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;e3el\6Tljy~~L '~ *16616G METHOD FOR MANUFACTURI NG CONDUCTI VE WAFERS,
WETHCD FOR MANUFACTURI NG THI N- PLATE SI NTERED COVPACTS, METHOD FOR
MANUFACTURI NG CERAM C SUBSTRATES FOR THI N- FI LM MAGNETI C HEAD, A

FOR MACHI NI NG CONDUCTI VE WAFERS BACK ND OF THE | N\/E H\ﬁﬁ ‘E/Eent
invention relates to respective nethdéds™for nanufactur

wafers, thin-plate sintered compacts and ceram c substratesmﬁwr athin-film
nagnetic head and to a 5 nethod for nachining conductive waf ers. I n recent

years, a thin-filmmagnetic head has or._varijous types of
magnet i ¢ recordlﬁﬁgﬁ% c%%“s%ﬁypgécgpﬁéyﬁ 8P§P“&PFV§ (B5BRSand a f1 oppy
di sk drive DD) for a conputer. As a thin-filmmagnetic head has been

downsi zed, ?ﬂﬁpt?@%kMk%%F%¢T%R%H$eTHIHSEEA5§ & INFERED COMBYC T uch a
head, has also been reduced. Since a substrate for a nagnetic head is

requi red to have METHRODaFORc4BNURACNUBONGOCERAMICr SURSTIRATES A120,-Ti, SiC
and Zro2 ceramcs are currently used therefor. For exanple, an ALTIC wafer,

wi dely used currently FopragmneaMm uanstratgeiw) sawpagnetic head, is
manuf actured by sintering a powder green conpact of raw materials such as

al umna (A10,) and Méﬁ?ﬂdﬂﬁcﬁ@m&m{ﬂ&)muﬁcﬂﬁ GMRERS having a

t hi ckness of about 1.2 mmis practically used today as a substrate for a
magneti c head. In order to realize nag*cooool * Y -2 netic recording with
even higher density, however, the devel opnent of an even thinner and
further planarized ceram ¢ sub strate is awaited A sintering process is

i ndi spensabl e for nanufacFﬁFFﬁﬁOHNg BErQHFcI§EE§&H%P% However, in

accordance with currently avail abl e techni ques, a sintered ceramc

substrate is BREeRIGERBENEAVEATION RAIRLES dUPi KESPRE tdvift SatiPds ofess.
One of

manufacturing conductive wafers, thin-plate sintered compacts
and ceramic substrates for a thin-film magnetic head and to a

5 method for machining conductive wafers.
In recent years, a thin-film magnetic head has been used
for various 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,
10 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 Zr0O, ceramics are currently used
therefor. For example, an ALTIC wafer, widely used currently
15 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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the main reasons is the non-uniformtenperature distribution of the
Sintered conpact during the sintering process. It is to now known that the
t hi nner the thickness of a ceramic sub strate to be formed is (e.g., if the
thickness is equal to or snmaller than mm), the nore warped the substrate
is likely to get. Conventionally, suCh a "warp" has been elimnated by

pl anarizing the surface of a substrate through polishing. 15 A sintered
conpact used as a substrate for a thin-filmmagnetic head has extrenely
hi gh hardpness (the Vickers .hard ness .thereof is. .2, 000 or nore).
According?e,lFtngQ§nggv¥%§%l8H§nt%&gﬁﬁf|§éQ%ﬁF%ﬂéhP¥F%ﬁﬂte%%% dehphct .
For exanple, sonetines it takes several tens of hours to reduce the thick
20 ness ofPHEPFaPE &PnE¥edd LdMPedt FMbriUrHhft PLAMATHESY PRFamiShFg-it.
On the other hand, the thinner a sintered conpact is, the less rigid and
the nore 9brpbd theawpateded conpact gets. Thus, if an even thinner ceramic
substrate is required in the near future, the conventional nethod for
form ng a ce 2B samterinkspracess lis tialdd syeresuts T uo amamt fadttr irgta per
L -3 formvarious post-sintering processes |like polishing. Ac cordingly, it

i s expgctgdrhhatc t Babpeodueli viibwevet| digsticegldindecreack | BupHEAt By
case. In other words, this problemconstitutes a great obstacle to further

i ncreasi ng,Lhe  pnQ F«imiic}désv, of ihRiedeld | PRGNSt sGrleadeel t1d SoRRER
' blemi1s®not unique to a ceramc substrate for a

that the "warp”™ pro

thin-film ti.c head, 0sSi . happens _duyrl t 0 ion of any

t hi n- pl at ggglg% eerdéd c%(rjﬁ’pg%:%ré)enébe%tl‘agﬁ{ag ?’ﬁgrg g\rtee%f\riepagnoo{/%%és@r‘?bgg
probl ens I% (t hat i%ﬁﬁgolishin? for elimnnating such a warp,takes, a | ot of
time and CAEr 845Es TFR° MutactBfi RGNcESLE O LAt e r 4eSHFLHY LRBt hod
for manufacturing a sintered conpact in volving a sintering process (e. g.,
a nmethod Pér thehuF HtierehCANRA At eABELREgHEL) S LN eSUNMARL TR STHE | RVENSI ON

In view of these problens, the present invention was
100 now known that the thinner the thickness of a ceramic sub-

strate to be formed is (e.g., 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.

15 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). Accordingly, it takes a very
long time to polish such a sintered compact. For example,
sometimes it takes several tens of hours té reduce the thick-

20 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-

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



made to provide respective nethods for manufacturing conduc tine waters,
thin-plate sintered conpacts and ceram c sub 20 strates for a thin-film
magneti ¢ head, and a method for machi ning conductive wafers, with a | ong
polishing time, con ventionally requiyed for elimnating a "warp"”,
shortened by reducing the "warp" of "@Sintered conpact. A nethod for
manuf acturing thin-plate sintered conpacts 25 according to the present

i nvention includes the steps of: -4 formng a conductive sintered
conpact a -Lgmi a Lbick: - t t : I gibleg.,
degr ee; gﬁ sﬁ&gﬁhg hggggngﬁggggéggiﬁgﬁ}e cd%pgg?% t %?%%ﬁgé%ftingcand

di viding_the.conduct.ive sintered conpact_into at, | east. two waters. 5. A
Tt hod T6PERARGRECT Uri i COTRRTCE T e VAT oF BoaBErtEg i Nt bt cabdzoir
invention includes the sfeps of: form ng a conductive sintered conpact
havi ng t G8Ld¥r ARFLATRt 1 2r BUShb3sCARS -al 1y PRPEF| ¥PTES reddh-Dt PEPD L @Rd

slicing the conductive sintered conpact along at | east one plane

subst ant Fanisy iFartes) &l geeatoobRsarwe $or fhcether dheressdud itvhe spnoered
conpact, thereby cutting and dividing the conductive sintered conpact into
at | east dues iedruatf \ee thafrerts. leidgiast inetieed f or manufacturing thin-plate
sintered conpacts according to the present invention includes the |5 steps

of : formng amondiché¥edstiher @deCoORRAY" ovdpler YeChers draidglnesso oh
2,000 or nore by sintering raw nmaterial powder; and slicing the conductive

sintered COIMAL dibalida® £1reGt i Gl il Sahenae (BCHE Maga 1 BeteBYsEebmyng at

| east two thin-plate sintered conpacts, each said thin-pfate sintered” 2U
., conpact i 4%] S 1 hap .t f.. it he ug: £ [ red
compact . aHAhE AiHE T ERR CEBRE I BRB £ AR N iR EATE 1Ak KRS L
conpacts according to the present Jnvention inc¢ludes the.steps of: . formng
a si nter@c?cg:onﬂﬁ}:t %rﬁg“a %?‘85 5 h&?‘&neggo&e' FﬁGIS%F%erPEOWGmS
sintering a raw naterial powder; L .

