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MAGNETI C X - _-AND - :
¥ - Mﬂlﬂlﬁiﬂmm—op— FI XI NG MAGNETI C HEAD SLI DER BACKGROUND OF THE

| NVENTI ON 1. «fghggl«d of the Invention The invention relates to a nethod of
f‘manuf acturing a magnetic head slider including a thin filmmgnetic head
device for recording or reproducing information on/froma recordi ng nedi um
such as a hard disk, and a method of flxing a bar for processing the
magneti c head slider. 2. Description of the Related Art In a magnetic

recordi ng appgr r LS ' ' | etic head
device for re&ﬁmﬁﬁﬁm%%ﬂﬁﬁmamt@mép ﬁsﬁﬁ nted on a
magneti ¢ head-sti-der facing-a-+ ecwd%rﬁ—s—u»r—f ace—-of- a-ragnett+c recordi-ng— — -
medi um The magnetic head slider is I¥ act ur ed t hrough the follow ng t

steps as proposed in Japanese Unexam ned Patent Application Publication No.
Hei 10-228617) for MKY E.OFiEEH,NGtM&GtNEWI@iHEA%a@hHDEB head devices are
formed by thin film process on a substrate (wafer) nmade of a ceramc
material, for exanple. Subsequently, the wafer is cut into a plurality of
bars, each of which includes at | east one magnetic head slider) by using a
di ci ng saBACKGROUNB OBTHBAMNVEANTIQNurality of bars thus obtained are
polished, and then slider rails having a predeterm ned shape are formed on

each surf ace FyydasfaheTavention

The invention relates to a method of manufacturing a magnetic
hea.d slider including a thiﬁ film magnetic head de-vice for recording or
reproducing information on/from a recording medium such as a hard disk,
and a method of fixing a bar for processing the magnetic head slider.

2. Description of the Related Art

In a magnetic recording apparatus such as a hard disk drive, a
thin film magnetic head device for recording or reproducing magnetic
information is mounted on a magnetic head slider facing a recording
surface of a magnetic recording medium.

The magnetic head slider is manufactured through the following
steps as proposed in Japanese Unexamined Patent Application Publication
No. Hei 10-228617, for example.

First, many thin film magnetic head devices are formed by thin
film process on a substrate (wafer) made of a ceramic material, for example.
Subsequently, the wafer is cut into a plurality of bars, each of which
includes at least one magnetic head slider, by using a dicing saw or the like.
Surfaces of a plurality of bars thus obtained are polished, and then slider

rails having a predetermined shape are formed on each surface by etching



r 2 ~ JAN 2003 -2 process using photolithography, or the |Iike. Each bar
having the slider rails is further cut into separate magnetic head g Udﬁr?ﬂ[ﬂ
“I'n the step of formng the slider rails, a bar surface opposite to a
surface to be processed (i.e., the surface on which the slider rails are to
be formed) is bonded and the bar is fixed directly onto a support substrate
made of ceramcs or the |ike. However, a nethod in which the bar surface
opposite to the surface to be processef-is fixed directly to the support
substrate as nentioned above has the foll ow ng di sadvantage. Wen the
method is applied to plurality of bars jn a hatch process, varjations in
t hi ckness®0GeHD IpinG Phoiplthegraphyaor dbehike.| nﬁﬁ@hd?ﬂrshavmgh@x%ahdates to
be processed anong the bars (i.e., di-stances-between the surface of the
support swbds imfurthenicuthinte separate magnetipheadsbdels. Therefore, some bars
are in exposure focus and others are out of exposure focus, when so-called
full -waf er printImghé sters ofnfibrmimeptisd ylideaprmis)cp baplsurficetoppobitbansa t o
light takes place ( in the process using photolithography, for exanple. The

bars out @trfeas beepioeessedetile. bike siifacd 6 wehich thieagliterafailsharestol lber
rails, because a desired size or shape of a photoresist pattern to be used

as a nmask fhEmédt isOhdRdétE dnd fhé ba@Sid! fixed aﬁeaﬁyh&%mass\%p%w@hs@me havi ng
an influence on properties of the nagnetic head slider (e.g., the anount of

head | evi ' ; s to a cl earance between the nagnetic head
gﬂ%%é;&f éei?afndﬁé)ﬁf B ARES

slider an recording nmedium and so on). Instead of full-wafer
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applied to a plurality of bars in a batch process, variations in thicknesses

among the bars cause variations in heights of the surfaces to be processed

among the bars (i.e., distances between the surface of the support substrate

and the surfaces to be processed). Therefore, some bars are in exposure

focus and others are out of exposure focus, when so-called full-wafer
printing for simultaneously exposing a plurality of bars to light takes place

in the process using photolithography, for example. The bars out of
exposure focus exhibit variations in shapes of the slider rails, because a

desired size or shape of a photoresist pattern to be used as a mask is not
obtained. As a result, the method has a problem of having an influence on
properties of the magnetic head slider (e.g., the amount of head levitation

that corresponds to a clearance between the magnetic head slider and the
recording medium, and so on).

Instead of full-wafer printing, so-called step-and-repeat exposure

for exposing the bars one by one to light can take place in order to solve the



that their surfaces to be processed are | ocated al ong a predeterm ned
reference plane is proposed in Japanese Unexam ned Patent Applicatid@ JAN 2003
Publication No. Hei 8-315341. Specifically) the surfaces of a plurality of
bars to be processed are once bonded to a common gl ass plate, and then
{ownelting netal is poured around a plurality of bars and is left to be
solidified. After the glass plate is [%ﬁpved) the bars are held by the
lownelting nmetal with their surfaces exposed. The nethod allows the

surfaces to be processed of the bars to have the same height (or |evel).

However, | hbdve-llehbihthl phfleid)® PRIMAALI%S prbhRtn | SidaP ANRRGHMBERAR ned
Pat ent Application Publication No. Hei 8-315341 to precisely position the

bars 11 & B{A0GuRANRL! Bloabe I SERUS RSRpBRAVE (Inbihod DEOALE! BeRs! (e

gl ass pl ate). er pr I exposing a p bars to

l'i ght by usin commn i es| ttern may gause m sakignment between the
resist  pat PeriasiPHE Pakgith Yhud onf e dRte BRBRR oRF DY O B TREEL | der
rails havi ﬂgl.abgleci se shape. To cut each bar into separate nmagnetic head
sliders, tHe1R melting metal around each bar nmust be cut together with
each bar. Consequently) the nethod al sg has .a problemthat the |ongevity of
a cutting bl ade ot mekhad %@5@#&&@ .a?s&mftbﬂfa isnfixed am sichia,manner of
bars is fixed to the support 2 2 JAN zaa3_ -4 substrate in such a manner
that a pl uthat theisf syefacesohe by pneeessedanreydecated aleagprapredsteraingd to t he
surface of the support substrate is proposed in Japanese Unexam ned Patent
Appl i cat i oreferdnidecplanenishpropesed 6n23aps:se Joekamined \Pateht Anplication t o be
Qrocessed of the bars are sucked and |ifted by a suction holder, the -
upport suPsbliadtop|Ne.cHeo8-3ah634Z tSymceficadlyapheopurifates| of o plutdlityeol
relative to the bars, and then the surfaces opposite to the surfaces to be
processed bard be beaprvcesseideate anee fhioxddd ito 4 kemstppailhssphaey ahé. thidavwever)
t he net hod described in Japanese Unexam ned Patent Application Publication

No. Hei 6- keoedltingSnictal sepouBsdir6thdsa pleralitgbbeBues addPRNRSE tébexani ned
Pat ent Application Publication No. Hei 10-22861/, because the surfaces

opposi te t golidifiedUr fA%E&S the PRsHMIALS S8 0reMcved, Xé Baf$ GirkYhdld bjperheupport
substrate. That is) variations in thicknesses of the bars cause variations

in hei ghtsm-xﬁaﬁn}%{eﬁw&ﬁ_ NRIPRERIEE Sxpbed PARY hetHdACallBREaheas a

probl em of havi ng fficulty in forming the slider rails having a precise

shape i n ! BerBEACEBo Rbcdsd6! (d BAAAIK thoaldi€ hbldhf (o wepnvention i's

designed to overcone oregoi ng problenms. It 1s an ect o

| nvention to provﬁgg,e@epegthqg &’i&ﬁ&ﬁ@“fo@%%ﬁﬂ@t&%@&%&d hﬁaﬁaf%%% and a

met hod of fixing a bar Which can | nprove brication accuracy
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of the glaés plate). Thus, full-wafer printing for exposing a plurality of

bars to light by using a common resist pattern may cause misalignment
between the resist pattern and the bars. It is therefore difficult to form
the slider rails having a precise shape. To cut each bar into separate
magnetic head sliders, the low-melting metal around each bar must be cut
together with each bar. Consequently, the method also has a problem
that the longevity of a cutting blade or the like decreases.

A method in which a plurality of bars is fixed to the support



the steps of: arranging a plurality of bars in a manner that surfaces to be
processed thereof correspond to a predeterm ned reference plane; and novi ng

and placing the plurality of bars onto the support nenber while i Nt gi,ni
the relative positions of the bars, wherein the arrangi ng step iﬂzlﬁd@@rﬁ&

‘al i gning each of the plurality of bars individually in a direction parallel
to the reference plane. In a nethod of fixing a bar of the invention, the

surfaces of a plurality of bars ' to bée processed are |ocated al ong the
reference plane. Thus, all the surfaces of a plurality of bars to be

processed GathRe Ph RUGAt Hlihe?tRAE 4 flut AEESo EYHAR dri(e];b)f Bhe §& alr}ggsd in

full-wafer printing takes place In a’process using, for 1nsta
Vor cover . Aechinge DRIRI ACind sHalf lofi e abef el 3uiptoBbBR i e

phot o i nogeaegt 7 FRRRE P Hen ArBicatioRRLERMR Mg el R <l
exposi ng LPRPAHTAG e RHriaEe B B¢ RocesTHEPLERF ot AGe SRRFAAR AR i e i s
Cost s af ¢ MedugbatoBapian §he| sRIRASt SSUHo plted crn oy XTACANErE] | 1y of

bars is fixed to the support nenber with an adhesive between the surfaces
opposi t e tapRIgpriadelyapesitionase nelajiee stod the bars,phudathery dfe tmrfacesd t he
support nenber. Thus, the thickness of the adhesive can vary according to
var i at i onsoppesiteitokhesnufacss to hd predessed of thumbars tlivreef arefixed pbwhal i ty of
,~2Z J A N 2003 -6 . : .
‘ support substrate. However, the method described in Japanese
Unexamined Patent Application Publication No. Hei 6-236508 has the
same problem as the problem of Japanese Unexamined Patent Application
Publication No. Hei 10-228617, because the surfaces opposite to the
surfaces to be processed are fixed directly to the support substrate. That
is, variations in thicknesses of the bars cause variations in heights of the
surfaces to be processed. As a result, the method has a problem of having
difficulty in forming the slider rails having a precise shape in the process
using photolithography, or the like.

The invention is designeﬂ to overcome the foregoihg problems. It
is an object of the invention to provide a method of manufacturing a

magnetic head slider and a method of fixing a bar which can improve

fabrication accuracy without increasing manufacturing costs.

SUMMARY OF THE INVENTION
According to the invention, a method of fixing a bar to a

predetermined support member in order to process a predetermined surface



bars can be held with their surfaces to be processed aligned with the
reference plane. Desirably, the arranging step includes the step2 pfJAN 2063
“bringing the surfaces of the plurality of bars to be processed into direct
contact with the reference plane by using a reference nenber having a
‘surface for determning the reference plane and holding the plurality of
bars by the reference nenber. Thus, the surfaces of a plurality of bars to
be | processed can be aligned with the reference plane by a sinple nethod.
Desirably) the step of transferring further includes the steps of applying
an adhesive to the support nenber bringing the surfaces opposite to the
surfaces to be processed of the pluraljty of bars held by the reference
menber into ®gRE Rat that isip long membssinglidmgpt deashens magets, Beadeslideermapissiner
fromthe plurality of bars after the adhesive sets. Desirably, in the
arrangi ng st tp, stapseofphuanging ¢ phiraligirod biags iwos imannerctlialy irfacésvie beo prdeessed
reference plane concurrently with observation of a predeterm ned mark
formed on eathbreof cotiespbad so aTpredetermareld doferercarpldne; and movingrad plating the npl y
positioned. A nethod of fixing a bar of the invention may include, prior to

the arrangi nﬁuﬁaﬂi%péf BabBEorfth €t suppdrOmhbinbér vhiR RAiRGiningathé tlative PositiohLathe ONe
surface of the bar except the surface thereof to be processed. Thus, for

exanpl ) a thig GhbRli Shbfpihe dpdRiaes faﬁgﬁfgg bh 2Yen UILAGE Yels  han

t he surface the bar to be processed can b rotected from ddnage due to

th  chiong f it the like. Desirably,
the pi oral i ¢ PENEUTRF LR 8 pall B Gl BRRERRkA 0L T OF LS 7272 SAN bbba

having different |engths. T t he bar,s .can be cut from fer wthout
hasting the bars, aimeRionsSine sl iedmEaonRe e S ity of oot
manuf acturing a magneti c head slider of the inventign conprises. the steps
of . form ng b, pchr:wﬁﬂgﬁiqqa@dr?é% H’evﬁeﬁ%msml%pepréﬁa allrihn slrfpees of a
cutting the base into a plurality of bars, each of which includes at |east
one magnet i cPibedity of jbaes tohe \itspaepsed rrant b Aroughtyinth greasice fosuy every iifs o s
formed; arranging the plurality of bars in a manner that surfaces to be
processed t hevaswle, c dvli-wafwnerinting: pkesdeplageniined rpeéeesenesing, for instance,

photolithography. Therefore, a slider rail can be precisely formed. Moreover, each bar

is positioned in the plane parallel to the reference plane. Thus, it is easy to align a resist

pattern for, for example, photolithography with the bar. Therefore, the slider rail can be

precisely formed. Moreover, there is no need for step-and-repeat exposure for exposing

the bars one by one to light. Therefore, the manufacturing time is reduced, and an
( expensive stepper is not required and thus manufacturing costs are reduced.

