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"Qui d- ance Notes on CodINISEHONGAMAGNEFI@QSIADERY at the begin- ning

of each regul ar issue of theFmI]') CRAHE TRVENTIONTi t | e:  PROCESS AND
APPARATUS FOR FI NI.SHI NG A 1NETI F SLI DER 20 24 (57) Abstract: A process
for finishing a di$f PHFFR QR pelates generally forsliders daf useipamagnetio gener at or

\(/\ﬁsl) apﬁl i ];es storage ch#ves dn@mmlastlﬁﬁﬁ)enubxorellatbg tcbﬁeﬂiocfsthh& aﬁﬁral% @ne sli d;ar
ile the fro r e slider tacts. a | appi ng surface
(24) to form gﬁlﬁ% dm&? ertfhgtd?‘ﬁffg apBPgtaﬁ%"f%"FP Qsqdiyp slidehe sij der (22)

is part of a substrate (Zﬂm;m@mmhed sliders (22) formed
init. An etch O aceag S5 %}0 etch &l‘rﬁenches 2) in the substrate
(20) aligned bet wdaHoE {Be &orig ??gna‘h‘“d 298 195 MeenEh agaslis dalsi ni ng t he

slh i der; EZngwmmpbmtlon@I mayhetrsdsmdmrssnd ii’za%haa,r ﬁrcﬁitd“dr@khﬁﬂcé@éﬂl | ap}Ol ng,
the webs (34 [ ey, i der's The mul tiple
sliders arog corga\{/gr%?ﬁﬁ gscé'ﬁ'&lla a(tag‘boéﬁﬂ’éf’% if; gnd 1pm- é‘?“ﬁf“‘sﬁ%s pFicess and t he
et chi ng pr ocesmyawtherdeut dp irg emilter birs vﬁihldd&ﬂi‘ar(n%ﬁ]hm Jaréw'BEﬁuKﬁﬂﬂ WO
02/ 07154 PCT/ 5 P S Al PPA FOR FI Nl SH NG A MAGNETI C
SLI DER FlI EL#@%&‘ ?ﬁlﬁv %{F ‘Fﬁgpeﬂr ‘? PEAR PETREe STRe deighfeneral Iy to
sliders for uSE)efimaggoedsistive (MR) 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 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

20  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.

25 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.



5 storage drives. In particular, this invention relates to nethods and
apparatus for finishing a disc drive slider that include |apping, &I; {]EC Zﬂﬂ‘t
surface of & gbﬁ?j drive slider. BACKGROUND OF THE | NVENTI ON During th
fabrication"g Ynetic heads for use in magneti ¢ dat a PSYEIHEE6
applications, an array of transducers and auxiliary circuits are

fabricated 10 on a common substrate in a deposition of netallic and
non-netallic |ayers. The array is then cut up into smaller bars, with each
bar including a row of multiple read/%wite heads. The bars are then

| apped to adjust an average stripe height (SH) of magnetoresistive (M)
transducers in theAbmogess el appaamgeretdeédbatthdﬁehxghindle(ﬂ'ﬂ oPbubktpdsICt i ve
transducer in e th . The ircuits in the 15 bars are

el ectrical | aﬁgdgw Qﬁéle(sﬁééﬁ% R Pt WS anhaﬁlﬁg@ ing do Hfdl‘f‘ﬂ’énl’gbpi ng

process. Each mepmﬂentb'abnﬁodtptnmm@tfomachmde} ectrical resistance that
increases as nateri al . ) ﬁg}g i s stopped

automati cal ly when the y cimeii i aver age throat height
are wthinSsaccept amls:ldse&nstasmoceéa‘ hmlrapbhstué &pmntvgm@raoaigs%\}esshq&rrpl ete, the

