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This invention relates to disc drives. In particular, this inventi q
relates 5 to tenperature conpensation of pole-to-disc spacing (fli JUL 2004
hei ght) of QS%S‘/fos%ﬂ disc drives. BACKGROUND OF THE | NVENTI ON Wien a di sc
drive is energiz8d, it warms up and has a tenperature rPSEUSO2i437

particular, there are large tenperature rises in the heads used in a disc
drive. 10 The heads include magnetic transducers deposited on slider
substrates. The nmagnetic transducers carry electrical currents that

generate heat in the heads. SIIHDERDEPOSIESFQR in the -heads is |arge
because the heads have a small surface. area in relation to the anount of
heat that is dissipat GONTROL ORBOLE-TO-BIS@ISPACING The magnetic

transducers typically have a higher coefficient of thermal expansion
(CTE) than the slider substraEM—@MD iy L increases, the nagnetic
transducers ther malThys R¥a@6d rebkesdo Bis€atink. Thdalichld thid AGenfibh tfftes
substrates._ The thernmal expansion, causes the, po)ge shield tips_of the

magnetic t7 an©JerRRTUuE Sompeniationof Referta-dise spasiog (Hyneaght)of beadpindiseg surf ace

of the slider &@esubstrate. At higher tenperatures, the pole/shield tips
are closer to the nmedia and, AR ARG -' ..] ng (also called
transducer - nedi a spaci ng oPAGRERQUNIIOF THE INVENHIQN ™ f the pol e-to-disc
sp?c} nﬁ a][ dI ower temwaliw&giv'b& dﬁ@ﬁﬁizbaﬁrmﬁaxﬁi@(ﬁpghd hésh&exﬁﬁ@itﬁr@dﬁd
pol e/shield tips hit the nedia at higher, tenperature. To avaj,
transducer - rredﬁ’é’agﬁﬂ{aﬁglfma?m kﬁrgjhkgt}lpe{%ﬁﬁgfﬁtlgﬁﬂggea#w&ddma ixfrives gj sc
spaci ng at10 owelie headpéichide mespnétis tempducsre|dapdsitel yn shdep Substhtess Thar ge
pol e-to- disc spacj.ng at |ower t erat ures, however;: undesjragbly limts
Phe el oot 1 cal DRSNS Briiieed Gr PRGN G tabptrntest B ol en bt
density (gi gabThesemppedratereuias i the Heads)is Iniga bewaase thcheads iaey/ednalldufacd UL 2004 WO
03/ 105134 PCT/ US02/ 1éa709 to A r(r)ettho hanqgaz%'ps)ad;.‘a\tuls aretBneede t hat
correct the prBBt ShESEL8,0; Be SOU 94 D551 P 5 PaP¢ 18 thy, men gher
tenper at ures. tSidkdiétY. OF THE | NVENTI ON Di scl osed are a head for a disc
drive and met hod LN / i substrate.
fSE 'I%L tllg g‘.a“it‘g.aﬁ"j%% ,%augﬁ%ﬂ;a? m@ﬁé’% %ogﬁgipr{t of therntal

The substrate includes
expansion (CTE) than the slider substrates. As temperature increases, the

magnetic transducers thermally expand at a greater rate than the slider
substrates. The thermal expansion 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.



substrate air bearing surface that is shaped to fly over a disc agdjtjm_ 2004
generates a first Iift. The head al so conprises a magnetic transducer

that is deF\g@%&@?:; long the trailing side. The magnetic transducer has a
pole tip th %gaced apart from a disc by a pole-td"dS¥¥4PRcing. The
head al so conprises a first deposit 192_dep05| ted along the trailing side.
The first deposit includes a first conpensating air bearing surface that
changes position relative to the substrate air bearing surface as

t enper at ur e i ncr eademethpdiatidiapparatiss ﬂemedede@afamttedwmthlmms*dclatwdcorre

apparent with gy | | owm ng detail ed description and
£ 65 Pt i Bt ol

the correspondin ngs. ] PTION OF THE DRAWNGS FIG 1

illustrates an enbodi ment ofSUMMARY OFTHEINVENTIONNg a head with a first

deposit that inclusaRicded SUREEA M LuGOIREIAR b MhR!oF sRERE iGRY T ace. FIG
on o ore appi ng.

2 schemati cal Lﬁ@l | lustrates a cross-secti
FI G 3 schémtlbedierd comprises pasvbsirats. Theosbstrte includesof tralmeade aid er | appi ng.

20 oo 1 ool sk 863 oo 055, A6 Sk ol Bt O 7 M

at roomtenperature fl @-lgﬁ ace. cal |y
illustrates a f#stdifs Ibebqaid alcompries &/ magneti¢ transiusanithattis deposited elodg

t enper at ur es %é@mms@detmxﬂag%ﬁmac&hyga{w@%ﬁﬁ \}?s%h&? gﬂﬁ&&e F'G 6

schematically illustrates a cross-section e I rst
embodi ment of 2adifedy & male-to-dise ymsinga The peast plsqvicpmprises @nfitsh denosibig a| r

bear i ng Sll@rf%ﬁ‘osu&iﬁbn?théﬁﬁl 1&&@ﬁéﬂrsﬂ&ép9§@ﬁﬁﬁ&§a%§'§ asffg | onal side

view of a second enbo I ment head that includes a ep03|t wth a

conpensat i ng & eB’é%&F%@ce that Pl?fé&es position rglative de; tharyubsiyateCrr beprin
PCT/ US02/ 1437 Qurfdck & teBip&afafiBdrbsal |y i1l ustrates a bottom view of a third
enbodi nent of a head F includes a deposit with a conpensating air

bearing surface. Ffgdit ‘T?@H?ft?"éd?eﬁﬁtﬁ Whéﬁ@@?éﬁ’l’ﬁe%d’t’lfhoﬁrﬁw@%v of a

fourth embodi Mw@ﬂtheﬁllb@ﬁ@d&tﬁﬁaﬁdbﬁﬁﬂdbﬂ@ﬁdﬁed&ﬁ@ﬁdnﬁm Rirgs.compensat i ng
air bearing surface. 5 FRL% ematlcall}s | |lustrates a bottom vi ew of
a fifth embodi ment of & FDESC TION OF THE DRAWINGS

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 scherﬂaﬁcaﬂy 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.



a head that includes a deposit with a conpensating air bearing surf?ole. L 2004
FIG 11 schematically illustrates a bottomview of a sixth enbodi nent ('Jp

a head thaty] S a deposit with a conpensating air i ng _surface.
FIG 12 sch‘glr)rg /#0§§?| y illustrates a bottomview of a seméqyg“%’odi ment

10 of a head that includes a deposit wgith a conpensating air bearing
surface. FIG 13 schematically illustrates 'a bottomview of an ei ghth

enbodi mrent of a h hat inpcludes a d sit, wth a conpensating air
bearing surface. Fﬁ%& é%ﬁ%‘&éﬁ@?@@%ag%&h"IS‘F° BIﬂBrdt%nr%&%%s acing as a
funclti on 01;I r@g@&ﬂiaomcmes%ie@ml: Witaabénlri;%naﬁﬁg fiebdatingsusfice a](c:e a: ong aOI
trailing edge of a . . 5 i strates r.a f pol.e-to-disc
spacing as a funct |F€§agg?°h?}?%’€?d}'sﬁl at&?a%?%ff??ﬁ?)e%%faﬁaff’ﬁa‘ %?%98%5?#@ surf ace
al on? a traijl iQ&a&dﬁeifnﬁlﬁdaafdepﬁit“dtﬁh%peﬁ&ﬁﬂgaﬁbdaﬂﬁgiuaﬁaéb. bot t om and
trailing side vie a hea i t, depasits of different .heights arranged
al ongsi de and ove\r,viréa‘r Qﬁ?ﬁﬁ%ﬁf}’ﬁ@tjﬁ% s’lagb"ttf’lpé'he?d%l@eéﬁ‘ eﬁ‘g’c’ﬁﬁ’fﬂﬂqﬁED

