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'DI'SK DRI VE W TH SELF- LI M TI NG WVEARABLE CONTACT PAD _Al R- BEARI NG m @5
HERVETI CALLY SEALED ENVI RONVENT . Technical Field This invention relates
to magnetic recording disk drives, and nore particul arl | rives
that prevent corrosion of the nmagnetic elenents of the WWH |mllmlu””meads
Background of the Invention Magnetic recording disk drives g§Qte digital
data in the nagnetic recording nmedium of a rotating storage disk. The

di sks are coapNeAGNETIGRETORDIKGDES KPRIVE Wil HSELFeUIMITINGEWRAR ABLE

spi ndl e not or f%ﬂwﬁﬁgrm@mmﬂmmmmmm INSHERMET1 €A LTPY BEAIED

transitions on 't ks 1 n a plural ]% ntric circular data
tracks. The data is recorded and reag‘I a reagfwrl te transducer or head.
Each read/wite head is | ocated on the tralllng end of an air- bearing
slider, with the air-bearing surface (ppBRlicsiflFitlge sl ider supporting the
slider above the rotating disk. Each sTrder 1S nounted on the end of an
armof a rotary d&btisiatventignatatesso emgnete r@@fd@gshsémhl\/&&taaémeﬂ?éléldsladw@ss

t he di sk sur The wite head duct h
magnetic el éﬁr@‘n‘f‘%"%é‘i‘aﬁ@“’t"h@ %R%%‘QP: i‘*f?g'rl!%gg‘ef?ﬁ&‘?‘\{‘g@ﬁwﬁlﬁ rc?(ﬁ \A%er? ?ltce
wite fields. The read head is a nagnetoresistive (MR) read head, which nmay

be a spin- valve type giant magnetoresi stance (GWR) sensing el ement, or the
more recently proposed magneti CMMMM_EM) senS| ng el errent An

inportant paraneter affecti recor di ive he
magnet i ¢ spaci ng BERREE AP ‘ﬁgﬁéﬁﬁ drives Sé?rg%{ja‘gd% %th\%“ l%gg‘rda lllltr'l\/R
sensing el gaRbitiag Qtohige dFSROTRS dx%ﬁsbzh@ cHREd with @fmatgheuﬂbsehne&zhms@ﬂ nGIGERE o1
spacing allows for “smaller magnetic "bits", which in turn allow for

nar r ower tr dokhut Qlltahsnaﬂd rrmmr@qmmwt hlghgp@ét &raty Betared aymaghesic tgnsitions
However, the qﬁ%&ﬁk‘% % u 1|tq)gofl conce %é glgctu[ila(} d3atil %sa'”f'h a(attzgﬁtrewc\}\%fﬂﬁ read by

t hi CkneSS Ofont e ‘over coa e nmagneti Cc e enents
required be(b&@&ﬁ’wn’&é"@arﬁ&@d&bt hedl ArERNTGdBIrite hafdri’etbcﬁfedmtthdﬁ trailiag ehdidf afﬂr—

hi ghly corrosive, especially in the esence of water vapor of. . ex
the nagnet i deatingrdides wﬁyth@mlt,eanwswgw §BS) ofdbeslider §“l§’t9gtl‘f‘ga'§‘° @éder °

Ta, and Cu. APIFatRREA | BRh sHder YRnGRRH B 1R &R &S arm bf a rotary actuator that
moves the sliders and attached heads across the disk surfaces. The write head is an inductive
write head with the magnetic elements being the magnetic poles that generate the magnetic
write fields. The read head is a magnetoresistive (MR) read head, which may be a spin-
valve type giant magnetoresistance (GMR) sensing element, or the more recently proposed
magnetic tunnel junction (MTJ) sensing element. -

An important parameter affecting the recording density of a disk drive is the
magnetic spacing between the magnetic elements (the write poles and the MR sensing
element) and the magnetizable medium of the disk. Closer magnetic spacing allows for
smaller magnetic “bits”, which in turn allow for narrower track widths and consequently a
greater recording density. However, the magnetic spacing is limited to a certain extent by
the thickness of the protective overcoat on the magnetic elements, which is required because-
the magnetic elements are formed of materials that are highly corrosive, especially in the
presence of water vapor. For example, the magnetic elements may typically contain

materials such as Co, Ni, Fe, Ta, and Cu. More specifically, MR sensing elements,
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‘including MIJ sensing elenents, may contain Co, Cu, Ru, NNO FeMWn WB(NUV'MTB
and high- nonent wite poles may contain alloys of Co, Fe and Ni. These
nmetallic head materials are susceptible to corrosion during manufacture,
storage and use. The protective overcoat protecting the nagnetic el enents
is typically a thin anmorphous "di anond-I1i ke" carbon overcoat.. In the
absence of this inperneable overcoat, water and other corrosive vapors are
able to penem&laamglmrpsdntaﬁlgrm;iwenayeabaiaufCb NGu,&u, N1©, FetgRehil OiMIng iRk iEh-
thus rendering the read/wite head unreliable. A sel f-limti ng wear

contact pad omefitpraterpelis avayreatain alleysipébioi Hgard NoeFhese ovitals h%ﬂrmatvmly areow

and tight tol eran netic aci ng b t ol er gnces
Rosoct ated VHtROGEBEmrTp A ER BRRRof SESaP ad . Th s Ce b3k
elimnation Iﬁt)te@@l?éjth@\{ﬁi a@éaemeﬁk@@k l@'kyi'cﬁl‘l)nﬂm@Bm@f-ph'@ﬁ@ﬁhlﬁlﬂﬁﬁ‘&ﬁk@fbarﬂgﬂ S
type of air-bearing sli in which the 'head overcoat and part of the
protrusi on pagraae Inéhca@hsvredeyofqms dpgrmichble wiveiteal; water wt ethengoyrositaviapers are
initial cont t with the rqgtating di crlbe in | BM

wppl | cat | on Dmenirdi i Hedeedtve sl el s HimeatHBa FaHe ek
Serial No. 0Q&H&fiicR4dublegdbleCct ober 13, 2000, which is incorporated herein
by reference. However, the absence of a head overcoat to protect the
magneti ¢ el ement sA kel§libaémg Wearcwntacephdt (or hUOUn%iQEBM’&bir@eﬁrriﬂg diglev providss for

di sk d due to the risk of k.d th h
corrost on 1 CIPOIY ahblaisratis FRER bR a e O B VAU ER 4o hRe R HEdn

proposed, asyiulaRRF Fabeidatidh dnldMisk di08 HieblanidaP hisembly0BlimMag e bf Beadessercdhing
Device with | nproved Reliability", Serial No. 10/051,866 filed January 15,

2002, whi ch dnd elimiuationodheasl teeession. Bis tm@aéhb@anns\whﬂer;m\ﬁl@éu&nhe@da di sk
drive with 3 cad/ Woids BeadbaliofRer B fouhifa] RLAREE! Licaating to

prevent corro§f°8ﬂ pt e he S Haghet ¢ e magn

spacing i n tdeingiisilialbontaet WAR tierotA6d de, 1s$é§m‘ﬂj’e§l uotBMrnq)elnamrabpmm};heSelf-
present invention is a disk drive with self i ng wear contact t}é_p

ai r - bear i ng LigttingeWeanemnac Fad Shidereapdidethed f‘lf Mﬁlﬁf‘éetscf‘ﬂé\‘?r&é@t7i7é4 ledvent s

during sli d%ct{)@?rmcfddoowh q31 bﬁ% ﬂéd N&exﬁ%%%@@e)ﬁce bngwb%rvmbgbseht@ofa

overcoats are later I‘EITDVE eads maintalned -
head overcoat to protect the magnetic elements has been dlscovered to be unacceptable in

conventional disk drives due to the risk of corrosion. Thus disk drives with vapor phase
corrosion inhibitors (VPCI) to prevent corrosion of uncoated heads has been proposed, as
described in IBM’s pending application “Magnetic Recording Device with Improved
Reliability”, Serial No. 10/051,866 filed January 15, 2002, which is incorporated herein by
reference.

What is needed is a disk drive with a read/write head that does not require a
protective coating to prevent corrosion of the head’s magnetic elements so that the magnetic

spacing in the disk drive can be reduced.

