mogqrtu| " @ni z10%& ()- %i z109%&' ()- ni z10%&' ()- niz10%& () -

Q7

magnetization component heading toward the disk medium

2 in an unrecording operation will remain.
Furthermore, in each of the embodiments, when
the tip of the magnetic pole piece 31 is designed to
have a stacked structure of a nonmagnetic interme-
diate layer sandwiched between soft magnetic films,
it is possible to obtain a magnetostatically more
stable state than a single layer. 1In addition, in
each of the embodiments, the effect of suppressing

the residual magnetization component can be increased

- further by making a concave part in a position on the

magnetic pole piece 31 equal to or less than half
of the neck height from the facing side of the disk
medium 2. Moreover, in each of the embodiments,
the effect of suppressing the residual magnetization
component can be increased further by making the
length of the concave part in the longitudinal
direction equal to or less than half of the width Tw
of the magnetic pole piece 31.

As described above, using the various magnetic
heads shown in each of the embodiments makes it
possible to suppress the disorder of the recorded

information caused by instability in an unrecording

J
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This invention is not limited to the above
5 embodiments. For instance, instead of making a
concave part, a convex part may be formed. In
short, shabe anisotropy has only to be produced at the
tip of the magnetic pole piece 31. The number of
concave parts is not limited to 1 or 2. Since there
10 is a tradeoff between the number of concave parts
and the magnetic recording capability, the number of
concave parts is expected to have the optimum value.
According to the optimum value, the optimum number of
concave parts should be made.
15 Furthermore, in each of the embodiments, the
lower limit of the width of the concave part is about
20 nanometers because of the capability of the proc-
essing unit. Since it is difficult to evaluate the
depth, the limit of the depth is not clear. However,
20 a sufficient effect can be expected, provided that
both of the width and depth are in the range of, for
example, 5 to 50 nanometers.
In addition, the present invention is not limited
directly to the above embodiments and may be practiced
25 or embodied in still other ways without departing from

the spirit or essential character thereof. Moreover,

various inventions may be contrived by combining a
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5 component elements used in two or more of the embodi-

ments may be suitably combined.
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$ Y& () gagnetic rgcor&%ng method, the magnetic recording
5 head comprising:
a magnetic pole piece which generates a recording
magnetic flux perpendicular to the recording surface
of a recording medium and which includes
a side parallel to the track width direction of
10 the recording medium, and
a concave part which is made concavely in the
side parallel to the track width direction of the
recording medium so as to have a longitudinal direc-
tion parallel to the recording surface, with the
15 length of the magnetic pole piece in the track
width direction of the recording medium being equal
to 0.3 micrometers or less.
2. A magnetic recording head which records
information on a recording medium by a vertical
20 magnetic recording method, the magnetic recording
head comprising:
a magnetic pole piece which generates a recording
magnetic flux perpendicular to the recording surface
of a recording medium and which includes
25 a side perpendicular to the track width direction

of the recording medium, and

a concave part which is made concavely in the
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5 claim 2, wherein the length of the magnetic pole piece
in the track width direction of the recording medium
is equal to or less than 0.3 micrometers.
4. The magnetic recording head according to
claim 1, wherein the length of the magnetic pole
10 piece in the track width direction of the recording
medium is less than the length of the magnetic pole
piece in the direction in which the recording flux is
generated.
5. The magnetic recording head according to
15 claim 2, wherein the length of the magnetic pole
plece in the track width direction of the recording
medium is less than the length of the magnetic pole
piece in the direction in which the recording flux
is generated. |
20 6. The magnetic recording head according to
claim 1, wherein the length of the concave part in
the longitudinal direction is greater than half of
the length of the side in which the concave part
is made, in a direction parallel to the recording
25 surface.

7. The magnetic recording head according to

claim 2, wherein the léngth of the concave part in the
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The magne 1c recording head according to
5 claim 1, wherein a plurality of units of the concave
part are made in the same side.
9. The magnetic recording head according to
claim 2, wherein a plurality of units of the concave
part are made in the same side.
10 10. The magnetic recording head according to
claim 1, wherein the concave part is made in the side
in such a manner that the concave part is closer to
the recording medium than the midpoint of the length
of the magnetic pole piece in the direction in which
15 the recording flux is generated.
11. The magnetic recording head according to
claim 2, wherein the concave part is made in the side
in such a manner that the concave part is closer to
the recording medium than the midpoint of the length
20 of the magnetic pole piece in the direction in which
the recording flux is generated.
12. The magnetic recording head according to
claim 1, wherein the magnetic pole piece has, at least
in the vicinity of the recording medium, a stacked
25 structure that causes a nonmagnetic intermediate layer

to intervene between a plurality of soft magnetic

films.