DESCRI PTI ON | na hdae tHaciaciadediasieposis @dth b esnepengatiol it bearisgisuifacees at a trailing
edge of a head su rate ar - of a.mpterial with a.different
coefficient of theﬁ% esﬁlbeé%gfagi?{%ﬁ{sﬁ”éﬁ a‘tbﬁ;mgmﬁfﬁtslé‘a‘a%f’g?mw netic
transducer | ayghead thhhiaclpdss-aldeposit svith & aangensatjegar dadngsurfackdi t i onal
compensating air begsi pg. force on Lhe.neads, i .38 Afdibignal force
increases lift (upWard <6 5‘??%1?' Rarreaay g pressure regron or

decr eases sWict ofarheqdithutrindiudds 4 deposi) witf a mpensatggohr beaningpnedme.ur e regi on. Thi s

can beneficially c sat e or - hal.e-t o-di ' : n changes
in tenperature oc%ﬂ@g} S@éinﬁaf%%%&dég&égfa I%t(:8 %%B%@f%%ﬁ%ﬂ%ghgﬁ%}&gl SCc spaci ng
i's tenper at uref adeaptharsadlelds adaposit witr & cowpenspivigaiirtbearttigsurfapaci ng at room 2
1 JUL 2004 WO 03/ 1Q5134, - ‘ g gﬁgps?' (oF=TalY el ected for
use. A higher dens?'?é' g‘% @gﬁgazys??%ééﬁne oﬁ a h‘?%%%éawft nggt&danger of
head crashes atecdssighefia comppesatingairdsaring hefapedlongatpalingisided afy head ween
substrate and over ggat t P Aol | thgushioger limts
t he choi ceﬁc])f mat e%i?g] éé ?%‘rg{r%ﬁsggsﬁ&%bgqorf.ﬂo?hg dtli}ges%g‘gﬁg g; r?aitagcrulgalog W th very
di fferent coef prowisemtof a obmpensating bir boapingsuifane aloag araidigg edge of a head.

FIGS. 16-17 illustrate bottom and trailing side views of a head with

deposits of different heights arranged alonéside and over a read/write magnetic

transducer.
20 : DETAJLED 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 magnetic 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 ﬁads, the pole-to-disc spacing is

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



thermal distortions in some slider areas that may adversely affect ghﬁ UL 2004
pol e-to- disc spacing. In particular, the high (local) tenperature near"

t he magneti‘g Oil{qglgfducer causes thermal deformations that lead to
protrusion ‘Of bole tip and contact with the disc stf@e¥43%E0d
control of the pole-to-disc spacing isg- 10 required for good nechani cal
and el ectrical performance. In enbodi nents descri bed bel ow, features at
the trailing edge of the, slider, expand .due to.tenperature changes and
thus create- AWORTARLR BF Fglﬂ‘éeirﬁoﬁﬁsg’ grdlé‘glé"ﬁrdgnsg? ‘ﬁ&@tﬁéf"ratg&?ﬁ% Stures and
conpensat e f orachiév@d patheutidangdt RhesdRashddGt hibld fempliatréast. sone of the
material used to ufacture t.he features have a 15 coefficient of thernal
expansi on ( CTE) tmf’ ﬁWB‘g’ggl ?F%ﬁ?eﬁkﬁélﬁsqa%aﬁldt freogt gy@ﬁtﬁ’gt @te and/ or
overcoat . The tjaiig kidk of the slider Hmitctha clice(dif ategials forahesdidert Yhe wkelbhie

substrate Qr on, the oyercoat..area ai-l i side), or. both referably
close 1ot He T, Wb P SaReRr cobiitnis f ngal bimiig? Fniee€iS t o ¢ nat
regi on. Pref enigdahyl, distbréions iaisbine kliden dredpethgthhay sdvedsely afftcoderpoldatan t he .
air-bearing sutface.(ABS). The siz 20 shape and geonetry and materials
of the featur casrp%mi%ﬁgclfa&ff‘faﬁ %ﬁ%@a&%@%’ﬁﬁr&mﬁwf%@eﬁ?e changes,
ei t her due t o tandduenicadsesrthemal defernzlionsgiatdeadoia epratmsion @é thermpleofip t he
magneti c transducer. th hermal . di stortion of .the feature changes the
A Titude of t Red et anf de Bdrole Koo herbidy St ek b A BRIt ace

| evel on 1ohe raubrad foagerd mdehaidalant elecirival péerformaesee addi ti onal air-bearing
pressure and will 25 jncrease.t i ftefor the %t rature
conpensate the polél-‘ta’%lzo I seél?s %eﬁglﬁ)lg‘#lé’%&evt &%@lﬁestaﬁghﬁgﬁgn%ag eaoﬁgm%he di sc
surface. FIG slider kxpand dud toSemperaurd oatingesrand dfus sregtie 9dditional/air-4e@fng ncl udi ng- a

head 110 wit eposl 1t 5. ). -t 0-di sc
spaci ng. Di sc%regsfu?evgt %%erit%elﬂ%ggp g&ﬁpggg%%%gknﬁgg%aﬁog%}ong&gs %@n e surfaces
106 that are tlospiAtalehst spme of Whe RAEuial \WEDB/ magd@thre the @ReUBOR/ 44379 | ayers

of magnet i i-al.. I |§,ﬁ?:fg BPmhNE! S aCkaPtnayp tipl e
discs. A rl(ééag? gﬁ%l%lthoggﬁﬁggse %ﬁﬁ’t )?tr?cilnﬁdgs t%g hﬁ%ad 1.13_1awi th a
magneti c tr anshitige and/groversost. Brepedbike gatures cani beplased jn a1@gity i thpun or
rotated as ShQWe iy or 8 (8WYvdrlohat AW S8R Y Woih. UterBBRY cRESRMEM ¥ 112 to
access different rotoggllg onalV %a %Kgacgii oglg dfgf(:)‘r deftl’ %n tﬂg storage surfaces
106 on the di swepsiic rangigeer, 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 ambimt temperature change or due to
heating of the magnpetic transducer, the thermal 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



Read/write head assenbly 112 is actuated to nove radially, relativ {o
the disc pack 126, as shown by arrow 122 to access different radia JUL 2004
| ocati ons f"?&%%/lq?l%l? on the storage surfaces 106 of di scf%ack 126.
Typically, the actuation of read/wite head assenbly FfZ'PLMEPovided by
a voice coil notor 118. Voice coil 10-gmtor 118 includes a rotor 116 that
pi vots on axle 120 and an arm 114 that actuates the read/wite head
assenbly 112. A circuit at |location 130 contr.ols.the' . pasitign of head
170 and el ect e Tybigeth PAGET. IHodRs Rk ReER A ek e Computi ng
envi ronnment . Rises. Rread/heitelicad adseyibliy | 112 $dchudécihie AedqdallVivith £hagrticecti on of a
head 200 for 5 di,sc driv fore | appj.ng. Head O, includes a thin