bars are cut i 20 read/ e or sI i ders using

di anond saws. l@ﬁgﬂ&pe?bs glggy%gu% 3 lﬁﬁaa‘%n B’?#’“ﬁﬁi shideys;fgmed dn api 1 ity to
adj ust only t e Anastelr prpeess tis iged tdﬂ(e’tcbh'sh'essf-lseiitlﬁfga@ﬁcﬁdﬁhﬁahe Enﬁ;mgahé for all
the sliders f [ ear rerral i vari ations
i n i ndivi dual %%Mé’g&'ﬁéﬂp Sf?&’s a“g%F Jé’ﬁ%mga ﬁﬁﬂefsﬂgg%r % in a bar.
25 As hi gher mprasateh mgluémrvsprbsses anaatdnemtgppplnssrmﬂtiﬂe@reshhsrte thé a need.
for bettey C [ rti uIa in the case of
stripe heig {0 %aﬁr %fatcglaoﬁ & ﬁm@l\élgﬁg%ﬁ%em L @1 a 51% %/éﬁ/et 8%handl e

i ndi vi dual sI iinglbvidnal slider cc}nmsplmlgppn@sudhaedu fdnm:aﬂmehedfﬁdnheurfacsml | size. 1
4 DEC 2004 WO Q4154 PCT/US01/21561 -2 A process and apparatus are
needed that can handle bars of substrate wth nultiple sliders in each
bar, while cont r ol Aftergthe sigérmgret Gnishredibyi bipging, \tho webs mctepeprosiatd y cont r ol

stripe height s&ﬁfateeﬁxg Riiddrd, 4RE We§leW n$t tﬂ;HEufﬁlﬁll\éEslﬁgclergyogether 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.



5 Disclosed is a process and apparatus for finishing a disc drive il {ﬂgfé,c
The slider is part of a substrate bar having multiple unfinished sl 2004
formed in ﬂ)n /M54etch process is used to etch stress-isolati n% trenches

in the substrare ™aligned between the sliders and to foPSVHRHEi ning t he
sliders together. The apparatus includes a pressure generator that

applies nultiple pressures to the 10 back surface of one individual slider
while the front surface of the one ingdividual slider contacts a |apping
surface to forma finished front surface of the slider. After the sliders
are finished by Iaﬁﬁnq{ the webs are renoved to separate the sliders.

The webs flexibly H:dliuseatengifinjshadsubsiritelpelydinpfiishiedsliders. a 15 fi xture
during the | appi ngrgy Il | de Qi3 i L, el \i dua liders to nove

I ndependent|ly. The Igcesgglﬁ??g@;%?s?e to g"éégﬂgfh |§/¥d‘%§1 Lu35?nld}fli‘g:‘rv“’can be

i ndependent | y Biiees pdedayerineladipg pmssetotesigiive (MR) trosducarl  of the stripe

hei ght (SH), the ] Leg Rt RN . LqLer. .The etching
process avoi ds da}:rgj 231‘?1}1%%]{5? Ee?rﬁsgg_l cg?fiaéi am)trlllgt]c § gh\%sgge%q%geéﬁeﬁsml PTI ON

OF THE DRAW NGB"W‘PP@?CI'- § qfithedayeninelyding a maprstpresistive winsducei @R)dri ve. FIG 2

i Ilustrates an unpiriseBdmtEbTRNOk RO RN BB SmEALE shed disc
drive sliders. FIG 3 rlTusfrates an uniin > th a selective
masking |ayer. 250 the present invention. adepef myltiple fisn dkvecdides basttreattes wi t h et ched

trenches. Fl Getdhed bdtwiseh il Suabelidbhd kiR - StHe Ak in ctive
maski ng | ayer ) regrmved. Falé’gﬂ:G 1sﬁehrrgtlgf i E‘gl% %*S%@%%%Sé&%ﬁ%%gar at us

appl yi ng mul t i3eEctyedeasky oetehing 5 stoppadshedate i) completeiueutytiraugh appi ng
process. 11 [BRCb&)hving Q%/e@ﬁﬁa'i_"ke%gr Sk 1@?:0'1}7 G?oigédﬁolggthérl fo strates a

finished substrate, i ncluding finished sliders. | ustrates a cross
sectional vi efoRferisntdandiig ‘i‘gfdlﬁ%\s“éFFqP%l?éPm&epmmaﬁs'ﬂhﬁ:@ﬂ ofiptdhing | ayer

i ncluding a mageigs Be Asd &t didondNRis Whith S4Le&/e- contamination in the form of
chips and can also damage the sliders.

