; e3e~~\Th6Tj] 8, r 22 January 2003 *@0002* METHOD FOR MANUFACTURI NG
CONQUCTI VE WAFERS, METHOD FOR MANUFACTURI NG THI N- PLATE SI NTERED COMPACTS,
METHOD FOR MAN RAM C SUBSTRATES FOR THI N- FI LM MAGETI C HEAD, AND
METHOD FOR MA ﬁ | VE WAFERS BACKGROUND OF THE 22wanmanpRO9ge
present invention rglaies to respectivelmethods for manufacturing
conductive wafers thin-plate sintered conpacts and ceram c substrates for a
thin-filmnmagnetic head and to a nmethod for machining conductive wafers. In
recent years, a thin-filmmagnetic head has been used for Various types of
magneti c recordi ng MEVR@R sFGRIGAME ACTHIR IR G i GG RAVE MDD)ERE a f | oppy
disk drive (FDD) for a conputer. As a thin-film magnetic head has been
downsi zed, theMETHOKNESS MANEF AT ERINGISRO P I TE SINEERE S arorMuirss, head,
has al so been reduced. Since a substrate for a magnetic head is required to

have hi gh hardness wagnh dForbiasiRcrged Ml fisshrar®< and Zro2
ceramcs are currently used therefor. For exanple, an ALTIC wafer, w dely

used currently as a cer afag SHRRLERLE &R&NETQEQQERFE Read, is manufactured
f t su

by sintering a powder green conpact of raw materia ch as al um na
(Al'20,) and titanium i.de i AL ' a thickness of
about 1.2 mmis pract?@gﬂq% Séédﬁ%ggééggg ébgéﬁgggggeugﬁkg magneti ¢ head.
In order to realize mg *166166* - 22 January 2003 -2 netic recording

wi th even higher density, however, the devel opnent of an even thinner and
further planarized ceramc sub strafe is awaited. A sintering process is

i ndi spensabl e for manuf act UPRAELROPEER HF E&upHYENE O Yowever i n accordance
with currently available techniques, a sintered ceram c substrate is often
deforned, e.g.,Thar pggseatr LAYCLRECB| AEERFAG PPOCESPECHIY oMt dfnifipr
reasons is the non-uniformtenperature distribution of the sintered conpact
during therannfacrngipgocerduct ive swaberknownintiziathes itienrd qdmrpacts

t hi ckness of a ceramic sub strafe to be forned.is (e.g.) if the thickness
is equal tandrcemamier sthanratewn)gr tehet miov-ef Mar pertétel s Ulsstd atrel it |4 kel y
to get. Conventionally, such a "warp" has been elim nated by planari zing

t he surfacmevhod fobsterahénihgooghdpotishiwmgfers sintered conpact used as a
substrate for a thin-filmmagnetic head has extrenely hi gh hardness (the
Vi ckers hardnessnt heceat 82250080 ORinDfE)m Aegoediaghyadihad akesn ansel y
long tine to polish such a sintered conpact. For exanple, sonetimes it
takes sevekak teNSidis heypest @ff ekt te FBrekdNRgS qHviddy adecki akered
conpact from2 mmto 1.2 nmby polfishing it. On the other hand, the
thinner a shpheredsicoapact ispphhadess rigbdyard diheappie Wvapped dhe a
sintered conpact gets. Thus, if an even thinner ceram c substrate is
reqU'Fed'*cb&th%rQ?alAéU£UEﬁinLB?lﬁoﬂﬁﬁﬂéhQBahe@@JH¥¥fEEeJ°£@%£§hé%d,
ceram e substrate will take an enornous anount of tine to per

the thickness of a wafer, used as a substrate for such a
head, has also been reduced. Since a substrate for a magnetic
head is required to have high hardness and high abrasion re-
sistance, Al,0,-Ti, SiC and 2r0, ceramics are currently used
therefor. For example, an ALTIC wafer, widely used currently
as a ceramic substrate for a magnetic'head, is manufactured
by sintering a powder green cowpact of raw materials such as
alumina (Al,0,) and titanium carbide (TiC). An ALTIC wafer
having a thickness of about 1.2 mm is practically used today

as a substrate for a magnetic head. In order to realize mag-

AN
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22 January 2003 -3 formvarious post-sintering processes |ikes polishing.
accordingly, it is expected that the productivity w? 11 drastitally
-decrease in such a case. In other words, this problemconstitutes r eat
obstacle to further increasing the productivity of a thiﬂzﬂanﬂﬁﬁﬁaﬂggic
head., It is noted that the "warp" problemis not unique to a ceramc
substrate far a thin-filmnmagnetic hp%g, but possibly happens during the
formation of any thin-plate sintered CTonpact in general. Therefore, the
above-descri bed problens (that is, polishing for elimnating such a warp
takes a ot of tine and increases the manufacturing cost) are generally
true of anyetethpscdorinmrufcackuehNgidhad AeesedyCoRpactet NV &/ idedoa -
sintering process (e. g., a nethod for manufacturing a sintered magnet).
SUMVARY  OFodiren £ NYENTH @V dnn thiiaweof addess-cpeebbeahart Ped PF&SANL: ispyent i on
eras nmade to provide respective nethods for manufacturing conductive

waf ers, thiprptates dJdtieegd conpacts and ceramic substrafes far a thin-film
magneti ¢ head) and a nmethod for machining conductive wafers with a | ong

poli shing tinme, pcomvestinenalrby et aus r 8 ffspen8hblbnab i Nga d £ WP ngSHOT t ened
by reducing the "warp" of a sintered conpact. A nmethod for manufacCturing

thin-pl at ecsiph ek et 3RWPAEES ALRRAAAINY [0 (e Riuasent w&/@n?d&@ehe‘fgudes
the steps of; .. 22 January 2003 _g. . forming a conductive sintered

conpact tohayeasushtachdiieResS asidiR AU AmiR! RiubtdaPETL LR e, degree
and slicing the conductive sintered conpact, thereby cutting and dividing

the conduchiyg-abdl ek &4, comngfeld, | QLR 1AL £R&assiivo- Maf e5RsTet Bpd fer

manuf act uri ng conductive wafers according to the present invention iIncludes

the steps ehe hQifl PadofPNEIOLY Sl MngiBe CORRBEE, MM NG 0 paKE fACES

that are substantially parallel to each other; ahd slicing the conductive

sintered cgepagk 3kQpPgr&d écﬁ@g%tctpragr%gn@néuéiﬁ&@é%@d IprRAsallel {o the

two surfaces of the conductive sintered conpact, ereby cutting and

di vi ding tRg.condunt itke cSivhened 0RPPRAE itRiLKAEsLeast A \&ﬁé\@éugggye
waf ers. Anot her. nethod for manufacturing thin-plate sintered conpacts

accordin 1 ayenti I ncls t : < Of s r.{i
9 4@ LPE Pf asents daventi 9@.43.“%3%%3 ReiSkRPSs ,{s Zgﬁggo@gréﬁo ‘e by

conductive sintered conpact having a ers hardness o
i &d) gorpact
t wo

sintering LawiABtethah POWHS!: tRBAnSke ClAgpdder wONEUGId M4 Si; Bt 8],
by wire electrical-discharge machi ning, thereby formng at |east

thin-pl at e +$i Rler.edorPERELH1193CR SR 6 thiAs Pl Ri$ SddH efechsGarRact, havi ng
a thickness sraller than that of the conductive sintered conpact . S¥I||

anot her nethadakekiABNUEACIUd0E bR B- Pl askNchesesh GMaGkisgaccording to
the present invention includes
A sintered compact used as a substrate for a thin-film
magnetic head has extremely high hardness (the Vickers hard-
ness thereof is 2,000 or more). Aécordingly, it takes a very
long time to polish such a sintered compact. For example,
sometimes it takes several tens of hours to reduce the thick-
ness of a plate sintered compact from 2 mm to 1.2 mm by pol-
ishing it. On the other hand, the thinner a sintered compact
is, the less rigid and the more warped the sintered compact
gets. Thus, if an even thinaer cseramic substrate is required

in the near future, the conventional method for forming a ce-

ramic substrate will take an enormous amount of time to per-



the steps cc: formng a sintered conpact having a Vickers hardness of 2,000
.or mare by sintering a raw material powder 22 January 2003 -5 and
slicing the sintered conpact, thereby formng at leas” two thin-plate
sintered conpacts, each said thin-plate sintered conpact 22vJangard 2008ckness
smal l er than that or the sintered conpact. A nethod for manufacturing
ceram c substrates for a thin-filmmagnetic head according to the present

i nvention includes the steps of: formng a conductive sintered conpact
having two surfaces that are substantially parallel to each other by
sintering raw materi al powder and polishing a re- sulting sintered conpact;
and sl i ci nigpmhev animntiisctpose -siint et ety cpppacisad ongkat dordshiage plane
substantially parallel to the two surfaces of the conductive sintered
conpact , tdweidbyleyt tkngs asdpetsddliong ct keecorduattveisiniel edqeoqmact into
at least two ceram c substrates for a thin-filmnmagnetic head. A nethod for
machi ni ng canducidoreawaf @hssacrosdeage ! o4 hetpEesedEds NVent s oprdingudes the
steps of: setting a conductive sintered conpact into an

el ectri calcalisxqiftarcge W geeadt bbBgadBe hidefu afte € ULAd e ANy dind ding the
conductive sintered conpact into a plurality of conductive wafers by
slicing th&adrRduet b¥ea stiterfAadmcaapast iniddut.he application of a voltage
between a wire of the electrical-discharge wire cutting machine and the

conducti ve sintres 6& ¢RERACthMAI £Re ORLa B~ thenlide BNthdhe, LONAUGLT e
sintered conpact is noved against the other. Each said conductive water has

a crown ofcHUHMOubessadNGor bhigkRess o e i8NG A8l T HOF L&SS ar, the
t hi ckness i 22 January 2003 -6 of the conductive sintered onpacg. BRI EF