(5T ead w i LERGEH S0 cack Skt St Dive Al 2 R AbFOEh 5 HOHE BY rensi ons
adapted for amgew 102 fsallowesadsfvriidheadyasgamiitily $1251glhadess diffedentabtati®iab. The
transducer 214 is d sited on a substrate 201, l.ayge part of the head
200 1 bui Pt 190 18 dre s S dovs Sk Dhufiatis ke’ D15 and 216 as
illustrated. The pReddivaite béadlaeehbBONI2t ik attudtal tol thave tradidligdrelative toss 20
section in FI IS r the traili ide 2 of . s trate 201 along a
contrai i andesie s b o P ek gt BOETSB0R AT 1. 00

200. The substatatoa tROdtoiage prrfdéesrl@b oy diso pakd 26 Typically, dheeaduatiambf vy -
conducting cerapm La C i re. |yl oxi de (A1203)
Gnd L1t an um T sty 132 Gbeecl oK BaiPlot HE DB 8L 7 11 E
25 A basetoOat mwixirellB dhclRBL a irstord Elvothitt wdoto on tkle 120 and amgrns il tethd09 of
substrate .2Q1. .T A 2Q2. | i.call.y..insulating
mat eri al , typlggjzhéﬁt?st}ﬁ © ‘%@%ﬁﬁ\%&‘{%&%{b@%%@eﬁ&agﬂ’t"ﬁl;f? qgé cosn%tgiss%ﬁ}éat e 201. The
basecoat mat eposifion2Fhead biOnad zlebicallyt iptetfmes thelyeadiverite hendt 140 iveith 201. 2 1 JUL

2004 WO 03/ 10 - . S02/ 14379 Deposited netallic nmagnetic |ayers
fromall oys o?&?églﬁg?ﬁegogéﬁgckel (Ni), or cobalt ((Co) forma |ower shield

203, shared pol e 2006, 2 schemplisaidy Dlustratesd pertielsrass-s2i@ of@desd 2006owronpl et es a
bol o t1p 350 Sf ufied b NRlip HEsBOp IR RE, uifd A0 kg wiPedgilels OVST @
| ayers 203, 2014 with Zzapsoamd ofhepinternal ylirengiensaadapted for aesef dansitienef ¥ t her nal
iélpanSI on ( Cr@gabiﬁ/s&uar@fﬁ&p&rxﬁo?e. ght BinsticdNTe %]dgp(‘fﬁtﬁc.{"onaa $braRfzogbout 12.2 x
A large part of the head 200 is built from a substrate 201 that extepds 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 (A1203) 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
AlLO3 with a CTE close to that of substrate 201. The basecoat material 202
forms a bond to the substrate material 201.



ke s "

6/C. The wite coil 208 in the transducer 214 is preferably made fr rq

copper with CTE = 16.5 x 10.6 /C or from another highly electrical iy JUL 2004
conducting nmetal 10 or alloy. A coil insulator 207 is typically fornmed
froma cur®@hondresist with large CTE, simlar to orcewserizpger than

the CTE of the netallic magnetic |ayers 203, 204, 212, 206 and the CTE of
the wite coil 208. An additional depdsited insulating |ayer 213 fills the
space around |lower 15 shield 203, and shared pole 204. Layer 213 is

typi cal ly made fr dDep8di2Qetnilidt mdgnetivalayersofivoml alloys bfisec@e), nicksl€Ni)202. A read

sensor 205 is fo LR a very t.hi ayer . betyween | shi el 203 and
shared pol e 2@&03%&@5 g"é‘ﬂé'lg?w%Gltg&d?o%’f%?rﬁ%m%ﬂg’ tﬁ%&%\é\?ézr E’(‘anrsg1 i asctogeve (MR or
gi ant nagnet 0266 iCokd 206 doftbie)es aemite magitfic feireuitctheouglt the celtercdfra cdl | eads and
contacts, for from Cu, 0L Ot her . netal s all | loys in a
convent i onal %ﬁ'@:%ﬁ?" &SP 18 %%‘f?taﬂﬁgénin%aﬁgé“%c.e hlr:h?\ {519 ng over coat
or topcoats!| ayagnedd Gayers 208 po% 212206 typidally hayp addrgeadoeflicieat ¢fithermdlucer 214.
Overcoat layer 210 | pi cally.al fr. ' E close to
that “of the’ spmeren SCTRHEE Bpmeef aldh Spatstfh e D1

rcoa anarized arter 25
deposi tion to%&Xpose el ectrical contacts (not illustrated) for the coil
207 and read sens@r 205 i he,tt . t 200 is
formed as illustra éedw%%cql—llrh&% uﬁfh%fm?&lﬁgééfg%p%éé{%é%yh%%lee ﬂ]%%hgo%g%r beari ng

surface (ABS)wRRETERa16.5 % 106%°Qveirorh keotien §rgblyietsciieallyscondusting métalopi ng i s
expl ai nedlén g%[lﬁ detail below in connection with FIG 3. 2 1 JUL 2004 WO
03/105134™-7 Y'US02/ 14379 Throughout this application, reference
numeral s used in oheoitinyulater 207ais tyricadly tformed from & sured peatered® Withner al s used

i n anot her Fi gure~desi. t S R EmbBR UibSetid! G 3
schemati cal | yglyﬁelgs r a@gg tgo%:?gesns- ef:ta{a%rgﬁeg??%ﬁe%elgd 200 fgﬁlc Ustrated 5
in FIG 2 aft yers 20520 21 206 rad thefe¥H ofithaoeritopoit 208. head 200. During the

gggc 2?}3 | g;elr gppi NG Rdaithol d@ﬂo@itéﬂ%uiaﬁﬂg Biye238 qud BFace Addnd 1bW& Substrate
15  shield 203, and shared pole 204. Layer 213 is typically made from AlO3 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. s



202, 203, 204, 205, 210, 212 are eroded at different rates due to 2h&ijUL 2004
different nechanical and chem cal properties. FIG 3 schematically

illustrate ical positions of the various |ayer tive to the
air beari ngvé‘&t}?l?%%'g (ABS) 222 after 10 | apping. Typi calpiﬁu %ﬁé”?ayers 202

and 210, which can be A1203 or other _gyomaterials, are eroded nore than the
substrate 201. Layers 202, 210 are thus recessed with respect to the

| apped air bearing_ surface. 222 . 0of substrate 201. tallic netic | ayers
203, 204, 212 forﬁﬁhﬁﬁlgﬁ%ﬁﬁ%ﬂﬁgﬁ&%ﬁ?ﬂc%ﬂ‘@e Ss%e%eo&ggé%‘&%th'respect

to the substr gt eebhe Rirkfeiched dfureplaged @RnotherFygurecddsigyats thakdngrorl5 t han t hat
of the A1203 | ayer The magni tude of the recession of magnetic poles and

shields with ¢ le 8 ¥he subst r at e edge is critical for head
performance and RG] Sschahdteslly id@tated 4 @ossaesins bDthe héBPR) ilAddtedThe dashed

line 217 shows r he, e s of all the.l ul d.be with zero
recessi on.> Fol? Fé&gfﬁf?aapi"ﬁé %&%P?ﬁ edﬁﬁ” tb%ﬁ%géﬁ%\ﬁ%&hgip%esfm i's
exagger at ed i f lapfing O tBS aie GegMgarfice (ABS) 212, det ubstralee20d. and fayetsead 200
illustrated ip FLGS, 2 s..not ingcl.u ol g-t.0- di . i ng

t enper at ur e 02%2@39%3535’%3@0@?@63 ‘%dtaﬂgﬁ%ggtbr tg?nh‘ﬁ ttorﬁﬁq%déﬁ%a pole tip
protrusi on i Nmachagiodl ahd KemieRstoRAsi EIG. B lsciematiialiyl illustratesrtae tipicali | bel ow i n
connection with F

