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RU, S%un%gE ’theS %bri?alﬂ:ionstlﬁ~ masé'n’etic;r iléad-sn\éor use in magnetic data
storage applications, an array of transducers and auxiliary circuits are fabricated
on a common substrate in a deposition of metallic and non-metallic layers. The
array is then cut up into smaller bars, with each bar including a row of multiple
read/write heads. The bars are then lapped to adjust an average stripe height
(SH) of magnetoresistive (MR) transducers in the bar, the average throat height
(TH) of inductive transducer in the bar, or both. The auxiliary circuits in the
bars are electrical lap guides (ELGs) that sense the progress of the lapping
process. Each electrical lap guide has an electrical resistance that increases as
material is removed by lapping. Lapping is stopped automatically when the
average stripe height and/or average throat height are within acceptable limits.
After the lapping process is complete, the bars are cut up into individual
read/write heads or sliders using diamond saws.

The process of lapping a solid bar has a limited ability to adjus}bonly the
average stripe height or average throat height for all the sliders formed in the
bar. There are remaining undesired variations in individual stripe height or
throat height among the sliders in a bar.

As higher recording densities are being introduced, there is a need. for
better control than this average control, particularly in the case of stripe height.
It is, however, inconvenient and expensive to handle individual sliders in a

lapping operation because of their small size.
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SLI DER 20° 24( r ces or a.dis rive slider
(22, 23) in \/\hl%‘hmﬁﬁ%l%esgg&usrlenegglhg?’raf” ‘(%‘g? EQPPP tiRdEY: BF essur es
(36) to the bmemmﬂymwﬁmmxgmfodedchmﬂefe the front surface (25) of
the one slider contacts a | ap f orma finished front
surface of the slider (22). T of a substrate (20)
havi ng nul t5i pl e unflistloséed astxbcbss md(a’pﬁaratﬁsfdirﬁﬁhsiﬂhgiatdlso%x@tsﬁhero process 1s

used to etch tp bstrat etween t he
sliders (22) anggﬁl?? rm%\}/v% u%St(aée &y gﬁlgﬂn@lﬁ%ﬁ% ers(%‘?)e fget her .
After the sli dieds ¢elpproggse if usedsdn(etcthbycrebsaqsqﬂam trénlblees Viet ke é\ﬁ:ﬂ&at@r e Iremﬁvleg
to separate th ers are iently he

t oget her duri nggéh i %%ﬁg%deﬁsr%géﬁ) av%{"?-wgﬂgttgﬁfl ﬁﬁ §oi ds” damage
to the sli der Spgapays, ln.QIUdbS[meﬁmégemt&‘%ﬁkbﬁuesﬁﬁﬂmﬂs&idsﬂﬁ&&&‘ ﬂ?eRmESShAND
APPARATUS [ORy, | | THE . ILNVENTI ON The
present i nl\jent f‘gén%e alxgsd%gener ai Bl ér ‘Qﬁedg}e E?Ig strfeee of Braghetic 5
storage dri vedndivignapslidei contamts,a lalbpnsg surfuczertb ifem a Ghisliedfrdnd surticdofls and

appar at us foréhécéhﬁ i,.shing a disc drive slider that include |apping a

surface of a disc drive slider. BACKGROUND OF THE | NVENTI ON Dur | ng the
fabrication of magA8er thetslidets afeofinisied Lynlapming)cthé ovetlsitase removed to

separate the sliders. The webs flexibly hold the multiple sliders together in a
15 fixture during the lapping process while allowing the individual sliders to move

independently. The pressures applied to each individual slider can be
independently controlled, allowing for improved control of the stripe height
(SH), the throat height (TH) or both of each sldier. The etching process avoids
damage from the use of diamond saws.
20 BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates an embodiment of a disc drive.

FIG. 2 illustrates an unfinished substrate including multiple unfinished disc
drive sliders.

FIG. 3 illustrates an unfinished substrate with a selective rhasking layer.

.25 FIG. 4 illustrates an unfinished substrate with etched trenches.

FIG. 5 illustrates an unfinished slider with the selective masking layer
removed.

FIG. 6 schematically illustrates an apparatus applying multiple pressures to
an unfinished slider during a lapping process.



storage applications, an array of transducers and auxiliary circui hs aﬂf
fabricated 10 on a common substrate in a deposition of netallic a dl* C 2004
non- matalll‘c“, oL The array is then cut up into smaller bars, with each
bar incl udi Ng 4 ow of miltiple read/wite heads. The PGVESOLM56% e

| apped to adjust an average stripe height (SH) of magnetoresistive (M)
transducers in the bar, the average throat height (TH) of inductive
transducer in the bar, or both. The auxiliary circuits in the 15 bars are

el ectrical |ap guides (ELGs) that sense the progress of the |apping

process. Each el ectrical uide has an el ectrical resistance that

i ncreases as mat eﬂ%Vﬂiuéltf*F@ disybstraipinclnding finighed sligleiss st opped

automati cal |y whengide ﬂﬁgﬁfe@glecr?gsrge&gﬂﬁq}ﬂ&bgf INALQ WY 8 RGE, ughr oat hei ght

are within acceptable limts appl ng process is C | ete, the
bars are cut UF¥HEBa0dRdeer ineluding Dagnelonssistve MR Mesmsiiscarr sl i der's  usi ng

di amond saws. The proesigstifes! aad?‘%'g:gg ti8nat UhewP e tﬂgﬂleﬂe t qﬂet\?%v{/ ability to

adj ust only the averaggrﬂfstrl pe t or average oat hei g for all
the sliders fohowRinEG adaver inphiding 2 megnetosesisiivg wapsdnectd®R)ed vari ati ons

in individual strmp@mgpgmsmmjﬁ@ﬁh I NER fgers in a bar.

