;e3e !ltp] 6 T'Y,,, .16 JA N 2003 METHOD OF READI NG MARK AND APPARATUS
FOR THE SAVME BACKGROUND OF THE I NVENTION 1. Field of the Inventioru'ghi‘%
invention relates to a nethod of reading a mark and an apparatus for t t;N 2003
same in whi chm

d on a functional device formation body where
‘pr edet er m ned mmﬂml(w"@u@ﬁew ces are forned on a base is optically read.
Description of the d Art A magnetic head slider used V\he(rlwl“mwmmu"lwumlm
recor di ng/ reprodu@?oﬂﬁ* data on/froman information recording ne

fixed disk device is generally fabric¢hted using a photolithography *ssiee*

technique, a thin filmformation techni que, an etching techni que, a

pol i shing R t | W f = Lk al,i of thin
film nagneWiE&ﬁ'gég §§Cﬁ]@w m&‘@ﬁl‘“ qi%% : &M\?’ cut so as
to be separated into individual nmagnetic head sliders, each of which
I ncludes at |east one of the thin filmmagnetic head device. then
manuf acturing a |large quantity of nmagnetic head sliders, an identification
mark is BA&}EGB@Q @ﬂml‘gurface of each magnetic head slider
through a series of manufacturing processes. This identification mark
provi desl. Fieldeoftinel Inventionf act uri ng i nformati on of the magnetic head
slider, such as date manufactured, manufacturing specifications, materi al
used) manuf actThisngnventivn relates htd la meethbde of deading catmark n&id an
provi ded for the purpose of managi ng the (1 6 JAN 2003 -2

apparatus for the same in which a mark formed on a functional device

O formation body where predetermined functional devices are formed on a
base is optically read.
Description of the Related Art

A magnetic head slider used when recording/reproducing data
on/from an information recording media such as a fixed disk device is
generally fabricated using a photolithography technique, a thin film
formation technique, an etching technique, a polishing process technigue
and the like as follows: A plurality of thin film magnetic head devices is
formed on a wafer and the wafer is cut so as to be separated into individual

() magnetic head sliders, each of which includes at least one of the thin film
magnetic head device.

When manufacturing a large quantity of magnetic head sliders, an
identification mark is provided on a predetermined surface of each magnetic
head slider through a series of manufacturing processes. This
identification mark provides, for example, manufacturing information of the
magnetic head slider, such as date manufactured, manufacturing
specifications, material used, manufacturing number and the like. The

identification mark is provided for the purpose of managing the



manuf acturing history of the magnetic head slider. Wth mass-manuf acturing)
process management utilizing manufacturing information provided {hgodyaN %mg
identification code nakes it possible to avoid confusion of products wt
di fferent manufacturing specifications and to keep track of the nunber of
nmAnuf act ured products and the whol e manufacturing process accurately Wen a
defective part is used in a product during the manufacturing process, or
when a product fails in performance or_the like is found after conpleting
t he manuf acturing process, a scale of “&ccurrence of the defect is qui ckly
and accurately detected and the defective products are effectively renoved
by perform ng.a.performance eval.uation or the |ike f.or every idegt.ification
code of amgggf%?gﬁlpgprg%ﬁ@trg r’ré)ﬁuf yﬂ? urgﬁ’.gnﬁg’lce) ii’&?gnplsilgeﬁf the{Juvlhl
identification mar ener al | rovided are an identi.fication rk.
const i t ut PASHMANAcNNG, PIEELESyc MRANAZEMRNL FIUANg, m?dt-f#ggturwg
characters or nunbers (called as a "character synmbol" hereinafter) and an
i dent i fi ciformation wrevided throungh,the, identafieptiomcode makes ik pgssible fpgenent
of predeterm ned graphics. As to the identification mark constituted with
t he strinaveid confusion of prodiets svith differgns waanfacturingspesificationscandi nat i on
of a plurality of character synbols indicates the specific manufacturing
i nf or mat i nkedp track haf ithe mufbeat oH mamifacturedt prodwnds vard thiee wdiodehi cal
pattern, the nunber, shape, size, arrangenent or the |ike of the graphical
synbol s i mdnafddtaringe peees f accurately.acWhidm & idefertivet part id\rusedaipl £ of a
nmet hod of providing the identification nmark on the (16 JAN 2003 -3
@gnetl C pddct! dhii®hg afhb %M&nﬂhﬁgﬁ&bgg bPewhe N4 | produict OfAilEREK 1S a
thod in Japanese Patent Laid-open . Hei 9-50606 applied by this

appl i cant yo ik hé SUUELKS is fdgﬂmvé %{ﬁ@§ c&%ilpﬂaltiﬁél?ﬁ% Mﬁfhm%ﬁ‘fc&bgﬂd t he

mar ks, ere one Is constitute a string o naracter s

other is [ ' ' Vi face of
o magnet | % 9he O SpFlrbhic P R ANKE R o BB hRe oL RER AR THE 2
being for 1.0 i ndi gat f [ [ i f _the et i ¢ head
o1 dor. 1 SEEAHS SBRLER, B THERSRY rPBOVBAE TiorRinihec A R RRRS g
of character synbol s..i s,.torped sinultapeously w,th maghet ic | ayer as a
par ¢ of - CHEpRHRR ey e kR BF ot BB RRaon Al s TBHER A preAEES O e i
constituted wi.th the graphical pattern is forned on a predeterm ned region
on a prot@ERRAERFe% forned on the surface of the thin filmmagnetic head
by irradiating | aser. The uyltra-mnpute identjficatign nmark Rprovided on
the nmagnetic P deres erampleg o F%aﬂwﬁm Pk genexg! &pﬁ?@ﬁsgc@ﬁ@%r t he
i ke by a worker or the like. The identification mark is just_an
ar r angengdentificatign oazk cconstityted, with a stringeof; ghanacterc ami\ﬁlsfrap kam g
converted into corresfgondi ng manufacturing i nformation by the worker or the
li ke usi rafrangement ofogharagters or numhers (calledras o “charastemaymholid nore
an once. In this way, the necessary identifying information is obtained
m t he ihryeingfier)andamidéntpiicatiotemark constitatpdowith & graphicalpattemne

above-descri bed conventional nethod of reading the
as an arrangement of predetermined graphics. As to the identification

mark constituted with the string of character symbols, a single character
symbol or a combination of a plurality of character symbols indicates the
specific manufacturing information. As to the identification mark
constituted with the graphical pattern, the number, shape, size,
arrangement or the like of the graphical symbols indicates the specific
manufacturing information.

An example of a method of providing the identification mark on the



i dentification mark of the magnetic head slider has the follow ng problens
to be inproved. First, with the conventional nethod of reading {{lg JAN 2003
i dentification ~~ 6 JA N 2003 -4 mark, onerous work such as the
recognition of the ultra-mnute identification mark, conversion into the
manufacturing information or the like needs to be performed usi ng manpower.
Therefore, conducting the work requires a lot of time, which is a great
obstacle to i nprovenent of productivity Second, recognition of the
ultra-mnute identification mark, con¥rsion into the manufacturing

i nformation, and the |ike are perfornmed using manpower, so that there

Ists th | Sk of 1 St ak d 1 St.ake |
Feadi ng. chaFctie fead e S e UE SRR tHe HsniiaBRe ek s co
nbol s wh | Zi the ideptificati K I St ake | y [
7Y om t he AR 17 CIRTaHFaA. BB het PRe AR SrAUS6 APBAMAORD tho

like. In the sem conductor field, for exanple, as in_Japanese Patent
Lai d- operapicanpbi . Irg thizohulletintwa-typep- aulisa minatelsdentsficadiap rgaksa
technique to optically read the identification mark provi ded on each
senm conduehere owd B cormtituted wstidh stungofaharacter symiedse ahdithetdther ig he
technique for reading the identification mark is disclosed on the

assunpt i cenbtitktedeithde graphiealtpatberm mlse protidedwnh ® surfaseof aanadgdétic waf er
itself, i.e., a base where sem conductor devices are forned. However, as in

the af or eyl difiedod ABe NREFfacBahon filindpRetic Héad dévicds HaagFormpl] & Dy

this applicant, a technique for reading the identification mark formed on a

@rt i on, ha{cafe RhGfaciuBRE! ifférhiGoh WMHd agRanehiad NRirden GRiP" the

otection filmother than the base has not been disclosed. Further, the

above t hrgg, Biflel b hB¥ichBOR A8 Yofis 3R LA WitH the'string bfthSehHEP Smbols

is formed simultaneously with a magnetic layer as a part of the thin film
magnetic head device, whereas the identification mark constituted with the
graphical pattern is formed on a predetermined region on a protection film
formed on the surface of the thin film magnetic head by irradiating a laser.

The ultra-minute identification mark provided on the magnetic head
slider is visually identified using a microscope or the like by a worker or the
like. The identification mark is just an arrangement of characters and

‘C) graphics, so the identification mark is converted into corresponding

manufacturing information by the worker or the like using a conversion
chart. If needed, conversion may be performed more than once. In this
way, the necessary identifying information is obtained from the
identification mark provided on the magnetic head slider.

The above-described conventional method of reading the
identification mark of the magnetic head slider has the following problems
to be improved.

First, with the conventional method of reading the identification



-5 process are described based on the prem se that the identification mark
i-s read in a wafer process and there is no description with reg&ﬁdJMw
managenent of the identification information after the base is'separatg@)3
into individual nenbers (sem conductor chip). SUMVARY OF THE | NVENTI ON Thi s
invention is designed to overcone the aforenentioned problens. It is an
object of the invention to provide a nethod of reading a mark and an
apparatus for the same in which even a mark forned on a portion other than
a base in a functional device formati 6 body such as a magnetic head slider
can be accurately and quickly read. According to the invention, the nethod
of reading a,mark, forned.on a functignal devi%e strac urephggpr.or a

y siaton

pr ot ect i offarky e POPFPUS FHAEE SHeh 48,108 rISeRERIMRR yHenc e east a
base, the, funcfional deyice structyure |.ayer including.a, predeterm ped
functi ona’r‘{ed’é’of;‘@émé‘t F%?é'xu CRNYEFSHEY 1te ﬁ?e%k‘gaftlw&ﬁg nfermation or b8y ocess

and the protection |ayer covering the functional device structure |ayer)

t he met holike meeadscto hecperformed, using: manpower | Thereforencondpating the nor mal
incident illumnation onto the functional device formation body and readi ng
t he mar k workewquiresha 16t 0f ttimeawhichiisea great phstacleaye improvémept @wfect i on
| ayer based on a reflected |ight tomthe functional device formation body
Her e, t hepidduetivitynal device structure" is a device structure having a
predeterm ned function including a magnetic, electric, optic function such
as a magnetic r86mhnd, NabédpitionCicfy thevi eRradintte!r edertifiCHTiGO NWEAQT

devi ce QL6 JAN 2p03 -s structure, an optical recording/reproducing

rUCt Ur edorfiferkion initl the idnRiRtuhg inforndabion, K58 thé dilieCore pédtoinea body”

e a magnetic head slider wherein a magnetic recording device or a

e conau e abpIen Bt diuhere SR AU ALY o IuYIRaLY @

5B S, TR 3, B S el PS5,

obj ect of “perception use show certaln es 0 mar k"
t I mbol t cal L | et - The," fget Jj.nci dent
11 um na Pt Bt ot brABRAT IR SheelbiciRising the O3PaBBbRURRLT | o
Speci 1 caPE Vi FRBEHRE iy (OAMATREPo frob TiSa gt et aveoned iy ene” ** °™
vertically cones onto, g surface t ﬁ&eirradi ated and the reflected Iight
q?%q, tgne .

becomes panutacturing ydormation of; only on the light axis but outside
of the light axis as well. Simlar]| t any point between the condenser
| ens behind t hel the semy T fieldnfor gxample.qae uy Japansegcbatemt

reflected I@.{;‘ght becones parallel to the Li ght axis on_the |light axis as

wel | as obeidepeniNeo.nHei §nt301dils Noy Hei7d4Ad6handyNag. cHet 554138 & of the

present invention, the mark can_be fornmed to include the manufacturing

i nf or mat | chnidush tos opticallycaead the tidentifigationt markg pyevideds onf eagh