Summary of the Invention

" The present invention is a disk drive with self-limiting wear contact type air-bearing
sliders with overcoated heads to protect the magnetic elements during slider fabrication and

disk drive assembly, but in which the overcoats are later removed and the heads maintained



28 'NOV 2006 3 In-a hernetically sealed disk drive housing. The Q‘GEQ@PﬁJbﬁd
‘protrusion pad sliders are assenbled into the disk drive in a special
environment, typically air with humdity 3controll ed below a | evel above

whi ch corrosion of the magnet. lenments woul d occur., The drive i then
her neti cal | %é‘ﬁﬂ’éﬁlcéﬁﬁl Sf”ﬁ% & ?(\/‘g"‘iesh%‘ﬁlé’tgat W‘?rﬁoatt?pep‘i?}‘atslroﬂsqagrfl’aﬁrdsﬂFn 5

contact wi tfuctlBledi s tl‘l’eﬂ?is’k bhee QY ar gRRtat ARFoRmBR! tt'y;saamgf atrh@itRafleniaite

worn or burnished away. The conbination of protrusion pad air bearing
sliders wit¢pnarofed etovcallpyel sbayewhichi epkrogionved the magnene elsmeats wewd sher e,

and the buraj shi.ng. t i | t her. . rj g
seal ed or uﬂ e?ngegﬁ'? Irl%q llbeg?%ﬁg%}ygsle? {?aggﬁélfét (lﬁrli(}ﬁesls %P%%gedt\%lﬂgglgldrﬁt&ﬁgﬁ%\?\gﬂ
for a very tamacraegthetht diskpaaiihtetoveteoataahd epeetidnnofithe phdscire maioh er Hurmikshed

drives. to According ta a.first aspect of .the .invention, there is provided
a magnetic ‘i“é@brﬂle_n%mtbﬂ‘%tk’“d?f?fré’_t@g%rpia iaffgt?eagngéﬁa?réﬁ‘_f‘g‘ ﬁ%ﬁ@?ﬁ'%“?é&ﬂ? i ng
di sk; a sligiek dia¥img cénteARIREAbIPhereS iid e dubREhinRb NI HRhMGvérbeat Shthéleiftenear
the surface of the disk when the disk is rotating; is a head supported on

the slider @adrivahiangeen sralpderivader emiitled brmidsyiongitigas arier Bricalite, wHpvsng
data to di sk, akléﬁ/awrgﬁgﬁegigﬁg?ﬁﬁ\g% @eeécggsvfa&’fmgnﬂfact AR K @iy 0! T OSi ve to

an environnent humdity greater than a predetern ned

val ue, e mgngliSdins! i ed. _ ' i
wear s aﬁ/\J/;y V\hen&%dr?g%lggttgg?ﬂ \E/\Elét% &ét?%efqgér/g{\g?[ilﬁyg tlgeilqus?ﬁrggfd'gﬁgalﬁ?%taeklg?eéo%ﬁg

connect ed t diek diiveleemprsingrovi ng the slider and head across the surface of

the di sk; and a herngtical e Isi ng surroundi ng the disk and slider
and providing a “’}atg‘gﬁé‘? §étgcnl\sle?(?ljg}{%b&]ﬁ§ehavi ng a relative humdity less than

sai d predet er m nelilley dhuidg a ydsereahiyg saifstegfas ecuistai@ing thersiveeat ndas the surface of
non-corrosi%g t?( t he gaﬂnﬁt.i c element after the 25 protective coating has
been worn alREISKAKRSYEF Askddrolti®igeond aspect of the invention, there is

provi deds a magnehdad sup SR Gedlidd MaiNeingUMRELtidHlenfent Wrakadihg dFRGRRE | C
recordi ng di sk; a slider having a gas-bearing surface for maintar ni ng t he
sl i der nearomwrtitipgdaiefto dagk, demmagnetis demem dedigsiermpe af ¢ weatefia lcorresive{aan ng

at its Oper&;\jir%gm%gﬁﬁgi@g ré\aMeolthrHi%i@%r&?Q than a predetermined value, the magnetic
element being covered by a protective coating that wears away when in contact with the
rotating disk;
20 an actuator connected the slider for moving the slider and head across the surface of
the disk; and
a hermetically sealed housing surrounding the disk and slider and providing a
) gaseous environment having a relative humidity less than said predetermined value,
whereby said gaseous environment is non-corrosive to the magnetic element after the
25 protective coating has been worn away.
According to a second aspect of the invention, there is provided a magnetic
recording disk drive comprising:
a rotatable magnetic recording disk;
a slider having a gas-bearing surface for maintaining the slider near but out of
30 contact with the disk when the disk is rotating at its operating speed and a protrusion pad
having an end that extends beyond the gas-bearing surface of the slider toward the disk;
a read/write head supported within the protrusion pad and comprising a
magnetoresistive read element for reading data on the disk and write poles for writing
data on the disk, the read element and write poles being formed of materials corrosive to

35 an environment having a relative humidity greater than a predetermined value and the
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havi ng ah end that extends beyond the gas-bearing surface of the be@gb
‘toward the disk; a read/wite head supported within the protrusio @Nd
conprising a nagnetoresistive read el em@at for reading data on the disk
and wite pol a.on d t and |te
pol es bei ng®t r eé?a nfg grftaaln WHEPS ‘?S\Fé‘qetng '@Stonﬁ §H€°f g}h ?mﬁlgxr}lpﬁg

rel ative hupiwh MOE{ REOE cbraiy; a predeterm ned val ue and the
[ R\ LI BQ 2370. C 2 8 NOV 2006 3a ends of the rgad elengnt and wr L
pol es extendlnQ“t@“?ﬁ@r@W6w6$dﬂﬁém%ﬂékfé§i@ﬁ‘ﬁédh%ﬁh erand; bg ﬁG“ﬁFé?%éF ve
coat i ng; to the slider for noving the slider and head
across the JﬁQﬁH@ %%ﬁ?ﬁggg%gﬁdls rotating; and 5 a seal ed housi ng
surrounds ng the dhskahddhmku@emnanmdp@pﬂwddm@ aubahéﬂuaxi@nmumognenﬁmhaming

arelative hundit ess tha eternlne

W thi o the SEATBIRLNET G “OelHY LUmEHENErIRY AR ab oy MRy REjesure
anbi ent  pr egs[rethe 50dle@hdustdgeintniiBtahtagi ingepehddrt e f Battabaab@neghésstages
of the present invention, reference should be nade to the foll ow ng

detai | ed descri pt Fona fullesundeaefandig offhernaiine and advaasgep o ;herrg'eff%mVéetlon
Brief Descripiig gqouwme [ Ay tBQﬁCE b1%wih de i18d de I%ﬁctglké?lnﬁjl ethbeWi@f thhe
hernetical | y seal ed magnetic recor r|ve ccordin o the present
i nventi on. aﬁoﬁm@nwmgﬁgu&sa top V|em10f the nagnetlc recordlng di sk drive
of Fig. 1 Awith the top cover renoved. Fig. 2 is a perspective view of
the self-limting wear contact pad air-bearing slider for use in the disk
drive of the present inventi oBridfiliescdpiién af @RMiaoviags vi ew of the

protrusion pad portlon of the sllder of Fi 2 20 iJlustrating.the
protrusion pad wi ¥ righiet sresssteshianl yignal g@r‘%‘r’\‘%%bﬁét@dﬁ%&‘t’6‘3%?&“%

Wwor n away. E@k@hbgguﬁﬁﬁﬁéhpmk%ﬂm@&thﬁnkﬁventIOn The disk drive of the
present invention is a hernetically sealed drive with self- 25 limting
wear contact pad Bigr 1 Bdap targvisvicd dresmegngtic sepopbing disk daivaot £es. Aéavh HiaiPRg
no arbon ﬁ?ﬁ§ 4s0 that there is a | ow magnetic spacing during

oper ati on. imting _ .
Fig. 2 is a perspective view of the self-limiting wear contact pad air-bearing

slider for use in the disk drive of the present invention.
Fig. 3 is a sectional view of the protrusion pad portion of the slider of Fig. 2
20  illustrating the protrusion pad with magnetic elements and carbon overcoat prior to being

worn away.

