;e3eyv . 6. TNU ' _  SLI DER BASECOAT FOR THERVAL PTR REDUCTI ON BACKGROUND OF
~THE I NVENTI ON The present invention relates generally to the field of
magneti c data 10 storage and retrieval systens. In particular, the present
invention relates to a slider basecoat for reduced thernmal pole-tip
protrusion and recession. Air bearing sliders have been extensively used in
magnetic disc drives to appropriately position a transduci ng head above a
rotating disc. In a disc drive, each tdansducer ‘jihiie&iimi a few

manonet ers above a rotating disc surface. 15 ThelmW%mpwummmm"s nounted in a
slider assenbly having a contoured surface. An air earing rorce IS
produced by pressurization of the air as it flows bet Weeh the disc and
slider and is a conseqisiae pISKCOAT FOR THRRMAL PIR REDBCHDND! | on of
the two surfaces. The air torce prevents unintentional contact between the
transducer and the disc. The air bearing al so provides a very narrow

cl earance between the slider B?@KGB@M%QFEHEINW@NWi ng disc. This

and damage. “Disc. <t of age LyaErinyBbasRREpbd BN S A b gE R

storage capmci tst@age idaeeRRalisstedb. B@aaintar,the piakent invenlicn @uteitc aslides
increasing (that is, the size of data tracks and radi al spacing between

data tracks is heseacsbor mdnced digumalipals-tasprofrution pad EcesskBiar i ng gap bet ween

the transducer carried by,the sl t r j j [ . One
aspect ofS ;chi evi ngI hi ghy 1r3)§?1§néglgéeé%‘ggvc?eﬁe%pte?céegﬁflvggldlgggggn?rga%ngfié"gﬁ?ng t he
air bearing slidiRes @Jtapwcfﬁrﬁtdlpwsmdﬂ AtGarB @iy Koad EBSvd M@ tAing @il Ty 8 dise

function properly, the slider nust maintain the proper fly height and
provi de adequatdsiveosach transducer 'HesS jusba deys nanomaeiers abone astiotating ddw sdofees. not

Sai ther - oihancs taaderB Heiiclina A peelBu e ind Eie ot Bate Thpaic Ve
| oad/ unl oad pemnkaifPRee & Prddulbd bf pRbAEatRA WREaik Beit TlowdWerddtd thgisdi SC.

Such contact woul d cause damage to the slider during take-off and |anding
of the slider. aptiglideziandhis aiconsaquensk of the shdestcontolr ansixelafine motior pithetwo

magnetic 5 recordi ng. the average fl. ei ght _of the sljder decreases,
the transducer Sﬁajﬁ?egvgggéﬁr ré]%ff:%?re?’@gf)fnﬁﬁ_ l%Bﬁor_bagfﬂ%téﬁ t}eﬁ'éee’lnﬁiiﬁ Frauseraat a bit
| ocations on thg &lbécrheTJaﬁts&HagagsoPﬁovﬁ@esqeuw@&@xlo@ d18arhéd b nith@girpcer s
fly as close to the disc as possible. In a conventional air bearing slider,

t he sli der20bodyransduceranddhd rotating diseh Jhiseallowaathigh densidpabiuagriectie datatabs ¢
material. On tl’tli sﬁféub(?tr teﬁ’ a thi nJéI m of 10 insulating material is
deposit ed, and "GPHETEE PRETCHEAISTFALEIC $A488i 1t therein, by a process such as

sputtering. The transducesse W_Bi-a%l? systéth€ adel desigh6d eiGfedeind! #EatBi0fibiage for
storing nmagnetically-encoded i nforimation on a nmagnetic nmedia and a reader
portion for retcapasitiesgtht densitypd soneeatriodataizanke gnidiscs isnmcieasing (thahis,he

Ol el 2 T g T Pk B S PSRBTt
smal Ter than t g Rl it Bealthg bdpbetwdinlithdtrfhsducer carried by the slider and the rotating
disc be reduced. One aspect of achieving higher data storage densities in discs is
operating the air bearing slider at ultra-low flying heights.
For the disc drive to function properly, the slider must maintain the
proper fly height and provide adequate contact stiffness to assure that the slider

30  does not contact the disc during operation. Also, the air bearing slider must have
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The | ayers of the transducer, which include both netallic and insulating

| ayers, all have different nechani cal and chem cal properties than the
"substrate. The differences in properties affect several aspects of the
transducer. 20 First, the layers of the transducer will be |apped at
different rates. Thus, when an air bearing surface (ABS) of the transducer
is lapped during its fabrication, differing anmounts of the different
materials will be renoved, resulting in the transducer having an uneven
ABS. Commonly, a greater ampunt of the Retallic |ayers of the transducer
will be renmoved during the |apping process than will be renoved from 25 the
substrate. ThuseitHehenhznped tiiefofOpefamanceuitt sart op ar pohanced pnipetadAintvad( PTR)
of the nmetallic layers of the transducer mﬁ}h res ecéito t he substrate. The

PTR of a parti cRAFEHMPRSAP it eRmytach SEvesn fhtes @Prﬁ’éﬁ% B‘ét%ﬁ"f’ﬁé“ weuldar air
bearing surface.of. aﬁﬁyfﬁpwﬁfd@r gttgfe—mf%@fa]nﬁ%hélo:?ﬁ?erélﬂgr.surface of that

| ayer. 3 Addifiona he 1T nsulatimmg materi a often recede at an

even greater rate than thElyt hdgisdigcate, of drdinogt tuiticuhtpardnadters axfemagmpnict hat
results in a discernable offset at the interface of the insulating materi al
and the slider tseeriingupsiheaveragetlheight ofthesliderdeatsages.the sansdueer aelevas

prevents the tran er;.. & Lyi . Dr. I ot ] >
Tagnet i o disc AL ReUeR B e Rvek! B ki Sd A Bedidis e, Phorblte,
mechani cal and ¢ edesizatle By RORIthd ans@hicerdfly asidlséetatiee dibclad pagibibucer | ayers

further affect the air bearing surface during operation of the transducer.
As the magnetic data st orbigecoanentioagkdinbering yides the slidgs bpdy isdormesfrom

