;e3e?4?\R6T4} T~ 8 AUG 2002 5 1. Field of the Invention The present
invention relafes to a processing jig for holding an object proces /H.YG?
processi ng apparatus. 2. Description of the Related Art A flying-t i 002
thin-filmmgnetic head used for a nmagnetic di sk device 10 15 and so on is
generally nmade up of a slider and a magnétli ‘c head el ement provided at the
trailing edge of the slider. The slider generally conprises ar

surface functions as a medium facing surface (an air bearing summfmmmmmmm
tapered section or a step near the PBROCBSSINGJIG i nflow side. The [gid.
flies slightly above the surface of a recording mediumsuch as a magnetic

di sk by means of air flow fromthe tapered section or step. A thi
magneti ¢ head el ement generally used is a conposite-type eI errent ma Jm\m “mlll
layers of anBATKRGREUNI PF THE INVENTEON transducer fo it

magnet oresi stive (MR) elenent for reading. In general, such t hi n f| I 20000

magneti c heagsppig f%m,érﬁg gh cutting a 20 25 wafer in one direction in
whi ch sections to t())e sl | ders (?Eerei naft er caI | ed slider sections) each

i ncl udi ngs a thi Nyl f&?x%l&’ﬂe ﬁfc@s hg? 1 Ih%l(ﬁngld‘i{?ﬂ)] joby of

rows. A bar-like ma materla e| na 'ed a bar) 'nmade up

of a row of ﬁ%éc@géefﬁfaﬁaﬁaés&%QEQSP’%’tusorrmd Processing such as | apping

is perfornmedo 0 be the nedium facing surface

(hereinafter [rag surface for convenience). The bar is
t hen separ at% Vi gglastﬁﬁdiggs In gener al, in order to stabilize
t he out put chara r| stl C hi n-fi I 2002 ead,
it is inportant ntP/QF?ThI‘héﬁHI @?gﬁg Httﬁ)é aﬁﬁ@ﬁ’é‘?‘il‘gﬁ%{gﬂ (ievd?e t he

head and the s rface. of a recordj i at extre I eC|f|c
value. Tt iS3BREPOTSEFEEHILY dip engngg Geiide? il SRSt Bord] Rlamep

flat ness f t he f aci S of ..t.he reci se fall a
Cpoe 1 1 n hEvdgedat he Sfaibferedge 2TEnG sHgeE iRt Sfiﬂ Eenarally comprishs o
hei ght and the_ MR heig of the head fall. . within a s?emfl c rgnge The
throat hei ghtail &hage Swé%ﬂfupﬁw%@? agnegim fagjngisuriasg (@ngyir hraring _

i nducti ontype eI e tromagnetl c. transducer between an end thereof located in

t he medi um f aeTfage)sand adapered sectioniared stepdneaihenadhen ghe aisinflow pidegt h 10

(hei ght) between an end of the MR elenent |ocated in the medium facing
surface and The raeilHdies shightly above the surface of a recording medium such as a

magnetic disk by means of air flow from the tapered section or step.

15 A thin-film magnetic head element generally used is a composite-type
element made up of layers of an induction-type electromagnetic transducer
for writing and a magnetoresistive (MR) element for reading.

In general, such thin-film magnetic heads are formed through cutting a
wafer in one direction in which sections to be sliders (hereinafter called slider

20  sections) each including a thin-film magnetic head element are aligned in a
plurality of rows. A bar-like magnetic head material (hereinafter called a
bar) made up of a row of slider sections is thereby formed. Processing such
as lapping is performed on a surface of the bar to be the medium facing
surface (hereinafter called the medium facing surface for convenience). The

25  Dbar is then separated into individual sliders.

In general, in order to stabilize the output characteristic of a thin-film



There are several nethods for |apping the nmediumfacing surface so as to
achi eve desired val ues of the throat height and MR height of a thH-AUBmwuz
magneti ¢ head. A nmethod generally used and achi eving high precisi I's the
15 nmethod that utilizes a processing jig having functions described | ater
and a | appi ng apparatus having the functidn of automatically | apping while
appl ying an appropriate load to the jig and deform ng the bar bonded to the
jig. The processing jig used in this nmethod conprises a main body fixed to
20 the | appimggagpehahdsit igimpbaiantrtotrhainthin tlengistan@nettidemrctheon f or
retaining a bar, and a plurality of |oad application sections, coupled to

t he retai nermagRet@@pbledf thdi Kdhdeah® 8He kirfaB®bf 8detardifle ntddiuivat AR

retai ner. The shape of the retainer is a narrow and | ong beamthat is bent
with an appld:3adhely sthaRspeEifR!valQE Celt MthexdfBrdpdquifsd fn hfigHbtRAMddEd tO
the | oad application 25 sections of the jig, the retainer is bent. The

bendi ng of tﬂg}%gés%ti b PRAt QRVASENISBEHRE ndibbffRPhg Bﬁfﬁc@?fﬂﬁ@hé%&ai ner. 2

8 AUG 2002 - nmet hod of lapping a bar using the jig will now be

q bed | : 1 . . . X ¢ . i th
on adhostye BreEiie. AT (o H spbiifichtlng Solak H6 Crdtllin R 15Ehp Byl add thdf thet’
tside. Ne : f { [ : i e0f h
mgnet i ¢ 5 ngACfielie ad the MIEHLERC RS CREWIN AWML E AR BRE Y
{ical ; ot ot ' X '
ool bt ae BT R RRden SN OBy ol B PpSRagl RS
cal cul at ed.

X the sections to be | apped corres in Q the. netic head
el enents in YRS %crt}'or&agg%ttli: &)’f?qsﬁ%efgﬁW%&aﬁ egﬁ&i‘?&%@%ﬂﬁﬁ 1g:‘%ﬂfeappi ng
than 10 the ot her sections.needs, {.0 be nore | her ef.or, the . bar is
o or med by BRGNP IO BEGEE S T ST | R SR DEHER SEe kit | he
surface to be | d of the sectjon.i de nvex. .On. the ather, hand, a
section 1bhat®béﬁ?ﬁégw%\e%ﬁﬁleln§r°fla’%6m %?W%‘gg???&eflﬁﬁﬁh? PReGIp fadBE i ons
needs to be Ie?s Iap(gﬁgl. herefore, the bar is defornmed by applying a | oad
to the | oad stsiagsAn¢the ethesdnid.ons so that the surface to be | apped of the
section is nmade concave. The bar is_|apped by pressing the nedi ymfacing
surface of the bﬁhewerﬁqveaalr@teahwfgfaowdﬁapw theamadiym facingsustace;sp as
defornmed. In such a nmanner, a series of operations_is automaticall
repeat ed, i riolashiens desirgdivalueg of the thrapttheighgand MB heaghtved fhéh’gﬁélréf each
magnetic 20 head el enent, calculating the deviation of the determ ned
val ues frommhgnetie eadyaAuesthadhggnargllytused ansuachieving highinrgcistapuis dw,
and | apping the bar while deform ng the bar in accordance with the anmounts
of | appildy rmgthadethat\ailizasi @ psodessinggig havatg fmicgions describéd 1Ry widght s of
the magnetic head el enents are thereby nodified. Finally, the throat
hei ght s and lappindgRappatasiighaying thdéfumdipneof autossaticlbnepping aihileni t hin a
specific range. A | apping apparatus for perform ng | apping of a bar as
descri bed abappdyinglam appropioste loddits the grg msd defarming $he Pairdrindid.to the
5,620,356. Ajig for lapping magnetic heads wis disclosed in U S. Patent
No. 5, 607, 34@g. A | apping control apparatus is disclosed in Published
Unexam ned Japanese Patent Application Heisei 2 95572 (1990) for
control I'ing the The @abcdreiniig lded g thi¥methodgompriess atraanehodofixad tdR
element. In prior art a bar of a specific length Is separated froma wafer,
and proessithe lappthsppaRista rstapRsd eHATEM 16 i EndAirdchioAUo rétagnitgea of a

bar, and a plurality of load application sections, coupled to the retainer, to
each of which a load is applied for deforming the retainer. The shape of the
retainer is a narrow and long beam that is bent with an application of
external force. An external force being applied to the load application

25  sections of the jig, the retainer is bent. The bending of the retainer causes

bending of the bar held by the retainer.



processing jig as the one described above. It is preferred to utilize a bar
as long as possible’in order to increase the 10 processing efficie gg¢gmpﬂm2
is, to maxim ze the nunber of products obtained through processing?

time. Therefore, it is required to change_the length of the bar in sone
cases. It is possible in such a case to cﬁange the I ength and hei ght of the
processing jig in accordance with the bar |ength. However, the processing
jigis used in a plurality of steps in addition to 15 lapping. In each of

t hese steps the Aimetlndodf lgppihgadalrivetag thejigweidldnow berddsoribedi f I hhis

|l ength or the height of the jig is changed, it is required to change all of
t he porti onsmi¢sked,fthie balri igfiedt toavhd fetxineg obthé fig with dmadhesivotintithest eps.
In addition, if some types of processing jigs having different | ength or

hei ght are uHR@soithat 6hé saifacedf tle BoSt@OPe ldipadofaceooatsidad for 20
alignment and fixing of the jig such that these portions conformto the

different types ®exk)h® vdluedehtid thivat He@ftit ar@ MR heldlaset darhthgnétit O
account, it is desirable that the shapes of the jigs are the sane,

regardl ess of,edd6lRént RNHdbat BWSY €5 thd ﬁgta% dRE A NRAItHRERER 29 dYftidd] 9ras
the one disclosed in U S. 25 Patent No." 5,607,340 nentioned above, the

c.one d C ht . \ e . h
ends of t ef f%&%fhgrrgéﬂﬁ)d(?o'{mee&je\hgtlbﬁ%f 'ifgé geﬁ@‘ﬂéﬁ?ehr{latm@s fﬂog‘hggér’ hﬁ(}%&%uc a

structure, eformation of the ~ Z00s -5 nei ods of
dof orm the netgeboitagu s PREREESERRp i FERUPEL e el lled | Cll o ot the
pr obl e that , 1 1 OFRECsEFAPERE R P GIRERIRRMY o ME ailaficied o7 ger °
magnet i ¢ heatioBaHE e g Rarche8tion B BalRed Y el ST iihefios e b han

f th . AND.SUMVARY OF THE | ENT t i i t th

O nvenci o 1 ofBE Giea SeCtions NRG (TLbe. mosp AR ARSd. oThdxgtores Thé PR i aSkpmad
b d that.is | i di don, the.ji def i h i t b
ot br o oS ey Aapling,a 10RAdo the Iped A HEso Sodionraiinbibe daie a b,
i | udi ti ds.th f int desi d sh d. i

the obj eot waRReH §haeCEYR i FradeRoNBRoc O the ofisT DANGy 8C8SEPRATAT g of

the invention retains an, object to be processed that is 15 |long in one
direction. THAYres ¢ snxallexameunt of l9pping Mamphapthaysecipngngeds &g he 19s%e
obj ect. The iig conprises: a_nmain body to be fixed to the processing

apparatus a appgdner hemaﬁore,stheobﬁj isifledoraned g @PPAYInEst lqﬂéltté?iﬁheﬂga@he obj ect

a plurality of couplers for coupling the retainer and the nain body to each
ot her ankP a ppplicatianysertiansasd thasithe surface debeilenped of the peasionnisi mhde | oad
20 is applied for deformng the retainer, the |oad application sections
bei ng coupl eebnicavehe Thethmrriedappkd hy pmeissing the mediuni fasingiperface ofthgpbad t o
the main body but |eft open. According to the jig of the invention, since
the ends of agsinstaaobatinglappiog Watepwbdetthethae indieformoetl, but | eft open, it
is possible to deformthe 25 retainer including portions near the ends
t hereof into a désisnekl asinapaer,Acsaniel ofjpgeratioas ps autmnatigally gepdatefle
i nvention, each of two of the |oad

including determining the throat height and the MR height of each magnetic

20 head element, calculating the deviation of the determined values from the
target values, that is, the amounts of lapping required, and lapping the bar
while deforming the bar in accordance with the amounts of lapping required.
Variations in the throat heights and the MR heights of the magnetic head
elements are thereby modified. Finally, the throat heights and the MR

25  heights of the magnetic head elements fall within a specific range.