Detailed Description of the Invention

The disk drive of the present invention is a hermetically sealed drive with self-

25 limiting wear contact pad air-bearing sliders that support read/write heads having no
carbon overcoat, so that there is a low magnetic spacing during operation. A self-limiting
wear contact pad slider includes a wearable or self-burnishing protrusion pad near the

trailing end
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wedr -contact :pad slider includes a wearable or self-burnishing proziélﬁai aon
‘pad near the trailing end (R 11BQ 2370.doc: M C 2 8 NOV 2006 of v 2006
slider that surrounds the MR sensing elenent and the inductive wite poles
and includes an overcoat to protect the magnetic el enents. During an
initial reduced-RPM (or reduced atnospheric pressure) wear-in, the disk is
rotated with the protrusion pad in contact so that the overcoat wears away
and the pad wears down by rubbing on the disk until the interference is
zero. At nOfﬁﬁhe e R MIQBGTRIhOMR SnVidk ¥lesiBAt hndothe B@BG e RNitSholedMaween
the end of the protrusion pad and the disk surface, which assures
reliability itlutdbearhesdedit skprotart thefraagnctiBeemaste. Dhangri vatidlgetweddBN 401 v
sealed in a caontrolled environnent the lﬂﬂgn%i cC e engnrtls are .not .
suscepti bl e FAUGHABEFRITIC PEESEHELYEHTNaNG UKL GIEh Y IBANG PIAIrP}IaR g3yl in contact
| nvention as b0erEbfSrealds She PASKeAHE 1¥%n by idpidESd Geldis wERjHed at
the fl anges T?B?Wi?o%‘?b%;%eg}%‘%ye%?lgc gnd %Op col\]/e$ 116@%respecti vely, to
prot ect agai insdrfefdie ¢0zer®.S AO Notiial tfie RPAf npdratiore hemgninsll deaganceleAissristv&mr e
cross-sectional and top views, respecti vellﬂ%(, of a hard disk.drive 100. Hard
di sk drive 1®eend atthgasatrusiompateanddhe disksuiacg, whisk a305sirriabldy i thg head-disk
substrate of, gl @ss, B?!a%’e ﬁxiel ifhe %ﬁéf:aé}fnsgale il BL@lohed BRIRGInt 1h2 eflc
prot ective overcoat typically orned o gm)rp ous "dianmond-I|1ke" carbon,
and a | ubri cdementayernot klascdptibls ko crrosonl00 further includes a read/wite
head 106 (typically a MR read el enent and an inductive wite %ead )Qnéh EOl e
tips) formed on W@ axemplary gmbadiment ofihe preseit ApYeRYOL p§ o nigdigsy | A-B, th
magnet i cal | ygeggidg neRfettall sled Aahenhdket 180, TBIREHAE IAY 815 Ahd lhRoWrSK6
102. The rragdnlgel?@g%e emsn%s o%sﬂagad 106 ar%c? the magnet iIJc recor dil‘tr(l)é:j3 di sk 102
are coated wiespectvdlhito pestserigaimki the aomospdroefshe arapuatic(€lamam®d nidgs.| lidkaid 1B are
carbon) overcoat of about 1 nmto 10 nmthjckness. The gneti ¢. yecording
di sk 102 i scPyrsseleenal andiiapacty resneebot < og ‘@%i‘ A 1092 P ik S5 149
slider 108 igcRdSe] fnbhdictrb@dingRivk ©RNhAGdiInPaduiskialasf tRANSBILMIdR of
suspension 110 which I's connected to an actuator 114 by neans of a rigid
arm 112. Wi beramit, p nactaliin ghagnpiéaidyerna priteskive preredpd irpi¢ally fpared of amppphayis s k
drives may contain pultinle di M e ' Jorelelg
nul tiple ar n@'a'ﬁ?qdéfgﬁcecf ot "ﬁnedsgg{bﬁlg 5?&6%%&??1&3%%@5? ?)Sgyu'?ée} 1{1@9%%(: osed
in a hermetigad/lyitskaldadscigpsiallg a NRregickldyerh asé ap irsibeti del\brigritad oathrpolel Gps)
"Hernetically" seal ed neans that the seal | tight that the disk ..
drive' s it doasd o BEHEng erelisarakerEng §lidesdn Grabtanciriy seadig wiuriing
a”b: o PR 8 thd Mapndtt 1afer P M @S 1020 PreGRABRAL bRRRts F hBRNT (R cal |y
sealed dis rive

magnetic recording disk 102 are coated with a thin essentially amorphous carbon (“diamond-
- like” carbon) overcoat of about 1 nm to 10 nm thickness. The magnetic recording disk 102

is rotated relative to the slider 108 by a drive motor 104. The slider 108 is a self-limiting

wear contact pad slider connected to a suspenéi‘on 110 which is connected to an actuator 114

by means of a rigid arm 112. While only a single head and disk are shown in Figs. 1A-1B

disk drives may contain multiple disks, with the heads being supported on multiple arms

attached to the actuator. The entire structure is enclosed in a hermetically sealed housing

formed by base plate 115 and cover 116. “Hermetically” sealed means that the seal is so

tight that the disk drive’s internal pressure is substantially independent of the external or

ambient pressure. This is in contrast to a conventional or non-hermetically sealed disk drive

that has a breather port with filter in a wall of the base plate or cover for equalizing the disk

-4-



t hat ‘has' a breather port with filter in a wall of the base plate or cover
‘for equalizing the disk -4 2 8 NOV 2006 drive's internal pressurZ§ W)y hgghe
external pressure. Thus a hernetically sealed drive does not contain a
breather port. It is also inportant that the hernmetic seal have very | ow
perneability to water. Fig. 2 shows the self-limting wear contact pad
slider 108 used in the disk drive of the present invention. A conventional
slider design starts off with a flat polished surface fromwhich a

patterned ai driReaidifalSedsarwiifBRextandipeated. Miuaa hemmviahllpscakdsisive dobs as
etching or ion mlling. The ABS is the top nost polished surface and

pressuri zes mitichniima bfeater pore Fas alse Hppertagk thaptheibeemetigeseal haye verydew s uppor t
it above the di Sgb' .The slider 108 has a rear or trailing end 207 and a
front end 208TRNEPTY PI¥HEY using a dual etch design with three surface

levels 210, 212, @167 sRowditeGeRlifiiting weALELNRRK had SRR 108 (e @R dsk diVeldt
surface |level 220. The depth of the third etch produces the protrusion pad

221 that is teprayamtdnyantivave eonviartioral slidsodesigu sthrzelf Mt a faftpolishegrsuracs

than or equal to the fly height of the. slj W th gn ABS of surfaces 216.
Accor di ngl'y, ITPReVRigha pg ?mgchglfbﬁaé’“ﬁz%‘rﬁage %}lﬁgf%ﬁg By TEME R ArOceRy i a
actuatabl e i i . PRIABSSs tHeabp sivst SUIRAE S coBaNpli®irigtOMmRNh T
i.e., the vvrmgtéﬁelﬂghggglqg% eéti ps andst he R/R rsel('il%1 el emen'f_. Thgkselnf-l imting
contact pad f2&h thastatingadisketo lifhihe slider indrsuppert g @bevet thadistie dhe shdeay Ofvhamaij t

cones into contact with rotatin i sutface. . The pa 1, protr S
beyond t he sGRFAdERIBA e‘?f# P(?7e%ﬂd ?%%t%fg?%gﬁﬂgilssﬁ)gﬂ“aq 'I’Sl%%gﬁﬁ efcﬁﬁegggﬂvr’#‘ggéee
220 does not providelsy, 2190161 Aahird dtch-iPBRMipeHo@iddas prdduce Aot Weface Rfel
The pad 221 is also snmall enough so that it will wear quickly and easily

and wi | | not22 fBetdeptieofthy thitdgtethproducdstthepratrysigored 2hihatis segighadkte harea

pad 221 with the ability t hieve an . interference . L L
Formed wi t h ehiapere wifes 216 B B st bt brTadl B2EnFhegfl o dflyih an
materials, sSNBR ASu@hdésng. Adderdihely, TheGoplnZddB s raidP 280 isthowothe $hd bf ® Bmaliiicsh
al so make wup the pad 221. The surfaces 216 of rear foot 217 and front pads

222 on si de acaidablovgarablsgentret PAdctTh thifsuppandsithe magestic rlignenthécs et
area of the 1:?%9 £8fe (ﬁﬁ%dqﬁghﬁg%ah Sdneie Thd@- B Rl ddl21388n Bhtet h\@%

ABS. Fig. 3 Crass-section schematic view of the read/wite head 10
whi ch has i t@rbdpgreaddacthal erentawap vdien tdiongesiimtb comad wsitlr the netdeny digk suréace.

e o oL O RS ke FISBR AR B I PN
anmor phous  di QpRBRA230 §&esGRdt BRIVidd ahyfstiniRchn@fir-BedridgBr300aNEElideh 208 MThe pad
221 is also small enough so that it will wear quickly and easily and will not affect the fly
:." - : height as it wears down, which provides the pad 221 with the ability to achieve an
interference of zero typically formed with the disk surface. The body of siidcr 108 is one or
more materials, such as alumina (Al,O;), TiC/Al,O3 composité, or silicon, which also make
up the pad 221. The surfaces 216 of rear foot 217 and front pads 222 on side rails 218
~ together form the ABS of slider 108. The surface area of the end of wear pad 220 is less
than 5% of the total area of the ABS.
Fig. 3 is a cross-sectional schematic view of the read/write head 106 which has its
magnetic elements protruding into and surrounded by the material of protrusion pad 221.
The pad 221 protrudes beyond the surface 216, which forms part of the ABS of slider 108.