10 (that is, polishing for eliminating such a warp takes a lot
of time and increases the manufacturing cdst) are generally
true of any method for manufacturing a sintered compact in-

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

a sintered magnet).

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-
20 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”, shortened by
reducing the “warp” of a sintered compact.
A method for manufacturing thin-plate sintered compacts

25 according to the present invention includes the steps of:



r -5 and slicing the sintered conpact, thereby formng at |east two
thin-plate sintered conpacts, each said thin-plate sin tered conpact having
a thickness smaller than that of the sintered conpact. 5 A nethod for

manuf acturing ceram c substrates for a,thin-filmmgnetic head according to
t he present invention includes the steps of: form ng a conductive sintered
conpact having two surfaces that are substantially parallel to each other
by sintering raw material powder and polishing a re IU sulting sintered

conpact; and slicing th anductive sintered c act, al ong at | east. gne
pl ane sué&%ﬂ&?%lFy%ﬁﬁégqﬁﬁvq(fﬁqﬁsﬁ EHWPQEgg%@fQQ¥9CgHEECPi G4t er ed
conpact, thereby cutting and dividing the conductive sintered conpact into
ate | eastN¥%D Ber &Fi CAARF aVREPT 6P & tANL¥9ivdengnsrreihéad. 315 nget hod
for machining conductive wafers according to the present invention includes
t he stepstht:cerduchive sontduedi vemphrater ddecehyacntitiing @and dividing
el ectrical -discharge wire cutting nachine; and cutting and dividing the

conduct i vehesiconh@nedivenpanteratiocamphuralinty aft deaductiwee wiefesss. by
slicing 20 the conductive sintered conpact with the application of a

vol tage between meMHR Ofof hRaBuEaktuEahydi SEHRLGELVE I QaFdrst | AedBEde
and the conductive sintered conpact while one of the wire and the

conduct i e, Si-pt.er act.. d; i o] h (s [
conduct | V2 aiher! PECSEREAHUSn TP L AOSUARE |cHe OLRBbs |1 B8Lling 21
one hal f . h gk f -6.0f the conductive .sintered
compact | PR BB B By SRR apANF R ot SRS ity S [ -
illustratin i rocess.steps 5 for nuf act uy i ceram,c substrates.
Figure 2 TETRE LaRaNaPAE At bRl an BAE PR ST I (9IS 11, GRS D7 an
el ectrical ;di scharge wire cutting machine preferably used for a slicing
process st&PCPReENECBRISH PrRnDfat hkepFbsaRe PARESRt Sorpstantially par-

10 allel to the two surfaces of the conductive sintered compact,
thereby cutting and dividing the conductive sintered compact
into at least two conductive wafers.

Another method for manufacturing thin-plate sintered
compacts according to the present invention includes the

15 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

20 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

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



| U Figure 3A through 3D are schematic cross-sectional views of a conductive
sintered conpact and a wre taken on a plane vertical to the wire far
illustrating a cutting (slicing) process step in nore detail. Figure 4 is a
pl an view showing the top surface of ap |5 exenplary rack used for hol ding
a sintered conpact. Figure 5A is a cross-sectional view showing a crown Cl
of the machi ned surfaces of wafers sliced off; Figure 5B is a
cross-sectional view showi ng crowns C2 and C3 of a thin sintered conpact

10'; an Ehqure 5C.Ji s a.craoss-sectional view show Cr owns and C5 of
anot herdalrﬁl ns%iq‘#tlglrgeglbé%nﬁé&tef&d. FRAZ 6 i85 CHYa W ngtt Skt
dependence of _a "crown" of a cut (or machined) surface of a sliced wafer on
a cutting"IpEBan-pPHageyfidtrred .COPRARtEnoGAT tTR1IYeSBABeRLE ST SHE rough
z _ 7 ness of a cut (or machined) surface of a sliced wafer on a cutting
speed. DESCHR PFRORAGE THEY PREFERREDLENBER: VEITRS 1321 f thagi mihdtedoforidit i s
formed by a conventional sin tering process (e.g., hot pressing) to have a
t hi cknessinmfePedntomphess, for exanple, the sintered conpact is "warped" be
cause of various factors. The present invention is character ized by

formang a rel At invetod hifde SmanRIRERAMARFt i@ 18updehadethi skpess (e.
g., nore than 2 nmm) as to cause a "warp" to a negligible degree and then

slicing Si r éﬁgg¥gn LRAL0 : t r i n :
enbodi n1sttfll{?§r(l)fftE Ig g(%esent |n\l}sﬁ?i o%cvéﬁﬁtge \C%gs\c@{l%e r\‘/a\n!g?h%re e‘{ﬁ%%&?o t he

aCCOWa”Xﬁ@%@é%“‘EﬁSSFTt:e sFidALs c?arcnvex’igt‘log EB'}ldg?’E‘i‘?z%Cts;i{]r{t’?e%e%Fr%R;?an%nti on

substrates n m magne ead according to the prese

ill be d i bed with ref to Fi 1th h_3D. ,Fi 1 i
1 ow chabtVEIBUSHPAIT G ST prokeod s LIRS TR hEhbY aBRBAHG todrarfact

substrates., In this enbodinent, 20 first, raw material powder of alum na,
titani unPEBEBi Y apintering raw material powder and polishing a re-

(0 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 sintered compact into at
least two ceramic substrates for a thin-film magnetic head.

15 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

20 the conductive sintered compact with the application of a
voltage between a wire of the elecﬁrical-discharge 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 S04um or

(A7)
w

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



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 thickness of about 4 mm a length of about 100 mm
and a width of about 100 25 mm In thig enbodi nent, alum na contained in
the resulting r sintered conpact i's”about 70% by wei ght and titani um
carbide contained in the sintered conpact is about 30% by weight. The
sintered conpact may contain any ot her conponent such as MO The Vi ckers
har dness of the resulting sintered conpact is in 5 the range from about
2,400 t 8Tabl§t COMSHSELVE S&SGFﬁﬁﬂcﬁowggﬁta conventional manufacturing

nmet hod, polishing (e. g., mrror polishing) is subsequently perforned for a
long tine to elim nate a "warp"” fromthe sintered conpact. In this

enbodi ment, however, since the sintered conpact has a relatively large to

t hi ckness of about 4 MRIENDESCREPEIONUDEt THUEeDRAWINGGh ri gidity and is
hardly "warped”. The process of form ng a con ductive sintered conpact out
of alum na armidutani uis carbiste dyastnitlusgrasifdgsnaihegdropedet aitlepsn
Japanese Publication for Qpposition No. 61-50906, for exanple. This process

itsels I& 4 spaifAeRdihd GepoRYENtinOalaf@ANer. The surfaces of the
conductive sintered conpact are pre processed by polishing these surfaces

for 2 short nejyonob e, LanofERURl &otelaalion 2 31 LCLRGCARICESS ot eP

S4 for cutting divi e SI nt ér éd *comnpac nto TWO wWarers |

perfornmed. In this_ enpbodinent, since .the wqrkpiece.is made.of a .