A lapping apparatus for performing lapping of a bar as described above



2 g AUG 2002 -s application sections may be |ocated closer to each of the
ends of the retainer than a nmddle of the length of the retainer, and
coupled to a position closer to the mddle by a specific distancerBOAU@éwﬂz
of the ends of the retainer. In addition, each of two of the couplers my
have an end connected to the main 5 body'éﬁd the other end connected to a
portion coupling each of the two of the | oad application sections to the
retainer. In this case, each of the two of the couplers may be pl at e-shaped

and fl exi bl gg dsdesed iUt 8. Paerit N6E5820B56. 9 Afig feldppyed i fihetidigealy ect
may be a bar-like magnetic head material nmade up of a row of sections to be

—_sliders ZO ga3Glis@bsethincll. BNPLYSISNS. 5,607;340. MARGHShE Conrall app&FRIE is O her

/and further objects, features and advant ages of the |nvent|on wi |l appear

nore fully fd@élb&&hﬁ Plub 8%h 8@ UlEsS@ iletll Fhp aBigLEP aAlbsRb Tbéiib:gﬁ_em&z
DRAWNGS 15 FIG |A FIG 1B, FIG 1Cand FIG 1D illustrate a jig of a

first enbodigedito Qloghh oy &Yl%mnlﬁ@ thEtfrod héight Emughvwswrw‘ngtmeélsﬁrﬁé the

first enbodi ment | n use. 's a perspecgl ve view of an exanple of a
processi Rg a&fpﬁ{MR'Ele"mgﬁte' n the jig of the first enbodinment is used. 20
FIG 4 is a cross-sectional V|eW|IIustrat|ng an exanpl e of the

configuration of Ir?p}llai'?irf hl CI r%; co%%tﬁllg Orrfilt(# &ofl]lg '@aﬁrbéﬁ)&k

di agram show ng ‘an exarrp I gur at’ proce55| ng
apparatus. FlG 6.

ar F angement porfoca%wseﬁ P@? ‘ri’eﬁgoew dd ot Bhe Bht BRIt o |

wafer. FIG 7 is an ex | a tor% V|e IIustratlng an exanpl e of arrangenent
of 2 g‘AUd)rfﬁe)‘?SlEng FSothesonGResss tvvo types of blocks froma

3-inch wafer. . - .
It is preferred to utilize a bar as long as possible in order to increase the

10 processing efficiency, that is, to maximize the number of products ocbtained
through processing at a time. Therefore, it is required to change the length
of the bar in some cases. It is possible in such a case to change the length
and height of the processing jig in accordance with the bar length.

However, the processing jig is used in a plurality of steps in addition to

15 lapping. In each of these steps the jig is aligned and fixed when used.
Therefore, if the length or the height of the jig is changed, it is required to
change all of the portions used for alignment and fixing of the jig in each of
the steps. In addition, if some types of processing jigs having different
length or height are used, it is required to design the portions used for

20 alignment and fixing of the jig such that these portions conform to the
different types of jigs in each of the steps. Taking these factors into account,
it is desirable that the shapes of the jigs are the same, regardless of the bar
length.

However, in the prior-art processing jig as the one disclosed in U. S.
25 Patent No. 5,607,340 mentioned above, the ends of the retainer are coupled to

the main body. In the jig having such a structure, flexible deformation of the



FIG 8 is an explanatory view illustrating an exanple of arrangenent of
bl ocks for obtaining two types of blocks froma 6-inch wafer. FI Q@ 8§oAus 2002

explanatory view illustrating an exanple of arrangenment of 5 bl ocks for
obtaining two types of blocks froman 8-inch wafer. FIG 10 is an
expl anatory view illustrating another ex'aﬁrbl e of arrangenent of bl ocks for

obtaining two types of blocks froman 8-inch wafer. FIG 11 is a front view
of ajig of afirst reference exanple to be conpared with the jig of the

first enbodingggtibarhobdeof thecsridOof thbQrebhifier 12 suppreske@nt T, ifi§ i g of a
second reference exanple to be conpared with the jig of the first

enbodi nent  diffichet o WeBihahe doighborhoblls UStHabRds bheher RSaderoin Sartisallay, al
anal ysis simulation of the jig of the first reference exanple. FIG 14

i 'l ustrat es of fige peioWart filz iftd u%g@a sﬁ!ﬂ?}eys Consédudmtly, @Re Pridrhfrtijigdhda Of

the second reference exanple. FI 15 illustrates the result of structural

anal ysi s si gibglehdtha, ifgfe ba:9le@lth I1drg] $he AEPRAIR FroRl the@rbat$Alubsn.

FIG 16 illustrates the displacerment curve of the retai ner expected to be

obt ai neds! 1 of thd FfosSHEMIA A0 e QNG el NS B TN B Bl e

curve of the retal ner alrned 1nt g of the secon rence exanpl e
in the firs | g F | 3 | af ] {

di spl acemn%l%g#esa%’fp e’ #r:}g% gllje%]eér'ltglt;’t% %’?%leogtaltén&.'fi ﬁ%pﬁgg%(?ggﬁ{ehesggg%nd
reference exanple in the first simulation fromthe ideal curve. 25 FIG 19

illustrates the displacenent curve of the retainer obtained in the jig of
2002t g, FRESBETANELSPAIMARE DESHEINVENTIERY G Sl acenont curve of
the It is an object of the invention to provide a jig having a retainer for
10 retaining an object to be processed that is long in one direction, the jig
deforming the object by deforming the retainer, the jig being capable of
deforming the retainer including portions near ends thereof into a desired
shape and processing the object with accuracy even if the object is long.
A processing jig of the invention retains an object to be processed that is
15 long in one direction. The jig is fixed to a processing apparatus for
processing the object. The jig comprises: a main body to be fixed to the
processing apparatus; a retainer that is long in one direction for retaining the
object; a plurality of couplers for coupling the retainer and the main body to
each other; and a plurality of load application sections to each of which a load
20  is applied for deforming the retainer, the load application sections being
coupled to the retainer. Both ends of the retainer are not coupled to the
main body but left open.
According to the jig of the invention, since the ends of the retainer are
not coupled to the main body but left open, it is possible to deform the

25 retainer including portions near the ends thereof into a desired shape.

According to the processing jig of the invention, each of two of the load



retainer obtained in the jig of the first enbodinment in the first
sinmulation fromthe ideal curve. FIG 21 illustrates the displ acefrgn'é%uzm
of the retainer expected to be 5 obtained in a second sinulation.”Fl 2
illustrates the displacenment curve of the,retainer obtained in the jig of

t he second reference exanple in the second sinulation. FIG 23 illustrates
the deviation of the displacenent curve of the retainer obtained in the jig
of the second reference exanple in the second 10 simulation fromthe ideal

curve. FI G applichtioatseatiens nhwey bé $qated oloser taeach of thhendseoftihearetahieai ned
inthe jig of the first enbodi nent of the invention in the second

simul ati on. thh@a ghddld efshedeagth bfthertainenand cotpleditopl positidntclederie of
the retainer obtained in the jig of the first enbodinent in the second

si mul ati on Xhefrhitldlé b d siaRificdist@ncdfrom @&chi 6f thd &19d ofMilRWedhirRrj | Dnof a
second enbodi nent of the invention in use. FIG 27 is a front viewof a jig

of a third e/dmAbALScIPSf tifof theesthipdérsl MalIfiveth B AbAREMPESSRhE Th4M OF
THE PREFERRED EMBCODI MENTS Preferred enbodi ments of the invention will now

be described,Jdy A6t thd otMelrlondeidiRsd iPa Pgﬁigﬁ COHPRAY eA6h OF 8 WS of ke ' St

Enbodi nent] 25 Reference is now made to F to describe an exanple of a

processi ng QBQ&%f)gHéa%ﬁrsS&ﬁ‘oxgs f&fs g@%ﬁ%&%rj i Qn%isaca‘;?brééchemi ﬂ%’&‘{af @e the

invention is z au~ zooz - 3 is a schehatic perspective view

of the pr ocec%ﬁi)ﬁagtsqﬁqgﬁgg#ggtﬁé%ﬁ%%g&?%%ﬁg&appar atus 1 is an apparatus for

| appi ng a bar erral in the shape of a bar in
whi ch sections t Sl .ranged.in . T 3 i
uhi ch secti ons RelEafld B3 Mof-AiAE RIS il ifvEfiton, TS SHjASAR 4 o
bar-like magnetic head material made up of a row of sections to be sliders
10  each of which includes a thin-film magnetic head element.

Other and further objects, features and advantages of the invention will

appear more fully from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS
15 FIG. 1A, FIG. 1B, FIG. 1C and FIG. 1D illustrate a jig of a first
embodiment of the invention.
FIG. 2 is a front view of the jig of the first embodiment in use.
FIG. 3 1s a perspective view of an example of a processing apparatus
wherein the jig of the first embodiment is used.
20 FIG. 4 is a cross-sectional view illustrating an example of the
configuration of a thin-film magnetic head element.
FIG. 5 is a block diagram showing an example of circuit configuration of
the processing apparatus.
FIG. 6 is an explanatory view illustrating an example of arrangement of
25  blocks for obtaining three types of blocks from a 3-inch wafer.