An overcoat, typically amorphous diamond-like carbon, is formed as a film 230 over the end



-5'2:8 NOV 2006 of protrusion pad 221 and the ends of magnetic el enents
'240 and 242, 244. The read head includes an MR sensing el ement 2408 NOV 2006
sandwi ched between first and second gap layers G1 and &G which are, in
turn, sandw ched between first and second nagnetic shield layers S 1 and
S2. The electrical conductors (not shown) that |ead out fromthe MR sensing
el ement 240 to connect with the sense circuitry are in contact wwth the MR
sensing el ement 240 and are | ocated between el enment 240 and the gap | ayers
Gl, &. The i nts P30had 241, a4 efrR€ toall Gahd

| eads fromt 845?%?’5’2“%’,1 a%.twrﬁlzdsmﬁlﬁgnﬁgﬁgkﬁcl udes a coil layer C and
i nsul ati on | pyRdeslah MR @hsiap elesmmt 2i4Q kel widtedbetwden Sustand serondgep yars Galnd
13 which are, in turn, sandw ched, between fi.rst (:imd s&cond tgo%e cPf ece 1PI
and P2. A gagnd G amhichaae,iis tantRAwiched Detrer frs RRd peoraf megRctcalisky aﬁ%rﬁg

pi eces P1, P2 t.hei r | J dstHe el
providing a W’ﬁze %pekfﬁ%a?ﬁ%@%é&gﬁ %ti%ﬁ(ékyn)gﬁgﬁgﬂuﬁ@g@%i@%onc%uc%rg%m

t hrough the 4 do dod&i withane sdrlselsirbwitry acklia @dntactt witl the MR ssisirgdesend @4 apd| e

| ayers Pl, P2 causing flux to fringe across the pole. tips, 242, .. During

readi ng, nagaetocatad befwasneirmen 208 and gheap hayers Gk (g%)gl‘lieré‘)’%‘ty e’fsl%ﬁé&ntﬂis t he

MR sensi ng el.enent.. 240, caus| . | kn AsSh

el ement { hat “EnE sy tap g RSB IBE RRERC SHERISH, B2 T RA0TSles o

shown i n Fl GoiBlayér ©atd @eulatiompyged" wiielnaresendwisked teew sacondatisii leyeds 11| angdi

S2. of the read head is enployed as a first pol e@s)d'neﬁe Pl f ! tgﬁs\%itel

head. In a Whichaybiekm,saegdiyighed betieeriipshafd shgthpole pirgesdelcyid r &y ayer

| ayer S2 and_.the firs ' I b St thel? poleaipgdizalk, 244
Géljseséaélﬁ?vlctheg%&zegh %:etet,;l]ng) gsqcfl"‘srgg?nﬂe%ﬁél 2 ? esl FEYY PD %t thef? polegipd

drive of the i'nvention, hus flies at a certain fly
hei ght and haganPfoahé ABISTer pridiag awrite gam243. Puring Wetipgdigaalicuienhisi t s
outer carbon overcoat 230 in_contact %;txh t he djsk go%% V\%de r&n&elé)fes
manuf act ur i nepndasted iewsh thewed layse Cand diux is Ieugeng Bk 19379 rE R PEE "Bt
together, thg;di ' F R Rehs@theBpold Bked 2RPMD (6 Fe@ding Bflagnetized

at nospheri c g}’g%szz%}l%gbgpﬁ%at g%:fg 2821 e\?\npol | interfere w t% tthe disk
surface, whi efgidns ohyip alting diskr Hgdnizct fwoinghtbe MR setsiig clementiddrcaigng ¢ o
the level indicated by dashed Jine. 250 in FEi e el | $n
reached, thefSEHNCHF qngﬁé“ léee\g’rﬂ- f‘?"ﬁ%"tgiegegmcgﬁl: ggrte%gf)ntl %tsjgmft%F tcﬁéfée%eca%se

of the suppofd,afifY herd dewhbha iABEG (3 urdabeka "Ragpd alieat] becauscithe eckodil skickPM
Al so, when wear point 250 is reached the overcoat letely

! 21330 Wl tbgl c
removed f r onaperdS20f1the raad et iserprieysdps AHES RGBS ¢ ]efoéﬁl}:eh‘ﬁ’g 2K ald 242,
244. This initial, Weal.: 4/ R REATTol Ho6h) RhAGLohdétidl 14y8P52lhid theYiitGRld piece
wi t hi n about ¥'RFFE"-'6 _ . |
P1 are separate layers. In the disk drive of the present invention, the slider 108 thus flies at a
certain fly height and has a protruding pad 221 which will put the pad 221 with its outer
carbon overcoat 230 in contact with the disk for a wide range of manufacturing tolerances.
When the slider 108 and disk 102 are first put together, the disk will be rotated at a
reduced RPM (or reduced atmospheric pressure) so that pad 221 will interfere with the disk
surface, which is typically formed of amorphous carbon, and wear down to the level
indicated by dashed line 250 in Fig. 3. When this level is reached, the wear will be
self-limiting and not continue further because of the support provided by the ABS (surface
216) at the reduced disk RPM. Also, when wear point 250 is reached the overcoat 230 will
be completely removed from pad 221, thereby exposing the magnetic elements 240 and 242,

244. This initial wear-in process takes place fairly rapidly, typically within about thirty
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2 8 NOV 2006 - m nutes. When the disk is then rotated at full RPMgi rNUVgZUDB
‘normal operation of the disk drive there will be a small, well-define

cl earance between the magnetic el enents and the disk. The result is a
head/ di sk interface which is near contact or zero interference to provide
a very small magnetic spacing and which can be reproduced with a w de range
of manufacturing tol erances. To prevent corrosion of the now exposed
magnetic elenments the disk drive is hernetically sealed. Referring again
to Figs. IA-18 Al ' | NEM®iriz nbBfal opaetivatbothedlsk and
t he read/wri[f"é]u °§a:§”'féé‘§ﬁ%?léﬁggr%‘Eg?\‘?gﬁeﬂ%ﬁgh t he bage pl at éﬁ.llS of the drive
usi ng an el efiveiteak wik ®datshiatlughll-Hefinedreldarandet et ytenghe mogmsicalensendy and thpat
provide hernetic seals. This type of heL. tically seal ed f.ete%éthrotu h i.
descri bed i rdigk. SThepgswhis adegd/diskanterfagg,whic Hﬁ%ffarfﬁfé“&"éé%mt‘%c haye 8%&?”%&
a conpound, which allo it t lwithof widagaasg pl ate.

Al ternativel3¥5Y SW%&‘/ THE %‘é"aﬁpfa"g“gggwsf‘?&%ﬁg%ﬁég‘gog%?e Usi ng adhesives or a
gasket. The gghgsdivess wikesheas.e sel ected so that there is no outgassing of
corrosive or other harnful vapors into the disk drive. |t is.also possible
to provide a sepaFaprverttcarrorien@bheyomt-expased "‘éé‘?ﬁ‘ﬁi%é]‘et“ﬁethﬁéis ivﬁgsl ly
seal ed feed-throughs fqr.e - hj EALeH Ialis toSdriviel8&tor 104,
sol dered i ntr&?r@ﬁu%@éﬁfzﬁad'i ﬁgﬁﬁgggo@etgﬁg B 1%‘1?42\ her n%a'!tyiwcal ly seal ed '
cont ai ner f ofcnitorAG4Gaa thteadinsie Heddvidotanabroughisthmuple tdraseplate 115 of the drive

feed-throughs for the electrical connections |s  described.i Ug Pat ent

5, 457, 606. Msingoan dletriged SesdpihraighdQd. mads wHE gi‘ﬁ%‘ﬁ‘%‘%{ %Sﬂesv‘é‘a‘?l?@“ FEW?’icve

of the present :gié?sgl“og'f ; e{?&é@%w@&%é‘ea'-th%ugﬁ?d&féeﬁ&dﬁﬁ@)\/$.%$dﬂ4,841,1o1.
a

descri bed fof ves not operate with self-limti ng wear
contact pad Pid ril@dthdgassb intteslseal Fas aexappiel, whsh allows 3 topbgtveaided to tizgnegh3

and 4, 556, 969 descri be hernetic seali t.echni. s . for djsk.dri I S
U S. Patent o thobaseplatglismypelyt W%FF@%‘??@‘%@ eeb(?‘s%]i’lgeusalg’i'a\(/ﬂégs\?\xetsﬁﬁw