@ncti onal device formation body In this case, preferably the mark includes
i gi n i deemniconpdngtoriwalferas disclosedcforexamplehe ori gin of the base incl uded

in the functional device formation body. Here, the "origin identifying

i nformati on" i sin thesenmlietns; thei teghhigmedior geadiofg thecideatHidationhmark

manuf acturi ng process. For instance, when the base is separated froma

pr edet er nisndidclosed @n the aSsumipitionOthat the identification mark is formed on a

semiconductor wafer itself, i.e., a base where semiconductor devices are
formed. However, as in the aforementioned Japanese Patent Laid-open No.
Hei 9-50606 applied by this applicant, a techmique for reading the
identification mark formed on a portion, for example, a part of the thin film
magnetic head device or the protection film other than the base has not been

disclosed. Further, the above three bulletins regarding a semiconductor



material, the origin identifying information includes information
specifying the nother material, manufacturing |ot infornmation of égf-ﬂfﬁher
material, and information of the position where the base is |ocat [ 803
not her material or the like. Wth the nmethod of reading a mark of the

i ivention, the mark can include at |east a dot pattern constituted with a
plurality of dots and a character synbol. In this case, preferably the dot
pattern is forned of a residue of material nelted on the protection |ayer

by an irradiation of a predeternined eéBergy beam The dot pattern may be an
i rradi ati on scar caused by deterioration of a part of the protection |ayer
by the irradi ati on pf t.he,energy beam |In.these gase eferably,the mark
"ol Udes PHISB AGP deseiRed ERend o i REPRiRE Tort B HebyfHcaHBnomAsk ot he
base included in the functional d&vice fornatign body as described. Wth
the metho®east incadiwafer REgaessandcthergens i e descaintion Juth, regando|to; s
formed sinmultaneously with a predetermned |ayer which is a part of the

f unct i onamahagemendt of theidentafieation anfarmation afterhthechasenis sepaxated|

i ncl udes address information representing an address of the base in the

par ent naimoiiadividoal mendiers serhicondictoreddp).i n t he functional device
formati on body has been separated. Wth the nethod of reading a mark of the
i nvention, preferably the step for reading the mark i ncludes a process for
generating an i nage data by photoelectrically converting a reflected |ight

fromthe SUMMARYOFTHEINVERAUION body, a process for obtaining an i mage
pattern by perform ng i mage recognition based on the forned i nage data and

rocess for = <At~ = bndH ' i ndi n
@p This m@ebnhdﬁ 18 &ééigned Yo oG@f%hISH nglgbebfgg%’tiﬁﬁhbﬁevd ?ﬂ&? D g

the i mage pattern based on the obtaine ern. met hod
¢ di _ p L an ¢ . : b
a thin 1 P s oeRt of (1 VAR B prbc A HLBATS rE g eIl Bn®an DO

recordi ngaﬁ‘{)]grartﬁg rfgld Lfﬁ'e ns%n'xg figr%ého @vér?/a]: "WOANE fraved ghng portion other
than a base in a functional device formation body such as a magnetic head
slider can be accurately and quickly read.

According to the invention, the method of reading a mark, formed on
a functional device structure layer or a protection layer in a functional
device formation body including at least a base, the functional device
structure layer including a predetermined functional device structure
O formed on the base through a thin film process and the protection layer
covering the functional device structure layer, the method includes steps of
irradiating an illumination light of an normal incident illumination onto the
functional device formation body and reading the mark formed on the
functional device structure layer or the protection layer based on a reflected

light from the functional device formation body.
Here, the “functional device structure” is a device structure having a
predetermined function including a magnetic, electric, optic function such as

a magnetic recording/reproducing device structure, a semiconductor device



medi um According to the invention, the apparatus for reading a mark,

I ncl uded in a functional device formation body including at Ieazﬁ ?,Agﬁse a
functional device structure |ayer having a predeterm ned funct itofar Adedd
structure formed on the base through a thin filmprocess, a protection

| ayer covering the functional device structure |layer and the predeternined
mark formed on the functional device structure |ayer or the protection

| ayer, are provided with a light source for irradiating a light, a nornal
incident illumination systemfor makingG it possible to irradiate an
illumnation light of a normal incident illumnation onto the functional
device formatjon body, and.nmeans af readi .the mark fornmed gn t

funct | onafREUEe o eRial  yr CogeReodititec Soett o rothatik dikes
reflected |ight fromthe functional deyice forpation body Wth the npethod
of readi nffxampdesk of the Hunetionaladexice Jormationshedy’s pre ja maegnehici baadi ght of
the normal incident illumnation is irradiated onto the functional device

f or mat i onslidetywhereingemagnetic seenyding) devige onacmiagnatic demioducistg devigee | ayer
or the protection layer is read based on the reflected light fromthe

f unct i onahredforimed, hsemsicondudtor ¢hipt wdvereimca Semtdvarduebyredavice iscformess and
advant ages of the invention ~~ s ~aN z~~3 -9 will appear nore fully from

the fol | oxh eptieab pidkip wheredlr d-op¥icalRtdcdr dihigepridducihi \ e Ned if ifekrmdd i S a
perspective view show ng the external structure of a magnetic head slider

in which g fRENEKe.Of TRE*HFk? dSHdted ardbbjdti s pereebtiont ifed 30Eshow
enpl oyed according to an enbodi nent of the present invention; Fig. 2 is an

(3. 05 SR i e e Palenatl ool pasal sy Tgocl
thin fil ”iafﬁ%%lﬁ&é or1688rs. The “perfect incident illumination” is an illumination
method employing an optical system similar to a telecentric optical system
(not a perfect telecentric optical system). Specifically, with this
illumination method an illumination light vertically comes onto a surface to
be irradiated and the reflected light becomes parallel to the light axis not
only on the light axis but outside of the light axis as well. Similarly, at any
point between the condenser lens behind the iris of telecentric and the
surface of an image, the reflected light becomes parallel to the light axis on
QD the light axis as well as outside of the light axis.

With the method of reading a mark of the present invention, the
mark can be formed to include the manufacturing information which is
referred to in the manufacturing process of the functional device formation
body. In this case, preferably the mark includes origin identifying
information which shows the origin of the base included in the functional
device formation body. Here, the “origin identifying information” is

information showing the origin of the base in the manufacturing process.

For instance, when the base is separated from a predetermined mother



formed in the magnetic head slider shown in Fig. 1; Fig. 4 is a sectional
vt ew of the principal structure of the thin filmmagnetic head l\‘](yryﬁm i2603
the magnetic head slider shown in Fig. 1; Fig. 5is a flow chart "of a

met hod of manufacturing a magnetic head slider shown in Fig. 1 Fig. 6 is a
perspective view of a step of manufacturing the magnetic head slider; Fig.
7 is a perspective view of a step followng the step of Fig. 6; Fig. 8 is a
perspective view of a step following the step of Fig. 7; Fig.9 is a
perspective view of a step following the step of Fig. 8, Fig 10 is a
perspective view of a step following the step of Fig. 9; Fig. 11 is a
perspective view of a step following the step of Fi,g. 10; _Fig. 12 shows one
exanpl e omateripldhe; griginy 1dentifying indormation ipgludes jriqrmatien apesifidBE shown
in Fig. 1, ~~ 6 JA N 2003 -1OFig. 13 is a plan view show ng an enl arged
i dent i fi cthe mether matenal.i manufacinringdotiinfopaationrofothe: mothermaitériaht i on
mark shown in Fig. 12; Fig. 14 is a sectional view of the thin film

magnet i ¢ imeddnéoyphation naf thempositivnotvhieoe rhegbadec is decated i inathe motheber
constituted with the dot pattern shown in Fig. 13; Fig. 15 is a block

di agr am siyasexrigl ar eleelikgur at i on of the apparatus for reading a mark
according to the enbodi nent of the present invention Fig. 16 is a flow

chart expl ai ni ngigh Phe ¥éthod  of FéeRdnd aCARATE! dTHe inveatdRP Ihe huark ean' eadi ng
a mark shown in Fig. 15;
include at least a dot pattern constituted with a plurality of dots and a
O character symbol. In this case, preferably the dot pattern is formed of a
residue of material melted on the protection layer by an irradiation of a
predetermined energy beam. The dot pattern may be an irradiation scar
caused by deterioration of a part of the protection layer by the irradiation of
the energy beam. In these cases, preferably the mark includes the origin
identifying information to represent the origin of the base included in the
functional device formation body as described.
With the method of reading a mark of the invention, the character
symbol is formed simultaneously with a predetermined layer which is a part
O of the functional device structure layer. In this case, the character symbol
includes address information representing an address of the base in the
parent material from which the base included in the functional device
formation body has been separated.
With the method of reading a mark of the invention, preferably the
step for reading the mark includes a process for generating an image data
by photoelectrically converting a reflected light from the functional device

formation body, a process for obtaining an image pattern by performing

image recognition based on the formed image data and a process for



Fig. 17 is a mcrograph obtained by the apparatus for reading a#‘]rgr[gAN "
according to the enbodi nent of the present invention, show ng one exarrprfJx}
of an image of the identification mark constituted with the dot pattern and
Fig. 18 is a mcrograph obtai ned by the apparatus for reading a nmark
atcording to a conparison, showi ng one exanple of an inmge of the
I dentification mark constituted wth the dot pattern. DETAILED DESCRI PTI ON
OF THE PREFERRED EMBODI MENT An enbodi nent of the invention will be
described in detail belowwith referen8e to the acconpanying drawi ngs. In
t he enbodi nent, the structure of a magnetic head slider in which a nethod
of reading a.nark agcording to the enbodi nﬁnt, of the inventiop is enployed
and a manPPtAIRINg ABIOTMALINIS corresReRding, to AhaAmage JratRTay, Pasery on tBek on
t he magnetic head slider will be described followed by the nmethod of
r eadi ng aobtained ipage pobterny 1 nark and an apparatus for the same according
to the enbodi ment of the present invention.a’&Strqcture of a nmagnetic head
slider] Figs. 1With tbemeéthodof reading afmguk af ithe ioventien rthmfamaidnedd
slider in which the method of reading a mark according to the enbodi nent of
t he i nvendevioe istritnkoyan befa ghinl film magastieheald stravture fohpesforndhgr e of
the magnetic head slider Fig. 2 is an exploded view of the structure of a
thin fil mticnatése bfecotding analreﬁbauci%fgi inferiRhtioR to/feymoh reBerdihguct ure
viewed fromthe direction of the arrow Il of Fig. 2; and Fig. 4 is a
secti onal y\algemof the structure taken along the N-N line of Fig. 3. As
described in these drawi ngs) the magnetic head slider 10 has a bl ock-shaped
se 10c made o ; ki tt . fOnLex hg,.b 10C i
és &&kéﬁga}b(cf}% ﬁﬁrﬁ)moﬁ, thF 41“ea‘mgeroerp|ili%§dd’)1l % A o?nfllrrlltét ance.

bs]E anti a:c |y hexa ., rect anu ar” par al f
On ; ' L .
rocor ai ngEhEL I AR hel M B biay bbb B Teday £ 0e, 3,

functional device structure layer having a predetermined functional device

structure formed on the base through a thin film process, a protection layer
covering the functional device structure layer and the predetermined mark
formed on the functional device structure layer or the protection layer, are
provided with a light source for irradiating a light, a normal incident
illumination system for making it possible to irradiate an illumination light
of a normal incident illumination onto the functional device formation body,

O and means of reading the mark formed on the functional device structure
layer or the protection layer based on a reflected light from the functional
device formation body.

With the method of reading a mark and the apparatus for the same,
the illumination light of the normal incident illumination is irradiated onto
the functional device formation body and the mark formed on the functional
device structure layer or the protection layer is read based on the reflected
light from the functional device formation body.

