;e3el _1ZZ[\]d] 676, _T jz3 METHOD FOR MANUFACTURI NG CONDUCTI VE WAFERS, METHOD
FEOR MANUFACTURI NG THI N- P NTERED COWVPACTS, METHOD FOR MANUFACTURI NG
CERAM C SUBSTRATESJWHMMM@@“@N M MAGNETI C HEAD, AND METHOD FOR MACHI NI NG
CONDUCTI VE WAFERS THE | NYENTI ON The present invention relates
to respective nmethods fwsiseranuf acturi ng conductive wafers, thin-plate
sintered conpacts and ceram c substrates for a thin-filmmagnetic head and
to a method for machi ning conductive wafers. In recent years, a thin-film

magneti c head ha f ri et cordi ng device
Sucn as a hard d SERAOP, Sor A RS T RS T or e
conputer. As a thin-filmnagnetic head has been downsi zed, the thickness of
a wafer, uscdEREOR §Qﬁsﬂﬁﬁd%ﬁqﬁugiﬂﬁ1?ﬁ?H%REA%ESS5N?§R§@eﬁQMﬁﬂﬁ§§i Si nce

a substrate for a magnetic head is required to have high hardness and high
abrasi on re si st aMEGHON] FORTMANSIFACIHIR ING@ X CERRMAC CSURSERATESeNt | y used

FOR THIN-FILM MAGNETIC HEAD, AND

METHOD FOR MACHINING CONDUCTIVE WAFERS

BACKGROUND OF THE INVENTION

The present invention relates to respective methods for
manufacturing conductive wafers, tﬁin-plate sintered compacts
and ceramic substrates for a thin-film magnetic head and to a
method for machining conductive wafers.

In recent years, a thin-film magnetic head has been used
for wvarious types of magnetic recording devices such as a
hard disk drive (HDD) and a floppy disk drive (FDD) for a
computer. As a thin-film magnetic head has been downsized,
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 Zr0Q, 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 compact 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-
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therefor. For exanple, an ALTIC wafer, wi dely used currently as a ceramc
rsubstrate for a magnetic head, is manufactured by sintering a powder green
conpact of raw materials such as alum na (A120,) and titanium carbide (TiC
An ALTIC wafer having a thickness of about 1.2 mmis practically used
today as a substrate for a magnetic head. In order to realize nmag*coooo~ *
r -2 netic recording wth even hi ghe2 -density, however, the devel opnent of
an even thinner and further planarized ceram c substrate is awaited. A
sintering process is indispensable for manufacturing a ceram c substrate.
however in accordance with currently avail able techniques, a sintered
ceram c B3863f€r ZLEOFE LAt WAtHePYRREL IR, deqimt ped, NRWRYHE tHee slanadi ng
process One of the namin reasons is the non-uniformtenperature distribution
of the spepmenédcdorpacveduthapneReasdnfertmgr ppbarasized ¢eramwie kndwn t hat
the thinner the thickness of a ceramc substrate to be fornmed is (e.g., if
the thickhnessei dseguwaltéd.or smaller than 2 mm) , the nore warped the
substrate is likely to get. Conventionally, such a "warp" has been

el i m nated by aplsdnaeringgptbeessr iacendispessdisl« afer ti oufdc it iicghiang. A
sintered conpact used as a substrate for a thin-filmmagnetic head has

extrenel yeagh chasdpsesatés he iduakarrs handngggotheneef dscr, QG-rntRr e) .
Accordingly, it takes a very long time to polish such a sintered conpact.

For exanphQ.i19@TR! it@hilqubakes SeVefdted eB8rRhiBOULDskRatadYGe Jhig i hi Ck
ness of a plate sintered conpact from2 nmmto 1.2 mmby polfishing it.

the ot heyFanthed NG I, NRRrpRCS! RLENiSY EYEP AL ehid 1§ ARSI Ynd 3d the

note warped the sintered conpact gets.” Thus, If an even thinner ceranic
el vl SHES P S L0 MR e R SO SRR
f of the sintered compact during the sintering process. It is
now known that the thinner the thickness of a ceramic sub-
strate to be formed is (e.qg., if the thickness is equal to or
smaller than 2 mm), the more warped the substrate is likely
to get. Conventionally, such a "warp” has been eliminated by
planarizing the surface of a substrate through polishing.
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 thinner ceramic 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-



-3 formvarious past-sintering processes Like polishing. Accordingly, it is
'expected that the productivity will drastically decrease in such a case. In
ot her words, this problemconstitutes a great obstacle to further
increasing the productivity of a thin-filmnmagnetic head. It is noted that
the "warp" problemis not unique to a ceram c substrate for a thin-film
magneti ¢ head, but possibly happens3during the formation of any thin-plate
sintered conpact in general. Therefore, the above-described problens (that
is, polishing for elimnating such a warp takes a lot of time and increases
t he manuf acturing cozé%ﬁafe_ enerally true of an¥ met hod for manufacturing
a si nt er8F™c offEAYS k) Sit% P TRL DIV esd ke, PYL LB tmbt hodSfor

manuf acturing a sintered magnet). SUMVARY OF THE | NVENTION In view of these
pr obl en§2rEidI¥esdft HSnPERECSRletAItnEAe PEOFNGF Y Sespddt idka srdt-hods for
manuf act uri ng conductive wafers, thin-plate sintered conpacts and ceram c
subst r ac@s Wyordes agfisg- fin rAvYfyret¢ashealll ahblen worHsd ftdrismgoivibliemy
conductive wafers, with a long polishing tine, conventionally required for
el i m natdong ta tuwasp'a, gteat atsmtdnle atucfugtiiée inarpiasdhga thientpaived
conpact. A nmethod for manufacturing thin-plate sintered conpacts according
to the phesdantitynednti ahinAELLidasadde: it apsador : rr -4 formng a
conductive sintered conpact to have such a thickness as to cause a warp to
a negligibl e degiaiowrd dtciig theamondieds ven sigt abedueagpacke her eby
cutting and dividing the conductive sintered conpact into at |east two

waf ers. o fEitod ket rARBUEGE 41T ¢ KiTh CONGY Gld He vl Bl e BC Gdidig i@ khe
present invention includes the steps of: formng a conductive sinteéred

conpact A dHE tMy it el s dritak 18he o3UR Nt %'?lfj.inajpll)étgfrsqlrlteéretdo Bach other;

and slicing the conductive sintered conpaCt along at |east one plane

substantgﬁé Y i ';r gghskaw t'gi?ed:f%flbﬁgf t%ﬁ%scg%aw@dggegyﬁééVgadr%b&te%fsed

conpact , ere utting an uctive sinter conpact into

at Teast dyg condugd yen ey o é“ﬂ‘?&dip%tj{%} M OF JRRHI RGUEI 90 1o

"thin-plate sinter conmpacts accor presen |nven%ion i'ncl udes

har dnecty - onoh i dnlr 2R ChAYCpRhUEELE CRAPREE IR0 ApdAERLS, ) (e

har dness™ ‘of y sinferrng raw na

duct i i d t . i Lectrical-di.sch hining, th b
Cor i g g oSECAEY RERRAE e 8Y Mahfeab St Lhfoa. FanClRER RN i ae o
s!ntered conpact havin%.a t hi ckness smal | er t@a?(%m%$.of Hﬂ? conducti ve .
si nt er ed"TOIPAEt2 SNY9EI0G0PREFEREL ABUTf or2 MBRTAAT t 1T MR FHE 3RS

sintered coqgacts according to the present invention includes the steps of:
formi ng & STt VARGt having a Vickers hardness of 2,000 or more by
sintering a raw material powder

