¥e3deM "N 1$pPV&E' TI'cY -1 METHOD OF PCOLI SHE NG A MAGNETI C HEAD SLI DER
BACKGROUND OF THE INVENTION 1. Field of the Invention ~~~ DEC ~Op? The
- present invention relates to a nethod of polishing a magnetic f 7hﬁE€ 2007
Slider including a thin filmnagnetic head el enent that perfor&: &

. recordation or reproduction of information on a recordi ng nedi
hard di sk. 2. Description of the Related Art .In a nmagnetic reﬁ\ﬁ@“@ﬁ@m‘mﬂ“w
apparatus such as a hard disk drive,_pa-thin filmnagnetic hea nt that
-performs witing or reading of magnetic information is equipped i 166168

magneti c head slider, which is provided opposing a recording surface of a
recordi ng nedi WESHODeOFaPOLISHINSKA MAGNEBFTIE HEARSHIBERIer is
hexahedral in shape and a couple of parallel slider rails is forned on one
surface thereof. The surface of the slider rail is a surface opposing to
the recording surface of the recording nedium which is called an air
bearing surface (ABS) (or an airborne surface). A flow of air occurred

bet ween the recording surface and the air bearing surface by rotation of

(oo ar FRCRCRRAND ERIRRISVIMARNG recording™ *2' 9'oeC Sbop -2
s her ei Raief of LR FRUERERH a5 an ol ement -1 ormed surface, o e
The present invention relates to a method of polishing a magnetic
head slider including a thin film magnetic head element that performs
recordation or reproduction of information on a recording medium such as a
hard disk.
2. Description of the Related Art
In a magnetic recording apparatus such as a hard disk drive, a thin
film magnetic head element that performs writing or reading of magnetic
information is equipped in a magnetic head slider, which is provided

- ) opposing a recording surface of a recording medium such as a hard disk. )

The magnetic head slider is hexahedral in shape and a couple of
parallel slider rails is formed on one surface thereof. The surface of the
slider rail is a surface opposing to the recording surface of the recording
medium, which is called an air bearing surface (ABS) (or an airborne
surface). A flow of air occurred between the recording surface and the air
bearing surface by rotation of the recording medium makes the magnetic

head slider slightly apart (popularly speaking, airborne) from the recording
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perpendi cular to the air bearing surface. As a nethod of formng the air
bearing surface by polishing, Japanese Unexam ned Patent Publication No.
132456/ 1995 di scl oses a net hod by which a di sk-shaped board iquo@@npgwﬁpd
an object to be ,. polished is rocked along a dianetral direction of the
board, to polish the object to be polished. By this nethod, it is said that
generation of scratches by polishing can be prevented by polishing the

obj ect to be polished under the conditgi-on that an average speed in the

- board-rotating direction is lower than a speed in the rocking direction in
the latter half of the polishing process. Cenerally, the thin filmnmagnetic
head el enmediims. Thenddnadilng magaic head edemebs tis dbemetianvi the aurfdcei | ayer ed
structure including various kinds of insulating |ayers, nmagnetic |ayers and

the |ike.wBith tre hohdhafibe aofértdie ¢b enmnt ast releimendiformedr isalrfacel e
different in hardness of materials. Consequently, it is known that

per f or m neypeRBicutdy iR Ak PERAhpBHrfdckayered end face, which is parallel
to a direction of stacking of thin films, of the magnetic head slider in

order to formthe air bearing surface causes a by-processed step on the
pol i shed surface. Mre specifically, because the el enent structural

materials are spfter tham the, substrate, .a.portion of th e

el ement-nmul til eraecfngﬂﬁ)raf g?efoﬁwl?%eﬁla% ra‘nE)eaerair}'fbg Suf%afeDE& E%l&hl-n@ surface

becones recessed, .ji n ot her rds r .than.a t] he, substrate

section. anese s|jnexagpned ¢ eﬁﬁqfﬁgbvﬁ‘iat%}l‘%'l Hgéflkg/gggrét%’ﬁaoﬁe%cﬁn pped in

the hard disk drive, .a di Zijagcg be vxg(;aﬁr; the multilayered section portion of
SRISeAR

the thi n methaddynsthich dt ke retatedcands aphebigets ko cfnot be .
sufficiently shortened, and it is difficult to inprove a stre?ﬁg\t/h of a

signal memished si wcked grlong codiimetrahdivesipn defcilegboaxd, tteepelishy herol i shi ng
net hod, the by-processed step on the air bearing surface is not considered
in the | edgect tarkk polishede Bycdiiy adthodhitistshied that generation of scratches

by polishing can be prevented by polishing the object to be polished under

the condition that an average speed in the board-rotating direction is lower

than a speed in the rocking direction in the latter half of the polishing

process.

Generally, the thin film magnetic head element is formed on a

) predetermined substrate, having a multilayered structure including
various kinds of insulating layers, magnetic layers and the like. But the
substrate and the element structural materials are different in hardness of
materials. Consequently, it is known that performing a polish on a
element-multilayered end face, which is parallel to a direction of stacking

of thin films, of the magnetic head slider in order to form the air bearing

surface causes a by-processed step on the polished surface. More
specifically, because the element structural materials are softer than the

substrate, a portion of the element-multilayered end face on the air bearing



by- processed step on the air bearing surface cannot be reduced. On the

ot her hand, sone polishing nethods are proposed wth the aim of Weﬂﬁfiﬁ%
*such a by-processed step. For exanple, Japanese Unexam ned Pate%t 2
Publ i cati on No. 134316/1998 and Japanese Unexam ned Patent Publication No.
-, ) 245333/1997 disclose a nethod of polishing a magnetic head, in which
net hod a pretreatnent to enbed abrasive in the board is perfornmed according
to a predetermned procedure with corrgcting ring and dummy work, and the

- board performed with the pretreatnent is rotated, with a solution including
no abrasive dropped down on the board. Japanese Unexam ned Patent

Publ i cat i purfhice hE80M88/ 1:80ssed| 30l odes wopdd, hhwdveaf thanh | 5 ortioanofaithdor ne
surface (air bearing surface) of 2 7 DEC ~pp~ -4 a nagnetic head slider
with a | agumdtisfe sectRaViAPadredulth whetithe hRsyndtic hiead | ek s plcgt#llphape and
abrasive particles fixed on the surface of the main body of the |ap. The
abrasi ve buipBRIAP dhe haitidill ABAL Lal diskHRRS BdiwoAPARESMUINENARL A

Pat ent Publ'i cation No. 84657/1993 di'scloses a nethod of polishing an

ai rbor ne $é£ft{o%c ?Riorf"o %Bincﬁﬂﬁaxﬂ%h%{lc %headPelBffrd a[ﬂcf?ﬂ'e §81~t‘a{5% o of an

ani on surface-active agent and an a eric surtace-active agen The | ap
is made of, a terial, ihat .caonbj.nes a, phase N et phase of brass
possessi né}‘egldg% gpomgt #’? r‘?é‘g c‘?B#‘Ysﬁi’ﬁﬁB%eﬁ@"%}tabﬁ gvbyﬁfﬁﬁg(ﬁtot PRPTNEWRver, in
each of the abgve,technol ogies. t rotation, speed of the polishing plate is
not takens'irﬁPgﬁb%‘?%ﬁ mﬁﬂetwi?ﬁiééghf?ﬁ@aﬁﬁﬁmgs?prgdw-n& ocessed step is
intended in common. i SUMVARY OF THE | NVENTI ON The i nvention has been
achieved in | light of the foregoing problens and its object is to provide .
a yret hod of polising a nmagnetic head slider, by which the height of a :
by- processed sthbp the aaboykeepelishing| methodride bywrbeassed ssteprdmthe taor be
pol i shed) of the magnetic head slider is easily reduced and thereby a

pol i sh wi béatihghuafaceisayt censdeteldenh the least)echdoit ipebnadivalgletthat the

by-processed step on the air bearing surface cannot be reduced.

On the other hand, some polishing methods are proposed with the

aim of reducing such a by-processed step.

For example, Japanese Unexamined Patent Publication No.

) 134316/1998 and Japanese Unexamined Patent Publication No.
245333/1997 disclose a method of polishing a magnetic head, in which

method a pretreatment to embed abrasive in the board is performed
according to a predetermined procedure with correcting ring and dummy

work, and the board performed with the pretreatment is rotated, with a

solution including no abrasive dropped down on the board.

Japanese Unexamined Patent Publication No. 180389/1997

discloses a method of polishing an airborne surface (air bearing surface) of



head slider according to the 21 DE C 2~f102 -5 first aspect of the
invention is a nmethod of polishing a nagnetic head slider, V\herﬁg‘vm
“element-nultilayered end face of the nmagnetic head slider where t 2002 m
ragnetic head element is formed as a nultilayered structure is polished
-with a polishing plate having a polishing surface, including: a first
polishing step of polishing the elenment-nultilayered end face of the
magneti c head slider by means of settigng the polishing plate to rotate at a
-first velocity and a second polishing step of performng a finishing polish
of the elenent-nultilayered end face of the nmagnetic head slider processed
in the fiasiagneticshéaryshidepwith adapswhichsist equigppedevithld staingoqulyao® t o
rotate at a second velocity |Iower than the first velocity, wherein the
second veilheclapyin plstet slsapet had sbrasiver paidien éxedveal ohe tsyirfaresofdilteect i on of
the rotation of the polishing plate is equal to or |Iower than 0.032 neters
per secondaimbédieofteiap. Thkiabrhside 36 6Mmbellfed N6 WERRANpRA! ik 2Rposedt ep, the
magneti c head slider may be set to reciprocate along a direction al nost
orthogonal to the direction of the rotation of the polishing plate. In the
met hod of polishing the nmagnetic head slider according to the first aspect
of the inventi } h S I f t he
pol i shing pl at gf?a 8%12% pd{ e%%’"ﬁﬁ’é&ﬁl‘ rtgﬁt ?‘e‘ﬁ%‘tﬁ?f‘?%"n?ﬁ%ﬁzl@eggﬁgaé%% shi ng
step is perf d ans of the polishing.plate rotating at, the second
Vel bci ' CRATRON pAPABIRE a8t alrBppls syFtoen bt Biseretie heat yith sofe oo °f ha
the average, linear, velocity in the direction of the rofation of the
pal i shi ng™st areixed gofybion ¢f ap andoR surkisp astiye napptand garampheiric 2 ~
Op2 -6 In a nethod of polishing a magnetic head slider according to the)
second asep@&ceoactmeagweﬂ{‘)uednp isgnade of pcmateriph that| copebines gdphasee of t he
magneti c head slider where the thin fil mmagnetic head elenent is forned as
a mul ti| aferindwsttr acpbase iof hraks glosgessing grhbatepostiffhessygfpl auppdrdingg t he
polishing surface, including the first polishing step of polishing the
el enent - mbrasiveywhaadiend face of the magnetic head slider by neans of
setting the polishing plate to rotate at the first velocity and the second
polishing step of performng the finishing polish of the
elenment-nultilayered end face of the magnetic head slider processed in the

first polishi ngHsweverDin BRANSS fife 86dVe f2ehhR BN iotatisRdpsdd 8fthd O
reci procate along the direction al nost orthogonal to the direction of the

e T L e o R
t

olirshing t magnet 1 ¢ head

slider a ' Ae invention, the first polishing
step is 8§$?g¥%§ﬁ£§$%ﬁg%§§%§9g?Eggggﬁ?s'ing plate rotating at the first

vel ocity, and the second polishing step is|performed by neans of setting
the magnetic head slider to reciprocate al ong the direction al nost

ort hogon t i ' otationm of the polishing plate at the,
fi) st poﬁgmg}jmwgtw&n ng plate set to stop. In the nethod of )
polishing a magnetic head slider accordingito the first aspect of the

invention, it is preferable that the second velocity is set 2 7 DEC 2p2

_7_so that the average linear velocity inithe direction of the rotation of
t he The invention has been achieved in light of the foregoing problems

and its object 1s to provide a method of polishing a magnetic head slider, by
which the height of a by-processed step on an element-multilayered end
face (a surface to be polished) of the magnetic head slider is easily reduced

and thereby a polish with high accuracy is enabled.