Other and further objects, features and advantages of the invention



rails 19 are forned on a surface facing the recording surface of the
magneti c recordi ng nedium The surface of each slider rail 14 i§18aUI§E @P
air bearing surface (ASS) 10b. Wen the magnetic recording nediun1roﬁ é 3
airfl ow generated between the recording surface of the magnetic recording
medi um and the air bearing surface 10b allows the magnetic head slider 10
to slightly nove away fromthe recordi ng surface. Thus, a constant

cl earance is created between the air bearing surface 10b and the magnetic
recordi ng medium Here, the nagnetic h¥ad slider 10 corresponds to one
specific exanple of the "functional device formation body" of the present

A~ ~ a~N 25~ ~ -12 inv iQn e s the,base,10c corresponds to one
speci fi c WihAppear o ‘Flg‘%%ﬁ?@m? %‘ﬁﬁ?é"’inrg\f&%w&onme | ateral side (the |eft
| ateral side in Fig. 1) orthogonal to the air bearing surface 10b of the

base 10c conprises a device formation surface 10a. Wthin the device
formation surface 10a fornmed in an _area corresponding to the slider rail 14

and t he VBBIRFIDESCRIPGHON OB THE DRAWINGSneti c head device 11, pol e pads

12a through 12d whi ch input/out put recording/reproducing signals to/from
the thin film figndt is ahperspetiveeview, showing thet extennall 3trvckmoeiglf 43d f or
electrically connecting the thin film mgnetic head device Il and the pole

pads 12a inagaetid head.slider dhavhichma ahod dftreadingha mailher ahi spparagusagneti c
head device 11 is an integrated type nmagnetic recording/reproduci ng head

havi ng anfok IR0 saines i§ UshployedOBBédrainle o aaPeffbodiment oofd thd Spledbnt

repr oduci ng nagnetic information recorded on the magnetic recordi ng nedi um

@d a recoidhfignhead 11b for recording magnetic infornmation on the magnetic
co g ne

rdin rum The reproduci ng head 1la has a stacked structure

Com 5,00 1, BN W e o e peNepi, 1, b o0
L) R 550 i B e B 0058, 10,01, 11, o1 el oo o
12T 2 um o 4D Yl heseunl R0k dAse IR Al sbad Bgug 1o e
ﬁrggnte)?} 1(:30 Shifliexlgﬂhlgg%ﬁégé%c Lgd ’]s_ligg; gl?ov:énl{rrlnlg’ig. i;hi ckness and is made of a
Fig. 4 is a sectional view of the principal structure of the thin film
magnetic head formed in the magnetic head slider shown in Fig. 1;
Fig. 5 is a flow chart of a method of manufacturing a magnetic head
slider shown in Fig. 1;
O Fig. 6 is a perspective view of a step of manufacturing the magnetic
head slider;
Fig. 7 is a perspective view of a step following the step of Fig. 6;
Fig. 8 is a perspective view of a step following the step of Fig. 7;
Fig.9 is a perspective view of a step following the step of Fig. 8;
Fig 10 is a perspective view of a step following the step of Fig. 9;
Fig. 11 is a perspective view of a step following the step of Fig. 10;

Fig. 12 shows one example of an identification mark formed on the

magnetic head slider shown in Fig. 1;



~~ 6 JA N 2003 -13 NiFe (nickel-iron alloy: permalloy). For exanple, the
bottom shield gap | ayer 113 and the top shield gap | ayer 114 are fscg ko nm
to 100 nmin thickness and are made of Al 208 or AIN (al uni num ni ¢tPd ﬁ 2003
exanple, the top shield layer 115 is 1 umto 4 umin thickness and is nade
of a magnetic material such as NiFe. The top shield layer 115 al so
functions as a bottom pole of the recording head 11b. An MR
(magnet oresi stive) elenent 11c is buried between the bottom shield gap
| ayer 113 and the top shield gap | ayed0114. The MR el enent 11c is an
el ement for reading information witten on a magnetic recordi ng nmedi um (not
shown) and is lQcated.on the side close to the.air pearing surface 10b. The
VR 6 brent 11c Fihol (148 BPIR TR ooy ThE e drlarEedriouifcation, gRark
magnetoresistive) filmar a GWR (giant magnetoresistiye) film The AMR film
has a si r@r@tntaw#wsth%gpbpe@m pgtémglealtkg!%@ﬁm markpbownamelig 1% Fe, for
exanple. The GWR filmhas a nultilayered structure including, in addition
to a soft magndfige 144y @ gectional vievaghthe thimfibm magoeti¢ hepdrexplainprg, CoFe
(iron-cobalt alloy), an antiferromagnetic |ayer made of, for exanple) MPt
( manganess-methdd ofnfarming the identifigatiphcnomthelr canstitutedievith, tHeodokxanpl e,
Cu Ecopper), and so on. Magnetic domain control filnms 130a and 130b made
of , for epsttoheshewhan®Fignidetic material are fornmed on both sides of the
MR film 120 along the direction of a track wwdth (X direction in Fig. 2).
The nagnetic domgl 15G8% btk (dihgFan 3hewingd aleifiairation stHeOsppiiatys Ny a
bi as magnetic field to the MR fIIm 120 in a fixed direction and thereby
eventi - | i [ facing
e "Qr %‘W eﬁ%ﬁw@@mﬁgg\%&g& ggﬂdaaﬂ.ehw the gﬁgsﬁen@riﬂvéﬁé&

h other wt -14 film12 etween in the
direction of t t RACk } I+ e il m 120.
Smlarly tot %gl\/&aﬂé I %:% c htaﬁgbﬁgltggﬁ‘% ?y%&sﬁg%a&aﬁgagggg arsg&%ﬁned
bet ween the t i .Lhe-top shield gap |ayer 114
The | ead %y%’%’s&%gg%&g?&g‘liw 2 5e rrsal'gloy%?ﬂ(rir?éé'afs’such as tantalum (Ta). The
| ead | ayers 13 a 133b_extend 4 n,the djitecli on opposite to the air
beari ng surfacjﬂfog.c} ¥ha Pucteer r%btﬂnfg &thf%?gpg?’étuél g’ét FeacapeE,A
connected to outgu{ﬁptern{nals 133c anpd ]t3d’ whi ch are.forned into a
pr edet er TRATK 35sprdipg o, the, embodinagnt of 35.@1659@? inyentiy, ng 08B eni ng
(not showy forped in the to hie] d p.Jayer 114. For exanple, as shown in
Figs. 2 texamplenef P&HPGS%QQHZ*S& ox Warke copgiituted withthe dot1 um to
0.5 umthick made of an insulating filmsuch as Al203 on the top shield
| ayer 1l spattern gnd e gap layer 141 has an opening 14la at the position
corresponding to the center. of thin filmcoils 143 and 146 to be descri bed
|l ater. The thi Figi 11§ @ miceograph ohipined by the gpprratns forpreadingsa st
| ayer 144 for coating the thin filmcoils 143 are forned on the wite gap
| ayer 141markacgoxsing doea icompiaxisen, showing one examplekoban iniage of theto 6.0

for determning a throat height in between. The thin filmcoils 145 of 1

to 3 udentificktiondnarlptmistitated withathe ddtipattern.coating the thin film
coils 145 are fornmed on the photoresist Layer 144. In the enbodi nent, the
description is given with regard to an exanple in which two thin filmcoil

| ayers are stacked. However, the nunber of thin filmcoil |ayers may be
one, or tDETAILEDDESCRIPTION OF THE PREFERRED EMBODIMENT

An embodiment of the invention will be described in detail below
with reference to the accompanying drawings. In the embodiment, the
structure of a magnetic head slider in which a method of reading a mark
according to the embodiment of the invention is employed and a
manufacturing process thereof, and a method of providing a mark on the

magnetic head slider will be described followed by the method of reading a



A top pole 147 of about 3 umthick nmade of a magnetic materi al QL6 JAN
2003 - 15 having high saturation magnetic flux density, such as S??eé&r FEN
(iron nitride), is formed an the wite gap layer 141 and the ph hEZ%
| ayers 142, 144 and 146. The top pole 147 is in contact with and
‘magnetically coupled to the top shield |l ayer 115 through the opening 14la
of the wite gap |layer 141 |ocated at the position corresponding to the
center of the thin filmcoils 143 and 195. An overcoat |ayer 14h of 20 u m
to 30 a min thickness made of Al 208 "il¥- formed on the top pole 147 covering
t he whol e underneath, for exanple. The thin film magnetlc head device 11

havi ng the above- descrl bed structure functiqQns in the f W ng nner .
When a cURABR@Nd anRpRaratey for the samer accordyg to fi% éwser&r O{Tﬁé"

recordi ng head 11b during witing, a magnetic flux occurs in both the top
shield Idgréﬁelltllalvgﬁt@nbottom pole and the top pole 147 due to this current
and a signal magnetic field for wrltlng occurs in the vicinity of the

recor di n&Sga.}ctum/efamagnéﬂn kead gliddrl nagnetic fiel d nagnetizes a part of
the magnetic recording medium thus information is recorded thereon. On the
ot her hand, a $igs.l throuwhk 4 showihei codfigaration WRthe magriiiohead slider
reproduci ng head Il a during reproduction. Since resistance of the MR film

| 20 changaswhithatlonéthed ofiréddingca birkosticordigSiodttiv) exsbpdirhent bf thel from
t he magnetic recording nmedium information recorded on the magnetic

recor di ngnyeaitibi ik SerhpRfyely W%"_SI Y oh EXRRAR] view T tHeABrRchaetsl the 2

change in the sense current he manufacturing process of the magnetic

d:sad slidqg %:.J:!i@uxaa der; h?@dz%é a%eé{,ﬂedé&]%'d? thieSstrictite f&g@ﬂnﬁhrough

nuf act ur steps shown 1 n Figs roug for exanple ~~ 6

I 200 6%%&&«@%& 50 a1 S BB Sy o2,
o of S P ERPASRRLIBEHE, e S SR BB Vi B0
F1o- 6 3pBlat ra' | té’ t&en”aﬂ»”e%h% RAHF i (t)fFlg 3.
As described in these drawings, the magnetic head slider 10 has a
block-shaped base 10¢c made of Alz05-TiC (altic), for example. The base 10c
is substantially hexahedral (i.e., rectangular parallelepiped), for instance.
One face of the hexahedron (an upper face in FIG. 1) closely faces the
recording surface of the magnetic recording medium. Two parallel slider
O rails 14 are formed on a surface facing the recording surface of the magnetic
recording medium. The surface of each slider rail 14 is called an air
bearing surface (ABS) 10b. When the magnetic recording medium rotates,
airflow generated between the recording surface of the magnetic recording
medium and the air bearing surface 10b allows the magnetic head slider 10
to slightly move away from the recording surface. Thus, a constant
clearance is created between the air bearing surface 10b and the magnetic
recording medium. Here, the magnetic head slider 10 corresponds to one

specific example of the “functional device formation body” of the present



11u is formed so as to be regularly arranged on a base) which will becone
the base 10c of the nagnetic head slider 10, for exanple (Step S20). The
magnetic head unit [lu conprises one piece of the thin filn1nggqﬁi%ﬁ%q“
device 11, a set of the pole pads l1lla through 12d, and a set ’
patterns 13a through 13d. In the step for formng the MR film 120, mhlch i's
included in the step for form ng the nmagnetic head unit 11u, an
identification mark 14a constituted with a string of character synbols is
formed in each region, where each magnéic head unit 11lu is forned, using

t he sane naterial as the MR film 120. Here, the MR film 120 corresponds to
a specifi¢c exanp " redete m ned | ayer conpri si, ar t f t he
funet 1 onalreBYOge Wiergas dhE bage clle ¢rresponds docme oA eEpmBlo pfithe; | as
shown in Fig. 12 to be described |ater, for exanple, an |dent|f|cat|on mar k
14b consttherWQHW&n&@[n pattern is for med in each region where each
magnetic head unit 11u is formed by irradiation of a | aser beam (Step 1).
Here, the | aserOpedateral sidepGhe deftdaterap sidef m:Fegcalﬁxiﬂhmgonﬂrtodzher:yy bean
of the present invention. (3) Next, as shown in Fig. 7, the base 1 where a
pl ural i t ybedringgueface 10bad thabiase qu cbmp&isemoﬂé\&ce:fﬁrmaidlesﬁﬂhaﬁ a0ad into
magneti ¢ head bl ocks 2 including the plurality of magnetic head units 11u

(Step S22Withih fHel devicéTormatiod suffabe 108 Jorrhéd 3 a3avén tdtrédpbnding b
separating the base 1 into the magnetic head bl ocks 2 having different

lengths, gid slilér FRANEA idnd) ERE ﬁéﬁh‘iﬁv @Hé&eﬁf”h?@% Qﬂnl D @v6gmleticihealnCl uded

in the separated magnetic head bl ocks 2. as showmn in Fig. 8, one
d surfa echyon ur ) th r ajyq M 21is
@gﬁd by gisil&ﬁééa }XI %Oljél ngﬂ?nt g?aed%?%\pﬁn si%ur pgeglg&}% St g‘gﬁ%é‘% g‘%g t he
ot her en er or
the 1 ke, rﬁa@eﬁ#«‘&@@@@%@f%aﬂ% iy Ay mBERS L Bp P SeBAL
Fig. 9, the.magnetic h t e ar,at e urallty
of “raghet VERE Rpiterns 335 Shsfes ofsd 1 eleuitally, spaBRTHE the trdn Sha L i 1
filmmagnetic elce measur e his characteristic
neasurenemaﬁngplﬁﬁﬁ E[Vm_}! F‘P %h'ﬁrp(? B &g?:% éBlll?\Jr egard to the thin
filmmagnetic h ad devi.c asure esult of, the arbitrary thin
filmmagnetic HeHEhowpia 15& 2&&%@ wmﬁﬂn%tlwdoée‘ﬂ%
characterjstics of all_the thin film magnetlc head devices 11 in the
magnet i ¢ ed® Bptagrated Aype: maenetic racording/renredneme: heagdd hawingeanin t he
magnetic head block 2 is judged as to whether the desired performance is
ful'filledindegradt strpejunee comprisingaapheproducing heagerl lander sepredudingf or ned
on the ABS 10b of the magnetic head bar 3, the photeresist |layer is
pat t er nedmiagnetia infermeationi reedrdsdapn ther magneticpresosdinghsipdinby, apdogess
using a photo nmask (not shown). Thereafter, the ABS 10b of the magnetic
head bar fcordiagchead (klindox hecqmﬁngrmagngﬂimtinfmmﬁmi aye thasmagnetik,

ereby the slider rails 14 are fornmed as shown in Fig. 10 (Step 27).
recoxding medium.