FIG. 7 is an explanatory view illustrating an example of arrangement of



5 rotating |lapping table 11 provided on the table 10; a strut 12 provided
on the table 10 by the side of the rotating | apping table 11 ; anf g AUG 2002
mat eri al supporter 20 attached to the strut 12 through an arm 13. The
rotating lapping table Il has a |lapping pLate 1la to cone to contact with
the bar. The material supporter 20 corrpriZés a jig retainer 23 and three

| oad 10 application rods 25A, 25B and 25C placed in front of the jig
retainer 23 with specific spacing. A processing jig (sinply called "jig in
the foll ow ngoelesforiodthitiihg ¥ odlpehoSbRiEke dioiknat 3iscH waller. fi xed to the jig
retainer 23. As will be described later in detail, the jig 50 has three

| oad applicati onFpgcs iPas e&%l—"dh&ﬂf)r ieﬁshill&st_i'zi‘tihéQnsé}@%pl@fof&_rm&dgbrﬁ%ﬂ619 a
rectangul ar cross section. 15 Load application pins are provided at the

| ower ends Oéloémfdr%@aﬁﬁﬁkit%f[tiyﬁﬂ?] bPBRcR8frort 2E6-¢h Rafer. r espectivel y.

Each of the | oad application pins has a head to be inserted to each of the

l'oad appl i cati onFagCH L ORA ekPLIRIOry Vet 1R N3N E AG SkanPFTeATUH AgthO8B0f
section. Each of the |oad application pins is driven by an actuator not

y

shown ingth | ' t 1d he R Hfed 50) and
r ot ationgl ?flpglggt%nog?yagg?g?%n ?%BEIBGCEF%J%% g?%c I%Igflglc and FI G 1D,
the structure of e1h f | I g Cri . FIG 1A
to FIG 1D ill usﬂgt 10 %Rjeﬁ‘ém'ﬁtéwﬁ%@"’%st?%%hﬁ'531?%@&0?5@%@16?‘?3. FIG 1B
is aright sj . ew of Lieg, JEl G . ' to j t . Fl 1D
is a bottom Q/rgg\?\é%%e?g 0{ hie]()%jkiségr %gtas%%l\]ﬁr%&(fﬁﬁsidgb%cq%\slfﬂ{’ﬁlegrg%lggwrﬁe% r
conprises: a nai ody.51.t0 he fixed.to,t rogcessi ng a rat,us 1 shown
in FIG 3, for eggﬁp%maa fr(?’tSVliﬁ@)iﬂefO]ﬁ%Of 8%1'@? 5?%§?nq§2gfaﬁ§$ﬁ)’lt§l?eong in one
direction for retai,ni har at.is an object | .in one direction to be
processed' ; qoélﬁﬁ’ar@@u‘ﬁﬁgr@egﬁoé@‘%@ﬁifeﬁnb%‘gj&lﬂqtrﬁ%ggénY%‘Eté?rher 52 to the

inb 51; th d | i cati [ 54A 54C I to th
et nodtes o BHRcHE n B SRl B6 et R R G 55
and arns 55A to 553 for couplipng the retaiper 52 to the | oad application
sections 54/0mpared Wit igobdp st exphodimentofdhe igyentign.ng | ocated in
the m ddle of the Iengt_h of the main boc}y 51 and in a position abgve the
mi ddl e of the veFiGchd ihestgatesgherngsubbefstimipraianalypis| simudatipn ef theiiigo
the hole 56 for fixing the 10 main body 51 to the jig fixing pin (not
shown) provi efddeifirst meferepce exathple: 23 of the processing apparatus 1. The
jig 50 is fixed to the_gl)rocessi ng apparatus 1 at the only one point, that
is, the point of FlGel#dllestsatestthe neaith dfstiyudurdlandlysisamudatior of e jig
sections 57 in which the two guide pins provided in the jig retainer 23 of
the prodéssiofghemearnd vefefenrecexkbnplegaged. The engagi ng sections 57 are
provided to prevent the jig 50 fromrotating around the hole 56. The shape
of the retainer BEGi 5 dlustrates thedresolipfistmmtubal analybseimailationnf the jig

application of external force. At the |ower end of the retainer 52, a bar
fixi ng sect iafithediist eptlmdinhedt ob théimberidmr is fixed. The bar fixing

FIG. 16 illustrates the displacement curve of the retainer expected to be
obtained in a first simulation.

20 FIG. 17 illustrates the displacement curve of the retainer obtained in
the jig of the second reference example in the first simulation.

FIG. 18 illustrates the deviation of the displacement curve of the
retainer obtained in the jig of the second reference example in the first
simulation from the ideal curve.

25 FIG. 19 illustrates the displacement curve of the retainer obtained in

the jig of the first embodiment of the invention in the first simulation.



20 section 58 has a plurality of grooves where a blade for cutting a bar
enters. Ends 52a and 52b of the retainer 52 are not coupled to the i%
body 51 but left open. The jig 50 may be made of stainless steel Z)Bniu 2002,
ceram c such as zirconia (2Zr02) or alumna (A103). 25 In the enbodi nent,
the two | oad application sections 54A andd54C are each pl aced cl oser to
each of the ends 52a and 52b than the m ddle of the 2 8 AUG 20D2 -11

|l ength of the retainer 52, and nearly in the mddle of the vertical height
of the retainer BHG. Z@éliugtiatdicheqhediaidh bf did Aispiatinaitscirdé ofitHe 54C i s
coupl ed through each of the arnms 55A and 55C at the point closer to the

m ddl e by a wpgisekiobtsindtanchefjioof @rchirstleniblifltoht iRdhe d1dt SrRuRItidme
retainer 52. The 5 other |oad application section 54B is placed in the

m ddl e of t hgpheiHetidesf cdd¥@. mai n body 51 and in a position below the mddle
of the vertical height of the main body 51. Each of the two couplers 53A

and 53D has an epf; CONNeEdtEskesThb MsPaLEmBAL ¥urie oM YoBgindtRgpe&RE to be
connected to each of the arns 55A and 55C which 10 is the portion for

coupl i ng seachhQindd's 4 Q8 PAL Batibgn sections 54A and 54C to the retainer
52. Each of t e%ou& ers ﬁ anlg ??D is plate-shaped and flexible. Each of

th th t . . i n:hod
51 and the ot her Ranee Minafts A ipRc e BP CuFREBFRICRch e BRI 00T o
53B and 53C s . -sh d flexibl R i .yade to FIG 2
98 a0, 53C 43 Bk 3t B URRSH PRdh b e BFUSY SRS5 G pRCe 1o, PG 2
Do o ouan oEl AR el de a0 oL e RRALGHAR GBH TPt b1
the b 70 f ide . (.f . d d).,.The jig 20 50, retaini the b
70 1 5 11 xod PERE OpEBRBAIP TR Aoy DA REchnd SalesP Ak SRURBIF ThiHe 1HEnL: f ace
of the har 7Q tq he &roceggﬁgeélones to contact with the |lapping plate 1lla
[

of the 8 atAYHABARIFYLLt 1CUIVR- t his state, the | oad application pins
of the processi gﬁ apparatus 1 are driven in three@fgi rections including
vertical, horizohl@l 24miustentesithelispliacement syrve ebihe yetaines obbpinediy
directions are thereby applied to each of the |oad application sections
54A, 54B andhs4iE of thenBrgtigmbeliment of theanyemtion 11p the sesonsd siasdatioad, t he
retainer 52, the_bar fixing section 58 and the bar 70 are deforned by

appl yi ng | oads i KlGa2$ dilustantesdbieclteyiataon péthedispbagementtqwne sE6he ons 54A,

54B and 54C of the jig 50. It is thereby possible to | ap the nmedi um facing
surface of tiesainer o%@aimmia thiegig ofr et fites ieghbedizrent VR the lsecend sinpalation
thin-filmmagnetic head el enents in the bar 70 are controlled so that the
t arget Jal udsomrthealdeal oave.
FIG. 26 is a front view of a jig of a second embodiment of the invention
in use.
FIG. 27 is a front view of a jig of a third embodiment of the invention in
use.
20
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Preferred embodiments of the invention will now be described in detail
with reference to the accompanying drawings.
[First Embodiment]

25 Reference is now made to FIG. 3 to describe an example of a processing

apparatus wherein a processing jig of a first embodiment of the invention is



According to the jig 50 of this enbodi nent, the ends 52a and 52b of the
retainer 52 are not coupled to the nmain body 51 but |eft open. As " &6 22
free deformation of portions near the ends 52a and 52b of the reté?ﬁeg g 002
will 10 not be prevented, and it is possible to obtain a flection simlar

to a cantilevered structure. Therefore, the jig 50 allows the retainer 52

I ncl udi ng the portions near the ends 52a and 52b to be deforned into a
desired shape. As a result, it is possible to process the bar 70 with

accuracy eveped! FI€.Bas adhemdtgerdplctive vRMUELIHEN RGNS appafafilie
target values of 15 the throat height and the MR hei ght of each of many of

thin-film maggpaiceet8as aphar@iiss] i15h uppdrathstfoe Afiaghabar thatAg@or ding to
the jig 50 of this enbgd?hent, each ofg he | oad ap%{ii gat i on sections 54A,

54B and 54Cd1§%&%i@ﬁé£d BfatbBGE Y kRO shRPEISf hbarhft wiicB®edtibRS td BOSIidbEs | S
t hereby possible to deformthe retainer 52 into a conplicated shape and 20

to control e Jhifald fied 9b%s a9 droeedhbappliaingll ddihpritd:m aMAOTHi 6 head

el enments wi th high accuracy. The bar 70 i's fornmed through cutting a wafer
Secti ons” cadhatog fHE LEble DCHHARE Spithelcable ol strdlT 2 diroRldetn the
70,13 . V080 Ouf oM ol kS4TGB SENELo ko AMITHGBH 1P| O
(i1 oG ERCEL STER St kbS50 SRS Re i Bn e
exeml e 15, At QIRASRL G 54 L uARIRELA GRS heRRRL vhereinan
readi ng are st sl Belll L ILTIBTGLL S SRt CLENL, 14 o0 s i€
and tit ?8 | urgp% 1E:gtibigg rods 25A, 25B and 25C placed in front of the jig retainer 23 with

specific spacing. A processing jig (simply called ig’ in the following

description) 50 of this embodiment is to be fixed to the jig retainer 23. As

will be described later in detail, the jig 50 has three load application sections

each of which is in the shape of a hole having a rectangular cross section.