Desirably, in the step of transferring, the plurality of bars is fixed to the
support member with an adhesive between the surfaces opposite to the surfaces to be
processed of the plurality of bars and the support member. Thus, the thickness of the
adhesive can vary according to variations in thicknesses of a plurality of bars.

Therefore, a plurality of



pl ane; noving and placing the plurality of bars onto a predeterm ned

support nenber while maintaining the relative positions of th rS
“t hereby supporting the plurality of bars by the support’ nenbe(raz tﬁdgﬂ‘&?% a

predeterm ned process to the plurality of bars supported by the support
menber; and separating the bars into separate nmagnetic head sliders by
‘cutting the bars, wherein the arranging step includes aligning of each of
the plurality of bars individually in-@-direction parallel to the reference
pl ane. In a nmethod of manufacturing a nmagnetic head slider of the

I nvention predetgrnined surfaces of .a plurality of hars, i.e., the
surfaces Parpeap: becheldiwith theinsunfagesdg bpcpioseisednakisned iwithribe al |
the surfaces of a plurality of bars to be processed can be brought into
exposur e tefeuenceplanef | for exanple, full-wafer printing takes place in,
for instance, photolithography. Therefore, the slider rail can be precisely
f ormed. Mor eover Desixahlshathei srnaaging stepd inclutibe the ateppaf-abtinking thée
reference plane. Thus, it is easy to align a resist pattern for, for

exanpl e, Gutface@bLthdpluntalitg ofitials thde frocesbadriat®direct Eontakt ddth thél can
be precisely forned. 2 2 JAN 2003 .g. Moreover, there is no need for

st ep- and- pefReGhce>PIaRE" Byl UsiX PRSHéMBrdtd hRémbEPChRYingN& (qurfad@ifor
Therefore, the manufacturing tinme is reduced, and an expensive stepper is

not requi ?@%Mﬁiﬁ%ﬁe’%@eﬁ% gghg? ﬁ&t}ﬁl@irn flfedﬂﬁﬁ%?itpo@%ar@% féH t her

objects, features advant ag e Invention w appear ully

from the bk aiindgARE! PUiRs, BRI Th O BRITHE PGS FLG 1 i<

a perspective view o e con on of an actuator”arm conprising a

ragnet i c Q?g&rsgéd dgh b%oaMeﬁ%ﬁhrﬁfe%?er%Lce plane by a simple method.

Desirably, the step of transferring further includes the steps of:
applying an adhesive to the support member; bringing the surfaces
opposite to the surfaces to be processed of the plurality of bars held by the
reference member into contact with the adhesive; and separating the
reference member from the plurality of bars after the adhesive sets.

Desirably, in the arranging step, the plurality of bérs 1s positioned
relative to the reference plane concurrently with observation of a
predetermined mark formed on each of the bars. Thus, each bar can be
precisely, simply positioned.

A method of fixing a bar of the invention may include, prior to the
arranging step, the step of forming a protective film on at least one surface
of the bar except the surface thereof to be processed. Thus, for example, a
thin film magnetic head device formed on any surface other than the
surface of the bar to be processed can be protected from damage due to the
process (e.g., etching for photolithography) or the like.

Desirably, the plurality of bars includes a plurality. of types of bars



manuf acturing a magnetic head slider and a nethod of fixing a bar according
to an enbodi nent of the invention are applied FIG 2 is a perspecili ve View
*of the configuration of the magnetic head slider of the actuator amJANoNi]B
in FIG 1 FIG 3 is an exploded perspective view of the configuration of a
thin fil mmagnetic head device nounted on the magnetic head slider shown in
FIG 2~ FIG 4 is a plan view of the structure of the thin fil mnmagnetic

head shown in FIG 3 viewed fromthe dirgction of the arrow IV of FIG 3~

FIG 5 is a secti | view,of the structure of the thin film magneti¢c head
shown i n"Fi iovie, fagisat |FEhF: ALIS e bR sit Br S kot 4 Bor iy Pene e vy
of FIG 4 FIG 6 is an illustratigon of a general configuration of a fixing
appar at us f opary;@ad therefpre matenilyicapbesayeds act uri ng a magnetic head slider z
z JAN 2pp~ .9 _ and the nethod of fixing a bar according to the enbodi nent

of the invention FAGnethod sf mapdactyrang 4 megneitie eas slidercefithe awvention ¢rangirises ng

apparatus shown in FIG 6 and a nechanismfor driving the carrier FIG 8 is
a perspect i vie siepsvof fformnifigl cin Gilin Phagheticolieat lievitésdngpepgadhedsbabowiting Fl G

| the base into a plurality of bars, each of which includes at least one magnetic head slider
on which the thin film magnetic head device is formed; arranging the plurality of bars in
a manner that surfaces to be processed thereof correspond to a predetermined reference
plane; moving and placing the plurality of bars onto a predetermined support member
while maintaining the relative positions of the bars, thereby supporting the plurality of
bars by the support member; applying a predetermined process to the plurality of bars
supported by the support member; and separating the bars into separate magnetic head
sliders by cutting the bars, wherein the arranging step includes aligning of each of the
plurality of bars individually in a direction parallel to the reference plane.

In a method of manufacturing a magnetic head slider of the invention,
predetermined surfaces of a plurality of bars, i.e., the surfaces to be processed are
located along the reference plane. Thus, all the surfaces of a plurality of bars to be

( processed can be brought into exposure focus even if, for example, full-wafer printing
takes place in, for instance, photolithography. Therefore, the slider rail can be precisely
formed. Moreover, each bar is positioned in the plane parallel to the reference plane.

Thus, it is easy to align a resist pattern for, for example, full-wafer printing with the bar.

Therefore, the slider rail can be precisely formed.



FIG 9 is a flowchart of the nethod of manufacturing a magnetic head

slider according to the enbodi nent of the invention FIGS. 10A and 10B are
per spective views of steps for describing the step of formng theztziMNiZ[)ﬂB
magneti ¢ head devices on a wafer and the step of cutting the wafer into

bl ocks in the manufacturing method shown in FIG 9 FIGs. 11Ato 11C are
perspective views of steps for describing a nethod of cutting bars fromthe
bl ocks and a nethod of polishing the b8rs in the manufacturing method shown
in FIG 9 FIG 12 is a flow chart of the nmethod of fixing a bar in the

manuf act uping et hed _shown in FI FIG; 13 is a perspective view show ng
ot hod OFSTRale, 1ex 18 dfe. obed 45 sfen rRdiBeRE eRBEFIE F 4505 sIe £hS chown
in FIG 1% FIG 14 is a pﬁrg{gec i ve .view of a state in which thc(f b%{;s are
pl aced onDPar$ane k% ong tonbght hbhersfone; tha gnangiacturipgrtime 1 pducedy g 15
is a perspective view showi ng a nethod of observing a bar in the nethod of
fixing a 1938 ame¥pensivesteppe? ismebreqwized sand1 BRisamanwfaciyring ¢apts avé an
exanpl e of inages 2 2J AN 2003 -10 obtained through the nethod of
observi ngredweed. shown in FIG 15 FIGS. 17A to 17C are sectional views of
steps for describing a

Other and further objects, features and advantages of the

invention will appear more fully from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of the configuration of an actuator
arm comprising a magnetic head slider to which a method of
manufacturing a magnetic head slider and a method of fixing a bar
according to an embodiment of the invention are applied;

FIG. 2 is a perspective view of the configuration of the magnetic
head slider of the actuator arm shown in FIG. 1;

FIG. 3 is an exploded perspective view of the configuration of a
thin film magnetic head device mounted on the magnetic head slider shown
in FIG. 2;

FIG. 4 is a plan view of the structure of the thin film magnetic
head shown in FIG. 3 viewed from the direction of the arrow IV of FIG. 3;

FIG. 5 is a sectional view of the structure of the thin film magnetic
head shown in FIG. 3 viewed from the direction of the arrows along the line
V-V of FIG. 4;

FIG. 6 is an illustration of a general configuration of a fixing

apparatus for use in the method of manufacturing a magnetic head slider



nmethod of transferring a bar in the method of fixing a bar shown i Fjﬂ(
12; FIG 18 is a perspective view for describing a nethod of form n{, 2N 2003
slider rail in the manufacturing nethod shown in FIG 9 and FIG 19 is a
perspective view of steps for describing a nethod of cutting bars in the
manuf acturing nmethod shown in FIG 9. DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS <Configuration of magnetic head slider> Firstly, the

description is given with reference to9FIGS. 1 to 5 with regard to the
structure of a magnetic head slider to which a nmethod of manufacturing a

magneti c head slider, apd met hod of fixing a bar_according to an
enbodi menAngf thecmethehtalo AXAE & At sgconding 1o $henembediaent igfutbe i on of

an actuator arm 3 conprising a 1. nagnetic head slider 2 to which the

met hod of mmenftat uri ng a magnetic head slider and the nmethod of fixing a
bar according to the enbodi nent are applied. The actuator arm3 is used in
a hard di sk dri vEIGnGtisshqwrppentivehwicw lof a tarriexx afiphe. fixihg spparatas arm 3
has the magnetic head slider 2 on which a thin filmmagnetic head device 1

i s fornmedshéwn iEIG & ant remeshagisnt forahdvislg thercazries; nounted on the end of
an arm 2c rotatably supported by a supporting pivot 2b. The arm2c is

rotated by driviRIGf @ G8 &fpérspeitite Ghbw BPtDOIsuchidh phavenbf ther figkegp! €.
Thus, the. magnetic head 2 2 JAN 2(J3 -11 slider 2 noves in a direction x

in which LbgarRIRAHwERFIG! bder 2 crosses a track line along a recording
surface of “a magnetic recording nedium M such as a hard disk (a | ower

surface of the rFE}?rgiiQQ Al l9# the Ghethlod %&a%ﬁ%n%gﬁxﬁe KL i C

ecording nediumMrotates Iin a direction z s Icular to

he directi 98 sﬁdiep 'f%‘%?(ﬁ?nﬁ%&%gf%gﬁgﬁﬁﬁ{%&%n@i Grosses the track line.

The magneti c recording e rot e magnetic head slider 2
Fecor ding. medi unf ety IWBCHRGASH aP Bk iivRsER SEReBR ot e ot
i1 der 2 ShoRHH Y forming ther B T Ragikbediead diioss pké wAGR Diped
i oo T SRR Sl boskdin SR S RS doven i
upper fac% in FIG 2) closely faces the recording surface of the magnetic

recordi ng ﬂg'dﬁme(see FIG 1). Two parallel slider rails 2a are fornmed on

a ( surface faci n? the_recording surface of the magnetic recording nmedi um
M FIGs. 11A to 11C are perspective views of steps for describing a

method of cutting bars from the blocks and a method of polishing the bars
in the manufacturing method shown in FIG. 9;

FIG. 12 is a flow chart of the method of fixing a bar in the
manufacturing method shown in FIG. 9;

FIG. 13 is a perspective view showing a method of forming a
protective film in the method of fixing a bar shown in FIG. 12;

FIG. 14 is a perspective view of a state in which the bars are
placed on a palette in the method of fixing a bar shown in FIG. 12;

FIG. 15 is a perspective view showing a method of observing a bar
in the method of fixing a bar shown in FIG. 12; |

FIGs. 16A and 16B are illustrations of an example of images



The surface of each slider rail 2a is called an air bearing surface (ABS)
2e. Wen the magnetic recording nediumMrotates, airflow generaQQdJaﬂt?ﬁﬁn
"the recording surface of the magnetic recording medium M and the air
bearing surface 2e allows the magnetic head slider 2 to slightly nove away
fromthe recording surface in a direction y opposite to the recording
“surface. Thus, a constant clearance is created between the air bearing
surface 2e and the magnetic recordingl®edium M The thin fil mmagnetic head
device 1 is fornmed on one side (the left side in FIG 2) adjacent to the