P Ghe hart RS BT S EORading Moo hMIGA VI CHAtES CH S B R el PSR by
el ectrical -di scharge nmachi ning (EDM technique. The two wafers, sliced off
froma RFRfFerabhyeretdcdrpact s hREPEEThi TkARssNoPNEHGTPCR PSR t o
about 1.8 nm for ex 35 anple. Each of these wafers is subjected to a

pol i shi ref ptloe preésegt é&B¥estdpns5 such as mirror polishing using di anond
slurry (av
10 Figure 3A through 3D are schematic cross-sectional views
of a conductive sintered compact and a wire taken on a plane
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 C3 of a thin sintered compact 10’; and
20 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.

o
W

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



erage grain dianmeter: about lu m, thereby ultimately form ng a wafer
thavi ng a thickness of about 1.2 mm (surface roughness Ra: 200 nmor |ess).
In polishing a sintered conpact having a 5 thickness of 2 mMmin a

conventi onal manner to have the thick ness reduced to 1.2 mm the wafer
should I ose 0.8 nm by the poIishing.'é@‘contrast, in this enbodi nent, the

t hi ckness of the wafer to be |ost by polishing nmay be 0.7 mmor |ess.
Subsequently, the water obtained in this manner is sub 10 jected to an

addi tional process_step if necessary:; marking by the use of a |aser device;
form ng aﬂegﬁs& tf nﬁugoa{tqrnd“élffplt'}%d )su?‘f”ééégﬁf %fhed wﬁié?eﬂy 4 R%nd; or
the like. Figure 2 is a schematic representation illustrating an
arrangenefittfanga$p&@skt ri cal - di scharge wire cutting machine t5 20
preferably used for slicing in this enbodinent. The ma chine 20 shown in
Figure 2 is constructed such that corona discharge is generated between a
rect angul ar conductive sin tered conpact 10 and a novi ng conductive wre
(diameter: about O .pEsoRrProoRbopt TAE3PREFERREDf eMBOIMEINTS22 by appl yi ng
20 a high voltage as pulses. As a result of this electrical discharge, the

cutting (slicing) HresaesralCRohaRrOGRLIPotedUBY. & BIMIREnE aPastng!

the conductive sintered conpact 'O, .in the proximty of the wre 2

cut off. Eigyr &Qgﬂ%;a ositi I Lonshi_p wee h i 2 nd

t he sinte?ggqfé %bnpac 169fi'th@gﬁiaégég%b8ﬁe3894%¥:i%mxﬁlﬁﬁﬁé%%mﬂgrﬁlike
r - 10 debris (i..e., swarf cyt off fraomthe conductive, sintered coppact
10 as a r BEUPE dFFHe f‘é\éarsmg‘,e'i §'hrea[§ild\tfrﬁfgl‘fé91“3%c‘7va+% a*AbRed| sBfar ge
region by water current ejected along the wire 22 so as not to cause
unnecessaf{idies Hfarfe 1ot RAQrs dhe atesent otiwenbienuss Eharaater-
supplied froma tank 27 via a punp (not shown), is ejected fromthe
vicinity dfzesl WY e fieaidingg aemedatizely Tha icundadnieeedi mammartohpadnglo
is subjected to wire EDM whil e being soaked in water having a re latively

hi gh pwri tsychhavi tigicknesecteigal mesesthwnt 2 mmof € adooauddSa~2warem or
nore ) . However, the water, ejected fromthe vicinity of the wire hol ding

nenber 24ao camé@riyipleecteyrak WaHEkhew reNtcidy tige VEchBkk¥dokopact
machi ned part of the conductive sintered conpact 10. The wire 22 is

pref erabl ¥ qrfle 10f1 dyASwol REa pléFEL 22 1S

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 according to the present invention
will be described with reference té Figures 1 through 3D.
Figure 1 is a flow chart illustrating main process steps
for manufacturing ceramic substrates. Iﬁ this embodiment,
200 first, raw material powder of alumina, titanium carbide and
the like is prepared in Step S1. 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 mm and a width of about 100

25  mm. In this embodiment, alumina contained in the resulting



15 worn away owing to the discharge as the tinme el apses. Thus, the wire 22
is held by wire holding nenbers 24a and 24b whil e being drawn out of a
first rotating reel 26a and wound in a second rotating reel 26b. Since a
certain degree of tension is applied to the wire 22, the wire 22 is used as
a substan 20 tially straightened |ine 8However, a certain bend of the wire
22 is inevitable. The wire hol di ng nenbers 24a and 24b are secured to an
arm (not shown) of the nmachine 20. The arm together with the hol ding

menbers 24 n 4 n he wire 22, 1s noved.horizontally in the_direction
i ndi cat edsgrﬁe?ﬁggzgogpgg\%v AS(i3Reut ltﬁsjt]P-‘r' n&eélg?‘gl iaﬁigth??'é’cw oﬁ?r}%g%
driving T -11 chani sm suych as_a notor (not shomn%. In this machi ne 20,
the wire 99nERA0EAs18; CHeCBARERRED vEPBRATY Hfat PRt t AR wBY kWBigkE- (i The,
the sintered conpact 10) fixed at a position. Alternatively, the wire 22
may be fiséatared FOBPAFSNMANd Comsagnwankpiodde rmBpmponaiedsudheasogdct i ve
sintered conpact 10 is housed in a rack to be described in detail later and
hel d and TheuNadkieysa sudutasast eo hote ngepoiting 4QAnaerehe caagdactNeid |, ithe
wire EDMwi |l be described in detail with ref erence to Figures 3A through

3D. Fi gur eRe3pahleougidhn3@Arauite J WomatdLAHaushoyedde of 086c6£84hO8SwRENT he
t hi n-pl ate conductive sintered conpact 10 and the wire 22 taken on the

pl ane. per gedil Al il MRa i £ A2 1] | ALenad, SBEM LG QU & 3A ni beg re

22 is disposed in the vicinity of on€ en ace Ve sintered

I A _Ri ' lied b i nj ly 28

(see Fi gupnileds FRESEIEhSLPoRE: FRamtanalE: 7\ o8 P B B0 RmBet - 1o

t her eby gen%ratin el e tgical gischar e i.n a space hetween the wire 22 and
|

; ¢ :
the conduBfife &intdrRd t6RPat elﬁ?“ﬂgrﬁdréﬁmﬂ?QH‘tﬂb B e hsPgRdLiPRBEE
center portion 20 of the end face of the conductive sintered conpact 10 is
cut of f t8OWEVRra |FHE §h6ovelntersd eAEMAACHI IRF t Re MRk elnslakgevire
22 moves |leftward as indicated by the arrow A, the depth (neasured in the
di r ectlibontihagkagsed dfy abhnutars ommA itheFisgmterds) sofbsimaty ooye h2gh ri-
i ncreases. Consequently, as shown
gidity and is hardly “warped”. The process of forming a con-
ductive sintered compact out of alumina and titanium carbide
by sintering is described in detail in Japanese Publication
for Opposition No. 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 S4 for
cutting and dividing ‘the sintered compact into two wafers is
20 performed. In this embodiment, since the workpiece 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 compact,