15  Load application pins are provided at the lower ends of the load application

rods 25A, 25B and 25C, respectively. Each of the load application pins has a

head to be inserted to each of the load application sections (holes), the head

having a rectangular cross section. Each of the load application pins is

driven by an actuator not shown in the vertical, horizontal (the length of the

20 jig 50) and rotational directions.
Referring to FIG. 1A, FIG. 1B, FIG. 1C and FIG. 1D, the structure of

the jig of this embodiment will now be described. FIG. 1A to FIG. 1D

illustrate the jig. FIG. 1A is a front view of the jig. FIG. 1B is a right side

view of the jig. FIG. 1C is a top view of the jig. FIG. 1D is a bottom view of

25 thejig. Asshown, the jig 50 of the embodiment comprises: a main body 51 to

be fixed to the processing apparatus 1 shown in FIG. 3, for example; a



(A1~03-TiC)~ an insulating layer 73 nmade of an insulating material such as
al um na (A1203) and forned on the substrate 72~ a bottom shield Iszyée% §4
made of a magnetic material and forned on the insulating |ayer 7 a H t?%
shield gap film75 nmade of an insul ating 6rat erial such as alum na and
formed on the bottom shield | ayer 74~ and®an MR el enent 76 for reading
formed on the bottomshield gap film75 such that an end of the MR el enent
76 is located in the nmediumfacing surface (the surface on the |left side of
FI G 4). Theetigner B2 ehrnhis Iohgfiurdreadireqing forastainingarbaafthalt échhadgedtayer s
77 formed on the bottomshield gap film75 and elects ically connected to
—_the MR el engsig #boné direptishitelii wrapeddetnTol RpRiTsEBA fes D boBbwling d gap
—film75, the I\%? el enent 76 and the el ectrode |ayers 77~ and a

t op- shi el d- kBY &taGHEDSL 6 The ehAin! BdsT 5 hArEd Iald fiplditicdtsct ROk HIN Pl €
| ayer) 79 made of a magnetic material and formed on the top shield gap film

78. The MR glenmenipléd tBRhei@taines 5MENvHICH hilgad % fppRED &irQicToRaidd M fil m
that exhibits nmagnetoresistivity, such as an ani sotropi c magnetos esistive

(AMR) el gnenfiaife 953UndBEREITH LR 55C 6y éﬁéﬁinﬂ%‘aiﬁr 52 toiieload
magnet oresi stive (TMR) elenment. 25 The head elenent 71 further conprises: a

recordi ng gﬁgpg@yﬁ{mggcﬁrﬁg&eg)%gégﬁﬁgsul ating material such as alum na and
e

formed on t ottom po 2002, -14 layer 79~ a thin-filmcoil 82

a 1 hor moset  photecbreh EORE 1A EHABE T ol BRI b M P S HRETLE, 1

_ _ _ ayer _ magneti c
;zzgf of aﬁ”??{%s%g‘?ﬂhé%ﬁ%ﬁiwoﬁfgi%?ﬁqﬁé §¥%&¢o§iabao%§%%§§€;@$‘ﬁrgf%xie%%ﬁpﬁﬁ e
83. ity
ot vmaan ¢ BTt R OOt B B s
. v il 82, T 8
el udella B TPt bP EREGEREE Bor (PO PHepRs R e i e e vBe il um

facing surfage, The bottom pole | ayegr 79.ipcluges . a 10 pole portion that is
2 portion | Gk SheBTOSSRIG AREATALYHL ndlediK P ﬂge%mr & BIOCPREINE pol e
portions face each other, the recordin ap layer, 80 bheing located in

bet ween. Th@Pparatusoy at Hhe enly one P@‘Bt:ptg'l“’g 15 therp@nt phthesholedith equal to the
recording track width, The top pale |layer 83 has an end | ocated farther
from t he medi umfhecmagn body &ddurtherdasiy vengagins seetéensid i whagh the £wp| v
15 coupled to the bottompole |ayer 79 through a contact hole fornmed in the
recordi ng g&pideapms BOvidseimih ngretasneny23 of the précersingarinaretind ared on
the left side of FIG 4) of the nagnetic head elenent 71 shown in FIG 4 is
t he surl@ceengaded.| afbednbggingsestione $9iarg mppudest tosprevehbvine jig 56 fgom3.

Wil e | appi ng, the 20 processing apparatus 1 perforns control such that

t hroat hei ghotathhgacbuvi thed holle 32- h of every magnetic head el enent 71
included in the bar 70 fall within a certain limted tol erance. Such
control may be (dre slapeedf thereuainestilas\d ngrivkheand dorst heaa thalt uebenf an

el ectrical |apping guide (ELG and the MR elenent 76 as disclosed in

Publ i shed UmaxlaanrspplitapanasdexPeteltfoite. Aplthedoweon ehidiof ¢he 2e @802 52,18990) ,
for exanple. The elects ical |apping guides are) for exanple, fornmed on the
substrate 7hawfiing bectimyb8tis prodddd to WldchdbaA0RTixells dallabat fiXing S
formed, the | apping guides being placed at both ends of the length of the

bar 70. 26| Gse&tidi$ 58 HsQr liitiadity 3 Edtek Mehere LXRIdR! for ehttihg aWdr enters.
configuration in a processing apparatus for controlling | apping by

observing ti@hds 55 A& BOB of thalrdfinet 521a86 tiok €BhpledRRi thd HHiIBSdPBd UVR
el enments as descri bed above. The processing apparatus of this exanple
conprises ajgppeR! ler 86 for controlling nine actuators 91 to 99 for
applying loads 1n the three directions to the |oad application sections

54A, 54B and 54@‘1@%%!33%5?%%%?55& QPﬁ%)iné%Ersgéég/gR)rtaré‘er%ﬁﬁ'b%h@H%% z}{ﬁég‘ﬁgéar of

el ectrical |apping 85 a the 1 elements 76 int 70~

and a nul ti %ﬁ?%rgr%zzuaqﬁgqgﬁmg; othe plurality of electrical |apping

gui des 85 a enment’s in the bar 70 through a connector not

and one” 3 the MR ArermRRRGg B U6 1G4 bOREITGL L ing FECLRE G df h85h
: 6 9
a1 pl oer Ao BOREHAoF 8 e a8k SplRBANEEED Tpit ke IR oL 0L 10

gui des 85 and the MR elenents 76 in the bar 70. The controller 86 first
performs coarse control by observing the resistance of the electrical

| appi ng gui des 85. The controller 86 then perforns control by observing the
resi stance of the MR elenments 76 so that throat height TH and 20 MR hei ght
MR-h of every magnetic head element 71 fall within a certain [imted

. o -~ S v 1 o~ ~ 1 o~ A~ a-



25 follow ng exanple the wafer utilized is circular-plate-shaped and
includes a plurality of rows of slider sections each of which i n<2| @'dAHB"ﬂQUDZ
thin-filmnmagnetic 2 8 Au~ 200e - 16 head elenment. A plurality of types
of blocks having different widths are obtained fromthis wafer. Each of the
bl ocks includes a plurality of rows of i’ Yiider sections and has a specific
w dth. The bars are obtai ned through cutting each of the blocks in one
direction. 5 1n the follow ng exanple the dianeter of the

circul ar - pl dengapsih wahier By abe nkarl MMKemiddleas the Vo2tidalhvight bfwHees) ,
or 203.2 mm (8 inches), for exanple. In the follow ng description the

waf ers each feayines 52. diRdEH 6fitheflod® -a%gﬁmi&ién isBE68 54A2hH 5404 Bowpleles)
and 203.2 nm (8 inches) are called a 3-inch wafer, a 6-inch wafer, and an

8-inch waf erghrbGsR@aER Vet Ne alfhsHHA aRd I5% Pk ERPHGRR CRIsKr th €Me nbiddid bkl N9
an exanpl e of arrangenent of blocks for obtaining three types of bl ocks

froma 3-in . thi t t 1AL111B
and 111C ar e@bg\giﬁfaf%lggéébﬁ o%?h?&%[@ nce J}mgcselfrﬁai%rig?ﬁﬂlﬁﬁ)fgﬁa%gﬁ%ﬂgr éléG T{% t he

bl ocks 1}1A, othtt ﬁ)aad‘%eﬂﬂé&icﬁ{ Eeclalnoﬁg?tﬁ‘i%ﬁﬁcgﬂ fgi th Middde gp?%eg;ensgéh of the

respectively, or conveni ence. rows o ctions are

hori zontal |y . i S: . 3
bot tom of ¢ 1B Ptk PASE 1 L LR RoRltide Felbihe RidREFEHe Yoo WighL b U
111A, 111B a&g il§\%ﬂ§§,%§ the horizontal |ength of each of the blocks 111A,
111B and 111€%%h " FIG 6. Among the blocks 111A, 111B and 111C, the

bl ock 111A is grgatest,.d n w dth and e 111B i s,the secqnd 20 .

or eatest . The bi Bokb pf 1a<' b Chilp RECpaR Y RED LR 654 kOTRSTRIR B maipne

bl ock 111A i,s gut. out, from.a portion |ocated in e mdd of ver.t]j cal
Cength of ¢ oS had s Rad cobenfeiliecsachiof e ATatR Seaand S5C Whichons
on top qQf and at the bqgttomqf the blpck 111A respectively. The b S
111C ar d0cadh thePoBtion ipsAuPRg PRghobthe @aﬁcﬁppilﬁa 108 sgpiehs S BAE

bl ocks 111B and a portiaqn at_ the bottom of the | ower_one of the b]ocks
111B, r espedvitheIsptames ﬁzegffbﬁhéafttgﬁmowi)efrﬁé%&%%dééﬂ w&a&e'éﬂape agd AUG
2002. -17 the wafer 10la toward the interior and having a specific width is
excl uded frdﬂﬁ’tlh@-porti ons to be the blocks. The width of the block 111A
may be 69.6 mMmmt 5 % for exanple. The width of the blocks 111B nay be 57.6
T 5 % for exanBeh oftke ofhwriiwstcosplers Albang 5BClnap ael GEnectad © te f or
exanple. O each of the blocks 111A, 111B and 111C, slider sections |ocated
in a regi on mau hgdy 54 pandthe obheit ¢nd adanactedéo thelrétapher H sEacdeof the
sections) fromeach of ends toward the m ddl e across the width are

rej ect edd Thoupders 53B ahd 563G teplasershaped anddlaxiblei zed. 10 FIG 7 is an
explanatory view illustrating an exanpl e of arrangenent of blocks for

obt ai ni ng two t yBefereficehisaudss niadmnt@aFBzi 2db deadrebe the fumitsorecfthe jeg 600
types of blocks 111A and 111B are obtained fromthe 3-inch wafer 10la. The
arrangenment BIGthés difmritsyidw bf thodiglid ih use.t h&s shown, A bba T0sissfixad @rtheo t he
exanple shown in FIG 6. 15 FIG 8 is an explanatory view illustrating an
exanpl e of dfarefig@e@gedectioh 58 efthe ji@60 @ht@igh banding, foresamplebkoekst fHeom a
6-inch wafer. In the exanple shown in FIG 8, two blocks 111A1 pl aced side

by side are sauliaHtfaéingBuafierdfithe Ha@Crl Rdes Butdi@e (fadeld Bowhwidid).veThé §igl
| ength of the 6-inch wafer 101b. The bl ocks 111B are cut out from portions

on top @b arsh adtaiMidghbletb T issfaedd #0H prlodesdthg abpatdthdll aBli Ptk dlslh?

are each cut out froma portion on top of upper ones of the blocks 111B and

a portion atthaighbQulfiFe OF thoWar 70N8DHeOprocbEsddl @nkss tblddhtadt @itk ks 111A1
and 111A2 belong to the sane type as the block 111A and are the sane as the

bllock 111A ilﬁp)ﬁ%r?é glatEh@a of thé rafbggagin%ﬁg rm%bl\éi AW it ik gg&ktg?g%@maaxa”p' e

of arrangenen 5 bl ocks for o types of om an

ﬁ{ Lgfg ‘Q?f fL?ﬂvlgbﬁ‘ﬁb? aﬁﬁ@@f'tﬁe $0WE sl Apfaratus 1R BN B ehReaicehtidhst e

including vertical, horizontal and rotational directions. ILoads in the three
25  directions are thereby applied to each of the load application sections 54A,

54B and 54C of the jig 50.