2 2 J A N_2003 - air RQearin urpface 2e of the base G 3is an
expl oded QGWPB‘F%W@( F&?F‘&@P{’Pﬁ%ﬂf’m%aﬁaﬁﬁ%ﬁﬁﬁh’é} %gthé’d devi ce 1.
FIG 4 shows a plan structure viewed fromthe direction_ of the_arrow |V of
FIG 3. FIG 5 Shids A7Ack ilgfhiare; sagtionnb wruseet Fieom IRedeRFRIREGH of the
arrows along the line V-V of FIG 4. The thin fil mmgnetic head_device 1
has an i ntmathad ofttransferengambar snndheamethed ofi fixing ehar ishowar in #Goduci ng
magneti c information recorded on the magnetic recordi ng medium M (see FIG
1) and a d8ctording head 1b for recording magnetic information on the
magnetic recording mediumM As shown in FIGS. 3 and 5, for exanple, the
reproduci ng headFI@. h8d4s a pdmpEctilve viewt forr desepifing A m@theod of Sorinaingng | ayer
11, a bottomshield layer 12, a bottomshield gap |ayer 13, a top shield
gap | ayer slidepsil an the nsdiwadtdidig indthod Whiothh il FIGt 8cked in this order on
the base 2d on the side close to the air bearing surface 2e. For exanple)

the insulating | pyGr 19%isi & péréffictive lHeRUBT stbpsfos kitEHbM P A%mlefRodlofECt | ON
of stack (hereinafter refefred to as a thickness) and i s made of A1203

(( al um na) gﬁgwg{ Madm Rcthdd sBY¥&% ihFiG umto 3 umin

t hi cknesscgﬁgﬁ'Fs ma ee%ef a rrag%%ﬁ%érme?e?(llasﬁ Such as NI Fe (ni ckel -iron
alloy: permalloy). For exanple, the bottomshield gap |ayer 13 and the top
shield gap |layer 14 are each 10 nmto 100 nmin thickness and are made of

A1203 or ] b b . i er 15is 1
umto 4 uﬁ%@ﬁ@ﬁ@%&?@r‘%ﬁgﬁ%ﬁmﬁtﬁﬁ §m¢?j§ﬂ§h@?’as "N Fe.
The top shield | ayer.15 al.so functions as, g.bottom pol e of the recording
head 1b. An MR (%é@ﬂgg&r&?% F%g%%éﬁlﬁﬁd 'fﬂb‘?qré buri ed between the 2 2
JAN 20U3 -13 bottom shiel ap l.ayer 13 and,the top shiel ap Layer 14.
The WR of emant | ESUYatie AefaRption i e Wi rhtcrance o 15 dr 5 WEh o
magnetic recordi ng, medi um (not. shown) and is | gcated on. the side ¢clagse to
Theai + CbEstiHl b4 JhP cRtEuGuS 1afo RABhERE hoat SHAcH Faothish RroeHRoR 28 made
of an AMR (ani sotrqpic nmagnetoresistive) filmor a (gi ant

magnet or eﬂ%‘%‘i‘é‘éﬁulﬂpgnﬂ magngkij ftpm% 1y agydn @ doethpd, ogtffmguaebaﬁm udi ng
a magnetic |ayer made of Ni Fe, for_ exanple. The GVR filmhas a nultilayered
st r uct ur e acepading te anjembeimengpfithe Anventionage appliedayer, a ferronmagnetic
| ayer nmade of, for exanple) CoFe éi ron-cobalt alloy), an antiferromagnetic
| ayer made of, fBIGelashsves thehsonfiguragomeetap agtuatiomazint Syjomprigmenagnet i ¢
fret al | ayer nade of, for exanple, Cu (copper)) and so on. Magnetic domain
control finhagnetbmhaad skider Patte whith the mettadpdemanvfactairimgg)namiagneticeri al
are formed on both sides of the MR film20 along the direction of a track
wi dth (X dieadadiden and theGnethod dhfxinmpn bar accading te ol enlbodiment ada and
30b are filns for applying a bias magnetic field to the MRfilm20 in a
fixed di r applied. aMhet Htuator aravS s ivagd Bar & taudedishadriee (Aotpshewn) ok ead

| ayers 33a and 33b facing each other with the MRfilm20 in between in the

directiontpé 1R for Brdmpdlt Thé aliRfbf hedl BYhadofHichis@detie Kl itldr 2M 20.
Simlarly to the MRfilm20) the lead |layers 33a and 33b are forned between

the botto i I A Sihi p | The.| ead

(e oL OB Shhiy a3 HE AL b e S A0 ISl 020

33a and 3%?&%?@%9‘38 §iGer o 6 Gh&TnRAPES {12 bR &€ an ardl B¢ 'roltH:éBIS' 14
supported by a supporting pivot 2b. The arm 2c is rotated by driving force

of a voice coil motor (not shown), for example. Thus, the. magnetic head



air bearing surface 2e. The lead | ayers 33a and 33b are electricall
connécted to output terminals 33c and 33d, which are formed into a2y2 JAN 2uu3
“predeterm ned pattern on the top shield gap |ayer 14, through an opening
(not shown) formed in the top shield gap |layer 14. For exanple, as shown in
FIGS. 3to 5, the recording head I b has a wite gap layer 41 of 0.1 ~mto
‘0.5 p,mthick made of an insulating filmsuch as AlzGs oa the top shield

| ayer 15. The write gap | ayer 41 has-dl -opening 4la at the position
corresponding to the center of thin filmcoils 43 and 45 to be descri bed
later. The, thin filmgcoils 43, of 1 prn to 3 pmthick and _a photoresi st

| ayer 44 fhferz3anpyRp ima ffimqﬁmfni xweﬁhacg\t&@ magnele hegdorlidere? Grasses gap

| ayer 41 with a _photoresist |ayer 42 having a thickness of 1.0 ~ mto 5.0
p, mfor datspek dinegalengha sacondeng urface it uanagnetiteredording madivm M 46 of 1
Eaxn to 3 p, mthick and a {)hotoresist | ayer 46 for coating the thin film
coils 45 sweh fasr agwardndiske(aplover ewifate [ofythe rdordingt rofacebodiFEnht1). t he
description is given with regard to an exanple in which two thin filmcoil

| ayer s ar #ostexaneple, theamegnetid aecomtineg médium rMf rdtateoin d dyectionsy be
one, or three or nore. Atop pole 47 of about 3 p,mthick nade of a

magneti ¢ pabstandlalliepen@ndidilaf ab thatdissetignor €hi whidhithd ansdrietic heed as
Ni Fe or FeN (iron nitride), is formed on the wite gap |ayer 41 and the

phot or esi glidéP¥&rsssbd)thd4racldlife: TR faBnPAt Pedbidiss Medifii M rotdithy and

magnetically coupled to the top shield I ayer 15 through the opening 4la of

the wite gl i ae. center
AERRHEN S bgRa loRl b nei e SPRAHy AT

of the thin fi 43 an not shown 1 n F , an

lover coat . . = ~ i ﬁrgg , for
exanpl e, sﬂaiz/e%r(?ésd ﬁgrtﬁrggﬁ %%“‘ith%"%é’g&% Iggﬁl}mslc]lﬁ é)?q‘tegoéac?tgﬁ ln?ﬁe ovgrr'g%I
surface. or.di he | ener.at egya magnetic flux between the
bottom pog%%%‘.&e?r)%niﬁlge Exgdré}%ﬁ}ce%goggg i ugh@['t he top pole 47 by a current
passi ng through in filmcoils 43 and and magneti,zes, t netic
ecor dng medr unf i coeheme By Spphefieaiiy o PR imARTOGh s AUEE 21 he
wite gap |ayer. 4 t hergby recordi i,nf.0 fon. The thin film netic
neaddovi CBONRHRFIG! Lne Thb paEHEGE HeadcPlided has g BlocishapeAba%e Te

fol |l owi ng ner.. . That_is, a.quryent is passed through the thin filmcoils
43 and 45108 9F F’Hﬁ(fmgfaﬁééd féb,ew by T Baggnéd is substanially ¢ i ng
i's generated an hys {nformation is recorded on the gnetic recording
medi um M i\%@ﬁ‘fxﬂ@i Tgr. metanems e @ne fape 0? §Lsabw3=qdﬁ%[§n vReenfage Iy 20 of
t he reproduci (rjlg)fhead is and thus a change in resistance due to a signal
magnet i ¢ 16 d2k cdegeln fages) tbei seqordngisnyfacedpfirkhe magneaticc reeprdimgr eby
information r_ecorde&pon the magnetic recording nmediumMis read out.

<Conf i gur madinnbMpeee  FiGnd).appwoararallel slidarcraids dawase fopmedcon a
configuration of a bar fixing apparatus for use in the nethod of

manuf act usirface fasigpgethecrdrording| sutfaceacl thredimagnetict treeoxdingdnedium M. bar
(fixi ng apparatus 6 is configured so that a plurality of bars 5 is arranged
in such aThernnafateof eddbesliderurdibRadsicallbé ap srdsmring sarface 4ABS) fdeong a
predeterm ned reference plane and so that the bars 5 are positioned in a
pl ane par When tle t aghbtive red@rdiesiedfgr M Ceotpitéd)e airffows hgewerated | G 6,
the bar fixing apparatus 6 perfornms necessary operation while carrying the

bars 5 i nbetesh tRE téRRding surfadd @tHedhaghéfidéecord i mbaMiA0MBand éhdé f rom
the lower left to the upper right in FIG 6). In the follow ng description,

the direchioBeafinpuifadege Allows tHdth $chdid Glidar 2 &S shERtIPdhove | S
referred to as a direction, and the direction perpendircular to the Y

0 et onaiyd B0 EQURIng FAEE vy HRREGRA) bipy e Kphosindp The
0oLy Bl g S A KB R B 0h B B

surface 2e and the magnetic recording medium M. The thin film magnetic

head device 1 is formed on one side (the left side in FIG. 2) adjacent to the



i receiving and carrying the bars 5 one by one lifted out by the 2%%&4
a suction plate 80 for sucking and holding a plurality of bars 5 2993
“the carrier 70, and a support substrate 90 for supporting the bars 5
transferred fromthe suction plate 80. The support substrate 90 holds a
plurality of bars 5 in a process using photolithography to be described
~later. Mechanisns fox driving the robot 64, the carrier 70 and the support
substrate 90 are driven under the contl2ol of a controller C. The pal ette 62
is a plate-shaped nenber having an area | arge enough to plane a

predet er m ned nunberrfof Ear?ﬁ e.9 fifty bars 5) thereon. The robot 64
per forms ATHATULE SyTighe A& of KA. bap apaspi ng the bars 5 one by one on the

pal ette 62 and ing.the bar ne by onto the cartier. 70...The robot
64 may have any Qf!:ci e %rﬁ’ﬁpz?ff“éfivdﬁwagplr} gsgé“’%‘ﬂ”@ Pgﬂ: shin filmyer £ or m
t he above-nentioned operation. _FIG 7 is a perspective view of an exanple
of the comtagnetiet heat dgvicent cElGi drshaysiadplangstryctyge sdewsdi @any she gri vi ng
the carrier 70. As shown in FIG 7, the carrier 70 conprises a |ong bl ock
havi ng a pirgetion ofuttreaaerorod Vhal/ FlG. ah FKa Dashgwsepoiegtionsl sterssusee bar 5
thereon. A° Z 2 JAN 2003 -17 line of suction holes 70b is formed in the

pl aci ng swuidweskfrofm thé dmectionofgihevatirowls along¢he dmeoV-VY lof Ki&k.r4.erTH®. The
suction holes 70b are coupled to a pipe 70c extending outward fromthe
carrier 76hinTfitmpimagnébic hesd devirkVE hak whiiabedral gpantdrocomiprigdgunder t he
control of a valve driving nechanism 71a. The carrier 70 is configured so

as to suckepredubiighédd 18afor 5eﬁfbdfd&m§) hodBicinfoaagtidhaelordedas 0he t he
e

valve 71 and to stop sucking t bar 6 by closing the valve 71. r, The

\carrier 7%4@%%&9&% fhddihin M (88 FICL af)i A8d 3F re@r@ing’ heWlll TH BAN

vertically nmove up and down and can rotate in the horizontal surface. The
Lifti ! i uak i . ‘ . i ch
ITting aﬁéeicoﬁg{rrfézig%géﬂ%ﬁfcqﬂ,&h;&qrx}]gnlfflﬂgﬁﬁgn&'ﬂc Adbordingdhb&ivim M ch can

nove in t surface and rotating actuator 72

Comh 62 ¢ Basey Sy MEAINB 048 Sl BE Ao TIEE AT OO
BT
suppor it ot niiap o Kb AP YRR LR KD
oy eabr cshidd 18per s ARid'Grd stithe) b3 SrftPOh 486 He 20 et ity gab o' o