DESCRI PTI QM fgenEHR 2RAYW NGS Fham@ch g ankl @wiahgibed! bugtsald ng min
process stews for manufacturing ceranic substrates. Figure 2 is a schematic

represent agdan iinl ugki@tding - aRedet@ROCMRAL  @hodd RlRGlHaal s imCharge wire
cutting machine preferably used for a slicing process step in one
enbodi ment (@fad hes prsiarRhihgvesti @Dininating such a warp takes a lot

of time and increases the manufactufing cost) are generally

true of any method for manufacturing a sintered compact in-

volving a sintering process (e.g., & method for manufacturing

a sintered magnet).

SUMMARY OF THE INVENTION
In view of these problems, the present invention was
mada to provide respective methods for manufacturing conduc-

tive wafers, thin-plate sintered compacts and ceramic sub-
strates for a thin-film magnetic head, and a method for
machining conductive wafers, with a long polishing time, con-
ventionally required for eliminating a "warp", shorteced by
reducing the "warp” of a sintered compacet.

A method for manufacturing thin-plate sintered compacts

according to the present linvention includes the steps of:



-

Figure 3A through 3D are schematic cross-sectional views of a conductive
sintered conpact and a wire taken on a plane vertical to the wire for
illustrating a cutting (slicing) process step in nore detail. Figure 4 is a
pl an vi ew showing the top surface of an exenplary rack us2lJamaméPl8fng a
sintered conpact. Figure 5A is a cross-sectional view show ng a crown Cl of
t he machi ned surfaces of wafers sliced off; Figure 58 is a cross-sectional
vi ew showi ng crowmns c2 and c3 of a thih sintered conpact [0o'; and Figure 5C
is a cross-sectional view Show ng crowms and CS of another thin sintered
conpact 10 Figure 6 is a graph show ng the dependence of a "crown" of a cut

(or machi %q}uiﬁﬁéfaa%g%gcﬁ‘i\?éi??rgché’}.%fdercgﬁ@aétm&totit{hg:esesqg e 7 1s 2

graph show ng t dep ence o e rou 22 January 2003 ness of a
cut (or i.ned) .sur f a.slice | ng ed.. DESCRI PTI ON
OF TIE PREFERED CRBEORENT (P70 S nf el oat Forpre SPat 40 ERF B 673
conventional_ sintering. process ,( .3~ 10t pressin to_hav t.hi.ckness of
2 mm or qu:gls', S grdugxén%léel,ncttaﬁeec“s?% AT ctorreprae%t’ Fg)c';\l/'vﬁ? pae' cgje" 86 of

various factors. .The.present jinv on is characteri.zed b grgm'ng a
rel ativel y ehicgﬁdgfg g?edlt{gcoeﬁﬁgc?grh%?ﬁ%ngmst@c%taite%i:gkﬁggs“yié‘.rg’.', nore than

2 nmm as to cayse g ."warp"' to a.negligible e and_then slicing the
si ntered conpac l?%‘thg\égtf%l"eamsatm‘t‘ﬁggblva?% s?ogé‘?cl‘:efﬁé?t‘g?%‘“n TRUSIRENt of
the present invention wll be described with reference to the acconpanying
dr awi ngs. b r%li’? ﬁrﬁ%?:rlvl\eodl?‘é?ntrrle?ﬁlufJanc%lﬁerslghcchér aser:ﬁr"épsugéf rat eS8t or %a
thin-film efi.c_h r di he present - t] i1l b

descri bed_cva L‘%_trtel%gr ggg‘égf% Iflcéggrggéorié\f]hnr utg% gﬁﬁl.rrl%}éggrgg% }Ms"]ea Sfuﬁb"w chart
'llUStrat'Jgéﬂgﬂéll@r8§§§fl§fqg§each other; and slicing the conductive

sintered compact along at least one plane substantially par-
allel to the two surfaces of the conductive sintered compact,
thereby cutting and dividing the conductive sinterad compact
into at least two conductive wafers.

Another  method for manufacturing thin-plate sintered
compacts according to the pressnt invention includes the
steps of: forming a conductive sintered compact having a
Vickers hardness of 2,000 or mere by sintering raw material
powder; and slicing the conductive sintered compact by wire
electrical-discharge machining, thereby forming at least two
thin-plate sintered compacts, each said thin-plate sintered
compact having a thickness smaller than that of cthe conduc-
tive sintered compact.

Still another method for manufacturing thin-plate sin-
tered compacts according to the prasent invention includsas
the steps of: forming a sintered compact having a vickers

hardness of 2,000 or more by sintering a raw matarial powder;



for manufacturing ceram c substrates. In this enbodi nent, first, racy

,mat egi al powder of alumina, titaniumcarbide and the like is prepared in
Step S1. Then, the power is mxed in Step 52, and sintered by hot pressing
in Step S3 to forma rectangul ar conductive sintered conpa2tlahuaty

t hi ckness of about 4 mma |l ength of about 100 mm and a wi nch of about 100
mm In this enbodinent, alum na contagned in the resulting 22 January
2003 g_ sintered conpact is about 70% by wei ght and titanium carbi de
contained in the sintered conpact is about 30% by weight. The sintered
conpact may contain any other conponent such as Mjo The Vi ckers hardness of
the resul andigséinteg edheonpacersd tomphec r angerdryonfaboitg 2240024 0= about
2,500. In accordance with a conventional manufacturing nmethod, polishing
(e. g., nmwoorhpotpEtienginteredbseqpentbty perfiospid frainapleng $ime to
elimpate a "warp" fromthe sintered conpact. In this enbodi nent, however

si nce thetsred ecetdpaompbatihpsaa thekbateyel ymhatge 'thhnckmass «f wahout 4 mm
the sintered substrate has high ri-giditl and is hardly "warped". The
process ofifiosmdigompacn.ductive sintered conpact out of alum na and
titanium carbide by sintering is described in detail in Japanese
Punlication fox appbsdtifur Naablf&OO0G ngf oteexmirpl @ubdbirstgy oggss d tself is
performed in a conventional manner. The surfaces of the conductive sintered
conpact atReif+ il oeesead Oyheal | sding indese stiid agessé@f ansbef foperi od of
time, for exanple. Thereafter, a slicing process step S4 for cutting and

di vi di ng Lhelsiad emed sceppact: i tbontnd sefeididwveersfiotaeda Eomgdus

enbodi ment, since the workpiece is made of a hi gh-hardness ceram ¢ havi ng
conducti vhtyingafes shifddws ichaperdrer nedbshpintebetyr baak thscharga-nmachi ni ng
(EDM ‘techni que. The two wafers, sliced off froma single sintered conpact,
each haveoanéhi nesstefimpotiv Imbraninll oebied dad paidiOingeX @ple. Each
of these wafers is subjected to a polishing proc- 22 January 2003 g_
ess step SOlsURd fintEHeHOEopphdSHiarg ¥liindngi an®neb sdudtive( a¥nt&F@ge grain
di aneter: about 1lum) thereby ultimately form ng a wafer having a thickness
of about tofpawt (slsfiqcetr aegboesasRalarld sumsaknt €55)y parPaldishing a
sintered conmpact haring a thickness of 2 mmin a conventional nanner to
have the theckwoessrfaskcert tithel RAnd-tie wahesrahatdubadcese thaBewym by the
polishing. By contrast, in this enbodinent; the thickness of the wafer to
be | ost byupelihghamd) diayidimg0.thempadutesss sitrsegderbipact henwvafar
obtained in this manner is sub jected to an additional process step if
n=c2ssar ylematktng dprdrie. susetoxtes Ifasern deinefifromuagngtaa hasil ati ng
coating on the surface of the wafer by sputtering; or the like. Figure 2 is
a schemati c represenhbdt ifor indardtiagi mypndactive wafers according to