SUMMARY OF THE INVENTION
In view of these problems, the' present invention was
made 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 methad for
machining conductive wafers, with a long polishing time, con-
ventionally required for eliminating a “warp”, shortened by

reducing the "warp” of a sintered compacet.
A method for manufacturing thin-plate sintered compacts

according to the present invention includes the steps of:



f 1 -5 and slicing the sintered conpact, thereby formng at |east two
thin'plate sintered conpacts, each said thin-plate sintered conpact having
a thickness smaller than that of the sintered conpact. A nmethod for

manuf acturing ceram c substrates for a thin-filmmgnetic head according to
the present invention includes the steps of: formng a conductive sintered
conmpact having two surfaces that arét substantially parallel to each other
by sintering raw material powder and polishing a resulting sintered
conpact; and slicing the conductive sintered conpact along at |east one

pl ane substantl al I%/Rr?aral lel to the two surfaces of the conductive sintered

conpact LOETERGhA THF iR ivFisdasy 3P aTIndeet POXesSHERr &d Wdeact i nto
at | east two ceram c substrates for a thin-filmmagnetic head. A nethod for
machi ni M§SSorffuck? ve2Y&e e sWakR ok@li Agneglifdbpres@araenvemd onl icdclaudes t he
steps of : setting a conductive sintered conpact into an

el ectri ddle dioschmtgaenisieteaed i pompacthi nehergil ottt ing ant di iviidiimgy t he
conductive sintered conpact into a plurality of conductive wafers by

sl i ci ng dhee ccomthnttiivee sinneeeédeccoppact imtd hat heeappl twatvafemf. a vol t age
between a wire of the electrical-discharge wire .cutting nmachine and the
conductive simtmeetbdofipacmanhtbhetonengf cohaunitieeant fdyes caneiretiinge
sintered conpact is noved agai nst the other. Each said conductive water has

a crown +f BReUPreisehessifihtdonhi tddiested hthei St hodf @brhesg of the
t hi ckness f t -6 of the conductive sintered conpact. BRI EF DESCRI PTI ON OF

THE DRAWJWId ix & ihtleyed tbRpachaRivihé UK ad b PHadBE N OGASS ssieps for
manuf acturing ceram ¢ substrates. Figure 2 is a schematic representation

i T ustrald 10: &) B ARgaRAt tEOEa@H SLREE! 1 &Rk - 8 SEDAY Oen M & filietii g
machi ne preferably used for a slicing process step in one enbodi nent
sintered compact along at least one plane substantially par-
allel to the two surfaces of the conductive sintered compact,
thereby cutting and dividing the conddctive sintered compact
into at ieast two conductive wafers.
Another method for manufacturing thin-plate sintered
compacts according to the present invention includes the
steps of: forming a conductive sintered compact having a
Vickers hardness of 2,000 or more 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 the conduc-
tive sintered compact.
Still another method for manufacturing thin-plate sin-
tered compacts according to the present invention includes

the steps of: forming a sintered compact having a Vickers

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



of the present invention. Figure 3A through 3D are schematic
cross-sectional views of a conductive sintered conpact and a wire taken an
a plane vertical to the wire far illustrating a cutting (slicing) process
step in nore detail. Figure 4 is a plan view showing the top surface of an
exenpl ary rack used for holding a sigtered conpact. Figure 5Ais a
cross-sectional view show ng a crown?Cl of the machi ned surfaces of wafers
sliced off; Figure 5B is a cross-sectional view show ng crowms C2 and c3 of
a thin sintered conpact 10'; and Figure 5Cis a cross-sectional view

showi ng. crowns ¢4 _and CS of anot her thin .siptered conpact 10"..  Figure 6 is
a grap%“g%o%?ﬁﬁl?ﬁet%&p@ﬁ&ﬁﬁﬁ?%ﬁc%ﬂp%ﬁ%Mnkﬁgfe%Ycgfr P Inethi W5 © sur f ace

of 2 sliced valer on.a cutling speed: F1ouLe, 18 2 SRR, pfiow 0, he

tered compact having a thickness smaller than that of the
sintered compact.

A method for manufacturing ceramic substrates for a
thin-film magnetic head according to the present invention
includes the steps of: forming a conductive sintered compact
having two surfaces that are substantially parallel to each
other by sintering raw material powder and polishing a re-
sulting sintered compact; and slicing the conductive sintered
compact along at least one plane substantially parallel to
the two surfaces of the conductive sintered compact, thereby
cutting and dividing the conductive siﬁtered compact into at
least two ceramic substrates for a thin-film magnetic head.

A method for machining conductive 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 elecfrical—discharqe wire cut-
ting machine and the conductive sintered compact while one of
the wire and the conductive sintered compact is moved against
the other. Each said conductive wafer has a crown of S0um or

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



r r -7 ness of a cut (or machined) surface of a sliced wafer on a cutting
fspeed. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS If a sintered conpact is
formed by a conventional sin tering process (e.g., hot pressing) to have a
thickness of 2 mmor |less, for exanple, the sintered conpact is "warped” be
cause of various factors. The present. gavention is character ized by
formng a relatively thick sintered conpact having such a thickness (e.g.
nore than 2 m) as to cause a "warp" to a negligible degree and then
slicing the sintered conpact into at |east two waters. Hereinafter, an
enbodi nept e tbenduesend dimeeredoaowpbhécbe described with reference to the
acconpanyi ng drawi ngs. First, a nethod for manufacturing ceram c substrates
for a thin-filmmagnetic head according to the present invention will be
described with reference to Figures 1 through 3D. Figure 1 is a flow chart

illustrating main procgR¥rPlSPASCRIPTION OF THE DRAWINGS

Figure 1 is a flow chart illustrating main process steps
for manufacturing ceramic substrates.

Figure 2 1is a schematic representation illustrating an
arrangement for an electrical-discharge wire cutting machine
preferably used for a slicing process step in one embodiment
of the present invention.

Figure 3A through 3D are schematic cross-sectional views
of a conductive sintered compact and a wire taken on a blane
vertical to the wire for illustrating a cutting (slicing)
process step in more detail. .

Figure 4 is a plan view showing the top surface of an
exemplary rack used for holding a sintered compact.

Figure 5A is a cross-sectional view showing a crown Cl
of the machined surfaces of wafers sliced off;

Figure 5B is a cross-sectional view showing crowns C2
and €3 of a thin sintered compact 10’; and

Figure 5C is a cross-sectional view showing crowns C4
and C5 of another thin sintered compact 10”.

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-



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

'mat erial powder of alumina, titaniumcarbide and the like is prepared in
Step S1. Then,the power is mxed in Step S2, and sintered by hot pressing
in Step S3 to forma rectangul ar conductive sintered conpact having a

t hi ckness of about 4 mm a length of about 100 tun and a wi dth of about 100
for manufacturing ceramic substrated tn this embodinent, first raw materi al
powder of alumina titaniumcarbide and the like is prepared in Step S1 Then
the power is msted in Step S2 and sintered by hot pressing in Step s3 to
forma recta | ar conductive sintered c act _havi a thickness of about
amma | HGH OF BbSUC LOTmRAHIEIE R THC Soht o160 TART 19 136 0 2

enbodi ment, alum na contained in the resulting r _g_ sintered conpact is
about 7098bYyLRRi $PRe%4nd titani um carbide contained in the sintered conpact
is about 30% by wei ght. The sintered conpact may contain any ot her
conponent such as Mjo. The Vi ckers hardness of the resulting sintered
conpact is in the range from about 2,400 to about 2,500. In accordance with
a conventional mnPESERIPELAGN n@F hDRE RRAEFEIRER EMBORQIMENRS ror polishing) is
subsequently perfornmed for a long tine to elimnate a "warp" fromthe
sintered conpafta lsintkiredepbadanentis Howmeer ,bisi aceohhensivh£) egi gonpact
has a relatively large thickness of about 4 nm the sintered substrate has
hi gh rigtdriNgapdotesharely., waspesites sty prioseassvofaf ot Rgeds conduct i ve
sintered conpact out of alum na and titanium carbide by sintering is