mechani sm 752) and a Y table dgivinhg nechani sm 756 for Vi the Y table
750 ot af GiA56 4 3G A DewRing RHrFISE %0 FORKRBEIE N Fie HARRGEAERIL i 752
has a pair. of guide shafts 752a and,k752b_extending in th direction) a
bal | scred P@goe}peﬁm 8 ﬂhwﬁﬁ%ssxa&?%é&ﬁeoﬁ,lreaﬂanaofﬂﬁ%& %EEF‘FB €¥ ot at i ng
the ball screw 752c. Simlarly, the X table drivjng . z JAN 2003, -18
mechani snreiseradyto &Sﬁathlckﬂeiﬁ)jiﬁféi narade of58kOs{gluminple Foxgxagmple. t he v
irection, a ball screw 756c extending in the Y direction, and a notor 756d
for rot at the botieonpshielddayer 1866. 1 e ty § wm én thicknese and; ishimadg efamge of
froma position in close proximty to the robot 64 to a position under the
sucti on phegnediz mhteriddowacheasi Nifd Khickehiroanalloyt qpérmplieyuat For 72 may
conprise a conbination of a nmechanismfor relatively rough positioning and
a mechani sgample fthecdqttmntshieldgpp layer ti3cambtie tapshiebt gapilayer 14ereof is
omtted. FIG 8 is a perspective view of an exanple of the configuration of
the sucti eackp! B0 enf0.to THEO st iiANthikkRhessBAnids age pinaide- 6hakle@sner&IN whi ch
has an area | arge enough to hold, for exanple, fifty bars 5 and is made of)

for exanp(@unsin¥m i&sdet edor xantte! tlie!téeRieM 14y B384 1qimMocd 80 is a

snooth surface. A plurality of lines of suction holes (not shown) is forned

in the '%‘ﬁ&hﬂl&fe@ﬁ%ﬂf id bfadi6f homaBhatie BAterl{IesidHTRE N e, t MPH ikpgs of

suction holes corresponds to the nunber of the bars 5 to be sucked.” The

| i nes of j r t j 1 el qlpgnlt] ne anot her
for each ?#%H?%’aléc}ﬁi%?}o% %ﬁﬂggé%gaacﬂm@?ﬂxﬂ ‘\glggﬂégl %%?Qih ar%é)%%ghed or

cl osed i ndependent | f cone of her. undar t nt.rQl...of hani sm
8la. Thus, sucti Mﬁt ﬁ%agggpqrgﬁ%hgﬁgseq(ggﬁ%eﬁ? u{rsng’dlrgerﬁl gbre\énge %gf gﬁgeach
line. Two slits 87a and 87b, which are cut through the suction plate 80 in
the direction of thickness of the suction plate 80, are forned in the
suction plate 80 in order to observe a suction position of the bar 5) and
the like. The slits 87a and 87b are fornmed at the positions correspondi ng
to




2 2 JAN 2U03 19 both ends of the bar 5 to be sucked by the suction plate 80
in the longitudinal direction of the bar 5 (i.e., the X directionf.2 TN 2003
slits 87a and 87b extend long in the direction of arrangenent of the bars 5
(i.e., the Y direction). Two caneras 85a and 85b are | ocated over the
suction plate 80 with a predeterm ned space between in the X direction so
that the canmeras 85a and 85b can observe both ends of the bar 5 (to be
sucked by the suction plate 80) in theld ongitudinal direction of the bar 5
through the slits 87a and 87b. The cameras 85a and 85b are noved-al ong the

slits 87a,and 87h. ac ra gyiving, nechani sm 82 (see F : shown
T Fra obofe sk BaB et b A Tad HoBoPhini s ient bEhalbio R or
exanpl e) a, waf er .shape apnd havi.ng an,area J arge enough to nmount a .

or edot or nEIRICRLAEES B Alement Pk rgading MgrHARORoW IR, GBra FABRENFf ace of
t he support substrate 90,is coated with material e.qg., polyimde that can
resist) f&ecordunsmeediyay dpeh Sbmwaﬂdhwgﬁ&mﬁ Bflcfé\@s%‘g§ Ao iI% thesmaigult to
di ssolve in al cohol and acetone. Specific exanples of polyimde for use in
coating i hearing Sufacn2aeTTheeMR elententalc includes iaesMFFﬁclm) 2Q@avade ofn. A

di spenser 94 is provided near the support substrate 90 in order to apply an
adhesi ve tan t AMRBur {smisotrbpiche nmagyetotesistbat)r afibn90or Tlae GMBenéginn®4 i s
configured so as to nove along the surface of the support substrate 90 by a
known di spedgedtopdsistive) dlpar afiee BMRAfin Giaspansenglellager Gtagétageve from
the end thereof. The adhesive will be described |ater. The support

subst r at e j@udail REnARNEHC ldydriBade &f NiFlel 5t dRampRyPAdel GMIRHIARhEsdr i Vi ng
mechani sm 98. The support substrate 90 can 2 2 JAN 2003 -20 horizontally

move bet Ve ulfifayRied tdtARctuRd fhclulth S Unt AdditRintts a 3 fhthgndticllaget, 2n away
fromthe suction plate 80. Wth the support substrate 90 under the suction

pl ate 80, | i b e S 30 I 0.1 d and
pl aced ontf%'rtB '%ieﬁrgz{lﬁﬁ%}@egu sat%regtog’ g(% Q&ﬁﬁsﬂ?’hﬁgr 21 rghgﬁ)gaﬁoelelgygﬁ%ﬁpl aced

ant ot he SRS PHERH Ao Sua dl 5 PRI BT G Sfed iyt and

down) for exanple, ers support substrat riving

upport oy B685aeBrt A 1Re P HIRE of "o QaBTER GARO S bor " o

80. The support substrate 90 corresponds to a specific exanple of "a
support meftber" of the invention. The suction pl ate 80 corresponds to a

specific exanpl ejpf "a.reference ne r" the Jpventd on. A suction

surface (I ower Shfqg&e%c gqmgﬂbcgﬁtgpmmﬁlﬁaeagg écdg)r Oo&'dgort%}(aéng ecific

exanmpl e of "a reference plang" of, the Jjnvention. The c iar orresponds

Co o’ speorr hard magnesie nascrialare formedof HAh RUlEn ot She MRy 40 Hon

manuf actuang magneti c, head slider> EIS 9is af W@Ear of the nethod of

manuf act uthfglixectiemeaf a tragk widihe X diregtiongin KIG- 198 ahle ppagneti¢a ¢ o

11C are perspective views of steps for describing the manufacturing nethod
hown i n domaig contrel Gimsi30arand 3naredHins fornapplyingraghiasi magegaticdevi ces
are formed on a wafer 4 of 3 in. to 6 in. thick nade of, for exanple)

Al zCs- Ti Cfisyd utn thet MR filnn2fr br ea sfixed tdivedtidne anst dbebyopremntingi | m

process in step S10 will be briefly described with reference to FIGs. 3 to
5. Barkhausen noise. A pair of lead layers 33a and 33b facing each other

with the MR film 20 in between in the direction of the track width is
electrically connected to the MR film 20. Similarly to the MR film 20, the
lead layers 33a and 33b are formed between the bottom shield gap layer 13
and the top shield gap layer 14. The lead layers 33a and 33b are made of
metal such as tantalum (Ta).

The lead layers 33a and 33b extend in the direction opposite to the



Z 2 JAN Zpp~ -21 First, for exanple, the insulating |layer 11 nade of an
insul'ating material such as A1203 1S forned on the above-nenti oneg zf/\@qu\{ Zf»lué
by sputtering or the like. Then, the bottomshield layer' 12 made of a
magnetic material such as NiFe is selectively formed on-the insul ating
layer 11 by sputtering, for exanple. Subsequently) an A1203 filmis
deposited on the bottomshield |ayer 12 by sputtering, for exanple. The
AlaCs filmis heated) whereby the hi g4y i nsul ati ng bottom shield gap |ayer
13 is fornmed. Next, a stacked filmfor formng the MRfilm20 is forned on
the bottom shield gap Layer 13 , for .exanpl,e, sputtering, and.then a

phot or esi &{F B’&f“fﬁﬂ% SB§}"’§§I é‘é’ti yleraéi B¥eTn @ﬂeagaa@aéoa i Pfﬁcgﬁf“? t hat ,

the stacked filmis etched by, for exanmple) ion m.lling using. the

phot or esi §enpegted tp putpubdekmingls s8¢ @lhi fmi),f mrﬂwlzmneawm@ecb into a
predeterm ned plan shape and size is forned. Then) the nmagnetic domain
control fpredetsomivedipatierarmn theetoreahidldgapslayen 14n ¢hesighann dnemimel on t he
bottom shield gap | ayer 13 by sputtering, for exanple. Next, the top shield
gap | ayer (det showmy foenhednintthe toptshietddupelayegdd. | ayer 13) the MR film 20
and the |l ead |layers 33a and 33b in the sanme manner as the bottom shield gap
| ayer 13. After Fosatxaimple, tagrslobireind FIGges taD, the sedording/héyd flbrisda on t he
top shield gap | ayer 14 by sputtering) for exanple. After formng the top
shiel d | aygtitel Bap t1agevdilt 6f Q3PwnAYE 0.3 kot Bheclomade bf eyl Risulskiipifdi al such
as A12031S forned on the top shield |ayer 15 by sputtering) for exanple.

After thaguchh® ALY,;Wethe top KEd1d4ayes 15. ~ Thel MitdPEhd 1dkrSEl ki d@l Y
formed on the wite gap layer 41 by using photolithography. Then, the thin

filmcoil épéﬁmg £156t ¢hé ?\3@&%&% ih ;%g RRQ ALY o?_tthk@m’n é’o%lsgda pl ating

or sputtering, Tor exanp sequently, e photoresist l[ayer 44 is

sel oot i velyal £ 5 e thebfiBeRIota! CTHYHiRNDm 451808 SOF Wkl ok =, 42

in the sane manner as photoresist Tayer m coils
45 are seleqgt]vel ho{: I Sh..l i he, nner as
Che thin At Eotoledlt iyl ier BRkRE SR iR BB ot 43 Gk RAR OR
selectively forped on the photoresi st | ayer 44 dthe thin film.oils 45
"0 he saibe Mifforen Boiat D REER Bholorasiifdvan 42 hain a ghicknpseit 1%
photoresi st | ayer 46,.t wite gap,Jayer, 41 . is partly etghed, . reby the
openi ng 4¥R tg igr"r@cﬁ’ﬁ@””ﬂ’é‘”&gﬁf QP‘%& l?ﬂgh% Hi‘ﬁ’elt?"leﬁ?'co' P‘% thin 45,
After that). t tQp pol e 47 e of a netic materjal such ae N Fe or FeN
is formed® sgﬁé)fm@etog%m 'g?}glf agd aaﬁggg%ésﬁhbﬁly&?e{qtgfCP’AVQF&?‘&&h&hd 46 by
sputterin for, exanple, Suhsequently) the \é\{riteﬂgap | ayer 41 and a part of
the top sHilm eoilg,¢araresfosmedn the phigtoresistdayandd. I ihgembedimentag t he
top pole 47 as a mask. After that, an overcoat |ayer (not shown) nade of)
for exanpthe descxiptignfig given syvith yesawhtgpancexpmple ypmbiech itwg, thia filaxanpl e.

I n the above-descri bed rranne\r,\x){ many thin fil mmagnetic head devices 1 are

[ or med on ceil dayersearesstackedionHowever,Ghelgumbeyof dhire filiygoiblayerswmay n Fl G
10B) the wafer 4 is cut into sone blocks, i.e., blocks 4a, 4b and 4c havi ng
t hree typbe cave, or three dgromoeanpl e (step S12). Each of the bl ocks 4a, 4b and

4c corresponds to an integral structure of the stacked bars 5 having the
sanme | ength. EacA tmgr pble 47 of about 3 um thick made of a magnetic material

having high saturation magnetic flux density, such as NiFe or FeN (iron
nitride), is formed on the write gap layer 41 and the photo;'esist layers 42,
44 and 46. The top pole 47 is in contact with and magnetically coupled to
the top shield layer 15 through the opening 41a of the write gap layer 41
located at the position corresponding to the center of the thin film coils 43

and 45. Although not shown in FIGs. 3 to 5, an overcoat layer of 20 um to



,~L ~l ~~~1 e'" _~~J -23 corresponds to an integral structure of a plurality

of magnetic head sliders 2, each of which has at |east one thin fi'”fi%JAN 2003
magneti c head device 1. Next, the bars 5 are cut fromthe bl ocks 4a, and

4c and are | apped (step S14). Specifically, as shown in FIG 11A, an end
surface of one of the bars 5 included in the block 4a) i.e., an end surface
corresponding to the air bearing surfage is polished by a grindi ng wheel

102. At this tinme, the block 4a is fixed to a fixing jig 100 on the end
surface of the block 4a opposite to the surface thereof to be polished.