A method of polishing the magnetic head slider according to the




polishing plate is equal to or |ower than 0.008 neters per second in the
second polishing step. Furthernore, in the nmethod of polishing tqunpgneﬁm%
- head slider according to the first or the second aspect of the inventron;
i't is preferable to performthe second polishing step using a polishing
-liquid that includes _ C no polishing particles. Furthernore, it is
preferable to performthe first polishing step using a polishing liquid
that includes polishing particles. It 5s preferable that the first

- polishing step and the second polishing step are set to be continuously
performed with one and the sane polishing apparatus. In a nethod of

pol i shi ndfimt aepetofchbéadersthon ey a acshodiof polishingea itd grattirdpect sladerf he
invention, a cleaning step for renoving the inpurities generated in the
first polwhbieby ahedlehferpahiitilaperddetadefzbast the hhgnsee drddprslidshi ng
step. In this polishing nethod, an effect that the inpurities have on the
second palhshy QIR AilinS mAftRIhe RE QLR e i0/rmRYUL akNE RNy bGP are

renoved before starting the second polishing step. Here, the iIfhpurities
i nclude t i shi ng. pe . fi pol.i ghk.E pol i sh
| eavi ngs Jr%guvﬁg g%ﬁgoﬁglesgggﬂ%eaf p?@%“%gl *’s%? n}jé&‘é%l%pgaﬂr?gﬂ P E&gg %Elﬁgarce’rmt ter.
In the nethod,.of. i shi a netd ¢ ;head i der_accordi to.,the, third
aspect ofinERingyBareh poliehibe BEn 1t roluting Hhe emBoEi diifeind Gl | "1 oec
?.1002 -g, W pi off the jnpurjties on the polishing plate with a
of edet or HARRAT $Be FAEste herd eilé%ﬁﬁgn%%PP %&tﬁquee,goleﬂgngrﬁ}am 2 es on
the polishing plate nay be renpved using a nenber for renoving the
i mpuri ti eotatieant iz finsbyyedecitionandea secortipplishing fter off paelopBingii ng pl ate
mﬁ)le the polishing plate is rotated with a predeterm ned sol vent being
suppl i ed fimshivg poheinoh she elgmentr mudtilnyered abldachaf thdradgnesic Inerid shi ng
step, the cleaning step r and the second polishing step are conti nuously
per f or medslidet processaddn the firsspolishnakistép by menss of sesting@itherpodistingir t her
objects, features and advantages of the invention will appear nore fully
fromthe flatd eovdtgtelas arsepdnddelocity lower than the first velocity, wherein the

second velocity is set so that an average linear velocity in a direction of the

rotation of the polishing plate is equal to or lower than 0.032 meters per

second in the second polishing step. In the second polishing step, the

magnetic head slider may be set to reciprocate along a direction almost

orthogonal to the direction of the rotation of the polishing plate.

In the method of polishing the magnetic head slider according to
the first aspect of the invention, the first polishing step is performed by
means of the polishing plate rotating at the first velocity, and the second
polishing step is performed by means of the polishing plate rotating at the
second velocity lower than the first velocity. The second velocity is set so
that the average linear velocity in the direction of the rotation of the

polishing plate is equal to or lower than 0.032 meters per second.



BRI EF DESCRI PTI ON OF THE DRAW NGS Fi g.

appar ent

- polishing a nagnetic head slider according to an enbodi nent of t

shown in

enbodi nen

illustrat
and a vel
I ncl udi ng
illustrat
accordi ng

structure of a magnetic head slider for which a nethod ng
e

Fig. 1. Fig. 3 is a sectional view taken along the line 1|1

oclity In e direction of a reciprocating notions of a bar
b RS L PEAEC Miclishel wih e RKRS B Raiha%h

t of,.t he

1 is a perspective view show ng an

DEC

presgﬂqz
iI'nvention is enployed. Fig. 2 is an expl oded perspective view show ng a
-structure of a thin filmmagnetic head el enent in the nmagnetic head

sl i der

I-111 of
the thin filmmagnetic head el enent i-ngthe magnetic head slider shown in
Fig. 2 when viewed in the direction of the arrow Fig. 4 is a perspective
vi ew showi ng an exanpl e of an apparent structure of a polishing apparatus
used in the nethod nfethod iof Hohghmgragmaignetibdechds Elider aseding by the t he
t of the present invention. Fig. 5 is an explanatory diagramfor

i Il ustrat sax@nadpPgdpaict o thé invéntion,BsRhe SedntSnultilBgeidehdXacs of @het he
pol i shing apparatus shown in Fig. 4. Fig. 6 is a perspective view for

h{h%n%ti\éq{eﬁ?i Yderwhé& e Qfih Mih Haghdtfl RidPLBleert iBTHFHBINT Pl ate

m f or
slider

3t i'SAi'hg "tnet fmgnett'c hed
R R M i A S R DR

pol i shi ng

e elrjxggnatglguit?la?re;é Setndppalciesgtj ?l?e Si;[lg nea};?cd head slider by means of
setting the polishing plate to rotate at the first velocity; and the second
polishing step of performing the finishing polish of the
element-multilayered end face of the magnetic head slider processed in the
first polishing step by means of setting the magnetic head slider to
reciprocate along the direction almost orthogonal to the direction of the
rotation of the polishing plate in the first polishing step with the polishing

plate set to stop.

In the method of polishing the magnetic head slider according to
the second aspect of the invention, the first polishing step is performed by
means of the polishing plate rotating at the first velocity, and the second
polishing step is performed by means of setting the magnetic head slider to
reciprocate along the direction almost orthogonal to the direction of the
rotation of the polishing plate at the first polishing step with the polishing

plate set to stop.

In the method of polishing a magnetic head slider according to the

first aspect of the invention, it is preferable that the second velocity is set



each velocity in the direction of the rotation of the polishing plate and
in the direction of the reciprocating notions of the bar. Fig. ?75 EC

di agram showi ng a rel ation between a position in the direction tn 2002
radius of a polishing surface in a second polishing step and each velocity
-in the direction of the rotation of the polishing plate and in the
direction of the reciprocating notions of the bar. Fig. 10 is a diagram
showi ng a rel ati on between an averageinear velocity in the direction of
-the rotation of the polishing plate and a by-processed step on an air
bearing surface. Fig. 11 is a diagramshow ng an effect that the velocity
in the disethatothofaveiege Haepr eehicitygimmbhe directibnt dfethrarotasnoof the

by- processed step. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Z ~

D E C Z00golidHihg Platcidlequsl t@ obHgwer ithahe@d08! mdedrk fdr Sdconteinethid ng to
Figs. 1 to 3, a structure of a magnetic head slider will be described, to

whi ch a n@cgﬁgpgjisgﬁ{éﬁgk)'ng the magnetic head slider according to an
enbodi ment of the present invention is applied. Fig. I shows an apparent

structure of a magnetic head slider 2 to which the nethod of polishing the
magnetic head slider according to the enbodinent is applied. Fig. 2

expl odedly sho structure of a thyn.filmm tic head gle t, 1. Fig. 3
Shows a secti oy BERRET B U aRchetel nolRbiFERES afastbt fedRhuel; [
Fig. 2 when viewed in the direction .of the arrow. The magneti ¢ head slider
2 i's fixe¥B lggttiopthﬁo{ilfsltdﬁ the sa90nd ARt oLiA FIVSRCSRoNNE® RIRB i n a
hard di sk (not shown). The actuator armrotates, for,. exan‘ﬁl e, hy . a driving
force of & peyferm dbe|segordpoiipbmgssieniisingy polishipgdiguid that prclidehetic
hepd slider 2 transfers in the direction across a track line along with a. |,
r €cor di nghe molisbing pazticlesoFarthermateunt (s prefonable) taspetfonm thedirat di sk. As
shown in Fig. 1, the magnetic head slider 2 is a block in

polishing step using a polishing liquid that includes polishing particles. It

is preferable that the first polishing step and the second polishing step are

set to be continuously performed with one and the same polishing

apparatus.

In a method of polishing a magnetic head slider according to the

third aspect of the invention, a cleaning step for removing the impurities

: ) generated in the first polishing step is performed before starting the second
polishing step. In this polishing method, an effect that the impurities have

on the second polishing step is reduced, because almost all the impurities

are removed before starting the second polishing step. Here, the impurities

include the polishing abrasives used at the first polishing step, polish

leavings newly produced at the first polishing step and the other matter.

In the method of polishing a magnetic head slider according to the

third aspect of the invention, the impurities may be removed by means of



approxi mately a hexahedral shape) one side of which (upper side in the
figure) is disposed so as to adjacently face the recording surface of the
recording medium A couple of parallel slider rails 2Ais forigep pR(t 2
side facing the recording surface of the recording nmedium A surface 0of the
-slider rail 2Ais called an air bearing surface (ABS) 2E. Wen the
recording nmediumrotates, an air flow occurred between the recording
surface of the 2 7 DE C Q02 -11 regprding nmediumand the air bearing
-surface 2E nmakes the magnetic head slider 2 transfer by very slight anmount
So as to be apart fromthe recording surface in the opposing direction Y
agai nst tWwépihgcoffdiheg implirittss ofotise potishing platecgiitlara predstpngnednes into
exi stence between the air bearing surface 2E and the recordi ng medium The
thin fil mdRanein ¢hbedea®ing Bith. lOiherRifyithedimpuribies! SiRAL 'ﬁdlfs'Hiﬂ?_ sur face
2G orthogonal to the air bearing surface 2E of the nagnetic head slider 2,
which is j : I ' ' i 95 - in Figs.
abé $ayBE b AT AR ol SbnHid N SbASvIY PdimburiisSigens g

2 and 3, e m nagnet | enent 1 1 ncludes a reproduci ng head

portion Q) | e 1f QLEBL: c .recor di ng
o um antrd L8 SREIENERECRATRLC 6t LY BOERbE bIAGCRRIE R RE 0t o0
on the recprding nediym .The reproduci.ng,head poriti.on 1A .f .eX | e, has
o il | SBrdRerP e Wit oh SEROPIREHERE n P eBEBaie SRl RS ARl ' ayer
12, a bottomshield gap | ayer. 13, a top shiel.d .gap | ayer 14, and a top
shiel d | a§lgpNE %tFHcﬁe‘a Hrﬁ%{etrﬁbé @a&éﬁ‘e shp Pgétt%p’zfge RAIIBE SieRer ani c
material or the like in the slider 2. The insulating |layer 11 is, for
exanpl e, 2nd fthe secomd pelishingistemars contaneensly pesioomed1wdh qug apd the . The
pd}tom shield layer 12 is, for exanple, 1 umto 3 umin thickness and \ )
conposed sfme polighiatg appatatus.al such as Ni Fe (an alloy of nickel and iron:
permal | oy). The bottom shield gap layer 13 and the top shield gap | ayer 14
are, for exanpl@thekambfurshdadobjeots, fedthrekand advaspegsi ofahy ianentionposed of
Al 20a or AIN (aluminumnitride) respectively. The top shield |ayer 15 is,
for exanpwéll appear?mor®E&l1f 8 tAe followingdlestriptiohhi ckness and conposed of a
magnetic material such as NiFe. Furthernore, the top shield | ayer 15
pbssesses a function as a bottom pole of the recording head portion 1B at
the same time. An MR (Magneto-Resistive) elenment 1C is buried between the

bottom ShBRgﬂF%EEWTlﬁNWTﬁEﬁMN@d gap |ayer 14. The MR el ement

1C is placed on the part close to the air bearing surface 2E for the

pur pose of readj; af Qr { Whigh, i i t r i di um
The VR e enent B it B BBERRGE ik Sl BY, Aot FERA DB (R
Ani sotropi ¢ et of Resi std ve), film an G ant Magnet o- Resi gtive
1T O rhomagreRe gt SBReE itk Sich £ Bt G RoHERRK o ARG BEndL | ¢

| ayer nmade.of Ni Fe,.or the |ike.,. The filmhas a | t.il ayered, structure
o udh ngSliey Aseardibg then epEPLinpTibe predit muERBORAS PRPYOL,
ferromagnetic | ayer nmade of ggge Can alloy of cobalt and iron) or .the like, .
an) anti-ferr onaéwe{»’ilé anexploged perspeghiie View shovane arstrusiyspete thin )
platinum) or the like, a non-nmagnetic metal |ayer nmade of ' Cu (copper) and
the |ike. films magnatiq head glementgn thetmagnefae head shdenshewnindigi b t he

di ti

rreetion Fig. 3 is a sectional view taken along the line III-III of the thin film

magnetic head element in the magnetic head slider shown in Fig. 2 when
viewed in the direction of the arrow.

Fig. 4 is a perspective view showing an example of an apparent
structure of a polishing apparatus used in the method of polishing a
magnetic head slider according to the embodiment of the present invention.