The reproducing head 11a has a stacked structure comprising an
insulating layer 111, a bottom shield layer 112, a bottom shield gap layer
113, a top shield gap layer 114 and a top shield layer 115, which are stacked
in this order on the base 10c on the side close to the air bearing surface 10b,
for example. For example, the insulating layer 111 is 2 ym to 10 pm in
thickness along the direction of stack (hereinafter referred to as a thickness)
and is made of Al203 (alumina). For example, the bottom shield layer 112

is 1 pum to 3 pum in thickness and is made of a magnetic material such as



n~Jd~n~LLFJ -18 (8) Finally, as shown in Fig. 11, the magnetic head
bar 3 where the slider rails 14 are formed are cut, thereby corrm]z,ti ﬁlthe
magneti c head sliders 10 shown in Fig. 1 (Step S28). Steps S23 ot@ 20,
are repeatedly perforned on the plurality of nmagnetic head bl ocks 2 which
i.S separated in Step S22. (Structure of the identification mark and the
nmet hod of manufacturing the sane] Wth the magnetic head slider 10 forned
t hrough t he above-described steps, an identification mark 14 as shown in
Fig. 12 is provided, for exanple. Fi g'.la'z is an enlarged view of a part of
the device formation surface 10a of the magnetic head slider 10 shown in

Fig. 1. shown.in.Fig. 12, the hdentification,manLk L4 includes, for
exanpl o, " THES TRl ot G merRalE, of RESRRIET 1HS bartodr, KSR #38 he
identificatio rk.l4a conprises a stri of character s |s which is
consti  ut RIS an the-tom Shisid jBap, ver i Aeseach 10 Bk e 400 pm n

I dentification mark_ 14b corrpr}ses a graphjcal ~pattern _constituted with an
ar r angenethickness and,axe madeet Jl2OQaer AlNplpmginum nigmdek h Har ¢xample,
enbodi ment). The identification mark 14a is constituted by arrangi ng a

pl ur al i t ythef top wshieldi layer 118 idspando rdipn ansthicknesasand\icreade of e

I dentification mark 14a includes manufacturing information to specify the

addr ess omaghetia mbateriad \such @scNiBe.hEhie $0p dhield layer 1i5caloa fendtidref as e bei ng
separated) for exanple. In Fig. 12, the identification mark 14a is forned,

f or exanpa bottei pole dfahe rechrdinghead 1dce 10a in a neighboring regi on not
I ncl udi ng the regi on where the magnetic head unit 11lu is farned. ~~ 6 JAN
@pS -19 An MR (magnetoresistive) element 11c is buried between the bottom
shield gap layer 113 and the top shield gap layer 114. The MR element 11c
is an element for reading information written on a magnetic recording
medium (not shown) and is located on the side close to the air bearing
surface 10b. The MR element 1lc includes an MR film 120 made of an
AMR (anisotropic magnetoresistive) film or a GMR (giant magnetoresistive)
film. The AMR film has a single-layer structure including a magnetic layer
made of NiFe, for example. The GMR film has a multilayered structure
including, in addition to a soft magnetic layer, a ferromagnetic layer made of,
O for example, CoFe (iron-cobalt alloy), an antiferromagnetic layer made of,
for example, MnPt (manganese-platinum alloy), a nonmagnetic metal layer
made of, for example, Cu (copper), and so on.
Magnetic domain control films 130a and 130b made of, for example,
a hard magnetic material are formed on both sides of the MR film 120 along
the direction of a track width (X direction in Fig. 2). The magnetic domain
control films 130a and 130b are films for applying a bias magnetic field to
the MR film 120 in a fixed direction and thereby preventing Barkhausen

noise. A pair of lead layers 133a and 133b facing each other with the MR



The specific nmethod of formng the identification mark 14a is as foll ows,
for exanple: A photo mask having a pattern corresponding to the MR film 120
and a pattern corresponding to the shape of the identification rﬁﬁkJ;}Wa |
prepared. This photo mask is used for a photolithography process in a s?@é
formng the MRfilmconprising a part of the thin fil mmagnetic head device
li. After coating a photoresist |ayer (not show, the photolithography
process is performed using the photomask, and then the photoresist |layer is
patterned in a desired shape. Subsequddtly, a plating process takes place
in the patterned region in the photoresist |layer. Thus, the identification
mark 14a ts f d sipultaneously,,with th film 12Q., The jdentification
mark 14a} aﬁé(gﬁf‘r g-eﬂ%"ﬁﬂ emcgﬁ?/é&r%‘itt}%’ctogrg‘% 3??& ‘Wﬁﬂ% {Shgi‘?gﬂﬁf‘l&%teri al
(e.g., permabDoy), as_th used for the MR film_ 120. The size of individual
char act er¢ dst‘bdkﬁrmr@m He20: ¢ F’ﬁ}ﬂrbéttpowerr&m hlm 120, the lesdinpl e,
about 20 ~c mx 30 ~c m and the , width thereof is approximtely several
tens of rlayerepd3daliang 133b laxe formed betweemihn dottorh sdhdeldngap layerahl t he
identification mark 14a, the maxi num nunber of character synbols for the

i denti fi coaid tine tep khield gaplayppld4i nFhellgad tayers &33axand 183b \dke made

I dentification mark 14a specifies the address of the arbitrary nmagnetic
head sl i ddmméfal ech e taatslulm lf€4)or e bei ng separated, only one type of

phot omask needs to be prepared for one type of base with regard to the

phot omask used The lead a9erPi3RNaRd 1885 exténd h?tﬁ@dfrhbﬁbﬁ%ﬂﬁ@éi@e tdethe
identification mark 14a. This is because with this case, the identification

36" sn. N 4B YA shofiRBI105 "TRPICKS LiyEd 199 R TR0 Thre, PRcEREY | 0

of & pl urdprpoed b, it WRHIAER, Fa46 1807 W' bh chitnll MeBOETT0 Y
pase | witReteEEtiosh HatEeriy Bnihe 106 HhOGH Lo Gt Bty e BpEgingr
manut act GAPhEPPEE FREARSEH 5 FRA (AR SHIGLE B IRVRALA ur i ng | ot of the base or
0 ok Pl b, - i AR 6 e

i ncl udi ng the pole pad 12, for exanple. Trmgcoat | ayer 148 is_nat

i |1 ust r at"sEte gapniayer g4l of O pan 19 {5 g afle-pf anginsylatdagdim to one

specific exanple of the "protectiaqon filnl in the
such as Al2Os on the top shield layer 115. The write gap layer 141 has an

opening 141a at the position corresponding to the center of thin film coils
143 and 145 to be described later. The thin film coils 143 of 1 ym to 3 um

O thick and a photoresist layer 144 for coating the thin film coils 143 are
formed on the write gap layer 141 with a photoresist layer 142 having a
thickness of 1.0 pm to 5.0 pm for determining a throat height in between.
The thin film coils 145 of 1 uym to 3 um thick and a photoresist layer 146 for
coating the thin film coils 145 are formed on the photoresist layer 144. In
the embodiment, the description is given with regard to an example in
which two thin film coil layers are stacked. However, the number of thin
film coil layers may be one, or three or more.

A top pole 147 of about 3 um thick made of a magnetic material



present invention. A dot 14d conprising the identification mark 14b is a
convex structure as wll be described [ater. The convex structur‘? 3)fJ
identification mark I4b is formed as follows: In the process of. - orm%zﬁﬂ:i
pol e covering film Giot shown in Fig. 12) on the pole pad 12, a laser is
ifradiated on a part of a netal Layer which is formed on the overcoat |ayer
148. At this tine) a part of the netal |layer nelted by the irradiation of
the | aser remains on the overcoat |ayer 148 as a residue, thereby formng
the convex structure. Wth this case, 1Phe netal | ayer is fornmed on the
overcoat |ayer 148 serving as a seed |ayer by stacking titanium gold or

the like,, for exanple when the . ovaring filmis med .surface of
the pol o Htane KRR wbutaBpn BReRRF R Senlide ondh o8 NERT o PN GRI " Tab
is formed .on.the gvercpat | ayer |0 - 148, as descri hed, above,, t he
dent 1 QHPRAR), T formne o 4he aite pn laves 11 At Bk PR3 rePeh OGHA4E o
wring patterns 13a through 13d. Fig. 13 is an_ enlarged view of the_ dot
pattern ddoandildg. : dhe tepreolelddiisan centact mith and magneticallyroupledy ng,
each dot 14d conprising the dot pattern is arranged in a predeterm ned dot
arr angenﬁntthblfopkslmlm?auemlﬁ ﬁlrdnghatheawgamﬂ‘lgegif(thelmﬁfegep layenl ums
Gn a vertical direction a 5 rows Gun a lateral direction), for exanple. The
di nensi orl4l btatakhat the pasidionscorbesponiling 3the centerid the thinffilm esidspl e.
Bot h of the dinension DG of the dot arrangenent region | 4dAR in a col umm
direction4gvantdi t45. dAnheovéreoat daybrt 148 GIN2OIS) 6 toX30Nuan Ml dhickeleson
(lateral direction) axe about 80u m As shown in Fig. 13, the
entifi Gahde® of ABIG; iHorimedCathé tof poleVi4TcdveRiriiPtlfe While Whdend4tRAl €SENt S
bi nary code by arranging the dot 14d in an arbitrary dot arrangenent
bl ock | 4G4y bdDaptecanpl e) "1") or not ~-~r~$3axap3e~ '~(.~t By constituting
t he identificatPon mark 14b with a dot pattern consisting of the

arrangenent of 7§, P EhYm3bnbiE HYad" aém%?%?ggﬂ%gh? Fﬁbg@g?}é‘ﬁ?bmt h the

bi nary mark display, nore i1 nrornation can er region

?ﬁa?SZF Zis?'?gf‘ﬁﬁa‘% ?.Sn‘%d Sﬁ?'?%gr'?ﬂ? S0y Rk Li?ﬁitig@{*fs' %El;%ﬁ?‘”ﬁ #E?ﬁéliﬁ‘i A |W i

o1 5. FUY Eher, 7 of [T |
Fr ther, thpibie 00 Ao i R ke pevosting R Bt gl i, £°! 1Y
et L borkid Bt 4ot $n 1O (oD SR Y0k Y188 a5 5018 and

the top pole 147 due to this current and a signal magnetic field for writing

occurs in the vicinity of the recording gap layer 141. This signal magnetic
field magnetizes a part of the magnetic recording medium, thus information
O is recorded thereon. On the other hand, a sense current is applied to the
MR film 120 of the reproducing head 1lla during reproduction. Since
resistance of the MR film 120 changes in accordance with the reproducing
signal magnetic field from the magnetic recording medium, information
recorded on the magnetic recording medium is read by sensing a change in
resistance based on a change in the sense current.
[The manufacturing process of the magnetic head slidex]}
The magnetic head slider 10 shown in Fig. 1 is formed through

manufacturing steps shown in Figs. 5 through 10, for example. Fig. 5



Next, the specific method of formng the dots 14d constituting the , 16
JAN Zp03 ;, .. rr ' -22 identification mark 14b as shown in Fig. ﬁq&nbh be
described with reference to Fig. 14. Figs. 14A through 14E show the N 2003
enl arged sectional structure of a neighboring portion of the regi on where
the pole pad 12 (the representative of the pole pads 12a through 12d) is
provided in the thin filmmagnetic head device 11, explaining each step of
forming the identification mark 14b. In Fig. 14A, steps after formation of
the pole pad 12, and the overcoat |aye¥6-48 on the whol e surface of the

peri phery of the pole pad 12 are shown. (l) In the step for formng the

i dentification rk.14b, as shown in Fig. 14A, the surface of the gQyercoat

| ayer 1488 Qﬂﬁéggowhplfé MABREACERFING CRIOGESY H’i Ié‘apﬂ’&nﬂﬁﬁ%‘g siterpdPi phery
t hereof is polished so as to expose _the surface of the pole pad 12 by a CW
met hod or shoven in Fig. } paddbigss 6 thrangh}l eorcrateldy shewrthexmappyteps ofdhesi ve

| ayer 3la and a seed |ayer 3lb having snall w dth over the whol e surface

f These. t wmanafacturing: psocess \showin e thigeby Eathrstep is sleacribedalong Ithger 31
herein after.) are sequentially deposited by a sputtering nethod, for

exanpl e. Hbw chabbeef Fip.|5ohereid laters made of titanium having a function to

| nprove adhesi veness between the pole pad 12 and the seed |ayer 31b, for
exanpl e. The sd@) Firstesf allbad shovesl én Figoel da)lﬁﬂ_ﬂifﬁyiéfﬁhagnéﬁcmadﬁﬂﬁlt! yi ng

| ayer when a pole covering fihm34 is tformed using a plating nethod in the

| ater st epyy i@ Tora¥édBb s f Bé Geplilarly hibfadgbdcln aSpasy wikighawilEpbtdimbayer

