‘- 1- MANUFACTURI NG METHOD OF THI N FI LM MAGNETI C HEAD FI ELD OF THE | NVENTI ON
The present invention relates to a nethod for manufacturing a flying type
thin filmmagnetic head. DESCRI PTI ON OF THEZ RELATED ART Wen fabricating
thin filmmgnetic heads, in general, at |east one wafer (substrate) having
a thickness equal to a length of sliders (length between the front edge and

the rear edgwwiisiidimes! i Gamelof, ttie MagretH oheadds s1d dere hase beedn rteticed
wafer, a matrix of magnetic head elenents (read/wite transducer el enents)

subst anti al |f-ca 1852 i 70 % @l ideaminieragshed iXDEMA etanciairid) zad from 2.0
electrical leads are formed by using a thin filmtechnol ogy. Then, the
wafer is cutmm (50 ¥ widldery widerediendgIIEMA S tansthrid )odios 1(.12% gim 48 Hat
each of the bars includes a plurality of magnetic head el ements aligned in
a si'ngl e-r owl{tear anfdear ,thend DEMA atmrmfaretc forofta e Obams ors less.ected to
grinding and | apping processes to shape rails and air bearing surfaces of
the sliders, and Imherderdito diwrteyidte sliskds lengtiht siccordingudio the
magnetic head manufacturing nmethod, particularly slider formng process is
descri bed f @omwentdonaln akenae conrespondiang1Fa tthinneob wafsri dasNdo8(bE91) -
295017. Recently, such slider of the magnetic head has gone on
used. However, if the wafer is too thin, it tends to bow or
bend toward the thickness direction of the wafer causing
dimension precision of the formed slider to extremely
deteriorate.

There is an another problem in the conventional slider
forming process due to thin sliced bars.

Fig. 1 shows a thin rectangular shaped block (bar) 11
sliced from a wafer so as to include a plurality of magnetic
head elements 10 aligned in a single-row. If the wafer is
sliced to thin bar with a thickness of for example t = 0.3 mm,
the thin sliced bar may bow toward a gap-depth direction of the
magnetic head elements 10 (Z-direction in Fig. 1). This is
serious problem because the gap-depth is one of important
factors for determining the electromagnetic conversion
characteristics of the magnetic head. If the bar bows toward
the gap-depth direction, the conversion characteristics will
greatly deviate causing a yield of the magnetic head to

" extremely decrease.

As one solution to prevent the bar to bow toward the gap-



*-2- downsi zing. Nanmely, the length of the slider has been reduced from 3.2
mm (70 % sli.der under the | DEMA standard) or from2.0 nm (50 % slider under
the 1 DEMA standard) to 1.25 nm (30 % slider under the | DEMA standard) or to
1.0 mMmor less. In order to shorten the slider Iength, according to the
conventional art, a correspondingly thinner“wafer has to be used. However,.
i f the waf edepsht darebithoni,t aheagingombthodr foenbesbimgdonhe theckaesend
direction of the wafer causing dinmension precision of the fornmed slider to
extrenely deheni foat gradheddyi ecehingoibeispdebteibed fhethenventi onal
slider formng process due to thin sliced bars. Fig. 1 shows a thin
rect angul ar agbrpménisionked( Jappnéteshnerdmined Batieftr Publicatdonncl ude a
plurality of magnetic head el ements 10. aligned in a single-row. If the
waf er is slNeed(iLoonhi-gobon7with a thickness of for exanple t = 0.3 mm the
thin sliced bar may bow toward a gap-depth direction of the nagnetlc head
el ements 10 (Z- dAseani anoitheFEi golutiofihte  pseventotbepbabl te bewatiowarde
gap-depth is one of inportant factors for determining the el ectromagnetic
conver si on ther gapedepthcdirtcthonpngnmethofiefidr cattingbthepwaferohnrd t he
gap-depth direction, the conversion characteristics will greatly deviate
causi ng a yprudadityhefnbgrmet so thati eackxofctbéybarsrtnctudes anpluspddityn
to prevent the bar to bow toward the gap-

of magnetic head elements aligned in double-rows is described

in US Patent No. 5,085,613.