the present invention includes the steps of: setting a con-
ductive sintered compact into an electrical-discharge wire
cutting machine; and cutting and dividing the conductive sin-
tered compact into a plurality of conductive wafers by slicing
the conductive sintered compact with the application of a
voltage between a wire of the electrical-discharge wire cuc-
ting machine and the conductive sintered compact while one of
the wire and the conductive sintered compact is moved against

the other. Each sald conductive wafer has a crown of 50um or

less and a thickness that is one half or less of the thickness



arrangenment for an electrical-discharge wire cutting machine 20 preferably
used for slicing in this enbodi nent. The machine 20 shot:! in =figure 2 is
constructed such that corona discharge is generated between a rectangul ar
conductitive sintered conpact 10 and a novi ng conductiveZﬂJaflu(adYa%ger:
about 0 . 1 mmto about 0.35 mm, far e;<anple) 22 by applying a high

vol tage as pulses. As a result or this &tectrical di scharge, the cutting
(slicing) process step S4 proceeds in such a manner that part of the
conductive sintered conpact 10, ~n the proximty of the wire 22, LS Cut off
Figure 2 shpmgba o%itkonal relathonshig between the wire 22 and the

si ncered conpAt M EtHE TTHRSE“oF °BRF MY machi ned. The powder-1i ke 22
, fanuary 2003 - 70 debris (i.e., swarf), cut off fromthe conductive
sintered conpact 10 as a result oz the discharge, is rapidly gushed toward
a non-di scharge region bar water current ejected along the wire 22 so as
not to cause unnecessar PRIEECREFGRI PHIRN \RAt EHECORPEANGSs formed because the
wat er, supplied front a tank 27 via a punp (not shown)) is ejected fromthe
vicinity of a Wil dithganéhpercpast MPHasCEr3LA6 Pal8i Presess corepact | 0
is subjected to wire EDT! while being soaked in avatar having a relatively
hi gh puri t§o¥ et ywiac rdingcERFemaic resissmiaviesy , 0 of about 1D ~ cmor
more) . However, the crater, ejected fromthe. vicinity of the wire holding
menber 24a can Fb¥4%A& of r bt RaFCBRAE BEC cERPERR 21 TR e VA Klusitnatahgt ke

machi ned part of the conductive sintered conpact 10. The wire 22 is

pref er abl yaneaiegefiey afr, aTheelicte 12218 1aohar gavayion agtting meatiisehar ge
as the time elapses Thus, the wiry 22 is held by wire hol ding nenbers 24a
and 24b whprefeedhply disadh o aofsldciingspreoesd | HEEP ebh OB emizbdivend in a
second rotating reel 26b. since a certain degree oz tension is applied to
the wire 22f the presen linyepsédnas a substantially straightened |ine.
However a certain bend of the wire 32 is inevitable. The :.rite hol ding
menbers 24s andF2gbrar’ $dgguetl 30 are FINgMIGticsHoRAf -pect benatactiene 2t 3.
The arm together with the holding nenbers 2=la and 24b and the-wire 22, is
moved horig2bneaFPpdiatite Hirteésedororadrtated dyWire BakwowoR (@ pdanea
cutting or slicing direction) by a driving L 22 January 2003 -11

mechani sm ¥8thiadla totdre (Wbte shOF Nl LEATEATF 5N graghideE209 t iR igiing) 272
travels at a constant velocity against the workpiece (i.e., the sintered
conpact 10prefged atem HodiareoAetatiernatively, the wire 22 may be fixed at
a position and the workpi ece may be noved. The conductive sintered conpact
10 i s housed i nFAgraekst 6Shé @E38r VBEH ishodefrdi FhpatteP #wdIRekdodndnsecured
by a substrate holding portion 40 on the eack Next the wire EOMw || be
descri bed Biedetary ¥Eh Y& dpenbeledn i Jutidsesad RPBAGR3N. Fi gures 3A

t hrough 30 schematically show the cross sections of the thin-plate
conductive sint @#éar%ﬁgaé% 20CHAYS t FRC T 2V ik SPWH "Ghé [F=ahe Cl
perpendicular to the dire 22. First, as shown in Fiqure 3A, the wre 22 is
di sposed i Rft Bhevmerhingd gfurfiRcesnats web=py %4ﬂ$%§oﬁ%§étive si ntered conpact
0. A high voltage is applied by a machi ni ng_powder supply 28 (see Figure
2) between the WHEEL2258nd St e EEMTUTIISIECEPAt &8 SYRY4EE FFovRReF&by
generating el ectrical discharge in a space between the wre 23 and the
conduct i ve 3¥ner &4 Eoﬁ%é%ts¥é¥eﬁﬁg SOWE§EFt1%f;tﬁ§§ di scharge, the center
portion or the end face of the conductive sintered cqonpact 10 is cut oft to
forma Linear gFoG#E213 exiferfti REPST OIS L1082 Ve €22, 5 IR 1PRe SKPIFES 25 *noves

| eftward as indicated by the arrow A the depth (neasured in the direction
i ndi cated By 156 & 6\’/\/3%\“‘??1 Higurd M AF 28t C?rﬁg‘“grr oiVe 12 increases.

Conseguently, as shown in Figure 3H, a deep . slit is soon forned in the
sintered corn Figure 6 is a graph showing 'the dependence of a *“crown”

of a cut (or machined) surface of a sliced wafer on a cutting

Speed.

Figure 7 is a graph showing the dependence of the rough-



22 January 2003 - 12 pact 10. The wire 22 goes towards the other end face
100 ,locat ed on the left of Figure 3a in such a nanner as to divide the
sintered conpact 10 into two parts. Before long, the wire 22 reach t he
vicinity of the end face 100 (1to 2 mm ahead of the end) 2391@*1'6\%2&?? Fi gure
3C. And then the wire 22 conpletely divides the sintered conpact 10 into
two parts (wa fens ) 10a and 10b as spown in Figure 3D. In this manner,
tile two wafers 10a and 10b are cut off (sliced off) fromthe single
sintered conpact 10. At this point in time, the thickness of each of the
cut and divided wafers 10a and 10b is about 1.8 nm As can be understood
easily, theethi cknesses dbrt hachanédnssddtacand A0b abteczarivabke whth the

t hi ckness of the sin tered conpact 10 and the diameter of the wire 22 that
are used foentsihgisweedccordingly, two wafers, each having a thickness of
about 1.2 nmto about 1.4 mm may be sliced off froma sint2red conpact
havi ng a thickness of about 3 nm In this enbodinent, the sintered conpact
10 is in the shape of a plate and has two surfaces (main surfaces) 102 that
are substantial ly pavaktetetmyeashratherzrdire=BMzcepekier ned by novi ng
the wire 22 on a plane that is defined by an approxi mate centerline between
these two surfagesal @2n888=d Scanhaitants aldnaaansl lelcdivdetibngl these
surfaces 102. since the surfaces forned by this nmoving wire 22 are substan
tially parakkehgt prédiesd wa gurf asespf2s oigft e sidtered GemRast o20) each
of the resulting two wafers 10a and 10b has a r 22 January 2003 - 13

substant i akhyodni£es m tdv ekagsse, AltENatYel Yeohdaddhei g r@ddangel he
sintered conpact 10 are di sposed such that the surfaces fornmed by the wire