3la is about 60~; whereas the thickness of the seed [ayer 31b is about
N?OA f ' . :
it al um BEPEE 1By of HheAARRHE HAU AL 1Mo BRaHHE (Blof SN VThe'

magnetic head unit 11u comprises one piece of the thin film magnetic head

device 11, a set of the pole pads 1la through 12d, and a set of wiring
patterns 13a through 13d. In the step for forming the MR film 120, which
is included in the step for forming the magnetic head unit 1lu, an
identification mark 14a constituted with a string of character symbols is
formed in each region, where each magnetic head unit 11u is formed, using
the same material as the MR film 120. Here, the MR film 120 corresponds
to a specific example of “ a predetermined layer comprising a part of the
O functional device structure layer” of the present invention.

(2) Next, as shown in Fig. 12 to be described later, for example, an
identification mark 14b constituted with a dot pattern is formed in each
region where each magnetic head unit 11u is formed by irradiation of a laser
beam (Step 1). Here, the laser beam corresponds to a specific example of
“an energy beam” of the present invention.

(3) Next, as shown in Fig. 7, the base 1 where a plurality of magnetic
head units 11u is formed is cut to be separated into magnetic head blocks 2

including the plurality of magnetic head units 11u (Step S22). At this time,



16 J AN 2003 -23 nmade of platinuminstead of gold. (3) Next, a photoresist
layer 32 is fornmed on the whole surface of the netal |ayer 31
Subsequent |y, photolithography (exposure and devel opnment process)16aUAN 2003
pl ace using a mask (not shown) having a pattern corresponding to the plane
shape of the pole pad 12, thereby patterning the photoresist |ayer 32.
Thus, an pole covering filmpattern aperture 32x is formed in the region
corresponding to the region where the pole pad 12 is provided in the

phot oresi st layer 32. (4) Next, as shdin in Fig. 14B, a beam 33 from an
yttriunraluninunrgalIiun1(\¢(3 | aser (referred to as a |laser beanrherein
after) is |r adi at pr edet er m_ned re |on a region |ntended for

f or mat i on2dHe %’E‘éﬁ‘eﬁqﬁ 74‘@’ B?Rﬁ@ﬁ’é%ﬁ the lgezse nlﬁpgne i head bleg! ation
of the laser beam 33, a dot patterned aperture 32y is fornmed in the

i rradi at chayiagi differentilangiiso el thei wagnefie head units 11 formedeon ghebase of t he

i rradi ated region 31c (the bottomregion of the dot patterned aperture 32y)
i n the nmelhard moludatiimthe separatid ragmeticyheddidocksn2r gy beans such as an
ordinal light (not a coherent light) other than the | aser beam an el ectron

beam an ion bd@nNuxt e dhowa iR \Fige 8, oad dnil surface (Sectional anefacBPafh (5)
Next, as shown in Fig. 14C, the pole covering film34 is forned on the seed

llayer 31bthel Adbitrali Qn:i’ﬁiéh&ﬁé’ﬁi blstk 2 isnGRad by’ Wsiap ol fininy ﬁ%%s iix%éﬁﬂe&‘
pl ati ng nethod, for exanple. (6) Next, as shown in Fig.

phot or esi gt gy ?hxé&%e'@t wgnﬁﬁe%tﬁeliaénd &Qﬁa@@hﬁ eﬁi’c H@-ﬂi he

OVGI’CO&'[ Iayer IS re ved wth an 1on ml |ng or t e e as shown in

3 ol t PRk SRR o R Wi che B %“\»‘%ﬂ"a’t%ae%%%%@ﬁ L

e nelte eregionirra aser on the
surface o@é@g Pvercoat | ayer 148, as shown in Fig. 14E The net hod of
formng t é t7°14d is not Irmtedtothe af orenenti oned net hod. For

S0 a8 1o dof or NPLNEHF{ALABHE 1B FFchhe Ié%%ﬁ"'ef%é ea@ﬁ@%ﬁére fiito pY " 140
roadi ng. AopaTaledangbn Rk 7 ésﬁéﬁr Beatans d{ken S28ng apparatus
according to t r16) Next, characteristics of the thin film magnetic head device 11 are
measured (Step S26). This characteristic measurement is one of the
performance evaluations with regard to the thin film magnetic head device
11. The measurement result of the arbitrary thin film magnetic head
device 11 is regarded as a typical value of the characteristics of all the thin
() film magnetic head devices 11 in the magnetic head block 2. A set of the
thin film magnetic head devices in the magnetic head block 2 is judged as to
whether the desired performance is fulfilled or not.
(7) Next, after a photoresist layer (not shown) is formed on the ABS
10b of the magnetic head bar 3, the photeresist layer is patterned into a
predetermined shape through a photolithography process using a photo
mask (not shown). Thereafter, the ABS 10b of the magnetic head bar 3 is
etched using the patterned photoresist layer as a mask, whereby the slider

rails 14 are formed as shown in Fig. 10 (Step 27).



enbodi nent of the present invention will be described in detail with
reference to Fig. 15. Fig. 15 is a diagram show ng the |dent|f|qg%|o mar k.
readi ng apparatus 60 according to the enbodi nent. As shown in the dra d]
the identification mark readi ng apparatus 60 includes, a sanple stage 40
for setting the magnetic head slider 10, a stage position control unit 41
for controlling the position of the sanple stage 40, a light source 42 for
supplying a light Li, a half mrror 43 for reflecting the light Li tomthe
| i ght source 42 and directing it to tB8 magnetic head slider 10, an image
formati on optical system 44 for forning an optical inage of the reflected
light Lx fromt etic head s de a char Vi ce

camera 45 for @glﬁrﬂgﬁ &%ﬂé"‘%’br‘? hr’a@ée Plﬂ%ﬁf& gﬁﬂ e¥%lt t| on
optical system 44 and convertlng it n electrlcal vi deo S|gn

i mage pr odider; myls ddiansoforged,arg suky agfra Preompletingnthe magmetisr b eeés. ng on
t he video S|gnal fromthe CCD cangra 45, reco nizing the identification
mark 14 oslilersnd@r ehomnt i Figenl i (Stent S88).rmSteps $gr3 othranghaS28riang -~ 6
JA N 2003 -25 information) and a nonitor 46 for displaying the

manuf act urepegtedly grerformaed oht thenplirblity o maggetip headshlocks 2nwthidld is Each
unit described above is controlled by a control unit (not shown). Here, the
| i ght sowepardted inhStepa$22.mi rror 93 and the inmage formation optical system
44 correspond to one specific exanple of "optical systemrealizing norm

i nci dent [Stiwdtubélof ehe idéntificaticre atitk And &hkimethclof MdnPadluri@ihe 46 and
the i mage processing unit 50 correspond to one specific exanple of "neans
(Eir readi ggmeof the present invention. The pedestal position control unit
41 noves the sanple fixing pedestal 40 in a horiwntal direction and

o that the posyiion st CRAEPaEe HHE t??}rﬁ*‘eﬁﬁrt‘* 18R’ Clhoob R e (2t on
mark 14b gl e BRI diE Qeaﬂﬂﬁj uieadBp Sl Hanad NBORANGE e W, OD

canera can pic up an | whi ch
ded t | | t | t t sh

for s an n‘iraﬁu Phagargie, B dzhie ¥ o e%rwe%se B qfohe éé‘?m o the

f t I th t d t ficat] k 14

o acal edobatk Wé%eaé%m%ﬁ?a rgegpetﬁg%ea{;?efﬁ A hoRBanaE L rage. The

CCD caner 5p|csu tIC i.mage of fhe reerctedllght LR and
converts ~°t Roleia E&B i)?raglée i1HeRt Ffetl‘é‘? doerk 14 pcladess foyn srangple Thhe | mage

processing unit 50 identifies the identification mark 14 based on the video
si gnal Svdeppéicatignnpreark i4e andibe ideptifigation mavk Jdbs sThe identification

correspondi ng nmanufacturing information. The inmage processing unit 50

i ncl udes mavk dde comprases: 2 Stang of charadter spmbols whichixeonsttuted witly, 1 6
JAN 2003
a plurality of letters and numerals, whereas the identification mark 14b

O comprises a graphical pattern constituted with an arrangement of a
plurality of graphical symbols (a dot shape in the embodiment).

The identification mark 14a is constituted by arranging a plurality
of ultra-minute letters and numerals such as “ABC123”. The identification
mark 14a includes manufacturing information to specify the address of the
arbitrary magnetic head slider 10 on the base 1 before being separated, for
example. In Fig. 12, the identification mark 14a is formed, for example, on
the device formation face 10a in a neighboring region not including the

region where the magnetic head unit 11u is formed.



-26 The video signal recognition unit 46 includes a character synbol
recognition unit 46a and a graphical synbol recognition unit 46@ gnnng
video signals Sv inputted fromthe CCD canera 45, inmges rel até Bt ANhgm3
identification mark 14a are captured by the character synbol recognition
‘'unit 46a and inmages related to the identification mark 14b are captured by
the character synbol recognition unit 46b. The character synbol recognition
unit 46a draws a string of character synmbols constituting the
identification mark 14a by perform’ng1 " predeterm ned pattern identifying
process on the captured i nmage and inputs character synbol signal ST to the

conversion unitm47. M.t he gt her nd) t naphi.cal. synbo cqQgni tion

it ab dr aves THte SR Haafhodt pf dPfining Jfe CHERRERaR, HERE, EF A o i

14b by p or m a predeterm ped tfern identifyin rocess on the

capt ot ca 1PhewE Bk Sxammies ApEpln sk bikihg,ARAtP FOBPPERG tOrihe

conversigon _unit 47. The specific inmage_processing process_in the character

symbol r dBghlni120 and @ pdikerm goxnespending; tothesshang of theidemtifination « 46b

Wi ll be described |ater. The conversion unit 47 already includes a

char act emaginida sopveparedn Thigtphoto Magkdsausedafer @aphetplisbographyer si on

function F~ in nenory (not shown). Wen the character recognition signal ST

i s i nput tprdedgsrimmat step \formming ithe MR &bmgoomprisingiat paft, of the ¢hin &ilmi on uni t

47 converts the character recognition signal ST into correspondi ng

manuf act whageticheaddevies 11T Wltai0cddting i photdresiss Iapa (noo 8K6wWR) Othe’ unct i on

FT. \Wen a graphical recognition signal S~ is inputted fromthe video

@gnal _ rma&nmogaaﬂg précess b Herfortréd udthg thé photemaYE! hid thendiaphi cal
cognition signal SGinto correspondi ng manufacturing information |Ic using

the graphy ; silka ad h 3 S| 1ON ., Rt

conver si On Eé}riets m}l%agﬁ?pl)%é%geéarﬁgﬁ%&ﬁ%@nﬁtﬁéﬁﬂ%ﬁrﬂaﬁaﬂ Iag)né?o t he

noni t or ' | ; fact 1hr i |: ti

mput {od PEPeER rRNeR st 0oy pRliBKiol MorBRY AR IRl BORE | Phub,

visual l'y Kkt A faetdri L nf qr hon | . . i t [

const t B g PBEHER R A e Aokl ST Bthebymly Fik¥he R iy 120- ;i o

crystal (LCD) displ Jhe worker ,or. the |ike,can obtain necessar

ot act ur g THPOIIRRETRRHER, ST g T i, SHERT BTN AeFomYs S, RETEHI he

moni t or 48. t.hod,of reading the identi$catipn k 14]. The d of
eadi ng 1omatd LB, SRISE Junfhiah (senPermALY TGt TEY S6ed RO EBE D4R her ei n
ater s RS TS SR ekt o ufEESS S "o

identification mark 14a is, for example, about 20 ym x 30 xzm, and the

width thereof is approximately several tens of nm. Depending on the size

O of the magnetic head unit 1lu and the identification mark 14a, the
maximum number of character symbols for the identification marks 14a is
approximately ten, for example.