.transducer is subjected t.0 i.ncr in perat ur iLthin the magneti.c 10
data storage an%s"{bé??tfa g\?&?r Ogﬁ%ngﬁﬁvq nr%r% i %t%ha?' é_gtﬂ_irﬂ%)@rsg?ﬁr 3 tl?)’f‘qﬁlﬂeo £
transducer 10t sehbula®ig matédial is APosiedd, an®y h@alfit Gabédueanis| builpitedren, byan t he
tenperature within the nagnetic data storage and retrieval systemdue to

heat di ssi pati aproessasuch by sputteringi cEhe Gansdueerswhishttypicelhainciides a. wiites

Cength Tor a uriFEPRRgSTorBE Hasrep b shspdedin SRR e & miebfotiomeqip and a "
t enper at ur e. Th%a&'pr&fiorF%@Eétﬁé\gg}%&ﬁf rhdgnb@éaMyRgcddrd mdistatioh Sfrdm the
(0]

typically much smaller than the ~materials used in formng the
met al | i ¢ | ayer smagnetih enadiaa irsfotroed of uléipleatttrmed Layeus sueEssivaly staeked upon

transducer's netal | ayers, thos ayers tend . to expand a_ greater,,anount
than the stbst rt%f? é@%‘?&s,?}éﬁlgﬂu?ﬁ@%ﬁ*’%ﬁ%@f‘é? ¥ Mﬁg J‘B'jlcg’cstnéag{ef ghewi Bfer
operating tenpesatMe8fthelstisstigs al lic layers tend to protrude closer to the
magneti c disc than the substrate; thereby affecting the PTR of the

transducer. This change iThePhResacfsthd tansdesepewhichriaclude betlemetallic ands t he

Thermal PTR (TRTR),...Duri n ratj.n of the neti.c _data storage d
retrieval syst elﬂfdlﬁt_éngt %&er?’régﬁ@ﬂ'ﬁcdé erlegt ’BS‘%aP{gﬁlﬁ Clhﬁmé(faigéo%ﬁ&iq%nta@et o the
nmagneti c nedi a.gubstedts! TNE AifRPENRE Th prdPertics REFEHY G@FerANEpdoncoMbeditmnbducer. _
preferably small enoug;’ to allowfor witing to and reading froma nagnetic

medi a havi 2@ a Fimst.gbe fayeusiof thertsinsgucenwill be laped at4lifferent rates. Thus, when an
air bearing surface (ABS) of the transducer is lapped during its fabrication, differing

amounts of the different materials will be removed, resulting in the transducer
having an uneven ABS. Commonly, a greater amount of the metallic layers of the
transducer will be removed during the lapping process than will be removed from
25  thesubstrate. Thus, the lapping process results in a pole tip recession (PTR) of the
metallic layers of the transducer with respect to the substrate. The PTR of a
particular layer is defined as the distance between the planar air bearing surface of

the substrate and the planar air bearing surface of that layer.



enough to prevent contact between the magnetic nedia and the transducer.
_Performance of the transducer depends primarily upon this distance. To keep
t he di stance between the transducer and the magnetic nedia constant, PTR
shoul d not change significantly with tenperature. If TPTR is large, 5 then
t he spaci ng between the transducer and the nedia wll change significantly
with tenperature, thereby requiring the lowtenperature fly height to be

hi gh enough to accommbdate this variation at higher operating tenperatures.
On the other hand, if TPTRis close to 3ero, the |lowtenperature fly height
can be reduced. Thus, a need exists for an air bearing slider design which
achi eves 10 a constant, uldditiohadly, theaimselating mfateylahyllheﬁghtecedmﬁmn @enhe

bst acl f diff t I th
TPTR or i gi nat ARG WG sHiip Mo G lerah SRRt bt TSR PFace.
I't is the m smyjichridBid Gﬁse@EEﬂQ%t@%ﬁee Bf"&eriﬁﬁlﬂitidgcxnht@ﬁﬁra?ldc’the fsn@ertmg}sducer

and the substrate material (which forns the air DBearing surface), that
gives rise to tsbsttdtemateriapriitervasatulity oﬁmmffset;ﬂaventthtramhelucét&routeﬁylgg is

needed which eli ate t he. sub Erate fro the al ear.i sur ce and
t her eby redlicePSCHRse SB¥fa‘f°n%t ¢ DAERAHC PIRES ‘h: THE

| NVENTI ON The present i n&HHePnk M% cferdl edi I
bearing surface. The magnet|Hcpkr:&ela§'k I nc rg’es a su%ﬁ:rat e@ﬁj}\;{ﬁ?}c‘éﬁé‘wol sC
opposi ng 20 facsabhmmdmd teansdudee dalyeny) frtioee, affiect tthaa lairneatiag esurfavel duringt and

second si ded edges. slider includes an en r p05|t|oned upon the
trailing face depef‘WQn E}thfaé‘ls@“%ﬁef\éﬂﬁ RRpRNCHS été‘é agspudgetgicnal syseRdsng

face and IS COMYct AL RrafsdBLAE {bleoltNb grAsiORhIeFinRE whlin A Blee

expansi on great dna co icle erma pansi on o

An air beat( ng damktwmgémdnetﬁesaibﬁtgmolmaﬂ&laod;a&empﬂpmsémfghémdmderﬁﬁelf, he end
llayer. A transducing head is formed in the air bearing pad and exposed at
an air beari ng %ur P&t hereofy maw) hersigifiesativiigher dharrfie s witlen the shows

t t f
2 9B, Per ettt ol fadl 0 ESPMIAY W0 T XBAETABEAOSKELPRLTO 2
a slider of th@lm@@eamné\ilts mvBetrayducdr) G 3A is a sectional view of the

slider showmn in FIG 2. FIG 3B.is a sectional view of another errbodl ment
of the slider shown in FIhe coefifgient of theymal grpansien(C) ds 2 qnesswisrof the