each have a thickness of about 1.6 mm to about 1.8 mm, for ex-

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



25 in Figure 3H, a deep slit is soon forned in the sintered com - 12 pact
10. The wire 22 goes toward the other end face 100 |locat ed on the left of
Figure 3H in such a nmanner 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 mmahead of 5 the end) as showh¥in Figure 3C. And then the wire 22
completely divides the sintered conpact 10 into two parts (wa fens) 10a
and 10b as shown in Figure 3D. In this manner, the two wafers 10a and 10b

are cut off (slic off) fromthe sin gle sintered conpac 0. At this
poi nt i F3 ek K t%‘i%’in%%é“ﬁf%? NG HEE LR Cgﬂr%‘P%ﬁ‘%/i Waf@Vs 10a

and 10b is about 1.8 mm As can be understood easily, the thicknesses of
the wa fegRgeloarahd doamaker vaababtelwi mh .t Fdhangbyk nddsimsftaltye &1mitng ed
conpact 10 and the dianeter of the wire 22 that are used for slicing.

Accor di riglwafepohauirgsa shibkhessngfaabbiutkieds mib (furfirme HoWghnasso
about 1.4 mm may be sliced off froma sin tered conpact having a thickness
of aboutra: MO | mmtdir Sleswpdi NENtpol 1¥h Siditereth carghctorfhdts havidye sSshape
of a plate and has two surfaces (nmain surfaces) 102 that are substantially

par ald el foigaeds ob hep . nhhenEDMcbaivéatRenbar maGnRY: MViNe d thaM A on a
pl ane that is defined by an approxi mate centerline between these two

surfacesydd? E‘BEquédSLEBStaQ; irtﬁ# YeRAr ghlel P Bisd NESE RN IRCESH 02

Since the surfaces fornmed b IS moving wre 22 are substan tially

par al | el . Wo rf 2 of sinter . che of
t he resﬁ%fﬁ%ﬁ%\}\%' vva? rscgﬁgga%gd i'Bthﬁg'g ﬁb%rﬁ%e%%?sﬁs%)ﬁ]i%ﬁey&ﬁm orm
thickness. Alternatively, if the wire 22 and the siytered onpact 10 are
di sposedtt%%c‘ﬁafﬁﬁtt?h estriaks 1 0§ Bk B 1% 230 SiSSgit 1y i ncl i ned
to the two surfaces 102 of the sintered conpact 10, each of the wa 5 fens
may have the £RPERABSBELNer 6B Wadiedd ahtainedii +octhdf MAGINE&t f bSHRhe
arrow A. Furthernmore, if the wire 22 is

I00 jected to an additional process step if necessary: marking by

the use of a laser devi;e; forming an insulating coating on
the surface of the wafer by sputtering; or the like.

Figure 2 1is a schematic représentation illustrating an
arrangement for an electrical-discharge wire cutting machine
20 preferably used for slicing in this embodiment. The ma-
chine 20 shown in Figure 2 is constructed such that corona
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®d, for example) 22 by applying
20 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,
in the proximity of the wire 22, is cut off. Figure 2 shows a

positional relationship between the wire 22 and the sintered
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compact 10 in the middle of being machined. The powder-like



noved on a plane closer to either one of the two main sur faces 102 of the
Sintered conpact 10, not on the plane sub stantially on the centerline

bet ween these two surfaces 102, |U tw waters having nutually different

t hi cknesses may be fornmed sinultaneou . For exanple, it is possible to
cut off a wafer having a thickness of 08 nmmand a wafer having a thickness
of 1.2 mmfroma flat-plate sintered conpact having a thickness of about
3.5 mm IS Hereinafter, a rack, in which sintered conpacts are in serted

and held g t.he E j b esct i bed. Fi e il at h
construc??%%i%f(é”gﬁdﬁm%ﬁ¥%§tﬂ ?Hqtﬁféteggﬁ%biﬁgétF%Pﬁﬁg%ﬁé%k %gnéﬁg?%des a
pIuraIit%Oof subfﬁrate in sertin ortions 51, arranged,ip the direction

i ndi cat e?°BE2%H 19282 ohFBE R & gthe ALSFRRATHRuUsT gt ARt hol BRRged to-
plurality of sintered conpacts (substrates) |0 sinultaneously. Each of the
si nt er edw@b@pachan4dischanger regiomtly avabesocuarent rejetved ahengobheur of
which is represented by a broken line in Figure 4. Each of the inserted

si nt er edwipapad2t sol@ds sndts o essesebynaacassaciyatiddchalrger.at ertho| Watgr
portion 40 in the - 14 direction parallel to the arrow C and fi xed and

hel d 5n phacent Eash rouhedr derdv@leditie peatéepp 4Qppased! agbmCid Yoamd2y
therefore can press the sintered conpact .10 in the direction parallel to

the mai nyshrhag8fpO{ nbhesRbPh !l eds CONRAELa 1PrOm (£n€. vit DRitPNGEt Hdi,pak
direction theréof) with appropriate pressure, thereby preventing the

b
sintered t acki o] [,RRL 0g. ‘ S ol,g4y n
portion HggggﬁglS%%gﬁ%ﬁgi%%hbefgﬂia%8§PEE?ﬁggtﬁgﬁl|5% ar%éﬂég?e fg! g?re
qui red gap, (e..g. gap_having a.w di h, of about 1. [s_ t rovi ded

ot ween ehRdgefsd RenRlre hRRuRile “brutt Fa%Kaa caf Nabde: RaBigH' fheegap
during slicing. A hole portion 52 sur rounded by these two nenbers of the
subst r at €3RéVBLHg hd@Mt iRIT Y coRaebponds destilised wirglsthelty re 22fis
di sposed at the start of slicing. The hole portion 52 runs through the 15
substipat ebhokdil®j gortémnoz0morehe dioeeveon peepediecul aejectedefpaper
sheet of Figure 4 so as to house the wire 22 therein. Another hole portion
54 is fothedvaciaipgsiotfi dthe wire holding member 24a, can form torren-

tial water current in the vicinity of the machined part of the
conductive sintered compact 10.

