WO 03/ 105134 PCT/ US02/ 14379 SLI DER DEPCSI TS FOR CONTROL OF POLE-TO DI SC
SPACI NG FIELD OF THE I NVENTION This invention relates to disc drives. In
parti cul awp iBhd334 nvention relates 5 to tenperature conp@aTALSODM3CS

pol e-to-disc spacing (fly height) of heads in disc drives. BACKGROUND OF
THE | NVENTI ON When a disc drive is energized, it warns up and has a
tenperature rise. In particular, there are |arge tenperature rises in the
heads used in a disc drive. 10 The heads i nclude magnetic transducers
deposited on slider substratSEIDIBR PAROASEIS B Rucers carry el ectrical
currents that generate heat in the heads. The tenperature rise in the

heads is |arge becauG}ONERG@RIOIMPQI ESHEQ-DISCISEACENE in relation to
t he amount of heat that is dissipated in the nmagnetic transducers. 15 The
magnetic transducers typicall M@H@lﬂéﬁi cient of thernal
expansion (CTE) than the slid ubstrates., As tepperature iLncreases, the
nmagnetic t ransduc3$§s R, IFGEeéjf)g‘tiﬁ %{Ve& Ié]rpeag?%“ﬁdprr 2 YRR ]f?ga%%ﬁ i der
substrates. TRnifaeielcofyBRAto06f FAsSEist Beadde) @y gtroftliepds idfdische
magnetic transducers to protrude with respect to an air bearing surface of
the slider 20ri¥estrate. At higher tenperatures, the pole/shield tips are

closer to the nedia and tﬁg .ﬁﬁ“}ﬁ?ﬁﬁ? so cal led

t ransducer - medi a spaci ng m—w - I f the pole-to-disc
spaci ng at | ower N¢ges distlideve & dieigital gewansughand e a erperandedise.

pol e/shield tips hit the nedja at higher ,terr,pgég}lure. J

. To.avqjd . .
transducer - ey partiselat dbsre gre Wgﬁﬁémp?rg%‘éiﬂéﬁﬁ pals uﬁ?ff%”l‘ 1sC S5V ¢
spacing g | %@rh[eaggfﬁ@cﬁ@&e%ﬁ ndt $ERIuESS AchyShy dPt8Rr sSIBESatdargR pol e-to-

disc spacing at lower tenperdtures, however, undesirably limts the
el ectrical peghainbacducts caanskatEnk cupents ilotlgandrytet st & 8wl hdaids. density

I(D%I'I'? 6@657 123;‘@3 lill%e?aturienr?sg)in %hré%}ea s lat%ge %gcrgtiuseé/ t?x(ej hee\l/g; h%% 19 leurface
area in relation to the amount of heat that is dissipated in the magnetic
transducers.

15 The magnetic transducers typically have a higher coefficient of thermal
expansion (CTE) than the slider substrates. As temperature increases, the
magnetic transducers thermally expand at a greater rate than the slider
substrates. The thermal expansibn causes the pole/shield tips of the magnetic
transducers to protrude with respect to an air bearing surface of the slider

20  substrate. At higher temperatures, the pole/shield tips are closer to the media and
the pole-to-disc spacing (also called transducer-media spacing or fly height) is
reduced. If the pole-to-disc spacing at lower temperature is not large enough, the
protruded pole/shield tips hit the media at higher temperature.

To avoid transducer-media contact at higher temperatures, the pole-to-

25  disc spacing at lower temperatures is kept relatively large. This large pole-to-
disc spacing at lower temperatures, however, undesirably limits the electrical

performance of transducers, particularly the areal bit density (gigabits per square

inch) that can be achieved.



-2 A nmethod and apparatus are needed that correct the problens associ ated
with pole tip protrusion at higher tenperatures. SUMVARY OF THE | NVENTI ON
Di scl oseawarngniesibead for a disc drive and a net hod of mekipag/usemi4sead. 5
The head conprises a substrate. The substrate includes a trailing side and
a substrate air bearing surface that 4% shaped to fly over a disc and that
generates a first [ift. The head al so conprises a magnetic transducer that

i s deposited al on% the trailing side. The magnetic¢ transducer has a pole
tip that is spacef Bphed apd @ﬁ?aratuaﬁ@@esﬁﬁdaﬂlﬁbm%ﬂm eblepagsngiatethe head

al so conpri s%hﬁcfétgﬁéro%ggﬁla{h%gﬂqgﬁ shiued along the trailing side. The

first deposit Irst orrpen ating air bearing surface that
changes position relative tSW@Fr%MENﬂ“ml ng surface as

t t [ ddi t d bepefit
apparent i th a LRGP Siegk et 57 2 RS ORI ) hGo MR ARG Le BFRT on and
the cor T eSDOMHM ek AAAS: o 1onseET) PESRRIRT i Jh‘gﬂ WG 1 G 1

illustrates an enbodi nent of disc drive including a head with a first
deposit that subﬁmtgdeﬂoearmgsm&catthat@ shopgsktosihit ovey aadlsc amdathatrggn@aues ace. FIG
2 schematic ol hustr S a _cross-sectipon, of ing. FIG
3 schemat 1 cameptify [HERFEHER BompBes s Satnelh cBpsdlesiolly HRpSbTraBRRg” 20

FI G 4 schengtingdldgykidd. THE iaahesc t@ar@d&%ﬁh@@@ﬁél@lﬂl@'thﬁllﬂﬁoa\éécﬁa%aﬁfﬁ@nhead at
roomtenperature flying over a disc surface. FIG 5 schematically.

i | lustrates % déscob%-a @elg-ondipc spaingsi Bie dead aleaeompriseg| @ astedenostiper at ur es
wi th polg ti r f tically
illust rat?) es %pgélge;dsage%{heo&n%#ﬂ%ﬂ e%:/hiegiv{/gﬂo e$8§1? |Hrcs S Elr gr’r%)gl ?ﬁr%ﬁggof a head
that incl udesir deateposirfaced thit ehangesppusitidn redatiiier tobghardubgirats airf aging FI G 7

schematically jllustrates a cross-sectional side view of a second
enbodi nent  oTHZCHBLEIPREIUIE iRGASeS a deposit with -a conpensating air

bearing surface. aqditional features and benefits will become apparent with a careful

review of the fdllowing detailed desbription and the corresponding drawings.
15 BRIEF DESCRIPTION OF THE DRAWIN GS

FIG. 1 illustrates an embodiment of a disc drive including a head with a

first deposit that includes a temperature compensating air bearing surface.
FIG. 2 schematically illustrates a cross-section of a head before lapping.
FIG. 3 schematically illustrates a cross-section of a head after lapping.
20 FIG. 4 schematically illustrates a cross-sectional side view of a head at
room temperature flying over a disc surface.
FIG. 5 schematically illustrates a cross-sectional side view of a head at
elevated temperatures with pole tip protrusion flying over a disc surface.
FIG. 6 schematically illustrates a cross-sectional side view of a first
25  embodiment of a head that includes a deposit with a compensating air bearing
surface.
FIG. 7 schematically illustrates a cross-sectional side view of a second
embodiment of a head that includes a deposit with a compensating air bearing

surface.