[ 4-5, 25 FIGS. 4-5 schenmati L YA hdnl te a
cross- sect i onp??fma%é]éedvaﬁ‘ﬁ%ﬁ?’fe{ﬁ r%tmé?/glreag ais % Sg%lrcf g‘%ﬁeé)ﬁ% at room
(e operat | o el 1o dissl o et i horsisadr ve o o X
particularly Pﬁfe{i u 75 5?@%&@?%6{@asncf%?threﬁg'enggfrsarbtog’r gl o#’étﬁhe head 403
i ncreases. Thecdsewipeittatespeet tof the happétesicl be@idg istrfask 222 of sehstrgé 20he 2 1 JUL

2004 WO 03/ 10 . -8 PCT. 9 ' hgni fi I
hi gher than t 5§a§\‘/‘exflaa%nfmd{age§9c§i6£%z’ ltez:r%g}?%?%u e R

rr’ve ) ture due to the Iarge amount of
heat di ssi pat mdessad witheredpeat rixs the swhstrat®B01 hug their ragession ig typicallysmplleri ze of t he

head 403. heﬁgﬁt &jt]%e Al?(ggl%%saglﬁ? #xg%niﬁﬂg?ﬂfxe BdskiON 5 HRROS layers 402,

a
436, 5 41 , are typ ent fromone another. "Typically, the
magneti c et aid shisldsawithr ospieet to tieensbisiater edg & didiod fprahegd pexformanceand

insul ating | A ¥ is4 Qaaled “pole tip tecession” (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 ﬂyingﬂ )
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



431, 410 have | ower CTEs. All these layers are grown on substrate 401 jUiat2004
has mnuch |arger volune conpared to the volune of the |ayers 431, 410, 402
and the transducer 436. Due to the different CTEs of materials in various
head | ayer 3,%]‘? 9%t shape of the head 403 distorts at CE(F§I2A437

tenperature. The pole tip recession (gPTR) 437 that is present at room
tenperature as illustrated in FIG 4 is reduced or conpletely lost with

el evated head tenperature as illustrated at FIG_ 5. Tg ,ch%l[]l e of PTR
Wi th tenper at trresdpcer 1438y efno b Figficeptly higher, dhapy, hegyer g’FéhicT- %TR) 15 The

CTEs of the akdifertid @ud @Rt BYEY SmdtBR of Heatl disshptbdah Ghe trfBuckp43drat  of
substrate 401, so that the pole/shield protrusion at higher operating

t enper at ur es Fedatiye o the soadlsizepf the head 4Q%si on of the metallic layers in

transducer 436. Thim CXRaTY @bstiafe 400 laiid vERKbYs depbiited dysgdoRy43she adj acent
substrate 401, basecoat | ayer 402 and overco,g}t)ﬁiclﬁgzers 431, ,410. 20
During drife 6Hbré4iiwe ynigelly riiferent ftom jong, anotisr, s e iPiEgtiSagnet i ¢

recor di ng meditafie1hRecin4hasdubdt AB6 dhve 1996 CREsghd Bsaingliavessiof the drive,
the pole-to-disc spacing 438 neeﬁs o0 be kept | ow enoug)qf%i required for
E4E5- 75

reading and &% tHOBRVE IR &t YEiS &%) Ty onyuhetrals A hfad 403

shoul d not getnubKargePVlifsd comiphfed FRGE Gdlinge SREH layes4F1a¢ 1), 400andshe | | ust rat ed
erm ned by the

in FIG 5. The pqle-to 25 di Sc sphaci 438 is.primrjly, d

shape of the 3?‘?58‘1?@%1%3!%@“569?“& er%QSQ"Pﬁg Totgrt ’t“t‘@?‘ﬂ'éydhqaﬁagertshe sl i der
Sﬁbsé r at 16401 the Fhspe PLIE BEATHOT eistofts itlRvated tampalataer THeIDledippesestionpr i mari |y on
t he di stance t he recordi ng, nedi and e /shield tips of the
head 436. The@%g?mgsamﬁ grPﬁFega@ﬁrgﬁrepaS%gs %edﬁl%l&@ @Bé 4uﬁeéltto i mprove
head per f or maBgeompidisly doscaiih klevdtédrigad eanertiore asdlwsasted 2t HIGI BLTIiRO04 WO
03/105134 -9 PCT/ U 14379 pol e-t.0-di SC spaci t Q, avoi d crashes
due to protruShags gﬂltspﬁlédﬂ ?@‘%Wgtlﬁwge?oé%r ?rfelf}gg ragﬁgedmlgl nld‘I"—th1 5. FIG 4
shows schemat PTR).| y a transducer 436 at room operating tenperature flying
above a netic di ur.f.ace 440 illustra i t,h ted
roughness”ilgl n Fl Gthﬁ,@?’fs‘eleOftﬂ}ea %ﬁ%?m&%%ye %Eé@?ﬁ%\%’ 4&%%%50%% Ee ﬁi ghest

poi nts 439 of of hlyabsiragn4dli csomehdi ahes polealield 4gOtrusinGat highko wperating

temperaturés 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



schematically the same transducer 436 at high operating tenperature ’\lﬁsé
of the volune of the transducer 436 is fornmed by netallic Iayerszaﬁ 004

coil insu r t have large CTEs. Due to the | arger f metallic
| ayers in b@e&%& fansducer and possibly also of cured PS&%‘E?}?I@??M used as

coil insulator, the pole/shield tipsgof transducer 436 pratrude nore with
respect to the air bearing surface 422 at higher tenperature (FIG 5)

than at roomtenperature (FIG 4).. . Thig effect knogwn. as T-PIR places the
transducer 43pletordssy Sl?"&“‘%héo fagiAebsad c’ﬁé’afa‘?u}(’f FEEURE & H$8gher

t enper at ur es. tedperdifi@s AFilARated id FIBNS.ducer 436 has to fly low, close enough
head 403 has to SEW i Rprageauiealy 1 BRARET a6 i CRBUCOTRRRani cally
touching the grgi@urel flyinpeatood & niagnetit Saedipdaifivy 440 [lnatatedaviithent
tenperature (see FlI 4). IS no arg nough’ h rotru ol e/shield
tips at hi3het*eessTad, TopEhuesy g‘ég'_[él & ’%gﬁmﬂ?%gc#h@%rfg’aggmz&ong%gg%ng t her mal
asperities. Thplestr 6itilst §39 rofngn@hgnetid meklabisirface e0arliG. Gowhawsi nat i on
IeadingtotriﬁEﬁlqi al proble a ent ual |. head c To avoid
head- nedi a co %\Eﬁ“gﬂg'éLﬁgaWﬁ E?Fén&dcﬁr%@?}g’@ﬁﬁgfrﬁw {gmf’?—r?%e‘ g@ ?th?fhe pol e-t o-
di sc spaci ng thaSolhme dfathd erahsdu@e 486 daifpbmed by awtatlict eyqreaad theecollFl G 4) ,

with undesirable effect on |l ect i is
difficult to ‘%&%“S“t‘ﬁaé%ﬂ‘éﬁ @{g(eoa-@lsslguestﬁg% %Lﬁ (gaé éfr)l%ugﬂl ga g%Ehtllku% oper ati ng
t enper at UL® I ea@gduce dndopdssibizvilsogothawnal- phethrerist osedaast coil Tinguateny el em i s
sol ved, as explained.below in c ect | 'tHEF Liréarhghead and
t ransducer degqlezﬁlfle?‘ﬂu%?fgﬁn%d%‘éergrggH%’%g&z}géggs| gésg?%ﬁ(g{hé trailrng edge of a
head i ncl udeswfeptensahigher @inperatemr(FI 53 thah atwemt thaperategr(HE3- #dsi t i on
relative to the 2.1 JUL 2004 / %g%; / Slet ronetle Substrate
air bearing S'EI?IT afé%‘ ﬂ?%wgépsfgp?%e}%g te eg%:érsgbeedﬁgé%(mgnvari ous
t enper at ur e cmsjiesvsiatd 449 atikighes tdnpemtueesmar ked with a stippl ed appearance
for convenient identjfi i I 9 i i ol es a
; : hat ﬁgg&?kl S@biovigt 1ol tHS k@ €