Vo of tnt ot Ried ket R, 0y’ R of BNBRALAE ol ifrpcior® uaBREW 07,
per spective Vi egmpératureli Be CTE uﬁndtenals\/ﬂs&lhn foralinglihs sabswraiedetypivally ftior

(VCM 12, an actuator arm 14 a suspenS| on 16, a 15 flexure 18, a slider
20, a head noursmalgr maécﬂbeﬁ E of anajerials gsetin fgrming theometallisolspierstafdhe o a

di stal end of i C e to
actuator arm 13%31?&% rﬁ]}gﬁ Yla géegigocﬁoége tr%é? orn? éeglarlgingﬂ'grs t%ggeuﬁ%egg to
VCM 12. As showendimo dxbend & gnhtesmﬁemafthﬁtﬁesdbstzdtescrhaé Wiz the ﬁ’dh§dubéﬂ1§I ty of
tracks 26 and rotates about an axis 28. 20 During qperation of disc drive

10, rotati%h ofsubliesied 39 highse pReralingtempsraliwss the witallic jayewsferd tn prodydey

li der 20. Thi | t
o (B0 Tt ARk (TBUSRRAGIS thh USRSl SOk PRRLorchs] ance
of disc 24. VCMahgdicsr. SkHiesHahgeinP TRaausddd témpermtue: isuefarsddas avtha Thémal ound

an axis 30, thereby noving suspension 16 and positioning the 25 transducing
head (not showBIRe&FFTBH by slider 20 over tracks 26 of disc 24. Proper

Gata on concentric 11 ackd Iukperan byR THERRE ol Shrab FAM BRI 70,

bearing sligler tROtrarfBdiekelis gdbitivasd & close proximity to the magnetic media. A distance

between the transducer and the media is preferably small enough to allow for

writing to and reading from a magnetic media having a large areal density, and great



gi mhal opposing face or top surface (not shown) which is attached to
flexure 18. Slider 20 al so has a disc opposing face 32 carrying a
“transduci ng head 34 which faces disc 24 to read and wite data fromthe
disc. In addition, slider 20 has a 5 | eadi ng edge 36 and an opposite
trailing edge 38 which extend between the top surface and di sc opposing
face 32 of slider 20. A first side edge 40 and a second side edge 42 extend
bet ween | eadi ng edge 36 and trailing edge 38 of slider 20. The contour of

t he di sc opposing face of air bearing sl4d der 20 has a significant effect on
the flying characteristics of slider 20, and various contours 10 have been
proposed and usetbulghrtoaprevértacdntapt Hetvleensthe Enagreitiesmediatand e tritedecear e
included in U'S_ Patent No. 5,06 01 by Strong et al, nd U. S. Patent No.
5, 343, 343 by ChB?ﬁf‘?fmaBB?ﬂf@Ftﬁﬁ?ﬁ’r Mf’é'&y $t81fechnol ogy I nc.
and are hereby incorporat I ultra
|l ow fly height over disc ggkp |tflgal§{ sc Fvlv‘;vlég‘ﬁio #gﬂcﬁpﬁgg?%?%{eﬁbW?ﬁe
slider 20 is fl yonstand,PTRsHould ot cRahge Figfificantlydwith tegnpepmurat IFOFETRdakgerdi a
spacing (HVB) between transducing head 34 and disc 24 nust be naintained
substanti al by c%@t‘%ﬁpaﬁl@gé’@mﬁ@ jransdueernd the mediagallchengeasignifieantit he

disc. Disc oppog) r ce 44
(ABS) of the sli gg%mﬁ?rgt%%a'[ﬁrerﬁgglsgtﬁ Igﬂ-%ﬁlol S f%g&rngk ﬂrbgnc evefTuM%1
slider 20. In 2ghcugh @6 boodBuidiuedthisvdriation t hlgnerad erd@lagﬁemgermaes4®n gltown as
a center rail, is positioned adjacent trailing edge 38 of slider 20.

Al t hough not sheier hand Af EPTR is eJosde zeronthe kavrican edly height epndereduced.g
channel , or first and Sec‘fﬂ\i‘ 821%&2%8&5%3% Hehig Ehe{-*ﬁi?ss Sucﬁﬁah%g%d on

t he di sc opposing face of °s er c onen

channel s r ggessgeoriste) hlhe-10BTai®iuchelying heght| despits thedbstaglpost diffefential 32.
Slider 20 includes a slider body 48, which Is cor%psed of a wafer of an
electrically com@ehﬂmoabancb@pamlée@a&;@n r Mush ghther TEAIR sriginatgs fiappthg metd, Ti C,
Si, SiC, 2r02 of_other c nat er | nme combi ons o t hese
materials. An e(?&erf ﬁﬁqse(ggtqg’? %t ﬁesanggflilrgaﬁg dlﬁés% 685?11?‘3}1 nél?ed;ﬁ%hgt?we%

adj acent trailipgtaBttdRy éﬁofﬁiaqrd:@mrmme%hmﬁ& mafeAsEGARh fodnertheairand an
overcoat |ayer $4, and both layers are conprised of the same material. End
| ayer 50 is forb@dmgfsuefapel) ribal givesmsertatthe tkannalsu@uﬁusa@l t Ann beariog ehidete

(Ti @), esi um oxi de tt n| um_di

(Y203 zr Oz? 5 he I lﬁﬁme%%%ﬁ %*BSB?I"“"?FF?‘?‘? b3 'ﬁ“& 'Zﬂi T begring s F‘%‘ﬁﬁﬁﬁd
nitride (TiN). dh@re@?@édub%eMRﬁstﬁétr&&du&néﬁéamed of a dielectric
material. An interface S6 defines the intersection between the different

material s of slider body 48Bé§ﬁFtSIB‘AM‘érOFp'BHE|TbWFMHQNI part| cul ar
substrate 48 and basecoat EZ 10 tCeV . gte 4t6 or altlrc éaa il g_@p
¢ Ropsets Vopon laies Wep Magh h

positioned sol ely upon ena ocated

adj acent trail 'Mnﬁggﬁrf{f& OfheSthhgiRtic BBadindluliss @%strat@ﬂ@dmgtabﬁ& poaingy
along a centerline (C) of slider 20. Center rail 46 is conprised of the

same mat er 281 afcehauridgg by ajeadigefacera wailing fgefandrfiystAnd sgeend -‘h@edsﬁﬂgﬁace 44
of slider 20. supstrate. 48.of s ed from

