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BACKGROUND OF THE INVENTION 1. Field of the Invention The presen n

relates to a thin-filmnmagnetic head material including a detection el ement

for detecting an anmount of processing and a nethod of manufacturing such a

head material and to a nmethod of manufacturing thin-film mgnemmummmm’"!A

t hrough the use of a detection elenent1 2. Description of the
flying-type thin-filmmagnetic head used for a magnetic di sk devi Cgg e

THIN-FILM MAGNETIC HEAD MATERIAL AND METHOD OF
MANUFACTURING SAME AND METHOD OF MANUFACTURING
THIN-FILM MAGNETIC HEADS

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to a thin-film magnetic head material
including a detection element for detecting an amount of processing and a
method of manufacturing such a head material and to a method of
manufacturing thin-film magnetic heads through the use of a detection
element.
2. Description of the Related Art

A flying-type thin-film magnetic head used for a magnetic disk device
and so on is generally made up of a thin-film magnetic head slider (that may
be simply called a slider) having a thin-film magnetic head element provided
at the trailing edge of the slider. The slider generally comprises a rail
whose surface functions as a medium facing surface (an air bearing surface)
and a tapered section or a step near the end on the air inflow side. The rail
flies slightly above the surface of a recording medium such as a magnetic
disk by means of air flow from the tapered section or step.

A thin-film magnetic head element generally used is a composite-type
element made up of layers of an induction magnetic transducer for writing
and a magnetoresistive (MR) element for reading.

In general, such thin-film magnetic head sliders are formed through
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and so on js generally nmade up of a thin-film magnetic head slider (that
may be sinply called a slider) having a thin-filmnmagnetic head 215eN8Nt 2002
provided at the trailing edge of the slider. The slider generally conprises
a rail whose surface functions as a nediumfacing surface (an air bearing
surface) and a tapered section or a step near the end on the air inflow
side. The rail flies slightly above the surface of a recordi ng nmedi um such
as a magnetic disk by nmeans of air flo® fromthe tapered section or step. A
thin-filmnmagnetic head el ement generally used is a conposite-type el enent
made up of layers of an induction magnetic transducer for witing and a
magnet or eSREINg 8 WMRY 1B loagelirection incghiohgsectiang éobeslidens twalledishider| m
magneti c head sliders are forned through 2 -5 NOV 2002 2 cutting a wafer
i n one di settidmenini thewfolloWwisgdesomstion) deehsincheling @ctdlihddns magmetisect i ons in
the follow ng description) each including a thin-filmmagnetic head el enent
are arrangegd ielerdent sfahitangefl inaslurdlib) effoveal |LBloeklvalledn Wi i t he
slider sections are arranged in arowis thereby forned. Rails are then

formed i nwifieh bRE sBAEk diRioRalark hrbattgddtrPa kHW iSkheRbS- foli8d TRRWARGM! | NT

process of the sliders includes a step of processing’the medi um facing

surface of LBy ir NA! biS andthOBRO% P [ABRRBYIHAE, Tedi um facing sur face

and a step of cutting t rrnto ars. e order of the step of

processi ng t hgqynedi facin urfac nd.ihe s of cutti t he.wafer into
the bars depeﬁ‘ S lgﬁﬂggfﬁgﬁ?% roﬁ?%cogstgﬁ%ldteﬁ%"#zﬁ?%%fsg%ﬁ’ %glg’s"ﬁ?ﬁ’séeé and
cutting the wafer, as.descrJbed.],ater. In the step of . pracessing the nmedium
f aci ng subeERdiin fAENE KRGO tha bath SoqRsnErBdibeAHIATRINERRBat hei ght of
the thin-filmnagnetic head el enent fornmed in the bar each fall within a

t ol er ancemMediya fglﬁtn& sitfagh and asstap oheutiing fhowalepiniothgbarpr ofbesed fall s
wthin a tolerance range. The MR height is the length (height) between the
end of therder ofithawsitep of prsessingibe meedium fmngusigmce and thestepef opposi te
end. The throat height is the length (height) of the nmagnetic pole of an

i nduct i oncutgrethewifanisdocbe barsndependst @p nodthpdo ofpricegsingaheedi um f aci ng
surface, in order to precisely control the MR height and throat hei ght of

each t hi nofddimnnfagires surfhengdnélcatsing the atdfee dhsidesaribad latere of t he net hods
taken is to forma detection elenent (that nmay be called a | appi ng gui de)

S VSLST | IRAAENSS, ookt T e v gl

processi ng,d R KBHIHAnd the throat height of the thin-film magnetic head element
formed in the bar each fall within a tolerance range and that processing
accuracy of the surface processed falls within a tolerance range. The MR
height is the length (height) between the end of the MR element close to the
medium facing surface and the opposite end. The throat height is the
length (height) of the magnetic pole of an induction magnetic transducer.

In the step of processing the medium facing surface, in order to

precisely control the MR height and throat height of each thin-film magnetic
head element included in a bar, one of the methods taken is to form a
detection element (that may be called a lapping guide) in a wafer in advance

for detecting an amount of processing. A signal outputted from the

detection element is monitored during the step of processing the medium



25 NO0 V Z002 3 facing surface and the processing is controlled wi th high
accuracy, in response to the output signal. The detection el ene ty ?@)v %ﬁuza
resi stance el ement whose resistance val ue changes in response to |

di mensions. To nonitor a signal outputted fromthe detection elenent in the
step of processing the nediumfacing surface, it is required to form an

el ectrode for nonitoring and a | ead (conductor) for nonitoring in the wafer
in advance, in addition to the detectign elenent. The electrode is used for
el ectrically connecting the detection elenment to a controller of an
external processing apparatus. The lead is used for electrically connecting
t he el ectfactez surfabe addtthe tpiroceseiregmsontialied whdhighsicanrasyaipl e of
arrangenent of detection elenents, and el ectrodes and | eads for nonitoring
in a waf efespsase totherontfcigialng T ddtettivmrelieéntcmagasisa eésisirbed art.
In this exanple, thin-filmmagnetic head el enments 101 are aligned in a

pluralityelgfhdrWehode fdigst¥RbSTalidGhahlps e 26 RIRERD S difderRd6ik | ncl ude: an
el enent section 102 including an induction-type magnetic transducer and an