25 As hi gher recor ensitres are is a need.
for better cont roIIl tbﬁaﬁsephmgma%raé@éoﬁmﬁtmlgmsc geivetsliders basityenéhes t he case of

stripe hei ght cichbd beoen IANVINAL sttt G AN TR RLh Y BE DRI Ra Wgmpand! @

individual sliders.ina |ap peration because size. 1

4 DEC 2004 v\o“osfieet?"fmas’& 6&)%&2%16 ftopzedﬁbe&r@ﬁég@pkw egsplrauglys are

needed thaio cahe Baj dagin Faer SveB th URZHS BeCslidh tAbx ity 56 gédé&e}[‘f in each
ently

bar, while control]ing llapping to individually or control
stri pe hei ght cPByerisntandling surng Wlamngmmmme@femugosed is a

process and a&lﬁ@iﬂﬁib@%sef & dﬁrhdiid%ﬁ'dvﬁ@hﬁh @Ansﬁa\/ércbf{tﬁmgkﬁc?ﬁe% the i of! | d€r 'S
part of a substrate b ﬂls‘fa\” ng _rul tiple unfinishe ers tormed in

An etch proce<8ips &nd fan gheglidersss- i sol ating trenches in the subst rate
al i gned between t hQX PletstRr genaitidr 5@113%9&1%%@9&%% ﬁeﬁﬁ sﬁlfdcg%?s together.

The appar af us i ngl udes_a pressure generator that applies mu

pressures Po tORgRg1 aléﬂegwmaé@ front @face; of thevona ipdivi 31 dider cpniatte t he f ront
surface of the lgipihg surface to form a finished front surface of the slider. The lapping can

be automatically controlled by feedback from electric lap guides in the one
slider being lapped. The slider being lapped is able to respond independently to
the pressures applied to it because the trenches provide stress isolation between
20  the individual sliders. The webs flex to allow the slider being lapped to move
independently of adjacent sliders.
After the sliders are individually finished by lapping, the webs are
removed to separate the sliders, preferably using masking and etching.
In FIG. 1, an embodiment of a disc drive 100 is illustrated. Disc drive 100
25  includes a disc pack 126 having storage surfaces 106 that are typically layers of
magnetic material. The disc pack 126 includes a stack of multiple discs and the
read/write head assembly includes a read/write transducer or slider 110 for each

stacked disc. Disc pack 126 is spun or rotated as shown by arrow 107 to allow



i ndi vi dual slider contacts a |apping surface to forma finished front
surface of the slider. After the sliders are finished by | appi ng,1t‘|hSEC 2004
webs are re \{)%171%40 separate the sliders. The webs fl exi bl% hol d t he

mul tiple sliders together in a 15 fixture during the | BpBP¥Y25fbcess

while allowi ng the individual sliders to nove independently. The pressures
applied to each individual slider can be independently controlled,

allow ng for inproved control of the gtripe height (SH), the throat

hei ght (TH) or both of each sidier. The etching process avoids damage
fromthe use of_ dianond saws. 20 BRI EF DESCRI PTI ON OF THE DRAWNGS FIG 1

i |lustrates aifedvAlishradesembly 132 iaecessdiffereat rotiapal locatiprs fertdatapr thean

unfini shed sufisthdeatiackdRlc\of HaisEBPck 1 © unfini shed disc drive sliders.
FIG 3 illustrates an unfinished substrate with a selective masking | ayer.

25" FIG 4 illustRepwritghesdpsienblyide isnaaed lemeovpiradieltreltis to thenches. FI G
S5 i1l ustrat esdigipad{26) bsdhfin 8y bt 19948 Shodsl BirfehGadinMGeaREs ks | 2V ET

removed. FIG 6 schematically illustrates an apparatus applying multiple
pressures 10 %‘heﬁ%&qﬁugf??éﬂlélqfd’éﬁfpaala_%%n?jyp&all:amsian@atpngﬁm@wﬂ@ 4 DEC 2004
WO 02/ 07154 PACEd WBGHYIZ 105 prokideh 6 o foibd LoiiShardt! A8, Yoibd QISR figDstrat e