A pressure generator applies multiple pressures to the back surface of
15  one individual slider while the front surface of the one individual slider contacts
a lapping 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



FIG 9 illustrates a cross sectional viewthat is transverse to the vigg
5 shown in FIG 8 of the layer including a nagnetoresistive t r ansdlided 2004
(MR). DETA&b%QWR§$CRIPTICN OF | LLUSTRATI VE EMBODI MENTS I n t he present

i nvention, a bar mul tiple disc drive sliders has treREHE¥1 286 hed

bet ween indi vidual sliders using etching. The etching is controlled using

a selective mask, and the etching is stopped before it conpletely cuts
through 10 the bar, leaving a web thaj keeps the sliders flexibly joined
together for convenient handling during subsequent | apping operations.

The use of etchjng _avoids the use of dianond saws which can | eave

cont ami nat i onteRWiliE Bead sesembly 112-1qiaprsss differentrntationsldocationsder detaen thei ders. A

pressure genegt@}y%arsmmgg 108%9n Méldisk Pdcf 14y essures to the back surface of 15
one individual slider while the Tront surface of the one individual slider

contacts a | appi my¥riedewd asemblyrli2 is aptuptpdioanpve adinlly.seletfiedethef t he
siider. The | dRipa0017528 shbfin BYARIPINGhcoits AR TRAR dodork 9dBACK 11 OM

electric lap guides in the one slider being |apped. The s er being

| apped is bl ¥ HosPrasssHtres Hbes dineesn 126 Tipicali érepetagtionobsadippiti ed to it

because the tkeanahasbpn eyisGRovided 8 §vbi§@%joﬁt1hég6}_ ﬁ@ﬁy@@coﬁ%&t&%bnd' vi dual
er appe e

sliders. The ,vvebgflexto allow the sli ei ng to nov
i ndependent | yneiRdes § 9t 146 that pivpts on ayle 420 pysbans ariug bidsthair astuptesithei dual | y

finished by | RRpivigheddiBscBlyS 181Ssc di9ERI0SRENIEs QRBEALRIhAsS rder s,
preferably us%qg&?}g?skl ng and etchij ngﬁ In FIG 1, an enbodi ment of a disc
VP

drive 100 is & the peratiop of thy disg grivegind transferring| datadn and et of theack 126
havi ng st as ag@scsdivé.aces 106 that are typically layers of nagnetic
material. The di sgugﬁ%k 126 includes a stack of nultiple discs and the
read/wite head ad @np|Uusitaey gfuestrae 284p, 4R wiinishedapoudition inclyding| | der 110

for each st apkieiple dhfifishediiSCdrRe eliders 26 air%%ﬁpiﬁ'& H&fsh‘és%h[. LRl digSaRBOWN by arrow
107 to allom/%.4égEC %904 WO 02/ 07154 PCI/US01/ 21561 -4 read/wite head
assenbly 112 i§ercagudeyBriiot simece 3 whiston Jppedouicn isubpeaven fiishing on the
storage surf agocssl Ofilopredsire offofcs isRgsiled b2 baciRRpEleWsiha vRBRGn aREENDI Yy 112 is
actuated to v? rﬁldlldalif/’ rel.ative to the .
15 of each shder 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).



di sc pack 126, as shown by arrow 122 to access different radial |otdf iUgUSZUM
for data 5 on the storage surfaces 106 of disc pack 126. Typically, the

actuation 0%?/97%4"‘“ te head assenbly 112 is provided bﬁ a voice coil
notor 118. Voice ¢oil motor 118 includes a rotor 116 tRaVU§RG58s on axle

120 and an arm 114 that actuates the read/wite head assenbly 112. D sc
chive 100 includes electronic circuitry 130 for <controlling the operation
of the disc drive and transferring datsa in and out of the 10 disc drive.
FIG 2 illustrates a substrate 20 in an unfinished condition including

mul tiple unfinished disc drive sliders 22 arranged in a bar shape. Each

di sc drive slider T2oPpesiion gabsizeoffitenshes 32 ard defiedtly thh mmbkingsgrbaveped i n a

subsequent fi nRsfd | : r . OF LS appli.ed to a back
s EBRES Wl IR ekt R0,

surface 26 (not visible in "2) of ‘éac Wi sc drive
slider 22 is PHiEH i clshing trencherc3?2 inydrder e taccuzately repeadiicuthe sekldng | vel y
deposited | ay @f anB BB b 18 ¥ rg?bgt“; LW 4 and. electrical