Subs equent:#()ﬁumacqnémmé f, FbfCexdhple, AROE FrnYEd bh! thelp pole Angiegdsto the

pol i shed end surface of the block 4a. The polished end surface of the bl ock

4a is suckgd.apdihel laﬂfﬁf I TRuS 2 i Lve film
104 in bet wecedn%l T usofée?%le o%‘%r%a ?‘s‘ 'sg%%v%\l?g%ngnn%%%r@ %g\%\%bt e
fixing ji J¢h r tihe k 4a.
Then, theq%%gqst?ﬂg\l}?nrb%tt{}géngg? ibsleteoggé)%ﬁ’g%é’e@g @étglg\%gf/l r Bnl’l%t%rgagﬁf acent
bar 5 by bl ade 6. After cuttin t he ot gcti filim104 is peeled from
Che bar 5 ORRGLS 431 B arEPnERisane Haroliat! Uik i, Hfin conP e UARa AEERL. s hown
in FIG 11C. The steps shown in FI.GS. 11A tq 11C repeat ed) wher.eby the
surf aces SRABAAEARIBRSEBO A PeRTBInE ethamggeRe 6.7 by theppagnptiee e
corresponding to the sir bearing surfaces can be polished and all the bars
5 can be diX genaraterhngapthe waitemap laxes 4ilnthergby reeording information. and 4c
are polished and cut fromthe blocks in the sanme nmanner as the bars

i ncluded in the Hbecthindfilorimagnetipheaddevitenk hayvingshe gboyardeseribed g. )
Lifty bars 5) are obtained. In the step of polishing shown in FIG 11A,

o- cal | ed sR@ture fenctivh08he followingemiasinanc eThap ps,nag cGorend)iseissedi ng f or
controlling polishing in accordance with neasured val ues of resistance of

t he thi n fthroughaghethin fibadoisvidcand 45kdthe mgcordimg headdhc evhereby the anount
of polishing may be used. Since RLG polishing is well known, the

descri pt i ciaghetie fuxi for writingds géneeateidnaid clme® infoe@itidnols webrdedasw fi ni sh
polishing may take place. A plurality of bars 5 obtained through the

above- desghelifilghétd pedordiig AlvdeamND(see Fied INJAfderd duerdditispHaRed t
substrate 90 by the bar fixing apparatus shown in FIG 6 (step S16).
through the MR film 20 of the reproducing head 1a and thus a change in
resistance due to a signal magnetic field from the magnetic recording
medium M is detected, whereby information recorded on the magnetic
recording medium M is read out.
<Configuration of bar fixing apparatus>
FIG. 6 shows a basic configuration of a bar fixing apparatus for
use in the method of manufacturing a magnetic head slider according to
the embodiment. A bar fixing apparatus 6 is configured so that a plurality
of bars 5 is arranged in such a manner that their surfaces to be processed
are located along a predetermined reference plane and so that the bars 5
are positioned in a plane parallel to the above-mentioned reference plane.

As shown in FIG. 6, the bar fixing apparatus 6 performs necessary

operation while carrying the bars 5 in one direction in a horizontal surface



FIG 12 is a flow chart of arrangenent process to be perforned in_step S16
of FIG 9. FIG 13 to FIGS. 16A and 16B are perspective views ford 2 JAN 2003
‘descri bing the arrangenent process shown in FIG 12. FIGS. 17A to 17C are
sectional views for describing the arrangenment shown in FIG 12. As shown
in FIG 13, ink (e.g., product nunber BK2701R nade by Dom no corporation)
is jetted onto the surface of each bar 5 on which the thin film nmagnetic
head devices 1 are forned) as shown byl@he arrows K. Thus, the protective
filmfor protecting the thin filmnagnetic head devices 1 is formed (step
S100). Then, as_shown in FIG 14, a predeterm ned nunber of bars 5 (e.g
fifty bar$frem ghe lowaredefonta thepuppen sight Wt RIGHh&)+ Jorthe dollowing
corresponding to the air bearing surfaces (i.e.) the surfaces indicated by
r ef er ence degeripfiions the givection)inuwhichd the thay £Midg) apparaths 6 carmes the bars 5
are arranged in a fixed order (e.g., the sane order as the order before
cutting t bardars réferrehtd he andidirection, Rodithe aireaton paypeafli@dan tdbdhe 5 on
the palette 62 can be such that the position accuracy does not prevent the
2 2 JAN 2Q0directiori b che hérizontallsufrfdceds eeferpatto daanX dfiebtieguent |y, as
shown in FIG 6, the robot 64 is driven so as to |ift the bars 5 one by one

and nove the bar¥thé &€ f¥ingnappardthe 6ahhses pdleftst 62 RrOhbrizohtdllys ti ne,
the controller C controls the robot 64 so that the robot 64 may lift the

bars 5 ong] Rirald t t ' 1fd in the
order in ?h%%ﬂegp gi sl{agiggggbﬁf\?e%ﬁht@%gﬁr%%g %gfngg(giéeﬁgﬂlﬁg‘{r qgﬁ?tﬁlgﬁggges) t he

bar 5 | oc@ t lﬁ}g I I ' g@y t he
(bars 5 onzﬁﬁ;ﬂ/g?&é ﬂtmg e %é)?l??@f of}g;}lﬁ‘{eecfnfmﬁhg%é%%ﬁ[draﬁ ’ea(rag% ri \Zg?‘?he Y
tabl e driyj Jec [ .26) 1t b ' carrier 40 t posi tion
undﬁr _the%%ﬂrﬁ?ngg@é:? (%??_%Q?iﬁt%ggggﬁ] ?8??%:”&??’ eé’et h(gmltihﬁ’i an? .
mechani sm er | n canrier ower surface o e
suction pﬁg%@bg@%@%@gg@kﬁg Sggslfogflg!g?lq{?ﬁl@yso?z{a&s t%ri?élrgyj%b? aced on
the carrier_ 70 | ositioned relatiyve t he sucti |ate 80 ip th
o | zont aPREHPT KleA AHPEDg D SEs e Ao SHREOEInE e baTs b, FaB IR 35D
| nf or mat | P BEHACEHPP At o PEPHEE Pt o0 BoIdS AcIREBlEE F head
i nformati g ea
sliders ZPIegga%ed on bot h ends  of t%e@blaéé& e}.@g.%’)ibrjrgg&i n,fbgrérreitimon shown
in FIGS. andi86B. PRRECSoMNBE| PROOILLETIN t ERSEEI0EENtIAEAT -
i nformatign ahbout difs<)§| ag_er_renttrsh andlp(i'tg%‘léi nat i ons.or:‘TgbhengarthS in thg X and
Y direct i dechanismsofaradeiving t thedira eties cerig e @Nngf th¢yeSUPHONtf | | m
magnetic hegd&rdteﬁ\%ées tJatrpf the@rra neti% hleeil‘d sl itdoet{ez-é | ocated on both ends
of the basussirp age [arien PN @ERIeiiesteINtyolnl @r eoatr ontroller C drives
the X table dri v'%ﬂg‘g g:iggéni(;;m 75(2:Iii thehY ;dabl e gri \ﬂ ng mechani ;&1 756 and
the rotating nechhei 562 nisag quatkipbaped mhemher hayigg BN are®d3args
control inforrrlr;ltion, t hereby positioning the carrier Ze? in the hori)zontal
surface. Ahpught tve ptaceplacpredetefmpesd trivonbery offbanse5céerg. cifty Obamsl &) i ve to
(the suction plate 80) the controller C drives the val ve nechani sm 8l1a)
t her eby s¢hexsiony eTheoywbot 164 pérfornas uesedibsfofloperatidnsef gfasping ithe baes es of
the suction plate 80 for sucking the bar 5. At the sane'tine, the
control | e éadlby \vae érhehy Palettd62vand plEsiigthe Batd d ohd dyehye ohesthe t he
\éa! ve 71 ang érhfl;s st oppi ng vacuu;;gsuctdl on Efgggge ggrns;&m. Tlhus, ége(b?r
I s sepakgai@ér T0ONTherdbdvi £ maiP haw iRY cbnfighr#tion hsPlodlge step
S106). When the bar 5 is sucked by the ?&gtl Ol’ll plcat eg80, t he contr%l ler C
restores re Ivlak b5 imty to the robot 64.
the BBt 4 LEarl gglffarﬁahﬂmo?&dde xﬁ.@nhﬂnﬁ%%ﬁg"agitﬁﬁ

At each tine e co etion of suction an Ing of one bar 5 by the

suction plate 80 he . . Codri t ri Vi Fsm 82,
t her eby noving t Ieé'cZ%%%é%bg%%%v%t\égénawghgﬁgg}l’g%rqgg@w%pgcenent
of the bar on .th arrd er 1 7.0. by the robot.64,(.ste 102)). {tipning of
Che bar 5BY PREEa bH S0afivil mabntiR fof AfiEE g akbieB . AF oY ne
carrier 70,to the ctjon plate 8 step.S106) are,.r ated (step.S108). In
Chi s caseShbRe HBES TortheliBictar (heOnPtintian \pok DI Batsie o bifiiibar s s
Thus) all of_a predgt erm ned nunper of bars 5 can be gucked by the suction
pl at e 80. SHEface e O Bavng:AN; areadlargarnoueh tn plagei one barpythetpons Wl d by
the suction plate 80 with their surfaces corresponding to the air bearing

surfaces along the reference plane (the | ower surface of the suction plate
80) . 2 2 JAN zpu3



-27 Then, the controller C drives the dispenser driving apparatus 3

wher eby the di spenser 94 applies the adhesive to the surface of th %uHMrZBD.S
substrate 90 (step S110). Desirably, an adhesive having a high setting
speed is used as the adhesive. Mdrre desirably, a cyanoacryl ate adhesive is
used. The adhesive may be applied to the overall surface of the support
substrate 90, or the adhesive may be a Wpl i ed along a predeterm ned zi gzag
pattern, for instance. Subsequently, ‘the  controller C drives the support
substrate driving mechani sm 98) ther eby hori zontal |y noving the support
substrate,90 to the Y unde, plate 8 ho in FIG
17A, thenlﬁlﬁef?fﬁgc‘i‘ﬂ’goﬁ qﬂ?b slﬁbé’f?’z?ﬁe 8&0‘?@%‘5 ﬁ@r&%t’?@?} a\ggﬁgeaSO and
thus brin esi ve t he sup substrate 90 into contact with
the bar 5?9{@%8'%9 P nggt}em@ﬁgslca#@ea E’l’h%ﬁﬂsct%qmbo leg S Odrgercaupled g 178,
the adhesive B sets in a state in which the surfaces of the bars 5 to be

pr ocessed t@RePipgsiqq exteading sutward Sramehesgaries 7. acthabiperdOe bhasi an pl at e
80. Thus, the thickness of the adhesive B varies aceordiug to variations in
t hi cknessweelwsf 71 Hehigdr & ®pened arhepeédundemetheucéntrek offa salvet Heivimgs 5 to
be processed are | ocated along the reference plane. After the adhesive B
sets, sucmevhanysmHHas uThocapiiet §0868 ¢configurpdesd. asite anck hatd holk theippor t
substrate 90 is separated fromthe suction plate 80, whereby the bar 5 is
nmoved frobat e onuiche grlapingt eutfdcenT@a thye opeming the uWadve atle add (Ststdp S112) .
In the above-described manner, a plurality of bars 5 can be arranged on the

support suti@mhgttﬁeaﬁrva biacw;@hgtﬁélﬁ,amuo be processed (the surfaces
correspondl ng to the air bearing surfaces) along the reference 22J AN

2003 - 28 plane. THe Yalfier WU % mih@at 6nf 1Hfhag S&ﬁd%&&ugé Rt Rt tﬂty of

bars 5 corresponding to the a| r bear| ng surfaces (i.e stances bet ween

the surfa n S r ng to
the air bgglrlﬁplé:%gﬁ‘r’ ce??t are entl c§ ﬂ?ﬂagﬁg ﬁ%ﬁﬁ tﬁg l;(F{Sra |¥y of
bars 5 th a BSIPY he bar
ixing apsaraphc 2fS I8 .#%ﬁ@“?ﬂ"ﬁﬁé AR 1 e a%aﬁd’gg G800 an
appar at us ko t ra oce Ret rnin hef tt of FiG
9) the stgtbs%v orc% né‘%gﬁe lfﬁ*‘?s Qﬁﬁ%‘} %gr%‘ﬁyh n%taefo% Qaaf’
performed, JIn of f or ralls m r ot. shown)
is |ani naf‘l‘éﬂ‘a\%r § Saesa?p?é%% gléﬁn & &P, sﬁ‘b‘bgpg" h)%‘ier 2? Whic ri‘at’lﬁl t hen
the bars 5 are expo e to light. b f waf.er ali (n show.