The wire 22 is preferably made of brass. The wire 22 is

I5 worn away owing to the discharge as the time elapses. Thus,

the wire 22 is held by wire holding members 24a and 24b while

being drawn out of a first rotating reel 26a and wound in a

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

is applied to the wire 22, the wire 22 is used as a substan-

20 tially straightened line. However, a certain bend of the wire

22 is inevitable. 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, 1is moved horizontally in the direction indicated by the

[
W

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



where the noving wire 22 stops when slicing is finished. The hole portion
54 is" formed in the vicinity of one side of the 20 substrate inserting
portion S1 coming into contact wwth the other end face of the sintered
conpact 10. In the illustrated exarrpl_el,1 this side does not have
particularly high elastic ity. Alternatively, a nmenber having elasticity
like the sub strate hol ding portion 40 nay be disposed on this side. The 25
sintered conpact 10 is retained between the substrate hol ding - 15
portion 40 and .the side of the ubst{ate iaser%ing ortﬁon 51 (i.e. 0the
side in MRENASH (SHOF £Re *hdO%F Portidh APV ned ™t he 5Rib8EFAER%hE0di ng
portion 40 has elasticity, unne cessary stress is not applied onto the

si nt er ed T&&mrEEe 192 %rq%%l?aéﬁ B0 CORSHRAYt | FRIQRILY f fFaELNERd L BECHRI K-
pressing portions 56 and 57 for preventing the sintered conpact |0 from

bei ng di pglessed( i net he tdier ezintareddicoapedthyl @ hefakedw B Fhposdddodn .
pressing portion 57 includes: a top nenber nov able in the direction

i ndi cat e lnerdrhe: jarglopy H handiee nE2hesy ~bedfiixedgatha pop itdohenndAshghown
in Figure 4, the top nenber of the second pressing portion 57 is formed on
the | aft yhang sidde Wiy the Rssosi atrd sbpligredveospattrtd $@mpacko 110r %S the
sintered conpact to rightward at the center of the main sur face thereof.

In Figuredhs i A& 5800 P& e&é%ﬂiﬂ@?t @LR“dégaiﬁ h$cleld YR Aeqd: apd

However, 1 n actuality, the sane nunber of second pressing portions

that of the substrate insertin ions 51 are gisposed. By handling a
menber prsog]ceuc‘vtjéfd?]gb Bgu? %‘?bst%ﬁ%a‘? ac@%nq r%O’i])‘ols?’{i%dn ot ‘feth% 5%%%hd pressi ng
portion 57 is adjusted. That is to,say, the second pressing portion 57 ?0
is noved and fYSEY atPSuehtE BBY ‘t’ilii\‘ ke Fiieéﬁtrllg’eﬁlr éé‘sidrs?gtao‘n]e Yielith X&hT ace

of the sintered conpact 10. As a result, the sintered conpact 10 is

ret ai ned $FEVRReEQ Helgnres 3Rd theoosh pixssi Hppes t 3Bnshseughd 397 salteer eby
preventing the sintered conpact 10 from bei ng di splaced during slicing. It
i s notted 5t tdwmt1ly he sdiont er ellle compracts 10seayibeshelaf | nthay dither-mistreer

e conductive sintered compact 10 and the wire 22 taken on the
plane perpendicular to the wire 22.

First, as shown in Figure 3A, the wire 22 is disposed in
the vicinity of one end face of the conductive sintered com-
pact 10. A high voltage is applied by a machining power sup-
ply 28 (see Fiqure 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
20 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

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



than that described in this enbodinent. That is to say, any suitable
hol di hg mechani sm nay be enpl oyed in accordance with the shape and site of
the sintered conpact 10. The rack 50 hol ding one or nore sintered conpacts
|0 is 5 set in an electrical-discharge W re cutting machine such as that
shown in Figure 2, thereby performng #he slicing proc ess step in the
above-descri bed manner. A voltage is sup plied fromthe power supply 28 of
the el ectrical - discharge wire cutting nmachine to the sintered conpact 10
via intercon | tion, and t.he supstrate holdin orti For

exam pl e, ‘Wﬁlg tu rr’%n"f“&? F zfdﬁ"aa‘ﬁ‘getrl& qthey gt C?e’ga ]g&{ al't'he
wire 22 and the S|ntered conpact 10 wth a pul se w dth of 1 to 2

ni cr osecdilisPwhheel EgﬁePfoFlaﬁéﬁt3§76“mﬁP§ s@pPRNEEYF, athdSiditerddl dimact
10 has a positive potential |5 with respect to the wire 22. If a plurality
of sintergintonedacoBpact at@ shteetwsi partaneobsifprisy lomg,nghe prinealddy of
wres at the sane tine, the manufacturing efficiency of the wafers is
considerabéach@sreaeedichhxty af" ehewahdusrtd oro®val uabi g mivhe gy eef of
"warp" 20 will be defined. First, Figures 5A through 5Cwll be referred

to. Eagh pfiel BRANETRY esk&uS] GRS F%utrar a¢egh Canah@Med Ncid gyies 24 tdyeugh
SC represents the ‘crown” of a particu lar surface. In this specification,

a “crown’ f@é‘é‘fyOg‘igidéén%ebeém%d‘eeéﬁﬁa% 3 o€ OV QQE“ an&O;(nH'-e

bott om 25" poi nt concave portion particular sur - 17
reference "r gnce Iane" S herer def e
(indicateglgf)g151 Sﬁe B? SSSP wﬁiéurgéggﬁ th?bug# 2?1 @éﬁ%égl the
"particul ar surface woul d be "l ocated" if the surface not_war
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of a wafer_10a sliced off. Figure 5B il lustrates the crowns C2 and C3 of
surfaces §b8 éhﬂtﬁQSdoﬁoﬁpﬁﬁtnlgint%te@hE%nB%e@tlgﬂ.tﬁm%rFF@%réh5€$ness
illustrates the crowmns C4 and C5 of surfaces 110 and 112 of another thin
sin 100t ep€desohpaft the" cutieapdndividedivafers beadasdri®edisi abounef kr&nce
to Fig ure 6 how a cutting speed during EDM affects the surface ma chi ned
by the EDMn.|n Adicaenbedungststoéde éasilyngtrhpeadiidkhedafdsnest asha wa-

cross-sectional area of a sintered conpact

fers 10a and 10b are variable with the thickness of the sin-
tered compact 10 and the diameter of the wire 22 that are used
for slicing. Accordingly, two wafers, each having a thickness
of about 1.2 mm to about 1.4 mm, may be sliced off from a sin-
tered compact having a thickness of about 3 mm.

In this embodiment, the sintered compact 10 1is in the
shape of a plate and has two surfaces (main surfaces) 102
that are substantially parallel to each other. The EDM 1is
20 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-
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pact 10, each of the resulting two wafers 1l0a and 10b has a



| 5 cut per unit tine. Figure 6 is a graph illustrating how the "crown" of
the cut surface (i.e., the nmachined surface) 104 of the sliced wafer 10a
varies with the cutting speed. As can be under stood fromFigure 6, the

hi gher the cutting speed (i.e., the 2Q.slicing speed) is, the larger the
crown is. The reason is presunmably aéiqﬂloms. The hi gher the cutting speed
is, the larger anount of debris (swarf) is cut off fromthe sintered
conpact 10. Accordingly,. as the cutting speed is increased, it becones