[

including finj sh%g sliders. FIG ustrates a cross sectional view of a

slider with aWCPdrdddieiondl6 thahpivets erexla 420 and anyem | idctheicichigtes the
magnet or esi st iexPwhidyRiad dRRSHUIL DiscikiG 169 ﬁﬁdldd@s_sél&%%%é clgcu&z;yq?g grectional
(0]

view that is transverse to, the view 5 shown in ) e |ayer
i ncl udi ng a nERYRYLRE the PRaratics of ths qise déverand fypgsferrinpiinain mml ESEite PTI ON OF
| LLUSTRATh&/E &E3RW.MENTS I n the present invention, a bar of multiple disc
drive sliders hasFé_e{rzlqﬂes et ched between individual sliders using
[

et ching. The etch SlusBates 8| splsiete 20 angunfipished ¢opdition dneludimad t he
etching is stmppsie ubiiideddisd drive BReRLE atanged B alaf S Fhohn kilieaR@r, | eaving a

web t hat kee_pﬁ. t ?%‘oizl iders, flexibly joined together for convenient
handl i ng duri W*sHg éﬁtﬁqnbﬁ’ﬁ%aﬁg%o‘ﬁ@?halﬁ ilagped inp, subssqens finishing| ng
process while pressure or force is applied to a back surface 26 (not visible in FIG.

15 2)of each slider 22. Each disc drive slider 22 is formed from a slider substrate and
various selectively deposited layers of materials that form a read/write head and
electrical lap guides(s) in the deposited layers.

FIG. 3 illustrates the substrate 20 with a selective masking layer 26 applied
to the front surfaces 24 of the sliders 22. The masking layer 26 is lithographically

20  patterned to define masking grooves 28 which are not covered by the masking
layer 26. The masking layer 26 is formed of a material that is resistant to erosion
by etching.

FIG. 4 illustrates the substrate 20 after deep trenches 32 have been etched
in substrate 20 using a microstructure etching process. . Reactive ion etching

25 (RIE), ion beam chemical dry etch, ion milling or other known microstructure
etching (micromachining) techniques can be used. Etching processes are known,
for example, from Handbook of Thin Film Technology, IOP Publishing Company
1997 (CD-ROM).



avoi ds the use of dianond saws which can |eave contanination in the § gpm 2004
of chips and can al so danage the sliders. A pressure generator applies

mul tiple pr%ﬁi%ﬁ& to the back surface of 15 one individual slider while
the front surface of the one individual slider contactsPCHUYERhg surface
to forma finished front surface of the slider. The | apping can be
automatically controlled by feedback fromelectric |ap guides in the one
slider being | apped. The slider beingsl apped is able to respond

i ndependently to the pressures applied to it because the trenches provide
stress isolation between 20 the individual sliders. The webs flex to allow
the slider being | dPpeesition apdhsize ofterrbeseirchemddfipechby thel jrmslduy gradvieder s.  Af t er

the sl i ders an ahtuliguelualobyt bahaliadidlt 1200k Mol iSRS, 1 emoved to

separate the sliders, preferably using nmasking an “¥¥rGc 1, an

enmbodi ment of PEefgred dn gichipg trenphes 32 i ordesite acewehielDirepoduse the niafifing 25 i ncl udes
a di sc pack 1%ﬁoh@vdnagtcﬁ?deépa%ch%yE«si.%@%utfs{?%e56‘% x%gﬁé’pé aa“gf{ | ayers of
ude gf Ul e )

magnetic material . The disc pack 126 1ncludes a stac | e di scs
and the rdadFpitmateelsuchasdoned sificon, The riehingprocessdy sappeccoricoatrotietlicer  or

slider 110 foko @é&cibe b ' S of ated as
Shown by ar r ow gy o B9 S8 pRR teobafP BRile R, ipSbeaa il 181
read/wite hedi® shesdides g2 fopsthery Wekseidsareithidkesnovgh todtolit thesliderd 2cat i ons f or
data on the = $gemadfuiyhbakamet dpil obiiftiol] & B Glia Aol A | 1€ head

assenbly 112 ig actuated to nove radi y, relative I'sc pack 126,
as shown by aPiearhshdep22iosnayer rgipprsisiednpressungisainewhnt demndenflypof data 5 on
the storage stHefadfaeént ifd6rs@d. di sc pack 126. Typically, the actuation of
read/ wite head aﬁ@ﬁ]gl'glslu is provided by a voice coil notor 118. Voice
coil motor 118 i ncftad "aat‘?sétledl‘&%&‘%dﬁlmﬁ’fz Villothe seleptivsameskib@dayand an ar m
114 that act uaé esolvbtafter tBEOSHM eggg@gm@a@.enbly 112. Disc chive 100
i ncludes el ectroni G _ciLrcui ”é},‘{ 30 for <controlling the operation of the

t

disc drive and tr & pobpTpgfic i

Wustrates gpgocsssof applyinganultie presseresi¥6 ve. FI G 2
illustrates atsubsifinibed shferi2} dfind i labitheRBsksC ORMIE 8 %&&Jnéﬁ'tﬁbg multiple
d shape. Each di

unfi ni shed di s&adri e sliders 22 arranged in a bar ape sc drive
slider 22 ¥ncf © 20 of FI 0 xillpstrated wiythe pame efprence apmenlsibaingussd s e quent
finishing FIG. 6 that are used in FIG. 5. The bar-shaped substrate 20 made up of multiple