.S$109% zf & () - &10% f& ()-ROWMzYB8bWA | &*s!10% zf& ()- 3 )10% zf & () -
YUHO0Uf& ()-1& 110%f& ()-!& !10%zdz& () -
109 zf & () - 2yXK>110f zf 10f zf 10f zf 3 9&10% zf & () -! &&6" 10%vzwWz &' () -
f2s10% zf & () - 0Y10% zf & ()-!'&s!'10%r& ()-F}|[: K>110f z 10%B9S&' () -
s10%659S&' () - Z10%BgS&' () - 10%59S&' ()- GLO%BgS&' () -
10969S&' ()-"N|[: K>110fz 10%59S&' ()- 9- 48%BgS& () - Y10%569S& () -
3Z10%6gS&' ()- @O0¥%sgS& () - S&10UBgS&' ()-90-|[:K>110fz 3 ' F10%BgS&' () -
%0%859S& ()- 9SH10YSgS&' ()- 3 " 'ylOousgS& () - 10989S& () -
109859S&' ()--M % [ : KS130f zTBe @agneBysSer éror8ingyheedgs&coydifa. $20%5gS&’ () -
L, gl0%6gS& () - 3 *10%69S& ()-  (10%5gS& () - 9%t | obU4l
&MLOY&' () - 10SgS1DBYS1DSgM &r 910 vSySEyneFig1pobgBieFe ha30vdBySEeppt F
410%69S&' () - DVAj { Y7bU4AT 'NIlO%hh&f(%@ |M10% @ @& ()-!M 10%&' ( g
AWM 10988& ()- lmioh@ yicinibgwef)t zrﬁgmqmm NOUHRR: (- SLRTEOR () -
(109 ()-'(10%"& ()-!'S#"109%& ()- 109% ()- Normal" "Heading 13]¢" "Headi ng
23] c" "Headi ng 3BTeCturRabhal 43pees  peReHEIBS LT lPEﬁHWﬁQléﬁfclayﬁﬁadlng
73]c" " di ng 83]¢" " Headi 3]c "Def aul t _Paragra Font
$)1. 380>CEIVRWA Fiaf k‘?ﬁ's%&Ye’i‘e &%EWLQ%&%*&BW#%H B?Egzma%netlc
A" 1$g% t (* @Bflf12v4C538 <?9ABDFHNIJf L OPPPQQ QBQLQ Qs QLU RSTUXZZZZZ
14. A head suspension assembly comprising a
magnetic recording head according to claim 1 and a
support mechanism which supports the magnetic head
10 in such a manner that the head faces the recording
surface of the recording medium.
15. A magnetic recording apparatus comprising
a magnetic recording head according to claim 1.and by
recording the information on the recording medium by
15 use of the magnetic recording head.
16. The magnetic recording apparatus according
to claim 15, wherein the recordipg medium includes
a soft magnetic underlayer, and
a vertically oriented magnetic recording layer
20 stacked on the soft magnetic underlayer.
17. A composite head comprising:
a magnetic recording head according to claim 1;
a reproduction head which reads information
recorded on the recording medium by use of the
25 magnetic recording head; and

a slide mechanism which has the magnetic

recording head and the reproduction head both mounted
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the reproduction head with respect to the recording
surface.
18. A head suspension assembly comprising a
5 composite head according to claim 17 and a support
mechanism which supports the composite head in such
a manner that the composite head faces the recording
surface of the magnetic recording medium.
19. A magnetic recording and reproducing

10 apparatus comprising a composite head according to
claim 17 and by recording the information on the
recording medium by use of the composite head and
reading the recorded information by use of the
composite head.

15 20. The magnetic recording and reproducing
apparatus according to claim 19, wherein the recording
medium includes

a soft magnetic underlayer, and

a vertically oriented magnetic recording layer

20 stacked on the soft magnetic underlayer.