Fig. 5 is an explanatory diagram for illustrating operation of



-of a track wwdth (direction X in the figure), magnetic domain controlling
films 30A and 30B are forned of a hard magnetic material or tlz & IDEe 200he
magneti ¢ domain controlling filns 30A and 30B are forned for The purpose of
suppressi ng generation of Barkhausen Noi se by neans of applying a regular
directional bias magnetic field to the MRfilm20 in a certain 2 ~ DEC
QL02 -13 direction. A couple of lead |ayers 33A and 33B, which is disposed
facing each other in the direction ofgthe track width with the MR film 20

- in between, is electrically connected to the MR film 20 respectively The

| ead | ayers 33A and 33B are nmade of tantalum (Ta) or the |ike, and each of
them i s fimpoethiitgiareenf thepdidtingappaeatiisgdpwmieFiglat.and t he top shiel d
gap layer 14. The lead | ayers 33A and 33B are respectively extended toward

the side apart Higom tibea apérspeativeariowr facalldiratingt hatveldedty afhethe
el ectrically connected to output termnals 33C and 33D forned in a

pr edet er igipREioRAsH £ Q&aQﬂ)nt &a thHsﬁﬁi dtdaRd! @V@Ioci‘tfr 1§1361‘1@Vﬂ19&!t{1ﬁ1 gf unshown
openi ng portion which is fornmed on the top shield gap | ayer 14. As shown in

Fig. 3, t a wite gap

| ayer 41 glf% ﬁgﬁﬂh‘g%%&% @%B?ﬁm%&dﬁlﬁehe%gﬂ%ﬁfgbﬁg gﬁg, an insul ating
filmsuch as A on_ the Shl The writ ap .layer 41

i ncl udes a openi %g7p18refrf Sﬁpi?f%t B‘g??r éﬁu%ﬁ??ggﬁ&‘ﬁg %88 1 e center
of thin fil 0 43 .and, 45 whi ch described bel ow. the wite
gap | ayermetho #ep lrﬁiﬁng.tbweagmetacswe?é fﬁﬁﬁ:r pgeoyding it ﬂ%?@kgé%e%fnd a
phot or esi st Iayer 44 whi ch covers the thin filmcoil 43 are respectively
formed shdhe PEPSERtAnEPRAINesi st |ayer 42 of 1.0 ~mto 5.0 ~min thickness,
f9r exanple. On the photoresist layer 44, the thin filmcoil 45 of 1 ~mto
37~min thickndg. 8¢ a dinetasm ehosting z eelat@nihetorecsoacpasitioe inhthe i m
coil 43 are respectively forned. On the wite gap |layer 41 and the

phot or esiditectmpcofthe? radidisanfda $6]ishing surface a2 firdipalishipgmibp a4l of about

3 ~min thickness is fornmed of a magnetic material having a high saturation

magnet i ¢ eakhweledity fiy thealiratiol éethy rétablofi sfothenpbliskeia), plhes agdaiipl e. The
top pole 47 is in touch with, and negnetically coupled to the top shield

| ayer 15,thbfm@wiantmheﬂeawacaaﬁ{gm%oﬁ%f@ﬁebas wite gap layer 41 which
is provided in a position corresponding to the center of the thin film

coils 43 or 45 iPngtfae, [@RePRh &Hbwing!d REIAHbN BLtween a position in the
direction of the radius of a polishing surface in a second polishing step and
each velocity in the direction of the rotation of the polishing plate and in
the direction of the reciprocating motions of the bar.

: ) Fig. 10 is a diagram showing a relation between an average linear
velocity in the direction of the rotation of the polishing plate and a
by-processed step on an air bearing surface.

Fig. 11 is a diagram showing an effect that the velocity in the
direction of the reciprocating motions of the bar has on the by-processed

step.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS



shown in Figs. 2 and 3, an overcoat |ayer of 20 ~mto 30 ~n1in t hi ckness
is, for exanple, formed of A120s so as to cover the whole. Is\gthgc 2002
- formation, the recording head portion 1B records |nfornat|on

électric current passing through the thin filmcoils 43 and 45 generates

- magnetic flux between the top pole 47 and the top shield layer 15 serving
as a bottom pole and the nagnetic flux generated in the vicinity of the
wite gap |ayer 41 nmagnetizes the recqpding medium The thin filmmagnetic
- head elenent 1 of such a structure acts as follows. Specifically, the
magnetic flux for witing is generated by feeding a ) current through the
thin fil niStou¢tnrd 8f addaghetid Hend Slatert di ng head portion 1B, so as to record
information on the recording nedium On the other hand, a change in

resi stance causkEgst)yefersingl Fizagnesid; af dtehetulre ofhat e h@ﬁ@lhdhﬂ@hdﬁﬂl umis
detected by feeding a sense current through the MR fi I m 20 of the

reproduci gen 'lb%atﬂasﬁﬂbéﬂ% whiclS et & 1d1ﬁ£8rtﬁéthQnét@&%Q&@hﬁ@rt he
recordi ng medium Anmong the substrate 2D nade of a ceramc material, the

0ot Dcondink 8. GuB8inedeod @6 ot Tilea oS it v 1) and the

magnetic materi aI such as N Fe (an al I oy of nickel and iron: permalloy),
each material differs in hardness. Consequently, when the air bearing

surface of the c head slide havi ng,an above- i.b ructure
o ormed thr Ul Hofh<S B a@%ﬁﬂbﬁ@&@g@dggwasnﬁecqﬁ@ﬁ g Tk oS
produced on_an elenent-nmultilayerd end face (i.e.,..the air bearing surface)
of the nayyhith the methed pispolidiing th\romegpetlwhq@dt plider aceomdingataithe as
déscri bed hereinafter are taken in the nmethod of polishing the nagnetic :
head sl i dembadimenti isgappliech &ignBoenplededly shovece stenaiyry of hethiyp-fmpcessed
step L can be effectively reduced. [Polishing Apparatus) Next, a polishing
appar at usmagaetic shasdedleimertthe. Fig. dhowspolseetioma) stractrerg neft élenterds sl i der
according to the enbodi ment will be described. Fig. 4 is a diagram show ng

an ext er nalken glongf thenlipe | MENING Bina2 avhen §idwed polthehdibectidie ofiithe bear i ng
surface 2E (Fig. 1) of the magnetic head slider. The polishing apparatus 8

I s equi ppgerow. Theamaghdtic HAdagiddar P4 ifsdednen Bl ﬁf)?(ﬁﬂmnmlealhﬁbﬂﬁi’togo is a

long Iength of a menber which holds a bar 5 including a plurality of

magnetic BRgdnk s%(v%)?eq?:l;bﬁed 1y Aare bk '(ﬁétskheﬂﬁ) Ofhb *H’ctﬁﬂo? i M

magneti ¢ head el enent Is formed he polishing plate 81, which

rotates fyaeld ek dkwﬁn@noi,@;m@% PR35 ool mbljs blgk nbk g Toedded

on a polishing surtace Ich op sur ace Z00zZ -

this rotation, the magnetic head slider 2 transfers in the direction across a
track line along with a recording surface of a recording medium (not

) shown) such as a hard disk.

As shown in Fig. 1, the magnetic head slider 2 is a block in
approximately a hexahedral shape, one side of which (upper side in the
figure) is disposed so as to adjacently face the recording surface of the
recording medium. A couple of parallel slider rails 2A is formed on the side
facing the recording surface of the recording medium. A surface of the
slider rail 2A is called an air bearing surface (ABS) 2E. When the recording

medium rotates, an air flow occurred between the recording surface of the



of a circular plate nmade of tin (Sn) or the like. The bar 5 is be
fi xed on the holder 80 by an adhesive or the |ike. Moreover, beﬁ’ietdﬁ&

* polishing plate 81, a cleaning ring 810 made of a structural material such
as Al20s or the like is provided so as to be able to rotate by itself. In

. this case, the cleaning ring 810 corresponds to "the nmenber for renoving
the inpurities” in the invention. Over the cleaning ring 810, a lap liquid
(hereinbelow, referred to as slurry)-8jL with polishing particles and a | ap
-~ liquid (hereinbelow referred to as solvent) 812 w thout polishing
particles are equi pped so as to be stored in a tank, which is not shown.
The sl ur rec@idingmiedihe sod vbaniBheaning putfach @Fsmajkkes éhe nagredicdudadshi ng
suxface 81A through the cleaning ring 810. As the main ingredient of the
slurry 8lsliden@ traasfesbyevdry&lightfamowxiaspheto ba apaop ffoat the rémedthg

hydr ocarbon solvent is preferably used, of which the boiling point is, for

exanpl e, dire@r ihhahe 1@9po§ﬁlgn@1ﬁbﬁt)ﬁrqbl Ngdinghethd haRoddile GurBiRe. the SP

val ue of solubility paraneter is less than 10 and preferabfgy | ess than 8.

On th t
® oC e ABRY S Al ldatindd priairevl-i hee ' ttxyn%gg{*gl F30 ot abl e

free-abrasive- ype urry conposition o

oi | base & a tur nd f at f at aci d,
a free- ab%glx&é@yped%o%d h?en%c‘s’ %%%%pngsﬂl gﬂr'lmo nhnh%gr}fl }P'loth %ase
whi ch i ncliudes | east, gne k|n ound h 202 -17
Bl conol | EIRPERb YIS HagIde % ﬁna eéﬁ%%au af:? 9 afhoertal'ia, iy
olishin sI urry conposi fatt acid est ich i, cI udes at
Peast ongalkl ar%ﬁ é g}agné tig-hgad é‘é g j‘l\clxgés a’i‘ns ve of

the sol vent 812 for exarrpl e an additive of acetyl ene glycol / phosphatez‘)
base (I ageragndhe lefoheadisidom Feg. ¥.i ni shing process, which is conposed of
acetyl ene gl ycol conpound and phosphate conpound), a nonionic surfactant,

or an additive of fatty acid / vegetable oil base (lapping oil conposition
including at least t ,~ either natural oil and fat or fatty acid) is used.
Wth respect tdAdshéwnfintPigsaddind 8etld thhrefibhunhaygn8tid lead édlbmeadd ti ve of
the solvent 812, the anount of addition is set to be, for exanple, equal to

or | argerinthaes0a0Yeptcduciile hedd SportibrapRer #hich Srdprsdacddaseadilid N a
rectangul ar solid shape and a side frame 801 which is provided standing on

the top Ghfdrieathets ere8edOdnt BBe t RRoAinkNE1ddREM A o hecAARYE-Kesrr i bed

polishing plate 81 is provided so as to be able to rotate. On the side

frame 80 orﬁofli 'Mcﬁ%)éoﬁféomtaléﬁ%tl@q{lf&rh%&? bn¥ R cbRfinghballiRg surface
81A of the polishing plate

The reproducing head portlon 1A, for example, has a multilayered
structure with an insulating layer 11, a bottom shield layer 12, a bottom
" ) shield gap layer 13, a top shield gap layer 14, and a top shield layer 15 ) )
stacked in this order on a substrate 2D made of a ceramic material or the
like in the slider 2. The insulating layer 11 is, for example, 2 pm to 10 pm
in thickness and composed of Al203 (alumina). The bottom shield layer 12 is,
for example, 1 pm to 3 pm in thickness and composed of a magnetic
material such as NiFe (an alloy of nickel and iron: permalloy). The bottom
shield gap layer 13 and the top shield gap layer 14 are, for example, 10 nm
to 100 nm in thickness respectively and composed of AlaO3 or AIN

(aluminum nitride) respectively. The top shield layer 15 is, for example, 1



-81 i s supported. The sliding body 850 is held to be able to slide by a
gui de of a couple of parallel rails 851 fornmed on the side frane 801. A