unfinished sliders 22 joined together by webs 34 is placed between a lapping
surface 42 and a multiple pressure generator 38. Multiple pressure generator 38
generates muliiple pressures 36 that are applied to the back side 26 of one of the
20  sliders 22 as illustrated. Multiple pressures 36 can be each individually controlled
based on electrical feedback 46 from an electrical lap guide controller or circuit 44.
Electrical lap guide controller 44 is connected to electrical lap guides (ELGs) 40
that are disposed in the unfinished slider 22 that is being lapped. The front surface
24 of the slider 22 is in contact with lapping surface 42 while controlled pressure is
25  applied to back surface 26. A finished front surface is formed by lapping at front
surface 24 based on feedback from the electrical lap guides (ELGs) 40. Feedback
from the ELGs 40 controls the approach of the front surface 24 to the lapping
surface 42. The individual pressures 36 can be adjusted in real time to change
the profile of pressure applied from front-to-back and lefi-to-right to vary the



process while pressure or force is applied to a back surface 26 (noq 4 DEC 2064
visible in FIG 15 2) of each slider 22. Each disc drive slider 22°is

formed fro jder substrate and various selectively deposited |ayers

of nateriapgaﬁﬁg?g?ornla read/ wite head and eIectrica?CV§$”§ﬁﬂdes(s) in

the deposited layers. FIG 3 illustrates the substrate 20 with a selective
masking | ayer 26 applied to the front surfaces 24 of the sliders 22. The
masking |ayer 26 is lithographically 20 patterned to define masking

grooves 28 which are not covered by the masking | ayer 26. The masking

| ayer 26 is fqQrned of ,a material that is resistant to erosion by etching.
FIG 4 illustrdpPeg e dfferetregions pftheifiont surfeas24t Toe ettipshaght (BH)e been

etehed  In sultsd taédt REh IR0 of bBICEOSAR UGk il 20 U fEGRYy - Reactive
h | dry etch, I

ion etching 25 (RIB),. 1on_beam chem cal ion m ng or ot her

known mi crost FH@%"@F@‘%‘%%"%"% fewy ergleptrienl fap) suides M Theedectianl e used.

Et chi ng pr ocegaides 40raee in rfoY defl f ) of Thin Film
F G n ok e ?8‘8‘?31"&%"%“%?‘?‘%0&(: 2004 WO

Technol ogy,, | OP Pu IShi n% a%_g}rrpany _ .

02/ 07154 PCT/ US01/ 245BHUPE Siders gdsanibsrianped indepandently tof eme hegth@2 ar e
defined by t hanmakivagions eQuasiany? Fid kil HRENEIHRG A Rlegl Vi dual
sliders 22. A.directiqnal etchllg%l rocess 1s referred in etching

trenches 32 i IPPBPET EYRE AL 9RGE % disrhaeksides of pdjaprnt ’idery 22 garobves. and et ch
deep trenches hdld by kHRtuse foSkilAdpanindd 45 Wkt BdjebtQnIBL: éﬁﬁerélzfi.orwa&u%; crystal

mat eri al such_,as doped siljcon. e etching process Is stopped or
controlled t& Q?Wﬁﬁ?”g‘é(n@‘de@eﬁf*ﬂﬁpﬁﬁ %‘Q?hﬁea?qp?i Plpeodiging tthﬁef;mjlhst rate 20,
form ng wetos 3ferittoBf join the sliders 22 together. Webs 34 are thick
enough to hold the gliders 22 together during a subsequent |apping
operation, and thi rﬁ‘éﬁ?&?ﬁ&xﬁ%m@ﬂfg&lﬁab@@ gl boprped pimsltingeysln? t 0 nover
responsi ve t ouging smiltipte ﬁm@aierdtﬂdw%&jﬁﬁlﬁbwmcoh@oﬁeﬁemad‘f&fﬂ&em sliders
22. FIG 5 iIIusEfrates t he unfinished slider 20 with the selective masking

layer 26 remSURYASPELIAPRIRGIS dpps, thegubsiraie 20 ds held nglase by aectppicallys

schemat i cal | y engaglugtihaivels 3 ¢if ACARMaR maRBhY iRGre Wil iRL 92 RERISHUT €S 36 to
FIG 6, a portion of

?Reunfllfamsffggg?lg elé eéveg?zs‘g‘}usaluggat?‘él ?Plolugtgr 2'[ ggejm_si hI '?he sanme reference
numer al s bei ng useThd Webs 34 hold the sliders 22 together and each trench 32 siress-
isolates each slider 22 from an adjacent slider 22 during the lapping. The webs
34 hold the sliders 22 together while the trenches 32 reduce transverse
mechanical support of each slider 22 during the lapping.
20 Afier each of the sliders 22 in substrate 20 has been throngh the 1af>ping
process illustrated in FIG. 6, a finished substrate 20 as illusirated in FIG. 7 results.
FIG. 7 illustrates a finished substrate 20 including finished sliders 23 that
include a finished (lapped) front surface 25. The finishing of the sliders having
been completed, the webs 34 are removed. Webs 34 can be removed by etching as
25  illustrated in dashed lines in FIG. 7.
FIG. 8 illustrates a partial cross sectional view of a slider 58 with an
inductive write transducer 50 and a layer 66 including a magnetoresistive MR)

transducer and electrical lap guides (ELGs). The cross sectional view in FIG. 8 is
perpendicular to a bottom surface 60 that is part of the lapped surface. The portion



FIG 6 that are used in FIG 5. The bar-shaped substrate 20 nade uphquEC 2004
multiple unfinished sliders 22 joined together by webs 34 is pl ace

bet ween a L%B%bgﬂﬁ surface 42 and a nmultiple pressure generator 38.