According to the above-mentioned conventional methods, it
is possible to substantially prevent the bar from bowing or
bending toward the gap-depth direction (Z-direction in Fig. 1).
However, these conventional methods cannot prevent the
previously mentioned problem of bowing or bending of the thin
wafer toward its thickness direction (Y-direction in Fig. 1).

Fig. 2 shows Y-direction bend characteristics of the bar
11 shown in Fig. 1 with respect to X-direction distance from
the origin. In the figure, a solid line indicétes Y-direction
bend characteristics of a bar sliced from a wafer with a
general thickness of (L=) 2.0 mm and a broken line indicates Y-
direction bend characteristics of a bar sliced from a thin
wafer with a thickness of (L=) 1.2 mm. As will be understood
from this figure, since the wafer has the thickness of 2.0 mm
or more up to now, the Y-direction bend is so small that there

occurs no problem due to the Y-direction bend. However, 1n



-3- depth direction, an aging nethod for heating once the bar and then for
gradually cooling it is described in the aforenenti oned Japanese unexam ned
Pat ent Publication No.3(1991)-295017. As an another solution to prevent the
bar to bow toward the gap-depth direction, a nethod for cutting the wafer
inaplurality of bars so that each of the bars includes a plurality of
magneti ¢ heathsd eensnetagtesing sttt ctemych il idiat itmding 43 diageintofNo.
5,095, 613. According to the above-nentioned conventional nmethods, it is
possi bl e to Isathstehdn a2 ¢ qui ovhor dxemple Suadm xvidey Orhawentd ey Tevetld éhe
gap-depth direction (Z-direction in Fig. 1). However, these conventi onal

met hods canmpi2 miney etiiis hbamge W-aliatec tisor ibemell heaunesm v yb ce migpus
bending of the thin wafer toward its thickness direction (Y-direction in
Fig. 1). Fi probxmwws No dsshctiem dgaihsthattas @roiliens hufs tHeebafourid séwen
in Fig. 1 with respect to X-direction distance fromthe origin. In the
figure, a salowl | i@ thelilat dsows dbr ddnds) towat & Hreadihdiclatesss dffr ectibon
sliced froma wafer with a general thickness of (L=) 2.0 mm and a broken

l i ne indi catos the Grafert | ON-dBrek ol )BC tidinetis ioh @reridonsloft ahfYofeormed

thin wafer with a thickness of (L=) 1.2 mm As will be understood fromthis

figure, sineom tiie vl Rietrawillke déxtrEuelys dédteridrateorcanying @ tyd elodv,of he

Y-direction bend is so small that there '
the magnetic heads to decrease with a great extent.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to
provide a method for manufacturing a thin film magnetic head,
whereby its slider can be formed with keeping a high dimension
precision in spite of downsizing.

Another object of the present invention is to provide a
method for manufacturing a thin film magnetic head, whereby a
yield of the magnetic heads can be kept in high in spite of
downsizing.

Accordiné to the present invention, a method for
manufacturing a thin film magnetic head includes a step of
preparing a wafer with a thickness greater than a desired
slider length for the magnetic head, a step of forming a
plurality of thin film magnetic head elements on one surface of
the wafer, a step of slicing the wafer to obtain a plurality of