WO 03/105134 PCT/ US02/14379 -3 FIG 8 schematically illustrates a bottom
view of a third enbodi nent of a head that includes a deposit with a
conpensatwog3aniidbeari ng surface. FIG 9 schematically il lpastusat/es’a bottom
view of a fourth enbodi ment of a head that includes a deposit with a
conpensating air bearing surface. 5 FIS-10 schematically illustrates a
bottomview of a fifth enbodi nrent of a head that includes a deposit with a
conpensating air ryn sur.f e F a
bottom view of a Eﬁét nu8¢£65 31% oﬁﬁ%ﬁbl nlél}ny%%ljg{)%lﬁ é"g‘f)‘?.st with a

conpensat i ng adkfid ihﬁﬂﬁlbﬂﬂ&&ﬂéﬁﬁﬂ withl i&onﬂ;%n&nhg miateasihg yurfdckust rates a
bottom view of a seventh enbodi nent of a head th i ncg?(ijes a ﬂepom t

with a conpensati H§Caf fchseatieally 1§H$t¥33‘€'é‘ bogipgy vigw ‘gé‘ ey Plyst r at es
a bottom vi ew 36 dbabo Lipelcwdes a deposit
with a corrpen %4%@?3‘%%%?%395 rhtconﬁ;ep?aﬂp% 5 Qﬁ]%ustrcat es a graph of
pol e-t o- d§sc spaciFhg. E(Bs@eﬁluﬁczﬂ]yaﬂusijfates rachtte Rl nawm‘f adfiftto empbodisentngf ai r
bearing surface along a trailin head. . 15 FI 15 illustrates a

graph of pol ehegd atinclidsyd dep g“&‘g‘fﬁﬁ?&ﬂeﬁﬁt%aﬁrb&?’flﬁ%ﬁg “6f a conpensating
air bearing surfage;ay O%e@aﬁm iR 4o o ol Gbodifredilof
illustrate bottom and trai de views of head with deposits of

di fferent hea@hadsthatma]mgesja dd:pmg&mdtea caznqaeospémgaurk@amwurfa@e magnetic

d he. head [
SurTaces ai a trationt ey ol & IR B 3 ShEREr gbfnel, )

with a diffepenhesOfhfin6hugsa &B‘poh'ﬂ%tﬁ%'coﬁ?@ﬂd&ﬁh@ﬁlr behday §dﬂﬁc§ubst rate
and/ or magnetic transducer |ayeéers. The | i ke surfaces egate an

addi ti onal conpen&&Pi }ﬁgscélﬁma%@élb’llﬂ’gstﬂﬂ@ﬁéé’oﬁﬁmt‘ﬁ%wﬁ’é%@g ﬁh‘r“‘% &¥di t i onal
force |ncreas | if re region or
decr eases su8 Bﬁad(th%\/\%{\}glvawg‘%fdafée e?l}%tﬁ & r%a g)ﬁllrlg\l?v prggsr'sug%%é region. This
can beneficially Fi@pensdlusrass aogmﬁttofgmﬂ@t-d -disclispacispasi adunwtien athanges in

tenperature occurs. Wth the use of the t he l e-tp-di.sc spacing is
i recession of a compensating air bearing st? ace along atpa?hng ed%e of aﬁeadp 9

15 FIG. 15 illustrates a graph of pole-to-disc spacing as a function of
protrusion of a compensating air bearing surface along a trailing edge of a head.
FIGS. 16-17 illustrate bottom and trailing side views of a head with
deposits of different heights arranged alongside and over a read/write magnetic
transducer.
20 DETAILED DESCRIPTION
In the heads disclosed here, pad-like surfaces at a trailing edge of a head

substrate are made of a material with a different coefficient of thermal expansion
than the substrate and/or magnpetic transducer layers. The pad-like surfaces
generate an additional compensating air bearing force on the heads. This
25  additional force increases lift (upward force) of an already high pressure region
or decreases suction (downward force) of an already low pressure region. This
can beneficially compensate or correct pole-to-disc spacing when changes in
temperature occurs. With the use of the péds, the pole-to-disc spacing is

temperature compensated and a narrower pole-to-disc spacing at room



tenperature conpensated and a narrower pol e-to-disc spacing at room WO

03/ 105134 PCT/ US02/ 14379 -4 tenperature can be selected for use. A higher
density oWwodatiesiss orage can be achi eved without danger offChamd2/e43ashes at
hi gher tenperatures. Thermal conpatibility between substrate and overcoat

| ayers on the trailing side of the sli4er limts the choice of materials
for the slider. The use of 5 materials with very different coefficients of
t hermal expansi gn,can d i t i ! i reas. t hat
may adver sel m&’f:’?ag]grg Ctahgt?epsoqﬁée)cf‘%dgforrg? é’clgxs%1 gérn%é.}&&% ogé%%ﬁﬁ% %%S:H:g hi gh

(1 ocal) tenpashadved evithear dddger oiigadtiashestat Aiphetieapermturses t her nal
deformations that |ead to protrusion of the pole ti ang contact with the
di sc surface. GoolherBnl cOmPgHbiike bpigieen  Ybside WHaLYHEPH Javeip OReti§i r ed f or

good mechani ¢ali 24t Gl @t ideRlinhS WOHRRAGE miiBi ATRIARETRIS HRSERIdred el ow
features at e trarling edge of the slider expand due to tenperature
changes and ibigsialsr with eveayg diiffexent coefficichmaoi tigrmpl essansionatanhlegh eto

t enperatures_and .c ensate f .h | e-t o-di i t | t
fome of 1 he AR GHbGEa It SRt sing dRarathaty S ERaS Rbste e et ol ent
of thermal eﬁ?@@ﬁé&@g.(fﬂr @mkhﬁ&, % RicBf @5 Yerheghtare heanththahgmhic

substrate and/ or  overcoa The pad-like features can be placed in a cavity

in the substramtieceorcansesttherma defooastiensethat lepditp iprefrusianedf therpolptin,

preferably close to . th magnet i ran [ ﬁuﬁ e ridy:.limted

to that regi%’r?il. C‘E&ﬁé‘(@bﬂ&?ﬁ%&“ afcéﬁ ?Pa(?%;g)lgtamhei gﬁ&%ﬁee@e‘ﬁgclséﬁlcgl\%elrs t han t he

ai r-bearing RyhiraC®r OBEnecldieas hksledtfics befferaadegeonet ry and material s of

the features are selected in such a way t as tenpéijrat re c %gges,
t

either due to anbitepmbedimgsaisadeseiabedhbsipw 5‘%‘“@6@ af dhe HauigRyles o nmagnet i c
t d , i I : ot tud f
ransducer %lﬁ?% %)gﬁhﬁﬁdue% ?%@ﬁ%%éﬂﬁféc%%{lé&%hecﬁﬁy&@aﬁhc'tﬁﬂ?l%ﬁal a?ﬂ“ﬁ‘ea.ﬁhé' tude o

the pad | eve ve to air bearing surface level on the
substrat €. TResutenat highewitdrhperatems eand debintpensat fai thebpaleitogisprapssivge and

will 25 increase total lift for the head, and te ratur 0 nsate the
pol e-t o- di sclosspcleas smepnatibs H@teﬁ‘&Pé‘S"tq EO %uﬁglr%litfsec??ﬁﬁrg;@%‘?e Bflg 1
i11ustrates AU MBRmAf cPafice (GTEY tal QD piefshbig Highe thanthat of

substrate and/or overcoat. The pad-like features can be placed in a cavity in the

substrate or on the overcoat area (trailing side), or bofh, preferably close to the

magnetic transducer, but not necessarily limited to that region. Preferably, the

initial pad height level is lower than the air-bearing surface (ABS). The size,

20  shape and geometry and materials of the features are selected in such a way that,

as temperature changes, either due to ambient temperature change or due to

heating of the magnetic transducer, the thénnal distortion of the feature changes

the altitude of the pad level relative to the adjacent air bearing surface level on

the substrate. This in turn will create additional air-bearing pressure and will

25  increase total lift for the head and temperature compensate the pole-to-disc
spacing between the pole tip and the disc surface.

FIG. 1 illustrates an embodiment of a disc drive 100 including a head

110 with a deposit that temperature compensates pole-to-disc spacing. Disc

drive 100 includes a disc pack 126 having storage surfaces 106 that are typically



110 with a deposit that tenperature conpensates pole-to-disc spacing. D sc
drive 100 includes a disc pack 126 having storage surfaces 106 that are
typi cal | yWo@30®1305134 PCT/ US02/ 14379 -5 layers of nagnetrca/usar/essral . The
di sc pack 126 includes a stack of nultiple discs. Aread/wite head
assenbly 112 includes the head 110 wi ttva magnetic transducer for each
stacked disc. Disc pack 126 is spun or rotated as shown by arrow 107 to

allowread/ wite ad assenply .1 t Is i 5

| ocati ons f%y%féto %ﬁgx%% %%8%%%@ Su@f%gg(g{si%%%%&{ege% Eq:}% gﬁc%gac ﬁ-hlf:G.