1 S center rail ﬂ%ﬂﬁ%ﬁ M i‘&ﬂﬁgggn&lg%ﬁﬁ RG® Wng ERM %‘u?@ﬂgﬁ%ﬂ‘f ‘§’§frﬁt§ face

32 of slider 20wﬁéxemrt§@@a%§aﬁtﬁarsqr@@obpm@g'faéanwé@qmsé&omﬁmﬂamv ?nt er
rail 46. Transducing head 34 is fornmed in center rail 46 substanti al

al ong the cent ea toafficiofit of Ithlﬂmllal ez(pansrmag@df@cthﬁg algeefficizat ¢f§hel’mﬂ1|txpan5®;aer ed

devi ce conpri sed, of I ur of met and .i.nsul.at a

Typ cal Ly, eacrothe sihstats A &t biinganpis ol Siey PR oy ¥¥Bduoset, <
formed of am al ﬂh@%n@[dy@?irA ltﬁénmmﬁgfh%gd Bffoﬁﬁéarinﬂﬁeélr bé&hﬁEPhdéleéxpo@éMtor
cobalt (Co). For exanmple, simlar |ayers my be forned Permal'l oy, a Ni Fe

al | oy havi ng a @osipbsaringenrfade. about 20% Fe80% Ni . Such netal lic alloys
typically have a | arge coefficient of thermal expansion (CTE). For exanple
Ni 79Fe21 has a CTE of about 12.2 x 10'6/C. 25 In prior art sliders, end

| ayer 50 is conprised of an insulating material selected to closely natch
the chem cal and nechani cal properties of the substrate material used for
slider body 48. End | ayer 50 of the present invention slider 20 is conposed
of a material having a CTE equivalent to a CTE of the 8 netallic |ayers
of transducing head 34. The CTE of end layer 50 is greater than 7 x 10'i/C.
| deal ly, the CTE of end |layer 50 is approximately equal to the CTE of the
nmetallic | ayers of transducing head 34, which is about 12.0 x 10'i/C, such
that the CTEs of the two materials closely match. Furthernore, basecoat 52
has a thickness 5 between about 2.0 mcrons and about 30 m crons, although
the thickness may vary within and outside this range dependi ng upon the
allgnnent capabllltles of the AAB photo process. End | ayer 50 has a

o A~ e 1 o~ ~ AN " o



9 44 of transducing head 34 during fabrication results in transducing head
34 having an uneven ABS. Commonly, a greater anount of the netallic |ayers
of transducing head 34 will be renoved during the |apping process than wll
be renmoved from substrate 48, resulting in a pole tip recession (PTR) of
the netallic layers with 5 respect to substrate 48. The PTR of a particul ar
| ayer is defined as the distance between the ABS of substrate 48 and the
ABS of that |ayer. The differing nmechanical and chem cal properties of the
| ayers of transducing head 34 further affect air bearing surface 44 of
transduci ng head 34 during operation. The CTE of the material used in

form ng slider substrate 48BREFRDESCRIPHION ORIHE HRAWINGShan t he CTE of
the materials used in form.ng the netallic | ayers f transducing head 34.
Due to the larger CTE of tHE h@‘toéﬂslait?i’H’%WP%YW‘FI‘M@&‘I“&? & ACRIFHOR Bystsband a
greater anount transduci ng head 34 is
subjected to hi g@ﬁgﬁgﬁ%ﬁélﬁéﬁg‘&rg&%& tﬂ:é netallic |ayers protrude
closer to the magnetic di KGR betbmiview of ohd efrbsdisdemif 4 shidel dEthSpresenber eby
affecting 15 the PTR of the nmetallic |ayers of transducing head 34. This
change is PPR i snveatised by the tenperature as referred to as Thermal PTR
(TPTR). The present inventdan I using a
basecoat and overcoat cont?glﬁ'a%gg%g%ggﬁ%ﬁk& g{)tﬂggl?r%grr%%\gﬁgr&gi%me” al

havi ng a CTE equi val ent t gFI@ng3Bas asedtionapbietw dfariokteer Elibodiménief tat didet C

| ayers of 20 transducing head 34. The material form ng basecoat 52 and
overcoat 54 has ShowTER dter than 7.0 x 10-6/C and includes, but is not
limted to Ti 2, MO Y20354r ' | R i e '

bearing pad 46, where tra%%éugi%sn%§ﬁte??;l%% Pfs oé@%&bo?gﬁ%gg&éagpdgﬂdgtg%m
mat eri al asjgbaspessiit ikventiod, over coat 54. Air bearing pad 46 is fornmed

sol el y upon basecoat and overcoat 25 conbination end |ayer_ 50 of slider 20
and does not extend upon $UGs? isaa scusnabyies] ofdhe sldsr simwn WFIGs 4t her mal

heating, transducing head 34, air i d basecoat and overcoat
combi nation end | ayer 50 expand ﬁﬁ?@%ﬁ%ﬁlﬁ@% son with respect to
substrate 48 of slider 20 mge]tsBowk hRop Pehpectiveaview ens discidien@adviddn 10

expandi ng and contracting with respect to disc 24. Thus, the fly height
bet ween t r ansdudiohefes davpignce} motardCMp 1amn eiteatonarm §4.ngPudpaisiert 16,The

i t of t duci ng, head .34 t i1 46 and ] .50
over conps. chang exyis B ALaetiEh.dn Béba oufid ek 32 antch 38287 el 205
The reference suphmetd @ra Astdlnd 26t duSpaisfondBRbY MExRAA 146.SuSh&RRn 16 is

transduci ng head 34 and air bearing pad 46 expand and contract in unison,
they nove in concaregtedi tolachratiy asmhit atalradimeyndingdlegk 3PTRcoratarr ams Bhids ng

head 34 with respegt,.to S (center raikl). siid 0, The,fly hei ght
i s determ ned bﬁglgae%g%r}hgﬁ fgea& A o%an%e{%g%g St %ffélrl 'el’p lf%t2,4 lgag tf the
ABS of air bear ififitipasy? tlasksld AxRasftisnBodtanaxierg. ain rate, the fly hei ght
i's maintained but transducing head 34 is not eﬁfandi ng any faster than the