2 8 AUG 200a, -18 length of the 8-inch wafer 101c, a block 111B" is cut out
froma portion located in the mddle of the horizontal |ength of %(taeA\U@fgmz
101c. Blocks 111A" are cut out from portions on sides of the block 111B".
Bl ocks 111A, are cut out fromportions on top of and at the bottom of the
bt ocks 111A" and 5 111B", the portions bdPrg | ocated in the middle of the
hori zontal |ength. Blocks 111B, are cut out from portions on sides of the
bl ocks 111A,. Three bl ocks 111B, 3 pl aced side by side are cut out froma

portion on top s the deeeibednelte aétalifer 52 ablesakifiing sadtod 58Bard tbafer
three bl ocks 111B, 3 placed side by side are cut out froma portion at the

bott om of 1t g AEsformied b applfinkloats ¢k Satibl® BrédifbnkltbBhe loAd0 bl ocks

111A 3 placed side by side are cut out froma portion on top of the upper

ones of the fJipekfiohltBrions 524! BEB éﬂ&%bbfbf‘tﬁeé' 189.3 Rli8¢RErebydsostibleitsle

are cut out froma portion at the bottomof th ower ones of the bl ocks

111B, 3. Two : . i I »ON
on Top of ¢ haP LR Snddibh faciiy B6RR0S bFThUad TASVLE (RU HAAL el A uRPMR

111B,,, gl agfe‘ﬂglﬁﬂ's% th¥ tﬁiﬁ’-‘ﬁlﬁ{ﬁa%%fztoie‘l&teafire‘?é‘?n@n&ofﬂ ilﬂé‘hé&t 76ge li!i?]%lh%i‘ﬂefl‘c the

| ower ones e bl ocks 111A, 3. cks 111A, 4 are each cut out froma

portion on t es. .0 | ocks 111B, 4 and a portion at the
bot t om of tﬁggﬁlg\f?\éfrlgg%@?fal‘?%e%&%bé@%l B, 4. The blocks 111A", 111A 2,

111A, 3 and 111A, ong, te t.h ty 20 .t |l ocko111 d e the
sane as the bi odkeDiiREte' thelifio0 B BpisKRRpShpfihe, M Badk fad WA AREOFRI, 1 5%,
and 111B,:, bel.on o _the_ sane, type,as the, blo 111B.and are the s as
the bl ock 1 FSBRAT AP ostBupleg oot may PARe oS A IPEer L &% Afesilban
exanple of agrra ment. of bl ocks for taini t wo es, of bl ocks_fraom an
6 non' v en19q QOO HBABiS RO AROnS RO thk cPeS2agind YR ORRG FOMRSa? sal &
the mddle of the vertjcal length of. the 8-inch wafer 101c, .a bl ock 111A2,
et ab fnoaﬁae@rﬁaﬁvr%ﬁ a9l Repossible (RabtaB0 HoHoRBHaT 6o | ocat ed | n
the mddle of the horizontal |ength. Blocks 111B, are cut oQut from portions
on sides of cepbileyesed stuuckure. TnFRerefyrge khe nig A8 allows theiretaieny2 i de are
cut out froma portion on top of the blocks 111A, and 111B2,. Another three
bl ocks 111Banglugdirg the pertignsnerr thecends S andidh t® e deformed into ahe bott om
of the blocks 111A, and 111B2,. Two bl ocks 111A., placed side by side are
cut out frordesirgdrshapa. oAstopesadt,ihis peasthledagyoedssithe hairdtikwithna@mracy
Anot her two bl ocks 111A2 pl aced side by side are cut out froma portion at
t he bottom evenhéthebher 76nedorg and ¢o bé deviatipRs fitwo the takeet ¥21BS ¢f aced
side by side are cut out froma portion on top of the upper ones 10 of the
bl ocks 1531Athe tAnsrtheerightvantitbe MdR1HeigRBoHéaded miagy dfithei-fidmamagoaticout
froma portion at the bottom of the | ower ones of the blocks 111A~~. Bl ocks
111A23 are dmad demeonts ifdodedipohe larg bar Top of the upper ones of the

bl ocks 111B3 and a portion at the bottomof the | ower ones of the bl ocks
111B3. 15 The blAzkedihEtdZhe jiglaA2L thsdkiiddizientbeacnof the Iohd spplizatippe as
the block 111A and are the sane as the block 111A in width. Simlarly, the
bl ocks 111B,sectidd854Ap54BahHE 064 eaythble of Peceddng loydeirothd fhaeblddictibhd B
and are the sane as the block 111B in width. The two or three types of

bl ocks are tbustladieBy pREsibletd ddrMefR redaine? Zirtha @napitaed shape and FI G

6 to FIG 10. These bl ocks are then separated into bars. As a result, two

types opobarts chbamiol hé thed tHeightsGh GtHETMR haithts of €RiH-AlAfmagnétieRead %
are obtained. Alternatively, three types of bars including a bar having a

| ength of 3&lémbBhtd whth’highla@dady. on to the two types, are obtained. The
jig 50 of the enbodi nent of the invention is 25 commonly used for these

types of bars. Ref&phi gg i fornhéd e hschlf,in?[a[ Waltdt 7 oﬁé‘&ir)ééﬂién,tsﬂgfe@&lvéfeirons)

t he function 2 g AU G 2002. -20 and effects of the ji1g 50 of

enbodi ment ‘Ml#llud agﬂu oG s o Bidle?'sketidfi€ed A bPWRM Int1GdEES EhiPt | ON
of two jigs of reference exanples
film magnetic head element. The bar 70 is made up of a row of slider

25  sections.

Reference is now made to FIG. 4 to describe an example of the



conpared with the jig 50 of the enbodinent in the simulations. FIG 11 is a
front view of the ji'g 151 of the first reference exanple. FIG 1%h S ﬁ
front 5 view of the jig 152 of the second reference exanple. Int 8 A 6 a62
of the first reference exanple shown in FIG 11, ends of the retainer 52
are coupled to the main body 51 through t8e¢ coupl ers 53A and 53D. The
retainer 52 and the bar fixing section 58 of the jig 151 are designed so as
to be suitable for a bar having a I ength of about 50 mm) and 10 shorter
than the ret®nfighrMododattheén-filxn magaetitiheadslebnt. NeFI(:04 2a etodshection
enbodi nent of the invention. Wiile the retainer 52 is shorter, the couplers

53A and 53D ¢1fy {Hif-filnd edicehda@dementtRticional €6 the nisWuiachag fi Xi ng
section 58 of the jig 152 of the second reference exanple shown in FIG 12

are desi gnedy$mc@shePodt® THid éﬁ’éﬁgi@{s & P8Em ésiwvﬁi@ﬁﬁﬁn'xﬁé!%i&i&ﬁeﬁ@o!{t 70
mm and | onger than the retainer 52 and the Tixing section 58 of the jig

151 of the fj e, [ as] i A i ner
55 and the (Gonent SIRRERCE TXATRIM oA oREokRlerdhic EARLIuIR RSiEhE, 1

152, t t f i led to th in body 51
t hr ougﬁo?herh?lo(ﬁgﬂqgvrlge%é%%ggéﬂgga%??%%aﬁggggfaiener052 gomca)l:c r]t hg jyi g 152
is | th t . L Qs f ! f ,.th
coupl ove. 53A and LBy Bl Rabhthi¢ RhaRelerint 11 3 thiY SIS Sl a P,

result of str ur al-oanal ysi imul atiQn o he j.ig. 151 he. fir .

e or ence o asid8TaARAN BER eSHBIH A bRy Bt 0] sl GAkbide _ |
kgf ~ is appl,i to gach.of the |l.0ad pligatjon.sections 54A.25 and 54C in
t he upper di(?‘i&ﬁ )7 afdngulafing 1&?95.%3% e__oﬁadeg&liagmegpﬂait%rda TGEHh2S | oad
application sect.io in,the | ower direction. According.tq,the result ~
0 ALG 2002) AIBHIBR WO RRAIGRER Oret e DRt dZ: SRR SR ToFEF Tt ai ner
52 is obtained., This is because the caoupler s 53A and 53D are | ong enough
but fredOdermBafa el amagngiis maéﬁglagfmﬁ Hermed gprfg@ lszuf?éa%g lager 4308 hokEmB of

is not suppressed. F G 14 illustrates the result_of structural analysis
simul ati on cfieldegan Hlm 7pomade of ga wenking matewat sudk argleminaandi n” FI G
12. The condition of load application is simlar to that of the case

descri bed wifermedionriheckottemmhipldlgyenddornd ag MR elpmend i@ for seading
simulation, free deformation of portions of the retainer 52 near the ends
thereof is dappedondhe hattatheshieldganfibmi7$ syohcthatisn endof the MR elamenther
52 are coupled to the main body 51 through the 10 couplers 53A and 53D as

thi s exanpl &6 isflocatedrintthe meedisgn facing derfasa §Bre, suttfececon pheleft sl ffIG3D
are thereby nade shorter. Consequently, flee deformation of portions of the
ret ai ned552 4lealhieHe aehnelentemt r7dafurtlserseomppxises ch, paindf eleckmdertpyes BT e to
obtain ideal flections of the portions of the retainer 52 near the ends of
t he r et ai nerfobided on the bottom shield gap film 75 and electrically connected to the MR

element 76; a top shield gap film 78 covering the bottom shield gap film 75,

the MR element 76 and the electrode layers 77; and a top-shield-layer-cum-

bottom-pole layer (hereinafter called a bottom pole layer) 79 made of a

20 magnetic material and formed on the top shield gap film 78. The MR

element 76 may be an element utilizing a magneto-sensitive film that

exhibits magnetoresistivity, such as an anisotropic magnetoresistive (AMR)

element, a giant magnetoresistive (GMR) element or a tunnel

magnetoresistive (TMR) element.