Read/ wri t e hgiaeh. as seadbiliite lhbad hsseatbly al 2 dndlwdesule headl H With a mbgddtice to t he
di sc pack 126, as shown by arrow 122 to access different radjal | ocations

for data ontransducer femepshstackeddisc.disc pRclyI AT ISHPER 01 3@t ASSRAVIPY { he
actuation of [ AwA I 1199 +RQVd i coi |

not or 118. \%?(E:‘ga‘lglg)% a%w%gt or ﬁgéglan%éfﬂrégg 1§2rt§tag¥ésg%gﬁ{?%nat? O%lig\l?%?s on axle
120 and an alooatichd forduta omthie ytres: dubfaceseld/onrthe disbpadk 26senbl y 112. A
circuit at locatign 130 controls the _position of head, 110 and. el ectrically
interfaces the-r e%@%ﬁeeh%e?dseﬂ}?}yvﬁltztfsé‘cmé‘i?ﬂﬁﬁtm?lvﬁ r@ﬂ\%ﬁ?”olﬁ We.°r G 2
schemat i cal l%? I YREE 396 Ss BB bg%{'roﬁfr 2950 266dsé AfFreRint PadiabkatiBls fRr @ 15

disc drive before Iapping. Head 200 includes a thin filmread/wite
transducer @i onithé sipears sanfdcast H¥r of disepaclt 126.nEypidatliis thecreptaignfadr  ar eal

densities of 2 i gahj t s/ square.inch.or. .nore.. The,tran cel. RS

deposi t ed onreﬁg/gvﬁg%ﬂ?a?taegs%s@ya}121?‘81;05@(%85’%& Yicg rl é’g)éslggt)e?lscgl])cé}llt from a
subst rat;® 20ghotdat] sextiRaesa ko d96Shat2dibotd s 46 136 antl|aasiriinl &4l thathe
portion of head 200 that is illustrated in cross 20 section in FIG 2 is

near the traddtasy the sadppite dradapsmbhit bl 22 dacieuiiy lesaieml 1 hrontolsing

per pendi cul géosﬁt b8k #Hali dﬁ?%ﬂ@e&ﬁ{éﬂ?ﬁﬁte@? Ohe LBRINERTe28910 Tign gubstrat e
201 is preferably torned froman ele tr|cae[y conducting ceramc naterial,
such as a m ednpgingfenaironmentm oxi de (A1203) and titanium carbide (TiC),

referred to-in this applicatign.as "AITiC', 25 A basecpa rial 202 is
deposi ted on the_ﬂcéizlﬁc_ gRalid ?’2@@“&?"’53&’6’%{4 &oes-SFHIn © éea@s@cﬁ%? mat eri al
202 is an el et plicablitrd RPPING! HREd 780 @hdlades of thid Eifth lr¥ad/write transducer

214 with gaps and other internal dimensions adapted for areal densities of 20

gigabits/square inch or more. The transducer 214 is deposited on a substrate 201.
A large part of the head 200 is built from a substrate 201 that extends to edges
215 and 216 as illustrated. The portion of head 200 that is illustrated in cross-

20  section in FIG. 2 is near the trailing side 209 of substrate 201 along a central
plane perpendicular to an air bearing surface 222 of the head 200.

The substrate 201 is preferably formed from an electrically conducting
ceramic material, such as a mixture of aluminum oxide (A1,03y and titanium
carbide (TiC), referred to in this application as “AlTiC”.

25 A basecoat material 202 is deposited on the trailing side 209 of substrate
.201. The basecoat material 202 is an electrically insulating material, typically
AlLO; with a CTE close to that of substrate 201. The basecoat material 202

forms a bond to the substrate material 201.



A1203, wth a CTE close to that of substrate 201. The basecoat material 202
forms a bond to the substrate material 201. WD 03/105134 PCT/US02/ 14379 -6
Deposi t eawpasBabimd« magnetic | ayers fromalloys of iron (FeCr/usowksi (N ),
or cobalt (Co) forma |ower shield 203, shared pole 204, top pole 212 and a
core 206. Core 206 conpletes a wite Thagnetic circuit through the center
of a coil 208 and through a pole tip 220 at the air bearing surface 222.

The netallic 5 magneti.c d h%}égﬁcsmggg%iﬁ%?@%ﬁ%e?%% oﬂ‘r%?ﬁ%)l, gichlz@qliF?l ar ge

coefficient of theyRar® Xpansi magnet’ 9Fe21
with a CTE ofr @Bal{CaPfodn s 1dWer $idld THE, shatetieobol(4, RPSpdlm2thend 2 eorsducer 214
IS preferablil made from cogfer wth CTE, = 16.5_ X 1%}@ /| C org{lrom anot her

hi ghl'y el ect#06c &larg 206 sempleissg Witemagagicoeiret tyoush the centenelip 08, 207 s
typically f : 0 bStir W EThsihdthidic to or
even | arger O%qgt%m{ E%H@Egﬁo?e?ﬁg%tél F?%éﬁgltg. %@falggyzgrisrrgg?ﬁé 204, 212,
206 and the Kdgneoit lajees 203, 264,C212] 200 §/picably driste tilagakoefpisst ofctliermdul at i ng

| ayer 213 fills the ce around, | (- shi.el d 3 nd r ed.-pol e 204.
Layer 213 isewl%ﬁé$%& W%B?HCA%XZ\%’SN%%EM t?‘rﬁsciﬁbdé O’tltof}tﬁ)g&e oat | ayer
202. A read @gnsor 205 is formed in a very thin layer between |ower shield

203 and shared pol e 204. Read sensor 205 is typically a nmagnetoresistive
(MR or giant nefmewoitesisi08e tiavR)sdyesrddd is priqrahly apade frgm cepredt ri cal

s conventVBAG Fanhars o ¢ ot o ol bl Rl ENS oondlleafighEl, 7 C11

over coat; gor §olegat | ayer 210 is deposited on the top of all the transducer
214. COvercoat |ayer 210 is tggi cally al so maéj%from A1203 with a. CTE cl ose
to that of the substoikhingulgion 200jepabenily| feymed 208 f SUH prodid Wither 25

gﬁgof ie;idon tl%rg%xe?ﬁ? sEhiBE b | G alvef QRIAF Sin( BRUCTE | dfshE ah&dhicf Ragdeie coil 207
layers 203, 204, 212, 206 and the CTE of the write coil 208.
An additional deposited insulating layer 213 fills the space around lower
15  shield 203, and shared pole 204. Layer 213 is typically made from AlLO; and
forms a bond to basecoat layer 202.
A read sensor 205 is formed in a very thin layer between lower shield
203 and shared pole 204. Read sensor 205 is typically a magnetoresistive (MR)
or giant magnetoresistive (GMR) sensor. . '
20 For clarity, elec.trical leads and contacts, formed from Cu, Au, or other
metals or metallic alloys in a conventional manner are not illustrated in FIG. 2.
An insulating overcoat or topcoat layer 210 is deposited on the top of all
the transducer 214. Overcoat layer 210 is typically also made from Al,O3 with a
CTE close to that of the substrate 201. Overcoat layer 210 is planarized after
25  deposition to expose electrical contacts (not illustrated) for the coil 207 and read
sensor 205 in the transducer 214.
After the head 200 is formed as illustrated in FIG. 2, it is lapped to shape
the air bearing surface (ABS) 222 that flies over the magnetic media. This

lapping is explained in more detail below in connection with FIG. 3. .



sensor 205 in the transducer 214. After the head 200 is forned as
illustrated in FIG 2, it is |lapped to shape the air bearing surface (ABS)
222 that WbDioagozaser the magnetic nmedia. This |apping is explusones7e n nore
detail below in connection with FIG 3. WO 03/105134 PCT/ US02/ 14379 -7
Throughout this application, reference’/munerals used in one Figure that
are the sane as reference nunerals used in another Figure designate the

same or conparahl.e featyupes. FEl 3 j ioJal: & '
cross-section of b@’i&“ﬁ?‘@&ﬁ%ﬁ?ﬁﬂ"q&% F%%%gg?&h@%awgehéﬂgﬁ g&ﬁ%p&[ ng has
been perf or BRItk e s ReBEnEOMumENIsiuser tnheofiied Fense dedfigazpthesgmedrt he air
bearing surface (ABS) 222, the substrate 201 and | ayers 202, 203, 204,

205, 210, ZP@Hmaéﬁb&r dagesat different rates due to their different
rechani cal and chap 63, J-ARRNY hiSraE] Gorod SEHGHBE Ak 200 hivskiiad s the

typical positions o e various Tayers relative to the air bearing

surface EABS) F2@22 afitielapifg hapbicncperfoyped ah ithe haatl @00 alerisg #@Zregess 210,

whi ch can be A1203 or. other mteri.als, E%r)ezlﬁrﬁjged nor.e trqan t.he substrate
T