22 are slighuk¥ bRctirnadd Gatbhers Wormdiidraeest10n?eRf id e Sidiehed. sonpact
| 0, each of the wafers may have the thickness thereof varied in the

di rection ijpducaiededdnitide Arfol tAvebyr thgrRDEE kbt heokbher23ai,8ngoved on
a plane closer to either one of the two main surfaces 102 of the sintered

conpact 10sukdt aORnEPRnEsANE: JURShAREI hiy PrihenL ey &fddske betuegn these
two surfaces 102, two wafers haw ng nutual ly different thicknesses nmay be

formed simiyt aneualiyinFerqgireaming, thini 8100884 bl e tH ol 0f ToRoWatLer
havi ng a thickness of 0.8 mmand a wafer having a thickness of 1.2 nm from
a flat-pl at;g s Ri-efgdscapaghrhayi ng a thickness of about 3.5 mm
Hereinafter, an embodiment of the present invention will
be described with reference to the accompanying drawings.
First, a method for manufacturing ceramic substrates for
a thin-film magnetic head accerding to the present invention
will be described with reference té Figures 1 through 3D,
Figure 1 is a flow chart illustrating maln process steps
for manufacturing ceramic substrates. In this embodiment,
first, raw material powder of alumina, titanium carbide and
the like is prepared in Step Sl. Then, the power is mixed in
Step S2, and sintered by hot pressing in Step S3 to form a
rectangular conductive sintered compact having a thickness of
about 4 mm, a length of about 100 mn and a width of about 100

mm. In this embodiment, alumina contained in the resulting



-

Hereinafter a rack, in which sintered conpacts are in sorted and held
during the EDMwi || be described. Figure illustrates the construction of a
rack 50 us=d in this enbodinment. This rack 50 includes a plurality or
substrate insetting portions 51, arranged in the directi cﬁi-ilam-lamégg?’by t he
arrow B in Figure 4, for housing and holding a plurality of sintered
conpacts (substrates) 10 sinultaneousgy. Each of the sintered conpacts |0
is inserted into an associ ated region, the contour of which is represented
by a broken sine in Figure 4 Each of the inserted sintered conpacts 10 is
pressed by an associ ated substrate hol ding portion 40 in the 22 January
2003 - 14 sinrtetadorroparak| éf aoouthe! G rtow welam@ fanded igdad Lhal Farmidd ace
Each substrate hol ding portion 40 has elasticity, and therefore can press
t he sint ereehtoimsdctin1bné rf irterddrewtdaet par abped 1@ thye wedightsurfreces of
the sintered conpact [0 (i..e., the longitudinal direction. thereof with
appropri at elpressucenpehermiy qandeént Ry ot sigammogdnsospakbt as Mda.om
cracki ng or chipping. Each substrate holding portion 40 in eludes two
menber s sabbv Cidkayst hardnsehae et vk rees2A tiAgr e iquered gappda gis, im gap
having a width of about 1 nm is provided.between these two nenbers such
that the whe 2hgearfroovebdinr cugit ot e ghpudu? i Y sllrciargorAahod eviporti on 52
surrounded by these two nenbers of the substrate hol ding portion 40
corresponds tonaemi aoa lwhrame faheuminge @2 hiog, dipgpaseiingt (e&he. stmttroaf
slicing. The hole portion 52 runs through the substrate hol ding portion 40
in the direclighinger pensiicidaentdyt her fraper fheet bdnd itgueetd sDimES t O
house the wire 22 therein. Another hole portion 54 is forned at a position
where the neve ng wraep 22X wophewséntstaedi amgndastf.i Minsheds Eneolidhentporti on
54 is formed in the vicinity of one side of the substrate inserting portion
51 com ng havevexgnt sixtcam tie t hentoddselr @nebacacenas & heelenieslgd axyeact 10.
In the illustrated exanple, this side does not have particularly high

el asticltyrhittessratdfvelbpua Aenber thavs gt edemstaubisttyake kkas heiguhsit-r at e

hol di ng portion 40 may be di sposed on this side The sintered conpact 10 is
retai ned betidken dtk isulthstrday e” dadpdidrig Th22pdecres WwR2E3Midd pordd-on 40
and the side of the substrate inserting portion 51 (i.e., the side in the
vici nity ofluthevdnos engroreti comb3¥r Sincef t humsinestarat e irahndimgepasitdeon 40
has el asticity, unnecessary stress is not applied onto the sintered conpact
10. by sintering is described in detail in Japanese Publication

for Opposition Mo. 61-50906, for example. This process itself
is performed in a conventional manner.

The surfaces of the conductive sintered compact are pre-
processed by polishing these surfaces for a short period of
time, for example. Thereafter, a slicing process step S¢ for
cutting and dividing the sintered compact into two wafers 1is
performed. In this embodiment, since the workpisce is made of
a high-hardness ceramic having conductivity, wafer slicing is
performed by electrical-discharge machining (EDM) technique.
The two wafers, sliced off from a single sintered compacet,
each have a thickness of about 1.6 mm to about 1.8 mmn, for ex-

ample. FEach of these wafers is subjected to a polishing proc-



The rack 50 further includes first and second pressing portions 56 and 57
for preventing the sintered conpact 10 from being di splaced in the
“direction indicated by the arrow a. The second pressing portion 57
i ncludes: a top nenber novable in the direction indicate&ﬂﬁﬂmﬁﬁyagq%w B
and a nenber driving the top nenber. As shown in Figure 4 the top nenber of
t he second pressing portion 57 is forned9on the |eft-hand side of the
associ ated sintered conpact 10 so as to press the sintered conpact 10
rightward at the center -of the main surface thereof. In Figure 4, only one
second pressing Eortion 57 is illustrated. However, in actuality, the sane
number of sB83nASHPesi T DAt MRS ARULSHAE BF LR SAIMRAT Stle ciths 62T ng
portions 51 are disposed. By handling a nenber projecting out of the rack
50, the poskriom graihedsaneied :prESSEngLporti BBy suladjmistedd. fTmaings to
say, the second pressing portion 57 is noved and fixed at such a position
as |lightly presdeagharendred nclsipinges of aheutsi htret omface rougisess
result, the sintered conpact 10 is retained between the first and second
pressi ng poRekoRA8056magwl 155 s )t heE by Igrsévient Bngleoherad mayed tcoapant &0
from bei ng di splaced during slicing. It is noted-that the sintered conpact
10 may be hehdcknezasyobt hemm nenrerconveRRigdaniuran 203 o hd vehahst hatck-
described in this enbodinment. That is to say, any suitable hol ding
mechani sm magsbe regpkbegedoi - acuor daheevaidh shetlghapsand. Sime of the
sintered conpact 10. The eack 50 hol ding one or nore sintered conpacts 10
is set in apoélebiingcal Byi seitarage . wilnetbis t emgpdvasdtitne thechhaskt st sthown
in Figure 2, thereby performng the slicing process step in the
above- descr cbedwrnirneto b oglstage pel ishppbi sdy from tThempowelesuppl y 28 of
the el ectrical-discharge wire cutting machine to the sintered conpact |0
vi a i nterconnect Sehskguestlgnd thize wafbst pateined dimgtpbs t namnzd Forswxanpl e,
while current of 300 'to 400 anperes is supplied to -between the wire 22 and
t he sinteredecomdact 20 wddhtiomqll peowess hsofp | L1 X aFuisergseaenidsng Wi | e
power of about .170 Wis supplied), the sintered conpact 10 has a positive
potential withle nespert aoledher wigwicz2, fofmangl analinsyplafisg ntexeihgcaanpact s
10 are sliced simultaneously by noving a plurality of wires at the sane
time, the niunef sctrderagotfficiwvedey kf schatwafiegs 935 Wendilderabl y i ncreased.
Next a "crown" used for evaluating the degree of "warp" will be defined.
First, Figures. mSAurer Gugls 5C sdtldnaydcr afepresentati@achl bfis that irgf erence
signs Cl-through C5 shown in Figures 5A through 5C represents the "crown"
of a parti c@rmrarsiatfeade fokn anhied espett 4} chitsicdrrdg vdrewsutfdagsnachlirst ance
bet ween the top or a convex portion (or the bottom point of a concave
portion) or 20 parefeidlly susdhckomnil e ing iy ahyhy yepoodinenty. rifemence
pl ane. The "reference plane” is herein defined as a plane (indicated by the
broken |inesshiingi §or 88oBA Lhr SUghcrSC A Wﬁhéhrﬁ“?)gr ficl arasuedza’
woul d be "located" if the surface were not warped. Figure 5A schematically
i|lustrates d¥rceyoah Gl ofnarafaehPABd SUr$ abF YUEYGR fa CRAFEFt10a sifced
off. Figure Ss illustrates the crowns C2 and C3 of surfaces la6 and 108 of
a thin sintereEorPaeRCI0 L0 AP FRgUIRY B¢ | FPUITHEs Y he® cEwAB2EF :and C5
of surfaces |10 and 112 of another thin sintered conpact 10". Hereinafter,
it will be RREFDLE Vith Fefrwicd -£6 BPY 'uﬁefaeﬁ%&’)]a?)c&?tibh'gaebbw“ﬂuri ng
EDM affects the surface nmachi ned Qy the EDM In-this enbodiment, the
"cutting speedNifg dEFiTIEE £ PLrGSs- sebii Snalcsdhéaoéf $i fereaiTYnpact
cut per unit time. Figure 6 is a graph illustrating how the "crown." of the
cut surface $+S@R2r9he THEH Y PSul F Aty NosPTI-Fhe SSFPcEF WEPEFSDa Vari es
with the cutting speed. As can be understood from Figure 6, the higher the
cutting speeB R, & MeRMRs $PAS RATSFEed) el SOAEHRE 14T GEPCRREY GTWRASF st0 The
reason i s presunmably as follows. The higher_the cutting_speed is, the
| arger ampunt®of EePFI S EUaPE) Ch% “UFE SFF £F dTHY I9¢ Csi nf b7 & CoRPAET 4L0.
Accordingly, as the cutting speed is increased it becones increasinghy
difficult toP‘Péh’év@“%hef%i’eag'*rlif’é‘sé‘hﬁof’ﬁf'y?e‘t heteby: Fossi AV derfersatrage

unnecessary discharge 22 January 2003 . ) )
compact 10 in the middle of being machinad. The powder-like