hum dity conjrol, ' i) @Nfasbing bY c2AB6si cas Cklidve
y ézﬁs%t ﬁ%&%ﬁ?gﬁﬁﬁdxﬁ&ﬁf&k&% tBatlthére i fasbing by cABExi S

a herneticaftly s drive that requires a diaphragmto allow for
changes i n -i drefulalaporsrisesi disk Bavor b it 4eo possiblajiojprevifea pepamse met pspdepunibg
it is placed,in a special chanber ) JOSPIEH Rseily PTRS AR BAR i
sel ected. Thihat %“Hl'%p&%%%%ﬁcgﬁ & gfregdnbhltrr h?rgnt mﬁrv\higch YIS NOV
2006 the injykh dbia¥eatintb An @pedigimphebasesplae 1pad Addrineticllyeedlet eandainalfendugh

the initial wear-in can . . . .
PC card or disk drive that uses a header with feed-throughs for the electrical connections 1s

described in U.S. Patent 5,457,606. -

Method for Asserhbling and Sealing the Disk Drive

The disk drive of the present invention may be hermetically sealed as previously
described for disk drives that do not operate with self-limiting wear contact pad air-bearing
sliders. For example, IBM’s U.S. Patents 4,367,503 and 4,556,969 describe hermetic sea]ing
techniques for disk drives. IBM’s U.S. Patent 5,392,177 describes a hermetically sealed disk
drive with humidity control, and Seagate Technology’s U.S. Patent 6,317,286 describes a
hermetically sealed disk drive that requires a diaphragm to allow for changes in internal
pressure.

Before the disk drive is hermetically sealed it is placed in a special chamber where

the atmosphere and pressure are selected. This will preferably be the environment in which
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be perforned-after the disk drive is hernetically sealed. This atnosphere
wi |l also preferably be the desired internal atnosphere and preséh&HObﬂmshe
conpleted disk drive after sealing. The preferred chanber environnent is
air at sub-atnospheric pressure and with a controlled humdity. A

sub- at nospheric pressure in the conpleted disk drive allows stresses on
the disk drive cover and base plate to be directed inwardly. A dry
environnment mnimzes the susceptibility of the magnetic elenments to

corrosion. A gaseous environnent = other _Hpan [gi r Bra%/] al Sﬁ{}l}ge e[ ect ed, such

as ni trogen tey inkial garinfthe pratugipn pad will pp gerdoymed O ERNG ItA} WEA1P (52R

operated to,wear. a he e t Loy Rsphmge &l Sisgr ocess,
bg pﬁgg)lmb a}f%,rpe(ﬂsci( (ﬁ;ve 1Qﬁeﬁ9étf%taﬂf§éa% Pafs atRidsp s

the cover 1 ace but with an elastonmer seal (not shown)
between it apgctbR HRABE MR ertdrhBl atarospiivee amb/pressbisbofithy completrdalisk dsivalaFter
openi ng (not shown). Either approach maintains the cl eaRIlness of the
drive's inteealalg. Thomppdermert chamber ey IEARERE BT 3 SPh-aHRBNCTI] RIEFHE AN YN 2t he
cover 116 may be renoved for . the | d; ; by

dosi gned suHnERE B a0y o vu e R bl Rhp e porh Dt iR ERRhE syrevnes

than the opejahi 88k filive bSephtd bise phgte € kdirdtdddhanidhg AtdraenvReMuenver t han
the operating RPM Thus a | ower Mis selected for the initial wear-in of

the prot r usimimimiads the Thicsptitalikyrof PVmAEREig ek OCOEESIPR HeBaSHUS BPRfyment

whi ch the servo pattern is iLtten, Qn > di helilli§. Sl iders are nade to
‘access acr o¥her “cﬁ”s‘ﬁ‘a%\?}f’?ggﬁ%&%jl’g & gas:}gtrg eﬁlﬁihﬁg ai this selected RPM

The protrusion pagih aRsdrd@ah Betspedial cliastben ndisitisensdperdted taovear away the eng o6 theg
the magnetic el enents. Wen the pad has worn to ap extent thath_laiﬁt 120 | onger
rubs agai nstprotmesionjpask Quringahis Beocess. thecovey 116 1ay heHy Place i withag elasiamery)
hei ght of the protrusi ad i i t 11 16 hrvieatddesndeen
conpl et ed, 5@ (B%%%Sﬁnggeetgg%nafttg%%ﬁ}%r%ggglgteﬁgss ’ Eﬂ%ﬁ%{)g%\}gd. Y The ai m of
this burni shigRginp(AReRswhs Hitepighbahthantbadheritdinvesef thadnet's mteshdment s
to be as close to the disk as possible while ensuri n‘% &T@t there is.no
harnf ul i nt excawoneHs Gering{Be WSAGHYRISFESH AHAMAYHY+HHE CAYTE # 1M BF HBT Vsl

ful | -RPM Op%é‘we%nﬁ;fm%% HieSiadf A¥S is BEGAKIQuct hat fr 8lgibhipr@sis it willtfheat a
speci al chanper with the controlled atnosphere there is no risk of

corrosi on offly hdghragwetthan bt epentisg By dnighhid thsrdiskhis re@tpsAt MARFMJaverHhan Bgen
renoved. Anot her od . for. the ni shi 160 Ot 1 US|

than rotati n‘lj’cf%’éggﬁ)é\{i' it‘“sa%lowﬁﬁ’k#g% oW etc%g fg{)%l%grtﬂ flglg\g llé/l?b?isme? gaﬁugg%%a'
reduced presfyt & v RPRIRAYalsblsylebeies bé e KPM at &hR-h8h&\Dw@ pEm hevriften wf

af tor the  ahe ks T flerornBeie il 109 oBihe APRHPEH1E 405 HRGDPaeaY M

rmt hod i's t Osei’le%?cdrlfﬁ%p%ﬂe Eﬁ)wusion pad rubs against the disk and is slowly worn away, exposing

- the magnetic elements. When the pad has worn to an extent that it no longer rubs against the
disk (line 250 in Fig. 3), the wear ceases. The initial height of the protrusion pad is designed
so that after the wear has been completed, the carbon overcoat on the pad has been removed.
The aim of this burnishing process is to enable the read/write head magnetic elements to be
as close to the disk as possible while ensuring that there is no harmful interaction of the
protrusion pad with the disk during normal full-RPM operation of the disk drive. Because
the disk drive is in the special chamber with the controlled atmosphere there is no risk of
corrosion of the magnetic elements even though the carbon overcoat has been rqmoved.
Another method for the burnishing of the protrusion pad, other than rotating the disk at an

RPM below the operating RPM, is to use reduced pressure to temporarily lower the fly



because the internal pressure can not be varied once the drive is
hermetical |y seal ed. Next the servo patterns are witten on the di3R NO¥ilo0g
conventional servo witing techniques. This provides the special patterns
on the disks that are used by the servo control systemto position the
read/ wite heads to the desired data tracks and to maintain themon track
during read and wite operations. Because the disk drive is not yet
hernmetically sealed, it can now be subjected to the usual tests to ensure
its functionali -rel hahi |t . ont S, 4 } be
exchanged i fh git%%:ééfstgg?lil&gn{\?ﬁ%’ H?e%a?llg-@gg f) gst gt?ﬁegl&]p%draf%? 6?rr)\g ggﬁia?ﬁtgg gﬁ ly.
The cover 14&kidivehererpacaly senled, ihvehittacme fHegirefeirtd nwittidd i keeuseovdirced RIPAige
117 | ocated over base plate flange 119. The cover and base plate, which are
typical ly eeavsethefintamahprassvre eanenat e yamedsencedls dave s hgangtically ssalked-
conventional |as | di ng .1 ool c N VI N ~ASwriti

conti nuous butt &%? lfSPH pngngfﬂfﬂgugﬁgs&%?%%ﬁgh é%nkégﬁmgﬁ%Q. nting

Commer ci al | YechMjub@blifis pivsidesthd pecianpdilertsaal the Uk thangt disatbbyothe atruaicontio]
and other alloys include those from Equil asers Incorporated. The

her met i cal | pystemltepositiankthe readévriedepren tadhe destrae dptadragky and {0 ppintain thef) o8I so

i nclude an inner, "renoyabl e". seal .fto pgovide.for r r. ) Qikdi

her netic seé‘ian%gfl”'@fgaa/%'bdpyg SCPeraiopy rﬁrgcnaﬁlg%tclz]fgiﬁsek elgrrll e f’?ﬁnalna nepied
simlar to thanGeweRubebl twiichedal teks PEnsured@Tumonalitalané kambiiner Tigask et
which is sonewhat perneable to water to tenporarily seal the drive through