MR el enent; a |} I e rical cting
t he el ement sg‘gtn?%rﬁlt%gS%%Iyal%hgﬁ%‘@rgglgﬁgﬁzl\}%ggéﬁq{r?qﬁgﬁ{\ﬁanlftcei? t%ﬁ%‘afhe
exanple shown i.n FlG 1 bet ween every.. adjacent, head el enents 101l in each
o "t hertioaperifle dhemd P BARE ARG iy 3F HGERR PR BTRT B R Fods for
processing, two, electrades 112 nd ,112b for. nonitoring, .and, tw | eads 113a
G 1230 TOPIGBNG St AJCRAATOTEEEDR o CEHHER e ATdR AOXASe 1 Da and
112b to each other. FIG 14 shows anaqt her. exanpl e of arrangenent of

det ect i onaddisiopriosthedrteetien eleserit. arddq %laergoqclwsmdqurqlﬁérwﬁlla waf er used
for manufacturing 2 5 NO V ~"DO$ 4 thin-filmmagnetic_ heads of related
art. Thi scomvesting theydatectioreelementi todl eargdoller dfpmaxteanrhprovessipgl i cati on
Lai d-open Hei 8-287424 (1996). In this exanple, as in the exanple shown in
FIG 13, apmamétect The leddivemtedlfot eldchrcallp cehpeadtingldse dlb2trodado théb f or
nonitoring, and the two | eads 113a and 113b for nonitoring are placed

bet ween edsteytionjedsigasht.head el enents 101 in each row in the wafer 100. One
of the electrodes 112a is used for grounding and functions as one of the

el ectrodes 10810f 18RBoWRM SFABNY oflditaAgeMRht of HBtdchiBniaRRRhes, S in
FIG 13, the detection elenment 111, the électrodes 112a and 112b, and the

| ead 3 bel: ' : 01 i

cach T ow DAL A PR e B SR e e e SRR 1 s

i t ' h j I t trod d

the | onasttin garaR PSRl et T EAERET MR PR U aBeofon "cuery
dj t h | t.s.. Co t | t he. f thin-fil ti c head

ol eront s BERLP R P DL DEPA A RGPS AL rap Sh B aieh ERe. Gbrpl e

shown in Fl 14, co red.to [ he one_shown in. Fl 13,. the pitch of the
nead el orbRadelEmenia r@&?cbdmt@ef SBIEHORAottien T35BEIgnE A 11 1 m
magneti c head el ements obtained froma given_|length of bar is thereby
i ncr easedindustiendypeimagngtic traggneer andantMR elemantoand piplwrakity of
additionally provided between every adjacent head el ements 101 in each row.
Ther ef or eglectiredes 103 fwf ele¢tridadlyoninentingdhe@lemant gedtiorodOR goemi | | greater,
and the nunber of head el enments obtained froma given length of bar is
reduced, exiopalatbvice.a Inahe whifer d 00ha theextingile shbm insFHG! 1 {letwden! n
parti cul ar,

every adjacent head elements 101 in each row, there are a detection element

)

111 for detecting an amount of processing, two electrodes 112a and 112b for
monitoring, and two leads 113a and 113b for monitoring that electrically
connect the electrodes 112a and 112b to each other.

FIG. 14 shows another example of arrangement of detection elements,

and electrodes and leads for monitoring in a wafer used for manufacturing



2 5 Nov Q02 5 since the el ectrode such as the electrode 112b is required
to be connected to a bonding wire, it is necessary to maintain t@f

el ectrode at a certain size. The pitch is therefore further requi édeM EEZ
increased. For exanple, if the diameter of the bonding wire is about 30 ,u
m the |length of one side of the electrode 112b is required to be about 100
am In the exanple shown in FIG 14, the electrode 112a functions as one
of the electrodes 103 of the thin-fil mpmagnetic head el enent 101, too. As a
result, if the bar is cut at the detection element 111 for dividing the bar
into head elenments (sliders), part of the lead for nonitoring remains
exposed othinrfiln nThgnetas heads ofhweldteddhmay Th examplesmaydredtheanrse st ati c
damage. SUVMARY OF THE INVENTION It is a first object of the invention to
provi de adisdlozedliihdapagess Patéredipplidaaidralafidpen HRl BoZBf240@996RCt Uri ng
the sane and a nethod of manufacturing thin-filmmagnetic heads to increase

the nunbery ghistdiample! B TRIRE bkEmpEAERoWA iR PIA. N3, bhe d8tRtRAQBR AR ect of
the invention to provide a thin-filmmagnetic head material and a nethod of

manuf act uj§ Qb e SARRBA fAPLRRY 195 RANGAREHID Nod!etyld 1LAKgagag! | ©

heads to ricate m magneti c heads 1 n no con ors
connected_t nts f.or.detectjn n,amount of processin emai.n. A
Chineti PRIt RemikrRer EplogPa BRuTFR Bk RoaBRer Ll s 1y o
rows of h -to-be sections to he thip-fi netic ds; an jinter-row
cutting si@fi"bﬁagb%?"dé‘of?‘@owﬁéral% osid}?eoﬁtl'g‘]te%ag?té'ﬂé%? Y Tof the
rows are to be separated; and an intra-row cutting section provided to be
2 5 N o vewurgting anddyaictionn agongf ¢he glgchrasdes 193:f the hend alemeant d03e
sections in each of the rows are to be separated. The head materi al

conpri sesas wedlet ecti on el enent to be used for detecting an anmount of
processi ng when specific processing is performed on the head material; an
el ectrode f or iedhe exatple shewnriaW kit 13, nhe slecedtiom élemeaitedil; tloal | y
connecting the detection element to an external device; and a conductor for
el ectri cableytredona@t2a agdt Nebehadtthedeado11headdtlasbiare Rhestebétwden t he
thin-filmmagnetic head material of the invention, the el ectrode connected

to the defgGyi Qja8dRMRIHd élendedt§RO11iA allR roWl A Yeiilt,thBDif@Lsf e AS a
result, the pitch of the head-to-be sections in each rowis reduced. In the

head mat epial ofddfeIRURA PG &l RPN 1RPEh NG, PONCNELcciBied Xy [RE TEd [ 0 the

intra-row cutting section. S case, tHe detection t and the
conductor yare,.el i m t he he maj erial s c off at_the intra-row
cutt | ng. sAeRtfn RABMEIREITM BRI Bt o s FafmbiEe L Ui | ng o
thin-filmnagngtic hea terial including: plyrality of rows of

head- t o- b@oggeﬁl%ﬁ?f 1§ Bij’ffé’n%ttfﬁtﬁ?]eflleﬁﬁeﬁ%émﬁ%leggﬁgaase?eIQﬁXant er-row cutting
section provided t e a pasition,. at _which adjacent .ones of the rows are to
be separ at’eBseqent E‘ae PR bar i gl-£lé@tmaﬁn5F1531eé§opl?@eBés abtsdned i on at

whi ch adj acent ones_ of the_ headto-be sections in each of the rows are to be
separ at ediromna gixamlsgthof basds !‘fPﬂa“@deps of : providing a detection el enent
to be used for detecting an anmount of processing when specific processing

i s perforned bmthdnexm@@ge ghewniinl F1Ginl 4 cenpagdé t6 the eneshomwaein §FIGonnect i ng

the detection elenent to an external device, and a conductor for
el ect ri cal3,wheqritodcdfithg lidael dbmentod@1 tw each row is reduced and the number

of thin-film magnetic head elements obtained from a given length of bar is
thereby increased. However, in this example, too, the electrode 112b is
additionally provided between every adjacent head elements 101 in each row.
Therefore, the pitch of the head elements 101 in each row is still greater, and
the number of head elements obtained from a given length of bar is reduced,

compared to a case where the electrode 112b is not placed. In particular,



25 N0V 20& the detection elenment; and formng the electrode in the
inter-row cutting section. According to the nmethod of the invention, the
el ectrode connected to the detection element is formed in the i &rN®¥wE002
cutting section. As a result, the pitch of the head-to-be sections in each
row is reduced. In the nethod the detection el enent and the conductor may
be formed in the intra-row cutting section. In this case, the detection