-18 between the wire 23 and the swarf If the cutting speed is relatively

hi gh, the machi ned surface has such a shape as that shown in Figure 5A in
whi ch a convex portion is formed in the center region thereof. If ch a
wafer 10a is used as a substrate for a thin-film magneti 22r@adant r own
Cl thereof imrediately after slicing is preferably 50 u mor less. This is
because if the crown Cl exceeds 50.:m tHhEn an additional process step of
cutting off the protruding portion should be perfornmed and the advant ageous
effects of the present invention are lost. It is when the cutting speed is
500 nmm2/ mn qr_less that the crown _of t sliced surface is. 50umor |ess.
Accor di ngly, g?ﬂéliuﬂﬁﬁg’ sﬁ?’éﬁgl 5 PYef 8?§b|<}‘°§bo‘:r}ﬁyﬂfﬂ{‘ﬁ“%‘}“{%si%f}tﬁeﬁure 7
is a graph illustrating how the surface rough ness of the cut surface
(i.e., the nBeMPRed rfalefe1out AL (e SLFCRIFIRA e° FORIFaY| BYSHRY Hrhe
cutting speed. As can be understood fromFigure 7, the higher the cutting
speed i s, thEFAryetotidsSHREIR FFTDRINRESYFRE BTG FefIRGTRRaE L2 the
subsequent polishing process step should be perfornmed for as short a tine
as possi bl e, “Ehe 3&rFAcdS r BRPhFRSIHR PrereeLaBRYY 30 SER dHor |y water
Accordingly, fromthis point of viewthe cutting speed is preferably 340
M/ nin or | essreThel Hateregtoeciadsei §hrev2Beands YPRerss! JB8I feda6vf 2Re
followi ng conditions. Discharge pulse width: 1 to 2us 22 January 2003
-19 ' fyD. LCaYidi anpury (GotwehrewnD. 25 mirbtPBweroR ga\e|vdetpityl o i sotiaege
machi ni ng: about 1i0 b!aterial of workpiece: alumna and titani um car bide
Sire of workprédeng4mamded0RiamX TG mATFHEtérows laidredecoupsatelPodghness
we=s neasured by using a roughness neasuring devica of a needl e contact
type. The datab3hoted tim WRirguEed @hidrmd bELnGr eoatrdi edariksr basiicingewas
performed by setting the cutting speed at a constant val ue throughout the
process. Hoanlevévely nhagh aptuidy nghaviiagt wni g eprotess, rehbstititimee spded
does not have to be kept constant. For exanple, at the stages illustrated
in Figores 3Abbhrough (3Cemt be gotre)ng $peedeis pheferbdty ¢jeddee riamge.
from 130 run~/m-n to SO0 mm/mn, both inclusive. 'on the othzr hand, at the
st agas il | ustuhat gdcini®y uf eshBOirk~badiidD, mene X4, ngagpéedn i sorren-
preferably set at |less than 130 mm=/mn. This is because if the c~ira 22
passes though ithewener faceeh®0 Lof thherigiimisyedt conpasichdined patt g tdygeed
hi gher than 130 mm/mn, the end face 100 possib*_y cracks or chips . In
ordar to pra<sceducthesssintazed conpaet 100 from cracking or chipping, the
cutting speed nay ba set at less than 130 m'n-/mn on all the stages shown
in Figures 3a to Taes wowevad?,id rerefelrahlyasede the PpragGessThenglre i22me s
required for slicing adVel'Sel!~" f7eC0;LI2S t00 ~O!G. Thus, I.t IS
i1O'e effl @ taa82@withe tat Ehagd syt 3ealagt itheelfy ™R §h2?®2S g. ,ThalSout
"40 mmi/min) until tha wiry 22 reaches a point 1 to 2 run ahead of tha end
22 January 2008 wiZ@ 22f 4sehabd by atire canpied BePItFert feddEe2thesd seed
to less than 130 mm~/mn after the wire 22 has reached the point. The

nmachi ne may beepropgizante®Sudf ehdicEhe FOGRELRG SpRRd2F3 RIS AN ¢

swi tched in accordance with the_ novement distance of the crire_22, i.e.,
the | ength ofsa¢rndyifosadiag, FR2bURSP ChahdfidR) @ RETERHY A§ISHR=RT oFF Hioeast
two stages in this nmanner is parti CL)J| ar|y advantageous where the bmat erial
to be siiced hastzPhidth Karrdfe¥stge??g. FPONET £ 5itit &F88 BdnPatt°Hading a
Vi ckers hardness_of 2,000 of mpre,is sliced). This_js. because_the higher
the hardness bi2kl¥ratieidigntea2Bel §15 cdtP Ve rng HEf B2 ¥hddY Phet ST itded
conpact cracks_or chips. In accordance e~ilLh the-nethod’ 9% thik‘i ,)egj:ood‘j ment ,
a caork ing tRRelfedlRYEERYGH OOt Mg £WErEF AaTPAG® a~thi Thhesy 621 2
nm for~e:carnple, can be about 600 to about  70s of the ti required for
forming a si nfefedetoRpatt AAFI AR FRAPERheRE BF2 2™¥ MRS t hel Dbt ni ng
a wafer having a thickness of 1.2 nmby polishing in Cac%:pr dance with a
conventional RBEABEST THECR | AR r BALT FH PoPRS c?%g § *Broddd 38§ o' L
mnutes. In this enbodinment, two c,raiers are efficie:~tly cut ors froma
singl a sinteRdd donpared RegérantRftlY thethaterisatifs fotiearEstRe Yo
much, and the present invention can contribute to norn erfacti~ e |
utilization oRZWav¥upall ir8soupcE8tting or slicing cirection) by a driving



In this enbodi mant, two wwers are cut ofL froma si.”.gle sintered conpact
by using a single wire. rlternatively, if tha nunber of wires is set at n (
sdhere n ~ 2 ) , a nunber ( n -r 1) 22 January 2003 _21 of wafers can be
simultaneously cut off froma single sintered conpact. ALZJamany 2003hz
wor k efficiency can be further increased. However, in order to realize such
mul titasking, the dianeter of a wrelghould be Sufficiently small or the

t hi ckness ofya sintered conpact yet to be sliced should be sufficiently

| arge. ~ta_vertheless, if a sinterad conpact is forned too thick, sintering
m ght be inconplete inside such a sintered conpact. Accordingly, in order
to form ameal@RLISNNEEPRAZTOAPBTEOL t M@ sighteemiing et hotl ss oAt nige 2i%npr oved.
Furthernore, even if slicing is repeatedly performed on the sanme sin tered
conpact seherufirei R@stbyvalsi iy @ somgicenwi relochreea@dimdy eehvvafuors-can be
cut off fromthe single sintered conpact. In this manner, the -present

i nvent i onpéapkoys -a-notak~sipthodd comphithla)réliaeivelty a hpaki tsiont.er ed
conpact is intentionally formed and then sliced, though a thinner and

t hi nner wafeermétivékey derrendédea’2 angubst rfdtedf ek a pbshefod mavagnet i ¢ head
in view of the current circunstances. Al so, paling special attention to the
fact that wbbkpseotened mompaet! . hase conducttiiviat g innesead hcempase,10t he present
i nventors enployed wire el ectrical -di scharge machining to succeed in

ef fici ent hpuebdaini agrackneafebehdesogiteedasi dedatihi tknessanduidifdeaare, c.re
found the rel ationship between the nmachining (cutting) speed and the crown
or the sustacgedonghnesssamdtpend oiined pekettdtniscaln dinsclrarge nmachi ni ng on
appropriate conditions to succeed in cutting off a plurality of wafers

havi ng a hir~hwdegr eehofwire? Zoflaniial yp20MEc 2D anl dnadiety it eglitr ed cfor
substrates for a thin-filmnmagnetic head with a good yield. As can be
under st oo@rehbe et hbghids t3re ghresent 3DNVELYL OEs CBN thakergH Jpossihkle to
provide a thin and highly hard hi gh-perfornance ceram c substrate for a