201. Layer s %02pping of fheatf pgaring gugeedg pubptegte, 200 S IS ai v
beari ng Surf@gez&zﬁzo@f 26315 h! @fzeax%(%}?dedl\ﬁtd@#férkﬁ ARENRE it6 they @iFferea03, 204,

212 form ng the"transducér 214 are also recessed with respect to_ the
substrate 2Qfedhatictlheidrcheminat sioparties. Flfpidceshematiqatly liBusteestthaypidaht of t he

A1203 | ayers. The ni tude of the regession, of. ' I d shields
with respectpoﬁwopﬁng’ﬁﬂéF?‘éstléyeéﬁl athvg 8?‘? it byerin rgﬁg‘gé perf%r%r?af%ge and it
is called "neh@nd i PyFiARSShONayd TR 2 21Thevhéts bad bei N&G15 sthens wher e
the edges of all the |ayers would be with zero recession._ For ctharity, t he

magni t ude ofmpetids; &rp arededsmiptntiprahe substeainy P bt ety oth 2H4-@1 32D npar ed to
an 20 actual head, . fhe head §90, fééd“éi} rb%&ﬁrggt kﬁ}fzﬁg%z or sutdegs Jmt i nclude
R i5°R CONpens

a pol e-to- di 85S¢ ng-tenperatu Ion deposit, and the problem
with thernalMpelie mbigetioriayds 06N 204 21héathihg ke treasdudd2idsaiel dlestrated in
more detall rlgceelsgggl \I;v1rt]h recsggctc] %g ’Ehieos?lbgmt.rattehZ(ﬁl l()aust'théf rSe'cession is typically smaller
15  than that of the ALO; layers. The magnitude of the recession of magnetic poles
and shields with respect to the substrate edge is critical for head performance
and it is called “pole tip recession” (PTR) 224. The dashed line 217 shows
where the edges of all the layers would be with zero recession. For clarity, the
magnitude of pole tip recession 224 is exaggerated in FIG. 3 as compared to an
20  actual head.
The head 200 illustrated in FIGS. 2-3 does not include a pole-to-disc
spacing temperature compensation deposit, and the problem with thermal pole
tip protrusion in a head like head 200 is illustrated in more detail below in
connection with FIGS. 4-5. |
25 FIGS. 4-5 schematically illustrate a cross-section of a head 403 flying »
over a disc surface 440 at room temperature (FIG. 4) and at an elevated
temperature (FIG. 5). During disk drive operation, electrical power is dissipated

in the disc drive, particularly in the transducer 436, and the temperature of the
head 403 increases. The temperature of the head 403 itself and/or of the



25 FIGS. 4-5 schematically illustrate a cross-section of a head 403 flying
over a disc surface 440 at roomtenperature (FIG 4) and at an el evated
t enrper at WO 03f03®34 5) . During di sk drive operation, electripcalUuspowsri s
dissipated in the disc drive, particularly in the transducer 436, and the
tenperature of the head 403 increases:8-The tenperature of the head 403
itself and/or of the WD 03/105134 PCT/US02/14379 -8 transducer 436 can be

significantly hi,gher an_t he overal i ri e d to the
| ar ge armunté&ﬂqESd °§5t4iﬁ]s°§lpp§teealg}nﬁ?#l t}rﬁg]%legdﬁl\égr ﬂ%Bg&%agllt ;Htllﬁvgfﬁ?vg t he
smal | size ofnipbRnbede403he Thge GhlbsnObf et Ulisipaaideindtht addader W6 ous
deposited | ayers 402, 436, 5 410, 431 are typically different from one

anot her . Ty piebaive o thesmalwipsefithe hea@ 831 i ¢ 1 ayers in transducer 436 have
larger CTEs, and {pnsphatipg u@?t?z[t? 469%;? oﬁ%%’i%uﬁl&phﬁi’e% 1:a9¥i‘§r40§,-r5§6, Al l
Sstrate 401 that much I

these | ayers are grown on su as arger vol ume
conpar ed st 0 41te 450! aetypicatlhediffasear $rohB bne 4h0thedA0Pypinally, e magmetiducer 436.

Due to the different CTEs of materjals in various head |l.ayers t he shape

of the head WoBlli l8YHF 3 tréflSdélF%rv‘g%ée Wéﬁi%?gt i H’é‘g‘ﬁhPé? yie_f)s essi on

(PTR) 437 thay %o RERSEer BTES ORMARERSEAIHE St b bussthatad thit kG 4 i's
co

reduced or etely lTost wmth elevated head tenperature as illustrated
at FIG 5. Thech khgengeluofe dhipanid t thewnpamatotiths lnyers Al.efldr 40 @widdheed to as
thermal PTR (T- _PT

PTR) The .CT of al.um, nu Xl de | , 431,
410 are cl osEAgUsEhAPO- Jpe %Hﬂﬁ’t‘%gff’@nﬁg?,%ss?p?%eﬂaﬁ ﬁnev%g(fuesl seﬁézzf}%g%r ot r usi on
at hi ghery opgEahifRds (HENHARMUAS Uisksitsi o8 eluate@ tdnifREdthie. The puleaipsbedsioh t he
nmetallic layers in transducer 436. This expansion is only we

. . y, weakl y
const r ai ned GATRHS7 skt dxpissens ghroopnieapagiure apiibiseesd M glfér4 aoduced ng
overcoat |layers 4 10. j [ op&kaki; Heed 54981 i es
above the sp?fn‘fﬂl?%’ég’tﬁlzéﬁ%ﬂﬁg eggéfgggﬁe%ke@& a sﬁa%flgg%“ai%‘i‘ hls(?[)/er a Ie
operating tegpas@bfPER Gftht epeiature is theeeforeateferted- Wi acthepaali HER438 needs to
be kept | ow enough as required for reading and witing the desired high
areal bit deRERty. The head 403 should not get in

15 The CTEs of the aluminum oxide layers 402, 431, 410 are close to that
of substrate 401, so that‘ the pole/shield protrusion at higher operating
temperatures is due primarily to expansion of the metallic layers in transducer
436. This expansion is only weakly constrained by the adjacent substrate 401,
basecoat layer 402 , and overcoat layers 431, 410.

20 During drive operation, the head 403 flies above the spinning magnetic
recording media surface 440. Over all operating temperatures of the drive, the
pole-to-disc spacing 438 needs to be kept low enough as required for reading
and writing the desired high areal bit density. The head 403 should not get in
contact with magnetic media surface 440 as illustrated in FIG. 5. The pole-to-

25  disc spacing 438 is primarily determined by the shape of the air-bearing surface
422 that is patterned into the slider substrate 401. The .performance of the
transducer 436 depends primarily on the distance between the recording media
and the pole/shield tips of the head 436. There is thus a need to reduce pole-to-

disc spacing to improve head performance, and a conflicting need to increase



contact with nmagnetic nmedia surface 440 as illustrated in FIG 5. The
pole-to 25 disc spacing 438 is prinmarily determ ned by the shape of the
ai r-beariwgosuofiace 422 that is patterned into the sliderPcCsuisstiare 401.
The performance of the transducer 436 depends prinmarily on the distance
bet ween the recording nedia and the p8te/shield tips of the head 436.
There is thus a need to reduce pole-to- disc spacing to inprove head

performnce, and confl. cting ne tqQ i a 0 4, PGEHAIS02/ 14379

-9 pol e- t o- AOLHOP RIS é%o?vd“fgléeéﬁcrcgd(séﬁ%ssdglﬁ\e/% og%grgtég)ﬁs?on t high

t enper at ur eSeAserhtltdd 5t iidl@dtcddin FiG 5.5. FIG 4 shows schematically a

transducer 436 at roomoperating tenperature flyi gg above a nmagnetic nedi a
S

surface 440 il | ufl@atdecshawsh scismasisd]le at@squseigifias &t IPROFCRCTANNE ¢ he
transducer 436 does not contact t Lghest: poj Bhistdieq "Rgmet i c

medi a surfaggn}ﬂ@t.meﬁq%m% ag’r?ggrsa @g%%'}}gt?%gﬁ gﬁt cg éggrre transducer 436 at

hi gh opegat iegg%g]%mm&@jg]ﬁless, NasFIGf 4, thberamstiucee 436 ddes notacmdastghe 436 i s
formed by nmetallic |ayers and the coil in ul%l;trfr th‘gt Ef(\!er?la g‘g CTEs. Due
to the |ar gghevtE pomntsred3d |9fc theayppaeaetic, mela 19fACandticECa dsé ¥ibly al so
of cured phaotoresi ed Aas [ | 2t196h obdiBtind &nfiesdtiel ddsk ps of
transducer 4 nbaﬁlt():?ltr%gge mretrvgﬁdhcértra@gect %oﬁhe%%?r-ﬁari ncg surface 422
at hi gher tahpeohine of (i Gansucerhddt &t farmeth tyemstallie layery mGtheyoil | This

effect known as T-PTR pl aces t| ansducer 4 | oser 1 ] etic

medi a sur f adeswaler that pay ﬁé‘?get(é'ﬁ%ﬁ[é{eﬁgg‘? Faf%er%gléﬁr?g%ﬁeéﬁlg 1%3@%&5 ué(;er 436
has to by LipWaEhOShd §a04BH 419 e urRdbRotoretiot sadeagooid iahudabr, ithal
performﬁsigce.&%dt e sa% ti ﬁe t he headp403 has to staty .under all