Af t er theany | R | VR @?ﬁbag‘ﬂgégr@p ’r#mlgsmﬁ%’?ﬁ“b‘rsﬂ’eggg ‘i‘%g&g’se of

al kal i . %erechl usm ion mllin ortehke,term;t%hlsrermved
In the ab§imslding de,) worm 8 Ang & rogating p t@ igh 1§ he
magnet i c headg‘il iders 2 of each bixr 5 are renoved. Thus, the slider rail 2a
i s fornmedrefatedon theap-apd dowm platen72? bysa sohating reachanisme k25 480€ t he air
beari ng surfac ﬁ 2e iis fornmed of the surface of the slider rail 2a. At this
tinme, the ki §hinclyding, doxexample; aogearfeapn, sThe XY table 7§ comprisqs ar
surfaces correspondl ng to the air bearing surfaces) exactly match one

anot her. Xntable {798 fousupperting the lifting bad yosating Betyator 5% e Xatabbe
precisely brought into exposure focus. Thus) it is possible to elininate
vari at i ondriving meshapistsHéieforanoving eoXdabl 350 pinaighthahewdhin tthe Xar s.
Therefore, the slider rails 2a having a preci se shape can be forned. 2 2
J AN Zooﬂireaﬁom‘ aelY tablei 754 the mbuntingr thd X 2ablea7d0 warad ithy Xftabde s 5
supported on the support substrate 90 is cut into the separate magnetic
head sl i ddfividg asechHaeiemby52,hendar ¥viable abivithESmddhaniémp758 @r miowinger nor e)
the adhesive B is dissolved by the use of a solvent) whereby the nmagnetic

head sli degrs ¥ tabR $§Qaét?én%‘ﬁtfeﬂ%§d e thePPMire&idis! MPhe X WbHR! BFivadL) -
Thus, the magnetic head slider 2 shown in FIG 2 1s obtained. The bars 5

b t
Substr at o AR TERhad ol Fhix SRRAL WRArs PofAda ToRbORERGILAOR (o
the e”bOdmﬁteEtign,pla%:ﬂi 'sEi/ev?f7520 extending in the X direction, and a motor

752d for rotating the ball screw 752c. Similarly, the Y table driving



bars 5 is arranged with their surfaces to be processed (the surfgc@sJAN 2003
corresponding to the air bearing surfaces) along the reference plane. Thus)
all the surfaces to be processed ca.n be precisely brought into exposure
focus even if full-wafer printing takes place to formthe slider rails 2a.
Accordingly, the slider rails 2a having a precise shape can be forned.
Moreover) full-wafer printing can be perfornmed by inexpensive equi pnent, as
conpared to so-called step-and-repeat I8posure for exposing the bars 5 one
by one to l'ight. Therefore) manufacturing costs can be reduced. In
addition) the bar 5 is positioned in the plane parallel to the suction
surface ofneqhanismt{hhps 4 paigef epide shafle Thita and J56btexdendingtithe om an
exposure pattern for fuli-wafer printing. Therefore) the slider rails 2a
havi ng a pr ditestiophaplkald sardwe TaGcnextendunt tin dbel Yydiredtiorhaand & mratoonce
hel d by the suction plate 80 having the surface for determ ning the

r ef er ence 7pbdnfer mhatinpetheaball Sceeve T56msBhe &dtaldet Tt swppear withihsi r at e
90. Thus, a plug ality of bars 5 can be .~ 2 JAN ~~, ~J~ -30 noved to the
support subage afcfrOf atpasitiowdn closy proxienity® thn bkt 64 ito0a tpositicmn be
reduced. Furthernore, at the tine of transfer of the bars 5, the adhesive

is r inteqpdeedtHekweion t flaté BU, aCERe OhRe- i@ ntdnkACliftig 36RE rbeathee
processed of a plurality of bars 5 and the support substrate 90. Thus, a

plural ity sefudisy 7P xﬁiiju dofnpiidd a'bdfibiiion O 4 AhEShdMshe fof ?8&%%%: al ong

t he reference pl ane. rthernmore, the bar 5 1s positioned relative to the

hoad aovi Soaeq DPRAAHRETIN b HehafRaF ME AR ofRitioRint 0T, e WRREEL 0
bar 5. Th%g&géﬁ?ﬁtéﬁgmg’ﬁé &m&e@f each bar 5 can be precisely matched to

the position xposure pattern for the step of formng the rails by

usi ng photolitho phy.. far ex | e. Moreeover) the protective filmis
formed on the suﬂgcg 1§52 Pﬁ'ési’ﬁgli‘n?%vb‘ﬁw iac,’hef‘l)ﬁ’é‘piﬁpﬁt ¢ CARHBYTAHSR Ohead
devi ces 1gref rmed, Therefgre) the thin film magnetic heaq devices 1 can

be prot ectBY 4Ny RiAEBue M Platy 80hi a1 plateshapsd membery anpl e.

Furthernore, jn the enbodjnent) a pluraljty of types @f bars 5 hayi ng

di f f erent "ﬁé‘ﬁ%t ay ag@ tarameaquehtoohold, “for examnle, fftwchazs Baandds

efficiently used, and therefore a waste of materials can be reduced. .
made of, for example, stainless steel. A lower surface of the suction plate

80 is a smooth surface. A plurality of lines of suction holes (not shown) is
formed in the lower surface of the suction plate 80. The number of the
lines of suction holes corresponds to the number of the bars 5 to be sucked.
The lines of suction holes are coupled to pipes 80a independent of one
another for each line. Each pipe 80a has each of valves 81 which are
opened or closed independently of one another under the control of a valve
mechanism 81a. Thus, suction by the suction holes can be turned on or off
for each line.

Two slits 87a and 87b, which are cut through the suction plate 80
in the direction of thickness of the suction plate 80, are formed in the
suction plate 80 in order to observe a suction position of the bar 5, and the

like. The slits 87a and 87b are formed at the positions corresponding to



The invention is not limted to the above-descri bed enbodi nrent and vari ous
nodi fi cations of the invention are possible. In the above-descri bed

“enbodi nent, fifty bars 5 each are fixed to the support substrat e229(2. JAN {003
However, any nunber of the bars 5 may be fixed to the Z 2 JAN Zp~i~ -3
support substrate 90. Moreover) the invention can be applied to any process
‘other than the process of formng the rails by using photolithography. For
exanpl e, the invention nay be appliedl8o polishing called RLG polishing, or
the |like. Mdreover, the thin filmmagnetic head device 1 is not limted to
a device using an AMRfi|lmor a fil The, thin fil mmagneti c head
device 1 hefh ga ﬂ%\ﬁih@eLﬁEiﬁlgtooggeRF“‘Phﬁr&i mihe esygtion, piage” 0L Anethe ype
magnet oresi stive) film. Moreover, rﬁme thin filmmagnetic head device may
be a reprloagitandinal diregdon of she bav @nlb}xeﬁédemecmnges'&‘he lsbigis 8F8\end
according to a nethod of fixing bars of the invention or a nmethod of

manuf act uBTingxbemdidomg iin theadiredtiate of arrangementeof tlom bazs 3 (ires) the Yof bars
is positioned relative to their surfaces to be processed. Thus) the

sur f aces #direbidon). oCBws edmetras 85atamel 85b are dovabed ovet tiee sactiors piftasn
Furthernore, a plurality of bars is positioned in the plane parallel to the
r ef er encewillpdpredbtézinihbé spueObotvweeditin thid XCditedttorPk¢thatthe aamer@sl with
the bar in the step of photolithography, for exanple. An e#~ect of

obt ai ni Nggga RNACRSIE S 8BServe HotR eRd]IoF thE Ha®\Elo WACAakAU N e sudtrihod of
fixing bars of the invention or a nmethod of manufacturing a magnetic head

o LS S0 1R RN B Oy i+ o

be in the sane Surface t

'phot ol i negk anike HBHThs'dRS S BAFG% LA LRESABAILOBIANGLEIR LG D

easi |y brought “I'nt’o eXposure Tocus _ ricatron accuracy is
ol car ancecHBERR ArReRk mARRBRTS SRR BICG8T and « he recording 2 3 JAN 2003
2 TR T o B8 Sl G SRR 00 el
e O e
xposur o PRPSEK SRS TFSASLATTUNG] BHBheE Gh NS SaBr dhiRy ReFoadhet hod
of fixing bars of the invention or a thod of nmanufacturing a magnetic

h
head sl i deergpng ha‘herﬁmmqemf,thewgpaehggmwra@ hiseanied vish A matenak

surfaces opposite to the surfaces to be processed of the bars and the
support negbeipolyimide that wanl resisbf foraexamnlepsexeral| phatolithgraphy suppor t
menber with the surfaces to be processed of the bars aligned with the

r ef er enceppicesses Aaxsbiisli diffiewdt sondissolveofinf alcphel lamds agétomige | Ipesifi¢ on or a
met hod of manufacturing a nagnetic head slider of the invention, the
surfaces exainpley of qoiwhide forphse anidopting baoluderSericofighT™ imade dy ect
(t;ontact with the reference plane of the reference nenber) and a plurality
of bars i Torey dnldystdies, rhfcer and esonrenbeA. diSpesser 94 suptadded aiesa theiral ity
of bars to be processed can be aligned with the reference plane by a sinple
method.  support substrate 90 in order to apply an adhesive to the surface of the

support substrate 90. The dispenser 94 is configured so as to move along
the surface of the support substrate 90 by a known dispenser driving
apparatus 95 and to dispense a liquid adhesive from the end thereof. The
adhesive will be described later. |

The support substrate 90 can be moved in the Y direction by a

support substrate driving mechanism 98. The support substrate 90 can



According to a nethod of fixing bars of the invention or a nethod of

manuf acturing a magnetic head slider of the invention, a plurality of bars
s held by sucking neans of the reference nmenber. Thus, the bars %QthAeN 2003
held by a sinple nmethod. According to a nethod of fixing bars of the

I nvention or a nethod of manufacturing a magnetic head slider of the
invention) the surfaces Z 2 ~~N~ ~00~ -33 opposite to the surfaces to be
processed of a plurality of bars held2gy the reference nenber are pressed
agai nst the adhesive applied to the support nenber, and, in this state, the
adhesive is allowed to set. Thus, the thickness of the adhesive varies
accor di nghewizoatallt meve hetwerndhgositdonfundes thgsaictinn plake§0/and the
surfaces of a plurality of bars to be processed can be aligned with the

r ef er encepp$ition. awey dirdimthe suatiomtilate 80. f Withgtheaseppidrttdubstraten®® on or a
met hod of manufacturing a nmagnetic head slider of the invention) the bars
are posit underthesactporaptateBlalal glurabty bEbaes @hehtby phasactionqplateed® |y with
observation of a predeterm ned mark formed on each of the bars. Thus, the

exposure fahioved md ?laf@,ﬂ éentanihecguppvrt Gubbirags Iphy When hhe (hasi Saky
aligned with the surtface of each bar to be processed. According to a nethod

of axing Bfvaddnd PadedVéiitol the SipporiRubettadd 0B IRE dGppéitNeulisti@@Nedi ¢ head
slider of the invention, the protective filmis fornmed on at |east one

surface oi%uﬁfv&@mﬁegﬁapaowe_féyre&ag?pdﬁah%ffé% ﬁ:ﬂgfa@e@wggfggéﬁumt for

exanple, the thin m magnet i ¢ head ‘deVi ce can be prot amage

d h . ' : ' a1, dj
ue tot Substlate Eigé@ngf n}eﬁiexﬁlﬂiéﬁg 8"inPBPi&Y ¢4 [lﬁgxéég{l%) adﬁ?%% {tB9pé © 2

met hod of "T1XI ng nvention or a mne man cturing a

( : : : . ; :
a7 or ent SpRRiRod itert bprsd SRIGEY AbstRel S Bitorsortact WER RS W63 Tom "
reduced. " P Buehs SHEHGRRBMERER | ons and vari ati one of the present 22 9
A N 2003 The support substrate 90 corresponds to a specific example of “a
support member” of the invention. The suction plate 80 corresponds to a
specific example of “a reference member” of the invention. A suction
surface (lower surface) of the suction plate 80 corresponds to a specific
example of “a reference plane” of the invention. The carrier 70
corresponds to a specific example of “a carrier” of the invention.
<Method of manufacturing magnetic head slider>
FIG. 9 is a flow chart of the method of manufacturing a magnetic
head slider. FIGs. 10A and 10B and FIGs. 11A to 11C are perspective
views of steps for describing the manufacturing method shown in FIG. 9.
As shown in FIG. 10A, many thin film magnetic head devices 1 are formed
on a wafer 4 of 3 in. to 6 in. thick made of, for example, Al2O3-TiC by using
thin film process or the like (step S10).
Thin film process in step S10 will be briefly .described with

reference to FIGs. 3 to 5.



- 34 invention are possible in the Iight of the above teachings. It is
therefore to be understood that within the scope of the appended ggaj‘jm 2@9
invention may be practiced otherwi se than as specifically described. 2
JAN 2003 What is clainmed is: 35 1. A nmethod of fixing bars that are |ong
menbers each including at | east one magnetic head slider, to a

‘predet ermi ned support nmenber in order to apply a process to predeterm ned
surfaces of the bars conprising the stHps of arranging a plurality of bars
in a manner that surfaces to be processed thereof correspond to a
predeterm ned reference plane; and transferring the plurality of bars
arranged by the Euep for examplgi the dnswlating layenpldomadesphan imsulating

mai ntaining tine relative positions of the bars, wherein in the step of

ar r angi ngmatetial osuchh@spAleQd iis yfoomedaps the iabdveimentionedwafeed4i by a
direction parallel to the reference plane. 2. A nethod of fixing the bars
accor di ngspatterimigmot , thehdile. n Thengs wheabettoni shiWdbhiyert 32bmadeoofssed are
surfaces corresponding to an air bearing surface that is a magnetic head

slider sumfaRti@eaidiorial rehr ds WiF@ds Welectively Toitiod o thé XnRaldtans
according to claim1, wherein the process includes a process using

PEOE ﬁlel }S [‘2%‘%?'“' b§- sputtehingd o &iathpk. bagabatRndiyN%ah CALGY Blin iyherein,
deposited on the bottom shield layer 12 by sputtering, for example. The
Al203 film is heated, whereby the highly insulating bottom shield gap layer
13 is formed.