ABS. In ot words, the Bbirigigtoperation pbdisc diiye Y, retetiers ol dibhd} BEtRIGAIT S
made constant so that as, .tyansducing,.he ole ti e ds_and.
protrudes from fHe°® %?w@ﬁ%gtepﬁqu@%eﬁgi ngr b Wc?“d%%ﬁ%@ﬁ%?%ioifﬁ?v%g_ﬁﬁ no
portion of slidep a2k WshiallcBRetabbhé& tiéi suefacd\6f HiR024 2fIcWHRS khddr 2048 fiy
recessed 15 fromtransducing head 48 it will not contact disc 24. In
further enbodi mebows thé surfase pf diseift: VEMelis enlectiyply opewtadrig meae aetgatpsarm

posi ti oned upon_end | ayer 5Q slider 20.. however. it be located at any
poi nt al ong trail‘lii ?FQ“%%@B ags inha{.k]erlcg},' Iﬁ?\zm%esgﬁ’eﬂﬂmﬂabg%dofosmgu% ggeent

i nvention i% Nokrah&Rking®dad Gnopﬁm § Bdred BY slid3E266WHr Bablts¥® THise Rl dPfopdP. as

| ong as air bearing pa§ 46 is 20 formed solely upon end | ayer 50. FrpG 3B
is a sectional ypstionihgaf the wransduding keadrib odéessany farfreadinglend 20itiog data®n 2
taken along the centerlin i d 20. In FIG 3B, a dielectric |layer 58
of material is F%%ﬁl%ﬁcﬁég%oigﬂé%géat 52 and transducer 34. |f basecoat 52
is conprised of a dielectric naterial, no separating dielectric layer is
required (as 25 shown in FIG 3A). However, when basecoat 52 is conprised a
non-di el ectric material having a CTE closely matching the CTE of the
netallic |ayers of transducing head 34, dielectric |ayer 58 is needed. 11
FIG 4 is a bottomview of another enbodi ment of a slider 220 of the
present invention. Like structure between all the enbodi nents of the
present invention are referred to by like nunmerals throughout. Simlar to
slider 20 shown in FIG 2, slider 220 includes a slider body 248 conposed
of a substrate material, 5 an end |ayer 250 forned at a trailing edge 238
of slider 220, a center rail 246 positioned solely upon end | ayer 250 and a
transduci ng head 234 fornmed in center rail 246. End | ayer 250 is conprised

o ~ N o g, N P



10 FIG 5 is a sectional view of slider 220 shown in FIG 4 taken along a
centerline C of slider 220. Expansion joint 260 absorbs any interface 256
“def ormati on between substrate 248 and basecoat 252 and | eaves the
surrounding | ayer profiles substantially undisturbed. The nmaterial formng
expansion joint 260 typically has a CTE greater than the CTE of substrate
248 and less than the CTE of | S end | ayer 250, and preferably the CTE of
expansion joint 260 is 9 x 10-6/C. The key feature of expansion joint 260
is that it has a | ow Young's nodul us. THe Young's nodul us of expansion
joint 260 is less than the Young's nodulus of both substrate 248 and end
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| eadi ng fags, opposing face 32.
Slider 20 includes a slider body 48, which is composed of a wafer
of an electrically conductive, ceramic substrate material such as Al,O;-TiC, TiC,

Si, SiC, ZrO, or other composite materials formed in combinations of these



atrailing face, and first and second side edges, the substrate having a
Jlongitudinal axis; an end | ayer positioned upon the trailing face of the
substrate, the end | ayer conprised of a material having a coefficient of

t hermal expansion greater than 7 x 10-6/C and the end | ayer having a disc
opposing face; an air bearing pad fornmed solely on the disc opposing face
of the end |l ayer; and a transducing head forned in the air bearing pad and
exposed at an air bearing surface. 2. The magnetic head of claim 1l wherein
the end | ayer is conprised of Ti 2, MyO7 Y203-Zr02, BeO, Y203 or TiN 3.
The magnetic head slider of claim1l wherein the transducing head is

conprised of a platsrials. tAh eld 1Rt 50, |forend atysdsduceriporfitreo fetid a2 0 adjdremdraslingler of
claim3 wherein the coefficient of thermal expansion of the end |ayer is

greater than a edgs38. dindhlayesfSOoiinelpdes a kaspraatlayer Brandipa oyarsertlayes S4nend

equivalent to a,ceefflci .1 he i t t-aldl j ¢ J s of
t he transduci ngb @a‘&;’é‘g.ﬁ%‘éﬁﬁ%ﬁaeﬁ[ﬂ}@é ﬁ@%@%@gr%gg l%}f‘e{rﬂﬁ%@f&ﬁe& %% her
conprising: a bishRting aysériadOsichiagnitshitratdiexide (Hi©,) ubsdnesium axide (Tgognd

| ayer. 14 6. The magnetic _head slider of claimS wherein the buffer |ayer

has a coef f Bci eltrizptabiligedraircenipardipyife ¥ ddr€rOd.nemrylivanexide dPe), wira
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the coeffici ent dRfectrivanafetiale ¥naintdrfite 6 défites e inersecfdebetiveentheldifféent
10'6/C. 8. The magnetic head slider of claim5 wherein the substrate, the

end | ayer, and uhteriglsiof slider gy 4&angtransduserpovidemip. & pasticilarsubsitate 4fandoung’ s
nodul us of the ﬁuffer 5?ayer is less than the Young's nodul us of both the
substrate and t RECEHY ayer. 9. A magnetic head having an air bearing

surface andoconprising: acepestallabor af beAsfGRAa! is POsHidicaRER PR chdRyer
substrate; a center rail positioned upon the basecoat adjacent the air

bearing surfacej0 afelider 2@t Genteriatl d@delocated adjacanhtreiling eégn 1 ofrshider 2rand
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surface 44 of slider 20. End layer 50 and substrate 48 of slider 20 are recessed from
15 center rail 46. Furthermore, additional contours on disc opposing face 32 of slider
20 are recessed from air bearing surface 44 formed by center rail 46.