descri begni ordeeas| fdor ,oappnesetRabkiaabired EerpapROSEt QArPed~ 63250906,
for exanple) This process itself is performed in a conventional manner. The

surfacesc@fisthg s COAHUGH S Ve JHLr @theC QHRAEN LA VEHR 1Bh0s8SeRdrR¥cpeLi shing
these surfaces for a short period of tine; for exanple. Thereafter, a

slicing pragess, S);c%ﬁnngggfs)r reyhtifg Andndibwi diing dhey skahsied RQPPAGt into

two wafers 1's per I'n this enbodi ment, since the workpieces 15 nmade

h
of a high-hardn i ¢ havi iyi f LELNG ;. formed
by e|ect?5§§|9d?§§ﬁ§§%§g] 8h?hiﬂ@°f§£§#§§e%hﬁ¥bu%§ $ eééggbmgfeﬁggssliced
off fromada single.si r npact, h iLckn f, about 1.6 nun
fo about 0. 8 RURLEAPLS: SaaEPe ShackiBR pResenfaFhec TEES R 200MeE
polishin roc ess st S5 such as mrror polishing using dianond
slurry (§9gpa6§ b?ggﬁ'EW%uHﬂégis'about 1 un), thereby ultimately formng a
waf er having a thickness of abqut_ |.2 nggﬁs rface roughness Ra: 20? nm or
less). In pol FERPHE2ACEF ni 87 CPRIHIENC i F AN ady S0 Lon HEL
conventi onal nan3§% to_havg%%he thicknegs reduced to 1.2 nm the wafer
shoul d | 8§ 9GS TARPAY “LhR PRt STy FoBY NEoAFFILPE MY ARENFE2 ¥ MDD nent, the
t hi ckness of the wafer to be | ost bX ﬁglishjn may be 0.7 mm or | ess.
Subsequent | y, FERE SwafeleEhPdi ARE FaMY %tﬁﬁﬁﬁgﬂz? b JHRGEREES SR
addi tional process step if necessary: nankin% by the. use of a |aser
devi ce; foorthiny Hd N fadng@tiifg hegst idFGOosR LPRe C8uhgc @16 Mtte WNAREE LB
sputtering; or the |ike: :

will be described with reference to Figures 1 through 3D.

Figure 1 is a flow chart illustrating main process steps
for manufacturing ceramic substrates. In this embodiment,
first, raw material powder of alumina, titanium carbide and
the like is prepared in Step S1. Then, the power is mixed in
Step S$2, and sintered by hot pressing in Step S3 to form a
rectanqular conductive sintered compact having a thickness of
about 4 mm, a length of about 100 mm and a width of about 100

mm. In this embodiment, alumina contained in the resulting



Figure 2 is a schematic representation illustrating- an arrangenent for an
‘el ect'rical -di scharge wire cutting machine 20 preferably used for slicing in
this enbodi ment. The nachine 20 shown in Figure 2 is constructed such that
corona di scharge is generated between a rectangul ar conductive sinfeted
conpact 10 and a noving conductive wre (diameter: about O . 1 mm to about
0.35 mm- , for excanple) 22 by apply8ng a high voltage as pul ses. As a
result of this electrical discharge, the cutting (slicing) process step s4
proceeds in such a manner that part of the conductive sintered conpact | o,
in the PLOX wre 22 [ of f. Figu hows a i ona
relatlonsﬁlgg% mé%%é{$? 15 $2°%0 z%%u?%ew%f%?%re g %ﬁSQEﬁuWO ﬁ f ® niddle
of belng machi ne 1 -10 debris wr ar f cut off
rom " { PEORSRHIY %r@%ftsewga%@wa% i SRt e b Sl ecrbbae. i o
rapidly gushed toward a non-di scharge region by water current ejected along
the wire 29t§6e%sc?mﬁaQQ)Wﬁﬁnﬁ?qﬁﬁﬁécé§¥aP§hﬁFsEﬁ&P@ée“?héuﬁﬁtéF HgPrent is
formed because the water, supplied froma tank 27 via a punp (not shown),

i s ej ect 8Hef VéFkeRe OPEfiﬁﬁfy of B9 Fes ot oS hekresd 2aeneaafe bontuct i ve
sintered conpact la is subjected to wire .EDH while being soaked in water
havi ng athel zaange| §romghbgulr i2 A4 00hAe agoan &81,.660ri dal acesirdanget yiph of
about 105 ~? ~ cmor nore) . However, the water, ejected fromthe vicinity
of the war eoneledtignaknirenuldatuciany foerhddr remlisthingvalergcur neéptot n t he
vicinity of the machined part of the conductive sintered conpact |o. The
wre 22 pslpseiegpbly smiequienblasserfdvmed 22 il®nsorim@nay ening-to the
di scharge as the tinme el apses. Thus, the wire 22 is held by wire hol ding
menbers 34aeagd - &ébpwhmkembehagsdha@@eQUEoﬁéa@tfImﬁttheka@hﬂgd&ﬁahtZGa and
wound in a second rotating reel 26b. Since a certain degree of tension is
appl i ed hawkbberW 8nd3, tHie M2 '@ox{t@.ﬁﬂz agad %!Jbﬁéﬁélﬂ@éily $hrgd ght ened

| i ne. However, a certain bend of the wire 22 is inevitable he wte

hol di ng WREBRRes 248 2BHoRADs AFR, SERHT 880t era S6BY£BOLe SHOUN; 9% %b
machi ne 20. The arm together w th the holding nembers 24a and> 24b and t he

mnre 22, qhalg?vggdhgglﬁggagycﬁ%d éﬁhe d@%%c%éggeggdb%a%ggT?XﬁEQngﬁrOWIA

(i.e., a‘cutting or slicin tion) by a“driving chani sm such

as a mt oy, (:”% %Eﬁ%}ed' Bo Di pg %?gmﬂ‘? ﬁ’h&eta%akr Velcgrgt%lel 0)

const ant V6| OC [h prece sintered conpac

fixed at & POSI %%ﬁylﬁieaéggﬂ the Chgeygrf gg 5%¥a9% fi o &Fa€6805|t|on

and the w&?kﬁi noved. onductT ve sintered conpa

housed in _a rac lesc etall ST d. hel d and secured by a
subst r at OﬁoPBPﬁﬁ gb‘??l %%% qEk ?]Wlsr TR HFS Bﬂeg
described in detail .wth reference t ures 3A t hrough 3D. Figures 3A
t hrough 3 ?@ﬁgﬁﬁPFgaf?yaé?ﬁﬂﬂ%?ﬁéOBPgs éhﬁ51<3ns of the thin-plate
conductive sintered ¢9 ngac 10, and the wire 22 taken on the plane
per pendi cul ar SHELRFPE 95, thF /R MR W ToF I8y GPEP3AT PRE RFFe 22 s
di sposed in the vicinit of .one face of the conductive sintered_ conpact
10. A hléﬁqﬁﬁﬁﬁﬁﬁeq gbf%ﬁsﬁhﬁﬁqﬁ%ﬁiﬂxﬂ%ﬁ LUPPPYt 2BeF &R Ffgure 2)
bet ween the wire 22 and the conductive sintered conpact 10, thereby
gener at i fg-™8 e &R @élamalgcha?rg%r?anf%?%pé‘ce‘lb‘é’t%eﬁrf’ﬁé‘s\ﬁn BEEP2SANEO¥ he
conductive sintered conpact As a result of the discharge, the center
portion cﬁuQQR?%Nﬁfqzﬂﬁ¥%§ﬂn€héh€oﬁ&BE?F€€ SPRPBFEdLBERPALP YOIPES el off to
forma linear groove 12 extending along the wire 22. As the wire 22 noves
| ef t war d Rerfordiedat &8 BPLFhENAPAHIRIE / tHQRPNE (REdRiese il mAdedPEection
indicated by the arrow Ain Figure 3A) of the groove 12 increases.
Consequen | lyiglashatiness cefiaguceh3Bing deepustivity, sovied @ligdngnishe
sintered com

performed by electrical-discharge machining (EDM) technique.