When the identification mark 14a specifies the address of the
arbitrary magnetic head slider 10 on the base 1 before being separated, only
one type of phot.omask needs to be prepared for one type of base with regard
to the photomask used in the formation process of the MR film 120 and the
identification mark 14a. This is because with this case, the identification

mark 14a is unique to and corresponds with the address of the magnetic



position on the sanple stage 40. The predeterm ned position on,the sanple
_stage 40 denotes a position in which the whole region where théa JAN 2003
identification mark 14b is fornmed in the magnetic head slider 10
substantially coincides with the whole region where the CCD canera 46 can
pick up an image. As required, the controlling unit (not shown) operates
the stage position control unit 41 to adjust the position of the sanple
stage 40 in the horizontal direction and the vertical direction, whereby
fine adjustnment of the inmage pickup ﬁggition and focusing are perforned.
Then, the variable scaling factor of the image formation optical system 44

i s adjusted., (2 e iJJumnation light irradiated at a virtually

hori zont A}eagrf’&‘%r]-‘lillbo?ﬂhheéﬂ]??eg t source 42 is reflected by the half mrror
43 and verti cal J 2003 -28 caopes,.onto the jdentification mark 14b
of the magneti ﬁ%é&a%&eae a’i‘g. glﬁ"udg?nf a?’ﬂ’én‘f‘ﬁﬁc%éh SAmpxises 12 ¢t ¢ he
magnetic head slider 10 is irradiated by the nornmal incident .illum nation
li ght LI pattgrnTepnstitnied wath assemply of dplurality of alira mimater detecdddy t he
image formation optical system 44 and outputs the obtained video signal to
t he vi dedosi gxampleacogfbei ddentificationi matke ildbgangndessfongewample) as a
video information Sv (4) The graphical synbol recognition unit 46b in the
i mge r eanapufacturingi inféfmatiphu te sspdeifyv ithe cbasegialwlseh i ispuised dwheam t he
CCD canera 45 to performpattern identifying processing, thereby

i dent i f yifabritating " €ieh ntagndtid thad elider | $0.ngThbeidedtificationaimsark Magbk 14b.
Thus obtained the identified result is outputted to the conversion unit 47

_a gr aghiiades aSaehhn®er PebiiBhar B thY bk 19haMahallctaMaRabt he@AY tion
it 46a. f 5) The conversion unit 47 converts the graphical recognition

si gnal Se,,j j i i I, Ol ]
g %mﬁgmg@ggygﬁwwtwwe Bkel & e Rkb Ofor dxaipled e

gr aphi cal sy unction Fc which 1s pre-store n nmenory. The
he. conydIGREstiny S 148 & Gl tod SvtbPAyLE 1B Rilobe) SR o)
the. st age e P pPiteli ihd S8R BoC ol tCur BRleCodd 39 7 ekl T | 1
| dont 11 O eYPRaRdaras T 3ol ehrAtRe ihutBadie: TR aleBri RO RS noi des
LS A Gl SR oo s e S e Bl R o

light Li is ) )
present invention.

A dot 14d comprising the identification mark 14b is a convex

structure as will be described later. The convex structure of identification

O mark 14b is formed as follows: In the process of forming a pole covering
film (not shown in Fig. 12) on the pole pad 12, a laser is irradiated on a part

of a metal layer which is formed on the overcoat layer 148. At this time, a

part of the metal layer melted by the irradiation of the laser remains on the

overcoat layer 148 as a residue, thereby forming the convex structure. With

this case, the metal layer is formed on the overcoat layer 148 serving as a

seed layer by stacking titanium, gold or the like, for example when the pole

covering film is formed on a surface of the pole pad 12 using a plating

method. Since the identification mark 14b is formed on the overcoat layer



4

i Yradiated onto the identification mark 14a in the magnetic head slider 10.
£8) The CCD canera 45 picks up the optical inmage forned by the inage

Jformation optical system 44 and outputs the obtained video signal to the

vi deo signal recognition unit 46 in the inage processing unit 50 as the
video information Sv. (9) The character synbol recognition unit 46a in the
i mage recognition unit 46 captures the video signal Sva inputted firomthe
CCD canera 45 to perform pattern-gidentifying processing) thereby

recogni zing the string of character synbols conprising the identification
mark |4a. Thus obtained the recognition result is outputted to the
convel4d amdesdribed7aboye athehidentificationqogrk ditb may adfbrsedisp aste char act er
synbol recognition unit 46a. (10) The conversion unit 47 converts the

char as/eelaprweithgohhéeciorswixing paiterms 932 bhronghrizbondi ng manuf act uri ng
information I T using the character synbol conversion function FT which is

pre-storedFig MBNY \n EhRrged \wiewe of nthieudat tpaticta icolnPriSihg Ahel T i s stored
in nmenory (not shown) in the conversion unit 47 and outputted to the

moni tigknHfcdifor? faldk SR YRAhowal B EHE Birhwing, ha Rl Bfal éHﬂ:]EHsthf ormation Ic

~and I'T of the magnetic head slider 10 are sinultaneously displayed on the

he rie d4F paSthrh 4F sPRUAEER R pRRaM BB TRR 4Dl oy BB MM i actur 1 ng
T oofh’s dhber AREnitiy 1BbR TRRTROY batihils (19 o WIHER) fpdiliy T°O1CT 7\ 0°CF
e e & JabbraP ieckon Ror o el e i ik cagf R0, TrC
(VA5 R B A i 16 1S By 68 SR EC AL o Bt S8PPREPR 1D hae been

i mage processin n.the identification mark 14 is

separ.at ed. . Next,

aut orRf pg&bﬁﬁqtoﬁmsman? regen ?%ﬁ P gcedumny digestion (ertagalyi | | pe
descrjbed ipn detail. Here, desc¢ribed is a case where . the identification

mar k divestionh and; thecdimpnsion &@ g!laﬂom‘tfaiﬂs‘ghﬂﬁnﬁgtw@l Y @21y identified

by the graphical synbol recognition unit 46b in the inmge processing
appar"&f’\!%s 8. M-g. 16 shows a process when the graphical syrribol
recognition unit 46 determnes_the presence or_ absence of the predeterm ned
dot 14d foAsishgwnHa Figeds; the identHicatiomemark 3 4biscenstitaigd withcessi ng uni t
50. Fig. 1fi A shows the flow of the dot identifying process. Figs. 16B

t hr olé doB 44, ovhich geprésantsz hinaxycode hmmpnm&%&mﬂd masA (1) As
shown in Fig. 16A, the graphical synmbol recognition unit 46b perforns

mul t iarbitxeatyi do arrangessentcplock d4dA eﬂmglnle,d’géﬁ)etgnhﬁosﬂmpl@spondi ng to
each pixel of the image (Fig. 16B) inputted fromthe CCD canera 45, whereby
mul t i"0ase| Byl cngtituting i eakdentificationaimack (18bepdtli)a dab) patternr aphi cal
synbol recognition unit 46b conpares obtained values of the nultilevel ed

di gi teahsisting af Thef amanpement lof faophiraljty lof thetultrxtminibe dots pdé- st or ed

“threshold (a constant value or a function value)) thereby drawi ng a data of

“¢ont digplayabywithhthenbinaryingark! displf, aporsSinformiitidinican thiendisplalyed t he val ue of

the multileveled digital signal of each pixel is ~~6 JA N 2pp3 -31
in a smaller region as compared to the case where the identification mark

14b is displayed with character symbols. Further, formation of the dots
14d by irradiating a laser enables the identification mark 14b to be formed
quickly and éasily. Further, after completing the thin film formation
process, the identification mark 14b is formed, thereby avoiding a
complicated manufacturing process.

Next, the specific method of forming the dots 14d constituting the



greater than the threshold, the graphical synmbol recognition unit 46b
determ nes the value of the pixel to be "1". On other hand) Wnen.]t e, val ue
of the nmultileveled digital signal of each pixel ie smaller than't oJAN 2003
sthreshol d, the graphical symbol recognition unit 96b deternines the val ue
-~ of the pixel to be "0". (3) By conparing the data of contour image (Fig.
16C) with the pre-stored reference data (Fig. 16D), the graphical synbol
recognition unit 46b determ nes wh@Zher the i mage data corresponds to the
dot 14d or not. More specifically, when the matching ratio of both data is
over a predetermned ratio (for exanple, 80a%, for exanple, the graphical
synbol identaficsitionomanki k4bish shiewnrini Figs 3twidl pe deserabedbwith riferenvpen t he
matching ratio of both data is below the predeterm ned ratio, the graphical
synbol to&igghd.t i Bigs.UMA thBinghel4E showsthehenlabgedhesetiohabsttatturstofp S53) . The
judgment of the matching ratio can be perforned based on the nunbers of all
pi xel s asuidighbeitk bportivn cehtther regiva (whate | the apolar pall A2 afth@angenent
t hereof, or based on the nunmbers or arrangenent of pixels on the contour
line. EgprecbRtativefihe ipd 124 tmgnrmﬁggr@ﬁdeasﬁm@mﬁn fmlot
difference in a lum nance 1evel contrast which allows precise
differ bl i W ete)dy i ; pi xel s

o ttic%aﬁeﬁéﬁﬁp 1k lﬁ]ﬁﬂéteﬁgﬂw %ﬁgértﬁtl) eh%gyfééﬁgﬁﬁl&é necessary.

correspondi ng to the periphery o

pecor duil ai PO Yons b5 AEBO TRk BOS 14L 4R o7 P
151 O S bSO RNH A B Bl Vb Yy (P iEsRT 0 o

‘;ezarrpl e. Thus, it is possible to precisely differentiate the pixel region
C rresﬁb‘ﬁﬁli“?ﬁﬁ‘to the dot 14d fromthe region corresponding to the periphery

et 11 cat | O\ IEhg st S IoEFRE IR dHeReRCiat TARY T 6N Reat i on mar k

readi ng, apparatus 60 of .the enbodigent. Fig. 18 is an exanple of a
phot og rﬁp‘é’it 1of ¢he xgrcont qro}‘ff B%AB“FE?(@;“S?SP#Q‘:@CD camer a
in an identification mark readi.ng appargtus utjlizing dark field
i |1 uni phtheopoleadol? and the panphery therpalis P@ﬁﬁbﬂ‘h #2196 tarexppge thrent i on.
Al t hough in the mcrograph_shown.in Fig. 17, the identification mark 14b
does neurfaca:ef the WI?W%EZMMMGHGW@i orgtheshike, thereby flapiesingy 13c shown
in Fig. 12) the identification mark 14b nmay overlap with the connection
wi ri ngtheawhelesnrfars. t hr ough 13c as in Fig. 12. Wth the apparatus for
readi ng an identification mark according to the conparison shown in Fig.
18, dark fi (2)An adhesive layeri 3lapndia sedd layveriddb having smeall width s| ant ed
direction to a direction orthogonal to the surface where the identification
mar k i everoshecwhole sysfacer (Bhese twot lawersdare: simplyitdoblectively refeyréd to naged based
on the reflected light. Thus, not only the contrast between the inside of
. the doas sdudetad daydrs3hbergihaxflerdfare sequentiallyl doposidédby ahspudterimgir of the
2dpt 14a is not clear. On the other hand) according to the enbodi nent, the
i1 1 um nethed) for ghdmple. o Thehadhesivelayen dlddastmadé ofititativanhaeingosl | s
irradiated on the identification nunber 14b, and the identification nunber
14b i sfirivkipadid anprove alhiesivenésscheétvdengthie pble padr ¥2 and, tles seédwn in Fi g.
17, the contrast ~ ~ JAN 2003 -33 between the inside of the dot 14d and
the peldyeb@1p, fir dxagaple! The deedlagdy 31W & alidendtgdd, fdncﬁaﬁihcg fsprecisely
determ ne between the presence and the absence of the dot 14d. That is, not
with !Tgaﬁﬁm%ﬂy%g Hyelr WeherlVal Pold Lo PeBh Tl 8866 Fo15Rdd ABing’ £ Mt Of the
identification mark is practically feasible. Incidentall'y, "the sanme
funct! glaedsd iR s ORphiiipld, O P ARI2 IR BiEASdY of €RLITTes the
Icatl er may be

i denti on nu

adhesive layer 31a is about 50A! whereas the thickness of the seed layer
31b is about 500A* for example. The adhesive layer 31a may be made of

chromium or tantalum instead of titanium, while the seed layer 31b may be



provided in the character synbol recognition unit 14a, so that the
identification mark 14a constituted with the string of character synbols is
automatically read. The reason why an imge with high contrast is QP aﬁnﬁqwn3
using the normal incident illum nation nethod in the enbodi nent as has  bee
déscri bed above is considered to be as follows: Wth the art in Japanese