S flyin
condi ti ons violdishisid mips lod miansducer 43fuptetride Meee Fithiraspert oy the agdiearing o. di sc

spaci ng at | ower ient.tenperatur € i , r@gegemough, the
pr ot ruded p&”ﬁ%@h@@e@ﬂ&r TSPPR aé‘#%&@?ﬁé‘?%ﬁﬁ@?ﬁ%ﬁ%%mé? hi?ot he nedi a
20 causi ng thgs BEbctaSBeM 45 TPTR Piadey 8 Utdnsdiicar B kktserctol thetradgnetic i es and

contam nation | eading to tribol ogical problens, and eventually a head
crash. To avesdiaisurige 448 af bichesieReeraWEs- at hi gher drive tenperature (FIG

5), the 180| e-to- The magnetic transducer 436 has to fly low, close enough to the media, .

to have good electrical performance. At the same time, the head 403 has to stay
flying under all conditions without mechanically touchiﬁg the media. If the pole-
to-disc spacing at lower ambient temperature (see FIG. 4) is not large enough,
the protruded pole/shield tips at higher temperature (see FIG. 5) hit the media

20  causing thermal asperities. This results in magnetic instabilities and
contamination leading to tribological problems, and eventually a head crash. To
avoid head-media contact 435 at higher drive temperature (FIG. 5), the pole-to-
disc spacing 438 has to be large enough at lower temperature (FIG. 4), with
undesirable effect on head electrical performance.

25 It is difficult to keep the pole-to-disc spacing low enough over the
operating temperature range without having head-media contact. This problem is
solved, as explained below in connection with FIGS. 6-17 by a head and
transducer design in which one or more deposits along a trailing edge of a head

include compensating air bearing surfaces that change position relative to the



di sc spacing 438 has to be |arge enough at |ower tenperature (FIG 4), with
undesirabl e effect on head el ectrical performance. 25 It is difficult to
keep the wologAaoza3di sc spaci ng | ow enough over the oper atiPag/usenpsrat ur e
range wi thout having head-nmedia contact. This problemis solved, as

expl ai ned bel ow i n connection with FIG30-6-17 by a head and transducer
design in which one or nore deposits along a trailing edge of a head

i ncl ude conp i.n Lr.heari u 5+t h Lt elative to
tho Vo 03/ Tosi3Reiecty Bt 85569 BEIGERSI R, £ BgaRPRbl RSt |1
FI GS. 6-13, idmpetatutestipenedingedepositsvar imatked wethpe sidgnied apmeamacs & ng '

deposits are marked with_a stippled appearance for convenient
i denti ficati 6pRvepienf idgntéfiGslight i cal Iy illustrates a cross-sectional side

view of a first i : L3 Al rg.%€ such as
pewara et n?}:@g@%@%&ﬁér{%cgﬁgelggm B0k Qbctibl bide AviblySeE &'t

300 is simlar to he_ad 200, however,
head 300 &l sembodinedest head P00 fopnee idepdisi duve3dchak disg daive 189 fin Ri.si de 209

of a substrate 201. In FIG .6, the ad-writ tic transducer 302 is
al ong a cent rTﬁ%%?agrﬁg)oﬁéﬁ?’?lEﬁ‘ 9 tﬂﬁ?dd@nﬂwv%%%?%\%b‘a?#é’ WF@\&?% WG 6 is
of fset from (g 8%;535% BbP@lonkQ: ThBing WREL IM 6f 2 Qdbstakl 20leIn FISUBStheat € ai r
bearing surface 222 that generates a first lift, or force tending to |ift

the head awageafirvoite aneinstic Stansduser 3803 alpng anerpirsting and pagially diddsp2 _
ool BRSPS BE L0 T}l

deposi ted al transducer has a pole

ti |0f 220 {di dgen fﬂ“ﬁ?Ws\abm(‘;é R0F| foclugs ahatbsirste sgindrarigpatiface5222 amatt he di sc
surface 303 by a pol e-to-disc spacing 304, The deposif (or . depqgsits) 301
are positi on&MnertenySiradith opdpice tending {nli kb head drey ofighdise F‘éf?a"?lZ, a

core 206, a B ?‘h‘éin%[%%g% ﬂ&%dﬁcé@@bﬁ §n8ﬁhin§i%?§%§§ 2b§,|2033 2@4, ng,iﬂﬂi% GS. 2-3.

Each deposit 301 I nc a conpensati ng ring surface 306 that
changes al ti tesdgbe®lmFIGR 23) ishiepssited talatgethaitrailieasidn g0 UFfcamegizP2 as

(emmerature 20 4 ncresssey WNeR, (IS ROl R, 220 ey SaeLiy ol rudes as
changes 0Si {bRANthe disc surface 303 by a pole-to-disc spacing 304. The deposit (or
deposits) 301 are positioned alongside a write head which includes a top pole
212, a core 206, a pole tip 220 and a write coil 208 as illustrated in FIGS. 2-3.
Each deposit 301 includes a compensating air bearing surface 306 that
changes altitude relative to the substrate air bearing surface 222 as temperature
20  increases. When the pole tip 220 increasingly protrudes as temperature
increases, then the compensating air bearing surface 306 changes position
relative to the substrate air bearing surface 222. The compensating air bearing
surface 306 generates a temperature compensating lift that lifts the head 300
away from the disc surface 302 to compensate for the protrusion of the pole tip
25  220. The temperature compensating lift stabilizes the pole-to-disc spacing 304.
At least some of the deposits 301 have a coefficient of temperature
expansion (CTE) that is greater than a coefficient of temperature expansion of
the substrate 201. Depending on the compensation characteristic needed for a

particular application, an additional deposit 301 can also be included that has a



relative to the substrate air bearing surface 222. The conpensating air
bearing surface 306 generates a tenperature conpensating |ift that lifts

t he head 8O®3/168a84 from the disc surface 302 to conpensat @Crarso/hs79
protrusion of the pole tip 25 220. The tenperature conpensating lift
stabilizes the pol e-to-disc spacing 304l- At |east some of the deposits 301
have a coefficient. of tenperature expansion (CTE) that is greater than a

coefficient of tenperature expansion. syhst e,2 (?gﬁe%ing on
t he corrpensactofagl}?lecr}ﬁa? CPEPFL ﬁ?ec né’g%selgﬁftgtrapgis %%?t?%%r%ﬁ% i cat ?on, an
addi ti onal deRpeiturdBdpamsion af fe shiestiatec20lded that has a WO 03/ 105134

PCT/ US02/ 14379 -11 coefficient of tenperature e pangi ?n thatali s less than
a coefficient of Insemsapplications tiadaniosis 691 P%’ebesé’ﬁ@@ 8t & mAeral el o e

appl i cations, Joggeryﬁﬁ?ﬁ%é §_c§%gicig€ﬂq(t)fbt@m%9fa%g RbarRidRhe! i FreatctUhdh a aS

copper, that™has“a’ coefticie enperature expansion that is greater
than a 5 capbtficdment§ tahpérempeegiansion ef ghe siagnetad trahsdupagiiat e otheansducer