t hi nfil m magneailtyheadow t hhlki gltresenonsiecalioekr i cifencyhd n ok derplta@ecope
with the forthcom ng increase in storage capacity and to inprove the
product i vicopduAcdordshgtyred heoquraesento iandenthiconvias 22erusdEnoad icheustri al
applicability. In the foregoing, the present invention has been de scribed
as bei ng ajplniecgervondimeldrodo ghenwhud a2 uri ng ceram s substrates for a
thin-filmnmagnetic head. However) the application of the present invention
is not |imtedr Ftilteret s Jiwn iig Bégauselri rclgendrrgl 22cahefispadvdn-ipl at e
menber is forned by sintering, the problemof "warp" possibly happens at
any time. whecoridiimglty, ofhengr es@nfadenvattiien dogidaksovef § bet¢nasd ywoappl i cabl e
to the formation cf a small magnet by performng a sintering process. A
magnet is pree dded Pnhaghreattamenysapppliedivhst TREGS R idepeeidk hguppon t he
application, the size of a magnet trill be further decreased and a '

t hi n- pl at elm@Piet(ofe Sughre fypeetwearausiang idec2dr pndi Lhe beonrduntiived.
Accordingly, it is e:cpected that the present invention is very effectively
appl i cabl es ir:draghdbdnpakds 10nekhdreRy tdrRnaratding chestrter bdihegietgs. It is
noted that slicing may be perForned by any other nethod than the wire EDht.
ror e:canple, 2aasparat bredetdnphe vire 222 JaRdar)e2003ductive sintered

compact 10. As a result of the discharge, the center portion
of the end face of the conductive sintered compact 10 is cut
off to form a linear groove 12 extending along the wire 22.
As the wire 22 moves leftward as indicated by the arrow A, the
depth (measured in the direction indicated by the arrow A in
Fiqure 3A) of the groove 12 increases. Conseguently, as shown

in Figure 3B, a deep slit is soon formed in the sintered com-



-23 may be sliced by utilizing a wire saw techni que using abrasive
particles and a wire o: by enploying a small dicing saw. In these cases, .
since the electrical discharge phenonenon is not utilized, the sintered
conpact. does not have to have conductivity. Herein, "halhdamusaiaddBvity"
means having electrical resistivity p | ow enough to enable the

el ectrical di scharge nmachi ni ng. For Qﬁﬁ@ﬂp|e, a sinterzd conpact having

el ectrical resistivity p of 2 XLD"'" i? ~ mor |less nay be regarded a~
havi ng conductivity. Al so, the sintered conpact to be sliced does not hare
to be rectangul ar. Dependi ng on the shape of a wafer to be forned, a

di sc- shapeglast mter edecoipaci2 Kays atsmdee char geder T tiicekness1efat he
sintered conpact is not limted to 4 m~, either. If a sintered conpact
havi ng a t&ckness Qferabest F2qd@ abouh 3udmn £akandes fa@r wed qwi -t Be acne
relatively small "warp", a thin-plate sintered conpact half or |ess as
thick (frogfedrdd cbndab¥) 1@SinkChwd it Ll eh oA NGRY the {ioFdresh by
perform ng a slicing process after the sintersd conpact has been forned.
Even in sughyéhdsthe &ithhDepl &t & Rhar edeconpact i cay b2ppapuiact us ed
c~~ith a higher productivity as conpared with a conventional nethod. The
sintered CQH@aSEL?}OaP?sﬁ&'nPeH\ |9 10k NecessAld Iyhdh flpl LAl e, Fog,
e:canple, even if a sintered conpact is a mass in the shape of an I ngot,

c,rafer5 (prosamstdaliask Rawl ngadsF&auld G i Ckness, can, bgs for mad, by

performng a slicing process. 22 January 2003 -24 According to the
present inyenijofha &n@OREYChE VEhRIntiar edgcoamact havidid sSuehna -t hijgkness as
t0 C31ZS2 a ~~. ~arp~~ to a negligible degree is farnmed and then sliced,

thereby cutdngsad diowi dhagiédhiecorducteye siM&s o rGorpaGt it ; {Wo or
nore conductive wafers. Thus, wafers having a desired thickness can be

provi ded wiih i gl REOPMESAM tno Whit 6 [SROTLERENG, thnd | o 2B AL, er form
nol di ng process such polishing and mnimZing the waste of a material. In

an embodi ngRt ey khe SLPLH{RH;CONRRGa et sShbaedhdYidl 1€ avour 1.8 .
el ectrical -di scharge machining, in particular, even a highly hard ceramc

material can, bexgaghingd uMgﬂ&Bbgheagm,si@{e AGCRLEEBGE Vo £ SHEh R

enbodi ment is very practical. so, according to the present invention, by

adj usting thescupli Agh spRed A0 b REn i e @ adld iGakwxdksehat gensmghi ni ng,
the carp and the surface roughness of wafers nmachined cart be reduced to

desired | eyglgd ASnckesd! hnd tdie LiAR4 & @H k8d {8Fe 2 SUBSRIUERt ,HOY i shing
process can be shortened to a |large degree. Furthernore, by setting the

cutting speed telatdael vckowaimgly bz{ore i1d1e skatered, cRmpachihasheen
conpletely cut, it is possibly to prevent the sintered conpact from
cracki ng obeChb®RE NO.2 mm22oJasuiay ¥ . 203, -2y WHAELLSe LA AVERoRSa dinA net hod
for manufacturing conductive wafers, conprising the steps of: formng a
pl ate of ceaduattampinharesdy comgpacknéeyidty abeacsubatantially parall el
surfaces; slicing the plate of conductive sintered conpact along a pl ane
substantial ly papalthek tabbleméwn, stid acesfed heplaate 1@f condiictive
sintered conpact, thereby cutting and dividing the plate of conductive
sintered cempaet dMNtO pHdYe t ¥d chaslueld veundbess,; (anth pehit sy easch of the
two resulting wafers to have a thickness of 1.2 mm

that are substantially parallel to each other. The EDM 1is

performed by moving the wire 22 on a plane that is defined by
an approximate centerline between these two surfaces 102 ard
1s substantially parallel to both of these surfaces 102.
Since the surfaces formed by this moving wire 22 are substan-
tially parallel to the two surfaces 102 of the sintered cow-

pact 10, each of the resulting two wafers 10a and 10b has a



or less. 2. A nethod for manufacturing conductive wafers as recited in
,claim1, wherein the conductive sintered conpact is sliced by wire

el ectrical -di scharge nachining with a voltage applied between a wire for

di scharge and the conductive sintered conpact while the @2ranug

agai nst the conductive sintered conpact. 3. A nethod for manufacturing
conductive wafers as recited in Oaimfy2, wherein the voltage is applied as
pul ses. 22 January 2003 -26 4. A nethod for manufacturing conductive
wafers as recited in Caim2, wherein at |east between 1 nm ahead of an
endpoi nt where the conductive sintered conpact is conpletely cut off and

t he endpoisnbstanspekty ofntfermnithechowsng aghtasiat he lgonduttdhee WSirat er ed
conpact is set lower than a speed of the wire noving agai nst the conductive
sintered campact ate asstastadpoidripadterid t oiee cobspcsedessent enad caapact
starts being cut. 5. A nethod for manufacturing conductive wafers as
recited i guelfaiceslfovhed ebp the plod e2 Dfamwondiicihiolg simtlemed ¢cenpaet i S
made of a conductive ceram c containing alumna, titaniumand carbon. 6. A
met hod f orcwaRRWirdgatdsi DO tdi et atie cer Bt et &t LONPEEL SsadPMY itSieNgathe st eps
of: formng a plate of conductive sintered conpact with a Vickers hardness
of 2,000 Gfer¥0meOyhaSienttdfel MG iaksoss CEndPdel i wdriad | od nghd heipdatienof
conductive sintered conpact by wire electrical-di scharge machi ni ng, thereby
form ng onlny iicar elihipg- pinat & ot er.ed coffeeins deh)i nNner chhapitbeagongductive
sintered conpact; and polishing each of the two resulting wafers to have a
t hi ckness r@fvell M F1ldm@SSloser to either one of the two main sur-

faces 102 of the sintered compact 10, not on the plane sub-
stantially on the centerline betwzen these two surfaces 102,
two wafers having mutually differéht thicknesses may be
formed simultaneously. For example; it is possible to cut
off a wafer having a thickness of 0.8 mm and a wafer having a
thickness of 1.2 mm from a flat-plate sintered compact having
a thickness aof about 3.5 mm.