* feeding screw 852 is provided between the two rails 851, and tzﬁnbg%pkﬁﬁ
screw 852 is engaged with a fenmal e screw (not shown) that is f i he
sliding body 850. A notor for sliding (not shown) that is installed on the
side frane 801 drives the feeding screw 852 to rotate, so that the sliding
body 850 horizontally transfers al ongid-he rails 851. The sliding mechani sm
- which makes the sliding body 850 transfer horizontally) makes the hol der 80
2 7 DEC 2002 -18 reciprocate in a dianmeter direction of the polishing
surface @bitofl irhanphidksesmngndlcaiepodid of @ mhghetihendtariab sish smdaFeont act
equally with the whole of the polishing surface 81A. The sliding body 850
consi st s RifrtRerahdr@d| 6e a5 ehtd® 18y@0D5 poskdaved Adunatidbs aB8%l battdnapéblei sti ng
and | owering body 840 held on the sliding base 855 so as to be able to

hoi st angs bedcor @hg iadhédicio1 Ba eh83amedtihde Orooves a 841 extending in
a vertical direction is forned, and a portion to be guided (not shown)
which is formed on the hoisting and | owering body 840 is engaged with the
gui de grooves 841 so as to be able to slide. Mreover, as shown in Fig. 4,

on the sliding,bha 8%a, a fegding serew 842 J rovi ded,sp as to extend in
parallel to th ngyge@?gf}s@sﬁ§ﬁl§,&vgﬁ(f??lﬁgnfeje(ziﬁggélpregwbgg‘ﬁe‘?% g gaged
with af | e scr. not, sho that.is for in the hoisting | oweri ng
body 840%@°%tsg\‘ee]¥¥oéaﬂo¥a¥?f\rq@ ﬁf@althﬁeﬁopnﬁgﬁf%tgaé’n At ddatThes MBunt ed on
the sliding base 855 makes the feeding screw 842 rotate, so_that the
hoi st i ng elmaentolEris Mlagedogn the pash elose 4o the sitchearing syriase 28 fardhgr ooves
841. The hoisting and | owering nmechani sm which drives the hoisting and
| dwer i ng PRwpes eading isforayadionowhich rawedtarhenhe 5conding meedium.t he
direction so as to be close and apart to/fromthe polishing plate 81. The
hol der 8@ThesMRtelé¢mepntlfbimlades anpMR dilim@0r whikh noiconstitatted yr adet er nmi ned
angle with an al nost vertical axis to the polishing surface 81A as a center
by a r ouAMRot (Anisoeopini Magheto-Resistive)shdilm i andheaf i GMRB, @tfmr mi ng a
reci procating linear notion in a radial direction of the 2 7 DE C 2002
-19 Magneto-Resistive) film. The AMR film has a single-layered structure

including a magnetic layer made of NiFe or the like. The GMR film has a

multilayered structure including a plurality of layers such as a soft

magnetic layer, a ferromagnetic layer made of CoFe (an alloy of cobalt and

iron) or the like, an anti-ferromagnetic layer made of MnPt (an alloy of

) manganese and platinum) or the like, a non-magnetic metal layer made of )

Cu (copper) and the like.

As shown in Fig. 2, on both sides of the MR film 20 in the direction
of a track width (direction X in the figure), magnetic domain controlling
films 30A and 30B are formed of a hard magnetic material or the like. The
magnetic domain controlling films 30A and 30B are formed for the purpose
of suppressing generation of Barkhausen Noise by means of applying a

regular directional bias magnetic field to the MR film 20 in a certain



polishing plate 81. Consequently, an angle which a |ongitudinal direction

of the bar 5 forms with a rotating direction of the polishing s faBECs242
- can be changed continuously As a result, a scratch (what is called a snear)
i's prevented to occur along the rotating direction of the polishing plate

- 81 on the air bearing surface 2E (Fig. 1) of the nmagnetic head slider 2 in
the bar 5. | [Method of Polishing a Magnetic Head Slider] Next, referring

to Figs. 5to 9, the nethod of polishjgg the magnetic head slider according
-to the enbodinent will be described. Fig. 5 is a block diagram of inportant
parts illustrating operation of the polishing apparatus 8 at an occasi on of
carryi ng divéctidie Arevbtpld of leal iglkradg33dendaddiB) whitledd dispabded facny ding to
the enbodinent. Fig. 6 is a perspective view for defining a linear velocity

VXin a digcBchiher @ the rditédtion offtht higaplel wihhngith 8he MR Wlinh 20efpect to
the bar 5 including the magnetic ) head slider and a linear velocity VY in

di . : . . . N

2 i et IRl EOURCASAI RN Bhe M 130 20 kbR RIPOPhe g e |

11 ustr aty0g- each AHORE Ord S dI%a0: AlaPOhh S A 1LDS JTRANGH & digRd S 1 der.
) of "pol'irsh™p a or

First of a as a pretreatne 0 ocessi ng, rasives

polishin e enhedded im th ol i,sh syrface,81 f the polii,shing plate
B2 (st ep e dmed Hetyeen,the bR ARl Bag hudi Ia i, Phn OB SPIRIVERR o b - 5
7 DE C 202 -2 erforped as | For exanple, a correcting j.ig of the
pol i shi nga¥e¥ i'-gc ?ie Pa%éggﬁrﬁﬁ@%am Leinegtv el etende: toy ikt %ol i shi ng
pl ate 81. For exanple, while the slurry including dianond abrasive of which
aver age [afejapast dramether ajirsbeamng eyurfargn2ly g0 that stheyppre electiacalhe

pa} i shing surface 81A, the polishing plate 81 is nade to rotate for nore

t han 30 miommeetedato auppwtdtemminale B3¢hand. 33Rxformpdebmta preddtephinddg t he
bar 5 on the holder 80 is perfornmed (step S102). The bar 5 includes a

pl ural i t ypattermgnethec tdyeathicdtli ghgy daybr( F4 gantwichimge acimsHowwniopbnixig | east
one of the thin filmmagnetic head element 1 (Fig. 1) is formed with a thin

filmfornpdigioprwERhSs fdfifed®bachogopRRicld igap lagepeaf or med under conditions
that the sliding body 850 (Fig. 4) is transferred so as to be apart from

the polishing plate 81 (for exanple, left side of the base 800 in Fig. 4)
and the hoisting and | owering body 840 (Fig. 4) is, for exanple, hoisted.

An operator axegs AfoRAPASIGE SUKhAGR.ALiAL WlBBErih B, LA AltmbRar i N0

surface 2E of the bar 5 on . r 80 Dy meahs of an’) a for
o ot e MELRESCP SRl BRp My BE 310006, 8] To 806 b 3B, ofipERERT MR 1s =1 D00
e (1 RuAESR L bR ReT Bl AR G ekl °
P01 1 Shi ngHitat ERBLIDEr SA1 (RGeS fPInE; PRIt 15 Bt CBePIAH t ho
op)p05| te corresponding to the center of thin film coils 43 and 45 which will be

described below. On the write gap layer 41, the thin film coil 43 of 1 pm to 3

pm in thickness and a photoresist layer 44 which covers the thin film coil

43 are respectively formed sandwiching a photoresist layer 42 of 1.0 pm to

5.0 pm in thickness, for example. On the photoresist layer 44, the thin film

coil 45 of 1 pm to 3 pm in thickness and a photoresist layer 46 which covers

the thin film coil 43 are respectively formed.

On the write gap layer 41 and the photoresist layers 42, 44 and 46,



21 DEC 2'002 -21 surface 2F to the elenment form ng surface 2G on the
magnetic head slider 2 to the elenent form ng surface 2G side. oy enk e @UZ
specifically, the polishing plate 81 is set to transfer in a di rection

Fig. 3. This is because it is conceivable to be able to effectively avoid a
- situation that the by-processed step L further expands due to an

accunul ation of inpurities such as the polishing abrasive floating over the
polishing surface 81A and the polish-lijgavi ngs produced by polishing in the
- slightly by-processed step L between the substrate 2D and the thin film
magneti c head el ement portion 1, as shown in Fig. 3. After the bar 5 is

pl aced onattop gudé drof8dhouth® pai inlithirkimedy i85@n{dd of adhapgretiaaeatiensiadl | de so
as to transfer the holder 80 to a position above the polishing plate 81.

Next, thehhoingt 4 WgRRrdthewhn Atghetly 84D defbity sfthias NEE of FeN@bn SO t hat
the bar 5 held on the holder 80 is in touch with the pol i shing surface 81A

of the pohisiHendfa! @saen}f% THORRAYER hY s dn' ickith WRK %mdnﬁla%&l%acéﬁyso

referred to as a step o po i shing hei ght by nmeans of the slurry) 1s

gir for mdc&%}lﬁ&’ t§f)t?/1§gco il 1a§EF 113a§h£b\*g§1 H{eeéfﬁﬁn%’h]&ﬁ% EI[A %'{“ plate

for exa out and |qU| (slurry)
811 with th I lied d d ti f
the ¢l eantt I’é’#@, Iagc%pﬁasp'siw O £ v, iaeplnding 1828ei g
ti f th I h 1 dt I t at t f the
cleani ng FEHGE &@rﬁﬁﬁaﬁbﬁtw& 43 cor IE@péﬁI e (B IBr k| IROBHEDSF i ng

t he hei ght of the air bearlng surface 2E (Fig. 1) of t he 2.7 DE C 2002
- 22 magnethewvndndiigsZand 3, @n@erqqatdﬁyeh@f p05 te Baaume 1n Ghickmessisier hand,
atythe al nost sane tine when the polishing ate 81 starts rotating, the .
sl 1 di ng béuyexssaplerfaymet) of Alofhcie atecever t%eowb«r)l@cén isngh moforvradion,t hin a
predeterm ned range of notion. By virtue of the reciprocating notions, the
bar 5 recthw owardingetadeportionel B wterrds eanfornmtiond Ndamelynalctnegunesatal ong
the radius direction of the polishing surface a ~r.~ - 81A of the

pol i shi ngppsdihg througherhebyvhipefitg evidnl48 andt 95 cdendirhtest htglaeiceflak t he
polishing surface 81A. Additionally, at the al nbst sane tine when the

pol i shi ngbplvadeh fHe $é6poke UTtad RHe 30 é]ﬁ@lddeye5 551 %ﬁﬁné% A YdeiRcat i ng

notions, a turning body (not shown) t hol ds the holder 80 is nmade to
start a't E”&hé"t txﬁ"c{ et 1Rk lBReflt  @feyieiityn6£ 1dyié N NG
not i on of 9t he hol e , as desg‘c%rf3 egaalgove ity eyg atr-i}%;%gﬁe %J(}?rre}%‘by t he

rotation thﬁ%%ﬂ&%agftgng%oﬁ%ﬁé@ @gﬁﬁl ate 81 w t h the | ongitudi nal

direction 0o sequently, it is prevented that the
scratch, which is called the snear, extending in a certain direction on the
bar 5 is produced. The first polishing step is perforned, for exanple,

under the condi s wn in at Wi e descr.i bed herei nafter,
for exanpl e, {[‘hﬁgg‘m ‘3‘%\%{18@% h]§ vJs gﬁ &ké‘n‘?ﬁrg Cidpre Acks 85 | e of
the polis theflr pplishing step. In thi Lagram a

dit
layeral a ?qlfo%ﬁqg]@ak SREBRYG T whRTERtS R GeGerHEd R leadel Poct  on

of  t he poli shi n% surf ace 81A and a
current through the thin film coxls 43 and 45 of the recording head portion

1B, so as to record information on the recording medium. On the other
hand, a change in resistance caused by a signal magnetic field from the
recording medium is detected by feeding a sense current through the MR
film 20 of the reproducing head portion 1A, so as to read information

recorded on the recording medium.