Mil tiple préssdre generator 38 generates nultiple presBalVE¥W12K56% hat are
applied to the back side 26 of one of the 20 sliders 22 as illustrated.

Mul tiple pressures 36 can be each individually controlled based on

el ectrical feedback 46 froman electrigal lap guide controller or circuit

44. Electrical lap guide controller 44 is connected to electrical lap

guides (ELGs) 40 that are disposed in the unfinished slider 22 that is

bei ng | apped. Sffe slides 38 Wﬂ%@tedZﬂammm@QMmgMeloﬁhemhdmm act wth

| appi ng surf acsiddrs8\3ifhiened SRt ShataR @ back surface

26. A finished front surface fﬁﬁ&ggnggﬁ%§g?applng a &ﬁ%@, face 24

based on feedbefessingo iarhmiquen| cFher indugtive Aysnsguder] 59 (naudb)anftﬁhdu&wedback from

the ELGs 40 cComdnkdicd thrbf 629@&1%%&&@@%%@ iﬁ&};@% of Gs tO zﬁl?e | appi ng
ca ?ed

surface 42. The individual pressures time to
change t he’ pr#rye 8 cemmection 8thFIG.4) pdinstcths height Oﬁtbatmdnouvdﬁxmht Gresid

left-to-right atta,tuaﬁagﬂtBﬁa%ﬂtg%%s%%aﬁ%&%@éyéﬂf?ﬁﬁgygﬂ 1 -6 | apping

rate in different regrons of 'the front sur I pe nei ght (SH),
the throat hei §Rbsqrp) ob thepmagnetoresistor pnd; plefitricalllnp| guides derlay@P 66rie preci sel y

control | ed USIa:gzatnemlaaﬁ&etdﬂ%@iotvfi?coﬁhééﬁwwlmdm'@p gui des 40. The

el ectrical | ap guh:ﬁs 40 are explained in nore detail below in connection

with FIG 9. illysipipsn cxosp spationalyiew thas lmnsvmp@@dhq vintesbewaent | y of
one anot heng ﬂifFI@ &m@ﬁ?&%ews@&m@e&hha‘éﬁétd?esﬁu% é]gﬁéure
gener at or 38. il e the ol ng on one s

appin
backsi des of ath 2 ekerical lsg @idesy. ﬁlged@ﬁomgu&%golal@pedt(mﬂmtewm

openi ngs 45 ¢ NATIS. G ok AULgae of e flgichret i uibaaf 9 Bnked S81VEN O 1Y
hol d t he bar-shaped substrate 20 in place durin appl
operation. Al tEPnEe Plyenssl resisance o dheglectrisp] lemslsd&z 0 changproas| ﬂmp@d

si mul t aneousl yeromlaﬁgyw{hg|1@bﬁg@fo@§s§umelgg@%ﬁte@§a§ d@% tdpl e ELG
I e su rate 20 is

controllers 44 \e/(\i't1 si yl t aneous | app
held in pl&te W H&AF Rdicpted Yé%&bqeﬁ@ﬁaﬁ@s’mﬂ@mm@eﬂiw S@PPQG{ nat e

nmount i ng fi Xt Urg sefge heiht® i Zohttsied b Oihe 'aﬁpﬂé&‘ f'erssu}cQQI ?pgﬂ
il lustrated. The weg)s 34 hold the sliders 22 fogether an éhtrench 32
Stress- explained above in connection with FIG. 6. The throat height (TH) 64 is also

controlled or adjusted by the applied pressures during lapping.

In summary, a process for finishing a disc drive slider (22,23) is
20  disclosed. A substrate (20) has multiple unfinished sliders (22) formed in it, each
slider (22) has a front surface (25) and a back surfaces (26). An etch process is
used to etch trenches (32) in the substrate (20), aligned between the sliders (22)
and to form webs (34) joining the sliders (22) together. A multiple pressure
generator (38) applies pressures (36) to the back surface (26) of one slider (22)
25 while the front surface (24) of the one slider (22) contacts a lapping surface (42)
to form a finished front surface (25). The webs (34) are removed to separate the
finished disc drive sliders (26).
It is to be understood that even though numerous characteristics and

advantages of various embodiments of the invention have been set forth in the



i sol ates each slider 22 from an adjacent slider 22 during the | apping. The
webs 34 hold the sliders 22 together while the trenches 32 reduce1 } g%c 2004

transverse i cal' support of each slider 22 during the |apping.
wpoEA KR

After each O sliders 22 in substrate 20 has been tRYBEY | appi ng
process illustrated in FIG 6, a finished substrate 20 as illustrated in
FIG 7 results. FIG 7 illustrates a finished substrate 20 incl udi ng

finished sliders 23 that include a figished (lapped) front surface 25. The
finishing of the sliders having been conpleted, the webs 34 are renoved.