| ap gui des s)%foﬁvt hag depos?%t eé’%ﬁ%r@? | C tgggicﬁheéﬁ)}]gﬁ%:%at%lesubst rate 20
with a sel @ct iVl mrIehch a5 dopedsiicens Fhe echingiprocesvds foppert orsomtiolebs 24 of t he
sliders 22. Theetemiedackes 30 809 bardfly throld ' - erned to

defi ne maski ng .gr.ooves 28 wglbch grtgmg%h;tﬂggi\y%dﬁg;&%ﬁéwn%’g%hﬁ{l ayer 26.
The nmasking | g‘i’gﬁh"’f@d‘?‘%n ¢nsriBer- ofVebs Ideare thickl enppglt foihold the iskidem22 t 0 er osi on

D s ki il 13Bing SPRMIGA e bt ArsfiE LA BNCTES 92

have been etched in substra usi a mcrostructure e I'ng process.
. Reactive i oA"Y eachaifer 22tomgvesrespprsiveriepiessutespewlat ibdspeadently of on mi | | i ng
or ot her kpowmerdfat@stlide@hpr e et ching (m cromachi ni ng) techni ques can be
used. Etching proc sgs are known, ~for exanple, from Handbook of Thin

Fi | m Technol ogy, | dstratesithegmbnihsd sider Abwith fheprleting masking 149BC 2004 WO

02/ 07154 PCT/ %&iﬂ&m&rm&t&ﬂ%pmsgsgsic%p@@.d size of trenches 32 are
defined by the naz%klﬁgﬁr oo,ve}sY_ 28 and aligned between the individual
sliders 22. A di r et drmaticelly;illnyiegiesuacessiof applyingiraiindeipressures 3hi ng

trenches 32 i v @f alfinishéd sHB& 2 Auhg)a AL pHISHEs.  REFIBRE K] Mftion of the
15 substrate 20 of FIG. 5 is illustrated with the same reference numerals being used in
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



grooves and etch deep trenches 32. The substrate 20 can be forned oz ? EC 2064
single 5 crystal material such as doped silicon. The etching proces 9

st opped or led to etch trenches 32 only partially through the
substrate 2@8%%)73%11 ng webs 34 that join the siiders 22%/ 1REP1  Webs 34

are thick enough to hold the sliders 22 together during a subsequent

| appi ng operation, and thin and fl exi ble enough to allow each slider 22

to nover responsive to pressure sonewpat independently of to the adjacent

sliders 22. FIG 5 illustrates the unfinished slider 20 with the selective
maski ng | ayer ; 26 renpved after the etching process is conplete. FIG 6

schemati cal | yI?HPFlégttFé&@gferantarmegtb@ffmatﬁmfgqeﬂg Fhe stripd keeight (8FHuUres 36 to
an unf i ni shed o idga R BTN Br BB LG REARER SidkoT b pleiodly POT L1 ON Of

the 15 substrate, k2 Fe@% is illustrated erence
nuneral s bei n§OUE Pﬂnng agk figm; the elsctriead dapi gwides €. The erw’elcﬂelap shaped

substrate 20 rgaﬁeswrhr@énplamkdm%?edetéﬂfbblaw%%eéﬁdn%@%lé%l oi ned toget her by

webs 34 is placed hetween a | apping surface a miltiple pressure
generator 38. Ml t?‘ﬂﬂ puliiplesdiders 29598 rbgt lanped dndeprmdentlsitof onenshotherl e pr essur es

36 that are aumislcadbtemoh&leeqbéﬁkllyﬁbvﬂﬁ a%he® p r@é&ﬁ‘re%%é; d?é)lvrﬂl jders 22 as
i ual Iy

illustrated. ltip essures. 36 can be each controlled
based on el ectPPgIS 5%’5&1%‘5@“91@1@%&&@3@15@8%@%@ gliderg 22 den bont rol | er or

circuit 44. heldoyaifgtke 1oaﬁﬂg5¢bﬂ§gsqg@ﬁargjbje@radﬁgen{ ﬁ‘%ﬁ)&txﬁaﬁh 0 elzgct II:]I tcal
S er a

| ap gui des (ELGs edlsposedlnt eun|n|

is being | appk‘ﬂ gn]vpggeqﬂyg}?ﬁd rqaét@@ psubgimater einsplpogeduripp theslappingont act wi t h
| appi ng sunf acperdidnwhi | e control | ed pressure is 25 applied to back surface
26. A finished froé sur.f by | appi n? at front surface 24