Cross- secﬁ’]onal sﬂﬁg \%e\?vl%é%ag%u?elgﬁﬁ gée odi ment o%ﬂ a head %OO for use
in a disc dritohesigood alecuica pedorimaace] A(0h¢ srnfe|time, the head RO3Reate B0 is simi | ar
to head 200, BA%ib A% AIPSua B mediDTARIEARST S 301
along a trail ? ’}sélle&éreaug%gﬁggga su@st rate 011.1 In FIG 6, t hga

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



read-wite magnetic transducer 302 is along a centerline and partiZalfl YyL 2004
hi dden fromview The viewin FIG 6 is offset fromthe centerline.

The substr j ncl udes a substrate air bearing surface 222 that

gener at es ?f‘,’ﬁ@%ﬂ ift, or force tending to lift the hé’gamﬁ Mroma disc
surface 303. The magnetic transducer1802 (including features 203, 205,

204, 220, 212 as described in FIGS. 2-3) is deposited along the trailing

PG o) thar iARa et T o B Eioh sl it v e 0T " "
pol e-to-di sc spawidage 36kpenddtiag degusits dre (rarked dthasstippled IPfeaiaticd HOSi t i oned
alongside a wite .hetag %%h includes a top pole 212, a core 206, a pole
tip 220 and a SEFFPETLGT 8%as illustrated in FIGS. 2-3. Each deposit 301
i ncl udes a conpensEIG. regschematiealdy illugrasesrd aross-sd@ionilhdde viewagesrsal tit ude
relative tqQ the,substrat i,r - heari.n urf.ace 222 ..as.tenper re 20
i ncr eases. %\/\hgf’ilb?#@elﬁ@?égﬁaﬁog% uf%lg%ecgs R Vlcéfl%?lf‘ifg’evg qg(gmtalzgﬁper ature
i ncreases, thanThdtead 8000 Rigdlat tochead 200pkeweverghaad 30@aleo Mhokidaaages posi tion
relative to the subst. ir hearin face 222, ating air
bear | ng. sur A0 SRBvGaRT ek o ing Hhe DD oF 8 Sy ALt BREPEREE, |00 111
the head 300 reedewrité mapnetindragidacer S02 fsaaleng34) 2ertanlineconyd qragtiatly hidden t he
protrusion of .ol i D . ) ture conpensating lift
stabi | i zes thﬁ%ﬁ%‘%&@ﬁe&?@éc%&%n‘bfg%ﬁiTmtﬂ%g“?‘?g‘s?t sone of the deposits
301 have d&0coef fi cTlensubstiate 2fpemchides e substpmnsir drarin€TdEyfaceh2®2 thet gr eat er
than a coeffigj i ubsd . 201.
%hn%ﬁ&es% £irs D OF ?&rlé%{]tg?%%g%'lﬁi @Q 19l avigg groglo?&gé e

f .
Dependi ng on e conpensati on errstrc nee r parti cul ar
appl i cation, &p3.dddmagetiairamddyesi2 (Bcladiogfeatates 303805, 384,326 @12 sat has a WO
03/105134 -11 P £ G : rAbu sion that is
| ess than a nggpﬁ%tfg%é%;%ﬁ %(a e%&aq%l %o@@&e%%ﬁ&oﬁbtﬂgﬁ%%%r ate 201. In
some appl i cat itremsducet has aceirotip 229 (Biddenclom wiewfin Fi @) dfat & spepedppal , such  as
copper, tRhat coef ki £l el St IS greater
than a SHgoe?l?fﬁ cﬁgncgﬁo%dr%&eﬁgg% 2&%2&%%@%&;?@@%%@ ?hgﬂérqrggd%gi% id(’:lstransducer
302. I n ot her deopits) 38 pisrpesitioned glongsidezpwritediadywhirl invlndesot toptpeles ane
material as t?g%,Qgéﬁgbé,gggggm%éﬁﬁ%%ﬁtéco?lfbbs(é@ﬂhu&&teﬁ%'ﬁ@rcis'f ed from one

type of mater mbi hat1on of two or nore materials. For exanple,
a deposit 301 can IHpsh 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



formed of a |ower CTE material, such as a nickel iron alloy, up to sted JUL 2004
| evel 308 10 and a higher CTE material, such as copper, above the step

| evel 308. ferred arrangenent, the first conpe i [ r bear
surface 30%&)(?0833059%43& ed with a dianond-Iike coating (D@g?}.ds&}ﬁéﬁb

di anond-1ike coating provides inproved friction characteristics and
increased durability. FIG 7 schematically illustrates a cross-sectional
side view of a secopd ) odi nent. of head 0 that .ncludes a deposit
322 along a t?°§§$°feﬁg of; é@p%ehé"pagﬂ%%tt?%tg %i%ﬁaﬁhé feh 1%0&;38 sinilar
to the head 3@fperhtdispansioh bfthelapamtet20306 on head 320 is deposited

al ongside the wite head, ..while.the d it 322 1S, deposi al ongsi de
both the read head™5Wef ?HQECW’?Sttgeﬁggﬁs%ﬁewﬂ%p ogfldogffpa?egaf’gg%osi ted on

t he basecoat &Qdppes, thitlhds b cedffiuibnt of teinferatiire dxpansioh dhat isepzqaiec then at he 20 heads

300 and 320 are_.substantially simJlar..ln Fl 7. th a i s placed
closer to ? he®@ E%?Pfﬁf@m@ﬁffu%l eﬁp@ﬁlﬁﬁzgfiﬂg’orﬁa%%%uﬁécgéb% aﬂlc%%rr%ensati ng air
beari ng sur f agplid#iénsy) depdeis31 tande Pormnad 6 the safneimsatdrial asltiegele tir oxi Mty to the

substrate air bearing surface 222. Thi I g ces the
aerodynam c inter %’F%S%osgse?@e%aﬁ%?%mg%?mm%ﬁ?éﬁ H‘gg‘% ﬁeigcreﬂs}[}? ace 324 and
the 25 subst ¢oaibénation of éao iongnosa mbtrcials.2P&. exBin0l8, aglep@itsidhesaatbiecal |y