25 The head element 71 further comprises: a recording gap layer 80 made

of an insulating material such as alumina and formed on the bottom pole



15 According to the sinulation, with regard to the structure in which the
ends of the retainer 52 are coupled to the main body 51 through t&:e 002
couplers 53A and 53D as the first or second reference exanpl e, zg e%lf't?yz !
i deal Election of the retainer 52 is obtajped if the length of the retainer
52 is smaller than or equal to about 65 p¥tcent of the length of the main
body 51. If the length of 20 the retainer 52 is greater than about 65
percent of the length of the nmain body 51, it is inpossible to obtain ideal
El ecti ons oflalylae 7904 tthongilef coih82 fahndden the gapdayéh80 andsswaroluhded by anner
52. FIG 15 illustrates the result of structural analysis sinulation of the
jig 50 of thgsaldiia terdr 81 mialde dfravihierhiRes phvtoresist|for ekdAmpléG toPpole! G
1C 25 and FIG 1D. The condition of |load application is simlar to that of

the case desmybbea whilé of ﬁfrﬁégﬂétec hatEtie ahd foriae@od the ihsuldieng Ba%*élrt810f
t he ~ 8 AUG 2002 -22 sinulation, an ideal Election of the retainer 52 is

obtai ned. |nahdg profdt¢ion Ryef 8%11&31\9 b%n ?ﬁkﬂﬁaﬁ%é xﬁﬁﬁarﬁﬁ%u‘% dshfuifihdl Al 52

are not coupled to the mai h body 51 but left open as this jig 50, It is

possi bl e 5 o' QR E}?‘“eAccor nmfthw@éhgt@ha@ Q%lﬁi’&lﬁpﬂéfr#éf?fength of

retainer 52 1s I'ng to t si mul ation

of the mai ﬁr%hr’%‘édéefm?’%%%ﬁm ) SHEHE e R o fBlorplyvbbB4) G001
obtar ned. Referangs i n{iﬂ%gfedtt‘?) e glaehferﬁ'v%aaé th s | be the

results of two sInu guan rve indicate that the jig 50 of

the 10 enbodi nen e | ect4 on e, retajner t.han _t he
e 152°0f tho- on8 iR SRS 1TRE 33:8eRlq e'é ChlePhrpiop e jEh Yt fibn Jeedtdda
20 relates to t t.l on. iy | stra th cement
corve (her el Ratdeof tithedhi 68 1&3aﬁur Fuey hsrbahn e s TR 1 o
be obtained in the fir si mul af. In.FIG 16t zont.al. 15 axi s
i cat 0 1 HeOlBRGFHPBithRR S} REOTEPRToRated o S AfBertars o T gt
axi s indicat di spl acenents of the retainer in the v tlc direction
FG 17 i1 ubhess BlemeEtians ek et [héﬁrt\b@ ToroTHBE EapoaNer 8 beb‘bs catefl i n
the jig 152 of the secqnd reference exanple, wherein the ideal curve is

i ndi cat ed wi ¥hbefwseskerlhe ple m@oo&fﬁhe@p Bple hager S3has a wdeh pquadite 17
are 20 simlar to those of. FIG. 16. FIG 18 illustrates the devi ation of

t he di spl acethentecerding tsack waditet alheetorspoleaser 84 hiag amend lopaterd fagtherne

second reference exanple shown in FIG 17 fromthe ideal curve. In FIG 18
t he hori zont @bmathesmediimafacing surfaess ithisgnd hemgeconmegtadeand magnatigallye

| ength. The vertical axis indicates deviations.
15 coupled to the bottom pole layer 79 through a contact hole formed in the

recording gap layer 80.
The medium facing surface (the surface located on the left side of FIG.
4) of the magnetic head element 71 shown in FIG. 4 is the surface to be
lapped by the processing apparatus 1 shown in FIG. 3. While lapping, the
20 processing apparatus 1 performs control such that throat height TH and MR
height MR-h of every magnetic head element 71 included in the bar 70 fall
within a certain limited tolerance. Such control may be performed through
observing the resistance values of an electrical lapping guide (ELG) and the
MR element 76 as disclosed in Published Unexamined Japanese Patent
25  Application Heisei 295572 (1990), for example. The electrical lapping

guides are, for example, formed on the substrate 72 when the magnetic head



25 FIG 19 illustrates the displacenment curve of the retainer 52 obtained
inthe jig 50 of the enbodi nent. The vertical and horizontal axes of FIG

19 ~ 8 AIJG 2002. -23 are sinilar to those of FIG 16. FIG 202§ AUG 2002
illustrates the deviation of the displ aceﬁnt curve of the retainer 52
obtained in the jig 50 of the enbodi nent omthe ideal curve shown in FIG
16. The vertical and horizontal axes of FIG 20 are simlar to those of
FIG 18. 5 FIG 18 and FIG 20 being conpared, it is noted that the jig 50
of the enbodilei¥ntal1 ermedptlte lappihg Buedds loxingfpladesl 4ebatihnendsHef thean t he
jig 152 of the second reference exanple. FIG 21 to FIG 25 relates to the
second si nul Ring®h.of Ehéba2 %0l | | ustrates the di splacenent curve (the ideal
curve) of the retainer 52 expected to be 10 obtained in the second

simul ation. In FIFEG. Blisthfloflodiapeahakhewing 4 dkaipds of fiecwioebhfiglrdtiod e
retainer 52 along the length. The vertical axis indicates displacenents of

the retainer a%%oééssiﬂkea%ﬁﬂdtagIfmdédrﬁ%mmg labping By obhémﬁg @ﬁ@feshgﬁnce

dlsplacenent curve of e retainer 52 obtained in the jig 152 of the second

ref er ences @ﬂﬂe@ df@Eéc@ﬁE&ﬂlaWng Buitdsi dhd MIE eRitflerfiCasldedchiBRll fhiov¥e

I ndi cateI bro 1 ne. "The vertical and horizontal axes of FIfG ﬁz
i spt acermnt TagRi855ple Kbianeths of tids Shnlple BhIHER 4 PEBGULABLER, 0T 10
[ ef erence exm&ahgﬁgme tfihfBes 2 {0 QTR 1684 ¥ g}aé Bpfdehipftiode |

hori zontal axis In € position 1n al ner

it spl acenent FL PR Arifich %ﬁiﬁeﬁ Bon8 54l AR it 51C dfamiSlg %ﬁ‘?ﬁw{%
enbodi nent. The vertj,cal a hor i ont

FI.G 24,a
Chogal oo obgrvig et F“Pﬁ%f’f’ & Shetétiof lan Paﬂgéwéer?e@d?%%@élﬂaﬁe
curve Oflé heNfI? émpgrgts% Pnbh?el ar 7 cE] S ﬁluﬂu‘?l x(e)r 817,hconnected to the

plurality of electrical lapping guides 85 and the MR elements 76 in the bar 70
through a connector not shown, for selectively connecting one of the electrical
lapping guides 85 and one of the MR elements 76 to the controller 86.

In the processing apparatus, the controller 86 controls the actuators 91

15  to 99 through the multiplexer 87 by observing the resistance values of the
electrical lapping guides 85 and the MR elements 76 in the bar 70. The
controller 86 first performs coarse control by observing the resistance of the
electrical lapping guides 85. The controller 86 then performs control by
observing the resistance of the MR elements 76 so that throat height TH and

20 MR height MR-h of every magnetic head element 71 fall within a certain
limited tolerance.

Reference is now made to FIG. 6 to FIG. 10 to describe an example of
the method of cutting the bar 70 out of a wafer. The bar 70 is to be processed
through the use of the jig 50 of this embodiment of the invention. In the

25 following example the wafer utilized is circular-plate-shaped and includes a

plurality of rows of slider sections each of which includes a thin-film magnetic



25 enbodi nent shown in FIG 24 fromthe ideal curve shown in FIG 21. The
vertical and horizontal axes of FIG 25 are sinilar to those of Bl AIB.2002,
2 8 ~~~ 2002 -24 FIG 23 and FIG 25 being conpared, it is noted that the
jig 50 of the enbodinent allows a nore ideal Election of the retainer 52
than the jig 152 of the second reference ]&('arrpl e. According to the jig 50
of the enbodi nent thus described, the ends 52a 5 and 52b of the retainer 52
are not coupled to the nain body 51 but left open. As a result, free

def or mati on lgfadpslehiedds AgAurahe, 6MNpHeddd bistksIdving differontveidols abe Wil |
not be prevented. Therefore, the jig 50 allows the retainer 52 including

~_the portionshigaied REmeltds wadar. arbadiRbf (e BcReimlaRss i pleraitdatiroad ofhape.

—As aresult, it is possible to process the bar 70 with accuracy ZO even if
the bar 70 igide?R@etidnélah@ HaRAGFoSRY wAULINSTAE BH%@ hfe bB¥a98dd Vidbih of the

t hroat hei ght and the MR height 'of each of many of thin-filmmagnetic head
el enent s inqjdf?ﬁ éa’&htdﬁhlg%kggh 07,% dilrécti(ij&l.t hereby possible to inprove the
[ S.

yield of thin- m nagneti ¢ hea Second Enbodi ment] 15 Reference is now

Mventi of, Flo ot BxBhaneTas Mabl i el e B AER ol ront
invent i on. FIG o . boy
provi ded bet'Vaeh 1RGP SR (ABPhER: 182408H [SthED. BROOR BTG 5e™ e

PR MR N P e N

| oad appl i catron sect Foad
application gection and £ coupl 3C. Jhe.arm 5 pl es t.he, | gad
application é‘mt%‘)éﬁ%?t‘{}“} emrcg‘[sg’l[’)l]é?“é m I@“ﬁ%smadl%g%ggé%w @%mfhggl oad
application sections H4A to 54E is.nearl y~circul ar-.hal es ed in cross
Sobti on. Thade quRd adane Salen Al ineiomates AGQUEHAnGR S eleh aFSRERTER he
vertical directi The processing apparatus i.n which this jig 250 is
utilized% ncor po€ ﬂ?’e@ 1§ W@xpﬁﬁawtaﬁbmewlﬁkﬁﬁr%a% a@e@&éﬁﬂgedf agFgATRRnt of) g
AUG ~DQ2, -25~ .individual loads to the five |oad applicatjon sections 54A
to 54E. AccdHogksigrobtaming theaedtypes odblacks fremiadugeh srader. oda B¥pl i cati on
sections 54A to 54E _are displaced only in the vertical direction, the
number of t Hxample thephreatynss ofddecksntlls IJdBang 11Ha are whtaisedifremjthg 50
of the first 5 enbodinment. As a result, it is possible to deformthe
retainer 52 3nad watoniftiasatladtKhapeo HIGi AOtthe Mockst 11dibddi Beand 11HE are
control the throat heights and MR heights of the thin-fil mnagnetic head

el enents wi talshindicateduwitdyd, Blaadr €nedspeetively, fowrebnyemiencen, [ HkGt bahe and
effects of the second 10 enbodinment are simlar to those of the first
enbodi ndBt . fohh ofcslideb cdetiems ArRhbrizentcdlyi arrangedadd dachFdfGhe 28wisdsdescri be
a processing jig of a third enbodi nent of the invention. FIG 27 is a front
vi ew of the lptagtedsh wip dhat the battembafdhewdjacentuse. ofithetrbers) | Fhe5@idthl afad
application section 154A and 15 an arm 155A are provi ded between the | oad
appl i cati on esehtdfadhe Hdckantl 1) a1t Bunidd1BC ks tHéhhosizontkd 3én gl eeght dfahleoad
application section 154A to the retainer 52. A |load application section
154B and an loeksl SBB\ alld Boand i1deC shewmean FlGe6) oAehaippthiechlocks 13841 10IB 54B
and the coupler 53B. The arm 155B couples the | oad application section 154B