Transducing head 34 is formed in center rail 46 substantially along
the centerline of slider 20. Transducing head 34 is a multi-layered device
comprised of a plurality of metallic and insulating layers. Typically, each of the

20  metallic components of transducing head 34 is formed of an alloy primarily
composed of iron (Fe), nickel (Ni), and/or cobalt (Co). For example, similar layers
may be formed of Permalloy, a NiFe alloy having a composition of about 20% Fe-
80% Ni. Such metallic alloys typically have a large coefficient of thermal
expansion (CTE). For example Ni, Fe,, has a CTE of about 12.2 x 10%/°C.

25 In prior art sliders, end layer 50 is comprised of an insulating
material selected to closely match the chemical and mechanical properties of the

substrate material used for slider body 48. End layer 50 of the present invention

slider 20 is composed of a material having a CTE equivalent to a CTE of the



10. The magnetic head of claim9 wherein the center rail and the basecoat
are conprised of a sane material. 11. The magnetic head of claim9 wherein
"the coefficient of thermal expansion of the basecoat is greater than 7 x
10' 6/ C. 15 12. The magnetic head of claim 11 wherein the basecoat is
conprised of Ti2, MO Y203-ZrOz, BeO, Y203 or TiN. 13. The magnetic head
of claim9 wherein the basecoat is conprised of a dielectric material. 14.
The magnetic head of claim9, and further conprising a |ayer of dielectric
material separating the transducer and tghe basecoat. 15. The nmgnetic head
of claim9, and further conprising: an expansion joint positioned between

the substrate amétani'@lapé}viei:&aﬁsduéaﬁg hdE3NBHRAETE oh@Rflapdr 50/idjzfbaibs thafier ei n
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46. Transducing head 34, comprised of metallic and dielectric layers, is formed in
15 air bearing pad 46 between basecoat 52 and overcoat 54. The remainder of slider
body 48 is recessed from the ABS by varying step depths, generally formed by a
milling process. Although not shown in FIG. 3, disc opposing face 32 of slider 20
may include other features forming the ABS.
Air bearing pad 46 forms the reference level, or air bearing surface
20 44, of slider 20. Generally, the portions of basecoat and overcoat layers 52 and 54
which do not form part of air bearing pad 46 are recessed from the ABS. In
addition, the substrate portion 48 of slider 20 may be recessed from the ABS
between about 0.005 microns to about 0.3 microns. The PTR of transducing head
34 isbetween about 0.0075 microns (recessed) to about -0.005 microns (protruded)
25  from the ABS.
The layers of transducing head 34 all of have differing mechanical
and chemical properties. Dueto these different properties, the layers of transducing

head 34 will be lapped at different rates. Thus, the lapping of air bearing surface



upon the basecoat; wherein the transducing head conprises a plurality of
netallic layers fornmed in the center rail; and wherein a coefficient of
“thermal expansion of the basecoat is greater than a coefficient of thermal
expansi on of the substrate and approxi mately equivalent to a coefficient of
thermal expansion of the nmetallic |ayers of the transducing head. 17 22.
The slider of claim?2l, and further conprising: an overcoat positioned upon
t he basecoat adjacent the trailing edge wherein the basecoat and the
overcoat are conprised of a sane materi 8l. 23. The slider of claim21, and
further conprising: an expansion joint positioned between the substrate and
the basecoat. 2 ofTiwesdicimgdread84 dirngfaBscationresults inteansdyramgshead i biavinghas a
coefficient of thermal expansion greater than g coefnbﬁient of thermal
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transducing head 34 further affect air bearing surface 44 of transducing head 34
during operation. The CTE of the material used in forming slider substrate 48 is

10 typically much smaller than the CTE of the materials used in forming the metallic
layers of transducing héad 34. Due to the larger CTE of the metallic layers, those
layers tend to expand a greater amount than substrate 48. Thus, when transducing
head 34 is subjected to high operating temperatures, the metallic layers protrude
closer to the magnetic disc than substrate 48 (as shown in FIG. 3), thereby affecting

15  the PTR of the metallic layers of transducing head 34. This change is PTR is
caused by the temperature as referred to as Thermal PTR (TPTR).

The present invention addresses the problem of TPTR by using a
basecoat and overcoat combination end layer 50 comprised of a material having a
CTE equivalent to and closely matching the CTE of the metallic layers of

20  transducing head 34. The material forming basecoat 52 and overcoat 54 has a CTE
greater than 7.0 x 10%°C and includes, but is not limited to TiO,, MgO, Y,0,-Zr0,,
BeO, Y,0,, or TiN. In addition, air bearing pad 46, where transducing head 34 is
formed, is made of the same material as basecoat 52 and overcoat 54,