t he manuf actcampagentyiodesdriveamay Hien by ergiangedid mreassary Haik the dH¥e (5% 2t i ves.
Once the drive has, heen adequatel v test. i i

aser- vl dedeTRATRE g e ap 13 Eoter BE R Phckd f S bLE (P P13 WRE R
around the gRApTEIEOcAEd bhte bagvsiste fRinge DES eTlpd adver antbase platt, whighl ae gypically
.generate a permanent hernetic and non-renovabl e seal over hhe gafket. {n
the enbodi méprmedsif alyminumutre thesdpseisteldsddpaather IR FREH O Irgr BEI&egted
between the fh ?H)%g&csl l'ﬁfs %;sﬁo(vﬁ'ag-coﬁtﬁ)uogpguth%ldafald( 181 aS@akAM ofRHE DY,

formed where Faser we I's shown. Anot her dpproach is'to enclose a
convent i onall1dr Cesnwirdilllyaavaileblasysenns fgasiaitsc{lelasheweldingof atuminuimand othes

el ectronics card) .inside secondary,thin sheet nmetal enclosure, simlar
to a hernet iaﬁﬁﬁ ihelyde fhazp ﬁ%‘f‘}fcq“ﬂ%edy@(?ﬂ{pgf%"éaﬁ or "can". In this enbodi ment

the secondary engheuitiFaly Kol GECANE Rev@ing e fdscav fivestivemaidliéo and - 9
2 8 NOV 2006 hernetically sealed to the base plate 115 Hernetically
seal ed dri vescladesandnigréeamaevable el fe proyidedepratark paptedinabhermeti psabing. Ongqg

must toler aéggtégﬁglts Z(g él%lsléfggtupenthtt: NEVERC ARIES sirh1 B8 thelcoh PRGN Bbth¥d, using a

desirable t
- conventional elastomer gasket which is somewhat permeable to water to temporarily seal the

| drive through the manufacturing process, and allow for rework of unsatisfactory drives.
Once the drive has been adequately tested and is ready to ship, the outer laser-welded
hermetic seal 121 is formed or a polymer sealant is applied around the perimeter of the cover
and base plate and cured in place to generate a permanent hermetic and_non-removable seal
over the gasket. In the embodiment using an outer polymer sealant the gasket would be
located between the flanges 117, 119 (Fig. 1A) and the polymer sealant would be formed
where laser weld 121 is shown. Another approach is to enclose a conventional drive with an
elastomer gasket (either with or without its electronics card) inside a secondary thin sheet

metal enclosure, similar to a hermetically sealed metal food container or “can”. In this

embodiment the secondary enclosure may be a second cover located over cover 116 and



dri've at | ess than atnospheric pressure for power and servo considi%ﬁtions
the hernetically sealed drive permts operation at sub-atnospheri NOV 2006
internal pressure. This would limt the stresses on the enclosure to a
single direction (inward), sinplifying structural design of the enclosure.
For exanple, if the hernetic seal is formed by a thin outer shell around a
conventional disk drive, then the shell can be supported agai nst coll apse
by resting against the nore rigid structure inside, i.e., the outer "can"
is fit tight against. .t eI ! s enclosure. The conpleted disk drive
has very Iom#%gﬁ gpﬁgwgﬁgg?ﬂgqhgzﬂ?%qﬂﬁé renoval of the carbon overcoat
and the use of thgeahQlcall§s@iledd@iivet ard sabptetotdrernadgmeoipbert presntrs vaiatises t 0
t he di sk. However, the head overcoat is present during all head

manuf act ur i nandamustdplerate shichytiessss amthleenslogys, Stisetia eeregalhodgsyablgfo ppsate a
magnetic elenents . is prevented durin es 1t L
TRt ght . e B e s TSy Sh g e Ml By

meani ng t hat syrdriveeelrhitebpaimiodfat blite adhShaio meria pgessurd 0 Thsawajld litdiahé | ow
of water through the seal nust be | ow enough that the relative hum di tK
(RH) inside stressagranvbe dadesurniota sioglp diresttondinwashe pimpayjag siraqiaral desiggpfdhess

of the external humdity. For. ecif.ic set. of -1 al L0 athe
magnetic el e?ﬂé?i‘fsé',re' old ‘r%g'inBﬁ’ \Xﬁlﬁs}pﬁwg{ﬁ? 4 gvfgnP%q @i‘}’e%ﬁeﬁl%{an glldﬁri)/l_mda
predet er m negh b ah@isital ¥k dive,iREN i IReINEHneel sabportsigtainst doliapseignettirg against
el.ements, this value would be approximtely 40% RH,_ al t hou ot her

be Ly 40% R ough
materi al s nashelmeorppigid Bructuss nsidenks-t the eutes "Can)’ dnfittightly 3gaiggiiie FEIPP] s may
not. experience,corrosion until above approxinmately 80% RH. For a disk drive
at 40% RH at “15W% enperature, the RH woul d go. to condensing (100% RH) if

t he tenperature drppp&dpleeddsk@rive Haheen lve neagnetidspacing sluk s itaembenl df thee
to act as humdity buf?ers, such as carbon, silica ners.

I el, and some I
Thi s woul d bearbermeveseqaspid thetuge aplbe P[ﬂfﬁ’rsb)c"d@fié‘akﬁﬁﬁﬁg? {n@gléqtg:,éﬂpe 88 G99 s.
For this reagonygand,p Q'%?Lh?«[ghéatd onRXannga's&ft'dﬁHh% afl ‘Heﬁﬁ'ﬂhﬁﬂ’ﬁctﬁdﬁ%%d kit h
absol utely no perrrea(bﬁl y to water, it may still be desirable to limt
the humi di t ydiive iseemblerstaptj oahatyomesibe df theundpnriidelementnvs promensed digingtthese- 10
2 8 NOV 2006 wuse of a dessicant. Also, it is possible that total
el imnati on ¥fPSisture may not be the optimal solution since it is

bel i eved that opefplddibiab Rird aif tighi"ythehetrBnickaRugthive RANpdriRbittyito
flyability failures. Some anount of water may play an essential role in the

durabi | ity ofatehanefinitie thatve thetlifetirael of the disksivedSg+ dBwe®), the e obitiehg

el ectrostati ﬁlrough the seal must be low enough that the relative humidity (RH) inside the drive does
not go beyond an upper target level, regardless of the external humidity. For a specific set of
materials used in the magnetic elements, corrosion will occur above this experimentally
predetermined target value. For some materials used in the magnetic elements, this value
would be appfoximately 40% RH, although other materials may be more or less sensitive to
high RH, and some materials may not experience corrosion until above approximately

80% RH. For a disk drive at 40% RH at room temperature, the RH would go to condensing
(100% RH) if the temperature dropped to 10 °C if there were no devices inside the drive to
act as humidity buffers, such as carbon, silica gel, and some polymers. This would be
catastrophic to most unprotected magnetic element materials. For this reason, and because it
may be difficult to achieve a seal with absolutely no permeability to water, it may still be

desirable to limit the humidity in the hermetically sealed low-humidity environment by the
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di Scharge (ESD). Thus it nmay be desirable to maintain the humdity gz ve a
certain lower target level (e.g., 5% RH) by the use of a humdity gﬂ@NZMB
or reversible desiccating agent which is capable of not only absorbing

noi sture but al so discharging noisture over a wide tenperature range. US
Patents 5,075,807 and 4, 831, 475 descri be the use of desiccants and

hum dity buffers in conventional disk drives with breather ports. Because
the disk drive is a hernetically seal ed enclosure with controlled humdity,

such that watess CARGENEARIRNIH peiuibld (Mt fol cEMNTAGHN OF atvistat raytriot bpdteed
storage or operation terrperatures the magnetic el ements are not subject

t o corrosi oBpgki smgltmperrabntombdfe\ttthdwdpsﬂatlm ohadishdriygibelevofaREa@ount age
of the hernetlcall seal ed dis ive is th y
hei ght vari a‘t’litﬁh%ted‘ﬁgy%bél té(tfﬁi)‘g gcirﬁe YrawdQ év ateﬁghad'é)s%; allh%?éeq’q% folé 9’ the
hermeti cal | )ﬁuxiaﬁqqggfjthgms}équﬁ]ldag] H%QEte%c@leeH 0B gréventing gllaétrds(ﬂtlel’ ance

whi ch al | ows rotrusion pad air bearing slider to miintain its |ow
magneti ¢ spagch@ge HBBY dhus Whdy ehdesitablv e memtan ﬂwlmryldltséb@v@di Ceﬂélrﬂﬂéwat ure

variations will result in pressure c es .in e the C to
the i deal gaaégfrtdweib(t‘«g /R bafls Esq:f’fa"gl%{’wg %f’g & (FréevefS'Hé depic Ca[?%ﬁ‘pérrgt ure
i n Kel vins, w\41 s cEl %levé%ln'ﬂ[rﬁnl?' Qbéo?bltng?nd]éi[mﬁq{ut Qfso 'Hlmcﬁ gﬁlfg BGistup 6l eRa wadé he

gas constant’. e usual Trange 5-65 C (27 there is a +/ -
10% vari at i mnlbdaatufélrﬁﬂigwl Us Bass 5,07580% ands4, 8§b,|4f1531da‘1§hé€ ﬂt? use of desiqgago@eng ¢