el ement and the conductor are elimnatgd when the head material is cut off
at the intra-row cutting section. A nethod of manufacturing thin-film
magneti c heads of the invention is performed through the use of a thin-film
magnet i ¢ sisedthemeleciratle isnch adithg electyider HiZbtig refjuireddo bk doaadeted-toen
sections to be thin-filmnagnetic heads; an inter-row cutting section
provi ded Bondigg wipedt id Becedbamhiooh adtthat ed eledwdofat ahRrtainsizd. e Tige be
separated; an intra-row cutting section provided to be a position at which

adj acent Jﬁﬂﬁﬁis%e&@ﬁr@%‘ihbﬁ’r@@ui%&% BBSnérdaSedh Pér éhEmpRVSS @ tO be
separated. The nmethod includes the steps of: fabricating the head materi al

i ncl udi ngj; i . it b d r i : of

pr ocessi %ida%ﬁgﬁlt g%%%’gdlgg?@e%g?ﬁg‘?‘fﬂ;§§e‘r‘?‘grt}r‘§§%§% ﬁgorﬁé;%%g?rg? IeI?i al, an
el ectrode fornedis the intey-row cutti ection for electrically

connect i r?ée(&ﬁ(g@edg%%fsl ot Ehen e?go%tni@gt‘zphal device, and a conductor for
electrically connecting, the el ec de tq the detection el ement; performng
Che speci T & 1 DECCRBleGTrt ih ELG- Ade t SFcirRne a1 o drbehorrabe ot pu
signal of the detection elenent gbtained through the electrode; formng a
head aggrtbg@tl%ctrwl%w?n@fe @@eﬂun-filnbmaﬁp@tv@thaﬁgelﬁwtl&lbéo%e(As 8ns 2 5
~0~ ~~~~ s b s;ﬁ)}gr ating the head material having gone through the step of
per f or mi mgsulteifphedwysi eyt at thedetaction-elementitlill dgr dvddingnthedpar fgoni ng t he
thin-fil mmagnetic heads by separating the head aggregate forned in the
step of flerad elgments (Hitbra)y paeyaf thealeatlfor nrunitoringwremtingexmmseti on.
According to the nethod of manufacturing thin-filmmagnetic heads of the

i nvent i orputbide. ha@h@ prat of ithé ldad idaiycdatti @ofdes Gindockusestatie idaghdge. t he
detection elenent is fornmed in the inter-row cutting section in the step of

fabri cat igMMAREOF THERINVENTIONspeci fic processing is performed on the
head material while an output signal of the detection el enent obtained

th h th [ [ j f ' :
roug € eﬂt‘?gtﬁ;fﬁgé? gl@;&g@?kﬁ&f&%ﬂt&?@ de QthREHA MadBelilShead

processing. In't ormng t aggregat e, the-head aggregate
o

o e e BN AN ISR AR SR U, SRS U HGR) L St ep of

perform e processing a oW Cu g section. The thin-film

magneti ¢ _head re formed. by separ.atin he head regat e t he..intra-row
CULt s ng. SBERRGOMnE BIETUE BAERGR kg s 16 TngEate (R PERD SRt BiP T
detection el emani_l and the conductor may be formed in the intra-row cutting
section (RAEHIIGPRFOI0 R8I Rcat i ng the head material. In this case, the
detection el ement and the conductor are elimnated when the head aggregate
is cut off atltipa sependioblegt efithe nyension; torpronidna thinsfilys mpgnatiag t he
heads. Ot her and further objects, features and advantages of the invention
wi | | appdwadnmpateriall and amethodeofiroahufdotyringddei smeand a method of

manufacturing thin-film magnetic heads to fabricate thin-film magnetic
heads in which no conductors connected to elements for detecting an amount
of processing remain.

A thin-film magnetic head material of the invention includes: a
plurality of rows of head-to-be sections to be thin-film magnetic heads; an
inter-row cutting section provided to be a position at which adjacent ones of

the rows are to be separated; and an intra-row cutting section provided to be



BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is an explanatory view for
Illustrating part of a wafer as a thin 2 5NOv 2.f102 9 fil mmagnetic
head material of an enbodinent of the invention. FIG 2 is a fl oz'\ghgog hew
il lustrating manufacturing steps of the wafer of the enbodi ment.® Fl I's a
cross section of a thin-filmmagnetic head el enent portion in the wafer of
the enbodinent. FIG 4 is a cross section of a neighborhood of a detection
el enent for detecting an anmount of progessing in the wafer of the
enbodinent. FIG 5 is an explanatory view for illustrating a nmanufacturing
process of the detection elenment, electrodes and | eads fox nonitoring of
t he enmboda pesitionFatavhéch sdpmeerkphemef theyhasdeto-bo sedtidnssinreschraf thiee
manuf acturi ng process of the detection elenent, electrodes and | eads for
moni t or i ngpwaf ateh be separated. The head material comprises: a detection element
to be used for detecting an amount of processing when specific processing is
performed on the head material; an electrode formed in the inter-row cutting
section for electrically connecting the detection element to an external
device; and a conductor for electrically connecting the electrode to the
detection element.
In the thin-film magnetic head material of the invention, the electrode
connected to the detection element is formed in the inter-row cutting section.
As a result, the pitch of the head-to-be sections in each row is reduced.
In the head material the detection element and the conductor may be
formed in the intra-row cutting section. In this case, the detection element
and the conductor are eliminated when the head material is cut off at the
intra-row cutting section.
A method of the invention is provided for manufacturing a thin-film
magnetic head material including: a plurality of rows of head-to-be sections
to be thin-film magnetic heads; an inter-row cutting section provided to be a
position at which adjacent ones of the rows are to be separated; an intra-row
cutting section provided to be a position at which adjacent ones of the head-
to-be sections in each of the rows are to be separated. The method includes
the steps of: providing a detection element to be used for detecting an
amount of processing when specific processing is performed on the head

material, an electrode for electrically connecting the detection element to an

external device, and a conductor for electrically connecting the electrode to



enbodinent. FIG 7 is an explanatory view for illustrating the
manuf acturi ng process of the detection elenent, electrodes and | ?aﬁjﬁ‘ld\PrZGOZ
nmonitoring of the enbodinent. FIG 8 is an explanatory view for
illustrating the wafer and a wafer block. FIG9A and FIG 9B are
perspective views for illustrating the step of joining the wafer block to a
support plate of the enbodinent. FIG 10 is a block diagram of an exanple
of a | apping apparatus of the enbodimept. FIG 11 is an explanatory view
for illustrating repetition of a processing step and a head aggregate
form ng step of the enbodi nent. 25 NO0 V2002 10 FIG 12 is an
expl anat othe ddéteetiboreléhbnttanalt fonmihpehs ebptaidefinrtiengtdrataw tuttimgragnet i ¢
heads of the enbodi nent.
section.
According to the method of the invention, the electrode connected to the
detection element is formed in the inter-row cutting section. As a result, the
pitch of the head-to-be sections in each row is reduced.
In the method the detection element and the conductor may be formed
in the intra-row cutting section. In this case, the detection element and the
conductor are eliminated when the head material is cut off at the intra-row
cutting section.
A method of manufacturing thin-film magnetic heads of the invention
is performed through the use of a thin-film magnetic head material
including: a plurality of rows of head-to-be sections to be thin-film magnetic
heads; an inter-row cutting section provided to be a position at which
adjacent ones of the rows are to be separated; an intra-row cutting section
provided to be a position at which adjacent ones of the head-to be sections in
each of the rows are to be separated. The method includes the steps of:
fabricating the head material including: a detection element to be used for
detecting an amount of processing when specific processing is performed on
the head material, an electrode formed in the inter-row cutting section for
electrically connecting the detection element to an external device, and a
conductor for electrically connecting the electrode to the detection element;
performing the specific processing on the head material while monitoring an