bars so that each of the bars includes a plurality of the thin



3

‘occurs no problemdue to the Y-direction bend. However, in -4- case of
manufacturing short length sliders having a length of less than 2.0 mm for
exanple small sliders having a length of 1.2 nm this large Y-direction
bend becones very serious problem No solution against this problem has
been found out now If the bar bows or bend®toward the thickness direction
of the waf erfii¥r iderrdtion)hedti nE sty eRidiad B teip loFi 1Hnfgdrowid ml 1he
sliders will extrenmely deteriorate causing a yield of the nagnetic heads to
decrease W tdutaigies aacix e tthéSWAWAR rOp altdl IIVRINENOY fti rist tsiclecfface aof
obj ect of the present invention to provide a nethod for manufacturing a
thin film mpeetbar head whitedr ethe itieis |fider mapmetd of hremdd eliementsc@Eryg a

hi gh di mension precision in spite of downsizing. Another object of the
present i nveéormed, td cguone de pomEicdff whembanf att twhiengidet i o idevond
magneti c head, whereby a yield of the magnetic heads can be kept in high in
spite of dowisiezifage Adrichdiis) dppdsed reethet filrsdnisiide, faceetsoodhatr a
manuf acturing a thin filmmnagnetic head includes a step of preparing a
wafer with aenithkodsthgy diircbddones gipml ad theddesliedt Blfidert Nength

magnetic head, a step of formng a plurality of thin filmnmagnetic head
el enent s onfore the memetfic head.

Since a wafer of a thickness more than a desired slider
length is used, no bend toward the wafer thickness occurs,
resulting no defective sliders in dimension due to this
direction bend. Thus, rails and other contour of the slider
can be formed with keeping a high dimension precision in spite
of downsizing cauéing a yield of the magnetic heads to be kept
in high. Furthermore, manufacturing processes of the magnetic
head will not be complicated because it is not necessary to
modify the conventional manufacturing processes except for
adding a simple process for longitudinally cutting the bar in
parallel with the head elements formed face so as to remove the
cut portion disposed at the side of the other face which is
opposed to the head elements formed face.

It is preferred that the slicing step includes a step of
sli91ng the wafer to obtain a plurality of bars so that each of

- the bars includes a plurality of the thin film magnetic head

eleménts aligned in a single-row.

The method may further include a step of grinding one



the wafer, a step of slicing the wafer to obtain a plurality of bars so

t hat .each of the bars includes a plurality of the thin -5- filmmagnetic
head el ements, and a step of longitudinally cutting each of the bars in
parallel with a first side face of the bar,-@n which the thin filmnmagnetic
head el enments are fornmed, to renove a portion of the bar at the side of a
second si de sadacdiath escloppd stk tiardetd iffoxtm B dediaes sotrir aof ethig h
of the bar becones equal to the desired slider length for the nagnetic
head. Si ncebmmafaard f stéphiak riegsp inyg etlid @roume surdéhesd icferedadngith flse
used, no bend toward the wafer thickness occurs, resulting no defective
sliders in dGarsnsicorobhsein @ tdessirbd etlinoat erigh tTiofs theaimagnetd otheads .
contour of the slider can be forned with keeping a high di nension precision
in spite of down®Hurtigercalyjewts anid|alivain tdpe sredhdhiec present drbeerkeijdn i n
hi gh. Furthernore, manufacturing processes of the magnetic head will not be
conpl i cat ed widdabse apparenntf rom ddsarfollowing fdesichrd pddione wf! dibed
manuf act uri ng processes except for adding a sinple process for

| ongi t udi nalprefertried eniboel imen s gfartlid dinventionhashddd ustrsted ffrorthes
face so as to renove the cut portion disposed at the side of the other face
whi ch i s oppesethpanyting yewisigswents fornmed face. It is preferred that the
slicing step includes a step of '