| ncreas! nglyc {1 U1 404 EPRVEtDERGERT S 143 IR ldhy | heE b cPOASIDI Y

gener ati ng unnecessar char ge - between the W re’ 22 and the swarf.
If the c ing.speed is relatively high, .the nmachined surfagce sych a
shape aslb{%a?ggh%neiﬁl#aﬁ?é §R“i¥’r"i‘°\ﬁhi’c% grgon@e&p%%?— i STS's P%%Freg‘ in t he
center region ther%of. | f such a wafer_10a is Hﬁ%&ﬁﬁ;{S'a gubs rate for a
thin-fil §cIRERRD PHe “OCOWHELE 2heREBT Si i3t et JC BFREE &P &ifvey i s
preferably 50, u mor less. This is because if the crown Cl exceeds 50,u m
then an dod t$wRBACe? 0603508t Epeot Lageredg cefpadie P ot eaa@hngfpshe o~
shoul d be perforned and the advant ageous effects of the pre to sent

i nvents onferse hagt hakvie ithevhenidkreessit thegesfeadh v isedb0Dn munen dimsc iess
that the crown of the sliced surface is 50,c,~mor |ess. Accordingly, the

cutting speetcdsedr eherafd YabBOw M./ M puekhkeadrel OUf ethel SvBrdr aph is
illustrating how the surface rough t5 ness of the cut surface (i.e., the

machi ned gigdacgl 104 0ind heystisedowafifheh0do Yar bes tMd Nedbemauht idig-
speed. As can be understood from Figure 7, the higher the cutting speed is,

the |arges,dle sy 3Ge UGS d8: GRASEECHENI ddjatod NenaURSEaUeHy,

pol i shing proceSs step shou e per for ‘as 20 short a“tine

possi ble, the_surface r hness i s .preferably 30, u mor less.. Accordingly,
P rom thi = BRTRE bt £ i A S SR ARG S AT AR FOFBRabHy SHG SAREm 101

| ess. The data shown in Figures 6 and 7 were obtained on the foll ow ng
condi t9 on§¥O 259 F @ERar RV piF sdWk R bty 1 diftereat 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 of about 3.5 mm.

Hereinafter, a rack, in which sintered compacts are in-
serted and held during the EDM, will be described. Figure 4
illustrates the construction of a rack 50 used in this em-
bodiment. This rack 50 includes a plurality of substrate in-
serting portions 51, arranged in the direction indicated by
20 the arrow B in Fiqure 4, for housing and holding a plurality

of sintered compacts (substrates) 10 simultaneously. Each of
the sintered compacts 10 is inserted into an associated re-
glon, the contour of which is represented by a broken line in
Figure 4. Each of the inserted sintered compacts 10 1is

35 pressed by an associated substrate holding portion 40 in the



_ 19 Typical dianeter of wire: 0.25 mm-a Power for electrical-discharge
'machi'ni ng: about 170 W Material of workpiece: alumna and titani um carbi de
Si ze of workpiece: 4 mMmX 100 nmX 100 mm 5 The crown and the surface
roughness were neasured by using a rogghness measuri ng device of a needle
contact type. The data shown in Figur B and 7 were obtained where slicing
was perfornmed by setting the cutting speed at a con stant val ue throughout
t he process. However, in an actual tl1 manufacturing process, the cutting

speed does,.,not _have to be._ kept constant. For exanple,.at .the st S, .
i |1 ust rat &5EFHECG uP@Eag}S\eghr%gﬁ gC, AFRRYcdr t PG shedadi & ‘?e?‘%ﬁfol y™in
the range from 130 nmm~/mn to 500 mm-/ m n, both inclusive. On the other
hand, at PH&C&-agd&AGh|iahsBEer e g eEdahrélight s SeBEstiRetrut #nfg
speed is preferably set at less than 130 mme/mn. This is because if the
wre 22 padesfidreoughnt peegadthace ib@@reldd tdmnpsiatt ek@disolpectdiaecsion
cutting speed higher than 130 m2/ mn, the end face 100 possibly cracks or
chips. Inpadarlidlo poevend tiaErsi stefedesompBcthlel §inveceackiongpait 200
chi pping, the cutting speed may be set at less than 130 mm~/m n on all the

stages shawn dn, FLARr amoift d 1 HONENEE 0d NeAleboR ) Capeun { BBOREREERRENG
us, |1 IS

time required for slicing ad versely becones too | ong.
nor e~ef fi ¢j se utti ’ ti i,gh u 0
e i) BEARITES TR T T REERS [ SRRbrR] opdge PR leret)
- 20 face 1DQ,.for exanple, and then reduce the dto less th 130
m / min aft%et© ngFecggpﬁéggrewﬁhébt?é¥?ﬁﬁ?ﬁ? gﬁgghﬁgcﬁ?ﬁgl yggeln"
programed such that the cutting speed is %%to.natically smﬁtg?ed in
accor danc&E WA tHeC nBERRABRS SRBEYACBLBE SNEn&LFGNAEEE W1k 2¢he Ped§th of
the wire drawn out. Changing the cutting speed on at |east two stages in
this mannetuisepagiipcul ardy, advadamgbavsnaher ewidehndmfer pPUEo beMB) i déd
has a high hardness (e. g., where a sintered conpact having a Vick

10 provided between these two members such that the wire 22 can

move through the gap during slicing. A hole portion 52 sur-
rounded by these two members of the substrate holding portion
40 corresponds to a place where the wire 22 is disposed at
the start of slicing. The hole portion 52 runs through the
15 substrate holding portion 40 in 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
20 substrate inserting portion 51 coming 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

i~
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sintered compact 10 is retained between the substrate holding



ers hardness of 2,000 or nore is sliced). This is because the io higher the
hardness of a material to be sliced is, the nore easily the sintered
conpact cracks or chips. In accordance with the nmethod of this enbodi nent,
a work ing tine required for obtaining a wafer having a thickness of 1.2
nm for exanple, can be about 60%to-abdat 70%of the tine |5 required for
formng a sintered conpact having a thickness of 2.0 nm and then obtaining
a wafer having a thickness of 1 2 nn1by polishing in accordance with a

conventional .neth he, tine for t, nost 30.to0 4

i nut 65, BPRE AR S 1818881 FBR: S1eo it S tHALS LRGS KR BT Hbn
single 20 sintered conpact, Accordingly, the material is not wasted too
much, anbiitfe:pridd@nfiffvelt | shecarlebhitYb@fe themfielerf poEtioe 54) -
utilization of natural resources. In this enbodi nent, two wafers are cut

of f fronsansEnQMQ:ﬁuﬁsﬂnatauﬁqﬁﬁinqnpmmﬁi@pa&@itheaNas;ioﬁuxyrummaely,
if Z5 the nunber of wires is set.at n ( wheren~2) , anunber ( n -~ 1

) -21 cebswalesireas he siotulapaldedsilon teutt if fs fritemed séaxgp£cSi Do er ed
conpact. As a result, the work efficiency can be further in creased.