output signal of the detection element obtained through the electrode;

forming a head aggregate including one of the rows of the head-to-be sections



FIG 13 is an explanatory view for illustrating an exanple of arrangenent
of detection elenments for detecting an anount of processing, elﬁstmwi?lrgnd
leads for nonitoring in a wafer used for nmanufacturing thin fil®m nagnett
heads of related art. FIG 14 is an explanatory view for illustrating

anot her exanpl e of arrangenent of detection elenents, electrodes and | eads
for nmonitoring in a wafer used for manufacturing thin-fil mnagnetic heads
of related art. DETAI LED DESCRI PTI ON @& THE PREFERRED ENMBODI MENT A
preferred enbodi nent of the invention will now be described in detail wth
reference to the acconpanying drawings. FIG 1 shows part of a wafer as a

t hi n-fi | rhynsapaeatingHdged et materiabhaving gompeddirorgh the stepeofippréormiiong. 1 n t he
wafer 1 a plurality of rows of head-to-be sections 2 to be thin-film
magnet i ¢ thegdscassinght ghe thteFrewvafteimglsectiohpaed formherg- thewhinifilong secti ons
3 each provided to be a position at which adjacent ones of the rows are to

be separ ahagneétiel headls By rs@lﬂbfdtﬁ%é thie hesd h@Bfeghtdfe¥hétbeh tife BRpaofPOsi tion at
whi ch adj acent ones of the head-to-be sections are to be separated in each

row. | n gagRlilieesl headd ?gléfitﬁ;ag%héimia%fv& bﬁ@t%é&%io&.head el ement 11 is

formed. Each head el enen an elenent s lon 12 including an
7t o YRR b ARG B S B ML)
' the waf e dn ol et A mAtSHE n #RilPnd Sfetfoal LodRe 47948 nd"
detection element is formed in the inter-row cutting section in the step of
fabricating the head material. The specific processing is performed on the
head material while an output signal of the detection element obtained
through the electrode is monitored in the step of performing the processing.
In the step of forming the head aggregate, the head aggregate is formed by
separating the head material having gone through the step of performing the
processing at the inter-row cutting section. The thin-film magnetic heads
are formed by separating the head aggregate at the intra-row cutting section
in the step of forming the heads.
In the method the detection element and the conductor may be formed
in the intra-row cutting section in the step of fabricating the head material.
In this case, the detection element and the conductor are eliminated when
the head aggregate is cut off at the intra-row cutting section in the step of
forming the heads.
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 1s an explanatory view for illustrating part of a wafer as a thin-



2 5 No v 202 11 processing is formed near the nedi umfacing-surface-side
end of each intrarow cutting section 4. In the wafer 11 eIectrquﬁy@@aZQDd
16b for nonitoring are formed in each inter-row cutting section 3 for =

el ectrically connecting each detection elenent 15 to an external device.
Furthernore, in the wafer 11 two |eads 17a and 17b for nonitoring are
formed in each intra-row cutting section 4 as conductors for electrically
connecting each detection elenent 15 t® the respective el ectrodes 16a and
16b. The detection el enent 15 may be a resistance el enent whose resistance
val ue changes in response to its dinensions. Reference is now nmade to FIG
2 to FIGfilmmsageefie hped materiabal an embediarentof the anesitiot.i | m magneti ¢ head
material of this enbodinment, that is, a nethod of manufacturing the wafer 1
shown in FI G FIG. BliGa flowehat ffooidhistiratisg avimdaonmiigastepsiofghs wegfer of t he
wafer 1. FIG 3 is a cross section of the thin-filmmagnetic head el enent
11 in t heofvdleadmbddinkdtd. 4 IS a cross section showi ng a nei ghborhood of the
detection elenent 15 in the wafer 1. FIG 5 to FIG 7 show a manufacturing

process of thprdes 4 cridseliTBRbLf A3hid MnthasheAdhedl déhaht peRiSS Rt S 16a
and 16b) for nonitoring and the lead 17 (that represents 17a and 17b) for

noni t ori ng,, @ﬁ%qg(gitﬁggtégg#d]ge%puf acturing steps of the wafer 1, an

insulating fi umna (Al1Q2), for exanple, is forned on a
substrate 72 e of _al um num oxide and.titan r bide (AL1203-Ti C), for
exanpl e (stepﬁgaléﬁ.a %?ecgloblo? bR bgf}boqraa‘éfe% 8%5"%8?’ eéé?lgB?i?fuci ng head
is formed,on t.he insul ating fiIm.?3.ﬁ3§ep 02}. Aﬁmgld ap film75 nmade
of al unmi ndetestipe AppmeUnt PEPrIceRsing ifddegraten ot Hag erbodmnant | ayer 74 (step
S 103). Next,_an _.2 5 NOV 2002 12 MR el enent .76 for reproduction is forned
on the shi el dF{apdas pmerplangtoryaieysfer Hlupirating adeeButactriagareness 15 i s
formed on the shield gap film75, as shown in FIG 4 and FIG 5 (step S
104) . Nexef thevdeteetaor elaments elaghiodes andoeads fammonitozivigofthgap fil m 75 and
the MR el enent 76 such that one end of each of the leads is connected to
the MR el embodiniént.At the sanme tinme, as shown in FIG 4 and FIG 6, the two
| eads 17 (17a and 17b) are forned on the shield gap film 75 and the
detection el eFE@t 616 anxplihatorpricvefisk dfuseeatingthd hearhfadsurisg el ectrical ly
connected to the detection element 15 (step S105). Next, a shield gap film
77 1S forpearioft it &betih dRdn, Blctéroted ditFlehBs eherRitolfnd of 6 S106)
and the el ement 76 is enbedded in the shield gap filns 75 and 77. A top
shield-c ] ole 78 is then formed on the shield gap film77 (step
S107) . m%ﬁtlpgglﬁée%bgr ding gap layer 79 nmade of alum na, for exanple, is

formed on theri@py J0Lel s SRR L Bl Sl sl ey iubihp- 111 m col|

8l is formed Tna p ayer on the recofdl ng gap r 79 (step

. , I is f h i .
s110) . A ik bl Becon elemnl e BfecPibten Gl Rads B om ikt S0t 5 1 ¢

i n contact é.h t he bottom pole 78 and magnetically coupl ed thereto.
embodiment.
FIG. 8 is an explanatory view for illustrating the wafer and a wafer
block.

FIG.9A and FIG. 9B are perspective views for illustrating the step of
joining the wafer block to a support plate of the embodiment.

FIG. 10 is a block diagram of an example of a lapping apparatus of the
embodiment.

FIG. 11 is an explanatory view for illustrating repetition of a processing

step and a head aggregate forming step of the embodiment.