Hereinafter, a rack, in which sintered compacts are in-
serted and held during the EDM, will be described. Figure 4
illustratas the constructicn of a rack 50 ussd in this em-
bodiment. This rack 50 includes a plurality of substrate in-
serting portions 51, arranged in the direction indicated by
the arrow B in Figure 4, for housing and heolding a plurality
of sintered compacts (substrates) 10 simultaneously. Each of
the sintered compacts 10 is inserted 1into an associated re-
gion, the contour of which is represented by a broken line in
Figqure 4. Each of the inserced sintered compacts 10 1Ls

pressed by an assocliated substrate holding portion 40 in the



22 January 2003 -27 7. A nethod for manufacturing thin-plate sintered
conpacts, conprising the steps of: formng a plate of sintered conpact with
a Vickers hardness of 2,000 or nore by sintering a source nmaterial; slicing
the plate of sintered conmpact, thereby formng only two t22 Janpias 8 2003 nt er ed
conpacts thinner than the sintered conpact; and polishing each of the two
resulting wafers to have a thickness.of41.2 nmor less. 8 A nethod for
manuf acturi ng ceram c substrates for a thin-fil mmagnetic head, conprising
the steps of: formng a plate of conductive sintered conpact having two
substantially parallel surfaces by sintering and polishing a source

mat eri al ; skiiekenrgibhe pplrattéedf wonduet evecsi it ered chigract aadiomgla plane
substantially parallel to the two surfaces of the conductive sintered
conpact, thenabky.cutbathgsandestiag dotgitdepqimion afo tardethisvec st ) efed
conpact into only two ceram c substrates for a thin-filmmgnetic head; and

pol i shing eagRrefokBechWOpkess £hd10s IffaHEC cRMPSERAN®S jhO thQVELf‘eém(ﬁ(ness
of 1.2 mmor less. 9. A nethod for manufacturing ceram c substrates for

thin-filmmpgnehheihead ager aeiihedurzagkai M8, tM@erseiln@e:be %%'m@aeg' i §i ng
step, the substrate is polished to |ose no greater than O

.+ (L.e., the longitudinal direction thereof) with apprapriace
pressure, thereby preventing the sintered compact 10 from
cracking or chipping. Each substrate holding portion 40 in-
cludes two members sandwiching the discharge wire 22. 1 re-~
guired gap (e.g., a gap having a width of a?out 1 mm) is

I providad between these two members sucni that the wire 22 can
move through the gap during slicing. A ﬁole portion 52 sur-
roundad by these two members of the substrate holding portion
40_corresponds.to a place where thé'wire 22 is disposed at
the start of slicing. The hole portion 52 runs through the
substrate holding portion 40 Lan the direction perpendicular
to the paper sheet of Figure 4 so as to house the wire 22
therein. Another hole portion 54 is formed at a position
where the moving wire 22 stops when slicing is finished. The
hole portion 54 is formed in the vicinity of one side of the

v substrate inserting portion 51 coming into contact with ths
other end face of tha sintered compact 10. In the illustrated
example, this side does not havs particularly high elastic-
1ty. Alternatively, a membher having elasticity like the sub-

strate holding portion 40 may be disposed on this sida. The

sintered compact 10 is retainad between the substrate holding
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portions 56 and 57 for praventing the sintered compact 10
from being displaced in the direction indicated by the arrow
B. The second pressing portion 57 includes: a top member mov-
able in the direction indicated by the arrow B; and a member
driving the top member. As shown in Figure 4, the top member
of the secoﬂd p;essinq portien 57 1s formed on the left-hand
side of the associated sinterad compact 10 so as to press the
sintered compact 10 rightward at the center of the main sur-
face thereof. In Figure 4, only one second pressing éortion 57
is 1illustrated. Howaver, in actuality, the same number of
second pressing portions 57 as that of the substrate inserting
portions 51 are disposed. By handling a member projecting out
of the rack 50, the position of the second pressing portion 57
is adjusted. That is to say, the second prassing portion 57
is moved and fixgd at such a position as lightly pressing one
main surface of the sintered compact 10. As a result, the
sintered compact 10 is retained between the first and second
pressing portions S6 and 57, thereby preventing the sintered
compact 10 from being displaced during slicing. It is noted

that the sintered compact 10 may be held in any other mannar
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reference plane. The "reference plane” is herein defined as
a plane (indicated by the broken lines in Figures SA through
5C) on which a "particular surface” would be "located” if the
surface were not warped.

Figure 5A schematically illustrates the crown Cl of a
machined surface 104 of a wafsr 1l0a sliced off. Figure SB il-
lustrates the crowns €2 and €3 of surfaces 106 and 108 of a
thin sintered compact 10‘. And Figure 5C illustrates tha
crowns C4 and C5 of surfaces 110 and 112 of another thin sin-
tered compact 10”.

| Hereinafter, it will be described with reference to Fig-
ure 6 how a cutting speed during EDM affects the surface ma-
chined by the EDM. In this embodiment, the *“cutting speed”
is defined as a cross-sectional area of a sintered compact
cut per unit time.

Figure 6 is a graph illustrating how the "crown” of the
cut surface (i.e., the machined surface) 104 of the sliced
wafer l0a varies with the cutting speed. As can be under-
stood from Figure 6, the higher the cutting speed (i.e., the
slicing speed) 1is, the larger the crown is. The reason 1is
presumably as follows. The higher the cutting speed is, the
larger amount of debris (swarf) is cut off from the sintered
compact 10. Accordingly, as the cutting speed is increased,
it becomes increasingly difficult to remove the debris

smoothly, thereby possibly generating unnecessary discharge
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between the wire 22 and the swarf. If the cutting speed is
relatively high, the machined surface has such a shape as
that shown in Figure SA in which a convex portion is formed
in the center region thereof. If such a wafer 10a is used as
a substrate for a thin-film magnetic head, the crown cl
thereof immediately after slicing is preferably 50 &4 m or
less. This 1is because if the crown Cl exceads 50um, then an
additional process step of cutting off the protruding portion
should be performed and the advantageous effects of the pre-
sent invention are lost. It is when the cutting speed is 500
nm?/mfn or less that the crown of the sliced surface is 50um
or less. Accordingly, the cutting speed is preferably 500
mm’/min or less.
Figure 7 is a graph illustrating how the surface rough-
ness of the cut surface (i.e., the machined surface) 104 of
the sliced wafer 1l0a varies with the cutting speed. As can
be understood from Figure 7, the higher the cutting speed is,
the larger the surface roughness is. Considering that the
subsequent polishing process step should be performad for as
short a time as possible, the surface roughness is preferably
30 4um or less. Accordingly, from this point of view, the
cutting speed is preferably 340 mm'/min or less.
The data shown in Figures 6 and 7 were obtained on the

following conditions:

Discharge pulse width: 1 tae 24/s
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Power for electrical-discharge machining: about 170 w

Material of workpisce: alumina and titanium carbide

Size of workpiece: 4 mmX100 mmX100 mm
The crown and the surface roughness wera measurad by using a
roughness measuring device of a needle contact type.

The data shown in Figures 6 and 7 were obtained where
slicing was performed by setting the cutting spsed at a con-
stant wvalue throughout the process. Howevszr, in an actual
manufacturing process, the cutting speed dogs nSt have to be
kept constant. For example, at the sﬁages illusérated in Fig-
ures 3A through 3C, the cutting speed is preferably in the
range from 130 nm'/min to S00 mm!/min, both inclusive. On the
other hand, at the stagass illustrated in Figures 3C through
3D, the cutting speed is preferably set at less than 130
mn’/min. This is because if the wire 22 passes through the
end face 100 of the sintered compact at a cutting speed higher
than 130 mm‘/min, the end face 100 passibly cracks or chips.
In order to prevent the sintered compact 10 Irom cracking or
chipping, the cuttinq spaad may be set at less than 130
ma’/min on all the stages shawn in Figures 3A to 3D. Howevar
in such a case, the processing time required for slicing ad-
versely becomes too leng. Thus, it is more efficisnt to sec
the cutting speed ralatively high (e.qg., about 240 mm'/min)

until the wire 22 reaches a point 1 to 2 mm ahead of tha enad
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face 100, fcr example, and then reduée the speed to less than
130 mm’/min after the wire 22 has reached the goint. The ma-
chine may be programmad such that the cutting speed is auto-
matically switched in accordance with the movement distance of
the wire 22, i.e., the leangth of the wire drawn out. Changing
the cutting spesd on at least two stages in this manner is
particularly advaantageous where the material to be sliced has
a high hardness (e.g., where a sintered compact having a Vick-
ers hardness oé 2,000 or more is sliced). This is because ths
higher the hardnaess of a material to be sliced is, the more
easily the sintered compact cracks or cﬁips.
In accordance with the method of this embodiment, a work-
ing time required for obtaining a wafer having a thickness of
1.2 mm, for-example, can be about 60% to about 70% of the time
required for forming a sintered cocmpact having a thickness of
2.0 mm and then obtaining a wafer hawving a thickness of 1.2 mm
by polishing in accordance with a conventional method. The
time reguired for slicing is at most 30 to 40 minutes. In this
embodiment, two wafers are efficient}y cut off from a single
sintered compact. Accordingly, the material Is not wasted too
much, and the present invention can contribute to mores effsc-
tive utilization of natural resources.
In this embediment, two wafers are cut off from a single
sintered compact by using a single wire. Alternatively, if

the number of wires is set at n (where nZ2), a number (n+1)
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of wafers can be simultaneously cut off from a single sintered
compact. As a result, the work efficliency can ba further in-
creased. However, in order to realize such multitasking, the
diameter of a wire should be sufficiently small or the thick-
ness of a sintered compact yet to be sliced should be suffi-
ciently large. Mavertheless, if a sintered compact is formed
too thick, sintering might be incomplete inside such a sin-
tered compact. Accordingly, in order to form a thick sinterad
compact, the sintering method should be improved. Further-
more, even if slicing is repeétedly performed on the same sin-
tered compact several times gy using a single wire, thrae or
more wafers can be cut off from the single sintered compact.