Pat ent Lai d-open No. Hei 7-141961 whi ch has been descri bed as one of the
conventional arts of the invention, a ;park is fornmed on a surface of a

sem conductor wafer and the normal in ent illumnation nmethod is used. In
this case, a regular reflection light of a high intensity reaches an i mge

pi ckup uni %313 0 , |£h causes deterioration in contrast. This
is becausgﬁ?(ﬁéeoéélﬁlncon Eﬁxgéav?/gpglr&general ly has a mirror-finished surface,
whereby a reflegtign ratio.is very high.. t he other nd ccording to
the. present —en ot NEK: & Rinoreaiet tayeh g is Pubed oRi B mhoB e dhe] ‘b,
formed on the_functional devjce structure (the thin film mgnetic head

devi ce i nmetal crlgyex mgﬁt) orSubgeauently; ) Rh"tglb aB{Wt%xBWSoaPn ayer

148 conprising the protection filmcovering the functional device .~ 6
JAN 2003 deyelopment procesiplotakes mlace aising(a omask: (et shewn) \haxingi ah.
Consequently, the intensity of the reflected Iight fromthe regi on other

t han the pattesn eprresponiding dtentthei plameoshape kofi the (poledpad 1% therebyy | ow,
whi ch does not cause deterioration in contrast as above, but secures

pr ef er abl patierhings the Arhdtamsbdclaydesd2.i Thds, ancpoldi cayering fdmrpatietn of
reading a mark and the apparatus for the sanme of the enbodi nent of the
@esent | aperture 32xt iscfonmedtin theCieidon cotresponttingto thedkdgion whvrbithd to the
dentification mark 14 provided on the magnetic head slider 10. Therefore,
suffici enpple ﬁé&'lz(ié)gié\ﬁaéd%ftheWﬂbﬁ_ﬂe&i&?laf&rﬁz.f' cation mark 14 is
identified through the image processing is secured. Further, the obtained

i mge signal is(HapettehsOXhba P95 PAABSSS BERPRA" Hoih i
subj ect to the g%ttern ié‘enti yil ng g?gocess. Thus, the identlégi 2@?} on mark

14 15 | 0ol B K6 kel (lAFraFs) S6rh MIED U MerBOFRS0 b

converted | € manuf acturing I ormatl1 on, e nmanut act uril ng

i nformati ras dj i i.f¢.cati-on 4 i n the
magnet ¢ ARadPApAar A R Brhilfed Ebi L0 RbABR RN Tof cOBMAMGH
required faryidentifhcation O%Zt e identqyfigalion . .nunber. 14 he,canver si on
process iﬂ?&)s)tll?e%ﬁ@f’g%rteaﬁtn g ﬁ’?‘&%’t‘? N Eg'ttﬁ% 1H:g§a€}8 iquhtehéaser
manuf act ugin ocess of, the,magneti ead, slider 10 is extepsivel
Toduced. - PR35, % GRE PRHeRIEd APARTIR 10 Eroreadn deareBatal g dn ang
t he conversio rocesg intg_th nuf acturing i pformation are precgisely
per f o med thoARSPreRSE dBYEH, 42 nA dDRE Hitie.c4 PASH gh the dEradiated teelon 06 wher e
the identification mark 14 is read after the separation into _the nagnetic
head sl i déihe hetomregion efthe dat pattesned apsriure; 32y) dn mn@l&ax%ﬁ?
@bodi ment . wle JA~i ~~f,~ -35 For exanple, in any step before the

par at i omelty simnkanegpsly.; Otherjensrgyheams such psgin ordwpl Light{nok acat i on
nunber 14 nmay be read fromthe magnetic head bl ock 2 or magnetic head bar
3. Furt hecohgerent ighthetherithanrihetlager beamy anelegtrom beam, @n ioncbgamiord is a
case where the identification mark readi ng apparatus 60 is used in the
manuf act uthetkenosr be usediihsteadjoftheclasenbeam. der 10, the invention is not
limted to the enbodi nent. For exanple, the present invention may be
applied to the (@rNext asshownLinaFigi 140y the polencuivieeimgafiln 13duis foxymed onuct s or
the like in various kinds of manufacturing fields (for exanple, a

manuf act ughe geéd tayer S1bawithih aheulé eovéltng fitin pxEtePh aplrtuis Pt wsingead
slider 10. As described above, according to the nmethod of reading a mark

and the agRaafthgmétHod! hﬁ-m%}éf_ t he i nvention, when reading the
predeterm ned mark fornmed on the functional device structure |layer or the

protection | aye(g) Nekt)GslsHown M ¥ig IP¥DC thé BhOTILSRE b 82 i hbvddic! uded

is

After that, the metal layer 31 on the overcoat layer 148 is removed with an

ion milling or the like as shown in Fig. 14E. Thus, dots 14d comprising



at |least the base, the functional device structure |ayer having the

predet ernined functional device structure formed on the base thrqligh JtiNe 2103
thin filmprocess, and the protection |ayer covering the functional device
structure layer, the illumnation |ight of the normal incident illum nation
iS irradiated onto the functional device formation body, and the mark
formed on the functional device structure |layer or the protection |layer is
read based on the reflected Iight fromthe functional device formation body
Accordi ngly, the contrast of the inag840btained fromthe reflected |ight
beconmes clear and the mark is quickly and accurately read. ~~ s ~aN zoo3

-36 According to e t ho r I ng, a rk of one aspect. pf,ih

i nventi Onfesgtﬁléesdz)éélBgffeeﬂquq%i]g{eﬁ%ﬁﬂeg@rﬂg@ %ﬁ{e f6e8R ! ﬁaét\af)esd #’%Spr%d of
the residpye of the material, nmelted op th rotection |gyer t he

' adh at | [oBPnihE SHHAGECE K RUSFERE IRy ol po Shaperin BiE ABL! ot on scar
caused by the deterioration _of the part of the protection |ayer by the
irradi ati on of The methed w9fafermuingsddgedoty 14dhdscaetr dimited taethemge
obtained fromthe reflected Light becones clear and mark reading is nore
desi r abl yaforeientiored Omethod. ygl?m'nyexanmlé,i ¢hei larer ahelamarddatis odizectly t he
present invention are possible in the light of the above to achings. It is

t her ef or eirradiated oelcthet ovetcodialayert1d8nsd he te alefermfa paet af phe dvdroohti s t he
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the functional device structure Layer,
embodiment of the present invention will be described in detail with

reference to Fig. 15.

Fig. 15 is a diagram showing the identification mark reading
apparatus 60 according to the embodiment. As shown in the drawing, the
identification mark reading apparatus 60 includes, a sample stage 40 for
setting the magnetic head slider 10, a stage position control unit 41 for
controlling the position of the sample stage 40, a light source 42 for

O supplying a light L, a half mirror 43 for reflecting the light L; from the light
source 42 and directing it to the magnetic head slider 10, an image
formation optical system 44 for forming an optical image of the reflected
light Lr from the magnetic head slider 10, a charge-coupled device (CCD)
camera 45 for picking up the optical image formed by the image formation
optical system 44 and converting it into an electrical video signal, an image
processing unit 50 for performing a predetermined image processing on the
video signal from the CCD camera 45, recognizing the identification mark

14 and converting the identification mark 14 into manufacturing



met hod conprising steps of irradiating an illum nation |ight of an normnal
incident illumnation onto the functional device formation body prgﬁfding
the mark fornmed on the functional device structure |ayer or the-g o] 20038
| ayer based on a reflected light fromthe functional device formati on body
2. A nethod of reading a mark according to claiml, wherein the nark has
manuf acturing information to be referred to in a manufacturing process of
the functional device formation body 3. A nethod of reading a mark
according to claim1, wherein the mar®dias origin identifying information
whi ch represents origin of the base included in the functional device

formation. hody 4. A nethod qf r i mar k.accordi.ng to claim2l. wherein
the o k. THETHaEEn-pRY a8pndor ABH0x Werla e R A BREnine i hation
plurality of .do of, a.character synbol,, b. thod of readjng a mark
accor di ngoRt31Re ﬁ’ﬂhﬂ?e WRERe | RYoreRs St‘"ﬂétﬁ%@riﬁ gy S‘Eﬁb%{ ngYﬁldﬁ of a
material nelted on the praotection | ayer by _a predeterm ned irradiation of
an ener gycantzohed by a @niyol ynjh fnotghawn)y Henes the dight senree 42.khechalécor di ng
to claim4, wherein the dot pattern is an irradiation scar caused by
det er i or aumixner 043 ;andathe dmagec foymeataon joptickhysystam 44 correspanditoopnef t he
energy beam '7. A nethod of reading a mark according to claim4, wherein
t he dot pspidcificexapplsefiibptizahsysténctealizigg hotrmal incigentcilhunsimiationdloff i com
whi ch the base included in the functional device formati on body has been
separ at edtheSpresemttinoontion andi 1ip €ODCanraodsliaigl the Gindigh procudiihgi n the
character synbol is forned sinultaneously with a predeterm ned | ayer which
@ a partypft 50 Toheapbh@d! ofle \Gpesifit! éxihpleCof iftansHor reXRinEdop khé €adi ng
mark according to claim@8, wherein the character synbol includes address
i nfor mat i on L EPLERSoNNY an address of the base in a parent material from
which th ase Included in the functional device formation body has been
separated. 10. f | r cgar di t | &i , ein the
step of readi ng%ﬁ‘{?e&gtﬁ%r Eﬁgﬁgd‘u%ggztﬂg E’P%cg@s %Sgglr‘l%r%dtﬁ% aﬁr%ﬁ:ﬂa ge
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function
of the illumination light Li (or Ly), so that the position of the identification

mark 14a and the identification mark 14b of the magnetic head slider 10 is
within the range where the CCD camera can pick up an image.

The image formation optical system 44, which is provided with an
object lens, a collimator lens or the like (not shown), forms an optical image

O of the identification mark 14. By the action of the image formation optical

system 44, the ultra-minute identification mark 14 is scaled up in a
predetermined scaling factor and formed as an image.

The CCD camera 45 picks up the optical image of the reflected light
Lz and converts the optical image into the electrical video signal Sy.

The image processing unit 50 identifies the identification mark 14
based on the video signal Sy inputted from the CCD camera 45 and converts
it into corresponding manufacturing information. The image processing

unit 50 includes a video signal recognition unit 46 and a conversion unit 47.



a process for obtaining an inmage pattern by perform ng i mage recognition
based on the generated i mage data: and a process for obtaining igéor tion
corresponding to the i mage pattern based on the obtained i nage H %&ﬁ

A method of reading a mark according to claim1, wherein the functional
device structure is a thin filmmagnetic head structure for perforning at

| east one of recording and reproducing information to/froma ~~ 6 JAN
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from the video signal recognition unit 46, the conversion unit 47 converts

the character recognition signal St into corresponding manufacturing
information It using the character symbol conversion function Fr. When a
graphical recognition signal Sg is inputted from the video signal recognition
unit 46, the conversion unit 47 converts the graphical recognition signal Sg

into corresponding manufacturing information Ic using the graphical
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010%&' () TRE worlté# ot the like can obtain necessary manufacturing information I of
the magnetic head slider 10 through the monitor 48.
[Method of reading the identification mark 14]

The method of reading a mark according to the present invention
will be described herein later.

(1) First, the magnetic head slider 10 is set in a predetermined
position on the sample stage 40. The predetermined position on the sample
stage 40 denotes a peosition in which the whole region where the
identification mark 14b is formed in the magnetic head slider 10

O substantially coincides with the whole region where the CCD camera 45 can
pick up an image. As required, the controlling unit (not shown) operates
the stage position control unit 41 to adjl.xst the position of the sample stage
40 in the horizontal direction and the vertical direction, whereby fine
adjustment of the image pickup position and focusing are performed. Then,
the variable scaling factor of the image formation optical system 44 is
adjusted.