Next, a bunp (an el ectrode) not shown that is connected to the MR el enent
76 and a bunp not shown that is connected to the thin-filmecoil L5NBV 2002
formed. At the same tine, as shown in FIG 4 and FIG 7, bunps 160 to be
the el ectrodes 16 (16a and 16b) for nonitoring are formed such that bottom
ends of the bunps 160 are electrically connected to the leads 17 (17a Z 5
N OV 2002 -13 and 17b) for nonitoring (step S111). Next, a protection

| ayer 83 nade of alum na, for exanplejpis formed to cover the top pole 82
(step S112). The bunps are covered with the protection |ayer 83. Finally,
the top surface of the protection layer 83 is polished and the bunps are
exposed (stepfKi18)i1s anesplwothtofy viemufoadtlusiratingtive-steb wf fogmetg thiheads of

t he enmbodi nent will now be described. A first step of the method is to

f abri cat dilhhenasfeeic Headshifaheicanlsirlififdnited above. I n the nethod of

manuf acturing thin-fil mmagnetic heads, a specific processing is then

performed on ¥ig, ®adah @xprusResy PRy foriiNubiiatiif & edamiple bPi s _embodi ment
this processing is perfornmed through the use of a wafer block 21 separated

f1rom the 9L RkerhefS oPROMILLR b Gontl T8, BT Kbl R of MEbutERe 2

plurality o OWs 0 0- be sections er-

sections nd,the itntra-fow cutting.sections 4, .Therefqr t he ,waf er bl ock
31 corr eseiieynd Mo hF Froitharnin 8 e et S B Ra feinib iRt on,

too. The jJret hod of. nanu g&tu ing thin-filmmagnetic heads includes: a
processi r{g%gp?&nre&w% ﬁie[?gfegﬁét'speci fic processing on the wafer block
21 while nonitoring, an output signal of fhe detection elenment 15 that is
obt ai ned t hr ok 1 @%méﬁplgéwéomeyleaf ledHuslygtinganother axample 6p for

form ng a head aggregate (that may be called a bar) in which a row of
head- t o- Baraegement oPdetieetian iederaents, etactxddes amideleads éor miopator2g tmai ng gone
t hrough the processing step at the inter-row cutting sections 3; and a head
form ng stafer fused ffar mamgfattumrifg thineafplgm et 4 gndteadsadsyofaelatedgarthe head
aggregat e obtai ned through the head aggregate formng step at the intra-row
cutting JEETACHED'DHSCRIRTIGN GF'PMERPREFERREED EMBONIMERNT 9B, and FIG
10 to FIG 12 2 5 NOV 2'002 14 to describe the steps nentioned above.

First, befores pRefoPedCaiBbdith &it&T.the Ins&0tien wWillhldw b8 AesthBedi Gbtdll OCK 21,
a support plate 22 for supporting all the head-to-be sections of the wafer

bl ock 21,4@R%e rgﬂmoh%eoﬁ&oﬂgpa{rﬁfilag%l%ﬁﬁé@ in supporting the wafer bl ock
e

21 are prepared and they are jol to one another as shown in FIG 9B. To

the Surface dirbouarsPeff 86 ity R Rifdul PReheBRd bl it 177 o 02
o1 at o 22 E R IO The ¥ eSen. o kv Rt L BSeiitnd e bl ook 21

opposite . to .a nmedium facjng surfa 2la. The, surface of the fer block 21
and t he Wﬂa@geo?ecﬂ?élsgﬂbg%ﬁ’ ﬁ“ﬁ‘l‘éﬁ% 1B3EREHLG hﬁa‘isa@:?6lﬁ’é?‘?- t he® NHehce of

the wafer block 21 and the surface of the dummy bl ock 23 faci ng each other,
and the duichidesgntemeow gatinegseetions3 gash previdgditade apositiensatpport pl ate

22 facing each other, are bonded to each other with an adhesi ve,
r espect i wehigh adjacentoneedf the rews suppobe spparatedand igragbwrcutiongk 21 i s
pl aced such that the surface opposite to the surface in which the head
el enent s skédtieme4 fprovidddftadesa pbatmnprtowhighl adjacedt ohes ofhephexxkbssbag st ep,
specific processing is perfornmed on the nmedi um

sections are to be separated in each row.

In each head-to-be section 2 a thin-film magnetic head element 11 is
formed. Each head element 11 has: an element section 12 including an
induction-type magnetic transducer and an MR element; and a plurality of

electrodes 13 for connecting the element section 12 to an external device.

In the wafer 11 a detection element 15 for detecting an amount of



facing surfaces of a row of head-to-be sections in the nmedium facing
surface 21a of the wafer block 21 joined to the support plate 22.I§1 this
step, grinding using a grinding apparatus, |apping using a | appi ng9 NOV 2002
apparatus and so on are perfornmed. The MR height and the throat height are
t hereby precisely defined. FIG 10 is a bl ock di agram show ng an exanpl e of
the configuration of a | apping apparatus. The apparatus conprises: a

| appi ng plate 31; a rotation 2 5 Noy1202 15 driver 32 for driving the

| apping plate 31 to rotate; an actuator 33 for holding the wafer block 21
such that the position of the block 21 is changeable on the | apping plate
31 and f qrroe¢dsong ngyfoadiadsnermmtheonegdhas Saciageppfacedside eadatf epahtintia-t he
waf er bl ock 21; an electric signal processor 34 for receiving an out put

si gnal ofrogeaittiiet eatioond.el enet wiferddtdéestecddsht Gxughd 16b fof armitutase 16 in a
row | ocated in the nediumfacing surface of the wafer block 21 and for

per f or m ngeIpAakliif cACRSAET IO OttintescttidRd for@1&ukiRHy caRfle@it®BAP! | er 35
for controlling the rotation driver 32 and for receiving the output signal

of the pr i - ACt in; t he
out put si%%gﬁ&fﬁ ?ﬁ%pﬁdéfg‘?%‘é%g‘%%@%{dgglﬁeqt?‘téﬁﬁero 1’& lr&gﬁﬁowr%?%o}fs) an

out put si.gnal _qf C 19 I L t.hrough the.el ectrodes
6, "and dtiepds A EE T RdaRof R ine e Wn bR kRS
response to,.the outpu ignal .. Through this operati t he mediu ci ng