Qr.nmed
based on feedback f ‘&Wﬁ‘ﬁgy’eﬁhed’tql?@ersh‘i%%ﬁrrués wpedcsimuligeosbedback  from

the ELGs 40 casihg ahtipldyRessid eomediordbs tmttemmhﬂetELwoBﬁaﬁrs% twhérre | appi ng
surface 42. The ndl Vi uaI ressgﬁes 36 can I{;@uste inreal tine to

change the pfoty %“Bt GPee. s sipstate 20 (’ﬁﬁ@@ Brplace by mgehenigelly

lef t-to-right ehgagingrite whiss %dmt%%te\/}&&ﬁﬁé)ﬁﬂtﬁé #@éﬂﬂ?%’:ﬁs@ﬁ&ﬁ -6 | apping
rate in dlffere tl{e%onga% the front surface 24. The stripe height (SH),

the throat? heluﬁ sHete} each individual slider 22 are precisely
The webs 34 hold the sliders 22 together and each trench 32 stress-

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



control |l ed using feedback fromthe electrical |ap guides 40. The 004
electrical lap guides 40 are explained in nore detail below in conlnécpﬂ;nz
with FIG 9 ' e multiple sliders 22 can be | apped independently of

one anot herWO%%lWllgpcan be done sequentially with a si ngPel/BY&esth o

generator 38. Wile the |lapping is going on at one slider 22, the

backsi des of adjacent sliders 22 can be held by a fixture 10 with

openi ngs 45 that subject adjacent sliders 22 to a vacuum to conveniently

hol d t he bar-shaped substrate 20 in place during the lapping 10

operation. Alternatively, the multiple sliders 22 can be | apped

si mul t aneous| yof theslides Sgdhat is flustratedds s parongeardiredtailing eds® ofithe skidet 58.pl e ELG

cont rol Ier's 44giiddess kit bh ANGSSe | HPRI el anb R RS it © 20 15

held in place by nechanically engagi hg the we nat e
mounting fi xt uPfeeeieh ioaimapes 2 Thesindeativle tiagsdugetles0 inbledeseis idldotive

il lustrated. ThasdBQIred 6Pl af 4 Sy &l Pg each.trench 32
stress- isol a;t,\@gse,ach sl i der, 2aZ ?t%%g%%ﬁa&fé(’%%? S |%g€&gﬂes %ing t he
| appi ng. Th® ke mganngefion WithdF1G| §) edinsts thohaightyeff theindwotivd throati2 andenches 32

reduce transvegigbhe iBGR3NG ?x%.bﬁetol?ééﬂﬁp tdd é?échﬁﬁq%)b@fi&regﬁglag% 6ﬁ ur I'@g et he

| appi ng. 20 After each of the sliders 22 ins : as n t hrough
the | apping peegsssnt pf thet magneigresipforprgd, elgotrical tapnguidvedn dapest6baise 20 as

illustrated ing h@wﬁd&ﬁ&atﬂwow%@m&ﬁédwim«?ﬁes a finished substrate 20
I ncl udi ng finished slidﬁrs 23 that include a finished (lapped) front

surface 25. The fi ArGSitiytraies & gaess sqctiopal view thaf is frpusvirsero theorigw siowal, t he webs
34 are rempyedin F@SofIte B 65 LERIBY Rietuddy a%a%ﬁ&td?&isﬁfe trasubdr Ry T ated in

dashed lines ip FIG 7. .8 illustrates a partial cross sectional view
of a slider 585Wﬁ169ﬁ°ﬂ 1R &ides e Atrthe bottor syvireri6Qis lpped-(aciillustiatager 66

i ncl udi ng a eGP ), 28 sk WightMR)of tHe hRABSAMGRveHIaBLE S Liak p gui des
(ELGs). The crqss (svéct i,onﬁal, \%iﬁewoi n FIG 8 isvt=3 pesr peeg |§:ﬂl}d%%’ a%'g a bottom
surface 60 thatso the glsstyical yesistapce) of Yasclectrigplflap gnidey|78 changey wriheylard DEC 2004