302. In other applications, deposits 301 .can be forned gf the.sanme naterial
as the pole qppb.catwn&éiea%ﬁéogﬁ@%ﬁoe@ﬁ Bémé{}%fﬁn%&s ﬁ}e(ﬂ#eotﬁ% type of

mterial or a c ?@Jo‘s:?@?’@f cAVBe ManTPicBrBR R 8h8 typeost @ueAml 6 aa deposi t
301 can be fornmed of "a lower CTE material, such as a nickel iron alloy, up

to step | evalon@itiohOoftwo @r gk emateli@snioe rexamples @ Aengsit Adpped babove t he

step level 308. |n.a pref ed ar.rangenent. he f st i air bear
surface 306 tg’émedc%%% oV G g S -ﬁsi%%c%eté%t%flﬁg{)f’ﬂ?é?mﬁi‘% 208 nd- i ke
coat i ng 1pr Ova{n@easm%' Ty dtekibi, 6idheR c6Pgraaicat itisd stesleaeldOBNCT eased

durability. FIG schematically illustrates a cr_oss,-gecti nal_ si.de vi ew of
a second 15 enbdaiamseferist agangsament siae firsh FompRSAtRE AL DeRt 5B 399735 5 ong a

trailing side of, the Al e hepd g hSiks| WL oloQidebe head
300, homeverc,oaféﬁemg%ﬁg#?é%@&e %)% ﬁ%é@ﬂgo I sd epgg?]tkgd allggr’%si he the wite
head, whil e jhhigowdFestién dR2actesistickepddndreabed|dorapdlitde both the read head and

the wite head. The deposit 322 js deposited aon the basecqgat 202. as
illustrated in FIX3G. 7. schamahgady 111%%@@6?33?rOFﬁéec%@nﬂgé@Svggoo%g%aec%% are

subst antjizal | ¥ s #hb@fof 2'Head 85D thés inbii€ed aho3R 322 SlopbAaRMling side of the
substrate 301. The head 320 is similar to the head 300, however, the deposit 306
on head 320 is deposited alongside the write head, while the deposit 322 is
deposited alongside both the read head and the write head. The deposit 322 is
deposited on the basecoat 202 as illustrated in FIG. 7. In other respects, the
20  heads 300 and 320 are substantially similar. In FIG. 7, the head 322 is placed
closer to the substrate 201. In comparison with FIG. 6, a compensating air
bearing surface 324 on deposit 322 in FIG. 6 is in closer proximity to the
substrate air bearing surface 222. This closer proximity enhances the
aerodynamic interaction between the compensating air bear surface 324 and the

25  substrate air bearing surface 222.
FIGS. 8-13 schematically illustrate bottom views (substrate air bearing
surfaces) of various substrates that include deposits 350, 352, 354, 356, 358, 360
along the trailing sides 362 of substrates 370, 372, 374, 376, 378, 380. The

deposits are shaped as pads and include compensating air bearing surfaces



closer to the substrate 201. In conparison with FIG 6, a conpensating air
bearing surface 324 on deposit 322 in FIG 6 is in closer proximty to the
substrat eweios/1at i ng surface 222. This closer proxi mty @echarsorsi3vhe
aerodynam c interaction between the conpensating air bear surface 324 and
the 25 substrate air bearing surface 222. FIGS. 8-13 schenmat i cally
illustrate bottomviews (substrate air bearing surfaces) of various

substrates t bl wde t S5dat 3 188 Srel alpng the
trailing si dgg&%ﬁgdows%cb%?p%%le ﬁ%%%m%?gm 37§ng%§’@,81 1%%8,6 %gg.toThe
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(FIGS. 11, 12) to.enhance. press at d. |n
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cavi ties thatavifi& haf érb?ahiéllyﬁnttﬁ@swsﬁﬁﬁeﬁ aﬁ@ﬁaﬁﬁﬁﬂy maﬂépoaitédllawersdmoosu ted
| ayers 390 EﬂlflGS 12 , in cavities that are conpletely in the

deposi ted | afldfS 48013), 'Phén qepbes thet areecommletalyain t}ﬂ@&éﬁ@%ﬁ@dé@/%?’%@ osed
roximty toy e i t 8- 13.
IIon )c()lne p)r/ef er%lgdi g&g{a%ngujé3 ﬁ9a$%%§g%{%§[t58§§€c§ pg(%!flﬁggg ﬂ%%ﬁg@é&? 360 go
all the May trhnsduct wﬁassllusﬁaedimFm&@sBB in a direction perpendicular to
the i h FI GS,. 8-13. Thi heat Kk
to. better controff PHPRFIBANETEIEYe AENBUSE SBr Ehd ekt fbntPr ansducer
region. 15 FLGaiilfle dyUstdudh e SlidHrapikdss ShhsdifRtion %bl"peﬁﬁ@ﬁlbﬁﬂ) the

surface-to-disc spacing as a function of recession of "an al um na deposit
al ong a traiviewy shdye mfFIQSh§ bbEhis srrangdment | p@pvides a dangerhepic sinkari s 404
horlzontal axi s

e R o e
substratig air beaFi®g15uillustefes B BFaphOobMGligSrateF @l bearing surface-to-disc
spacing as a function of recession of an alumina deposit along a trailing edge of
the substrate. In FIG. 14, a vertical axis 404 represents surface-to-disc spacing in
microinches, and a horizontal axis 406 represents recession of the alumina
feature relative to an adjacent substrate air bearing surface in microinches. Four

20  different head configurations (labeled CSS, ID, MD and OD) are illustrated in
FIG. 14. As can be seen from FIG. 14, the alumina deposit increases the lift of
the adjacent substrate air bear surface that is already a high pressure region. The
substrate air bear surface-to-disc spacing changes with temperature due to the
movement of a compensating air bearing surface on the alumina deposit.

25 FIG. 15 illustrates a graph of substrate air bearing surface-to-disc
spacing as a function of protrusion of a metallic deposit along a trai\ling edge of
the substrate. In FIG. 14, a vertical axis 408 represents surface-to-disc spacing in
microinches, and a horizontal axis 410 represents protrusion of the metallic

feature relative to an adjacent substrate air bearing surface in micrometers.



20 different head configurations (labeled CSS, ID, MD and OD) are
illustrated in FIG 14. As can be seen fromFI G 14, the alum na deposit

i ncreaseswODha/1031B¢ of the adj acent substrate air bear suPCRASYhEU9 i S

al ready a high pressure region. The substrate air bear surface-to-disc
spaci ng changes with tenperature due té3the novenent of a conpensating air
bearing surface on the alum na deposit. 25 FIG 15 illustrates a graph of
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bear surface that ,i.s. al rea a |l ow pressure reqgion. .The substrate air bear
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conpensat i ”gv&idblé)ﬁéghﬂfqgar? HhpRE ehedPolet6-diRt spating idaR@Sprimary deysIgma feature

on the trailing edge of an air bearing surface that has variabl e height
can inpact tinereast eftthe difisef epabeady hight uessvre Fegion. viiya degrgase; pfcease of

the lift of an. alrea hi gh..pr r i - Qf suction
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10 regi o MayegRinOMhy Brogidadredtersensiivity bf yoleto-pist epdcingdioshe fpace ngtht 0 t he -
feature with the variable height but would al so be a oncern,tqli%'{é it may
become the cthgseriaplsihpighsput wuld plspdgr p@cgm%gkg_m%ée@g};oﬁa hod,

decreasing t g@m? ldﬁtt-gg %]ir HOERE Qbfale. | BN RIBRS WD MerelihOUe SiGioheat ure

hei ght to change an fect pole- to-disc spacing w thout concern of it
beconi ng t hefartosin looi messutdmngaljvoisah¢ Galie be¢iglht tophaigegnd affgetmelal |y | ess
sensitive to syuch feature, Fi ' '

Fig. 14 ws the . sensitivity curve to alum na
 ecessi on whiocHSHSRACPERRAgYHePageTy BFB SCRRg e Slge poift ;%?‘tg- Rl spaci ng
adj ust, qjincrgasiPeihgs HRsaHY Qe saBitiRt rBaghehNfeghire. PFIgS 4T shofndgthen. Fi g.
15 shows the sensitivity curve to a large netallic feature at

sensitivity curve to alumina recession which would be similar to the first mode
of pole-to-disc spacing adjust, increasing the pressure of an already high
pressure region. Fig. 15 shows the sensitivity curve to a large metallic feature at
the trailing edge of the cavity region on the air bearing. This feature changes

20  pole-to-disc spacing by the second mode, increasing pressure of a negative
pressure region.