Cur Face. cecth & eiidndel By ol igiie onnea B patL fter e ARuegt 1Bhe
pattern of the thin:film magnetic hg d_el %n&éqel gcated in the nmedium

faci ng suPitheaegpeatiie elastepdey bea and 16hme gHen elgmephlpmanbeght s of
the head el enents in the row are precisely defined. Next, in the head

aggr egat & fepistiange slaspent whosg resistiginge vabue ehangesdnsigsponse {1 ee 22 are cut
together at the inter-row cutting section 3 such that the head aggregate

i ncl udi nglimtemsians. of head-t o-be sections whose nedi um facing surfaces have
received the specific processing is separated fromthe wafer block 21. The
waf er bl ock ZRefenenddwe movppaade ol BIG. 220 HdG. Agohlesoribeta methddef head
aggregat e havi ng been obtai ned, processing of the nediumfacing surface and
cutting chahlifaceafinl dtiakiidd nadehdtitchsatbpaiterial af thid 2n#@limeatStt0 V Z002
16 repeated as |l ong as the wafer blocks 21 remain. Processing markers that

| ndi cat e jf h8 8 of W4 gifalt tgn s hd hwe.g}érﬁs%enpﬁpy‘ié.eﬂ OFFGhinface of

nt
the wafer b océl;t 21 in which the thi | m nmagneti c head el enents are

f or med. i i.td i i i f en ] mar ker
wnen. t he Ty ik B RER il Ru R SR 3, SHICES e by
illustrates,.repetition t he processing ste nd.i he ad. ag gat.e

for m ng. SEERORBLtRe BBl mReRilE REFA BRBPEL oF T chd Soate 1y S FIGYRSE
processing of the.nedjumfacin urfac t he fer bl ock 21 bonded to the
P port 1 srEs S0 FROBInE CerelParorn gt Ht IFiatEen SpmepsBindfeck 21 and
t he support pl.at are_cut_together so that the head_ aggregate including
the row ovafsgdd- ﬁ*?ﬁ& %Ef%mhm@s@amékfaewrf%pw%ﬁpf g&eéemwnbeen
processed are separated fromthe wafer block 21, as shown in the figure in
t he ni ddledement-il&; theleletiredn dfdthefgrenyasentsil Gaand A6bpfarcmostosing: he
support plate 22 thereby obtained are transferred to the post-step, as
shown i n arketheolendr T (that eemfesEni@. 1Tl and f1 7hn forvaomitopimggsk 21 remai ns,

processi ng of the nediumfacing surface is repeated as shown in the top
figure of Fl Qccdiding to the manufacturing steps of the wafer 1, an insulating film

73 made of alumina (Al203), for example, is formed on a substrate 72 made of
aluminum oxide and titanium carbide (Al2O3-TiC), for example (step S101).
Next, a bottom shield layer 74 for a reproducing head is formed on the
insulating film 73 (step S102). A shield gap film 75 made of alumina, for

example, is then formed on the bottom shield layer 74 (step S103). Next, an



Next, the head aggregate 51 and the piece 52 of the support plate 22 are
separated from each other. Rails are forned in the nedium faci ng itgfwzggz
the head aggregate 51. Next, in the thin-filmmagnetic head form g step as
shown in FIG 12, the head aggregate 51 is cut at the intra-row cutting
sections 4 to separate the head-to-be sections 2 from one anot her.

Thin-fil mmagneti c heads are thus obtai ned. 2 5 Nov 200z 17 According to
t he enbodi nent described so far, the dl2ectrodes 16 for nonitoring connected
to the detection elenments 15 are forned in the interrow cutting sections 3
in the wafer 1. As a result, the pitch of the head-to-be sections 2 in each
row i s rddicelement €6 firgieppedudtinmis formed oi thy shieldcgarefiby 1hr digthet he
detection elenents 15 for detecting an anmount of processing. The nunber of
t hi n-fi | famgnahe ctheedatsctotm alementiss] & susrined omathedshidkcgaplfibg 15 ashe
enbodi ment, the detection elements 15 and the |leads 17 for nonitoring are
formed i rnsHowen in 16 Yond PTG BYstepc8ide)s 4. As a result, it is possible to
manuf acture thin-fil mnmagnetic heads in which the | eads 17 connected to the

detection el eNgR Stwioled@s bt élgﬂ';l@fé)‘;a o forimre dldHHRS éHi%lcha?ﬁ iiftae74 Gnfr event

t he adverse effects such as th drs cat chi ng noi ses causing static

may b pr aeC R R, 16508 ldrlind el STARQCEN, AEREAER AN e
toget her ThR FrepREd iy briscras B, EheRowd R FTC AR BT, BoRRE heo Mo tm
A ternat i 525 17ance g+ aTefonRed qarbr blot e 5p Boa BNt AEtivRdi um
facing surface may be bonded to a specifi Crljéi@fgﬂ and processing on the nmedium

facing sutlemeatdicsuch hatgngrendel epchpidbg 18 qlagtrivallygomamested. toanot her

alternative is to performprocessing on the nediumfacing surface and
cutting dhetdedettdon eleyyentgd éstep S196)st ate of the wafer 1. According to the
thin-filmmgnetic head material, the nethod of manufacturing the sane, or
t he met hod of Nemtyuf sleield gap filln 77 is formmalgme the shie?d gapldiln? 02 andeidds of t he
invention described so far, the el ectrode connected to the detection
el enent MR élehiaiti T6)(séép 8106 4ndthe MR icihast 26 ¢s émbedded in the shield

gap films 75 and 77. A top shield-cum-bottom pole 78 is then formed on the

shield gap film 77 (step S107). Next, a recording gap layer 79 made of

alumina, for example, is formed on the top shield-cum-bottom pole 78 (step

S108). A thin-film coil 81 is formed in a photoresist layer 80 on the

recording gap layer 79 (step S109). Next, a top pole 82 is formed on the

photoresist layer 80 (step S110). A rear portion of the top pole 82 (on the

right side of FIG. 3) is in contact with the bottom pole 78 and magnetically

coupled thereto.

Next, a bump (an electrode) not shown that is connected to the MR

element 76 and a bump not shown that is connected to the thin-film coil 81

are formed. At the same time, as shown in FIG. 4 and FIG. 7, bumps 160 to

be the electrodes 16 (16a and 16b) for monitoring are formed such that

bottom ends of the bumps 160 are electrically connected to the leads 17 (17a



bnter-row cutting section. As a result, the pitch of the head-to-be
sections in each row is reduced and the nunber of thin-film magQehiN0hezgs
obtained is increased. According to the thin-filmnmagnetic head material,

t he met hod of manufacturing the same, or the nethod of manufacturing
thin-filmmagnetic heads of the invention, the detection elenment and the
conductor nmay be forned in the intra-row cutting section. In this case, it
is possible to manufacture thin-filmmgnetic heads in which the conductor
connected to the detection el ement does not remain. Cbviously many

nodi fications and vari ations of the present invention are possible in the
| i ght of amdel@Anoioe memittiing$steptSTld).t hext, or protectinn layde8Stmadetofiat wi t hi n
t he scope of the appended clains the invention nmay be practiced ot herw se
t han as waniihacflriexadgseyistformed td covéy thetopQdle B2 (et S1E2)cl Jheed is: 1.
A thin-filmmagnetic head material including: a plurality of rows of

head- t 0- hrinsps bt ® Bovdred Feith Bho prodedtiogndnpsy 83.heREfmllyathé BéLEarfave 68t ti ng
section provided to be a position at which adjacent ones of the rows are to

be separ ahe 'ro?&@ioma'?@% B9k g%&h‘éd hig tﬁ@%&ﬂng;gs RELYLARAd (SteBSS AL gHosi tion at

whi ch adj acent ones o e head-to-be sectio In each of the rows are to

be separ at ed;Ahpeethgﬁ%ggﬁ'%#tﬁ'é%@ggg?ﬂiéli-ﬁ.rﬂ%a%m&ﬁ%ﬁgatlcisogfﬁ{ee”em to be used

for detecting an aroun en specifrc processing is perfornmed
AL S A R e e
and a conductor for electrically connecting the_ electrode . to the detection
el errent . the wafer 1, which 1s described a(i)ove. n the method of manufacturing

thin-film magnetic heads, a specific processing is then performed on the

head-to-be sections 2 in the wafer 1. In this embodiment this processing is

performed through the use of a wafer block 21 separated from the wafer 1 as

shown in FIG. 8. The wafer block 21 includes a plurality of rows of head-

to-be sections 2 and the inter-row cutting sections 3 and the intra-row

cutting sections 4, Therefore, the wafer block 21 corresponds to the thin-

film magnetic head material of the invention, too.