BRIEF DESCRIPTION OF THE DRAWINGS
| Fig. 1 shows an oblique view of the bar sliced from the
wafer;
Fig. 2 shows Y-direction bend characteristics of the bar
shown in Fig. 1; and
Figs. 3 to 6 show oblique views illustrating parts of
manufacturing processes of a preferred embodiment according to

the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

According to a preferred embodiment of the present
invention, a small thin film magnetic head with a slider length
of 1.25 mm is fabricated. First. a wafer 30 having a thickness
greater than the desired slider length of 1.25 mm, for example
a wafer with a thickness of 2.0 mm is prepared. Then, as shown
in left half part of Fig. 3, on one surface of the wafer 30, a

matrix of thin film magnetic head elements (read/write



slicing the wafer to obtain a plurality of bars so that each of the bars

I ncl ydes a plurality of the thin filmmagnetic head elenents aligned in a
single-row. The nethod may further include a step of grinding one - 6-
surface of each of the bars to forma desictged contour of the bar, and a
step of |apping the ground surface of each of the bars to obtain a desired
t hr oat hei ghir aafsduve megreatenct sie Bis .ardairfidrarediyeaissingné adhiantfddes of t he
present invention will be apparent fromthe follow ng description of the
preferred emexhnmdmgy.of the invention as illustrated in the acconpanying
drawi ngs. BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1 shows an oblique view of
the bar sliced fRen.hasvabewn Hing.rizhthhel fYpanteofl #ighedd the wafer 30
characteristics of the bar shown in Fig. 1; and Figs. 3 to 6 show oblique
views il | ustirsatduty imard plefraldruy adt wdatmnpuless sdd celd dlpickiser(bats) 32 so
enbodi nent according to the present invention. DESCRI PTI ON OF THE PREFERRED
EVMBODI MENTS thatorediaihg afo thepbairer 32 isdlodlese i pdfuriaild tyr eferthel rohdmt ifdrim a
small thin filmnmagnetic head with a slider length of 1.25 mmis

fabri cat ed. nlagneitica heaiderelefenbs 3] aliilgneddndss a single-row.

Thereafter, as shown in Fig. 4, one surface of each of the
sliced bars 32 is subjected to a grinding process to shape
contour such as two rails, and the air bearing surfaces (ABSs)
33 of the rails are subjected to a lapping process to obtain a
desired throat height. At this step, as shown in Fig. 4, the
slider length (bar length) L is 2.0 mm as long as the wafer
thickness.

Then, the slider length (bar length) L is shortened to L =
1.25 mm by longitudinally cutting the bar 32 in parallel with a
side face on which the thin film magnetic head elements 31 are
formed (head elements formed face) and by removing the cut
portion 32a disposed at the side of the other side face which
is opposed to the head elements formed face. The bar 32 with
the slider length (bar length) L = 1.25 mm after the cutting
off process is shown in Fig. 5.

Thereafter, by performing the similar processes as the
conventional manufacturing processés. a separated individual

magnetic heqd 34 with the slider. length of 1.25 mm shown in _

Fig. 6 can be finally obtained.



greater than the desired slider length of 1.25 nm for exanple a wafer with
a thi.ckness of 2.0 mmis prepared. Then, as shown in left half part of Fig.
3, on one surface of the wafer 30, a matrix of thin filmmagnetic head
el enents (read/wite _-7- transducer elemegts) 31 are fornmed by using a
thin filmtechnol ogy. Then, as shown in right half part of Fig. 3, the )
wafer 30 is cut ifnatheuafibrementionetiasgbbdimehtcedhd! oaksifhassty BRo&ess
that each of the bars 32 includes a plurality of the thin film magnetic
head el ement foBlshorgeringnthesbagl dengeh Thethafdesired eiiDue i® peffofmed
one surface of each of the sliced bars 32 is subjected to a grinding
process to safiper cbheolapping psocessraf| theaABSt 88. ai Acberdimg sorthees
(ABSs) 33 of the rails are subjected to a |apping process to obtain a
desired thropresenghinvéntions Boweverns thbsncutting.ofif plsecéss dedy!Bagth
(bar length) L is 2.0 nmas long as the wafer thickness. Then, the slider
length (bar ¢angied outsbefiorectire lapping lpPécess byr | thigi grihdibng Ypeotéss9
the bar 32 in parallel with a side face on which the thin film magnetic
head el enentuBimyste bereowdr{edaout| efiter stherskiicing rocesbyf romovheg t he
cut portion 32a disposed at the side of the other side face which is
opposed to twafewraldl ct@ntine sbdws n@2l. f ace. The bar 32 with
As the thick wafer 30 (= 2.0 mm) is used according to this
embodiment, the amount of possible bowing or bending of the bar
toward the thickness direction of the wafer in other words
bending toward the slider-length direétion (Y-direction bend)
will not increase even if small dimension sliders are to be
fabricated. This will be apparent from Fig. 2 wherein it is
indicated that the amount of bending when using a wafer with
the thickness of 2.0 mm is about one third of that when using a
wafer with the thickness of 1.2 mm.
In order to fabricate a small magnetic head provided with
a short slider length of for example 1.25 mm or 1.2 mm and with
a desired dimensipn precision of the rails, the Y-direction
bend has tb be controlled within a range between - 3 uzm and +
zm. If a wafer of 1.2 mm thickness is used, as will be
apparent from Fig. 2, the portion of about 60 % length in X-
direction of the bar sliced from the wafer may be out of the
above-mentioned range causing the yield of the sliders to