Substrates. ¢ NS POe Sasarl i 48R B0 iy ASERlElae™l DU 1
trailing $0demd3Gighef CEE bsteriel; sach 8720pped 2bovelirsstepdad] 30878, 380. The
deposits are shaped i tk i i;ng surfaces
27130 2004 w0 03 1OBTH prdtteesh S RBRERAR i WAl RO LD, B S
appear ance) t évated ctitrpdiapersilike oorting (BLC) dhe diamond-lika gogtinganreviddsr bear i ng
surfaces as tﬁ%ﬂ%@%@nﬁ@a&ﬁﬁﬁ%md eag&p(ﬁmﬁ,ﬁ{(}%have a sinple geonetry as

shown in Figs posts of circular IG 8), rectangular (FIG
10, el lipsoidal (MG 7 sshempterslly Blagrates 3, cresseectiona) side AiewHd\Resesrndr enches 357,
359 (FI 11 [ b ofde placed in
cavi i es 1 1 FaielindoiAa0 T ik AERHL ARh A2 fIdfy PadgRRt fe §) 2P
cavi ti es t hat substeatq30t Thel Hegd 329 1;%@%&@%&&4@0&%%%@? deppsjt 306 deposi t ed
ayers 390 (& &y $8is bilonitdd aldfdsif oS Holibwillo an OB Bl ¢ 11 L he

: e

;
deposited | ayers de805| ts are prefer ablﬁ/ deposited in cl osed

proxi mty to ddpesiisdglengside both the read head and the write head. The deposit 322 is
'deposi‘ted 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 (substfate 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



10 transducer 392 as illustrated in FIGS. 8-13. In one preferred
arrangement, the deposits 350, 352, 354, 356, 358, 360 go all thd JajuL 2004
t hr ough th%{i‘l"”iﬂgﬁi thickness in a direction perpendicular to the views
shown in FIGS MY This arrangenent provides a | arge PLAAPOAHR to

better control thermal expansion by rageval of the heat fromtransducer
region. 15 FIG 14 illustrates a graph of substrate air bearing

surface-to-disc i n S functio f, rrecession of .an al um na deposit
along a trail iﬁiﬁnﬁggﬁyog ‘&{pﬂgd S%B%afafng‘ge&mtl ﬁhalggerosﬁo’n 561%13? ﬁ?c@? axi s 404
represent s surshbstretetair thaging sypfacesnay temperature rindrersese The pmld can thavd zont al axi s
406 represents.recession of e.alkum e re relative n adj acent
substrate air Sgnepg? igﬁogmes r asgé‘g?rﬁnnﬁjsr%?héh’eg ldqf’gtﬁr&fgc‘élf“fﬁ@’e%r head
confi gur at i ongedtdnghlet §IGCSS, ellipdoiddD(EGd Yosh sectivh,| ets), raxtad hawe FI G 14.

As can be seen fr t he m na osi.t increases the |ift of
t he adj ace%t sqr i %ht%%?ég‘glg gﬁgtsa'a{r]l’s'} g;r lféae@gaﬁcgﬁ essluls'lzazglio?'eagf ags Wﬁjﬁe pressure
regi on. The 9ldosd inatagitias in the aubssatess 303720 3M, ST P i8ng, thdmpds wit h

t t d - 1 |5 i f

the al uni na depiis i RV it sl BRGARAL DaidieR 06 D0 27 P00 O
bearing surf adBlGSo18i 5, orgpawiitiey thet are dompisteliom bé depositedusieon3d¥t a metal lic
Gepoot {21 01 9! e, ARG oohlify ML Lol ) B sy o1 1102

axi s 408 represen spacin I nches? "and a
hor i zont alOaxitensfiteer BEhasdbustrated ipFd@8.8ski3on of the nmetallic feature

relative to an adjfc I.r k: } ! ters. 21
3L 2004 VO 03/ TosTSH P Bl n RS0 Kored, 1dh SyEne

confi gur at i ongo (@lldhewey thaggh thesliderdthivh)essinen dirdctiont pependicylar tophs, 15, As
can be seen fromsFhGm 1o Fidd)R- e iTs ain‘an&tﬁzaﬁlsﬁrhviﬂ%%[ BRARERal BRk f/CLion  of

I
the adj acent substrate air bear surface that" is already a [ow pressure

regi on. The et comtobibgrmel eypansion by rarevakal theihest fiopteapsdycer eginfes wit h

tenperat ufg due t opfs tREIRRVERENMorh & GROIRENIA! bedfindist-tREA-EGY surface on
the netallic deposit. Adding a fedture on the trailing edge of an air

bearing surf aceacing4s a fimstionfrecassion of an guming depositplaes a tralingrsige of o- di sc

spaci ng in t WehdlbdiadeYinWaey S, Artidal k28 SepRlsertd\Rirthdeltb-dRE sBingkd €ady hi gh
pressure region, or a decrease of the sucCction of a |ow pressure region.
| ncr easi ng t h&uspioghess andna Apgizengl axs GHE penseseris aecession 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 suhstrate 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 traﬂing 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.



10 region may provide greater sensitivity of pole-to-disc spacing Igoﬂmy 2004
feature with the variable height but would also be a concern that it

becone the‘ﬂ]&ﬁ%ls oint on the air bearing surface. The second net hod,
decr easi ng the suction force of a |ow pressure zone, ACTORHHR feature
hei ght'to change and affect pole- to-@gsc spacing w thout concern of it
beconmi ng the close point, though pole-fo 15 disc ' spacing is generally

| ess sensitive ,to such feature. Fig. t h ensi.ti Vi curve to

al unina rec es:i?’ff‘ﬁ %W%Lﬁﬁpﬁgﬂ@ugﬁrﬁaﬁéﬁéggﬁém&V@tuﬂasém{eg%fn
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pressure regio i.g. shows, t he sensi tj Vi urve to a lactge netallic

feature at tﬁgﬂ{eraggf?"%ﬁubégﬁ‘émﬁ%’eﬁrﬁ'é‘%@g\gﬁ? aﬁ%@(ﬁ'c?hlogr?r?sﬁlge 5?90%beari ng.

Thi s feature Qhesgetat?Qirpeirsuifwedd-gisc §faciag tignpes withetemperatme dwo de,

i ncreasing_pressure of negative .pressure reqion. FE.GS 16-17 illustrate

a bottom viPew m‘ﬁ'e??g’gcﬁ’?ﬁf@g%“?aﬁn% egfl?%su%ﬁ &#ﬂ%gﬁg%ﬁﬁgsi de a

read/ write transdusédinga eatinslomithe eaitiag tedgeldT aarairchegring snrfacetthet haead/ Wit e

transducer 414.  Adjustnent .of. . thé c nsation.can be provided 25 by

provi di ng di ff"@‘_?a@ﬂe{ﬁl * SRR LoRsft ﬁ£°§§g‘§§f€%a°&?§2{‘%ﬁ‘ié’, g?vv‘@isl “bs by use of

di fferent mat éickaabesof the lithef aepleaily high hitgssutd 4egiohn onptdeomsse oflthet ri cal.

heati ng el enent .418.can be de |t . | vi de

heati ng. The FeLep ﬁgag’%grgfsf’xegéﬁ&né%%fe\%]? %/Bg(l)l%% ?gﬁ ﬁ#%agé%éreﬁ% é)r esponse of