The method of manufacturing thin-film magnetic heads includes: a

processing step for performing the specific processing on the wafer block 21

while monitoring an output signal of the detection element 15 that is

obtained through the electrode 16; a head aggregate forming step for forming

a head aggregate (that may be called a bar) in which a row of head-to-be

sections 2 are aligned by cutting the wafer block 21 having gone through the

processing step at the inter-row cutting sections 3; and a head forming step

for forming thin-film magnetic heads by cutting the head aggregate obtained

through the head aggregate forming step at the intra-row cutting sections 4.

Reference 1s now made to FIG. 9A and FIG. 9B, and FIG. 10 to FIG. 12



2. The head material according to claim1, wherein the detection el enent
and the conductor are forned in the intra-row cutting section. 3. 5A0EtZag2
of manufacturing a thin-filmmagnetic head nmaterial, the head materi al
including: a plurality of rows of head-to-be sections to be thinfilm
magneti c heads; an inter-row cutting section provided to be a position at
whi ch adj acent ones of the rows are to be separated; and an intra-row
cutting section provided to be a positigon at which adjacent ones of the
head-t o- be sections in each of the rows are to be separated; the nethod
including the steps of: 2 5 NO0 V Z002 20 providing a detection el ement
to be usdd descritietbesteny mentionedtbove.pr Biret dieforeviihepropessing stem; asessi ng
is perforned on the head material; an electrode for electrically connecting
t he det eghioah #1 EDENDAL chawadet slook 2 1d a\supportapla te 22 dor gapwsrtimy all

el ectrically connecting the electrode to the detection elenent; and form ng

t he el ectyhadaidotolhe sédtidts Jfale Gid fel Blocket, i a1 aﬂurﬂiﬂ? HIBéI2g f@ccording to
claim 3, wherein the detection el enent and the conductor are fornmed in the

intra-r O"&s%féttfﬂ;%:& dg?fhg ttq.ﬁi \ﬁz_if;EFtHIQ& of a@??{@%ﬂrémtﬁ% Qfeﬁ}fgilﬁg gnetic

heads t hrough e us I'm magnet | mat er | Ing: a

Ry U Ry
o Lhe T O¥e & o3 L, BpRSRARLeth 80 A, L Lok ot ALY g Sot g0 provi ded

of the rows, are to pe se ated; the nmethod including the steps, of:

fabri cat ilﬁgluﬁh’égﬁé C%Pgi?{léi‘eglﬁéﬂtfﬂibﬁg?ec&‘o&ét acas; the topanw: Cethtgé used for
detecting an anount of processing when specific processing is_perfornmed on
t he head swepert plate 23. elQsttheogerpat phate] fﬂ,tthe dumpay-blogk é’gtls iphaceseant i on f or
electrically connecting the detection elenent to an external device; and a
conduct ortht eidebftte wafdr hlock Rhepposije tha mkdntm daengsurfecedidtee c tThon

el enent; performng the specific processing on the head material while

moni t or i n@irfuteaftthotwategbidckdll dhé tHetsaefaconf thesepporthilaten2? fadihgugh t he

2 5 NOV 2002 21 electrode; form ng a head aggregate including one of the

rows of tdaghh®Ber, tthe Barface of the wafer block 21 and the surface of the dummy

block 23 facing each other, and the surface of the dummy block 23 and the
surface of the support plate 22 facing each other, are bonded to each other
with an adhesive, respectively. When joined to the support plate 22, the
wafer block 21 is placed such that the surface opposite to the surface in
which the head elements 11 are formed faces the support plate 22,

In the processing step, specific processing is performed on the medium
facing surfaces of a row of head-to-be sections in the medium facing surface
21a of the wafer block 21 joined to the support plate 22. In this step,
grinding using a grinding apparatus, lapping using a lapping apparatus and
so on are performed. The MR height and the throat height are thereby
precisely defined.

FIG. 10 is a block diagram showing an example of the configuration of a

lapping apparatus. The apparatus comprises: a lapping plate 31; a rotation



sections by separating the head material having gone through the step of
performng the processing at the inter-row cutting section; and fob oy 2092
thin-fil mmagnetic heads by separating the head aggregate fornmed in the
step of formng the head aggregate at the intra-row cutting section. 6. The
met hod according to claim5, wherein the detection elenent and the
conductor are forned in the intra-row cutting section in the step of

manuf acturing the head material. . AR ABAS A A ;

.A(L.AS. A" @A A . As{. A U@ ALN. Asa. A. AS. As. Af. Aa. As. As! =| | @HL2\
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Pa"""&Uyd)e)+///]/116@B6666% ~yt oj e [ V] ca] ca] ca] ca] ca] ca] ca] ca] c$a] csal] c$
a] ca] ca] ctlicwpfer] klatk 2lcushdhpt she ppsitisncf]tba] @chal tathangesdld onlthal] cal %
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& ()-:10%& ()-710%& ()-50g 10%& ()-3MLO%& () - 9M 10%& () -
0& () prcg%ess(o)r 34 ang COI(I roll?ng thetg act(u)ator 33 if? res(p)onse to the%utlgl)lt signal.

In the lapping apparatus the controller 35 monitors an output signal of
each detection element 15 gbtained through the electrodes 16, and adjusts
pressure applied to each part of the wafer block 21 in response to the output
signal. Through this operation the medium facing surface of the wafer
block 21 is lapped while the straightness of the pattern of the thin-film
magnetic head elements located in the medium facing surface of the wafer
block 21. The MR heights and throat heights of the head elements in the
row are precisely defined.

Next, in the head aggregate forming step, the wafer block 21 and the
support plate 22 are cut together at the inter-row cutting section 3 such that
the head aggregate including the row of head-to-be sections whose medium
facing surfaces have received the specific processing is separated from the
wafer block 21. The wafer block 21 and the support plate 22 having been
cut and the head aggregate having been obtained, processing of the medium

facing surface and cutting of the wafer block 21 and the support plate 22 are
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indicate the inter-row cutting sections 3 are provided on the surface of the
wafer block 21 in which the thin-film magnetic head elements are formed.
The cutting position is determined with reference to the marker when the
wafer block 21 and the support plate 22 are cut.

FIG. 11 illustrates repetition of the processing step and the head
aggregate forming step described above. The top figure of FIG. 11
illustrates processing of the medium facing surface of the wafer block 21
bonded to the support plate 22. This processing having completed, the
wafer block 21 and the support plate 22 are cut together so that the head
aggregate including the row of head-to-be sections whose medium facing
surfaces have been processed are separated from the wafer block 21, as
shown in the figure in the middle of FIG. 11. The head aggregate 51 and
the piece 52 of the support plate 22 thereby obtained are transferred to the
post-step, as shown in the bottom figure of FIG. 11. If any wafer block 21
remains, processing of the medium facing surface is repeated as shown in the
top figure of FIG. 11.