to the retaigial 15EC, thellack 201 2RPEIRE4tAN WRIthi i tHeAloclnd18B igthe d&hadar e
provi ded between the | oad application section 54B and the coupler 53C. The

arm 155@pcouglegtesineTheddo@dPPliCH kalleeet i on 154C to the retainer 52. A
| oad application section 154D and an arm 155D are provi ded between the | oad

application SeCtIZIPfhe'SélﬁrﬁPfﬁ SHRve YIS 658 bikR B1R L2800 WRINES Pdieionoad
application section 154D to
located in the middle of the vertical length of the 3-inch wafer 101a. The
blocks 111B are cut out from portions on top of and at the bottom of the block
111A, respectively. The blocks 111C are each cut out from a portion on top of
25  the upper one of the blocks 111B and a portion at the bottom of the lower one

of the blocks 111B, respectively. The region extending from the periphery of



25 the retainer 52. In the jig 350 each of the | oad application sections
54A to 54C and 154A 'to 154D is nearly-circul ar-hol e-shaped in crosgs

section. These 2 g AUG 2002 -26 5 10 | oad application sections éé‘ﬂ& AUG 2082,
and 154A to 154D are driven in the vertic direction. The processing
apparatus in which this jig 350 is utilized incorporates seven |oad
application rods capable of applying individual |oads to the seven |oad
application sections 54A to 54C and 154A to 154D. According to the third

enbodi ment , theewaforid]aofowtdid theadtafior hndhading ecpeoifiec wilthrieakeludedan
that of the jig 250 of the second enbodinent. As a result, the jig 350

al lows the rigba IRy p&didn® thebedit{coblaekls.i Nt o a nore conplicated shape,
conpared to the jig 250 of the second enbodinent. It is thereby possible to

control the throfheeidghos tha8lddR TAiANRMaS KEfGQ.BQnirhiﬁﬂ’/%JmléﬁGﬂ?ﬂé.C Thad
el ements with higher accuracy. The remai nder of configuration, functions

and ef fects RidthsT theinleclePOdd Wiyt beb@.65mim | 215 %Ofdriagen . t Mhefwidth oI

second enbodi nent. The present invention is not limted to the foregoing

enbodi Ment s {4 H1bekd Y1 O &Y B€t3i89£ﬁae&r1”i~°5 ¥yl o0 NEhpNRY OFf &t &;@m&k he

invention may be applied to any ot processing such as polishing an

)00, P ARSI RS A8 0705 RS FRRA0E ) 7
R N L s 0

coupled to the main poSSI

hape, and (R B At SRR fe e g Tt JEs Gl el HRE RectiBhafe O 1€

Obvi ously man D ifications and variations of the present invention are
possible in ? Q‘i’ ‘ght of the above teachings. It is therefore to be 25

e B, R Bl e ARISRIS EL R  h SPA: B
ol e T b AR SR s g0 ol 10 b,
TSl NG D ypos of blocky TR and 111B%re dbtained from the 5-sneh wateri01a.
The arrangement of the blocks 111A and 111B in the wafer 101a is similar to
the example shown in FIG. 6.
15 FIG. 8 is an explanatory view illustrating an example of arrangement of
blocks for obtaining two types of blocks from a 6-inch wafer. In the example
shown in FIG. 8, two blocks 111A, placed side by side are cut out from a
portion located in the middle of the vertical length of the 6-inch wafer 101b.
The blocks 111B are cut out from portions on top of and at the bottom of each
20 ofthe blocks 111A,. Blocks 111A, are each cut out from a portion on top of
upper ones of the blocks 111B and a portion at the bottom of lower ones of the
blocks 111B. The blocks 111A, and 1114, belong to the same type as the
block 111A and are the same as the block 111A in width.
FIG. 9 is an explanatory view illustrating an example of arrangement of

25  blocks for obtaining two types of blocks from an 8-inch wafer. In the

example shown in FIG. 9, in a portion located in the middle of the vertical



5 a main body to be fixed to the processing apparatus a retainer that is
long in one direction for retaining the object a plurality of co beFﬁ f D&
coupling the retainer and the main body to each other ~ and a pl ?Qm

| oad application sections to each of whic Qba | oad is applied 10 for
deform ng the retainer, the |oad appllcaﬂl n sections being coupled to the
retai ner wherein both ends of the retainer are not coupled to the nmain body
but | eft open. 2. The processing jig according to claiml1 wherein: 15 each

of two of tHenktiadf thxpBiiaeh waifes 201¢,anblock 110Batie@dutlbas €rom @ pationof ends
of the retainer than a mddle of the length of the retainer, and coupled to

a position clesed 1h0tHehmdﬂldd>lfeh@hoﬁzsﬁﬁam1én§t1db§ﬂﬂmafefrrmm¢eac}310ais t he
ends of the retainer and each of two of the couplers has an end connected

to the main pody, apdcdDohtiofl PeiticHtif SidRS &F €He bibck PAB, | OrBRRKPIINY each
of the two of the |oad application sections to the retainer. 3. The

processi ng | ,,¢ ARRItFrHY ﬁ&tféh@'o‘ﬁ‘ t%pVﬁfearrRl & ﬁ%ﬂo&&mt&%hbmoais 1A caual ers
is plate-shaped and flexi'ble The processing jig according to any of

claims 150 pihorig otrpsnelagﬁ@ oca?e(ﬁmoﬁ'@ A30d Ah hohiBAtal lokgemagnet i

head materi mdde u a row o sections to I't der's each of ~whi ch
! %ﬁ' Edzixaééﬁkﬁki l%mﬁﬁe‘ﬁét%?faﬂ%iﬁsﬁg RY sigze of theblgeks 1l Theee,,
a] caj ca] caj S%lfglg {p dﬁl&l Pg]sf cea(}‘%a uga @gi} gﬁ&]& Ogi éﬁaﬁbf%A@ée&

"U& &B' ' | wrmh

a] ca] ca] ca] C(g}eé‘«ﬂéﬁ"?% %3})@(531 @f}‘é ﬁfgal]lég”’c a]‘%l}ﬂtggf Eléﬁec?alilg ‘é]f ?;t} lc%‘f’ (P%\‘]‘%eg] cal ca]

ca] ca] ca] caj Cglz ct')y s1de are cut out from a portion at the bottom of the lower ones of the

10  blocks 111A,, and 111B,,. Two blocks 111A,, placed side by side are cut out
from a portion on top of the upper ones of the blocks 111B,;. Another two
blocks 111A,; placed side by side are cut out from a portion at the bottom of
the lower ones of the blocks 111B,;. Two blocks 111B,, placed side by side
are cut out from a portion on top of the upper ones of the blocks 111A,,.

15  Another two blocks 111B,, placed side by side are cut out from a portion at
the bottom of the lower ones of the blocks 111A,,. Blocks 111A,, are each cut
out from a portion on top of the upper ones of the blocks 111B,, and a portion
at the bottom of the lower ones of the blocks 11B,,.

The blocks 1114,,, 111A,,, 111A,; and 111A, belong to the same type as

20  the block 111A and are the same as the block 111A in width. Similarly, the
blocks 111B,,, 111B,,, 111B,; and 111B,, belong to the same type as the block
111B and are the same as the block 111B in width.

FIG. 10 is an explanatory view illustrating an example of arrangement
of blocks for obtaining two types of blocks from an 8-inch wafer. In the

25 example shown in FIG. 10, in a portion located in the middle of the vertical

length of the 8-inch wafer 101c, a block 111A,, is cut out from a portion of the
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1096&' () - &$100/5& fﬁ &1096& ()- 110%& ()-f109%& ()-y _109%& ()- QO K-

' s10968&' () - 14:; argerohgat ont frorgmertion @qe%&f the ypnewmees 9f thez
109%5& () - 1K fE 510968 fO#10% f & ()-zsy#10%4& ()- &
Ssy#10%&' () - gb_lgpd%-@](];qs aadoypErtion af tiss g@ggl ¢f the lower ones of the blocks
xVAf E! pO#10%HpH&' () - ! 9#10% . & () - z! a9#10%a& () - z! KSO#109KHKH& () - z! p9#10%
p; p; & ()-z TOARM Hf H&' ()-2z)*+, 9=VuS1! &#10% & ()-Z! p;
&#10%J& ()-Zs10% & () - &10% & ()-G 10kHkH 10kHKH
10k HkH! HO#1 0%k H(Fie blockaBildy SN 1 ALOID 1AL A,, delgng ta-thl Game &y adith&l #1096\
N'& ()-41t& #109\'N' & ()- 4! &#10% " & ()-Z! K&H#109E" E" & () -Z[uV7! 1 f,
109&' () - L10%oc¢h 121A8%URd(Jre the same as the block 111A in width. Similarly, the

blocks 111B,,, 111B,, and 111B,, belong to the same type as the block 111B
and are the same as the block 111B in width.
The two or three types of blocks are thus obtained from the wafer as in
20 the examples shown in FIG. 6 to FIG. 10. These blocks are then separated
into bars. As a result, two types of bars having a length of 69.6 mm *5 %
and a length of 57.6 mm =5 % are obtained. Alternatively, three types of
bars including a bar having a length of 38.4 mm =£5 %, in addition to the two
types, are obtained. The jig 50 of the embodiment of the invention is
25 commonly used for these types of bars.

Referring to the results of structural analysis simulations, the function
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2210% 0&5() w3058 ﬁig( 15813 s%cond—réfgéﬁcelgié’mple.

In the jig 151 of the first reference example shown in FIG. 11, ends of
the retainer 52 are coupled to the main body 51 through the couplers 53A and
53D. The retainer 52 and the bar fixing section 58 of the jig 151 are
designed so as to be suitable for a bar having a length of about 50 mm, and

10  shorter than the retainer 52 and the fixing section 58 of the jig 50 of the
embodiment of the invention. While the retainer 52 is shorter, the couplers
53A and 53D of the jig 151 are longer.

The retainer 52 and the bar fixing section 58 of the jig 152 of the second
reference example shown in FIG. 12 are designed so as to be suitable for a bar

15 having a length of about 70 mm, and longer than the retainer 52 and the
fixing section 58 of the jig 151 of the first reference example, and similar in
length to the retainer 52 and the fixing section 58 of the jig 50 of the
embodiment. In the jig 152, too, the ends of the retainer 52 are coupled to
the main body 51 through the couplers 53A and 53D. While the retainer 52

20  of the jig 152 is longer than that of the jig 151 of the first reference example,
the couplers 53A and 53D of the jig 152 are shorter.