-al-titude variation, which is a Er?ﬁ ui r nment ‘{hgwcignvepttl onal disk drives.
I'n addit i onheeidifyriufiergngapwnte VSS & 1, the hermetically

seal ed disk driv | §% HRARLEL ReAndRANY sRlASHcRRIIkAsDENBlEdhimnidity,
(VPCl). Vapor dr% né{EgFl%otﬂ( g]ettgr" i?g%hnl gues can be used to scavenge

undesi r abl e sGe thaswater @gemsstmmamubhmaom g@smf PeoHT Alr Anjisipated HiERES SPEFAEPN

Dovice. i ¢ n e berRabRIc g e ar ) e B Rahi e PRERIH By ok

2002, descrij RV a disk drive with a self-limti ng wear pad air bearing
sli der and a VPCl. The VPCl package -11 2 8 NOV 2006 described.in hb
co- pendi ng appl i cfat additidnatidydetsgeef the hemneginally sglse digkedrveay tap i jigppt subject

i nhi bitor (IVE%: ki ggpbe% g?(‘jst i) t§\ 6®%5¥’ é&e&%}é’éﬁgn tm,teﬂ%,wezi BéHnefitaltyhe

VPCl in the'? he wei ght of the polyneric matrix.
The pol yner iseajBdlifiveel minatbearaddiesnab Al asighttolqpaicy rV\Eh"":h:alh:;ag{srth@( pmtrualﬁn pad air
el astoner nmatrix. The VPCl is selected so as n to de Pﬁmggglw cal

per f or mance befringdider tnaiptaieitRY TRBgNeiE SPASHH paFY 5 &R es ns i

drive. sealed, temperature variations will result in pressure changes inside the drlvc, according to
the ideal gas law P ~ nRT/V, where P is the pressure, T is the temperature in Kelvins, V is
the volume, n is the number of moles of gas and R is the gas constant. Over the usual range
of 5-65 °C (278 - 338 K) there is a +/- 10% variation in internal pressure. This is
comparable to a 0 - 10,000 ft altitude variation, which is a requirement for conventional disk
drives.

In addition to limiting water content to a low level, the hermetically sealed disk drive
may also contain a vapor phase corrosion inhibitor (VPCI). Vapor drains or other "getter”
techniques can be used to scavenge undesirable corrosive agents that may outgas from drive
components over the life of the drive. IBM’s pending application “Magnetic Recording
Device with Improved Reliability”, Serial No. 10/051,866 filed January 15, 2002, describes
a disk drive with a self-limiting wear pad air bearing slider and a VPCL. The VPCI package
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Thé VPCl typically includes a triazole, such as benzotriazole, optionally
carrying pendant groups such as tolyltriazole, or a salt of a prindr§/Ngy 2006
secondary amine with an organic acid, such as dicycl ohexyl anmoni um
benzoate or isopropyl cycl ohexyl amoni um ani soate, and an amine salt in
conmbi nation wth an inorganic acid, such as dicycl ohexyl ammoniumnitrite.
Specifically, VPC includes 5-nethyl benzotriazole, benzotriazole,

butyl ated hydroxy toluene, di-tert-butyl benzoqui none, octafluoro

hexanedi ol , 4dl &ych Hh{ﬂé%-%@ﬁmﬂ WHPIicREH BRIes ANBast BRE VapoPphiseabirosien inhibitor
5-met hyl benzotrirazole, benzotriazole, and dicyclohexyl anmoni um benzoate
are pref err gupuBteaitiedtial inHye!WRGic malrecwitletheeraighitaf the VB& imibe vmer opddka e
to the vapor phase of the disk drive enclgsure. The cg. on nctgth%}‘,motlh%CVPCI
have suffi ci28ft ofthpweight eslbePalymesc maUr-de"t PAYTETE GHEEhE T At Dns TP the
vapor phase f th i | r Jol dsot I depxdae s
surfaces of ptoﬁ'én ”52%3*5?15’ ?‘L%‘@?@E%ﬁﬁé%gﬁgﬁﬂgﬁﬂ is typically within
10-4 Pa to IR3hRacdipkifesimn20cf andiskGiive afite@ot toHfouk pedislesfingidrethadiskdoed. i1 m
is determ ned by the ,vaglo_r phase ,concentrat&%g of tlhe PCl ) and .t hei Mant
adsor pti on iRet\MREEIHYPITHY indudesdidiarelemueh atREEEIRZE ct@%"@ﬁ”ff%é’t‘%%]na@. 1
nmand 5 n ref er LM H8inYRGh HUPAReRig,
are selecte ?‘PS lr’%v%alé%gga%rlgg}é%g?lrlnpﬁgghgd orrg%gulfﬂimlymthi ckness. The

maxi mum t hi gkaessdiofcldhaeylasisembed béndomei s isopedpybiyelphexylemmeaium anifastee phdr e
-wi-t h the physical spacing of the head flgi,n% .quer thﬁ. dilsﬁ. Lat em .118 iinrlc
Figs. |A- 1B anapriestaia combinghien with andargini Agid, fighiag ey BUeEmgpnijpdgtinte-
package. Wite t r } i IeihANd, YuSTeunh ek
descri bed wi%lﬁec%'e lel’eﬁggmnt %dh)téﬁggg‘?g?g%rﬁzeﬁﬁﬁ%%?ﬁents, it ?ﬁbl b?ﬁ d
under st ood hylubko dptestkbutyladnzoquitvme aodtaftuvat hoanpdios dicyplghgpgedammopymm and

detail may be made w thout departing fromthe spirit angd. p f the

i nvention. A_ﬁ&%ﬂaéﬁ’ﬁwy'_,c"_tcﬁ@%ﬂfaé‘{??% 'warﬁ'\li/%?ﬂziogha%f’se ’ %%nzgé%gﬁs% ered nerely
as 111 ustt atde fRdiahiihhutihdofie aRGprefthitd Afuaasi ThiedP ChiybReuizppenriad
clains. -12 2 2006 We claim 1. A magnetic recording _disk drive
conpri sing: fran thet\dPGhpackamgnhe eppephnse phipe diskidrivg carlogle TG pagpepents of

gas- bearing Hég&;;g:;ﬁ?\geoﬁ&gﬁénqtvgﬂ?&y%gg%? 0 prodfile %%oﬁ&%trﬁt?’ér%ﬁﬁ he ipot fifase

di sk when t I'ng supported on the slider and having a
magneti c el efepy dikioariveadidigrediati adsdrbafilats oar éxiposeyl stefaeestad thaii dad and ghe disk.
magnetic el e%&? E/ap%$i;>pe%sjrg Ii’sr{%jicglliy waitlﬁtl%mPaalto 10° Pa between 20°C and 100°C. The
thickness of the adsorbed film is determined by the vapor phase concentration of the VPCI
and their adsorption isotherm. The adsorbed film thickness is typically between 0.1 nm and
5 nm, preferably 0.5 nm to 1 nm. Therefore, the VPCI components are selected to provide a
predetermined adsorbed film thickness. The maximum thickness of the ad_sorbed filmis
selected so as not to interfere with the physical spacing of the head flying over the disk. Item

118 in Figs. 1A-1B represents the optional dessicant, humidity buffer or VPCI package.