Next, the head aggregate 51 and the piece 52 of the support plate 22
are separated from each other. Rails are formed in the medium facing
surface of the head aggregate 51.

Next, in the thin-film magnetic head forming step as shown in FIG. 12,
the head aggregate 51 is cut at the intra-row cutting sections 4 to separate

the head-to-be sections 2 from one another. Thin-film magnetic heads are

thus obtained.
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sections 2 in each row is reduced while high-precision processing is achieved
through the detection elements 15 for detecting an amount of processing.
The number of thin-film magnetic heads obtained is thus increased.
According to the embodiment, the detection elements 15 and the leads
17 for monitoring are formed in the intra-row cutting sections 4. As a result,
it is possible to manufacture thin-film magnetic heads in which the leads 17
connected to the detection elements 15 do not remain. It is therefore
possible to prevent the adverse effects such as the leads catching noises or
causing static damage.
The invention is not limited to the embodiment described above but
may be practiced in still other ways. For example, in the embodiment, the
wafer block 21 separated from the wafer 1 is bonded to the support plate 22
together with the dummy block 23. In this state, processing on the medium
facing surface and cutting of the head aggregate are performed.
Alternatively, the end face of the wafer block 21 opposite to the medium
facing surface may be bonded to a specific jig and processing on the medium
facing surface and cutting of the head aggregate may be performed.
Another alternative is to perform processing on the medium facing surface
and cutting of the head aggregate in the state of the wafer 1.

According to the thin-film magnetic head material, the method of

manufacturing the same, or the method of manufacturing thin-film magnetic



10z910% & ()-7 10%& ()-510%& ()-T;;; <L<<<dEbCO! asyl0%& ()-s"
109 () - FLIO%& ()-gl0%&' ()- sf10%&' ()- 109%& () - <<K=== >7>dEbC0! as) 408y oo
109%&' ()-s10% ()-s910%& ()-s 10%&' ()-
109 () - 7>} >@@a® AJEbCO! a° 8109%& ()- 5
109&' ()-  3YL09%& ()-110%& ()- 3% ! 10%&' () - SEMLO%&' () - : A| A} A~AAAABCHCO! as™ ! 10
o& ()- SM 109%& ()- FF109%& ()-&10% ()- 10 10 10
- 109&' () - CDXFF7H8HOH: HGHu] @' aS&@L0%&§)- 10 10
10s1s! 10%&' ()-s!Is! ! 10%& () s! 110% ()-s ! 10%& () -
GHIHI | JJOW?| la” 1 109%& ()
| kf M 10%&heads phatiomgrenpion desmb@d(sp-far 1bo@lqcrrodg1cgme chedNIINNNOA PUVAO! X
109& ()-s° 109& ()-s310% ()-F940%& ()- 10 10 10!y ! 10%& () -
4PRRSUUUUdkfleotis A @ %E f¢1) detecting an amount of processing are formed in the
inter-row cutting section. As a result, the pitch of the head-to-be sections in
each row is reduced and the number of thin-film magnetic heads obtained is
increased.

According to the thin-film magnetic head material, the method of
manufacturing the same, or the method of manufacturing thin-film magnetic
heads of the invention, the detection element and the conductor may be
formed in the intra-row cutting section. In this case, it is possible to
manufacture thin-film magnetic heads in which the conductor connected to
the detection element does not remain.

Obviously many modifications and variations of the present 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.



10 10
10!\ LS)t! 109%& ()-LS)t!10%& ()-!\"f9!l 10%& ()- f9! 109%& () - UU#V\Y/\ZZ& éj \ a?140
10!\s- 1 109& ()- s- !109& ()- !\syM 109%& ()-syM 10%& ()-s 002
109&' ()-"3109%& ()-j\k\I\x\{\8 ~ TadE40 10! %@
10%g& ()-M kM 10%9& ()--M 10%¢& ()--10%& ()-%40%& ()- 10
10Taa] c*c_c cocrcd~ @ 10!- 10%& ()-yl0%& ()-%610%& ()- 10g 10g
10gy/ M 10%g& () -g!\ %@ 10%& () - Ml eghi il9 i zI "PLO%L.0%& ()- 10zz 10zz
10zz! pY 110%z& ()- " $!tY 110%z& ()-"$Y 110%& ()- $!t-
109&' ( }é} Akl ooz[ <AP10%$s! 1098 ()-s$s! 109%&' ()-!fM 10%me ()-!\M 10%&' (
-I\M 100 hat.is gbmmed isgpop: p:

onprpeFocmocV@ () - 10%a& () - 10% $f 10%
101010s$s! 109&: (ﬁt@nqd’dqqgéalg@g@p Qmatenaf%clﬂidmg a plurality of rows of

109 ()-19!'10%@& ()-' Sl 10%@& ()-9l 10%&&' ()- 10%&' ()-

head-to-be sections to be thin-film magnetic heads; an inter-row cutting
section provided to be a position at which adjacent ones of the rows are to be
separated; and an intra-row cutting section provided to be a position at
which adjacent ones of the head-to-be sections in each of the rows are to be
separated; the head material comprising:

a detection element to be used for detecting an amount of processing
when specific processing is performed on the head material;

an electrode formed in the inter-row cutting section for electrically
connecting the detection element to an external device; and

a conductor for electrically connecting the electrode to the detection

element.

2. The head material according to claim 1, wherein the detection

element and the conductor are formed in the intra-row cutting section.

3. Amethod of manufacturing a thin-film magnetic head material, the
head material including: a plurality of rows of head-to-be sections to be thin-
film magnetic heads; an inter-row cutting section provided to be a position at
which adjacent ones of the rows are to be separated; and an intra-row cutting
section provided to be a position at which adjacent ones of the head-to-be
sections in each of the rows are to be separated; the method including the

steps of:
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detection element; and

forming the electrode in the inter-row cutting section.

4. The method according to claim 3, wherein the detection element

and the conductor are formed in the intra-row cutting section.

5. A method of manufacturing thin-film magnetic heads through the
use of a thin-film magnetic head material including: a plurality of rows of
head-to-be sections to be thin-film magnetic heads; an inter-row cutting
section provided to be a position at which adjacent ones of the rows are to be
separated; and an intra-row cutting section provided to be a position at
which adjacent ones of the head-to-be sections in each of the rows are to be
separated; the method including the steps of:

fabricating the head material including: a detection element to be used
for detecting an amount of processing when specific processing is performed
on the head material; an electrode formed in the inter-row cutting section for
electrically connecting the detection element to an external device; and a
conductor for electrically connecting the electrode to the detection element;

performing the specific processing on the head material while

monitoring an output signal of the detection element obtained through the
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electrode;

forming a head aggregate including one of the rows of the head-to-be
sections by separating the head material having gone through the step of
performing the processing at the inter-row cutting section; and

forming the thin-film magnetic heads by separating the head aggregate
formed in the step of forming the head aggregate at the intra-row cutting

section.

6. The method according to claim 5, wherein the detection element
and the conductor are formed in the intra-row cutting section in the step of

manufacturing the head material.