Air bearing pad 46 is formed solely upon basecoat and overcoat

25  combination end layer 50 of slider 20 and does not extend upon substrate 48 of
slider 20. During isothermal heating, transducing head 34, air bearing pad 46, and
basecoat and overcoat combination end layer 50 expand and contract in unison with

respect to substrate 48 of slider 20 due to TPTR rather than transducing head 34



A %A Y L J+Ki Tyw/
"I ~{val gb] X] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] cRa! h NC. a3+7{ uwG
F'""m#} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! m#~###b$" "&g(i ((**-/ 000@3569 9n;
; N>>Y@ AKACUDLFGHH} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! H | 6KLVNOQQRARRS[ STT' Uu
UUp VWADXoXXXLYYY=Z@Z3[ p[ X] } xsni d_Z] ] ca] ¢8] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] cal ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! X]*1laua) b, b3bYb
bbb=cwcccd" dedz dxiranditig dnﬂfcbﬁgggﬁlghﬁlﬁe}?p@hmjdizq 24.allbed, ¢l ﬂﬁ}lcig]ltdm]twaE]ma] cal
cal ca ol o)l 2l ibnahenl SPAhsPl aksak s ahetksal cbsaleshisbeshe R

L dlill nmmm ki

caj ca] gg})ca] ca]ncat}[gﬂsi3 ffgﬂfd'd@ﬁdé a éa@dﬁjhgﬁ]fgﬂ calc &ﬁl}[ i ca ega&?%(cjglsgg]
LEL'; LLUUZV nvxvManm%?;fanperau;r:st%fnc?lnéT? ﬂy]h(c:s;gh(t:. cal.ca]

] c%oc/g] ((:331] ff/l] (1:8] ca] ca] c)aa/ Qféﬁf]:@&f“cé‘]rga&]’cf%’] %@ieéi})c‘é]agr @4 %Ql‘“g%f &J*g%g/g] ((:?
109 f & () - MKi 7y§%‘%&‘§}éq‘(é$ﬂ &fﬁ%ﬂlﬁ&@% ﬁ%%%gfﬁ%“%)&%%??ﬁ 45t 10 yse B oo (

) - 109%& () - yo%/digehe dencord atieéach eﬂteﬁﬂ%&hoﬁr): 1s anlWﬂ{ 6) traxﬁ@h&):hﬂgl%ﬁd Gwith
F(109%&' () - &10%& ()-V uVv4! 0%&' ( % t)l
03@9! 109& () - 3@9@01@0/&1:3(1}351%@911) of|s 1der 20 The yhe1ght 1s deterrmned based

& 0011 & Tove’ (s Sad 9 §R tence bt M o RS offsaaring pad 4615 10pe

10 expanding at a certain rate, the fly height is maintained but transducing head 34 is

-

not expanding any faster than the ABS. In other words, the height of a pole tip of

transducing head 34 is made constant so that as transducing head 34 (pole tip)

expands and protrudes from the ABS, substrate 48 moves up and down accordingly

and no portion of slider 20 will contact the disc. As long as substrate 48 is recessed
15 from transducing head 48 it will not contact disc 24.

In further embodiments of the present invention, air bearing pad 46
is positioned upon end layer 50 of slider 20, however it may be located at any point
along trailing edge 38. That is, air bearing pad 46 of the present invention is not
required to be located at the centerline of slider 20, as long as air bearing pad 46 is

20  formed solely upon end layer 50.

FIG. 3B is a sectional view of an alternative embodiment of slider
20 of FIG. 2 taken along the centerline of slider 20. In FIG. 3B, a dielectric layer
58 of material is formed between basecoat 52 and transducer 34. If basecoat 52 is
comprised of a dielectric material, no separating dielectric layer is required (as

25 shown in FIG. 3A). However, when basecoat 52 is comprised a non-dielectric
material having a CTE closely matching the CTE of the metallic layers of

transducing head 34, dielectric layer 58 is needed.
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in FIG. 2, slider 220 includes a slider body 248 composed of a substrate material,

5 an end layer 250 formed at a trailing edge 238 of slider 220, a center rail 246
positioned solely upon end layer 250 and a transducing head 234 formed in center
rail 246. End layer 250 is comprised of a basecoat layer 252 and an overcoat layer
254, In addition, slider 220 includes an expansion joint or buffer layer 260, formed
along an interface 256 between substrate 248 and basecoat 252.

10 FIG. 5 is a sectional view of slider 220 shown in FIG. 4 taken along
a centerline C of slider 220. Expansion joint 260 absorbs any interface 256
deformation between substrate 248 and basecoat 252 and leaves the surrounding
layer profiles substantially undisturbed. The material forming expansion joint 260
typically has a CTE greater than the CTE of substrate 248 and less than the CTE of

15 end layer 250, and preferably the CTE of expansion joint 260 is 9 x 10°/°C. The
key feature of expansion joint 260 is that it has a low Young’s modulus. The
Young’s modulus of expansion joint 260 is less than the Young’s modulus of both
substrate 248 and end layer 250 materials (whichever is smaller). A thickness of
expansion joint 260 is related to the Young’s modulus of expansion joint 260. As

20  the Young’s modulus decreases, the required thickness of expansion joint 260
decreases as well. An example of a suitable material for expansion joint 260 is
silicon oxide nitride (SiO,N,).

Expansion joint 260 runs along the entire interface 256 between
substrate 248 and basecoat 252. However, in other embodiments of the present

25 invention, expansion joint 260 may be comprised of pads or a patterned layer
between substrate 248 and basecoat 252. Expansion joint 260 absorbs the material

expansion in basecoat 252 and overcoat 254 layers and eliminates deformation of

center rail 246. Deformation typically occurs because of the inelasticity of
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RS[ STT" WWUdEUV7! Y The present invention reduces thermal pole tip recession and

5  protrusion by a transducing head. The present invention includes improved
materials comprising basecoat and overcoat layers of a slider. In addition, the
transducing head is formed in a center rail which is formed solely upon the basecoat
and overcoat layers of the slider. The present invention eliminates the substrate
from an air bearing surface by thickening the basecoat and forming the transducer

10  fly surface exclusively from the basecoat and overcoat combination, that is the
transducer fly surface is formed solely within the center rail, which is formed solely
upon the basecoat and is formed of the same material as the basecoat. In addition,
the basecoat and overcoat layers are formed from a material having a CTE
approximately equivalent to the CTE of the metallic layers forming the transducing

15  head. Thus, the center rail forms the reference point for the air bearing surface.
Because the transducing head, center rail, and basecoat layers expand and contract
in unison with respect to the slider body, they move in concord with each other and
there is no TPTR of the transducing head with respect to the ABS of the slider,
Furthermore, the present invention may include an expansion joint located between

20  the substrate and the basecoat of the slider. The expansion joint absorbs any
interface deformation between the substrate and the basecoat and leaves the
surrounding layer profiles, in particular the center rail, substantially undisturbed.