}: ?;?'/ ﬂgggs'/ﬂtl)élg maégicm ]fdayspw\édlg grgdtaystrxsitiditﬁddpphetoidisg spaging tolthk fea@EAwitlD 03/ 105134
- | , . .tn. arge

t hermal ex panéeo%mglhlg)%&%@t l{“? ‘é"ﬁ@g lj(élrsgrbg%ac%fl ’Ee(%? mﬁﬂ’é@%’é@%%%ﬂﬁ%i ng

over coat) and pciah ol éhepais bedring eurfaacThe tehend métead, edréasing ttke sustioi t h t he

substrate air i i . i thsem 1 ed. In

such a way thgggﬁqaﬂggg%{?@&%ﬁéﬁ tIal 1%%% ggtgr\?erggﬁ%g@? g %gra?xhcglpglesurfac.e t hat

i s the cl osesto-disc spacingiwitbous nericervef irbgeanting the slosd points theughingleetst pressure

regi on between; I de Is@hsitivd %o RNk iR! F 189XR8Rsiggn materi al

can be rrteltgg P}Ségﬁ%c?épgréegs _a?gggg ] €6 per st ueétlaﬁql d process or as an

i ndependent  pensitizity cwvety, aliminargeesgion whige would e siniatiocths Ershimedd | i ¢ al | oy

used for shiel L+0-dRO! £5cind hditidt RO Bele 'R & LidagsRgad fically

sel ected for Pf?ogg%tdggls?ﬁcﬂgoé)épo’s?l?ﬂgaé_g% talhgﬁrove?coat reggai (§)n %ian be pl aced

al ongsi de of tpteesuraggion. 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 dep'osit for a desired pole-to-disc spacing.



pad or at the back of transducer. There is additional advantage b? l|1a 'ngmm'
nore flexibility in controlling the depth of the features. The t ail‘n‘"'g

side view illustrates deposits of different h | aced at
vari ous Io%(ﬁ%lﬁés“ In summary, a head (300) for a di sc%&&%im(‘%ﬁo)

conprises a substrate 15 (201). The supastrate (201) includes trailing
side (209) and a substrate air bearing surface.(222) that is shaped to

fly over a disc sur ac t hat gener s a first lift. The head

(300) al so conpris tﬁg ‘Pet# %PFW%;}@JH%W‘“[ EXPANIE| t ed al ong

Eggog r aih ling Sﬂhd&ax(sgﬁb% partTdf]gaerﬁngae(mblﬁdihg av?@u«; afid a8 @2 oﬁa&e@FMI e d_ti P
that is e iscC s ace y a pol e-to-disc

spaci ng 20 (30'%)'c %fﬁct(“@'gém]}eséf Ui A H5Hmgs %‘(‘ef'%fhgtareﬂéi@&elnf’ (301)

de]E)OS| ted al On@vit)hﬁ millédalhh suwg aSw@ahé)Qﬁ)ﬂl)be fﬁé@ari bf%& od@ﬂ@&ﬂrﬂ:ee(rfn 1) tI ncl udes

a first co r sur f a nges position

relative t gﬁggqtgsatil%clgqe?tt%gag ?’?d:}gag s(é’??&‘ ’é\‘ggqsg?fﬁﬁ ture

i Ecr eases. | t tegiof betbeenlmgatdﬁi ﬂﬁldnédi?ﬂ'helﬁgﬁ thehﬁﬂgh%ahﬁﬂﬂmtbﬁ?l cmﬁ

characteristics 25 advant a of vario odi ment s of .the present

i nvention have eﬁgﬂed% fiony chge,rtaﬁpaerfg %erf’%‘flé’ﬁ%‘fﬂ@“ﬁ%@rﬁslaﬁﬁd&’lend?%get her with

details of thq:rsdesmp,nttearabuimﬁder&dmamagnﬁuc\n&talMoyaﬁMdbmm& of the

i nvention, this dlsclos . d anges may be made

in detail, especral ltca’i’ﬁ {hfreﬁlLterb”?5p§flbflagl§'ﬁag°t%§rf8raﬁlya“r°P§ yenent of parts

W thin therinci plDepostti ot ke qyeresa mégiomeanritei plaved alohgsiiefdfithe @enfer JUL 2004 WO

03/ 105134 PCTI USRI o KBl AL AR D Rl Proad general

nmeani ng of thep ernms i n wWhic
exanpl e, the piexibilityinccontadingshe @pﬂvqfthcdegturesjébeﬁraihmldemd\mmq@mti cul ar

application fqﬁus %s{ﬂe%ﬁﬁt \gpm A'é‘@?%pﬁitpga c9atv§:&’<$1§ g}l ally the -sane

functionality wt sCope 5 of the
i nvention. The sub#$t surnery, atrkbad (Bophfctriaohﬁlcadnvehw%mmﬂwesaﬂ@sismface on the

substrate Jgan §9rh%@¥b59~ﬁte ﬁjiﬁ&ﬁdéé‘&%‘ﬁﬂ% @@6@ ﬁ&'@?&b@&t%%{b%gﬁ%"‘”h a

pol e-to dISC s ture conpensa oSI t ion
al t hough t he Spﬁ@béﬂ%ﬂm@ﬁmemmvmqu Suefdcer(&ﬁland tietegedestes 2 bed i n

connection wi tfﬂ qlfp heﬁqgﬁopglkci\:?%m rfsesV\ﬁ %%a m%ﬁﬂ!dﬁ& a( &ﬁ é?a)f &hose

skilled in the art t t'eac sent ventl on can be

appl i ed to ot Ifeposiiesplengithe tepilingside hﬁemmmnﬁﬂs@cedi’:%@akmm as Zip and
Jazz drives, tt@R?Z(ﬁ tHlaY & SpaARALapaR GOl LaiRRttloe #03) B2 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



wi t hout departing fromthe scope and spirit of the present inventig)?. @Llﬂlﬂ‘!
JUL 2004 - 16 WHAT IS CLAIMED IS: 1. A slider, conprising: A sub atl

i ncl udi ng 3y w%gl?gte bearing surface, the substrate alsg including a
trailing side, a transducer deposited along the trailid§ER P he
transducer having a tip; and a first dgposit deposited along the trailing
side, the first deposit including a first conpensating bearing surface

t hat changes pgQsifion l.at ,ve ta the subst.rat bearin urface as

t enper at ur e in??“féénescaéﬁc}’ya#‘eﬁbé%agt geper B}Cf“?’%%iihet fams i“?é’@“‘ﬁ‘eg'ﬁsit has a
coefficient ofappéndedeniatsiareexpxgsedSFarexahple, thespaaticbir dspdsimapvagef fi ci ent

of tenperaturg expansi of the transducer. 2. The head of .Jaim1l

wherei n the tic%p?nnctge%{lsi 3l 15!18’{ PB@&& °nag°rt g’ﬁp]éﬁagtﬂﬂlie iPAFUGYEs and the
first conpensaubsteptiallycthe sang fanctibadiey witlvat ddpesing fvarthespiittne sepepensat i ng
lift that £conp résateeﬁ fqllil tlﬁ)e @rotr'usiqcx){ln. 3 Theb head of Clalm2 wherein
the tenper at urs WoRERY: PR §UoSEte and . paryiqulak the,ajf bearing guffacq Qthe hocing. 4.
The head of Clsabstmatt cahtakeany aftvati@s khown ghapdsiadaptedf§foi tve Withrspole-theposit has a
coefficient of; te ture expansion that is reater than oefficient
of tenperatur edlstgxg%ﬁég 5%11%% ecomgﬁ%gg?%a9?0815.ﬂTﬂ@W8a& ‘?ugg:l tgﬁ"m 4 further
conprising a yefored echbpdimetts destrdtied heretayodesdribed @l comgctidhewith @hdrd Ng si de and
has & coelfi chobivels difTREALUNE: SYRANNAD: LAY ool Bl TRE BaldllBl of
coefficient of tenpérature pansi on 0O e substrafe. 0. Tt ead of
Caim1 f ot héhe memprinsiinn @n beemplicd eyies magnetihdives suctiepesiavetle al ong t he
trailing side gndiiah & ZAPEd 1k SHved oo CHRES A EERALAR! Qe NAL 15 less

than a

without departing from the scope and spirit of the present invention.