However, in Oﬁﬂ@rﬂdbwefbliﬁr%H%B'Eﬂéﬂd&gﬁqfﬁkséhﬁngl%@%&Hd r@s&iﬁ?
shoul d be sufficiently small or the thick ness of a sintered conpact yet

to be sl FS‘E?&R@U'% be, ib Gt F¥eb8ﬁ9§ Net‘ﬁeétg‘fh@??ed' fcoqnp?ecrlfs ﬁd

conpact ornmed too t sinte |ng nlg be 1 nconplete ins

sin tere act . cordln y er t forn1 thlc ed conpact,

t he sintgF| n% ogf dgt i?ngp gdreﬁ Pﬁeﬂii teﬁ St’(—:K/en ?fagfrglng
is repeatedl& perforgﬁd on the same sin tered @ Hgact several Elnes

using a BirnglfBeWSrECELPEESEANFOPRTAPEr 37 ARCHECESE Bf FOPr BRTPRE ?Pﬁgle
sintered conpact. In this nmanner, the present invention enploys a novel

met hod, BR1@hilgh the clhreqfelan t ndicated ebBd thenpaaw $i Mt A5MeNbAL | y
formed and then sliced, though a thinner and thinner wafer will be demanded
as alQubﬁtdaﬁﬂgfmmeaudp mebem .nagiet stoowrean | higoesy 6§ the topr eetber

ci rcunstances. Al so, paying spe cial attention to the fact that the

si nter edodomactsdasnd Oprasi€inyi pyrtofUGh dscasErmddeopr eaentleifmvweandr s

enpl oyed wire
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

15 1is 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 is to say, the second pressing portion 57

20 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

(2%
w

that the sintered compact 10 may be held in any other manner



20 el ectrical -di scharge nmachining to succeed in efficiently ob taining a
waf er having a desired thickness. Furthernmore, we found the rel ationship
bet ween the machining (cutting) speed and the crown or the surface
roughness and perforned el ectri cal-di scharge nmachi ni ng on appropriate
conditions to succeed 25 in cutting offf a piurality of wafers having a high
degree of -22 planarity required for substrates for a thin-filmmagnetic
head with a good yield. As can be understood, the nethod of the present

i nvention can e jt passible t rovide a thin and_highly hard

i b per 1m0 o SR a PR st af LY oPnESHARRTE. t ARAEnhel? ¢ SA¥ad W% h
hi gh econom cal efficiency in order to cope with the forthcom ng increase
in storafeledphRi R9LAhRg t BeripResa PaR BRoGHRLPYPEy LNAGCCEOFARGCR “itd
present invention has very broad industrial applicability. In the

f or egoi nghe thape ezt s 128 enf | Ure i tsged dempacdcliObed as being applied to
a nethod for manufacturing ceramis substrates for a thin-filmmagnetic
head. HoweverThéheaagplsiocatdleiinef drie qar esendé &bueatedncospaats! ivo tied
thereto. This is because, in general, when a thin-plate nenber is formed by

sintefingett e RIObd LA OFicHRLRTsPRESED! WrikaPRANR Ry ahad¥néi BBch as
Accordingly, the present invention is also ef fectively applicable to the

formatiop, of @n3iAl 'in”%’hi%rp%b P%ﬁ@fe{i@ﬁﬁaé‘r?&%fﬁ' ngne' QE?L%iRgA IGENIS

now used i n a great nany i cat1ons S, dependi ng upon f ppl1ca
i e fu a 20 thin-plate

tion, th ize of a et_,w || tga; decrease%ian
magnet o Ssucsﬁez?ti'/%g%gg AR & e&ﬁfé‘?’ﬁ i3 v eqdi r'€ -LATR ot i i R it
is expectﬁd t h t he ﬁresent in vention_is verﬁﬁeffectively applicable to
broad fiBf4edi FrQ%dFRG BeYes FWPREY sPRt &fedthBg it tHiC s RSP Tt
slicing may be perfornmed by any other 25 nethod than the wire EDM For
exanpl e, Yarsi FUEtd@Idc ARsAEine toxhemys It ented ePinadqh i19 Ay BnVeFecRaw
t echni que using abra sive particles and a wire or by enploying a small
di ci ng samction 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.
Next, a “crown” used for evaluating the degree of “warp”

20 will be defined. First, Figures 5A 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

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



In these cases, since the electrical discharge phenonenon is not utilized,
the sintered conpact. does not have to have con 5 ductivity. Herein,
"havi ng conductivity" means having elec trical resistivity p | ow enough to
enabl e the el ectrical discharge nmachining. For exanple, a sintered conpact
having el ectrical resistivity p of 2 x110-' S~ ~ mor Iess may be regard ed
as having conductivity. 10 Also, the sintered conpact to be sliced does not
have to be rectangul ar. Dependi ng on the shape ,of a wafer to be forned, a
di sc-shaped _sintered conpact may al so be formed. The thickness of the

si ntered EBRBEERCEs PAGNE-i niThel toelerpfcei Phane”| fisa hALR T cdeEbnpdcas
havi ng a thickness of about 2 |5 to about 3 mmcan be forned with a

rel ativel § phahne "(Vanditated Hhn-phat erekaneledesompadtihatds o5A| eBsoagh
thick (from0.5 to 1.2 mm as such a sintered conpact may be fornmed by per
form ng aseli ehnghpedcass pafrtdicullze Suified cmpattbdaslibegbedior iredehEven
in such a case, a thin-plate sintered conpact 20 can be manufactured with a

hi gher pradeehi-vi L)ras neRMRagEdM th a conventional method. The sintered
conpact to be sliced is not necessarily a flat plate. For exanple, even if

a sin tered Cogﬁﬁgtrgi 55 Eﬁﬁgmhﬂikgﬁlggalpﬁ@ t éé‘ggth’e "@E@&@S(:;igron; "8 a

substrat es) havi requi red thickne can bé fTornmed by per

slicing process. - 24  Accordi to the present inveption, a copductive
sin ter edeSﬁﬁgﬁj ﬁé?\’fizfr?ﬁes é){% cﬂ{ar%‘srs )géﬂ tﬁ]%%‘?@eog%“mﬁ?*ﬁurfaogg 1t
negligible degree is formed and then sliced, thereby cut ting and dividing
t he conduetSt&asiefst &l corpatt CPneodt W3 Rt sswhfacesnd@bt iard we9®r3f Fhus,
waf ers having a desired thick ness can be provided with high productivity
whi | e shotthdni nginherednecompaet t dYPer f dnh nblgiing FOcdds usiotars i shieng
and mnimzing the waste of a material. In an enbodi nent where the sintered
conpact i srsknsed4dbyand ras elfeciun tadedi sSthazge 102 nafhanonberi nhpar siiew ar,
even a highly hard ceramic nmaterial can be nachined with high precision.
Accor diphgleresiu@ddmpaciraxti ent is very practical. Also, according to the

present invention, by adjusting

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 10a varies with the cutting speed. As can be under-
stood from Figure 6, the higher the cutting speed (i.e., the
20 slicing speed) 1is, 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 1s increased,

it becomes increasingly difficult to remove the debris

25 smoothly, thereby possibly generating unnecessary discharge



the cutting speed for the wire electrical-discharge machin 15 ing, the warp
and the surface roughness of waters machi ned can be reduced to desired

|l evels. As a result, the tinme re quired for a subsequent polishing process
can be shortened to a | arge degree. Furthernore, by setting the cutting
speed relatively |ow just before the-dittered conpact has been com 20
pletely cut, it is possible to prevent the sintered conpact from cracking
or chi ppi ng. Substitute sheet - 21 August 2002 -25 WHAT IS CLAIMED | S: 1.
A met hod for manufactur.in onductjve wafers, c rising . the steps of:

form ng abﬁﬁg?gnof%gbﬁﬂd% i%% Wt EPEd S¥EHFact ﬁgthﬁ Faﬁtéﬁﬁsf§%¥¥§l+§
paral |l el surfaces; slicing the plate of conductive sintered conpact along a
pl ane subBEAREL%ELY Pdidl il eFhe o Magd ingsl serrAaes diag heughatde ggae%d%ﬁ:ti ve
sintered conpact, thereby cutting and dividing the plate of conductive

si nt ered thapastowm olronf ygupe BAndocwihiehwaf ecenvandppokiohi g etatmaed t he
two resulting wafers to have a thickness of 1.2 mmor less. 2. A nethod for
manuf act uihngheordutkerveeydbar thatebéci t € isuc & MaXemo®iis tdwed as
conductive sintered conpact is sliced by wire electrical -di scharge

machi nsngawi 4 kb ¥t d age rapR! i e bt VRN hdid€id Omedicschange apdwhhecl
conductive sintered conpact while the wire 1s noved agai nst the conductive
sintered : f n t.uring_c t r S
recited i%R%F§§%13?mm e?%#%fghéﬂéﬁﬁ?aég§%§ﬂgppg?egﬂggﬁﬁﬁﬁgégég% gh stTtute
sheet - 2] August 2002 -26 4. A method for manufacturin nductive wafers
as recited®FR-ondld ASaBRRUSHhereiTh T tChetTReR gr&rf%’ea@%‘? e
endpoi nt where .t he _conductive sintered conpact_is conpletely cut off and

the endpoPAEitdofdde®rCESFe SHePe G RUTS dighiHst e R 1Ve RREEPRd

conpact is set lower than a speed of the wire noving agai nst the conductive
sintered €bppact et periarmeddEnd Whereadvaatagraust Bfdesitst efedthonphet
starts being cut. 5. A nethod for nmanufacturing conductive wafers as
recitdd i segtaiimvZnhitear eine tlvs tpl atle dfs cdmetucthe ecst hirg espeadpast 506
made of a conductive ceram c containing alumna, titanium and carbon.
mm’/min 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 10a 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
20 short a time as possible, the surface roughness is preferably

30 4m 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:

25 Discharge pulse width: 1 to 2us



6. A nethod for manufacturing thin-plate sintered conpacts, conprising the
'steps of: formng a plate of conductive sintered conpact with a Vickers

har dness of 2,000 or nore by sintering a source material; slicing the plate
of conductive sintered conpact by wire el ectrical -di scharge machi ni ng,
thereby forming only two thin-plate si'® ered conpacts thinner than the
conductive sintered conpact; and polishing each of the two resulting wafers
to have a thickness of 1.2 mmor |ess. Substitute sheet - 21 August 2002
-27 7. A nethod for manufacturing thin-plate sintered conpacts, conprising
the steps of TYRPICHInG 1A t@re off Winfierk®TdMpBct with a Vickers hardness
of 2,000 or nore by sintering a source material; slicing the plate of
sintered conpaster tiver elyedtorigaigdisichange tdeh oh bee: sdpoet etl? @oWpact s

t hi nner than the sintered conpact; and polishing each of the two resulting
waf ers to hawatertidlckeserdpibcd Mmalamiessand. t Atapiledcépbiganuf act uring
ceram c substrates for a thin-filmnmagnetic head, conprising the steps of:

form ng a pl a6 of, €RRAUG 1 M& SiNtERIRE 0¢OoRALCY 0Bayng two substantially
paral |l el surfaces by sintering and polishing a source material; slicing the

plate o onguet | V. i r a a Sphstantial Ly ;parall el
to the Irvt\% surfar{ceégn%f@%ﬁegggﬁgﬁgt ?égag?%?'gr é'%r?(;%pact, %Eeézbégéﬂ?t ?ng and
di vi di n% th | at e of conductive si n‘%]ered 0(2 act jgntﬁ gnl§ two ceram c
subst r at- €S FE°52 HIEF N RTST Chhd e 3he® poP FERTHg“€BEN of the two
resulting ceramc substrates to have a thickness of 1.2 mmor |ess. 9. A
met hod for narif a@8 6| SHOUSr dfi cF 5TPERF afes2HDr 7 a “iEHien -5 it ey n¥PFE ®head
as recited in claim12, wherein, in said polishing step, the substrate is
pol i she¢ tiginsewd® peebexned oy 8RNy tReUTLING streed -aRlaaggist 2002
-28 10. A nethod for machining conductive wafers, conprising the steps of:
stant value throughout the process. However, in an actual

(0 manufacturing process, the cutting speed does not have to be
kept constant. For example, at the stages illustrated in Fig-
ures 3A through 3C, the cutting speed is preferably in the
range from 130 mm’/min to 500 mm?’/min, both inclusive. On the
other hand, at the stages illustrated in Figures 3C through

{50 3D, the cutting speed 1is preferably set at less than 130
mm*/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 possibly cracks or chips.
In order to prevent the sintered compact 10 from cracking or

20 chipping, the cutting speed may be set at less than 130
mm’/min on all tﬁe stages shown in Figures 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)

25 until the wire 22 reaches a point 1 to 2 mm ahead of the end



setting a plate of conductive sintered conpact into an el ectrical -di scharge
Wi re cutting machine; 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 -discharge wire cutting machd®e and the pl ate of conductive
sintered conpact while the wire is noved against the plate of conductive
sintered conpact, each said conductive wafer having a crown of 50 N m or

| ess and t hi ess_that is one half or less of the thickness_ of the
conduct i v&3&iEnti%d TUmpRamelE;, @94mﬂnﬁﬁi??ﬁ“%%cﬁ?%iﬁ@e%%nﬁﬁciﬁ§é WaR8r s
as recited in Gaim14, characterized in that in the step of cutting and

di vi di ng 3@ dEMdOdN AL tEimt e dwEeRpadt hagn rea¢hesc e phinteonBoet mae
sintered conpact is pressed against a holding nenber with elasticity in a
di recti onghdmad Iredy t be aprmogragmedr sathomhaft tthe vduttting speed is auto-

. A?. AHR AF. Ane. AL A. ?. Al 2. AHe. A@. Ae. A?. AnR A A@ . AR AFR. A5. AnR. AU. A, 5?. A?. A
.A?. An . AmAtidally switched in accordance with the movement distance of
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"()- 10%3Bofp, 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-

15 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

20 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

25 in cutting off a plurality of wafers having a high degree of
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15 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

20 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

1~
W

method than the wire EDM. For example, a sintered compact
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10 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

IS 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

20 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-
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forming a slicing process.
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a neqgligible degree is formed and then sliced, thereby cut-
ting and dividing the conductive sintered compact into two or
5 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

10 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-

15 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-

20 pletely cut, it is possible to prevent the sintered compact

from cracking or chipping.
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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 2,
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 3,

wherein the voltage is applied as pulses.
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ZxdEbC point where the conductive sintered compact starts being cut.

5. A method for manufacturing conductive wafers as recited in claim 2,
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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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 12, wherein, in said polishing step, the substrate is

polished to lose no greater than 0.7mm.
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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 50 p
m 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 14,
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.