Although the present invention has been described with reference to
preferred embodiments, workers skilled in the art will recognize that changes may

25  be made in form and detail without departing from the spirit and scope of the

invention.
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CLAIMS:
1. A magnetic head slider comprising:
a substrate having a disc opposing face bounded by a leading face,
a trailing face, and first and second side edges, the substrate
having a longitudinal axis;
an end layer positioned upon the trailing face of the substrate, the
end layer comprised of a material having a coefficient of
thermal expansion greater than 7 x 10°%/°C and the end layer
having a disc opposing face;
an air bearing pad formed solely on the disc opposing face of the
end layer; and
a transducing head formed in the air bearing pad and exposed at an

air bearing surface.

2. The magnetic head of claim 1 wherein the end layer is comprised of

TiO,, MgO, Y,0,-Zt0,, BeO, Y,0, or TiN.

3. The magnetic head slider of claim 1 wherein the transducing head

is comprised of a plurality of metallic layers.

4, The magnetic head slider of claim 3 wherein the coefficient of
thermal expansion of the end layer is greater than a coefficient of thermal expansion
of the substrate and equivalent to a coefficient of thermal expansion of the metallic

layers of the transducing head.

5. The magnetic head slider of claim 1, and further comprising:

a buffer layer positioned between the substrate and the end layer.
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6. The magnetic head slider of claim 5 wherein the buffer layer has a

coefficient of thermal expansion greater than a coefficient of thermal expansion of

the substrate and less than the coefficient of thermal expansion of the end layer.

7. The magnetic head slider of claim 6 wherein the coefficient of

thermal expansion of the buffer layer is about 9 x 10%/°C.

8. The magnetic head slider of claim 5 wherein the substrate, the end
layer, and the buffer layer each have a Young’s modulus and the Young’s modulus
of the buffer layer is less than the Young’s modulus of both the substrate and the

end layer.

9. A magnetic head having an air bearing surface and comprising:

a substrate;

a basecoat positioned upon the substrate;

a center rail positioned upon the basecoat adjacent the air bearing
surface; and

a data transducer formed in the center rail and exposed at the air
bearing surface, the data transducer including a plurality of
metallic layers wherein a coefficient of thermal expansion
of the basecoat is equivalent to a coefficient of thermal

expansion of the metallic layers.

10. The magnetic head of claim 9 wherein the center rail and the

basecoat are comprised of a same material.

11. The magnetic head of claim 9 wherein the coefficient of thermal

expansion of the basecoat is greater than 7 x 10°%/°C.
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12, The magnetic head of claim 11 wherein the basecoat is comprised

Of Tio:, Mgo, Y203-ZI02, BGO, Y203 or TiN.

13. The magnetic head of claim 9 wherein the basecoat is comprised of

a dielectric material.

14, The magnetic head of claim 9, and further comprising a layer of

dielectric material separating the transducer and the basecoat.

15. The magnetic head of claim 9, and further comprising:
an expansion joint positioned between the substrate and the
basecoat.
16. The magnetic head of claim 15 wherein the expansion joint has a

coefficient of thermal expansion greater than a coefficient of thermal expansion of

the substrate and less than the coefficient of thermal expansion of the basecoat.

17. The magnetic head of claim 14 wherein the coefficient of thermal

expansion of the expansion joint is about 9 x 10°%/°C.

18. The magnetic head of claim 15 wherein the substrate, the basecoat,
and the expansion joint each have a Young’s modulus and the Young’s modulus of
the expansion joint is less than the Young’s modulus of both the substrate and the

basecoat.
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19.

The magnetic head of claim 18 wherein when the Young’s modulus

of the expansion joint is decreased a thickness of the expansion joint isreduced, and

when the Young’s modulus of the expansion joint is increased the thickness of the

expansion joint is increased.

20.

21.

The magnetic head of claim 9, and further comprising:
an overcoat positioned upon the transducer wherein the overcoat is

comprised of a same material as the basecoat.

A slider for supporting a transducing head proximate a rotating disc,

the slider comprising:

a slider body having a disc opposing face bounded by a leading
edge, a trailing edge, and first and second side edges, the
slider body having a longitudinal axis and comprising:

a substrate; and
a basecoat positioned along the trailing edge of the slider
body and forming the trailing edge;

a center rail positioned on the disc opposing face of the slider body
upon the basecoat;

wherein the transducing head comprises a plurality of metallic
layers formed in the center rail; and

wherein a coefficient of thermal expansion of the basecoat is greater
than a coefficient of thermal expansion of the substrate and
approximately equivalent to a coefficient of thermal

expansion of the metallic layers of the transducing head.
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an overcoat positioned upo basecoat a Jacent the alflkg edge
wherein the basecoat and the overcoat are comprised of a

same material.

23. The slider of claim 21, and further comprising:
an expansion joint positioned between the substrate and the
basecoat.
24, The slider of claim 23 wherein the expansion joint has a coefficient

ofthermal expansion greater than a coefficient of thermal expansion of the substrate

and less than the coefficient of thermal expansion of the basecoat.

25. The slider of claim 24 wherein the coefficient of thermal expansion

of the expansion joint is about 9 x 10¢/°C,

26. The slider of claim 23 wherein the substrate, the basecoat, and the
expansion joint each have a Young’s modulus and the Young’s modulus of the
expansion joint is less than the Young’s modulus of both the substrate and the

basecoat,

27. The slider of claim 21 wherein the coefficient of thermal expansion

of the basecoat is greater than 7 x 10%/°C.,

28. The slider of claim 27 wherein the basecoat is comprised of TiO,,
MgO, Y,0,-Zr0,, BeO, Y,0; or TiN.