The two wafers, sliced off from a single sintered compact,
each have a thickness of about 1.6 mm to about 1.8 mm, for ex-

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



- 12 pact 10. The wire 22 goes toward the other end face 100 | ocated on the
‘left'of Figure 3H in such a manner as to divide the sintered conpact 10
into two parts. Before long, the wire 22 reaches the vicinity of the end
face 100 ( 1 to 2 mm ahead of the end) as shown in Figure 3C. And then the
wire 22 conpletely divides the sinteredqgconpact |0 into two parts (wafers)
10a and 10b as shown in Figure 3D. In tﬁis manner, the two wafers 10a and
10b are cut off(sliced off) fromthe single sintered conpact 10. At this
point in tinme, the thickness of each of the cut and divided wafers 10a and

10b is abeys 2:8pMRE AGchals bR tleRd100G i9dSiulsYngt e akbihakaegsey pfv1he wa
fers 10a and 10b are variable with the thicKness of the sintered conpact 10

and t he dj er, af. t i 22 r sed, l{.¢ln ordingly, two
TR L A R I L e A
sliced off a.si red hayi t hi gkpes ut. . 3 mm _In
this enboai%é%g? $%g&§§n?eféggg§%%%c$¥18g?§ti2'?h@ﬁsagg%fgegagﬁyﬁRﬁﬁﬁid has
t wo surfacesDéHBin surfices} | 02 t hat, §hglsubstantiahlx Rarallel o each
other. ThB2EDRPPs "PePfoffiRd’ by HOAGF THE M & 22257 CpPRAC T RAYLRE @
defined by an approximate centerline betweepn these two surfaces 102 and is
substanti%FF?kﬁéﬁélpglthmb&FhaoFOFH@EELgﬁ? aB2RN952 0 gnake EhR Skdaces
formed by this noving wire 22 are substantially Earallel to the two
surfaces T@8Sofradyeesi fiered Bhpathe 102LeacANBELIEhdOf8s@I-8i MY thib & er s
10a and 10b has a . -13 substantially uniformthickness. Alternatively,

if the mﬁPélizhéﬂs-th@YsKﬁméﬁééteohpaéglioeab@démgbéseﬂhguchiQKRﬂSStﬂi
surfaces forned by the wire 22 are slightly inclined to the two surfaces
102 of the&hei wadeedtoohpatost Ry gadh sdfinghaayabet € . irmgmhaveledme. t hi ckness
thereof varied in the direction indicated by the arrow A. Furthernore, if
the wire 22 is subseduentaypl ahe ehdeser obaadntHerinonehicf mdrendvoigred ub-~
surfaces 102 of the sintered conmpact 10, not on the plane substantially on

t he cent erlectedbaionean ddiHadonee puetasesstag, iEwawvaktes sy haxangidgityial |y
different thicknesses may be forned sinultaneously. For exanple, it is

possi bl e theCuis®f bfaavafgerhddviged tHHrakngsamf ikl 08 e deda viferohavi ng
a thickness of 1.2 mmfroma flat-plate sintered conpact having a thickness

of about Ina HRrdRRiLiFabher wafef aGK, sdut vdiicly;sbrt engdigpapacts are
inserted and held during the EDM w || be described. Figure 4 illustrates

the constructi i nfr& §agk 30 digRehalcct P 2B DRH RN -iﬂ_ﬂlsstfa?@iglq?%n .

includes a plurality of substrate insetting portions 51, arrange n the

di rection j ;ﬁéttﬁéjn@yﬁﬁea@ré?%‘%ﬁ%l@af—i @cfé‘zgé_%wwéwef@dr&%gﬂ g a

plurality o ered conpacts strates 0 sinmul t aneous t he

sintered W@g%’ﬁfggb@ LRser ted iﬁ&ﬁ{}] Ei%ﬁogihg ecgn{:hﬁo@g%{%%t_hgm%oq&ao_ur of

which is repr a broken linen gure Ea e inserted

sintered cQact so1Q5 P §osEtibe 8 355 edlaustaate beld g, pey tion
discharge is generated between a rectangular conductive sin-
tered compact 10 and a moving conductive wire (diameter:
about 0.1 mm® to about 0.35 mm®, for example) 22 by applying
a high voltage as pulses. As a result of this electrical
discharge, the cutting (slicing) process step S4 proceeds in
such a manner that part of the conductive sintered compact 10,
1n the proximity of the wire 22, is cut off. Figure 2 shows a

positional relationship between the.wire 22 and the sintered

compact 10 in the middle of being machined. The powder-like



direction parallel to the arrow C and fixed and held in place. Each
rsubstrate holding portion 40 has elasticity, and therefore can press the
sintered conmpact 10 in the direction parallel to the main surfaces of the
sintered conpact 10 (i.e., the Longitudinal direction thereof) with
appropriate pressure, thereby preventinggt.he sintered conpact 10 from
cracki ng or chipping. Each substrate hol ding portion 40 ineludes two
menbers sandwi ching the discharge wire 22. A required gap (e.g., a gap
having a width of about 1 mm is provided between these two nenbers such
that the wigwr 22 canenpveitanfQughcdtheogap fdwn nghsl icoindigc tAvieol £igraadddon 52
surrounded by these two nenbers of the substrate hol ding portion 40

corr _E‘Spondéorﬁ%@t Pl G Whera ke o 'tﬁezai!-,@hﬁlt@@gsﬁﬂ Biptde, st @dtedfeo-
slicing. The hole portion 52 runs through the Substrate holding portion 40
in the dir § O i sthe Fi t

house t he ‘\?\ﬁ% gzﬁﬁe@n@wﬁﬁgfﬁ %BEOanggg??gﬁ@%igﬁf‘% %gégn%dlaatg&a&;&h%ti on
where the noving,wre_22 o] i Z slici [ i Ny he | e rtion
54 is forn%ﬁF?ng%hgovﬁgiR?%yQéf%%Wéesﬁﬁée%%skagpsulégﬁggglfnsg%ﬁ ﬁ%gﬁﬁrtion
51 coming into contact with Ehe otheé end gace of the éintered on%a t 10.
'n the |11 GETT 20 odt oxEaRBFS, DERTESS| Ha° dBR5SRot SRRUL-Bar LFOt dr B9 T g
elasticity. Alternatively, a nenber having elasticity |ike the substrate
hol di ng po¥+d oh El‘@“ﬁ’ra@f‘%% %Toé“é‘dse&sor‘f]feﬁ?:gdsfﬂ%“.‘ The $Hnttel Yorpatre1o is
retai ned between the substrate hol di ng - /15 portion 40 and the side of

t he substrhetdingememMagrpd&d-on Bhe(iconductpyesiiarachecumRaG: t ¥0ofist he
hol e portion 54). Since the substrate holding portion 40 has elasticity,
unnecessar yusjeesed | w0 notreadiPiM edidmt betthe sPaked edn conparcthaindrige neack SO
further includes first and second pressing portions 56 and 57 far

preventi nglabeveint eigd pampagt (h@viingmabeialgotirdpladc erbs irs ttilve. tgti recbifon