WD 02/ 07154 PGréddSaik2lsoha 1%pzing DfocdsBe Whkh 88 'destBd B Aepth & dchdivkatated is a
portion nezlisr tcwtatec{ {in%l7|6 Iap %&%atg(ia byOI];p éuri]cfe resslis!tag(?eg, tl?esl'apping process is stopped.
The stripe height 74 is controlled by the applied pressures during lapping as
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



Slider 58 is forned on a substrate 52 in a conventional manner using thin
film processing techniques. The inductive transducer 50 includes a’m' DEC 2004
i nductive ?Vb%%ﬁy“cer throat 62 with a throat height 64 La 5{ gls

surface 60 {as dedcribed 5 above in connection with FI G ts the

hei ght of the inductive throat 62 and also the height of a

magnet oresi stor and electrical lap guides in |ayer 66. The arrangenent of
the magnetoresistor and electrical |lag guides in layer 66 is explained in
nore detail below in connection with FIG 9. FIG 9 illustrates a cross
sectional view that is transverse to the view showmn 10 in FIG 8 of the

| ayer 66. Lay&reesms; dresriptien tassiiey athodetals of jthe struchirss sndc BnctionRf 72 and
el ectrical | aparfddé Qﬁﬁodﬂgentso@f b @n@&i&lofﬁss&ﬁcﬁ@.ﬁ% Tjﬁﬁlﬁbtﬁn]v@%? d,gas

illustrated in FIG the stripe helg e nagnet’or esi stive
t ransducer 72°1Laﬁé‘ﬁg’@§y bo?nH‘a %118 odetaile eéﬂeé’éﬂhléalmﬂempgtsmeoﬁndt he

el ect 1 cal | aBryknas of fuRaE BBk BB oR e pralAURLyRAY diraine | 20P1 N0

process. Wien the desired is acheived at 15 dotted [ine 76 as

i ndi cated By Fxignt dEﬁ‘EPéEdr E%lﬂéﬂ hwe@&nem%em?aaﬁp.quthprtmss Wwhichs thepped.  The

stripe height ded RN rOtdpRidsclY | appi ng as
expl ai ned abogﬂpén : 50y F&Qﬁmﬁﬂ%kﬁ%ﬁ% ?%g'fcg%g%klv&?ﬂ—b 64 is

connection Wt
al so control ‘E‘i‘g 88 g’?t@dh‘lﬂiﬁrt%@%ﬂ} iferg thr é%bﬂé’éednmtﬁ’gmgappl ng. In
SUMMAry, a pramesatiallpthefsami Kicticha ﬂtlydhﬁxﬁut%f)a‘fﬁlgsﬁ'dnfiﬁﬁ sdop€ ardapjritS 20
di scl osed. A s Bﬂstrate ggo%{l has tiple unfinished sliders (22) fornmed in
it, each sl | °(Bresent, oy oﬁ’t additiqn, althquely jthe, prgfegred gmbodimentaces (26).
Aln et Cg Erlocea&cmlfed hereiads Hﬂecﬁ%&&a%lﬁ&gfohﬁﬂ%sé dhve, itgwﬁ b%a Bl aye (ﬁo)
1 Sers (22)" Euetkilel i 2 i e 5 teofhoess of o regeshiention ofrisapiisg ”?. es
pressures (36)o cttmertsmenlisaﬁke fapé Bineeeund ZGkndd-oRR8 EivesIRithdud ddpadighhi | € the

front surface of qQne slider (22),contacts a Iappl ng surface (42)
to forma fi n#é’ﬂ sF?R? 3%??0585P(°2§)t1nv‘?*ﬁ{9nmebs (34) are renoved to
separate the finished disc drive sliders (26). It is to be understood

t hat even though numerous characteristics and advantages of various
enbodi nents of the invention have been set forth in the 1 4 DEC 2044 WO
02/ 07154 PCT/ USO1/ 21561 -8




foregoi ng description, together with details of the structure and qucﬂg‘grm%
of various enbodiments of the invention, this disclosure is illustrat
only, and changes may be nmade in detail, especially in matters of
structure and arrangenent of parts-®i-thin the principles of the present