Next, a stacked film for forming the MR film 20 is formed on the

bottom shield gap layer 13 by, for example, sputtering, and then a
photoresist pattern is selectively formed on the stacked film. After that,
the stacked film is etched by, for example, ion milling using the photoresist
pattern as a mask, whereby the MR film 20 having a predetermined plan
shape and size is formed. Then, the magnetic domain cc;ntrol films 30a
and 30b and the lead layers 33a and 33b are formed on the bottom shield

( gap layer 13 by sputtering, for example.

- Next, the top shield gap layer 14 is formed on the bottom shield
gap layer 13, the MR film 20 and the lead layers 33a and 33b in the same
manner as the bottom shield gap layer 13. After that, the top shield layer
15 is selectively formed on the top shield gap layer 14 by sputtering, for
example.

After forming the top shield layer 15, the write gap layer 41 made

of an insulating material such as Al2O3 is formed on the top shield layer 15

by sputtering, for example. After that, the photoresist layer 42 is



transfernng, the plurality of bars is fixed to the support rrenbeg f@ﬁlﬁu&\'
2003 -36 with an adhesi ve between the surfaces opposite to the sUrTace

be processed of the plurality of bars and the support nenber. 5. A nethod
of fixing bars according to claim1l, wherein the step of arranging includes
the steps of bringing the surfaces of the plurality of bars to be processed
into direct contact with the reference plane by using a'reference nenber
havi ng a surface fox defining the ref-éd2nce plane and holding the plurality
of bars by the reference nenber. 6. A nethod of fixing bars according to
claimb5, er el he reference nenber js equipped wth suckj ng rreans and
in the sté egﬁw&im %ﬂrﬁtﬁd Pﬁee}}ﬁ gerite €9 oRysh ksl g’é’ wing photohithagraphyy neans.
7. A nethod of fixing bars according to claimb5) wherein the step of

t r ansf er r ilhgn; the I*iblrn film) epdlss43 e selestively formed an tha nhoterdsis I@NED t he
support nenber bringing the surfaces opposite to the surfaces to be

pr ocessed 48f by tpdatihgrex spyttefingarfer lexamply. t Subsefuandhys ctheepbetoresist

contact with the adhesive and separating the reference nmenber fromthe

pl uralitylaferbtd i sdleetivdlipfontied<on the phetoresist layer 42 and the thin film

coils 43 in the same manner as the photoresist layer 42. Then, the thin
film coils 45 are selectively formed on the photoresist layer 44 in the same
manner as the thin film coils 43. Furthermore, the photoresist layer 46 is
selectively formed on the photoresist layer 44 and the thin film coils 45 in
the same manner as the photoresist layer 42.

After forming the photoresist layer 46, the write 'gap layer 41 is
partly etched, whereby the opening 41a is formed near the center of the
thin film coils 43 and 45. After that, the top pole 47 made of a magnetic
material such as NiFe or FeN is formed on the write gap layer 41 and the
photoresist layers 44 and 46 by sputtering, for example. Subsequently,
the write gap layer 41 and a part of the top shield layer 15 are etched by,
for example, ion milling using the top pole 47 as a mask. After that, an
overcoat layer (not shown) made of, for example, Al;O; is formed on the top
pole 47 by sputtering, for example.

In the above-described manner, many thin film magnetic head
devices 1 are formed on the wafer 4 as shown in FIG. 10A.

Subsequently, as shown in FIG. 10B, the wafer 4 is cut into some
blocks, i.e., blocks 4a, 4b and 4c having three types of sizes, for example
(step S12). Each of the blocks 4a, 4b and 4c corresponds to an integral

structure of the stacked bars 5 having the same length. Each bar 5



8. A nethod of fixing bars according to claim1) wherein, in the 2 2 JAN
Zpp3 37 step of arranging, the plurality of bars is carried, one fy? anﬁ JB,y,‘
‘using a carrier capable of moving relative to the reference plane*i‘n*¥ b <oV
pl ane parallel to the reference plane. 9. A nmethod of fixing bars according
to claim1, wherein, in the step of arranging, each of the plurality of
bars is positioned in a plane parallel to the reference plane concurrently
with observation of a predeterm ned n@23- fornmed on each of the bars. 10. A
met hod of foxing bars according to claim1 further including, prior to the
step of arranging, the step of formng a protective filmon at |east one
surface egemgepands tanantegral strustunecefse plwralitieofimagnatic haadelidens of
fixing bars according to claim1, wherein the plurality of bars includes a
pl ur al i t y2péaclypbwhidh has at heastogedihinh fdnnmalgeetictheadidevige tet hod of

manuf acturing a magnetic head slider conprising the steps of formng thin
fil mnmagnetic heNdxtlethecbar®o® ar@icatidt@nnihienblbckasts, 4hitandngctdml hase i nto
a plurality of bars, each of which inciudes at | east one magnetic head

; u)ger onlypedh(stbe SIN Bpbeificallpchs hokadinl UGz €118, AR surfade of JAN
one of the bars 5 included in the block 4a, i.e., an end surface corresponding
to the air bearing surface is polished by a grinding whee;l 102. At this
time, the block 4a is fixed to a fixing jig 100 on the end surface of the block
4a opposite to the surface thereof to be polished. Subsequently, as shown
in FIG. 11B, a protective film 104 is bonded to the polished end surface of
the block 4a. The polished end surface of the block 4a is sucked and held
by another jig (not shown) with the protective film 104 in between. Thus,
the block 4a is sandwiched and held between the fixing jig 100 and another
jig on both the end surfaces of the block 4a. Then, the bar 5 having the
polished surface is cut away from the adjacent bar 5 by a blade 106. After
cutting, the protective film 104 is peeled from the bar 5. Thus, one bar 5

( having the polished surface is obtained as shown in FIG. 11C.

' The steps shown in FIGs. 11A to 11C are repeated, whereby the
surfaces of all the bars 5 included in the block 4a, i.e., the surfaces
corresponding to the air bearing surfaces can be polished and all the bars 5
can be cut from the block 4a. The bars included in the blocks 4b and 4c
are polished and cut from the blocks in the same manner as the bars
included in the block 4a. Thus, a predetermined number of bars 5 (e.g.,

fifty bars 5) are obtained.

In the step of polishing shown in FIG. 11A, so-called RLG



38 arranging the plurality of bars in a manner that surfaces to @ JAN 2003
processed thereof correspond to a predeterm ned reference plane;
transferring the plurality of bars arranged by the step of arranging onto a
predet ermi ned support nenber while maintaining the relative positions of
the bars; applying a predeterm ned process to the surfaces to be processed
the plurality of bars supported by the support nenber; and separating each
of the bars into magnetic head sliders2dy cutting the bars, ( wherein in
the step of arranging, each of the plurality of bars is individually
aligned in,a .djrectipn parallel  tio the.refergence p|lane. 13. A nethod of
manuf act u ﬁ%‘s?i“f?&gn]g?'Pgmrgeab"éTl‘?)deP&é@EBgdifﬁﬁ tCBQEqO ing | PoLishiRg ol ¢ he
predet erm ned surface, of the bar js a surface corresponding to an air
bearing s@feardance ayithsmgapurpdevaluescofiresistanee of rthscféunafé?mgmagneelér di ng
medi um 14. A nmethod of manufacturing a magnetic head slider according to
cl ai m 12, haadrdevice hehpnging in aneirdduee wigh thesmawitrof pohishong mhayybephy .

15. A method of manufacturing a magnetic head slider according to claim 12,
wher ei n, musedhe Sinep BLG rpabisheng iingwelnkadwesi the idesemptoposlzerebBtiseen t he
surfaces opposite to the surfaces to be processed of the plurality of bars
and the sopritted. merbemnbinatioR of Abughpolishing daAdfinish polidlodg ahay take

manuf acturi ng a magnetic head slider according to claim 12, wherein the
step of apladgi ng i ncludes the steps of:

A plurality of bars 5 obtained through the above-described steps is
arranged and bonded and fixed to the support substrate 90 by the bar
fixing apparatus shown in FIG. 6 (step S16).

FIG. 12 is a flow chart of arrangement process to be performed in
step S16 of FIG. 9. FIG. 13 to FIGs. 16A and 16B are perspective views
for describing the arrangement process shown in FIG. 12. FIGs. 17A to
17C are sectional views for describing the arrangement shown in FIG. 12.
As shown in FIG. 13, ink (e.g., product number BK2701R made by Domino
corporation) is jetted onto the surface of each bar 5 on which the thin film
magnetic head devices 1 are formed, as shown by the arrows K. Thus, the
protective film for protecting the thin film magnetic head devices 1 is
formed (step S100). Then, as shown in FIG. 14, a predete.rmined number
of bars 5 (e.g., fifty bars 5) are placed on the palette 62 with their surfaces
corresponding to the air bearing surfaces (i.e., the surfaces indicated by
reference symbol S in FIG. 14) upward (step S101). At this time, the bars
5 are arranged in a fixed order (e.g., the same order as the order before
cutting the bars 5 from the wafer 4). Position accuracy of each bar 5 on

the palette 62 can be such that the position accuracy does not prevent the



bringing the surfaces of the plurality of bars to be processed irE] jirect
contact with the reference plane by using a reference nenber havi g AN 2003
‘surface for defining the reference plane and holding the plurality of bars
by the reference nenber. 17. A nmethod of manufacturing a magnetic head
slider according to claimi6) wherein) the reference nenber is equi pped

w th sucking neans, and in the step of holding, the plurality of bars is
hel d by the sucking neans. 18. A net h&b of nmanufacturing a magnetic head
slider according to claim 16, wherein the step of transferring further

I ncl udes the steps of..applying an adhesive to the support nenber bringing
the surf aé&%‘)tcﬁﬁbg?mc Lff{l’égPH&eé‘ﬁ‘i‘B&E@s to be processed of the plurality of
bars held by the reference nenber into contact with the adhesive and
separating the r3nksegveatlysmseshawmintlfG.pb.uhel rabpt &4 isaduiventser as e
adhesive sets. 19. A nethod of nmanufacturing a magnetic head slider
accor di ngliftothe bara 3 dnevliyeone and movhdhethars & one byrogienty, the canriére70f or
carrying the plurality of bars one by one is used, and the carrier is
capabl e ofstep\8102). At 2hikMim2)6Re cdfitroHen] somtralstthe rokétc84¢s0¢hpt the in t he
pl ane parallel to the reference plane.
robot 64 may lift the bars 5 one by one arranged on the palette 62 in a fixed
order (e.g., in the order in which a distance between the robot 64 and the
bar 5 increases, the bar 5 located on the end closest to the robot 64 first)
and may move the bars 5 one by one to the carrier 70.

Then, the controller C drives the Y table driving mechanism 756,
thereby moving the carrier 70 to the position under the suction plate 80.
Then, the controller C drives the lifting mechanism 723, thereby lifting the
carrier 70 to the lower surface of the suction plate 80 as closely as possible.
In this state, the bar 5 placed on the carrier 70 is positioned relative to the
suction plate 80 in the horizontal surface (step S104). As shown in FIG.
15, cameras 35a and 35b located over the suction plate 80 are configured so
as to capture image information on the thin film magnetic head devices 1 of
the magnetic head sliders 2 located on both ends of the bar 5, e.g., image
information shown in FIGs. 16A and 16B. The controller C (see FIG. 6)
obtains control information about displacements and inclinations of the bar
5 in the X and Y directions in accordance with displacements of images of
the thin film magnetic head devices 1 of the magnetic head sliders 2
located on both ends of the bar 5 from a pattern P previously stored. The
controller C drives the X table driving mechanism 752, the Y table driving

mechanism 756 and the rotating mechanism 725 in accordance with the



20. A nethod of manufacturing a magnetic head slider according to zlzalﬂm%hus
wherein, in the step of arranging, each of the plurality of bars is
‘p05|t|oned in a plane parallel to the reference plane concurrently with
observation of a predeterm ned mark formed on each of the bars. 21. A

met hod of manufacturing a magnetic head slider according to claim 12
further including, prior to the step of arranging, the step of formng a
protective filmon at |east one surfa@6 except the surface to be processed
of the bar. 22. A method of manufacturing a nmagnetic head slider according
to claim12, wherein, in the step of cutting, a plurality of types of bars
havi ng di cenirehinformpation,i thezeby fmosthiemaghthe carrier 70 in the horizontal
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the suction plate 80 thh their surfaces corresponding to the air bearing

surfaces along the reference plane (the lower surface of the suction plate

80).
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whereby the dispenser 94 applies the adhesive to the surface of the support
substrate 90 (step S110). Desirably, an adhesive having a high setting
speed is used as the adhesive. More desirably, a cyanoacrylate adhesive is
used. The adhesive may be applied to the overall surface of the support
substrate 90, or the adhesive may be applied along a predetermined zigzag
pattern, for instance.

Subsequently, the controller C drives the support substrate
driving mechanism 98, thereby horizontally moving the support substrate
90 to the position under the suction plate 80 as shown in FIG. 17A, then
lifting the support substrate 90 toward the suction plate 80 and thus
bringing an adhesive B on the support substrate 90 into contact with the
bar 5 held by the suction plate 80. At this time, as shown in FIG. 17B, the
adhesive B sets in a state in which the surfaces of the bars 5 to be
processed are positioned relative to the lower surface of the suction plate 80.
Thus, the thickness of the adhesive B varies according to variations in
thicknesses of the bars 5, and therefore the surfaces of all the bars 5 to be
processed are located along the reference plane. After the adhesive B sets,
suction by the suction plate 80 is stopped. After that, the support
substrate 90 is separated from the suction plate 80, whereby the bar 5 is
moved from the suction plate 80 onto the support substrate 90 (step S112).