extremely decrease. However, according to this embodiment,



the slider length (bar length) L = 1.25 mmafter the cutting off process is
shown in Fig. 5. Thereafter, by performng the simlar processes as the
conventional manufacturing processes, a separated individual magnetic head
34 with the slider length of 1.25 nm shown +B-Fig. 6 can be finally

obt ai ned. | n the aforenentioned enbodi nent, the cutting off process for
short eni ng t$EReAr thenyafer oof he- QB r Bl ¢liness | s Jesedr mel Lfdbreehion

| appi ng process_of the ABS 33. According to the present invention, however,
this cutti ndPefd Prerctleahore-Bertiered xange pecurs. |apprhil ppecerrapent
the grinding process but nust be carried out after the slicing process from
the wafer 30FXPRtREEpafs BOSULEiRgNQ fekeqhive sbiders in menrsiergdue to
according to this enbodi nent, the anmount of possible bow ng or bending of
the bar towatRethedireekherasbend ectThis ofrqir@ v rothentepntowr f bereli ng
toward the slider-length direction é\ﬁdirection bend) wi Il not increase
even if snal§lHeReaBPe Toened Fth Jopping 4 ey dimgnsign prreipien cin
fromFig. 2 wherein it is indicated that the anpount of bendi ng when using a-
wafer with t9Rltiekieunstizing ¢ansng ikt afhithe wagnakicoheadistadpea
wafer with the thickness of 1.2 mm In order to fabricate a small nagnetic
head provi ddteR¥ 130 hiehyr ¢ Burthermerpy magufagtusing nrocessefmaf the mm

and with
magnetic head will not be complicated because it is not

necessary to modify the conventional manufacturing processes
except for adding a simple process for cutting the bar in
parallel with the head elements formed face so as to remove the
cut portion disposed at the side of the other face which is
opposed to the head elements formed face.

In general, a marker indicating for example an identifying
number or a rot number of a thin film magnetic head is
previously written on the opposite face of its head elements
formed face. According to the present invention, since this
opposite face on which the marker is to be written is
eliminated by the cutting off process, the marker should be
written on the opposite face after the cutting off process or
on the head elements formed face of the slider.