i nventi oa,hgolstﬁe f&llsl 5 extent indicated by the broad general neaning of

the ter e appended clains are expressed. For exanple, the
maski ng and etching may vary depending on the particular application for.
the slider while maintaining substantially the same functionality w thout
departing flr onprosesssfopfnishing aslscrdrive stiflert ¢ranprisissent i nvention. In

addition, althoygh the_pref.erred.epbodi ment to.described herein is
directed to a s;Al'der fgfovgciug% sacsms&gt&dhqvfn&/ﬁ tlpj‘é LE‘&B}SEE‘? éﬁg?fs Hprmedhose
skilled in the art thathetdig, dactosiiienBsvig froRandasiefirfdcByent i on can be
applied to other systens, |ike tape drive and nmagneto-optical drives,

wi thout departi By froH$inge MieisEucivg etqh proeessto etak tienehes in thersubsitaton. 1 4

DEC 2004 9 What is cl air IS, . ss for.finishing.a disc.drive
slider, conprising: A bf)g ogi%twn%maégg%@%ra gﬁ(ﬂauafvofljﬁgw IJ(O?IBP%%FM@’I? fShed

sliders formed thereitgethach slider having front and back surfaces; B.
using a mcrostructure etch process to etch trenches in the substrate
al i gned between™ he s| PRRLYIRS JAYUPIS BressendErm jaompltiple pisssuss gemsrafor to

together; C. applying myl tdcR! SrfREL s YhESIid (AR fﬂg'%@'@;ﬂ% 3 WeCone

generator to the back surface of one slider ont surface of
the one slider contacslédea confogts rglapping asoaefadeotof formm @ fihished fiedt fuirdae:;
surface; and D. renoving,the webs. 2. The process of claim1 wherein the
m crostructure etch pr Ss conprises reactive ion etching. 3. The
process of claim1l wherehdvifahb webs.der includes an electrical lap guide
(ELG, and

2. The process of claim 1 wherein the microstructure etch process comprises

reactive ion etching.

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).



E. providing feedback fromthe ELG on the one slider to the multiple
pressure generator to control the approach of the front surface t ol th®EC 2004
| appi ng surface. 4. The process of clﬁ§ m 3 wherein each slider includes a
magnet oresi stive (MR) transducer witt¥a stripe height (SH and F.
controlling the lie ressures.tq adjus e stripe height. 5 The
process of g'clfai}enﬁ?lggs eedfeﬁﬁnbzé’fpegel"? rmilﬁlgfeuvé@grs&ﬁe #&BE@W gendenthe alicer

with a throainelrabtbt. (TH) and F. controlling the applied pressures to
adjust the throat height (TH). 1 4 DEC 29% -10- 6. The pressure of claiml
wherein the multiple sliders are | apped i ndependently of one another. 7.

cauent ai Ty, Tegf S &t BT HrbitngMoblely Sk € BoBLRenSRERY: | cer are

| apped sinmul taneously. 9. The process of claim1l wherein the webs hold the
sliders to egﬂ%r and each trench stress-isol ates each slider froman

adj acent sPi RigsEShe ¢laE ¢ Wbgiciythe mnltiptp sligars aredappsd simultaneausisher ei n
webs hold the sliders together while the trenches reduce transverse
mechani cal support of each slider during the |apping. 11. The process of
cl ai m 1 whér élltetrogesnof/asinai evhdedin thedvdby heokl the klidets togethenghddach Bench
substrate. 12, The process ,(()if | aim 1 wherein the etching is directional
etching. 13. sﬁ{ﬁ%s"ﬁ?lﬁ@éggc%(ﬁh €] 1pTHhaR ¢ shderilaripg e lapping.enoved 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 claim1l wherein the
substrat e 1@ Theqirpegse otelpion 4| whestin webk holiathe slidexp paether while thef trevichés ng a

di dri | ] i sSing:. | t] { dapted t
appty mul 1 pireSEe B pishibict kbt PGB SR AP G AR o' vo o1 i o

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 sl i dék-gthe 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;