i ndi cated by the arrow B. The second pressing portion 57 includes: a top
menber novabbetri N0t he digreadd oot catedebyr| hehar raweld, aikotedediomn
driving the top nmenber. As shown in Figure 4, the top nenber of the second
pressing penki Qacbfity H6r trRd wiréhgoleidg haatbert dBrof ddre BSEOA AR -
sintered conpact 10 so as to press the sintered conpact 10 rightward at the

center of thg1M@hPesUthatend ol adfe JiRkihiigyr 8 £4chenhicRDR865ORd ¥ a%s Ng
portion 57 is illustrated. However, in actuality, the sane nunber of second

bressing PephligRe; 2 88ntdAla Qloddiersulstrate i nserting portions 51 are
di sposed. By andfing a nmenber projecting out of the rack 50, the position

of the second PueasifigePah! s@Nopdsbeant) upled odNatads. ! Oy iddigSggond
pressing portion 57 is aneé aﬁ I xed at such a position as lightly
pressing on in_surf f i ; C ) It e
sintered cg%prggtawf% ios‘ﬁ (rﬁgt %Dnteé(}%bZ:{tJ'vr%'t/ecglﬁl(?:t%ﬁ!eq:\]g:'ip ?és%%e ;%é“ é??cl%r%s%zs;{esgiﬁ#g !
portions 56.,and .57 her.e reventi.ng . S] o} C .hei ng
di spl aced LS‘rel ﬁ’d‘rse{ iztczi 25 li)‘%t]'ai gyngggg P%g?lﬁhg&\%ﬁ?%%e%@%o%r%&agztié 8mrrla% be

held in a”%é%&&”dégﬁH“gut of a first rotating reel 26a and wound in a

second rotating reel 26b. Since a certain degree of teasion

I~

s applied to the wire 22, the wire 22 is used as a substan-
tially straightened line. However, a certain bend of the wire
22 is inevitablé. The wire holding members 24a and 24b are
secured to an arm {(not shown) of the machine 20. The arm,
together with the holding members 24a and 24b and the wire
22, is moved horizontally in the direction indicated by the

arrow A (lL.e., a cutting or slicing direction) by a driving



-16 than that described in this enbodinent. That is to say, any suitable
‘hol di'ng nechani sm may be enpl oyed in accordance with the shape and size of
the sintered conpact 10. The rack 50 hol ding one or nore sintered conpacts
|0 is set in an electrical-discharge wire cutting machi ne such as that
shown in Figure 2, thereby perforniqq the slicing process step in the
above-descri bed manner. A voltage is supplied fromthe power supply 28 of
the electrical.-discharge wire cutting machine to the sintered conpact 10
via intercon nection lines and the substrate hol ding portion 40. For

exanpl e I ur, t .of 3 4 . IS ppk.i.ed ween t he
Wre szgﬁgabgg&sfﬁggrg% éb%%ﬁ%?’|@Q%fgﬁ%%ﬁﬁh1se§§ﬁgbﬁ§oPE%“?§% 290
2. m croseconds (while . p r of _about 17 IS _supplied), .t sintered
conpact%ﬁﬁ Nas ®a pogfﬁq% sp&%eﬁtfgp%ﬁa % pé%ﬁgégetgqﬂﬁgﬁﬁ E@eszr%r a
plurality of sintered conmpacts 10 are sliced simultaneously by noving a

pl ural i Bye6R Wit 'attlf?lg‘géﬁﬁ%r? nECMPAG T nglf afg‘]t-l‘ifrqan%t eff iRS Uof the
wafers is considerably increased. Next, a "crown" used for evaluating the
degree SLLORARSLVELY) BBed¥iFRet? TRY st FHiRf & $A RIFidugt sadnithie be
referred to. Each of the reference signs Cl through c5 shown in Figures 5A
t hr ough wSCkpdgres @ays beheoved owhhe ogtordpa Ve B Mt euad awpaat t1§i ds
specification, a "crown" neans a di sLance between the top of a convex

por ti on hpars edheénbet repkpbdPnbeofiesc coprdvin pirtd bn)laffer guat thieddl andsur f ace
and a - 17 reference plane. The "reference plane"” is herein defined as a
pl ane (isedivcaidedhybyr shbsbrakenhdidiesy iporEiigur 48 5A theoughk5C) on which a
"particular surface" would be "located" if the surface were not warped.

Fi gure 5A schemat,i cakl wirkl gsMr @by baedesonbh&l D detdLhiwiecth swelace 104
of a wafer 10a sliced off. Figure 5B illustrates the crowns C2 and C3 of
sur f aceserk@ecand kq%uqtesazmhitm@iugheam cagRack BA .criddgh oW &che-
illustrates the crowmn C4 and C5 of surfaces |10 and 112 of another thin

si nt er eqq oAty 10snodier ehbaf i@bssi t Jidd i deseri bed widy fgharence to
Figure 6 how a cutting speed during EDM affects the surface machi ned by the

EDM I n ddl iR dBte rdd & ondidd Nth SPeedind Swdebi B8d+a%ed on the ,
cross-sectional area of a sintered conpact cut per unit tine. Figure 6 is a

graph i'él&%ﬁé %él{b%e \{.g_utlgg torewr” 9f-the cut surface (i.e., the nachined

surface) sliced wafer 10a varies with the cutting speed. As can

be understoﬁif;fsgav fsg‘érh%w%’ -ﬁ{] 18LgBesAl Nen UL 1 0% $PEEY {dydred g{as s

slicing spee e larger €°crown is. The reason Is presuna

fol l ows.  The, hé%ﬁe&* ?cgfn{'ﬁé ting speed is,yd hgﬁ%@ggfvégﬁ(\{efé‘dag tt&hf_ies

(swarf) TS cu e sintered conpact Accor aly,

CuLt 0O GRS T RS asbe SRR R Bk b L) el e e
ply 28 (see Figure 2) between the wire 22 and the conductive
sintered compact 10, thereby generating electrical discharge
in a space between the wire 22 and the conductive 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

Figure 3A) of the groove 12 increases. Consequently, as shown

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



between the wire 22 and the swarf. If the cutting speed is relatively high,
‘t he machi ned surface has such a shape as that shown in Figure 5A in which a
convex portion is forned in the center region thereof. If such a crater |0a
is used as a substrate for a thin-filmmagnetic head, the crown Cl thereof

i mredi ately after slicing is preferably 50 a mor less. This is because if
the crown Cl exceeds 50,u m then -ahZ2additional process step of cutting aft
the protruding portion should be perforned and the advant ageous effects of
the present invention are lost. It is when the cutting speed is SO0 M2/ m n
or less that .the crown of_the sliced surface is 50,0..mor_|ess.

Accor di ﬁ’&lc% lttoheTﬁﬁt‘f'i"ﬁ% ?s{)ecbocfsi §°b’F5?eFéﬁ| ?/UI%%E) ﬁﬁ%/ S o]réq €3 qure 7
is a graph illustrating_how the surface rough ness of the cut, surface
(i.e., He%fa ené&%u%ﬁa@é?”i%@%f“i ) i € PRRE 3510 VHITIES ilth t he
cutting speed. As can be_ understood fromFigure 7, the higher the cutting
speed i $intRECHaFgBRPAEheld Uttt LW R TESs 1Be fashsiadeti g hveitret R
subsequent polishing process step should be perfornmed for as short a tine
as possidsiasheshahsurvfigdairpughnebe esdpfater 300y (30tam2omm edead of
Accordingly, fromthis point of view, the cutting speed is preferably 340
M2/ m n thre leask). dhesbedm shoRmgure FBQuUr eArd aritery wee ewdbtaiRedoms t he
foll owi ng conditions: Discharge pulse width: 1 to 2us -19 Typi cal

di anet erpleft aliyr &1ivldas rhePanimye dedr c@lmeicti ckd - dhsehawge pamaeki niwag: about

| 70 Wmaterial of workpiece: alumna and titanium carbide Size of

wor kpi ecsrsd o4 k0@ mo¥ 4680sAswd hen o Dywraarsb 1 her s Uk B8 endieghnese were
measured by using a roughness neasuring device of a needle contact type.