coefficient of tenperature expansion of the substrate. 7. The heag ?
Claim6 wherein the second deposit has a height along the traili slUle 2004
that differs froma height along the trailing side of the first dep03|t

8. The head of Claim 1 wherein at |&ast = portion of the first deposit

has a cogfi+ Giept ofint erer ature expansion that is greater than a
coeff|C|E'rTr—01£1—enpvr—on-m-e expansi on of the nmagnetic transducer. 9. The
head of O gi mylg £ Rofbr! . a portion of the first deposit is forned

of the sane materi is 7 The h ad of
0t amer e At R € dulth 0%t oGRS O

| 1. The head of C aamﬁan%aesfraé&%lftgasgll&%ﬂgﬁg dggqn% gldQe g surface

i s coated W t o LHREPNEsdide sCoRL1 Nphg 1 ferein the
first deposit is pargiall )ﬂep@ém.e%ﬁgsiae&aa\i'ohbel?hé g& é:hfe SLll. trate
and partial | yrj ot rqdespast s hogdi | bﬂgfﬁkge Ok oy WISET ab8ars The

head of O ai myJ-phey etikd Nenshhsd ' 508 1a% ad iveU reﬁg ubEacL
opposite the §é§?§lnrgatﬁuéﬁarcebee@§|E'&npe‘i:%ﬁ:ﬁﬁ@e’lnéﬂga.&gke bh&Sthrdepagit extends
up to the topposuils! r afre el agersd4. dbsosild dafa0f O aidork; whetei o he
first deposittémperd@nesi shriichhenbtal _g&g;a%legetﬁéntilecmkﬁeﬁe ofid. The
head of O ai mdfbamaenet Nethdrsfibhstr deposkbnsi§uawedded in cavities formnmed
in the substrate. 16. The head of Claim 10 wherein the first deposit is
deposi ted 20nThBehsRPNEt i CLaimansGUueesin lohel ha pheadrofs Hahmplot fusdder
conprising: Aasel eshpératheat i Agcebaimyt bhat kEcdeposid eddpehBgridd r st
deposit. 18. Theahbwsl olrfdcdi rgcherdbes ehn thhpefdtiile dep@ehbat sSnghaped to

that compensates for the protrusion.

3. The head of Claim 2 wherein the temperature compensating
lift stabilizes the tip-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 1is 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 1s 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.

8. 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 expans1on of the
magnetic transducer.

9. The head of Claim 1 wherein at least a portion of the first
deposit is formed of the same material as the pole tip.



forma trench in the substrate. 19.A slider, conprising: a head aiseqnuyzmn
I ncl udi ng a substrate with a bearing surface the substrate including a
trailing side and a transducer dep05|ted along the trailing side, the
transducer having a tip; and neans f ot? generating a tenperature

conpensat i P@ &‘hgtheaé] tf %Qg?ﬁnf he%re:.gragI rotrusr Jl:]onanq:' @heI ?1axs'ttha .
portion LGl ent of enperg?ure expanston "That is
greater than a coe ICI tg erature expansion of the transducer

20. The s i der ot qeaamo@ eﬁhﬂge'r‘ WBLIR LAGY 95400 RO e, B

temper atur & T BCLeaseS il a0al Olen GENCLALLAG ICEUGES &% 1 P51

Qg
conpensati ng bearing surtface that generates %ﬁe terrpera ure corrpensatr ng

lift. 21.The &hidRLa®foO@iMnl9 WASEEID dlie £ QR lift
stabi | izes a bmeaazcﬁtﬁr aQe isuLt af@rn?e@thQheggngﬁa% § ik é%fgh
head of C ai "E%gt ?Ja@,tt Qﬁe r@%’lilflersﬂﬂqg%akhggsuﬂs'%g es a 1rs

deposit that has a coefficient of tenperature expansion that is greater
than a coefihi ¢hentndis bEMRALALUM L SHB2DSH O nef é&t?st%léfeét MR- 23t e head
of O aim 22 wWaghgishdde hRanse osiwﬂ%at Rd  baciudes asecopd, P@fgf)s't

that is deposikhedadd ongnlihecnd raildngashdsi @ndyxhasad el fd cirgat
t enperat ure gﬁgg@gﬁg@1shgagcés nore than a coefficient of tenperature

expansi on of the substrate. 24.The head of Caim22 wherein at |east a

potion of therhiersiliqteposikt tmaifudr Medwnérdie SREE FRLSS | Alepdsitheipol e
tip. 25.The haafooitdd ahmie whanehy sidd eFstnd fAMddraReof the first
deposit conprises copper. 26. The head of Caim 22 wherein the first
conpensati ng.ahé 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 slider, comprising:

a head assembly including a substrate with a bearing
surface, the substrate including a trailing side and a
transducer deposited along the trailing side, the
transducer having a tip; and

means for generating a temperature compensating lift
that compensates for tip protrusion and at least a portion
of the means has a coefficient of temperature expansion
that is greater than a coefficient of temperature expansion
of the transducer.

20.The slider of Claim 19 wherein the tip increasingly
protrudes as temperature increases and the means for
generating includes a first compensating bearing surface
that generates the temperature compensating lift.

21.The slider of Claim 19 wherein the temperature compensating
lift stabilizes a tip-to-storage surface spacing.



bearing surface is coated with a dianond-1ike coating. 27.A head ff ?'

disc drive, conprising: a substrate including a substrate air bear r’g UL 2004
surface that is shaped to fly over a disc and that generates a first

lift, the substrate also including a tali ng side; a magnetlc t ransducer

deposi ted al,08get he b abs Qant'% {5 JTRONGL Cpilansgucer. havipg a pol e
metal |1 depostiy gﬁ&%,%%{tf B atTrhg B ¥ 4 Bi‘fﬁggpo e
pr ot U g+ oL afat&etég% e@tut B TR SRR o At ShBCTat ur e

coefficient of expansion |s greater than a terrperature coefficient
of expansion of the substrate 28. The head of C aim 27 wherein the

netal |ic deposht iaakeasescihift 2bn whdedl ANERSSHESS e@b?ﬂ g%tle be; Rl
bearing surfagge1dseshg headref &@dne27ciher ekn dhpaetal 11%x epfﬁé
decreases sugbhONidd &ildaW REL@SSWRE g0l QRePE: LN 1Al loPeardfd, ,syrd ace.
30. The head obtxfhmdiBr? 7eMier & nmdhe vmiald | Eogﬁﬂ.%'ehtcg'fprﬂe&%\%raemer

expansion of the substrate.

24 .The head of Claim 22 wherein at least a potion of the first
deposit is formed of the same material as the pole tip.

25.The head of Claim 22 wherein at least a portion of the
first deposit comprises copper.

26.The head of Claim 22 wherein the first compensating air
bearing surface is coated with a diamond-like coating.

27.A head for a disc drive, comprising:

a substrate including a substrate air bearing surface
that is shaped to fly over a disc and that generates a
first 1ift, the substrate also including a trailing side;

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

a metallic deposit deposited along the trailing side,
the first deposit protruding relative to the air bearing
surface and having a temperature coefficient of expansion
that is greater than a temperature coefficient of expansion
of the substrate.

28.The head of Claim 27 wherein the metallic deposit increases
lift in a high pressure region of the air bearing surface.

29.The head of Claim 27 wherein the metallic deposit decreases
suction in a low pressure region of the air bearing
surface.

30.The head of Claim 27 wherein the metallic deposit comprises
copper.