In this manner, the -present invention employs a novel -
method, in which a relatively thick sintered compact is inten-
tionally formed and then sliced, though a thinner and thinner
wafer will be demanded as a substrate for a thin-film magnetic
head in view of the current circumstances. BAlso, paying spe-
cial attention to the fact that the sintered compact has con-
ductivity in such a case, the present inventors employed wire
electrical-discharge machining to'éucceed in efficiently ob-
taining a wafer having a desired thickness. Furthermore, we
found the relationship between the machining (cutting) speed
and the crown or the surface roughness and performed electri-

cal-discharge machining on appropriate conditions to succeed

in cutring off a plurality of wafers having a high degree of
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planarity required for substrates for a thin-film magnetic
head with a good vield. As can be understood, the method of
the present invention can make it possible to provide a thin
and highly hard high-performance ceramic substrate for a thin-
film magnetic héad with high economical efficiency in order to
cope with the forthcoming increase in storage capacity and to
improve the productivity. Accordingly, the presant inventicn
has very broad industrial applicability.

In the foregoing, the present invgntion has been de-
scribed as being applied to a method for manufacturing ceram-
ic substrates for a thin-film magnetic head. However, the
application of the present invention is not limited thereto.
This is because, in general, when a thin-plate member is
formed by sintering{ the problem of "warp” possibly happens
at any time. Accordingly, the present invention is also ef-
fectively applicable to the formation of a small magnet by
performing a sintering process. A magn2t is now used in a
great mény applications. Thus, depending upon the applica-
tion, the size of a magnet will be further decreased and a
thin-plate magnet of such a type as causing a warp will be
required. Accordingly, it is expected that the present in-
vention 1is very effectively applicable to broad fields in-
cluding the field of sintered magnets.

It is noted that slicing may he performed by any aother

method than the wire EDM. For example, a sintered compact
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may be sliced by utilizing a wire saw technigue using abra-
sive particles and a wire or by employing a small dicing saw.
In these cases, since the electrical discharge phenomenon is
not utilized, the sintered compact. does not have to have con-
ductivity. Herein, *“having conductivity” means having elec-
trical resistivity 0 low encugh to enable the electrical-
discharge machining. For example, a sintered compact having
electrical resistivity o of 2X10”" Q ‘m or less may be regard-
ed as having conductivity.

Also, the sintered compact to be sliced does not have to
be rectangular. Depending on the shap.e of a wafer to be
formed, a disc-shaped sintered compact may also be formed.
The thickness of the sintered compact is not limited to 4 mm,
eithar. If a sintered compact having a thickness of about 2
to about 3 mm can be formad with a relatively small “warp”, a
thin-plate sintered compact half or less as thick (from 0.5
to 1.2 mm) as such a sintered compact may be formed by per-
forming a slicing process after the sintered compact has been
formed. Even in such a case, a thin-plate sintered compact
can be manufactured with a higher productivity as compared
with a conventional method. The sintered compact to be sliced
is not necessarily a flatc plate. For example, even if a sin-
tered compact 1s a mass in the shape of an ingot, wafers (or
substrates) having a reguired thickness can be formed by per-

forming a slicing process.
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According to the present invention, a conductive sin-
tered compact having such a thickness as to cause a “warp” to
a negligible degree is formed and then sliced, thereby cut-
ting and dividing the conductive sintered compact into two or
more conductive wafers. Thus, wafers having a desired thick-
ness can be provided with high productivity while shortening
the time taken to perform molding process such polishing and
minimizing the waste of a material. In an embodimeant where
the sintered compact is sliced by wire electrical-discharge
machining, in parﬁicula:, even a highly hard ceramic mgterial
can be machined with higﬂ precision: Accordingly, such an
embodiment is very practical.

Also, according to the present invention, by adjusting
the cutting speed for the wire electrical-discharge machin-
ing, the warp and the surface roughness of wafers machined
can be reduced to desired levels. As a result, the time re-
quired for a subsequent polishing process can be shortened to
a large degree. Furthermore, by setting the cutting speed
relatively low just before the sintered compact has beaen com-
pletely cut, it is possible to prevent the sintered compact

from cracking or chipping.
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WHAT IS CLAIMED IS:

1. A method for manufacturing conductive wafers, comprising the steps

of:

forming a plate of conductive sintered compact having two substantially
parallel surfaces;

slicing the plate of conductive sintered compact along a plane
substantially parallel to the two surfaces of the plate of conductive sintered
compact, thereby cutting and dividing the plate of conductive sintered compaci
into only two conductive wafers; and |

polishing each of the two resulting wafers to have a thickness of 1.2 mm
or less.

2. A method for manufacturing conductive wafers as recited in claim 1,
wherein the conductive sintered compact is sliced by wire electrical-discharge
machining with a voltage applied between a wire for discharge and the
conductive sintered compact while the wire is moved against the conductive
sintered compact.

3. A method for manufacturing conductive wafers as recited in Claim 2,

wherein the voltage is applied as pulses.
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4. A method for manufacturing conductive wafers as recited in Claim 2,
wherein at least between 1 mm ahead of an endpoint where the conductive
sintered compact is completely cut off and the endpoint, a speed of the wire
moving against the conductive sintered compact is set lower than a speed of the
wire moving against the conductive sintered compact at a start point where the
conductive sintered compact starts being cut.

5. A method for manufacturing conductive wafers as recited in claim 1,
wherein the plate of conductive sintered compact is made of a conductive
ceramic containing alumina, titanium and carbon.

6. A method for manufacturing thin-plate sintered compacts, comprising
the steps of:

forming a plate of conductive sintered compact with a Vickers hardness of
2,000 or more by sintering a source material;

slicing the plate of conductive sintered compact by wire
electrical-discharge machining, thereby forming only two thin-plate sintered
compacts thinner than the conductive sintered compact; and

polishing each of the two resulting wafers to have a thickness of 1.2 mm

or less.
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forming a plate of sintered compact with a Vickers hardness of 2,000 or
more by sintering a source material;

slicing the plate of sintered compact, thereby forming only two thin-plate
sintered compacts thinner than the sintered compact; and

polishing each of the two resulting wafers to have a thickness of 1.2 mm
or less.

8. A method for manufacturing ceramic sybstrates for a thin-film magnetic
head, comprising the steps of:

forming a plate of conductive sintered compact having two substantially
parallel surfaces by sintering and polishing a source material;

slicing the plate of conductive sintered compact along a plane
substantially parallel to the two surfaces of the conductive sintered compact,
thereby cutting and dividing the plate of conductive sintered compact into only
two ceramic substrates for a thin-film magnetic head; and

polishing each of the two resulting ceramic substrates to have a thickness
of 1.2 mm or less.

9. A method for manufacturing ceramic substrates for a thin-film magnetic
head as recited in claim 8, wherein, in said polishing step, the substrate is

polished to lose no greater than 0.7mm.
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10. A method for machining conductive wa'fers, comprising the steps of:

setting a plate of conductive sintered compact into an electrical-discharge
wire cutting machine; and

cutting and dividing the plate of conductive sintered compact into only two
conductive wafers by slicing the conductive sintered compact with a voltage
applied between a wire of the electrical-discharge wire cutting machine and the
plate of conductive sintered compact while the wire is moved against the plate of
conductive sintered compact, each said conductive wafer having a crown of
50um or less and a thickness that is one half or less of the thickness of the
conductive sintered compact.

11. A method for machining conductive wafers as recited in Claim 10,
characterized in that in the step of cutting and dividing the- conductive sintered
compact,

an end face of the conductive sintered compact is pressed against a
holding member with elasticity in a direction parallel to a moving direction of the

wire.