Many widely different embodiments of the present invention
may be constructed without departing from the spirit and scope
of the present invention. It should_be understood that the

present invention is not limited to the specific embodiments



a desired dinmension precision of the rails, the Y-direction bend has to be
controlled within a range between - 3 [err]mand + [err]m If a wafer of
1.2 mmthickness is used, as will be apparent fromFig. 2, the portion of
about 60 % length in X- direction of the banpgsliced fromthe wafer may be
out of the above-nentioned range causing the yield of the sliders to
extrenel y ded€astbedioNgVelie SWEO1EH CWtich | i PO d¥ined tiP-tié Nce the
wafer of 2.0 mmthickness is used, no Y-direction bend over the

above- ment i seidé@cPenhE s, as Wl be apparent fromFig. 2, resulting no
defective sliders in dinension due to the Y-direction bend. Thus, rails and
ot her contour of the slider can be forned with keeping a high dinension
precision in spite of downsizing causing a yield of the magnetic head to be
kept in high. Furthernore, manufacturing processes of the magnetic head
wi |l not be conplicated because it is not necessary to nodify the

conventi onal manufacturing processes except for adding a sinple process for
cutting the bar in parallel with the head el enents forned face so as to
remove the cut portion disposed at the side of the other face which is
opposed to the head el enents forned face. In general, a marker indicating
for exanple an identifying nunber or a rot nunmber of a thin filmnagnetic
head is previously witten on the opposite face of its head el enents



fornmed face. According to the present invention, since this opposite face
on whi‘ch the marker is to be witten is elimnated by the &“"|““"
process, the marker should be witten on the opposite fachmumﬁ“
cutting off process or on the head el enentsiferned face of *the stider.5 Miny

wi dely different enbodi nents of the present invention may be constructed

wi thout depaHAMQS ICIAIMED SI8fit and scope of the present invention. It
shoul d be understood that the present invention is not limted to the

speci fic emiqdi mMtfethod Mbr dpafifdafhrihe e thagc 'ff:L'lﬁxaida%'h»et@@QfEa@s
defined in the appended cl ai ns. -11- WHAT IS CLAIMED | S: 1. A et hod

for manuf acicompid sArghithd idvepm@reti ¢ head, conprising the steps of:
preparing a wafer with a thickness greater than a desired slider length for

the magnetic heagrdparing a2 wif@rmlwiith ¢f thiicknkissmgiFegtelr ¢thapnd JeymUd
on one surface of said wafer; slicing said wafer to obtain a plurality of
bars so thaslider length for the magnetic head;
forming a plurality of thin film magnetic head elements on
one surface of sald wafer;
slicing said wafer to obtain a plurality of bars so that
each of said bars includes a plurality of the thin film
magnetic head elements; and
longitudinally cutting each of said bars in parallel with
a first side face of the bar, on which said-thin film magnetic
head elements are formed, to remove a portion of said bar at
the side of a second side face which is opposed to the first

side face so that a lehgth of the bar becomes equal to the

desired slider length for the magnetic head.

2. The method as claimed in claim 1, wherein said slicing
step includes a step of slicing said wafer fd.obtain a
plurality of bars so that each of said bars includes a
plurality of the thin film magnetic head elements aligned in a

single-row.

3. The method as claimed in claim 1, wherein said method

further comprises a step of grinding one surface of each of



each of said bars includes a plurality of the thin filmma
el enents; and longitudinally cutting each of said bars in ﬁMﬁ r‘H ,
first side face of the bar, on which said thin film mgneti "

are formed, to renove a portion of said barlat the side of a second side
face which is opposed to the first side face so that a length of the bar
beconmes equaaild Hdies drsificith H idy1idRNWPdhtour ife thiegbaii.c head. 2. The
met hod as clainmed in claiml1, wherein said slicing step includes a step of
slicing said wafer to obtain a plurality of bars so that each of said bars
includes a plurality of the thin filmmagnetic head el enents aligned in a
single-row 43. Thee metHed a3 clladine i clladimn3], whiege@nn sadidd mehuad
further conprises a step of grinding one surface of each of -12- said
bars to forPugthey lcdthpidiicdlla ¥tdphotbaapping theegibufad sag relcdl 51 ddth
claim3, wherein said nmethod further conprises a step of |apping the ground
surface of e#clzadld pard i dHtA i AAIdesd rddsithedatthhedghiteoghtthef magmetic
magneti ¢ heads.

heads.