FIG. 13 illustrates the result of structural analysis simulation of the jig
151 of the first reference example shown in FIG. 11. In this simulation a
load of 9.8 N (= 1 kgf) is applied to each of the load application sections 54A

25 and 54C in the upper direction, and a load of 9.8 N (= 1 kgf) is applied to the

load application section 54B in the lower direction. According to the result
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of the simulation, a nearly ideal flection of the retainer 52 is obtained. This
is because the couplers 53A and 53D are long enough but free deformation of
portions of the retainer 52 near the ends thereof is not suppressed.
FIG. 14 illustrates the result of structural analysis simulation of the jig
5 152 of the second reference example shown in FIG. 12. The condition of load
application is similar to that of the case described with reference to FIG. 13.
According to the result of the simulation, free deformation of portions of the
retainer 52 near the ends thereof is suppressed. In the structure in which
the ends of the retainer 52 are coupled to the main body 51 through the

10 couplers 53A and 53D as this example, if the retainer 52 is made longer, the
couplers 53A and 53D are thereby made shorter. Consequently, free
deformation of portions of the retainer 52 near the ends thereof is suppressed,
and it is impossible to obtain ideal flections of the portions of the retainer 52
near the ends of the retainer 52.

15 According to the simulation, with regard to the structure in which the
ends of the retainer 52 are coupled to the main body 51 through the couplers
53A and 53D as the first or second reference example, a nearly ideal flection
of the retainer 52 is obtained if the length of the retainer 52 is smaller than or
equal to about 65 percent of the length of the main body 51. If the length of

20  the retainer 52 is greater than about 65 percent of the length of the main
body 51, it is impossible to obtain ideal flections of the portions of the retainer
52 near the ends of the retainer 52.

FIG. 15 illustrates the result of structural analysis simulation of the jig
50 of the embodiment of the invention shown in FIG. 1A, FIG. 1B, FIG. 1C
25 and FIG. 1D. The condition of load application is similar to that of the case

described with reference to FIG. 13. According to the result of the
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the retainer 52 even if the retainer 52 is made longer. According to the
5 simulation, if the length of the retainer 52 is smaller than or equal to about
85 percent of the length of the main body 51, a nearly ideal flection of the
retainer 52 is obtained.

Reference is now made to FIG. 16 to FIG. 25 to describe the results of
two simulations that quantitatively indicate that the jig 50 of the

10 embodiment allows a more ideal flection of the retainer 52 than the jig 152 of
the second reference example shown in FIG. 12.

FIG. 16 to FIG. 20 relates to the first simulation. FIG. 16 illustrates
the displacement curve (hereinafter called the ideal curve) of the retainer 52
expected to be obtained in the first simulation. In FIG. 16 the horizontal

15 axis indicates the position in the retainer 52 along the length. The vertical
axis indicates displacements of the retainer in the vertical direction.

FIG. 17 illustrates the displacement curve of the retainer 52 obtained in
the jig 152 of the second reference example, wherein the ideal curve is
indicated with a broken line. The vertical and horizontal axes of FIG. 17 are

20 similar to those of FIG. 16. FIG. 18 illustrates the deviation of the
displacement curve of the retainer 52 obtained in the jig 152 of the second
reference example shown in FIG. 17 from the ideal curve. In FIG. 18 the
horizontal axis indicates the position in the retainer 52 along the length.
The vertical axis indicates deviations.

25 FIG. 19 illustrates the displacement curve of the retainer 52 obtained in

the jig 50 of the embodiment. The vertical and horizontal axes of FIG. 19
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5 FIG. 18 and FIG. 20 being compared, it is noted that the jig 50 of the
embodiment allows a more ideal flection of the retainer 52 than the jig 152 of
the second reference example.
FIG. 21 to FIG. 25 relates to the second simulation. FIG. 21 illustrates
the displacement curve (the ideal curve) of the retainer 52 expected to be
10  obtained in the second simulation. In FIG. 21 the horizontal axis indicates
the position in the retainer 52 along the length. The vertical axis indicates
displacements of the retainer 52 in the vertical direction.
FIG. 22 illustrates the displacement curve of the retainer 52 obtained in
the jig 152 of the second reference example indicated with a solid line and the
15 ideal curve indicated with a broken line. The vertical and horizontal axes of
FIG. 22 are similar to those of FIG. 21. FIG. 23 illustrates the deviation of
the displacement curve of the retainer 52 obtained in the jig 152 of the second
reference example shown in FIG. 22 from the ideal curve. In FIG. 23 the
horizontal axis indicates the position in the retainer 52 along the length.
20 The vertical axis indicates deviations.
FIG. 24 illustrates the displacement curve of the retainer 52 obtained in
the jig 50 of the embodiment. The vertical and horizontal axes of FIG. 24
are similar to those of FIG. 21. FIG. 25 illustrates the deviation of the
displacement curve of the retainer 52 obtained in the jig 50 of the
25 embodiment shown in FIG. 24 from the ideal curve shown in FIG. 21. The

vertical and horizontal axes of FIG. 25 are similar to those of FIG. 23.



10' 0 10' 0 : 10% 0& () - 810% 0& () - @10% 0& () - UU: UTUWMWIEDC ! S310% 0& () -
L10% 0& ()-S3 @ 10%0& ()- , 3

10% 0& ()-S, F10% 0& () - Y10% 0& () - WWI[[*\+\,\dE:/ 10' 0 2 8 AUG 2002,
10' 0S: 10% 0& () - 82#10% 0& () - SYs! 10% 0& (3 -1 SSs! 10% o& () -

10% 0& ()-$10% 0& ()-,\-\:\ @s] M\A3_rP1/ 24 -

& #10%&' ()- 2! f N& #10%85S5& ()- 2!\ & #10% 51 5& ()- 2!\ & #10% 51 5& () - Z& 10968
()-%10%& ()- 10'03 b "aacczX61l/

' yO#10% uf u&' () - FKQ#28 %aBKG.(25 bdiddodnipardtdpitis Gdked dRat Yhedjig BO¥ahaEL () -
3! p#10% 5] 5& () - 3ccccccdddus4

z#10%& () - ' | datd@ident) allowd A QlGrd ideal I08EON bf B Po&ikdr 52 TR tHe Jigf 1520f
10f uf ud' f Tggi si Q WU3uS4

'pXQ&#IOW7&;}{‘3)s&bﬂ@&%@&/ﬂ@&@iamglé(Q&#IOWQZ& ()-9! OL#10%& ()- G f IL#10% - & (
)+ G adL#10% (& ()~ Q9 ||| | KkkkuS1

L, ) 109 ()-!L, %&Q)ﬁﬁ‘ g tol é% éBﬂ%fjtﬂe/@n(ﬁdd‘}m]e%%hi!i@%i%scnbed the ends 52a
1022I K9&#109%22& () 9k nmmJop|

| ~& $1@9 48]
i O Gl R SIS R et

10- - As a result, free deformation of portions near the ends 52a and 52b of the
retainer 52 will not be prevented. Therefore, the jig 50 allows the retainer
52 including the portions near the ends 52a and 52b to be deformed into a
desired shape. As a result, it is possible to process the bar 70 with accuracy

10 even if the bar 70 is long, and to reduce deviations from the target values of
the throat height and the MR height of each of many of thin-film magnetic
head elements included in the long bar 70. It is thereby possible to improve
the yield of thin-film magnetic heads.

[Second Embodiment]

15 Reference i1s now made to FIG. 26 to describe a processing jig of a second
embodiment of the invention. FIG. 26 is a front view of the jig 250 of the
second embodiment in use. In the jig 250 a load application section 54D and
an arm 55D are provided between the load application section 54B and the
coupler 53B. The arm 55D couples the load application section 54D to the

20 retainer 52. Aload application section 54E and an arm 55E are provided
between the load application section 54B and the coupler 53C. The arm 55E
couples the load application section 54E to the retainer 52. In the jig 250
each of the load application sections 54A to 54E is nearly-circular-hole-
shaped in cross section. These load application sections 54A to 54K are

25  driven in the vertical direction. The processing apparatus in which this jig

250 is utilized incorporates five load application rods capable of applying
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5 embodiment. As a result, it is possible to deform the retainer 52 into a
complicated shape as in the first embodiment, and to control the throat
heights and MR heights of the thin-film magnetic head elements with high
accuracy.

The remainder of configuration, functions and effects of the second

10 embodiment are similar to those of the first embodiment.
[Third Embodiment]

Reference is now made to FIG. 27 to describe a processing jig of a third
embodiment of the invention. FIG. 27 is a front view of the jig 350 of the
third embodiment in use. In the jig 350 a load application section 154A and

15 an arm 155A are provided between the load application section 54A and the
coupler 53B. The arm 155A couples the load application section 154A to the
retainer 52. A load application section 154B and an arm 155B are provided
between the load application section 54B and the coupler 53B. The arm
155B couples the load application section 154B to the retainer 52. Aload

20 application section 154C and an arm 155C are provided between the load
application section 54B and the coupler 53C. The arm 155C couples the load
application section 154C to the retainer 52. A load application section 154D
and an arm 155D are provided between the load application section 54B and
the coupler 53D. The arm 155D couples the load application section 154D to

25  the retainer 52. In the jig 350 each of the load application sections 54A to

54C and 154A to 154D is nearly-circular-hole-shaped in cross section. These
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sections is greater than that of the jig 250 of the second embodiment. As a
result, the jig 350 allows the retainer 52 to be deformed into a more
complicated shape, compared to the jig 250 of the second embodiment. It is
thereby possible to control the throat heights and MR heights of the thin-film
10 magnetic head elements with higher accuracy.
The remainder of configuration, functions and effects of the third
embodiment are similar to those of the first or second embodiment.
The present invention is not limited to the foregoing embodiments but
may be practiced in still other ways. For example, the invention may be
15 applied to any other processing such as polishing and grinding besides
lapping. The invention may be applied to processing of any object other
" than thin-film magnetic heads.
According to the processing jig of the invention thus described, both
ends of the retainer are not coupled to the main body but left open. Asa
20  result, it is possible to deform the retainer including portions near the ends
thereof into a desired shape, and to process the object with accuracy even if it
is long.
Obviously many modifications and variations of the present invention
are possible in the light of the above teachings. It is therefore to be
25  understood that within the scope of the appended claims the invention may

be practiced otherwise than as specifically described.
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a main body to be fixed to the processing apparatus;

a retainer that is long in one direction for retaining the object;

a plurality of couplers for coupling the retainer and the main body to
each other; and

a plurality of load application sections to each of which a load is applied
for deforming the retainer, the load application sections being coupled to the
retainer; wherein

both ends of the retainer are not coupled to the main body but left open.

2. The processing jig according to claim 1 wherein:

each of two of the load application sections is located closer to each of
ends of the retainer than a middle of the length of the retainer, and coupled to
a position closer to the middle by a specific distance from each of the ends of
the retainer; and

each of two of the couplers has an end connected to the main body and
the other end connected to a portion coupling each of the two of the load

application sections to the retainer.

3. The processing jig according to claim 2 wherein each of the two of the

couplers is plate-shaped and flexible.

4. The processing jig according to any of claims 1 to 3 wherein the object
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