Webs 34 can be repoved by etching as 25 illustrated in dashed lines in
FIG 7. FIG #&regomgsiescription dogsiher vath details of Jba: strustyes angi fnctioh of sl i der 58

Wi th an i ndugdioue eMbddiBertd N6 WeRAioAOHA @scfosl@%E finbbis d;i(nIE:ig a
magnet or esi stive (SI\/R) t ransducer a}ld el ec%riscal |§§‘6“Sﬁ?g’l'elg’ LGs). The

cross secti on&AgPeRAY Permade gn  detailp spseidlly dml mstterso ofs setwronandur f ace 60
that is part erankaﬁenltépﬁﬁié WhHiA B rinIiEﬁes B fte et dnvintdh Go #O4 WO 02/ 07154
PCT/US01/21561 /7 of the slider 58 that is illustrated I's a portion near
the trailinfg EFETagicatedoby they broad general| mogging oy the, teree e whigh thesubstrate 52

in a conventi gijhdelBRRMY ardlSdpftset NFE} kg, tRIMEESSIdd%chBE AR, gHES. The
i nductive tragsdud%ir 50 inclp & d;g%:ti ve tgansducglrﬁ&?%%gat 62 with a

udes an in ! - AT
throat hei ght 9950408, OB; g earticulsr fapplicaion (ors theeslider peile omeiniainingi 1 -
connecti on Wi kdbstifally Be saslh Wicoriald® witb&thfepRfingt i ihggébﬁékﬁ{@sgﬁrhr oat 62 and
al so the heighf .of a nag?etpresis%%ﬁ_and e?ectrical Iae@guL es in layer
66. The arraﬂ{;g’ﬁ‘e?ffseﬁff VERIoRa g pOsfitiRD; @lthnuely Ak preferred jepbpdimest gui des in
layer 66 i18 aespiitet hedin in ditdeted t6l@ biiet f0p 8 lARWAHTE, RRNBS hipaRiaaty FI G 9.
FIG 9 iIIustratgagﬁ cr@ss secé&ong&nvi wthat s transverse to the view
shown 10 in B¥ skillef)fn thg art that the tesehings of the present iventige cancbersgifisdt or esi st i ve
transducer ( Mg)othef 3ystensh, Bketipé Hx@@lanhak&gﬁsué-d;ﬁféaﬁ&iveﬁ%ith&ﬁdggﬂ}dn m surface 60
is lapped (as.illustrated .i.n FIG the stripe ﬁeight 4 of the

6 %
magnet or esi st fO% HeGPREATE siritos thepassept &vention:  al so the el ectri ca
resi stance of the electrical |ap guides 70 changes as they are eroded
away by the |apping process. Wen the desired |ap depth is acheived at 15
dotted line 76 as indicated by | ap guide resistances, the | apping process
is stopped. The stripe height 74 is controlled by the applied pressures
during | apping as explained above in connection with FIG 6. The throat
height (TH) 64 is also




controlled or adjusted by the applied pressures during |apping. | n(} k DEC 2004
summary, a process for finishing a disc drive slider (22,23) is 2

di scl osed. A substrate (20) has nul ti Bl e unfinished sliders (22) formed in
it, each slider (22) has a front survace (25) and a back surfaces (26).

An etch @Egcgs*ﬁs . used to etch trenches (32) in the substrate (20),

al i gned SHIPRRS | der s (22) and to formwebs (34) joining the

sliders (22) together. A nultiple pressure generator (38) applies

pressures 336 to the back surface (26) of one slider (22) 25 while the

front surf dce) pppssopr finishinga disci dtise slider) cayoprisimg:s a | appi ng surface (42)

to forma finished fro surface 5)., The webs (34). are r ved to
separate the f P‘hi shedB%)lvzcgﬁ%l 4V b(sé.fll AV %‘?t.lplé tu"i)ﬁglsilﬁd 5§H%ﬁo‘gpg‘f4)od
that even though numer eieseistacinslidF hadih€ froRthd LAEY R8s of various
enbodi nents of bhe i nvention have been set forth in the 1 4 DEC 2044 WO
02/ 07154 PCT/ US®1/ 2156¥S1Dg afyeroganaigrestdcprogass énetch gigeehiesin thietsibstetei | s of
the structure and functg; ri . i of, the .inyention, this
di sclosure is illustr a%tll@{e‘l'dggneltvﬁ&a{r}llg%?lgﬁﬂég%gs{gen@%%b‘ém&m%\ﬁbeef'léc?effé,
especially in matters afgetier,ucture and arrangenent of parts within the
principles of the pres ] nve@tion to the full 5 extent indicated by the

en . .
broad general ani ng B?I’IIYII'?&IP HRle Bressitfss dFpm Remuliiplic PESTIIe [Canerion fa
expressed. For exampl epd hekWshiag: 3 shid ik MR GurEBPR Bt On the
particular application for the slider while maintaining substantrally the
sanme functionality wit blider cdetaetsta lagpihg sorfadectosfoomea fintbhegiftont surbdcef he
present invention. In addition, although the preferred enbodi nent to
described herein is diP¥tted to a slider for a disc drive, it will be
appreci ated by Dthose fdmdviitihkvebfle art that the teachings of the present
i nvention can be applied to other systens, |ike tape drive and
magnet o-optical drives, without departing fromthe scope and spirit of

h [ i.on. : 2004. 9 \hat. | | ai is: 1. A pr. f
Fimi Sing & cecimeRof s GRG0 Bicinficf i B okt s erERE havi ng

mul ti pl e unfirsactivetbrsdteideg.s f or med

3. The process of claim 1 wherein each slider includes an electrical lap guide (ELG),
and

E. providing feedback from the ELG on the one slider to the multiple

pressure generator to control the approach of the front surface to the

lapping surface.