Among the substrate 2D made of a ceramic material, the insulating



2 7 SEC 200z -23 vertical axis indicates the linear velocity VX i@t EC ggﬂz
direction of the rotation of the polishing plate 81 with respect to the bar
5 and the velocity VY in the direction of the reciprocating notions of the
bar 5 with respect to the polishing surface 81A of the polishing plate 81.
- The exanple shown in Fig. 8 is in a case where the nunber of revolutions of
the polishing plate 81 is set to be 50 rpm The linear velocity :0OVXin
the direction of the rotation of the-gghbishing plate 81 with respect to the
- bar 5 indicates the mninumvalue VX (mn.) = 0.523 ms at the innernost
position, and indicates the maxi numvalue VX (max.) = 1.047 nmls at the

out er nostlayesillli made lofl A1bOs (ahsrina) handthe dpetdm mhieldviayerilyandthé av.) in
the direction of the rotation is 0.785 nis. The velocity VY in the

di recti ongopf sHiBRI Iagetr 1506@d ithe 1iKetmads offa maenbEE MaftrNGuchay HilFals
direction of the polishing surface 81A indicates the m ninum val ue VY

(mn.) = &nﬂéﬁoflbf hitkeP Qi #BHS pIMAUSA! Ballh ha¥@rAdiREAC A hBYdARY ons, and
i ndi cates the maxi num val ue VY ?max.) ='0.013 ms at the center of the path
f th ' ' i . : ' | Q€4 VX1

0 er egbﬁ’ée %%h'cl‘}g?ﬁﬁ%ﬁ&g ?1#9%‘{& s%lk%%? ?o‘f%?x@gxgﬁ}ggﬁﬁ@rhe\é QfderY2 (av

) in the direction atron a irs I'ng step 1S not

limted tp t.he above-indj cat.ed,val ue (0. 785, s), ,The wval ue.gan be changed,
for exanphaVing i ioyEYeEREeg  SgtGub®, I8 rlbi e, BuGHRE g * hore
preferably, for exanple, within the range.of 0.471 to 1.099 ms (30 to 70
rpm. Theb¥mkosessed abted Vb (Fax 88 R 8| o‘gﬁgtyjvaHrﬁdWFél dPReci® on of
the reciprocating mpotions of the, 2 7 DE C 2002 s -24 bar 5is not also
limted telementynulitlayerd end dace, Giactheoaiy paging surfpee)of the maenegic changed,.
foy exanple, within the range of 0.010 to 0.015 m's (about 20%of 0.013 :
m's), norhkegt slidgrad| To coperwihaips, suchimeasures as desembed horenaften ade 014 m's
(about t 10% of 0.013 nis). After the conpletion of the height-polishing
process, tdkenhia the mgtlhodlof pokshing thednagdéti¢ Begd slideamdcdrding ko dheg body
850 (Fig. 4) are driven . ~ a so that the bar 5 held on the holder 80 is
made to bemBpdiniedt; aiid Aecadinglhi tie byairecébednstep Lt & Pleaskidntivedpi tion.
Next, a step of cleaning the polishing surface 81A of the polishing plate
8l is pericused. (step S104). The cleaning step is perforned as foll ows. The
pol i shing surface 81A is w ped by neans of an organic sol vent conposed of
acetone or the like, or the polishing plate 81 and the cleaning ring 810 is
rotated with the solvent 812 dripped so as to be supplied on the polishing
surface 8y the inmpurities such as the polishing ) particles
floating g@%ﬁﬁ?H%Aggﬁﬁgh?%g surface 81A and the polish | eavings can be

reduced. Next, a polishing apparatus that is used in the method of polishing

the magnetic head slider according to the embodiment will be described.

Fig. 4 is a diagram showing an external view of an polishing
apparatus 8 for polishing the air bearing surface 2E (Fig. 1) of the magnetic
head slider. The polishing apparatus 8 is equipped with a holder 80 and a
polishing plate 81. The holder 80 is a long length of a member which holds
a bar 5 including a plurality of magnetic head sliders 2 (Fig. 1) where at
least one of the thin film magnetic head element 1 (Fig. 1) is formed. The
polishing plate 81, which rotates freely, is formed with diamond abrasive or

the like being embedded on a polishing surface 81A which is a top surface



After the conpletion of the cleaning step, the hoisting and | owering body
840 (Fig. 4) is lowered by dint of the hoisting and | owering bocﬂ/?SBEC(mﬂg.
4) and the sliding body 850 (Fig. 4) so that the bar 5 held on the hol der
80 is in touch with the polishing surface 81A of the polishing plate 81. In
- such a state, a second polishing step (finishing polish process) is -25
performed (step S105). 2 7 DEC 202 At the second polishing step, while the
bar 5 is pressed on the polishing plajg-81, for exanple, by a load of about
- 3 kgf and the lap liquid (solvent) 812 without the polishing particles is
supplied drop by drop on the polishing surface 81A through the rotating

cl eani ng ¢fl ©giRhhr plate pehdsbf B (Bt e e diker Thetlher bdbdionded tbhes eby, the
operation of finishing polish of the r ) air bearing surface 2E (Fig. 1) of

the magnefix<d Hedhe Holdé@r80%by kh Gdhddivervrithe 0@ 5 starts. At this step, as
wi |l be described below, the linear velocity VX in the direction of the

rotation of the polishing plate 81 is reduced to a sufficiently | ow speed
when conpared with the case of the height-polishing process at the first

step. On the otfhher hand he Al t t] when lLi;shigng pl ate
81 starts rot at%ﬁe,ovt%ﬁeo%ﬁ’%l' Rgs@é‘gﬁé%‘g%?gﬁgélg%lw %Pyshe]toﬁ%a# écquargocati ng
notions w,thin redet er m.ned r.ange of ti.on. By, virtue of ).,th

Toct or ocatrigs et Fiseial FReb & AJR36r oo Hed8 Tartiedsa s tohe 2P Byi ons and
t he i nner regions, al nig the radius direction, of the polishing surface 81A
of the pototate Ry Weelf-cImthiy gasecthesclepmng aing &Y camesrondsdto ¢ Bhe ur n
to-and-fro within a range of a predetermned angle in a manner simlar to

t he case wemhes for remoyisig thigiimpusitags” inHbegarenidonol i shing step is ,
;-p?'forrred, for exanple, under the conditions shown in Fig. 9 that wll bei)
descri bed hereinafter, for exanple, for about 3 mnutes. 2 ~ DEC ~p~2 -26
Fig. 9 shows an exanple of a profile of the polishing conditions at the

second pol i shi @vet g cleaniny fndiig; arbapdidut €hateinkelow, Refecrddeto as posi ti on
of the bar 5 along the radius direction of the polishing surface 81A, and a

vertical guiy)isHi wathepolidHink ipaeticlesed it htlip Viquid (hegeidbBRA, irefereéd t he
rotation of 1tsyhe pol i shing pl gtﬁgﬂm wth resggﬁ to the bar 5 and the

vel oci ty §Yak Mot SBC Wit pblighih8Cha¥tRA&N a8 dHRlippas Rfadhe har S with
respect to tahe p‘{;)blqll Zhi ng s}urfacxe) 81,61\ gf%the polai sh{ﬂﬁig‘b% ate %1. d1

stored in a tank, which is not shown. The slurry 811 and the solvent 812

drip to be supplied to the polishing surface 81A through the cleaning ring

810.

: ) As the main ingredient of the slurry 811 and the solvent 812, for
| example, an isoparaffin based hydrocarbon solvent is preferably used, of
which the boiling point is, for example, higher than 100 C and preferably

higher than 120 T, and the SP value of solubility parameter is less than

10 and preferably less than 8. On the other hand, as an additive of the

slurry 811, for example, a free-abrasive-typed polishing slurry composition

of fatty acid / vegetable oil base which includes at least one of natural oil

and fat or fatty acid, a free-abrasive-typed polishing slurry composition of

fine alcohol base which includes at least one kind of compound having a



At this step, the nunber of revolutions of the polishing plate 827 3),:-16
exanpl e, set to be the extrenely | ow nunber of revolutions such d@s O. ?B%
In this case, as shown in Fig. 10, the m ninmumvalue VX (mn.) of the
1inear velocity in the direction of the rotation indicates 0.001 m's, and

. the maxi mrum value VX (max.) of the linear velocity in the direction of the
rotation indicates 0.002 ms. The average |linear velocity VX2 (av.) in the
direction of the rotation is 0.0015 mig— Wth regard to the velocity VY in
- the direction of the reciprocating notions of the bar 5, it is preferable
to be set .) at the sane speed as in the case of the height-polishing
process aslcohdid i hydrogsybpradiddt ihsa aholebalespaad &f frbeabradiventypal ue VY
(max.) = 0.013 m's. However, the average linear velocity VX2 (av.) in the

di rect i onp@lisHihg shirflcbfipositidef BeGOA6 dRBtéShARIwhi@Pircbuded! ad ledlst €d t o
t he above-indicated value (0.0015 nf's). The value can be changed, for

exanpl e, mid Qi : ' pm,
nore pr ef(g}%%%ﬂ}, Mv]\{a'g: t;]ylaﬂ&itﬂ ﬁgierlglr? gggge?atd&og%‘%% sztf%aig{agg g?@%@% El?e( %olggnﬂ[f o 0.50

rpn. 2 ZPR15 . ' e ( iJy in the
directi onS%%’qtgﬁgxggl |%r2%1}:§? ?ﬁg’a"x rr%ﬁx’%@ﬁi@g# %%’MW (}:%frt]e }))gg%x%hggﬂoé, for
exanple, within the range .of. 0.010 to 0..0.15 ms. Fig. .10 ows an effect
whioh ¢ hebth e bgation BRATiShink PYptese oruchi Sobinsiediof (EREIRHE Bth of t ne
polishing plate 81 at .t he second pol i\shing step has on, the by-processed
step L oredmaound apdahonghats foreROWiD) PRI BICHUIRSIATL 00 38 GLANIYS | <

i ndi cates the average |linear velocity VXZ.Sav.) [unit; m's] in the

di r ect i orofofattshaciddt eagetableoil haserdaprimeg il spmpesgiomineludingrat leapt axis
iqpicates the by-processed step L [unit: nnj. The synbol "~ stands for . )
data in té¢ithempatwiabod andfadl exafattyyasidd ps nsedoWieréspentth bathiof Hee synbol

"' stands for data in the case where the cleaning step is perforned. Zb
begi n wi téadditive ofahe sivrey 811 hendctheaad ditive tof phe solvent 84 2f thenmshownt bf be
considered. In the related art, a polishing step is not divided into a
first poladdition istsept®be,dor esdmple, 2ghab beor ke bhag 0kewdt.and a second
polishing step of polish at an extrenely | ow speed, so as to be perforned
at a constant speed (for exanple, 0.785 nis) of the rotation through the
whol e of the polishing step. For exanple, the by-processed step L of the
air bearing SUrfREpofibhiry aBphtatiisBMHal 4 Mfas6o500 9h 4 EciaRiguea! BhiRied art.

Contrastively, as in the'e ment, the by-processed step L I's, as shown

in Fig. 1 b i . . { he d | line ity VX2
(ave ) i o et o i Bhkdh, BOF ofABR 1300 de0° BENRARDr WICRED SERRET (Y 00
to be the_ext OW S d of xampl e,; 0. 032, n1S.,.:AS GO ed with
the o PERAGTIH thf the BEAR, Bior SOt B BFBLFteStidy folsninR S08RPE 0F 1" <
reduced by about 40~. In,addition, in the, cas ere e ayera i near

Vet oty TBorited'sy s HhbE GBIGET Farte Of b6 Ko S 8P 1A BB Rahor t shi ng
step is set to be 0,008 ms, the by-processed s = ahout 2.3 nm is
reduced b§OABBE cazat{ar\ﬁ#érﬁslee&ﬁﬁ? PaliRhYG § a%ﬁﬁ&@ké@%@@%ﬁw plate apout )
2.9 nm in the case where the velocity VX2 ggv ) . is set to be 0.032 nis. s)
Next, theStassunpeted. (fhe didingihedy #587siheld e beabletoslids by argitide 9§ t he
second polishing step will be considered. Wien the cleaning step is

per f or neda casplehefiparallelrajls 891 farmeedgn the sibsframs 8011 Aifeeding sheaw r educed.
In this case, for exanple, the by-processed step L is about 2.5 nmin the
case wher 852 lie paverdad cbdtimeenr theetwa irayls\8&A, (aawd the feedumgdsarewt 852 iof t he
rotation at the second polishing step is set to be 0.032 ns. As conpared
with the bygggedowitbetfahsgle deréw (aboshownPtliadisiforined inahe shidéng bble
cleaning step is not perforned, the by-processed step L is reduced by about
14~. Mor egy@r A nhét@r Bor Slidia@Inetl sR6WR) thatSisaikatdlled n theisidd Fant8@1 Wher e
the average linear velocity ~X2 (av.) in the direction of the rotation is

set to beyf008Hd fee(d?‘]g g&eagégge ¥t 4R80Wo tRat WHeN sHAIRA l%ﬁyWSS@ the

'y
by- processed step about n in the case where the cleaning step is
not perf Oflgﬁgontally transfers along the rails 851. The sliding mechanism, which

makes the sliding body 850 transfer horizontally, makes the holder 80



Consi dering the cases nentioned above, it can be understood that the | ower
the average linear velocity VX2 (av.) in the direction of the i?thhgagy
the polishing plate 81 is, the snmaller the by-processed step L