The dat & drs fioguaas BoBnard et eo PPt pd NEsbavher ) St hdi NGhaNas pher f or med
by setting the cutting speed at a constant val ue throughout the process.

Hovever 1qDlié" s%t@%aahomga@éafd.urimg tﬂ&gc§§§ntt he cukd! ngnspgedideaes not

have to be kept constant. For exanple, at the stages Illustrated Iin Figures

3A thro A ukLkn ' a LRgt r 0 30

me. / m %oea% Ootrgng}q% %?tb%rtmﬁ I nc dl??l \%‘.%Eg% ?hé %?%e?%ag%%aéJﬁ hrpe']ast agers

illustr d ip.FLgur » e [t i s, pr.eferably set
an Tt P, SRabiQRl SRuavit Y RRRESTs DA

at | ess cause € Wre passes through the

end face.| 04 the,sjatered conpact at. tting speed hi r than 134
m®/ ni n, e génad ?’é%ei%oa%%s‘g%ﬁa{%ﬁ& gy&@ E#’echri Cﬁ(l.%elsr? @rfgg?‘et J Prevent

t he sintered, conpac fr cracki ng or chipping, t cutting speed may be
st at 1Y ATEESE HoPRinton SErHAE SEagtB BRBRNZEnHIG At BEd o 3h.
However Ln such a case, the.processing tinme required for slicjng adversely
becomss T80 ToHAoThudeoPrai BTy i adiedie oBelay heS ot th g seod
relatively high (e.g., about 240 mp2/mn) until .the wr 2 reaches a point
1Cto o et ekt o 2 2asbodt ob'T e Moo Bet 51 1EEANBEE, F5HE 3 Mt educe
the speed to less than 130 M2/ mn after the wire 22 has reached the point.
The nachtAEeHeSPHRAG HGVaRfed StFnasst AfhaPeHEt P speed is aut omatical |y
swi tched in accordance Wth the novenent distance of the wire 22, i.e., the
|l ength of thel®i £818r SARCGIRENEnak§rnG HHELEG tTIPaTeet ohSattn & two
stages in this manner _is particularly advantageous where the material to be
sl i ced haBamehiogh hapdatssapd. hgs tifereuafareas edBaisompardacsali ndZa

Vi ckers hardness of 2,000 or nore is sliced). This is because the higher

t he har dhbss @frea seRsrdntiiald yberatdlded i 59 eRehnre &asi Thet BBMsi¥i ered

conpact cracks or chips. In accordance with the nethod of.this enbodi nent,
a work performed by moving the wire 22 on a plane that is defined by

an approximate centerline between these two surfaces 102 and
is 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 com-

pact 10, each of the resulting two wafers 1l0a and 10b has a



ing time required for obtaining a wafer having a thickness of 1.2 mm for
‘exanpl e, can be about 600 to about 700 of the tine required for formng a
sintered conpact having a thickness of 2.0 nmand then obtaining a wafer
havi ng a thickness of 1.2 nm by polishing in accordance with a conventi onal
met hod. The tinme required for slicing is at nost 30 to 40 mnutes. In this
enbodi nent, two wafers are efficienﬂ%y cut off froma single sintered
conpact. Accordingly, the material is not wasted too nmuch, and the present
invention can contribute to nore effectine utilization of natural

resources, |n this,embodi.nent ., t waf er s e cut.off fro si ngl e

si nt er e& B8 % a§§yugpﬁ6°5msFH§¥gnﬁf§é. ﬁ?%%FH%@%VEEV{ ﬁglgﬁg er of
wires is _set at (where n?2), a nunber (n-f-1) -21 of wafers can be

si mul taﬁ@ou%’?‘g;1 EHF SPPCEFSMH £O8PAGRe n‘%é? eﬁuéé’f?ﬁiét Syeh atLéEUItth,e t he
work efficiency can be further increased. However, in order to realize such
mul ti t aSitGCeshd Fmatetdr O & Wit 23 HRR oS beIBEEY i éNERERGdsHAI IEher t he

t hi ckness of a sintered conpact yet to be sliced should be sufficiently

| ar ge. Newertidiases, 102 gisitheeféAtebrPacPMPICForRederEs ©Hi dlhe siant ering
m ght be inconplete inside such a sintered conpact. Accordingly, in order
to for mfznshinky shaner ele chhpalcness heherep &rvagiadt hod tdieoud ddue diompr oved.
Furthernore, even if slicing is repeatedly perforned on the sane sintered
conpact iseMeragled ihgesthy ssrog A.si nfhethwrmgra hr €€ ahenowkrsvaer dscan be
cut off fromthe single sintered conpact. In this manner, the present

i nvent i aiovenpl axy sa apharel chesbodroi eivhieeh oaer el fattivel ywbdhimak nsisntrer ed
conpact is intentionally fornmed and then sliced, though a thinner and

t hi nner fufey 104 lobeckienangeskas cogthsd red e AGE ant he- pillamenagdet i ¢ head
in view of the current circunmstances. Al so, paying special attention to the
fact thajcddis 81t e HeomRatle r1aneC BBEUeERY ichEsken thdC b ua fGReR, 1lohe present
inventors enployed wire electrical-discharge machining to succeed in
efficientdy QRIRIAI n_aaam?f futhaiing aidesikerd tohckpgsssefurdher gare, we
found the rel ationship between the machining (cutting) speed and the crown.
or the sgface £OHIIMERH@NY.PerfoF Medak QEErH§ﬁ|i§'?8B§i9fe”38hbﬂkn9 on
appropriate conditions to succeed in cutting off a plfurality of wafers
having & hi gh deaneq 0fing 222nRkaRaLE tys @i ded o1 APl 2
thin-fil m@frragnetl C heaadm\%i tah a goog yield. As can bea un eré%agénq?ﬁe met hod
of the | hventi gn . ca ke | 0561l e i i d highly
nard hi o Bay st it d 2o pieTeOR B FLaPOSRate S At b ARG "

hi gh ecoarllot[_rglcglmeefgiocg %‘%%X‘ti@ grg{gr to cope with the forthcom ng increase
in storage capa0|?y and to 1nprove’the productivity. Accordingly, the
present invention. very. oad i.ndu Lrial.qREI' ility.. In the

f or egoi ng, tkqéeeg?%’ga:frglttezﬁnvaeﬁ‘{alcgcd Has SheJ‘ecr%1 cfelscrlljbegg%é)s'dgbaétnsg aa{:pepl“lne'd. to a
met hod for_panufacturjng,ceramc s rat.es f.or thin-film netic head.
However , s?ﬁree%p?)ﬁc%?%%nd%?”f%et%per 3@% "Tlﬁ\sllenbiei #%Csnno Cf'I i r%sn”’lta S Her et o.
This is because,. in neral , whep.a thin-plat er ILs.forned b
sinterinb?f?ﬁgr%?%%lg oFomaéFBcQﬁ%%s?tI? Hﬁf%%ﬁ§y2¥sg%ylpi }SAf%B?dingly,
the present . inventjion is also effectjvel |licable to the formation of a
smal | naBﬂé%mBQtpe??b?nfﬁgkaggih?%%?#ﬁf ﬁ?o@ig%§l§%3na TUREEIRRE Udkd in a
great many aEpIications. Thus, dependin %ﬁfn he applica%!on, t he size of
a magnet SGFFENBePPEFERBY déer 8XSBAIEMHD X8 ¢ %v%ﬂEﬁQ§Hﬁﬁyﬁﬂ Fatsdefya type
as causing a warp will be required. According%x it is eéfected t hat the
present FRGeATFBN PsliOeFyIBFFetti ToF yNAppiicattd ROl biRfA® fPEYEAL ikl udi ng