FIGS. 16-17 illustrate a bottom view of a head 410 with deposits 412
arranged alongside a read/write transducer 414 and a deposit 416 arranged on
the read/write transducer 414. Adjusfment of the compensation can be provided

25 by providing different heights of the deposits 412, 416, as well as by use of
different materials for the deposits 412, 414.

An optional electrical heating element 418 can be deposited on the

deposit 416 to provide heating. The heating deposit can actively control the

thermal response of the depbsit for a desired pole-to-disc spacing.



the trailing edge of the cavity region on the air bearing. This feature
changes 20 pol e-to-di sc spacing by the second nbde, increasing pressure of
a negati WO opnessure region. FIGS. 16-17 illustrate a bot Promusoew3ed a head
410 with deposits 412 arranged alongside a read/wite transducer 414 and a
deposit 416 arranged on the read/witel4Tansducer 414. Adjustnent of the
conpensation can be provided 25 by providing different heights of the

deposits 412, 416,~8aS ! S f i f4f t teri - he
deposi t5 412, aia &R AEralr 83 Ronp IR Fraf HeBher s behdln e
deposi t ed on thégansdapaatt of e §lklep (iavludidgeaicon) and ben bepbditichedapelsi t can
actively control the_ thermal response of the deposit for a desired
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q 1 £ i . ( . Dol ' |
ead (300) 1 e b E odftolierng BLARSE o el BELOHR LARRL LR Tiew BTIITTT Y. @
substrat e (2@h)strates ldephsits bf diffetenghsiplie, (12?6 )at saribua leatistis. at e ai r beari ng

surface (222) hai, |5 shaped 49 Ak BesluPe 858 D L nata0s Bt 1
transduces (387). Thadubbttate (201) includes trailing side (209) and a substrate air bearing
surface (222) that is shaped to fly over a disc surface (303) and that generates a
first lift. The head (300) also comprises a magnetic transducer (302) that is
deposited along the trailing side (209). The magnetic transducer (302) has a pole
tip (220) that is spaced apart from a disc surface (303) by a pole-to-disc spacing
20  (304). The head (300) also comprises a first deposit (301) deposited along the
trailing side (209). The first deposit (301) includes a first compensating air
bearing surface (306) that changes position relative to the substrate air bearing
surface (222) as temperature increases.
It is to be understood that even though numerous characteristics and -
25  advantages of various embodiments of the present invention have been set forth
in the foregoing description, together with details of the structure and function
of various embodiments of the invention, this disclosure is illustrative only, and
changes may be made in detail, especially in matters of structure and

arrangement of parts within the principles of the present invention to the full



deposited along the trailing side (209). The magnetic transducer (302) has
a pole tip (220) that is spaced apart froma disc surface (303) by a

pol e-t o- dvew3apasd ng 20 (304). The head (300) also conpri PeI/E801/1433¢
deposit (301) deposited along the trai I | ng side (209). The first deposit
(301) includes a first conpensating aitlobearing surface (306) that changes
position relative to the substrate air bearing surface (222) as
tenperature i, i g .t 006 ot t rous
char act er o1 FREnt Siftud by e ol g B A LM cont

i nventi on haeppdnded chths hrer éxpressed. the ekamplyotirgpattieadar deposits mhpgatsher Wi t h

details of t estructur and fupctio of v us. e nts of t he
i nventi on, t RpRengingc IOBS Reglicuiar uéﬁlﬂ’éﬂl% fg f@ Qﬁgb V@H{; BASHe made
in detail, e%\%ﬁinﬁhﬂy tHerb ﬁlﬁétﬁ)ngfltys\tvfﬂi'&}t WeBarBRE froff £ ﬁﬁ%ﬁ sgbpdoarts

wi thin the principleées of e present ‘1nvention to the fulfl WO 03/105134
PCT/ US02/ 5143?59thefm5eml>oneﬁhe svltretzt enld ﬁlyparheulblr tinacangbtrwmglsurfeemmmgheof t he
ternms in whic %g endedfcla.lms are g { a,[gp 1

particul ar d8 SATRYP V&é’ﬁ%h{l‘h‘ﬁn PEha aﬁd[ EEN papr?s&?. on for

the head whi g n@a&hgl PiniRratSeD 86 @Pédsalidy dePssitS ame aflditieh, aRRddghy thd t hout
departing fromthe spirit and scope 5 of the invention. ‘The substrate, and

in particul apreieneedeﬁmbqﬁeramtﬁget@ubwbh@remrﬁr@ ﬁ@crlb@cbmmn@ctmmﬂakém:ﬁny of
various kno o

t enper at ur emgggrplagi?\g’a% ?’212'8%% STE teasbﬁl tY‘Ma%f Stklﬁ‘(l)e% lh%% %ct) &n%@%éB er red
enbodi nerg s deqﬁéSebemvélﬁrcmldanafsa glaabroldmdmagne@maﬁeésl Subh Ak tdm@ab&r d disc
drive, it w II be appreciated _hy those skilled in the art that _the

t eachi ngs of 4565 KHEWHrasséit aﬁlchdé%ﬁ ﬁHﬁ%éﬁp%éﬂ&‘fﬁpP‘P dnaggelorotic fyitet i c

drives such gsyi& L€ & £S 14k Re f%edlidhves, tape drives
and nmagnet o- opt?cr%}éiﬁ}\é}eg O\j!\rnl%hoﬁ(%ﬁéga\ma?ﬁll ET]1‘37(E;m tﬁe escope and spirit of
the present invention. WO 03/105134 PCT/ USOZ/ 14379 -16- WHAT IS CLAI MED

IS: 1. A head for a disc drive, conprising:



a substrate including a substrate air bearing surface that is shaped to fly
over a disc and that generates a first lift, the substrate also including
a traili nyogBdesi3a magnetic transducer deposited al ong th@Crrsnd/i43g si de,
the magnetic transducer having a pole tip that is spaced apart fromthe
disc by a pole-to-disc spacing; and a"1PT st deposit deposited along the
trailing side, the first deposit including a first conpensating air
bearing surfaggrA Pl cERANBESISPOSi tion relative to the substrate air
bearing surface as tenperature increases. 2. The head of daim1l wherein
the pole tip I.dchaddongtigc drive, conkpsising: t enperature increases, and the
first conpensating air bearing surface generates a. t erat ur

conpensating |i ftg"tff]l%i’tqm?:tf‘)ﬁ%wgﬁ% éssusﬁat‘?gﬂéﬁﬁarrﬂ’tgrwaﬁ?l.ﬁgg?s %?Be‘ﬁ@a@ly of Claim
2 wherein the tenperat Wr GOBRENAAL tHY dehdrhtes ARt BRS thSubsBlealt@- di SC
spacing. 4. The head of Claim1l wherein at |east a portion of the first
deposit has a coeffi ciia¢lndiog atiealg adear e expansi on that is greater than a
coefficient of tenperature expansion .of the substrate..5..The head of
Claim4 further cdi Iagg?t}gg&glséﬁ%e n%epaﬁge&s?l?n% ﬁl?ae[ %F]éméesﬁ%%iql%dnaggf?@‘hg t he
trailing side and has arse@ickt Bavemd a@Blettm@tri@tspﬁcﬁd%ﬁﬂ'EinﬂhetJi@ébI}5 nor e
than a coefficient of tenperature expansion of the substrate. 6. The head
of aim1l further conricd¢-fydisc spactigidanteposit that is deposited along the

trailing side and [-Gd . QR : . 1S |less
than a coeffici entﬂg’?t %@%ﬁﬁ?ﬁogfgidﬁelgﬂ tr%%ﬁ%ﬁﬁ{&% %gl}e%%g@%gg@}ﬁ% e head
of O aim6 wherein theasfcondmpepasing dirabeaingesighice ahginchdnbes pbditdd | ng si de
that differs froma height al ongl the traill n]gj side of the first deposit. WO
03/ 105134 PCT/ US02/ 143 F8ative) 70 giheTiibsials qaips Dearige nurtags epitpnatraliiast a

portion of the first depgsistshas a coefficient of tenperature expansion

that is greater than a coefficient of -
2. The head of Claim 1 wherein the pole tip increasingly protrudes as

temperature increases, and the first compensating air bearing surface generates a
temperature compensating lift that compensates for the protrusion.

3. The head of Claim 2 wherein the temperature compensating lift stabilizes the
pole-to-disc spacing.

4. The head of Claim 1 wherein at least a portion of the first deposit has a
coefficient of temperature expansion that is greater than a coefficient of
temperature expansion of the substrate.