1 4 DEC 2004 -11- a lapping surface arranged to lap a front surface of the
first disc drive slider; and a feedback circuit providing feedback f DB 2004
el ectrical lap guides (ELGs) in the Hrst disc drive slider to the

mul ti ple pressure generator to controt-the approach of the front surface

to the | apping sur 17..The a ratus of claim16 erein the nultiple
pressures are i ndia{/?ag) e %urfag%ﬁ{rﬁgfq%eﬁ %9 3 Han %‘g{%ﬁ&g\q/ﬁ? Sirste dise gmé"ct rical
| ap gui des. Idbiderfland appar atus of claim 16 wherein the holding fixture

applies a vacuumto_the adjacent disc drive sliders. 19. An apparatus for
finishing a disc dffegdbaskicheyit proyiding tsedpck srombelaétrigalflapx guides ERGshad di ng a
di sc drive slg . j i i I ryv i der i
contact with tggﬁgségﬁggihggt??‘ééég& {hggiaﬁlﬁglg fgéS% %r;e gg‘géﬁﬁtéf Eogcolx}grpﬂhslagprﬁp sures
to the back sifdee fybntishefade toghe pping safacee sl i der during | apping, and for
controlling the nmultiple pressures by feedback fromelectrical |ap guides
inthe first disc drive slider. 20. An apparatus for finishing a

conponent , 10N hfpatftus afMethinh Pl V\Q{eﬁ%rf U[fé@ frﬂﬁlﬁﬁfeah%snd’e?%a Q{‘eﬁ a?&i%dﬁﬁgl y

mul tiple pressures to a back surface Ist co I'S"J Ol ned by
webs to adj acentrobehinothe ficeslback frem cumglectecdl lapuhsdesat e; a hol ding fi xture
for restraining the adjacent conponents; a |apping surface arranged to | ap
a front surface of the first conponent; and a feedback circuit providing

f eedback f 18Rl Gphrdgadt Haen I8iviREiA FhCRIIdInG fiith&hiﬂggiéé aGABRAASDnd © the

mul tiple pressure generator to control the approac the Tront surface
to the | appi rigiasentfdissedrive slidepC 2004 - 12- 21. The apparatus of clai m 20
wherein the feedback circuit is connected to electrical |ap guides that
are di sposed at the front surface.

19. An apparatus for finishing a disc drive slider, comprising:

a holding fixture for holding a 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.



22. The apparatus of claim 20 wherein the feedback circuit controls{ay DEC 2004
surface shape of a finished front surface based on feedback fromthe

el ectrical |ap guides. 23. The appar aigs of claim 20 wherein the multiple
pressure generator controls a directifon of approach of the front surface

to the | appi fanction of . feedback . fromthe electrical |ap
gui des. 22?1%%5 Sgaﬁlg ‘3@“‘1%%“ g(?]g}hﬁgegbﬁwfg?d&aﬂ( flﬁ%"trﬁﬁlcf’mﬂﬁcéedﬁf’é’i%"fﬁ@z are
i ndi vi dual |'y lapgpidss that sreidispossal at thefeont §hidar@i g the profile of pressure

applied fromfront-to-back and left-to-right to vary the lapping rate in
different regions of the front surface. 25. The apparatus of claim 20

wh inth | : . . tripe height using
Feedback. feam triRef R & R R 0dAREE Ry reb bk QB Eri3Fe i A 20
wher ei n t he nafinisiddefrgmt ssfanedagpzihar fatdback Giobi the 8ledtrichllap ghideei ght is

control |l ed using feedback fromthe electrical |ap guides. 27. The
apparatus of claim26 wherein the nmultiple pressure generator controls a

stripe hei gBITHS hpihrdi@E 8P R 3P Wfﬁ%ﬁ‘fh %eeﬁfuitpﬁ%k)éés?@% %ébgrgfofr i cr%g{rolggaﬁp onent

apparatus of claim20 wherein the |apping su
and adj acent ditsefiomehapproantieqfetheldront yurfice oo ¢healapping surf22. asThRmegabat us of

claim 28 whergin the | i surface |aps first conponent and adjacent
conmponent s Sefgﬁ@ﬁf]fgrf’@gggggtﬂf A EWLESt us of claim 28 wherein the first

conponent and adj acent conponents are |apped sinultaneously by multiple

| appi ng surfaces. . , ,
24. The apparatus of claim 20 wherein the multiple pressures are individually

adjustable in real time, changing the profile of pressure applied from front-to-back

and left-to-right to vary the lapping rate in different regions of the front surface.

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.