Z' 002 -29 becones, whether the cleaning step is perforned or not. For

- exanple, it is preferable that the average linear velocity VX2 (av.) in the
direction of the rotation at the second step of the finishing polish
process is set to be equal to or |owefgthan 0.032 m's, nore preferably,
-equal to or lower than 0.008 nmis. Practically, it is preferable that the
nunber of the revolutions of the polishing plate 81 at the first polishing
step i s sedciproche B a plinmedert dérectivheof dhe tpdishéng| sutriaves 82A dfhehsecond
polishing step is set to be 0.01to 2 ,-'" . rpm For reference sake, the

reason whyolidiin pie®E $8aHas tRY bhr BeisafiRge somladce eqaslly etk YRE aglé i near
velocity VX2 (av.) in the direction of the rotation of the polishing plate

81 is | overiHeaiblRhise PRAAESsRA. fol lows. Nanely, that is because the |oad

that the polishing particles inpose upon the object to be polished (bar 5)
can be di spersed as nuch as the relative |inear velocity of the polishing
plate 81 to the object to be polished (bar 5) is |lower. Furthernore, as is

evident fromFi 10,..1 1, can seen t hat rfqrm he cl eap ng, step
before starti ngﬁ%éﬁg%%@p%wg?ﬁﬂatsﬁqa Slﬁ%t?@ e S—‘H)rpt%ges(ghﬂ%? ep L
further reduc That, can be s osed beca t i npurities, on

pol i shi ngr%ltsrggjc@ngfﬁb?%tlpgd’d’@gﬁ’ ) O%r gzﬁlhﬁg‘f QPEB? SR P%%ﬁjégg it can
be avoi ded that the accumul atign of the above . inpurities in the slightly
by- pr ocessas $¢ bg lewffpéwwtsagéﬂ@wa{-éanBbexﬁé@hng}%@sg@@és gHide gY90¥A8 the
thyn filmmagnetic head element portion 1 at the first polishing step !
causes t h84hewstending inmeventinal darectionhisrfoemedr gud a portiorbtEbe guded - 30
Incidentally, as a cleaning nethod, as described above, the nethod of

W pi ng t hengboshavmngyhdch fiadermed oft thechpstinghand lowatring3 body $#is of an
organi ¢ solvent or the nethod of rotating the polishing plate 81 and the

cl eani ng éngpellWithi the fiides@ovesd 8uNcbudl fighaabidtaslide. Moppbverdaon t he
polishing surface 81A of the polishing plate 81 is preferable. However, the

ot her nmet Mn@ﬁﬁﬁ‘iﬁp&,&ﬂiﬁmg}idﬁ@%ﬁ&s&&% fedlling b@e®l 84D iNPrskigdd an be 1
omtted, because the by-processed step L is certainly reduced even in the

case wher g {NexihndaR gitadlebey tive gﬁfbdepéxfof)’é’%é@@l, :ﬂ(ﬂth%lfee?l‘ cRW 8ipect that

the reciprocating velocity of th ar 5 along the radius direction of the

pol i shi ng%sﬁélgéa%eﬁlwﬂﬁsa a&‘flg g ?éwp(xﬁ)‘ies"}ﬁﬁﬂxc)ﬁhgg i% 8 mbd5n SRE MWW RRL! Shi Ng

step. In agram eral "axis 1n he "average |1 near”velocity
ol at e 61 et enlediogy B & Sh L oruiflink Wd RWERE R il dhat " 12
wher et herrBerhE G tHE inibass Bhs SHARSS Lht SrShaF e BT e0R  he. bar
37 S 5 e B TRt A SRS 2L
maxi nrum val ue VY (max.) of the reciprocating velocity of the bar 5 is 50~

of the absteeventldd.vAheehoistings prgoloweying meahanism, guthich (finives thee where

the maxi mum val ue VY (max.) of the reciprocating vel ocit{) of the bar 5 is
70~ of t hholsbmgeaandhlowaring bedy 840 to hoist and lower, makes the bar 5 transfer

in the direction so as to be close and apart to/from the polishing plate 81.

The holder 80 is set to perform a reciprocating round motion at a
predetermined angle with an almost vertical axis to the polishing surface
81A as a center by a round motion mechanism that is not shown in the

figure, performing a reciprocating linear motion in a radial direction of the



.2'7 DEC 20p2 -31 As is evident fromFig. 11, it is understood that there is
not discernible a significant difference, as far as the size of zaﬁ

by- processed step L is concerned, even if the maxi mum val ue VY E9 402
-the velocity in the direction of the reciprocating notions of the bar 5 is
reduced by the ratio of 50~, and even if reduced by the ratio of 70~. As
expl ai ned above, according to the enbodi nent, the second ..) polishing step
of performng the finishing polish of{§he air bearing surface 2E (Fig. 1)
is performed with the linear velocity VX in the direction of the rotation
of the polishing plate 8l reduced to the extrenely | ow speed. As a result,

t he by- prsigdsegd ptdteB 1. Gdinkquendgnat ahglé whichhe l@lgrmlihahttirbetiaryef ed end
face (air bearing surface) of the magnetic head slider 2 can be easily

reduced. fHérBdies Brnes w@t‘lﬁ@ﬁr@'ﬂa’ﬂﬁaé Qirb&tgore P PEHNhin @fl?fa@e Al dangke t he
second polishing step, the cleaning step is set to be perforned on the )

POl | Shi NCetiigeRCSortfhlslt s ROLLANE NG RhBlch fhalCRSEALEN binoatf)Gs | 02t i ng

impurities such as the poli |ng partl avi ngs and the

like can qlpr%v REES ok alélg% ém%gsﬁrgghu%ﬂ{,ﬂ%;ﬁﬁgg,ohghﬁls bagh go he

finishin Can’pe &'¢é pro stéb L that
i'S generate t he eIe d end fac n head
slider 2 na g’eﬁﬁ}q%ﬁ‘?r wgaﬂé&{tﬁ’é’ mAagpele ef"ﬁ Sﬁﬁé’ %31 g‘?‘ﬁ ﬁ@ can be

i nproved. [Variation] Z Z DEC 2' 002 -32 In the above enbodi ment, the
polishing5plate 81 is set to rotate at the extrenely | ow speed at the
second polishing step. However, the present invention is not limted to the
above description. Wth the pO|IShI ng plate 81 set to be entirely stopped .
aty t he second polishing step, the finishing polish process can be perforned)
only by r[é&eqhodarftﬂaighmgal}dagﬁem blegdtJlederhdi us direction of the polishing
surface 81A of the polishing plate 81. In this case, the other profile of

t he polishing cNexk, refepsingttocFige) D¢o Oy the/mathbd ef goliskinigatheahaghetic

reci procating notions of the bar 6, the load on the bar 5, the tinme of the

pol i shi ndh¢ydsiedeér mdrdi%g tbitkeentodif@ns @GUTKE @Yckipeing step is similar to
the case of the above enbodinent. In the present variation, the rotation of

the polishing plate 81 is set to be stopped (the average |linear velocity
VX2 (av.) in the direction of the rotation = 0 mis) at the second polishing

step. As a resup d5§%gsd"18&9d %ngt"ﬂéef irdPortlfl garts iGsPYeiREUpRTAGn BEEP L can

be further reduc ncrete
the polishing apparatus 8 at an occasion of carrying out the method of

polishing the magnetic head slider according to the embodiment. Fig. 6 is a
perspective view for defining a linear velocity VX in a direction of a rotation

) of the polishing plate 81 with respect to the bar 5 including the magnetic )
head slider and a linear velocity VY in a direction of reciprocating motions
of the bar 5 with respect to the polishing surface 81A of the polishing plate
81. Fig. 7 is a flowchart for illustrating each step in the method of polishing

the magnetic head slider.

First of all, as a pretreatment of polish processing, abrasives for
polishing are embedded in the polishing surface 81A of the polishing plate

81 (step S101 in Fig. 7). The treatment of embedding the abrasives are



by- processed steps L in the case where the cleaning step is not perforned )
and in the case where the cleaning step is perforned are aboutgl:h¢gj H?
about 1.0 nm respectively. As conpared with the case where th % e &@

I'i near velocity VX2 (av.) in the direction of the rotation is set to be

- 0.032 ms, the by-proeessed step L is reduced to be smaller than 50~. Thus,
the by-processed step L is renmarkably reduced, when the polishing plate 81
is not rotated at the second polishi-nggstep and the finishing polish is

- perfornmed only by the reciprocating notions of the bar 5. 2 7 DEC 2002
-33 The reason can be supposed to be as simlar to that of the case where

t he pol i gurfignpddabe fdlows Betexamplet atceredetinige)igxf thepblishmg spdack Nanel vy,
that is because the load that the polishing particles inpose upon the

obj ect t dsbgroRiddds BAdtH bliBhingasukacsliSIPe s alle apolidkihgaslatb 1. eFat i ve

| i near velocity of the polishing plate 81 to the object to be polished (bar
5) is | ovglampflb! RAHED the RlhAy! Hchudde"diarhblfd RILEASHE SMWENH QRelsge

illustrated by _ giving enbodi ments, the invention is not limted to these
enbodi ne fﬂ?]'ﬁ -1 gl PO&S| I 5 is set
to be ongéﬁgiggb?t r%)éir:né&f1 éeastﬁ)% I sh?hgnp?at g%%sbgﬁ%ggr?[{ﬁeﬂﬁ ﬁ"?ﬁsggf% shi ng
step and the cl i step,in the apove enhodi ment, wever, .+ he eani ng
Step muy Dtk SPS, Py effnb phfie 888 BH08 ol Fringe FRE HGHe sS4 T om

t he polishi n‘& gl %te 8?1, after .the first polishing step is conpl eted.

Ot her wi sdnupytes at gquedptermiged speed-at el y shift to the second polishing
step, without performng the cleaning step, after the first polishing step
is conpleted. Furthernore, the thin film magnetic head elenent 1 is not :
liyited to that with the AVR elmor the GWR film and may be that with :)
other MR fil m Nex, apervivn oliplasing yhe brdnen dhrdwildex $6)isfherfarmed
Furthernore, the object to which the invention is applied is not limted to
t he magndstep §102). Thedsar Stiecladeda parplityi dfemialgnatitiHeadnadglees i2c(figad havi ng
the recording head and the reproducing head is forned. For example, it is

appl i cabl®, ba daleh ofaghiehi & leastofit ioidhe whiri €il@i inaghetie Headuslenemityl head or
record-only head is solely forned. 2 ~D~~ 2~ 02 -34 As expl ai ned

above, aqEes.di)ig fonmédevitehtBsh HlmPRrinShi PPoddis. TREPEAdiAg Rpashisdn ger of the

first aspect of the invention, the second polishing step of performng the
Fini shi ng,Raldnidll RhAECEMALiohS Ehdt thPORinBD oAy 4518 ik S 4P Rl trhfsferdte! f or med

with the "average linear velocity in the direction of 'the rotation of the

POl 1 Shi AL PASLE b Sipch® R WEBAERLE KIFAUBL (of Blaud AUCTodt AN, e Of LD

first polishing st sequ Sy, e size o e processed step that

i t .el - frulit . f f ot ti e head
L7, 927280 L AT SR, S o) SRR o2l

di to t.h hod, of | ] shi th tic.h lid f th d
oo 0 RS Pl A RS TREE e gl 12 o

| i shi t f | i shj ipish th '
po) ' Shi n%h% gie' l?ear?r?g Isaréagg 2tEO o;' Itﬂtle i)ar 5 %nah{e holder 80 by means of an )
adhesive, for example, using specifically designed tools and jigs.
Incidentally, although a single piece of bar 5 is fixed on the holder 80 in the

embodiment, more than two pieces of bar 5 may be fixed so as to be parallel

to each other.

With regard to the direction of placing the bar 5 on the holder 80,
for example, it is preferable to be placed as shown in Fig. 6. That is, the

polishing plate 81 is set to rotate in a direction to proceed from the opposite



bearing surface is set to be perfornmed by the reciprocating notions of the
magneti c head slider without the polishing plate set to rotate.