5. The head of Claim 4 further comprising a second deposit that is deposited
along the trailing side and has a coefficient of temperature expansion that is
more than a coefficient of temperature expansion of the substrate.

6. The head of Claim 1 further comprising a second deposit that is deposited
along the trailing side and has a coefficient of temperature expansion that is less
than a coefficient of temperature expansion of the substrate.

7. The head of Claim 6 wherein the second deposit has a height along the
trailing side that differs from a height along the trailing side of the first deposit.



t enperature expansi on of the magnetic transducer. 9. The head of Caim1l
wherein at least a portion of the first deposit is forned of the sane

mat eri al wo oshesippl e tip. 10. The head of C aim 1 wherei nrPaf/usenst37a
portion of the first deposit conprises copper. 11. The head of Claim1
wherein the first conpensating air beartty surface is coated with a

di anond-1i ke coating. 12. The head of Caim1l wherein the first deposit is

partially embeddgdlf oCeitid! PoulRiffafl1dad: hNBrutDE IR Br@ndR hdedh | Y

protrude past tral ing side of the ead of Claim1l
wher ei n the sobficieat eothé&snmerdtae sxiEmbtioat ‘élas us faresgter dgpo R ceeffitientsobstr at e
air beari ng surface and the first detquSIt extends up to the top substrate

surf ace. teTHRCTRRER e AP Phihe Teapls tRansAucer i ot deposit is deposited on
the trail ' ”9 ﬁqﬁ@heﬁcoftdflﬁln?‘l'%{eﬁﬁﬁﬁtleés@a Eﬂﬁ)nnﬁetﬂe 9}51: sﬁ?lslﬁ)rff{Q@BF' 'rll' the

first deposit is enb In cavities rmed I n the substrate.
head of d ai rthelﬁnWmafennlaShhepwlb@p dep03|t i's deposited on the rragnetl C

heat i ng ol emoi TERAT O R L ITPIBH: RS Hrat GRpbaITt depaht FRETHERG of

Claiml, V\/nercg'p*er.t he first dep05|t is shaped to forma trench in the
substrate. 19. A nethod of form ng a head for a disc drive, conprising: A
shapi ng a suBdt The Beadof Rlaimdk whersirhtherfirsecempenseting pig bsanifgaweiogt ih a

shave,that agbekalan Lol alL Bl 2,0,°0 L1 SupsLace, el udins, o
transducer allanghe lead rofi Claitg Isiwdeseid e By nRposit is partially embedded in '

cavities formed in the substrate and partially protrude past the trailing side of the
substrate.
13. The head of Claim 1 wherein the substrate has a top substrate surface
opposite the substrate air bearing surface, and the first deposit extends up to the
top substrate surface.
14. The head of Claim 1 wherein the first deposit is deposited on the trailing side
of the substrate.
15. The head of Claim 10 wherein the first deposit is embedded in cavities
formed in the substrate.
16. The head of Claim 10 wherein the first deposit is deposited on the magnetic
transducer.
17. The head of Claim 1, further comprising:

an electric heating element that is deposited on the first deposit.
18. The head of Claim 1, wherein the first deposit is shaped to form a trench in
the substrate.
19. A method of forming a head for a disc drive, comprising:

A. shaping a subétrate to inciude a substrate air bearing surface with a

shape that generates lift to fly over a disc, the substrate including

a trailing side;



transducer having a pole tip that is spaced apart fromthe disc by a

pol e-to-di sc spacing; and C. depositing a first deposit along the trailing
si de, thewbDimsaosideposit including a conpensating air bearcagssaif3ace t hat
changes position relative to the first air bearing surface as tenperature
i ncreases. 20. The nethod of Oaim 19 fl¥ther conprising: D. shaping the
conpensating air bearing surface to generate a tenperature conpensating

lift that conpensate . . i . i nd..
stabilizes the polaéé’-%ggcg}llgsl%Q%@%thcg%%?&&ﬁg&ﬁeqﬁ%% ﬁlgg%@%afhr%eﬂ tﬁ?t her
conprising: D. providi ngamstudeeasting a polet tipthadfs sphccduphart-ffoin tHesdisspaci ng

tenperature conpensation _depqgsit wth a coefficient of tenperature
expansi on that is gredtRyetordisc 8pacss st ent of tenperature expansi on of

the substrate. 2% JhesEhNodaladbal Mkl " 8he SRUPHS kg adiuupr ol di g

at least a portion o e-to-di sc spacing tenperature ensati on
deposit with a coeffi ciiecltiding teopepeabating aipdosimn sutthet tha ghageer than a
coefficient of tenperature. expansi on of the. netic.transducer, 23. A
head for a disc drive, p@éﬁlﬁpiéﬁ‘ﬂﬁ‘? f%%é&*ﬁ%g??gm THReHds AgmeceliBst r at e
with an air bearing sunf@egethat is shaped to fly over a disc and that
generates a first lift, the substrate including a trailing side and a
magnet i ¢ t r aR9dlleemethod @fiCGlaith ¥ forther comprising: | i ng si de, the magnetic

t ransducer havi ng |le tip that is .spaced apart fromthe disc by a

pol e-to-di sc spaci]%g;gﬁ?ﬁlag n@ﬁngoyg?nsﬁtg}éraé{ ?%eﬁﬁﬁgtﬁ Fa%%r%ensrﬁfgﬁpe%sati ng
lift that conpensates fi@hperp@ke coirpefdatihg UBf Othat \WonPp3hsh@aldsd RfeFhkS02/ 14379
-19

protrusion of the pole tip and stabilizes the pole-to-disc spacing.

21. The method of Claim 19 further comprising: '

' D. providing at least a portion of the pole-to-disc spacing temperature
compensation deposit with a coefficient of temperature expansion
that is greater than a coefficient of temperature expansion of the
substrate.

22. The method of Claim 19 further comprising:

D. providing at least a portion of the pole-to-disc spacing temperature
compensation deposit with a coefficient of temperature expansion
that is greater than a coefficient of temperature expansion of the
magnetic transducer.

23. A head for a disc drive, comprising:

a head assembly including a substrate with an air bearing éurface that is
shaped to fly over a disc and that generates a first lift, the substrate
including a trailing side and a magnetic transducer deposited along
the trailing side, the magnetic transducer having a pole tip that is
spaced apart from the disc by a pole-to-disc spacing; and

means for generating a temperature compensating lift that compensates for

pole tip protrusion.



24. The head of Claim 23 wherein the pole tip increasingly protrudes as
tenperature increases and the neans for generating includes a first
conpensatwopg3adiidbeari ng surface that generates the tenperParurse2/14379
conpensating |ift. 25. The head of Cl aim 23 wherein the tenperature
conpensating lift stabilizes the polel?o-disc spacing. 26. The head of
Claim23 wherein the neans for generating includes a first deposit that

has a coeffigcient of te rat u,e_ex ' b} :

coeffi ci ent %4%8?%@3?@%%@@8%%2& %)H)eoliégg%s r??éﬁg%?r%g%%gd of

Cl ai m 26 wheggihBrahlle RAASed andgaher ateang fonclgumtesting Seclodes aefissit that
is deposited along the trailing side and has a coefficient of tenperature

expansi on t heompessatimgeair heaiing sufaed thaf ganereies thenisEPsialiie COMPSHEBE  of the
substrate. 218 The head of Claim 26 -wherein at |east a portion of the first
deposit is fbﬁt'rred of the sane material as the pole tip..°29. The head of

Cl ai m 26 whergiThedeall @A aitn PPwherin tife tbinpethiurs tomppuosting lifctabilizses copper .
30. The head of Claim 26 wherein the first conpensating air bearing surface
is coated vife Rolg-taidFFOREC B ke coati ng.

26. The head of Claim 23 wherein the means for generating includes a first

deposit that has a coefficient of temperature expansion that is greater than a
coefficient of temperature expansion of the substrate.

27. The head of Claim 26 wherein the means for generating includes a second
deposit that is deposited along the trailing side and has a coefficient of
temperature expansion that is more than a coefficient of temperature expansion
of the substrate.

28. The head of Claim 26 wherein at least a portion of the first deposit is formed
of the same material as the pole tip. |

29. The head of Claim 26 wherein at least a portion of the first deposit
comprises copper.

30. The head of Claim 26 wherein the first compensating air bearing surface is

coated with a diamond-like coating.