While the present invention has been particularly shown and described with reference
to the preferred embodiments, it will be understood by those skilled in the art that various
changes in form and detail may be made without departing from the spirit and scope of the
invention. Accordingly, the disclosed invention is to be considered merely as illustrative and

limited in scope only as specified in the appended claims.
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corrosive to-an environment having a relative humdity greater tha
predeterm ned value, the magnetic el enment being covered by a prot (r;cgiN@g 2006
coating that wears away when in contact with the rotating disk; an
actuator connected the slider for noving the slider and head across the
surface ofWelskaim:sk; and a hernetically seal ed housi ng surroundi ng the disk
and slider and providing a gaseous environnent having a relative humdity
| ess than lsai d magakticacsnrdiod diskldiee compapiaby sai d gaseous environment is

non-corrosi ve to net i - .after the rotective coating has
LB (TRUNGE F Rl RNk P g

been worn ayvaﬂ.mtf _ ive ctlaim1l, wherein the gas in the
housi Dgl e|nV| r@mgﬂﬂ{halvﬁlgai gaseredring surfdoe forapaprairsnnthetslidediday theontfacd
material located within the housing for maintaining the humdity in the
envi r onnmertf thighvagn H‘epcf’ SreH%ed | evel . 3. The disk drive of claim 2,

wherein the hymedi byppoRBd bR khdBMder il hatRIPY he@fetid eldnuit rtrgadinig H&a f or
mai ntai ning the humdity within a predeterm ned range. 4. The disk drive of

claim1, viener writing dgiago diskt the MEISH N cBAY hearenencd 8l amaleiRy  furt her
revent ng bs FsH b EyfpRERL AR R PRl Wb B R R T 1
. 5. ive of claiml1,
anarei ndt pal@afheimagdeéc bieushnieienviveordnerd protesivs teatingdhantdasd awayof a gas
sel ecte rom.the grou onsj st i of air, heliumand nitrogen. 6. The disk
drive of cYB§nfon te‘?’fgli1 ]etrﬂgﬁﬂ%ggki ncl udes an inductive wite head, and

wherein the magngiuatrebRIRRY theslaieWdrinfowed @efshderaad dkadiacrad thy conpri sing
Co and Fe. 13- [R\LIBQ02367.doc:pj in 2 8 NOV 2006 7. The disk drive of
claim1, wheires of thadiskedidl i ncl udes a read head, and wherein the magneti c

el ement is a NRGASLOLASIsSILY BodGRtuBbLEARNEL theBliskTARl dideKal préeidafg £1 aim 1,
wherein the magnetic efenent 1s supported on the slider within a wearable

pad t hat @GBMSnbkagmmhtthheingagelbéwIiun@idgm!lqsa@lém(;ﬁidtm@degq:mdg@q valpgye
wear abl e pw eﬁlglg]yg%ag é%st o&sh&é'grrgﬁl:;n%gttik KS“n-S&"fl&i\negtb tﬁe m-ggﬁe):/tfy e?éﬂ'ng{t'a\ft%hf?lfe claim

1, wherein rve Nng Consists essenti a 0 anor phous
car bon. protective coating has been worn away.

2. The disk drive of claim 1, wherein the gas in the housing environment is air and
further comprising humidity control material located within the housing for

maintaining the humidity in the environment below said predetermined level.

3.  The disk drive of claim 2, wherein the humidity control material comprises a

F humidity buffer for maintaining the humidity within a predetermined range.

4.  The disk drive of claim 1, wherein the gas in the housing environment is air and
further comprising a volatile corrosion inhibitor located within the housing for

preventing corrosion of the magnetic element.

5. The disk drive of claim 1, wherein the gas in the housing environment consists

essentially of a gas selected from the group consisting of air, helium and nitrogen.

6. The disk drive of claim 1, wherein the head includes an inductive write head,
and wherein the magnetic element is a write pole formed of an alloy comprising Co
and Fe.
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10. The disk-drive of claiml, wherein the disk includes a protective
coating consisting essentially of anorphous carbon. 11. The disk dﬁiMﬁ/gmﬁ
claim1l1, wherein the seal ed housing conprises a base plate and a cover
hernetically sealed to the base plate. 12. The disk drive of claim11,
wherein the cover is |laser welded to the base plate. 13. The disk drive of
claim 12, urfigely; g e'o?'cﬁﬂn‘%?\v‘ﬂhl%ﬁlttﬂgﬁéacglﬂn?llﬁﬁés DRLWEEHY, AE wieRer and the
base plate for providing a renovabl e seal during assenbly of the disk
drive. 14.thdhmegoktslelaméntes omaghednesidtive ead elhmeniconpri si ng and el ast oner
gasket between the cover and the base plate for providing a renovable
seal, and a hernetic polynmer seal outside the gasket and in contact with
the cover gand Thaggsklrdk®f cledn 1Th@eisthe didoyetiodl ekt isipponse beitie t he seal ed

housi ng conprises a base plate, a fjirst cover, asket se he first
cover to tshéemydiang ‘&?%abl‘éﬁéfi thasadgna bewnerihg gas bea?’ﬁg SPRfRCE; éh?/gfdte&nd

herneti cal Bg Hondihg gg§ Pt 8 codfne A Magnetic recording disk drive
conpr|3|néhy“§§?o aabne B neﬁ?cerébé?dlﬁa disk; 14- [R\LIBQ ]0236-i.doc:

pj m2 8 NOV 2006 a sllder having a gas-bearing surface for maintaining
the slider

at its ope9r a,??[:% %eéléte &]al Orlf, g,‘(ﬁ%rem tthe p (ngcélqje%%al an'sl@{%cf‘!é%'ﬁah? ofotating

Jusion xt ends
beyond t hengaphdgaaibog. surface of the sllder toward the disk; a read/wite
head supported within the protrusion pad and conprising a nagnetoresistive
read elenment for reading data on the disk and wite poles for witing data

on the disly tie digadielSrenh 1a0tewi the dpeliggudgingofcotivechatihgmat eri al s
corrosive to an environment haV|ng a relative humdity greater than a

pr edet er nicgasising eeeiiadly of RBoEHgEs ¢ bethe read el ement and write pol es
extending to the end of the protrusion pad and having no protective
coating; an actuator connected to the slider for noving the slider and head
across t helldi Sthe didkedrivielvd ctiiimd, hereot éeiseajed bowding coomirses hbassipige and

surroundi na(‘:]cotvgreherme%caﬁfl seafedqo he%ase;pl OVI ding a gaseous

12. The disk drive of claim 11, wherein the cover is laser welded to the base plate.

13. The disk drive of claim 12, further comprising an elastomer gasket between the
cover and the base plate for providing a removable seal during assembly of the disk

drive.

14. The disk drive of claim 11, further comprising and elastomer gasket between the
cover and the base plate for providing a removable seal, and a hermetic polymer seal

outside the gasket and in contact with the cover and base plate.

15. The disk drive of claim 1, wherein the sealed housing comprises a base plate, a
first cover, a gasket sealing the first cover to the base plate, and a second cover over

the first cover and hermetically sealed to the base plate.

16. A magnetic recording disk drive comprising:

a rotatable magnetic recording disk;
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envi ronnent having a relative humdity |l ess than sai d predeterm ned,y & e
the pressure within the seal ed housing being, substantially indepez&g @VBM
external anbient pressure. 17. The disk drive of claim 16, wherein the gas
in the housing environnent is air and further conprising humdity control

mat eri al | ocataedidex hdviimg 2 bes-beatiog syr fiasrior maintrizingitheslidaengas bat owi@fhumi dity

in the environper el ' -adet ) val ue ' drive of

claim 17, SHORLTAn REUR g e B SR MhER s Rt st b3 EHiSH |)

buf f er f orpatdiantrgy ani end thitexteatabeyord hiungaditeyringsurfaee efithersbidartotvaabihe e

approxinat@%¥ 5% 19. The disk drive of claim 16, wherein the gas in the
'0

housi ng en nment is air and further conprising a volatile corrosion

i nhi bi tor | ocateaaivitd Reddn@phatsi vighin 28 prohiesish pid £d doenpfsid A1 m 16,
wherein the gas in the housing environnment consists essentially of a gas
sel ect ed fmagnetdresigiiveupadelasicst fontpadingaiate ontbe dishaad o T PPI6E & WIRING The

Gk v Bl By MOPLEL DD 59,005 (0 AR R O

to an environment having a relative humidity greater than a predetermined value and
the ends of the read element and write poles extending to the end of the protrusion pad
and having no protective coating;

an actuator connected to the slider for moving the slider and head across the disk
when the disk is rotating; and

a sealed housing surrounding the disk and slider and providing a gaseous
environment having a relative humidity less than said predetermined value, the
pressure within the sealed housing being substantially independent of external

ambient pressure.

17. The disk drive of claim 16, wherein the gas in the housing environment is air
and further comprising humidity control material located within the housing for

maintaining the relative humidity in the environment below said predetermined value.
18. The disk drive of claim 17, wherein the humidity control material comprises a
humidity buffer for maintaining the relative humidity in the environment above

approximately 5%.

19. The disk drive of claim 16, wherein the gas in the housing environment is air

and further comprising a volatile corrosion inhibitor locate within the housing.

20. The disk drive of claim 16, wherein the gas in the housing environment consists

essentially of a gas selected from the group consisting of air, helium and nitrogen.

21. The disk drive of claim 16, wherein the write poles are formed of an alloy

comprising Co and Fe.
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