- Consequently, the size of the by-processed step that is generat ec? Z)nDEEeZUUZ
element-nmultil ayered end face of the magnetic head slider can be further

- reduced. Furthernore, according to the nethod of polishing the magnetic
head slider of the third aspect of the invention, in addition to the above
Steps, the cleaning step is further pgjfornmed between the first polishing

- step and the second polishing step. Consequently, an effect on the
finishing 2 7 DEC 2002 -35 polish, which is caused by the inpurities such
as the podurdiie@F pathe elemsentt foempog satface 2G ogshanthgrieeicl hideel sliddr r e

floati ng over the polishing plate, can be reduced. Accordingly, the size of

t he by- prceiss @lerfibR fothding Sutfate G edd@nMoe letifRallyMvhé gio&ﬁéhhegi end
face of the magnetic head slider can be even further reduced. Anong the

above casgmte IPRCiAR! foVtraRsldbEinCAIRr o RKEZREFRL! 3. SihisSisARIchAEsRE iy th one

and the sane polishing apparatus, the polishing process of the magnetic
i

head slidgy, cRALRLLPEE BB eftbeth @0id ait idn B%at¥He rd gg'édi ng a
FRAbE I goctivly o B4

| arge space acrng the appar vicousl'y many modi ations and
{eachi ngontep L Uk s Ale AR AlSrBTRRERET Wk brfier kB BAET e
ST o B B IO U6, RS e LIS 0 2,

leavings produced by polishing in the slightly by-processed step L between

the substrate 2D and the thin film magnetic head element portion 1, as

shown in Fig. 3.

After the bar 5 is placed on the holder 80, the sliding body 850 (Fig.
4) is made to slide so as to transfer the holder 80 to a position above the
polishing plate 81. Next, the hoisting and lowering body 840 (Fig. 4) is
made to lower so that the bar 5 held on the holder 80 is in touch with the

polishing surface 81A of the polishing plate 81.

Subsequently, a first polishing step (also referred to as a step of
polishing height by means of the slurry) is performed (step S103). First, the
bar 5 is pressed on the polishing plate 81, for example, by a load of about 3
kgf, and then the lap liquid (slurry) 811 with the polishing particles is
supplied drop by drop at a position of the cleaning ring 810 on the polishing
surface 81A, while the rotating motion of the polishing plate 81 and the
self-rotating motion of the cleaning ring 810 are made to start. Thereby, the

operation of polishing the height of the air bearing surface 2E (Fig. 1) of the



.1, A method of polishing a magnetic head slider, whereby an
el ement-mul tilayered end face of the magnetic head slider wherz7aDEG pggoi | m
magneti c head elenment is formed as a nultilayered structure is polished
-With a polishing plate having a polishing surface, including: a first
polishing step of polishing the element-nultilayered end face 1 | of the
magneti c head slider by neans of setting the polishing plate to rotate at a
first velocity and a second polishingzgtep of performng a finishing polish
of the elenent-nultilayered end face of the magnetic head slider processed
in the first polishing step by neans of setting the polishing plate to
rotat e atmagaetiohdadelider RYFigviBrintthahat hesthitsst vel ocity, wherein the
second velocity is set so that an average linear velocity in a direction of
the rotation of the polishing plate is equal to or |Iower than 0.032 neters
per second in the second polishing step. 2. A nethod of polishing a
magneti ¢ head | e rcli j I 2 ity is
Db ¥l SR WA HE e Hione ARV it wiferd FEPIRHLRMEE

set so that the average ? rection o ation of

t he poli shi I ' J 3k r ath 8 [ [ nd in

t he secon‘itji ag%@s%#aﬁéé §t0 g% é’ hg? cr%ltdﬁlg%%gfi S7p§$ki) SE’?QQZ%T%WE%%%{)% %gg slider
according to clai.m1, wherein.the eti.c head sli.der.is.set.to

et br oo SIBRIPARE Totsons wishi & BReEP i ped TABES o MAHIOEY BHENBEEnal o
the direction of the rotation of the polishing plate ipn the secqond

pol i shi ngthetxesipracating mpjions, tﬁmbiayﬁ FRSIRTORaigRdietwenn the OutIFoR10B%r eby an
element nutti]ayered end face of the magnetic head slider where a thin film
magnet i ¢ deddhejianentregionsorlong e radius tdirepjioncef the polishing surface shed

,w)tha

e,
t

81A of the polishing plate 81, thereby being evenly in touch with the whole

of the polishing surface 81A.

Additionally, at the almost same time when the polishing plate 81
starts rotating and the bar 5 starts the reciprocating motions, a turning
body (not shown) that holds the holder 80 is made to start a to-and-fro
turning motion at a predetermined angle. The turning motion of the holder
80, as described above, makes an angle formed by the rotation direction of

| ) the polishing plate 81 with the longitudinal direction of the bar 5 change. )

Consequently, it is prevented that the scratch, which is called the smear,
extending in a certain direction on the bar 5 is produced. The first polishing
step is performed, for example, under the conditions shown in Fig. 8 that

will be described hereinafter, for example, for about 2 minutes.

Fig. 8 shows an example of a profile of the polishing conditions at
the first polishing step. In this diagram, a lateral axis indicates a position

of the bar 5 along the radius direction of the polishing surface 81A, and a



poachi ng plate having, a polishing surface, including: a first poNsAi ng,
step of polishing the elenent-nultilayered end face of the ma~e~c,2 Ireggc 2002
slider by neans of settlng the polishing plate to rotate at .

ocr ~- -- - - a second polishing step of

- performng a fnishing pollsh of the el enent=~nul dl ay~enect end Lace of the
magneti c head slider processed in the first potistang- step by neans of
setting the magnetic head slider to £ggciproc~te along a direction al nost
orthogonal to the direction of the rotation of the polishing plate in~ the
first polishing step with the polishing plate set to stop; and a' cl eaning
step for vatwal agis mplicates ebe linabr aeloceeX ah ¢He idirdchenfofrthe rotatpert hat i s
performed t~efioie starting the second polishing step, wherein the

i npuritiesf ghe pbkskiakslata 81pkitheredpect RHEBak$ A8d ahesmEdedity WY Lenmovi r ~#
the inpurities that is provided on the polishing surface of the polishing

pl ate whi dlfe 8fctich 0¥ Qh@@e@ip%@ath?g hﬁ)ttﬁﬁ%dof"\tﬂehbér Brﬁ%t Fést&eﬁb §Hé vent
bei ng supplied in the cleaning step. C ~p2 3 . A net hod

pol i shin o clai m 1 wher ei n the second
pol i shi ng"ﬁ% %h%%FPor ne(ﬁ‘th@fp{gh@ﬁﬁ%’ﬂfaﬁ?% l'iquid that includes no
pol i shi ng abraS| ves. 6. A nmethod of polishing a nagnetic head slider
according to claim4, wherein the second polishing step is perforned vvi th a

polishing liquig that ~ck~eswo pol jshi abrasives. - ~ m—~of pol~s ~ -h ng
a magnetic d slr\g}é‘? §Xa§5§8 O dnat 1 é]%’s In a_case Where the,apapbex gk 1 r st
polishing step.is performed with a oI i shing I |qU| d that i~hrdes

pol f sshi rxeyoliptiens olethe pelishingplaie &k is it myddiecineareelecisy ' ~der

ac‘;or di ngVXo claim4)

in the dlrectlon of the rotation of the polishing plate 81 with respect to

the bar 5 indicates the minimum value VX (min.) = 0.523 m/s at the
innermost position, and indicates the maximum value VX (max.) = 1.047
m/s at the outermost position. In this case, the average linear velocity VX1
(av.) in the direction of the rotation is 0.785 m/s. The velocity VY in the
direction of the reciprocating motions of the bar 5 along the radius
direction of the polishing surface 81A indicates the minimum value VY
(min.) = 0 m/s at the both ends of a path of the reciprocating motions, and
) indicates the maximum value VY (max.) = 0.013 m/s at the center of the

path of the reciprocating motions.

However, the average linear velocity VX1 (av.) in the direction of
the rotation at the first polishing step is not limited to the above-indicated
value (0.785 m/s). The value can be changed, for example, within the range
of 0.157 to 1.570 m/s (10 to 100 rpm), more preferably, for example, within
the range of 0.471 to 1.099 m/s (30 to 70 rpm). The maximum value VY

(max.) of the velocity VY in the direction of the reciprocating motions of the
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cl eaning step. 11. A nmethod of polishing a magnetic head slider according
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wi sh one and the sanme po~shing apparatus. 13. A nethod of polishing a

magneti c @-ﬁi‘géﬁ?@‘fﬁﬂ‘?ﬁ&%‘“”ﬁl‘)‘% Sf%bﬁ‘}n/s rherein the fast polishing step

and the secon g step are caM nuousty periawitty one and the sane
pol i shing apparatus. 14. A nmethod ofi poti<ahing a magnetic head slider
according to claim9) wherein the first polishing step,. the cleaning step

and the second Nshj ng st .are corrpnuously. rforned with. one.and the
same pol i shing ‘gﬁﬁy‘ért ?%g_mpqgtmn of ﬁ'ne Belg?lt-po 1sPueng process,WI the hoisting

and lowering body 840 (Fig. 4) and the sliding body 850 (Fig. 4) are driven
so that the bar 5 held on the holder 80 is made to be apart from the

polishing plate 81 and in the standby position.

Next, a step of cleaning the polishing surface 81A of the polishing

plate 81 is performed (step S104). The cleaning step is performed as follows.

The polishing surface 81A is wiped by means of an organic solvent
composed of acetone or the like, or the polishing plate 81 and the cleaning

ring 810 is rotated with the solvent 812 dripped so as to be supplied on the

) polishing surface 81A. As a result, the impurities such as the polishing
particles floating over the polishing surface 81A and the polish leavings can

be reduced.

After the completion of the cleaning step, the hoisting and lowering
body 840 (Fig. 4) is lowered by dint of the hoisting and lowering body 840
(Fig. 4) and the sliding body 850 (Fig. 4) so that the bar 5 held on the
holder 80 is in touch with the polishing surface 81A of the polishing plate

81. In such a state, a second polishing step (finishing polish process) is
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the case of the first polishing step. The second polishing step is performed,

for example, under the conditions shown in Fig. 9 that will be described

hereinafter, for example, for about 3 minutes.
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position of the bar 5 along the radius direction of the polishing surface 81A,
and a vertical axis indicates the linear velocity VX in the direction of the
rotation of the polishing plate 81 with respect to the bar 5 and the velocity
VY in the direction of the reciprocating motions of the bar 5 with respect to

the polishing surface 81A of the polishing plate 81.

At this step, the number of revolutions of the polishing plate 81 is,
for example, set to be the extremely low number of revolutions such as 0.1
rpm. In this case, as shown in Fig. 10, the minimum value VX (min.) of the
linear velocity in the direction of the rotation indicates 0.001 m/s, and the
maximum value VX (max.) of the linear velocity in the direction of the
rotation indicates 0.002 m/s. The average linear velocity VX2 (av.) in the
direction of the rotation is 0.0015 m/s. With regard to the velocity VY in the

: ) direction of the reciprocating motions of the bar 5, it is preferable to be set i )

at the same speed as in the case of the height-polishing process at the first

step, that is, at the speed of the maximum value VY (max.) = 0.013 m/s.

However, the average linear velocity VX2 (av.) in the direction of
the rotation at the second polishing step is not limited to the
above-indicated value (0.0015 m/s). The value can be changed, for example,
within the range of 0.00016 to 0.03142 m/s (0.01 to 2.00 rpm), more

preferably, within the range of 0.00016 to 0.00785 m/s (0.01 to 0.50 rpm).
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Fig. 10 shows an effect which the average linear velocity in the
direction of the rotation of the polishing plate 81 at the second polishing
step has on the by-processed step L on the air bearing surface 2E. In this
diagram, a lateral axis indicates the average linear velocity VX2 (av.) [unit:
m/s] in the direction of the rotation of the polishing plate 81 and a vertical
axis indicates the by-processed step L [unit: nm]. The symbol ‘4’ stands for
data in the case where the cleaning step is not performed, and the symbol

‘W’ stands for data in the case where the cleaning step is performed.

To begin with, the case where the cleaning step is not performed

will be considered. In the related art, a polishing step is not divided into a

) first polishing step of polish at a higher polishing speed and a second
polishing step of polish at an extremely low speed, so as to be performed at

a constant speed (for example, 0.785 m/s) of the rotation through the whole

of the polishing step. For example, the by-processed step L of the air

bearing surface 2E is about 5 nm in the case of the above related art.
Contrastively, as in the embodiment, the by-processed step L is, as shown

in Fig. 10, about 2.9 nm in the case where the average linear velocity VX2

(av.) in the direction of the rotation at the second polishing step is set to be

the extremely low speed of, for example, 0.032 m/s. As compared with the
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direction of the rotation at the second polishing step is set to be 0.008 m/s,
the by-processed step L (= about 2.3 nm) is reduced by about 20%, when

compared with the by-processed step L (= about 2.9 nm) in the case where

the velocity VX2 (av.) is set to be 0.032 m/s.