the field of sintered magnets. It is noted that slicing may be performed by
any ot heP fnELRE8TEAAROTREC GF r eSHEIMIHEES Jedn 58U 528fRRked cBApfac?t - 23

the sintered compacts 10 is inserted into an associated re-
gion, the contour of which is represented by a broken line in
Figure 4. Each of the inserted sintered compacts 10 s

pressed by an associated substrate holding portion 40 in the



may be sliced by utilizing a wire saw techni que usi ng abrasine particles
‘and @ wire or by enploying a snall dicing saw. In these cases, since the
el ectrical discharge phenonmenon is not utilized, the sintered conpact does
not have to have conductivity. Herein, "having conductivity" neans having

elec trical resistivity p | ow enough enabl e the el ectrical di scharge
machi ni ng. For exanple, a sintered cohpact having electrical resistivity p
of 2 X 10-' ~? mor |less may be regarded as having conductivity. Al so, the

sintered conpact to be sliced does not have to be rectangul ar. Dependi ng on

h h f f d I.5C-sh i nt.ered |
be- 1 or mod SR TR I ReEa B L (D SFAPorbd hnandt " s Mo | MCod sl 4 hm

either. If a sintefed conpact haying.a thickness, of about 2 to. about 3 mm
can be foﬁ%%&?%ﬂttgééheﬁéggaﬁﬁﬁf ﬁﬁ@ﬂﬁngmg?gnfog %ﬁiHgﬁlﬁﬁésgﬁﬁ%EYedaeﬁnpact
half or less as thick (tram0.5 to 1.%%£2 as such a_sintered conpact may
be fornmed WRLREIH FHY BELTT cFRG HEOE FBP2¢helli Afetdg ddapatiohas
been formed. Even in such a case, a thin-plate sintered conpact can be
manuf act ursras ksl athi gite préductysiacesase Eofi® edinkehed cmpart obal
met hod. The sintered conpact to be sliced is not necessarily a flat plate.
For exanpl(d,.eventhé dosigitedédadonpixetrtiona tiesedi) thitishapgrofraaténgot,
waf ers (or substrates) having a required thickness can be formed by
perform npresdums ngtheoepgs preventddg Ackor diing dred heoppesentio ngeghi on,
a conductive sintered conpact having such a thickness as to cause a "warp"
to a negligtdtieitegseechsppoiged andnt Bebsetacedhol BERGLYoEULEA NGo ARG
di vidi ng the conductive sintered conpact into two or nore conductive
waters. Thus,qeMpfais damdus & fdestied dditle nesfcraryde, Frovided i Eh_hi gh
productivity while shortening the tine taken to perform nol di ng process
such polishi n 1 nidm _zi ng, t f i ad s ngﬁﬂi t
where the |%€e§a?o egg ‘i gaslglgg\é\gﬁbt‘@'n%l rag gﬁgg'pr ?:!ctal %g?'gtghgrge "ES
machi ni ng, ] [ [ ] [ be
machi ned W %#}”2%41 %frge‘gélesr} %?&A%c{&%%%wgﬁsgu%%kg?% odlﬁérre‘?l‘&'rfg?%/eﬁ‘/n
practical . Alsot acco&d{gg to the P&esgp
I's

t] b diusti th
cutting sﬁggﬁefo?r?%% wre %?%c???ca - %%§¥§2 %35 %ﬁ?ﬁ%? ?ﬁ%l§grﬁugﬁd t he
rface roughn of fers, machi ned can. he reduced to desired | evels .
Zur esul t, %J “‘?%%EW e‘g%%???a“? O‘Pé’gb%ﬁ%soe%utgh? DT S 1 ﬁl(ﬁld‘é‘gs pE’%ﬁ"%@
hor t dt I degree. Furth b tti t he, ti d
ol at i vel y49 oGP ESEDBBASY £51 o BY TR r Qi Ko ARt “HES Bori b onbTeiany Sht . it
is possible to Erevent t he sintered canpact fron1crackin$%or chi ppi n

Subst it ut etBRe&fart12ENSeed - 20008 IR A\jpP e Qd A AEEH :tli.rm}:efheﬂ%éd for

manuf acturing conductive wafers, conprising the steps of: formng a plate
of conduct $V¥eskratRr BAlEbnpabPrRAINNGCt VS stRt SAERSFEYD 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
' substrate inserting portion 51 coﬁinq into contact with the
other end face of the sintered compact 10. In the illustrated
example, this side does not have particularly high elastic-
ity. Alternatively, a member having elasticity like the sub-
strate holding portion 40 may be disposed on this side. The

sintered compact 10 is retained between the substrate holding



paral l el surfaces; slicing the plate of conductive sintered conpact along a
‘pl ané substantially parallel to the two surfaces of the plate of conductive
sintered conpact, thereby cutting and dividing the plate of conductive
sintered conpact into only two conductive wafers; and polishing each of the
two resulting wafers to have a thickness of 1.2 mmor less. 2. A nethod for
manuf acturing conductive wafers as regi-ted in claiml1, wherein the
conductive sintered conpact is sliced by wire electrical -di scharge
machining with a voltage applied between a wire for discharge and the
conductive sintered conpact while the wire i s noved agai nst the conductive
si nt er egocoipactd 3nd Athethivte fof e fersttnaiteg losedudnigv @owafiens 5as
recited in Claim2, wherein the voltage is applied as pul ses. Substitute
sheet -14.HMoventtex 2002 -i26 #he Aviethadyf af nmanef detle | pgrecoodusiiive waf ers
as recited in Caim3, wherein at | east between 1 nmm ahead of an endpoi nt

wher e t Beneenduet isadstrater Rdleonpapgdrt socoapl e el glastiefityandahbe
endpoint, a speed of the wire noving agai nst the conductive sintered

conpact ckss80y keweEst Dannae sfgedi &f ddie Wiee sTRcke Al tt A8 .conduct i ve
sintered conpact at a start point where the conductive sirntered conpact

starts bei ngogut ragic AdTeidiach 0T i fBNEAC N £aduehbyg g@fe%ings .

recited in claim1, wherein the plate of conductive sintered conpact is

made of p%r%(?.@qgcqé’eand 57 for preventing 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 Fiqure 4, the top member
of the second pressing portion 57 is formed on the left-hand
side of the associated sintered 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 portion 57
is 1illustrated. However, 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 1is to say, the second pressing portion 57
is moved and fixed 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 56 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 manner



ceram c containing alumna, titaniumand carbon. 6. A nethod for
‘manufacturing thin-plate sintered conpacts, conprising the steps of:
formng a plate of conductive sintered conpact with a Vickers hardness of
2,000 or nore by sintering a source material; slicing the plate of
conductive sintered conpact by wire electrical-di scharge machi ni ng, thereby
forming only two thin-plate sintered&enpacts thinner than the conductive
sintered conpact; and polishing each of the two resulting wafers to have a
t hi ckness of 1.2 nmor |ess. Substitute sheet - 14 Novenmber 2002 -27 7. A

met hod for mapufacturing thin-plate sintered copgpacts, conprising the steps
of : forh®™y & gFaF§%8kLgFﬂtgPe%hé5nﬁ PARPERT 4 %Béﬁeﬁ§ Hﬁggﬁ%%; g?yz,ooo gr

nore by sintering a source material; slicin? the plate of sintered conpact,
therebys$b§%?h% E@ﬂ%;qupqqﬂqﬂﬁgpapéy be employed 1in accordance with

the shape and size of the sintered compact 10.