4. The process of claim 3 wherein each slider includes a magnetoresistive (MR)
transducer with a stripe height (SH) and
F. controlling the applied pressures to adjust the stripe height.

5. The process of claim 3 wherein each slider includes an inductive transducer with
a throat height (TH) and
F. controlling the applied pressures to adjust the throat height (TH).



t herein, each slider having front and back surfaces; B. using a

m crostructure etch process to etch trenches in the substrate ali bﬂE(ﬂ)EC 2004
between the sliders and to form webs ioi ning the sliders together; C.
applying nmultiple pressures froma rr‘UQTpIe pressure generator to the

back surfage n | ider. while the front surface of the one . slider
contacts agl a% ra?s r?fgcﬁﬁmfv@ TSR ﬁ‘ef?’ﬂﬁlg}? idets At ?@BF dependgptlyyof

renovi ng t he omelwothdr, The process of claim 1l wherein the microstructure

etch process conprises reactive ion etching. 3. The process of claim1

wherein each slider includes an electrical lap guide (ELG, and E.

i di - h lid t | 1ipl
or cssur 6 giner mres e Wl SR e PRl dicefie o “alfdall T ¢ ne

| appi ng surface. 4. The process of claim3 wherein each slider includes a
magnet or esi stj.ve IVR% tr,anéducer wth a stripe height (SH and F.

control | i nb-t PEpsst ebrlpine siherein the muliipls slidess argdannsd siveulgneously. The
process of claim 3 wherein each slider includes an inductive transducer
with a throat height (TH) and F. controlling the applied pressures to

adj ust t he9t Hfteairodess ghtlaipd Hwhedeint thoR@ba Bitd- the sliders tOgethpr arlssack trehcte! ai m 1
wherein the r%lFti.pl e sliders are Iapa@d i ndependently of one another. 7.
The pressur e SHESSEEAAISS g2 g 1tom B agigrent sliger duripg the lapping. apped
sequentially. 8. The process of claim6 wherein the nultiple sliders are
| apped sinul taneously. 9. The process of claim1l wherein the webs hold the
sl iders tod@tTerpragess ebelaim d evlisnein stebe beldi the shders tozathier whileére tienchesan

webe ol ot nael ol Bt RBYMonor orea6 oblef 8635 B lgwMie ncvor sc

mechani cal support of each slider during the | apping. 11. The process of

claim1l where the grooves are defined by sel ective masking of the
11. The process of claim 1 where the grooves are defined by selective masking of the

substrate.
12. The process of claim 1 wherein the etching is directional etching.

13. The process of claim 1 wherein the webs are removed in step D by reactive ion

etching.
14. The process of claim 13 wherein the single crystal material is doped silicon.
15. The process of claim 1 wherein the substrate is a single crystal material.

16. An apparatus for finishing a disc drive slider, comprising:
A multiple pressure generator adapted to apply multiple pressures to a
back surface of a first disc drive slider that is joined by webs to adjacent disc
drive sliders in a disc drive slider substrate;

a holding fixture for restraining the adjacent disc drive sliders;



substrate. 12. The process of claim1l wherein the etching is directional
etching. 13. The process of claim 1l wherein the webs are renoved ith4sPED 2004
by reactive ion etching. 14. The proFess of claim 13 wherein the single
crystal material is doped silicon. 1511 The process of claim1 wherein the
Substrate is a si rystal terial .. 16. .An apparatus f.or finishing a

di sc drive slider nag(ﬁ:ag,gp iiulr%&? g ﬁop]IaB apfrggtsﬂ‘&gacﬁéﬁéﬁ%nﬁ&t ‘iiﬁcaﬂmé‘?j to
apply nultiplsidpr,@asdéures to a back surface of a first disc drive slider
that is joined by webs to adjacent disc drive sliders in a disc drive
slider substrate; &feadhagkgcyit proyiding tsedbask fiom eleetrjcaliep gdfec@hiGslisc

drive slider : . - i rfac ranged.to |lap.a front
surface of tflﬂele ?1 f#g'?g gin ggglg?ﬁr\%%fhegﬁlg@g;p?%ﬁ%gée ergtggé)c(f?n Pf%iapprﬁ ‘3\/i di ng
f eedback fr omfeéhefromtisoehed taphglappiag s(ifaces) in the first disc drive slider
to the nmultiple pressure generator to control the approach of the front