In the above-described manner, a plurality of bars 5 can be

arranged on the support substrate 90 with their surfaces to be processed

(the surfaces corresponding to the air bearing surfaces) along the reference
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thus arranged and the support substrate 90 are removed from the bar
fixing apparatus shown in FIG. 6, and then the bars 5 are loaded into an
apparatus for photolithography process. .
Returning to the flow chart of FIG. 9, the step of forming the rails
by photolithegraphy in step S18 is performed. In the step of forming the
rails, a dry film resist (not shown) is laminated to the bars 5 arranged on
the support substrate 90, and then the bars 5 are exposed to light by using
a full wafer aligner (not shown). After the completion of exposure,
development is performed by the use of alkali. After etéhing using ion
milling or the like, the resist is removed. In the above-mentioned manner,
as shown in FIG. 18, the centers of the magnetic head sliders 2 of each bar
( 5 are removed. Thus, the slider rail 2a is formed of both sides which the
center is sandwiched between, and the air bearing surface 2e is formed of
the surface of the slider rail 2a.

At this time, the heights of the surfaces of the bars 5 to be
processed (the surfaces corresponding to the air bearing surfaces) exactly
match one another. Thus, the surfaces of all the bars 5 to be processed
can be precisely brought into exposure focus. Thus, it is possible to

eliminate variations in sizes or shapes of the photoresist pattern among the

bars. Therefore, the slider rails 2a having a precise shape can be formed.
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the support substrate 90 is cut into the separate magnetic head sliders 2 as
shown by the arrows C of FIG. 19 (step S20). Furthermore, the adhesive
B is dissolved by the use of a solvent, whereby the magnetic head sliders 2
are separated from the support substrate 90 (step S22). Thus, the
magnetic head slider 2 shown in FIG. 2 is obtained. The bars 5 may be
individually cut after separating the bars 5 from the support substrate 90
.by dissolving the adhesi\;e. | |

As described above, according to the embodiment, a plurality of
bars 5 is arranged with their surfaces to be processed (the surfaces
corresponding to the air bearing surfaces) along the reference plane. Thus,
all the surfaces to be processed can be precisely brought into exposure focus
even if full-wafer printing takes place to form the slider rails 2a.
Accordingly, the slider rails 2a having a precise shape can be formed.
Moreover, full-wafer printing can be performed by inexpensive equipment,
as compared to so-called step-and-repeat exposure for exposing the bars 5
one by one to light. . Therefore, manufacturiﬁg costs can be reduced. In
addition, the bar 5 is positioned in the plane parallel to the suction surface
of the suction plate 80. Thus, the bar 5 is not displaced from an exposure
pattern for full-wafer printing. Therefore, the slider rails 2a having a
precise shape can be formed.

Additionally, the bars 5 are once held by the suction plate 80

having the surface for determining the reference plane, and the bars 5 are

transferred to the support substrate 90. Thus, a plurality of bars 5 can be
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'+ &S&10 /&nggveltzi to the support substrate 90 at a time.  Therefore, the

manufacturing time can be reduced.

Furthermore, at the time of transfer of the bars 5, the adhesive is
interposed between the surfaces opposite to the surfaces to be processed of
a plurality of bars 5 and the support substrate 90. Thus, a plurality of
bars 5 can be held with their surfaces to be processed along the reference
plane.

Furthermore, the bar 5 is positioned relative to the reference plane
concurrently with observation of the thin film magnetic head devices 1 of
the magnetic head sliders 2 located on both ends of the bar 5. Therefore,
the position of each bar 5 can be precisely matched to the position of the
exposure pattern for the step of forming the rails by using photolithography,
for example.

Moreover, the protective film is formed on the surface of the bar 5
on which the thin film magnetic head devices 1 are formed. Therefore, the
thin film magnetic head devices 1 can be protected from damage due to
etching for photolithography, for example.

Furthermore, in the embodiment, a plurality of types of bars 5
having different lengths is cut from one wafer 4. Thus, the wafer 4 can be
efficiently used, and therefore a waste of materials can be reduced.

The invention is not limited to the above-describéd embodiment
and various modifications of the invention are possible. In the
above-described embodiment, fifty bars 5 each are fixed to the support

substrate 90. However, any number of the bars 5 may be fixed to the
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process other than the process of forming the rails by wusing
photolithography. For example, the invention may be applied to polishing
called RLG polishing, or the like.

Moreover, the thin film magnetic head device 1 is not limited to a
device using an AMR film or a GMR film. The thin film magnetic head
device 1 may be a device using other MR films (e.g., a TMR (tunnel-type
magnetoresistive) film). Moreover, the thin film magnetic head device
may be a reproduce-only head or a record-only head.

As described above, according to a method of fixing bars of the
invention or a method of manufacturing a magnetic head slider of the
invention, a plurality of bars is positioned relative to their surfaces to be
processed. Thus, the surfaces to be processed of all the bars can be in the
same surface. Furthermore, a plurality of bars is positioned in the plane
parallel to the reference plane. Thus, the exposure pattern can be
precisely aligned with the bar in the step of photolithography, for example.

An effect of obtaining a precise shape is therefore achieved.

According to a method of fixing bars of the invention or a method
of manufacturing a magnetic head slider of the invention, the surfaces to be
processed of all the bars can be in the same surface to form the slider rail
or the like by photolithography. Thus, the surfaces to be processed of the
bars can be easily brought into exposure focus, and therefore fabrication

accuracy 1is improved. Accordingly, properties of the magnetic head slider

(e.g., a clearance between the magnetic head slider and the recording
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for, for example, photolithography, or the like can take place. Thus, the
time required for manufacturing is reduced. In addition, full-wafer
printing does mnot need an expensive stepper and thus can reduce
manufacturing costs, as distinct from, for example, step-and-repeat
exposure for exposing the bars one by one to light.

According to a method of fixing bars of the invention or a method
of manufacturing a magnetic head slider of the invention, the adhesive is
interposed between the surfaces opposite to the surfaces to be processed of
the bars and the support member. Thus, a plurality of bars can be easily
held by the support member with the surfaces to be processed of the bars
aligned with the reference plane.

According to a method of fixing bars of the invention or a method
of manufacturing a magnetic head slider of the invention, the surfaces to be
processed of a plurality of bars are brought into direct contact with the
reference plane of the reference member, and a plurality of bars is held by
the reference member. Thus, the surfaces of a plurality of bars to be
processed can be aligned with the reference plane by a simp}e method.

According to a method of fixing bars of the invention or a method
of manufacturing a magnetic head slider of the invention, a plurality of
bars is held by sucking means of the reference member. Thus, the bars
can be held by a simple method.

According to a method of fixing bars of the invention or a method

of manufacturing a magnetic head slider of the invention, the surfaces
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opposite to the surfaces to be processed of a plurality of bars held by the
reference member are pressed against the adhesive applied to the support
member, and, in this state, the adhesive is allowed to set. Thus, the
thickness of the adhesive varies according to variations in tl}icknesses of
the bars. As a result, the surfaces of a plurality of bars to be processed
can be aligned with the reference plane.

According to a method of fixing bars of the invention or a method
of manufacturing a magnetic head slider of the invention, the bars are
positioned in a plane parallel to the reference plane concurrently with
observation of a predetermined mark formed on each of the bars. Thus,
the exposure pattern for, for example, photolithography can be precisely
aligned with the surface of each bar to be processed.

According to a method of fixing bars of the invention or a method
of manufacturing a magnetic head slider of the invention, the protective
film is formed on at least one surface of the bar except the‘ surface thereof
to be processed. Thus, for example, the thin film magnetic head device
can be protected from damage due to the process (e.g., etching for
photolithography).

According to a method of fixing bars of the invention or a method
of manufacturing a magnetic head slider of the invention, a plurality of
types of bars having different lengths is formed. Thus, the bars can be
efficiently cut from, for example, a discshaped wafer, and therefore a
waste of materials can be reduced.

Obviously many modifications and variations of the present
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invention are possible in the light of the above teachings. It is therefore to
be understood that within the scope of the appended claims the invention

may be practiced otherwise than as specifically described.
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What is claimed is:
1. A method of fixing bars that are long members each including at least
one magnetic head slider, to a predetermined support member in order to apply a
process to predetermined surfaces of the bars comprising the steps of:
arranging a plurality of bars in a manner that surfaces to be processed
thereof correspond to a predetermined reference plane; and
transferring the plurality of bars arranged by the step of arranging onto the
( support member while maintaining the relative positions of the bars,

wherein in the step of arranging, each of the plurality of bars is individually

aligned in a direction parallel to the reference plane.

2. A method of fixing the bars according to claim 1, wherein the
surfaces of the bars to be processed are surfaces corresponding to an air bearing

surface that is a magnetic head slider surface facing a recording medium.

( 3. A method of fixing bars according to claim 1, wherein the process

includes a process using photolithography.

4. A method of fixing bars according to claim 1, wherein, in the step of

transferring, the plurality of bars is fixed to the support member
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with an adhesive between the surfaces opposite to the surfaces to be

processed of the plurality of bars and the support member.

5. A method of fixing bars according to claim 1, wherein the step
of arranging includes the steps of:

bringing the surfaces of the plurality of bars to be processed into
direct contact with the reference plane by using a reference member having
a surface for defining the reference plane; and

holding the plurality of bars by the reference member.

6. A method of fixing bars according to claim 5, wherein, the reference
member is equipped with sucking means, and in the step of holding, the

plurality of bars is held by the sucking means.

7. A method of fixing bars according to claim 5, wherein the step
of transferring further includes the steps of:

applying an adhesive onto the support member:;

bringing the surfaces opposite to the surfaces to be processed of
the plurality of bars held by the reference member into contact with the
adhesive; and

separating the reference member from the plurality of bars after

the adhesive sets.

8. A method of fixing bars according to claim 1, wherein, in the
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capable of moving relative to the reference plane in the plane parallel to the

reference plane.

9. A method of fixing bars according to claim 1, wherein, in the step of
arranging, each of the plurality of bars is positioned in a plane parallel to the
reference plane concurrently with observation of a predetermined mark formed on

( each of the bars.

10. A method of fixing bars according to claim 1 further including, prior
to the step of arranging, the step of forming a protective film on at least one surface

except the surface to be processed of the bar.

11. A method of fixing bars according to claim 1, wherein the plurality of

bars includes a plurality of types of bars having different lengths.

12. A method of manufacturing a magnetic head slider comprising the
steps of:

forming thin film magnetic head devices on a predetermined base;

cutting the base into a plurality of bars, each of which includes at least one

magnetic head slider on which the thin film magnetic head device is formed;
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thereof correspond to a predetermined reference plane;
transferring the plurality of bars arranged by the step of arranging onto a
predetermined support member while maintaining the relative positions of the bars;
appl);ing a predetermined process to the surfaces to be processed the
plurality of bars supported by the support member; and
separating each of the bars into magnetic head sliders by cutting the bars,
{ wherein in the step of arranging, each of the plurality of bars is individually

aligned in a direction parallel to the reference plane.

13. A method of manufacturing a magnetic head slider according to claim
12, wherein the predetermined surface of the bar is a surface corresponding to an air

bearing surface that is a magnetic head slider surface facing a recording medium.

14. A method of manufacturing a magnetic head slider according to claim

¢ 12, wherein the process includes a process using photolithography.

15. A method of manufacturing a magnetic head slider according to claim
12, wherein, in the step of transferring, an adhesive is interposed between the
surfaces opposite to the surfaces to be processed of the plurality of bars and the

support member.
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o claim 12, wherein the step of arranging includes the steps of:
bringing the surfaces of the plurality of bars to be processed into
direct contact with the reference plane by using a reference member having

a surface for defining the reference plane; and

holding the plurality of bars by the reference member.

17. A method of manufacturing a magnetic head slider according
to claim 16, wherein, the reference member is equipped with sucking
means, and in the step of holding, the plurality of bars is held by the

sucking means.

18. A method of manufacturing a magnetic head slider according
to claim 16, wherein the step of transferring further includes the steps of:

applying an adhesive to the support member;

bringing the surfaces opposite to the surfaces to be processed of
the plurality of bars held by the reference member into contact with the
adhesive; and

separating the reference member from the plurality of bars after

the adhesive sets.

19. A method of manufacturing a magnetic head slider according
to claim 12, wherein, in the step of arranging, a carrier for carrying the

plurality of bars one by one is used, and the carrier is capable of moving
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20. A method of manufacturing a magnetic head slider according
to claim 12, wherein, in the step of arranging, each of the plurality of bars
is positioned in a plane parallel to the reference plane concurrently with

observation of a predetermined mark formed on each of the bars.

21. A method of manufacturing a magnetic head slider according
to claim 12 further including, prior to the step of arranging, the step of

forming a protective film on at least one surface except the surface to be

processed of the bar.

22. A method of manufacturing a magnetic head slider according
to claim 12, wherein, in the step of cutting, a plurality of types of bars

having different lengths is cut from the base.