(2) The illumination light irradiated at a virtually horizontal angle

from the light source 42 is reflected by the half-mirror 43 and vertically
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Thus, the identification mark 14 of the magnetic head slider 10 is irradiated
by the normal incident illumination light Li.

(3) The CCD camera 45 picks up the optical image formed by the
image formation optical system 44 and outputs the obtained video signal to
the video signal recognition unit 46 in the image processing unit 50 as a
video information Sy,

(4 The graphical symbol recognition unit 46b in the image
recognition unit 46 captures the video signal Sv inputted from the CCD
camera 45 to perform pattern identifying processing, thereby identifying the
graphical pattern comprising the identification mark 14b. Thus obtained
the identified result is outputted to the conversion unit 47 as a graphical
recognition signal Sg by the graphical symbol recognition unit 46a.

(5) The conversion unit 47 converts the graphical recognition signal
Sc into corresponding manufacturing information Ic using the graphical
symbol conversion function F¢ which is pre-stored in memory. The
converted manufacturing information Ig is stored in memory (not shown) in
the conversion unit 47 and is outputted to the monitor 48.

(6) The control unit (not shown) adjusts the position of the sample
stage 40 by operating the stage control unit 41, and adjusts the variable
scaling factor of the image formation optical system 44. Thus, the whole
region where the identification mark 14a is formed in the magnetic head
slider 10 coincides with the whole region where the CCD camera 45 can pick

up an image.
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irradiated onto the identification mark 14a in the magnetic head slider 10.

(8) The CCD camera 45 picks up the optical image formed by the
image formation optical system 44 and outputs the obtained video signal to
the video signal recognition unit 46 in the image processing unit 50 as the
video information Sy.

(9) The character symbol recognition unit 46a in the image
recognition unit 46 captures the video signal Sy, inputted from the CCD
camera 45 to perform pattern identifying processing, thereby recognizing
the string of character symbols comprising the identification mark 14a.
Thus obtained the recognition result is outputted to the conversion unit 47
as a character recognition signal St by the character symbol recognition unit
46a.

(10) The conversion unit 47 converts the character recognition signal
St into the corresponding manufacturing information It using the character
symbol conversion function Fr which is pre-stored in memory. The converted
manufacturing information Ir is stored in memory (not shown) in the

conversion unit 47 and outputted to the monitor 48 to be displayed.
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Consequently, the manufacturing information I¢ and It of the magnetic-

head slider 10 are simultaneously displayed on the monitor 48 and the
worker can acquire a manufacture history or the like of the magnetic head
slider 10. More specifically, based on the manufacturing information Ig,
one can learn the manufacturing number of the magnetic head slider 10,

and the manufacturing number, manufacturing lot, and the like of a parent
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in the magnetic head slider 10 has been separated.
Next, image processing when fhe identification mark 14 is
automatically identified in the image processing apparatus 50 will be
O described in detail. Here, described is a case where the identification mark
14b constituted with the graphical symbols is automatically identified by
the graphical symbol recognition unit 46b in the image processing
apparatus 50.
Fig. 16 shows a process when the graphical symbol recognition unit
46 determines the presence or absence of the predetermined dot 14d forming
the identification number 14b in the image processing unit 50. Fig. 16A
shows the flow of the dot identifying process. Figs. 16B through 16D are
images in each step of the process shown in 16A.
O (1) As shown in Fig. 16A, the graphical symbol recognition unit 46b
performs multi-leveling processing on each analog video signal Sy
corresponding to each pixel of the image (Fig. 16B) inputted from the CCD
camera 45, whereby multileveled digital signals are obtained (StepS51).
(2) The graphical symbol recognition unit 46b compares obtained
values of the multileveled digital signals of each pixel forming the dot 14d
with the pre-stored threshold (a constant value or a function value), thereby

drawing a data of contour image shown in Fig. 16C (Step S52). At this

time, when the value of the multileveled digital signal of each pixel is
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de_termines the value of the pixel to be “1”. On other hand, when the value
of the multileveled digital signal of each pixel is smaller than the threshold,
the graphical symbol recognition unit 46b determines the value of the pixel
to be “0”.

(3) By comparing the data of contour image (Fig. 16C) with the

O pre-stored reference data (Fig. 16D), the graphical symbol recognition unit
46b determines whether the image data corresponds to the dot 14d or not.
More specificallyy, when the matching ratio of both data is over a
predetermined ratio (for example, 80%), for example, the graphical symbol
recognition unit 46b determines the presence of a dot. When the matching
ratio of both data is below the predetermined ratio, the graphical symbol
recognition unit 46b determines the absence of a dot (Step S53). The
judgment of the matching ratio can be performed based on the numbers of
all pixels surrounded by the contour line (that is, an area) or arrangement

O thereof, or based on the numbers or arrangement of pixels on the contour
line.

For the precise judgment of the presence or absence of a dot,
difference in a luminance level contrast which allows precise differentiation
between pixels corresponding to the dot 14d and pixels corresponding to the
periphery of the dot 14d to be performed is necessary. According to the
embodiment, since the normal incident illumination method is employed,
the apparent difference in luminance exists between the pixel region

corresponding to the dot 14d and the pixel region corresponding to the
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precisely differentiate the pixel region corresponding to the dot 14d from the
region corresponding to the periphery of the dot 14d.

Fig. 17 is an example of a photographic image of the identification
mark 14b taken by the CCD camera in the identification mark reading
apparatus 60 of the embodiment. Fig. 18 is an example of a photographic

O image of the identification mark 14b taken by the CCD camera in an
identification mark reading apparatus utilizing dark field illumination
method as a comparison to the embodiment of the invention. Although in
the micrograph shown in Fig. 17, the identification mark 14b does not
overlap with the connection wiring patterns 13a through 13c shown in Fig.
12, the identification mark 14b may overlap with the connection wiring
patterns 13a through 13c as in Fig. 12.

With the apparatus for reading an identification mark according to

the comparison shown in Fig. 18, dark field illumination in which a light is

@,

irradiated in a slanted direction to a direction orthogonal to the surface
where the identification mark is formed is performed and the identification
mark 14b is imaged based on the reflected light. Thus, not only the
contrast between the inside of the dot 14@ and the periphery of the dot 14d
but also the contour of the dot 14a is not clear.

On the other hand, according to the embodiment, the illumination
light L1 of the normal incident illumination method is irradiated on the
identification number 14b, and the identification number 14b is imaged

based on the reflected light Lr. Therefore, as shown in Fig. 17, the contrast -
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thereby making it easy to precisely determine between the presence and the
absence of the dot 14d. That is, not with manpower but rather with
automatic identification, reading of the identification mark is practically
feasible.

Incidentally, the same function as the aforementioned function

O which automatically identifies the identification number 14b may be
provided in the character symbol recognition unit 14a, so that the
identification mark 14a constituted with the string of character symbols is
automatically read.

The reason why an image with high contrast is obtained using the
normal incident illumination method in the embodiment as has been
described above is considered to be as follows: With the art in Japanese
Patent Laid-open No. Hei 7-141461 which has been described as one of the
conventional arts of the invention, a mark is formed on a surface of a

{:) semiconductor wafer and the normal incident illumination method is used.
In this case, a regular reflection light of a high intensity reaches an image
pickup unit of the CCD camera, which causes deterioration in contrast.
This is because the semiconductor wafer generally has a mirror-finished
surface, whereby a reflection ratio is very high. On the other hand,
according to the present embodiment, the mark is not directly formed on the
base 1, but formed on the functional device structure (the thin film magnetic
head device in the embodiment) on the base 1, or formed on the overcoat

layer 148 comprising the protection film covering the functional device
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structure, whereby the reflection ratio is not very high. Consequently, the
intensity of the reflected light from the region other than the region where
the identification mark is formed is relatively low, which does not cause
deterioration in contrast as above, but secures preferable contrast.
As has been described, according to the method of reading a mark
and the apparatus for the same of the embodiment of the present invention,
O the normal incident illumination light is applied to the identification mark
14 provided on the magnetic head slider 10. Therefore, sufficiently high
contrast with which the identification mark 14 is identified through the
image processing is secured. Further, the obtained image signal is
captured by the image processing apparatus 50 and is subject to the pattern
identifying process. Thus, the identification mark 14 is identified and the
result of the pattern identifying process is converted into the manufacturing
information, whereby the manufacturing information corresponding to the
identification mark 14 displayed on the magnetic head slider 10 is
O automatically obtained. Accordingly, time required for identification of the
identification number 14, the conversion process into the manufacturing
information or the like during the manufacturing process of the magnetic
head slider 10 is extensively reduced. Further, the identification of the
identification number 14 and the conversion process into the manufacturing
information are precisely performed.
According to the embodiment, although described is a case where the
identification mark 14 is read after the separation into the magnetic head

sliders 10, the present invention is not limited to the present embodiment.
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For example, in any step before the separation into the magnetic head
sliders as in Fig. 1, the identification number 14 may be read from the
magnetic head block 2 or magnetic head bar 3.

Furthermore, in the embodiment of the present invention, described
is a case where the identification mark reading apparatus 60 is used in the
manufacturing process of the magnetic head slider 10, the invention is not

O limited to the embodiment. For example, the present invention may be
applied to the control of manufacturing information of industry products or
the like in various kinds of manufacturing fields (for example, a
manufacturing field of a semiconductor device) except the magnetic head
slider 10.

As described above, according to the method of reading a mark and
the apparatus for the same of the invention, when reading the
predetermined mark formed on the functional device structure layer or the
protection layer in the functional device formation body in which included is

O at least the base, the functional device structure layer having the
predetermined functional device structure formed on the base through the
thin film process, and the protection layer covering the functional device
structure layer, the illumination light of the normal incident illumination is
irradiated onto the functional device formation body, and the mark formed
on the functional device structure layer or the protection layer is read based
on the reflected light from the functional device formation body.
Accordingly, the contrast of the image obtained from the reflected light

becomes clear and the mark is quickly and accurately read.
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the predetermined energy beam or with the irradiation scar caused by the
deterioration of the part of the protection layer by the irradiation of the

energy beam. Consequently, the contrast of the image obtained from the

O reflected light becomes clear and mark reading is more desirably performed.
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.
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What is claimed is:
1. A method of reading a mark, formed on a functional device structure
layer or a protection layer in a functional device formation body including at
least a base, the functional device structure layer having a predetermined
functional device structure formed on the base through a thin film process
and the protection layer covering the functional device structure layer, the
method comprising steps of:

irradiating an illumination light of an normal incident illumination
onto the functional device formation body; and

reading the mark formed on the functional device structure layer or
the protection layer based on a reflected light from the functional device
formation body.
2. A method of reading a mark according to claim 1, wherein the mark
has manufacturing information to be referred to in a manufacturing process
of the functional device formation body.
3. A method of reading a mark according to claim 1, wherein the mark
has origin identifying information which represents origin of the base
included in the functional device formation body.
4. A method of reading a mark according to claim 1, wherein the mark
includes at least either a dot pattern constituted with a plurality of dots or a
character symbol.
5. A method of reading a mark according to claim 4, wherein the dot
pattern is formed of a residue of a material melted on the protection layer by

a predetermined irradiation of an energy beam.

10 10
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pattern is an irradiation scar caused by deterioration of a part of the

protection layer by the irradiation of the energy beam.
7. A method of reading a mark according to claim 4, wherein the dot
pattern represents a manufacturing lot of a parent material from which the
base included in the functional device formation body has been separated.
O 8. A method of reading a mark according to claim 4, wherein the
character symbol is formed simultaneously with a predetermined layer
which is a part of the functional device structure layer.
9. A method of reading a mark according to claim 8, wherein the
character symbol includes address information representing an address of
the base in a parent material from which the base included in the functional
device formation body has been separated.
10. A method of reading a mark according to claim 1, wherein the step of
reading of the mark includes:
O a process for generating an image data by photoelectrically
converting the reflected light from the functional device formation body;
a process for obtaining an image patterm by performing image
recognition based on the generated image data; and
a process for obtaining information corresponding to the image
pattexn based on the obtained image pattern.
11. A method of reading a mark acecording to claim 1, wherein the
functional device structure is a thin film magnetic head structure for

performing at least one of recording and reproducing information to/from a
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formation body including at least a base, a functional device structure layer
having a predetermined functional device structure formed on the base
through a thin film process, a protection layer covering the functional device
structure layer and the predetermined mark formed on the functional device
O structure layer or the protection layer, the apparatus comprising:

a light source for irradiating a light,

a normal incident illumination optical system for making it possible
to irradiate a illumination light of a normal incident illumination onto the
functional device formation body, and

means for reading the mark formed on the functional device

structure layer or the protection layer.