Next, the case where the cleaning step is performed before starting
the second polishing step will be considered. When the cleaning step is
performed, as shown in Fig. 10, the by-processed step L is further reduced.
In this case, for e)-(ample, the by-processed step L is about 2.5 nm in the
case where the average linear velocity VX2 (av.) in the direction of the
rotation at the second polishing step is set to be 0.032 m/s. As compared
with the by-processed step L (= about 2.9 nm) in the case where the
cleaning step is not performed, the by-processed step L is reduced by about

. ) 14%. Moreover, the by-processed step L is about 2.0 nm in the case where
the average linear velocity VX2 (av.) in the direction of the rotation is set to
be 0.008 m/s, and is reduced by about 13% when compared with the
by-processed step L (= about 2.3 nm) in the case where the cleaning step is

not performed.

Considering the cases mentioned above, it can be understood that
the lower the average linear velocity VX2 (av.) in the direction of the

rotation of the polishing plate 81 is, the smaller the by-processed step L
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becomes, whether the cleaning step is performed or not. For example, it is
preferable that the average linear velocity VX2 (av.) in the direction of the
rotation at the second step of the finishing polish process is set to be equal
to or lower than 0.032 m/s, more preferably, equal to or lower than 0.008
m/s. Practically, it is preferable that the number of the revolutions of the
polishing plate 81 at the first polishing step 1s set to be 50 rpm and the
number of the revolutions at the second polishing step is set to be 0.01 to 2
rpm. For reference sake, the reason why the by-processed step L becomes
smaller as the average linear velocity VX2 (av.) in the direction of the
rotation of the polishing plate 81 is lower can be supposed as follows.
Namely, that is because the load that the polishing particles impose upon
the object to be polished (bar 5) can be dispersed as much as the relative
linear velocity of the polishing plate 81 to the object to be polished (bar 5) is

lower.

‘ ) Furthermore, as is evident from Fig. 10, it can be seen that )
performing the cleaning step before starting the second polishing step
makes the by-processed step L further reduced. That can be supposed
because the impurities on the polishing surface 81A is reduced by the
cleaning step. As a result, it can be avoided that the accumulation of the
above impurities in the slightly by-processed step L which is generated
between the substrate 2D and the thin film magnetic head element portion
1 at the first polishing step causes the amount of the step to further

enlarge.
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Incidentally, as a cleaning method, as described above, the method

of wiping the polishing surface 81A of the polishing plate 81 by means of an
organic solvent or the method of rotating the polishing plate 81 and the
cleaning ring 810 with the solvent including no abrasive supplied on the
polishing surface 81A of the polishing plate 81 is preferable. However, the

other methods are acceptable. Needless to say, the cleaning step can be

.,
s

omitted, because the by-processed step L is certainly reduced even in the

case where the cleaning step is not performed.

Fig. 11 shows an effect that the reciprocating velocity of the bar 5
along the radius direction of the polishing plate 81 has on the by-processed
step L at the second polishing step. In this diagram, a lateral axis indicates
the average linear velocity VX2 (av.) [unit: m/s] in the direction of the
rotation of the polishing plate 81 at the second polishing step and a vertical

) axis indicates the by-processed step L [unit: nm]. The symbol ‘C’ stands for
data in the case where the maximum value VY (max.) of the reciprocating
velocity of the bar 5 in the radius direction of the polishing plate 81 is a
datum value (0.013 m/s) shown in Fig. 9. The symbol ‘{1’ stands for data in
the case where the maximum value VY (max.) of the reciprocating velocity
of the bar 5 is 50% of the above datum value. The symbol ‘A’ stands for data
in the case where the maximum value VY (max.) of the reciprocating

velocity of the bar 5 is 70% of the above datum value.
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As is evident from Fig. 11, it is understood that there is not

discernible a significant difference, as far as the size of the by-processed

step L is concerned, even if the maximum value VY (max.) of the velocity in

the direction of the reciprocating motions of the bar 5 is reduced by the

ratio of 50%, and even if reduced by the ratio of 70%.

As explained above, according to the embodiment, the second
polishing step of performing the finishing polish of the air bearing surface
2E (Fig. 1) is performed with the linear velocity VX in the direction of the
rotation of the polishing plate 81 reduced to the extremely low speed. As a
result, the by-processed step L that is generated on the
element-multilayered end face (air bearing surface) of the magnetic head

slider 2 can be easily reduced.

Furthermore, according to the embodiment, before starting the

‘ ) second polishing step, the cleaning step is set to be performed on the
polishing surface 81A of the polishing plate 81. Consequently, the floating
impurities such as the polishing particles, the polish leavings and the like

can be reduced, so that the effect of the impurities having on the finishing

polish can be reduced. As a result, the by-processed step L that is generated

on the element-multilayered end face of the magnetic head slider 2 can be

further reduced, and the accuracy in the polishing can be improved.

[Variation]
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In the above embodiment, the polishing plate 81 is set to rotate at
the extremely low speed at the second polishing step. However, the present
invention is not limited to the above description. With the polishing plate
81 set to be entirely stopped at the second polishing step, the finishing
polish process can be performed only by reciprocating the bar 5 along the
radius direction of the polishing surface 81A of the polishing plate 81. In
this case, the other profile of the polishing conditions (the velocity VY in
the direction of the reciprocating motions of the bar 5, the load on the bar 5,
the time of the polishing process and the like) at the second polishing step

is similar to the case of the above embodiment.

In the present variation, the rotation of the polishing plate 81 is set
to be stopped (the average linear velocity VX2 (av.) in the direction of the
rotation = 0 m/s) at the second polishing step. As a result, as shown in Figs.
10 and 11, the by-processed step L can be further reduced. Concretely, the

) by-processed steps L in the case where the cleaning step is not performed )

and in the case where the cleaning step is performed are about 1.2 nm and
about 1.0 nm, respectively. As compared with the case where the average
linear velocity VX2 (av.) in the direction of the rotation is set to be 0.032

m/s, the by-processed step L is reduced to be smaller than 50%.

Thus, the by-processed step L is remarkably reduced, when the
polishing plate 81 is not rotated at the second polishing step and the

finishing polish is performed only by the reciprocating motions of the bar 5.
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polishing plate 81 is set to rotate at the extremely low speed. Namely, that
is because the load that the polishing particles impose upon the object to be
polished (bar 5) can be dispersed as much as the relative linear velocity of

the polishing plate 81 to the object to be polished (bar 5) is lower.

Although, up to this point, the present invention is illustrated by
giving embodiments, the invention is not limited to these embodiments and
many variations are possible. For example, the bar 5 is set to be once apart
from the polishing plate 81 between the first polishing step and the
cleaning step in the above embodiment. However, the cleaning step may be
set to follow as it is, without setting the bar 5 apart from the polishing
plate 81, after the first polishing step is completed. Otherwise, it is possible
to immediately shift to the second polishing step, without performing the

cleaning step, after the first polishing step is completed.

Furthermore, the thin film magnetic head element 1 is not limited
to that with the AMR film or the GMR film, and may be that with other
MR film such as TMR (Tunnel-type Magneto-Resistive) film. Furthermore,
the object to which the invention is applied is not limited to the magnetic
head slider where the composite thin film magnetic head having the
recording head and the reproducing head is formed. For example, it is
applicable to the magnetic head slider where either reproduce-only head or

record-only head is solely formed.
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surface is set to be performed with the average linear velocity in the
direction of the rotation of the polishing plate set to be sufficiently equal to
or lower than that of the first polishing step. Consequently, the size of the
by-processed step that is generated on the element-multilayered end face of
the magnetic head slider can be effectively reduced, by extremely easy

means.

Furthermore, according to the method of polishing the magnetic
head slider of the second aspect of the invention, following the first
polishing step, the second polishing step of polishing to finish the air
bearing surface is set to be performed by the reciprocating motions of the

) magnetic head slider without the polishing plate set to rotate.
Consequently, the size of the by-processed step that is generated on the
element-multilayered end face of the magnetic head slider can be further

reduced.

Furthermore, according to the method of polishing the magnetic
head slider of the third aspect of the invention, in addition to the above
steps, the cleaning step is further performed between the first polishing

step and the second polishing step. Consequently, an effect on the finishing
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the polish leavings and the like that are floating over the polishing plate,
can be reduced. Accordingly, the size of the by-processed step that is
generated on the element-multilayered end face of the magnetic head slider

can be even further reduced.

Among the above cases, especially in the case where the polish is
performed with one and the same polishing apparatus, the polishing
process of the magnetic head slider can be performed at low cost, as well as
without requiring a large space for placing the apparatus.

Obviously many modifications and variations of the present
invention are possible in the light of the above teachings. It is therefore to
be understood that within the scope of the appended claims the invention

may be practiced otherwise than as specifically described.
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What is claimed is:

1. A method of polishing a magnetic head slider, whereby an
element-multilayered end face of the magnetic head slider where a thin
film magnetic head element is formed as a multilayered structure is
polished with a polishing plate having a polishing surface, including:

a first polishing step of polishing the element-multilayered end face
of the magnetic head slider by means of setting the polishing plate to rotate
at a first velocity; and

a second polishing step of performing a finishing polish of the
element-multilayered end face of the magnetic head slider processed in the
first polishing step by means of setting the polishing plate to rotate at a
second velocity lower than the first velocity,

wherein the second velocity is set so that an average linear velocity
in a direction of the rotation of the polishing plate is equal to or lower than

: ) 0.032 meters per second in the second polishing step. ) )

2. A method of polishing a magnetic head slider according to claim 1,
wherein the second velocity is set so that the average linear velocity
in the direction of the rotation of the polishing plate is equal to or lower

than 0.008 meters per second in the second polishing step.

3. A method of polishing a magnetic head slider according to claim 1,

wherein the magnetic head slider is set to reciprocate along a
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4. A method of polishing a magnetic head slider, whereby an element-
multiayered end face of the magnetic head slider where a thin film magnetic
head element is formed as a multilayered structure is polished with a
polishing piate having.a polishing surface, including:

,‘) a first polishing step of polishing the element-multilayered end face of
the magnetic head shider by means of setting the polishing plate to rotate at

a second polishing step of performing a finishing polish of the
element-multilayered end face of the magnetic head slider processed in the
first polishing. step by means of setting the magnetic head slider to
reciprocate along a direction almost orthogonal to the direction of the rotation
of the polishing plate in the first polishing step with the polishing plate set to
stop; and

) a cleaning step for removing impurities that are generated in the first
polishing step-that is performed before starting the second polishing step,

wherein the impurities on the polishing plate are removed using a
member for removing the impurities that is provided on the polishing surface
of the polishing plate while the polishing plate is rotated with a

predetermined solvent being supplied in the cleaning step.
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wherein the second polishing step is performed with a polishing liquid

that includes no polishing abrasives.

6. A method of polishing a magnetic head slider according to claim 4,
wherein the second polishing step is performed with a polishing liquid

P ) that includes no polishing abrasives.
7 A method of pohishing a magnetic head slider according to claim 1,
wherein the first polishing step is performed with a polishing liquid that
8. A method of polishing a magnetic head slider according to claim 4,
wherein the first polishing step is performed with a polishing liquid that

9. A method of polishing a magnetic head slider according to claim 1,
wherein a cleaning step for removing impurities generated in the first

polishing step is performed before starting the second polishing step.

10. A method of polishing a magnetic head slider according to claim 9,

wherein the impurities are removed by means of wiping off the
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11. A method of polishing a magnetic head slider according to claim 9,
wherein the impurities on the polishing plate are removed using a
member for removing the impurities that is provided on the polishing surface
of the polishing plate while the polishing plate is rotated with a
) predetermined solvent being supplied in the cleaning step.

~ 72 Amethod of polishing a magnetic head slider according o claim 1,

wherein the first polishing step and the second polishing step are

continuously performed with one and the same polishing apparatus.

13. A method of polishing a magnetic head slider according to claim 4,
wherein the first polishing step and the second polishing step are
P
' ) continuously performed with one and the same polishing apparatus.

14. A method of polishing a magnetic head slider according to claim 9,
wherein the first polishing step, the cleaning step and the second

polishing siep are continuously performed with one and the same polishing

apparatus.
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15. A method of polishing a magnetic head slider according to

claim 4,
wherein the first polishing step, the cleaning step and the second

polishing step are continuously performed with one and the same polishing

apparatus.

16. A method of polishing a magnetic head slider according to claim 11,
wherein the first polishing step, the cleaning step and the second

polishing step are continuously performed with one and the same polishing