surface to the lapping surface. 17. The apparatus of claim 16 wherein the

mul tiple pnespHy espakis | FdEMindUR) Where] b dbagliqhupm the
el ectrical |ap gu?%les. > 18. The apparegeglgghéﬁmélﬁg}e#?é%ge%% E&gﬁlg[lﬂ& di ng
fixture appl icogtrelledleyuthenfecdbadkefrom dheaedentticallapcguidesve sl iders. 19. An
apparatus for finishing a disc drive slider, conprising: a holding fixture

for holding a disc drive slider substrate including a first disc drive

slider in ¢coMRcippaably 6F LIARDI O IvIRWIA FLholaRY FRARSagplE | tiple
pressures to the pl])?ack side of the filr st d?gigl% dri veaﬂgpi %Igﬁl%%drn?g% appi ng,

and for cont raémcmﬁgii%crfbivmlidcrrpl e pressures by feedback fromelectrical

| ap guides in the first disc drive slider. 20. An apparatus for finishing
a conponent, conprising: a nultiple pressure generator adapted to apply
mul tiple pil@ssuammrdes for Baskingurdiac®ivelslider éshp@igonent that is joined by
webs to adjacent conponents in a conponent su%strate; a holding fixture
for restraining tﬁeh%P&gléer fos hplslinga disc drive slider substrate including a first

disc drive slider in contact with a lapping surface; and
means for applying multiple pressures to the back side of the first disc
drive slider during lapping, and for controlling the multiple pressures by feedback

from electrical lap guides in the first disc drive slider.

20. An apparatus for finishing a component, comprising:

a multiple pressure generator adapted to apply multiple pressures to a
back surface of a fist component that is joined by webs to adjacent components in
a component substrate;

a holding fixture for restraining the adjacent components;

a lapping surface arranged to lap a front surface of the first component;
and

a feedback circuit providing feedback from electrical lap guides (ELGs) in
the first component to the multiple pressure generator to control the approach of

the front surface to the lapping surface.



a lapping surface arranged to lap a front surface of the first conpdneIPEC 2004
and a feedback circuit providing feedback fromelectrical |ap guides

(ELGs) in the first conponent to the #TUHi pl e pressure generator to

control the approach of the front sulface to the | appi ng surface. 1 4 DEC

2004 -12- . of,clhaim 20 wherein the feedback circuit is
connect ed t% %’ gg%@@?ag%gﬁ%%mg%? gggre{rhélp fﬁ?dz’a‘glf CEAULY cqpnectrd toelgericalir £ ace.
22. The apparlap gsidef that are @lispOsedhe i fforlt B@rfieedback circuit controls a

surface shape of a finished front surface based on feedback fromthe
el ectrical |lap guides. 23. The apparatus of claim 20 wherein the nultiple

pressure gen: t i I gach. of the. frgnt surface
to the | ap%?ﬁgl?i ?%ggs (ggiazm 2 nﬁ#@ﬁ%ﬁ ecﬁ%g gigéﬂ qongIstwrng%&appe | lap
gui des. 24. ThBniskppldratt ssrfafe bakal on 26dbable frohithe E&cﬁﬂéhllia?h@idﬁi.essur es are

individually adjustable in real time, changing the profile of pressure
applied fromfront-to-back and left-to-right to vary the lapping rate in

di fferent peorn thd 6f I8t 2 - - f claim 20
wherein the nul tﬁ%ﬁa pressure g%%’%%%ggh%gm@gfﬁegmét eIHI%rgP ecloé'ﬁ?ﬂ]u%i ng
f eedback f r orditegtior bEepproachl ofl the fipui sleface 26 theTlappiag parfadelss Dfuneliéi 6F 20

wherein the L tipl ressure generator controls a throat height is
control | ed usrﬁéﬁéé’a&égfaﬁ’atﬁﬁef?%‘ﬁ&elﬁ%g@%t rical lap guides. 27. The
apparatus of claim 26 wherein the nultiple pressure generator controls a

stripe hei ght usi ng feedback fromthe electrical |ap guides. 28. The
appar at us &f Theapppgusasr elpim t20e whepsin rthe suvltiptee preapsest hee findisidualiynponent

and adj acent ent s _.i.nde dent of..one_anot her ., . _The appar.atus of
claim28 wheraeﬁ n %%%elﬂlrg%&'ﬁgeg B@%\g}%thgpg’&e ?fmgisu@&WBFfiﬁ9m§hﬁ@t't§§ﬁ%gnt
conponent s semdeét-iatight to I8y the BappRRatein difRtert kébiths 2 (N @sfisirrhdae first
conponent and adj acent conponents are |apped simultaneously by nultiple

| appi ng surfaces.
25. The apparatus of claim 20 wherein the multiple pressure generator controls a

stripe height using feedback from the electrical lap guides.

26. The apparatus of claim 20 wherein the multiple pressure generator controls a

throat height is controlled using feedback from the electrical lap guides.

27. The apparatus of claim 26 wherein the multiple pressure generator controls a

stripe height using feedback from the electrical lap guides.

28. The apparatus of claim 20 wherein the lapping surface laps the first component

and adjacent components independently of one another.

29. The apparatus of claim 28 wherein the lapping surface laps first component and

adjacent components sequentially.

30. The apparatus of claim 28 wherein the first component and adjacent components

are lapped simultaneously by multiple lapping surfaces.