The rack 50 holding one or more sintered compacts 10 1is
set in an electrical-discharge wire cutting machine such as
that shown in Figure 2, thereby performing the slicing proc-
ess step in the above-described manner. A voltage is sup-
plied from the power supply 28 oﬁ the electrical-discharge
wire cutting machine to the sintered éompact 10 via intercon-
nection lines and the substrate holding portion 40. For exam-
ple, while current of 300 to 400 amperes is supplied to
between the wire 22 and the sintered compact 10 with a pulse
width of 1 to 2 microseconds (while power of about 170 W is
supplied), the sintered compact 10 has a positive potential
with respect to the wire 22. If a plurality of sintered com-
pacts 10 are sliced simultaneously by moving a plurality of
wires at the same time, the manufacturing efficiency of the
wafers is considerably increased.

Mext, a "crown” used for evaluating the degree of "warp”
will be defined. First, Figures"SA through 5C will be
referred to. Each of the reference signs Cl through C5 shown
in Figures 5A through 5C represents the “crown” of a particu-
lar surface. In this specification, a “crown” means a dis-
tance between the top of a convex portion (or the bottom

point of a concave portion) of a particular surface and a



sintered conpacts thinner than the sintered conpact; and polishing each of
the two resulting wafers to have a thickness of 1.2 nmor less. 8. A nethod
for manufacturing ceram c substrates for a thin-filmmagnetic head,
conprising the steps of: formng a plate of conductive sintered conpact
having two substantially parallel surfaces by sintering and polishing a
source nmaterial; slicing the plate -ot7econductive sintered conpact along a
pl ane substantially parallel to the two surfaces of the conductive sintered
conpact, thereby cutting and dividing the plate of conductive sintered
conpact into only two ceram c substrates for a thin-filmmagnetic head; and
pol i shi neekerdncd plangawo Pheul refrreatamlamibsis akesein Hafénadt Asckness
of 1.2 mmor less. 9. A nmethod for manufacturing ceram c substrates for a

t hi n-filan phaymet { tndecated Wectiedrokad alingy WwneFegaresnsaaktdrpabhshi ng
step, the substrate is polished to | ose no greater than 0.7mm Substitute
sheet - sy Nevesthiesh 200%articular surface” would be “located” if the

surface were not warped.

Figure 5A schematically illustrates the crown Cl of a
machined surface 104 of a wafer l0a sliced off. Figure 5B il-
lustrates the crowns C2 and C3 of surfaces 106 and 108 of a
thin sintered compact 10’'. And Figure 5C illustrates the
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. 1In 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 10a varies with the cutting speed. As can be under-
stood from Figure 6, the higher the cutting speed (i.e., the
slicing speed) is, the larger the crown is. The reason is
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 lincreased,
it becomes increasingly difficult to remove the debris

smoothly, thereby possibly generating unnecessary discharge



_28_10. A nethod for machining conductive wafers, conprising the steps of:
'setti'ng a plate of conductive sintered conpact into an el ectrical-di scharge
wire cutting nmachine; and cutting and dividing the plate of conductive
sintered conpact into only two conductive wafers by slicing the conductive
sintered conpact with a voltage applied between a wire of the

el ectrical -di scharge wire cutting madhine and the plate of conductive
sintered conpact while the wire is noved agai nst the plate of conductive
sintered conpact each said conductive wafer having a crown of 50pm or |ess
and a th ckness .S O half or | ess of the thickness of the conductive
si ntered EBﬁﬁﬁet T1WLﬁen3§h8&df&%em&ﬂﬁﬁﬂrm)%%nﬁ%%t?%%th%$e?ge%§ t&cited
in Caim10, characterized in that in the step of cutting and dividing the
conduct i 83 hrekedhdghpadhe dREHRThcBUEEAERe DdGnd%eER va s5IARE edS conpact

is pressed against a holding nenber with elasticity in a direction parallel
to a nnvphgtdshgyp|gn diigue WA e which a convex portion is formed

CAC2LAY, A DA A% AYND AL N@ A AY®D. AYSH AL9. A L ALL9. Alh, A LA . Aa. A& A
CACA A9, Af. ngeAceANenjﬁégiﬁﬁcﬁhdﬁddﬂ’\ If such a wafer 10a is used as

"|mwnhcAY]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] caU|snsidtadlecatheald cablinaftxa 'mddnedidk hkad, the crown C1
thereof immediately after slicing is preferably 50 4 m or
less. This is because if the crown Cl exceeds 504m, 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
mm*/min or less that the crown of the sliced surface is 50um
or less. Accordingly, the cutting speed 1is 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 performed for as
short a time as possible, the surface roughness is preferably
30 #um 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 to 24s
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end face 100 of the sintered compact at a cutting speed higher
than 130 mm'/min, the end face 100 possibly cracks or chips.
In order to prevent the sintered compact 10 from cracking or
chipping, the cutting speed may be set at less than 130
mm?/min on all tae stages shown in Fiqures 3A to 3D. However,
in such a case, the processing time required for slicing ad-
versely becomes too long. Thus, it is more efficient to set
the cutting speed relatively high (e.g., about 240 mm'/min)

until the wire 22 reaches a point 1 to 2 mm ahead of the end
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face 100, for example, and then reduée the speed to less than
130 mm’/min after the wire 22 has reached the point. The ma-
chine may be programmed such that the cutting speed is auto-
matically switched in accordance with the mavement distance of
the wire 22, i.e., the length of the wire drawn out. Changing
the cutting speed on at least two stages in this manner is
particularly advantageous where the material to be sliced has
a high hardness (e.g., where a sintered compact having a Vick~
ers hardness of 2,000 or more is sliced). This is because the
higher the hardness of a material to be sliced is, the more
easily the sintered coméact 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 compact having a thickness of
2.0 mm and then obtaining a wafer having a thickness of 1.2 mm
by polishing in accordance with a conventional method. The
time required for slicing is at most 30 to 40 minutes. In this
embodiment, two wafers are efficiently cut off from a single
sintered compact. Accordingly, the material is not wasted too
much, and the present invention can contribute to more effec-
tive utilization of natural resources.

In this embodiment, two wafers are cut off from a single
sintered compact by using a single wire. Alternatively, 1if

the number of wires is set at n (where nZ2), a number (n+1)
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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. Nevertheless, 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 sintered

compact, the sintering method should be improved. Further-

more, even if slicing is repeatedly performed on the same sin-

tered compact several times by using a single wire, three 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. Also, 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 succeed 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 cutting 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 yield. 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 head with high economical efficiency in order to
cope with the forthcoming increase in storage capacity and to
improve the productivity. Accordingly, the present invention
has very broad industrial applicability.

In the foregoing, the present invention 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 magnet is now used in a
great many 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 is very effectively applicable to broad fields in-
cluding the field of sintered magnets.

It is noted that slicing may be performed by any other

method than the wire EDM. For example, a sintered compact
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may be sliced by utilizing a wire saw technique 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 dqes not have to have con-
ductivity. Herein, *"having conductivity” means having elec-
trical resistivity 0 low enough 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 shape 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,
either. If a sintered compact having a thickness of about 2
to about 3 mm can be formed 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 flat plate. For example, even if a sin-
tered compact is a mass in the shape of an ingot, wafers (or
substrates) having a required 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 embodiment where
the sintered compact is sliced by wire electrical-discharge
machining, in particular, even a highly hard ceramic material
can be machined with high 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 been 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 compact

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 3,
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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7. A method for manufacturing thin-plate sintered compacts, comprising

the steps of:

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 substrates 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 wafers, 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.



