, €3e2%. 6T2W MAGNETI C RECORDI NG DI SK DRI VE W TH SELF- LI M TI NG WWEARABLE
CONTACT PAD Al R- BEARI NG SLI DER | N HERVETI CALLY SEALED ENVI RONVENT
Technical Field This invention relates to magnetic recording di sk drives,
and nore particularly to disk drives that prevent corrosion of the nagnetic

el ements of the readlwite heads. Backround of the inven

recording disk drives store digital data in the nagnetic '"l@mmmﬂ,ﬂ@wwgdl um
of a rotating storage disk. The disks are coated with a rragne | Z medi um
and mounted on the hub of a spindle notor for rotation at h|g S§peed Dat a

IS stored as magnetic transitions on the disks in a plurality of concentric
circular data tracks. The data is recorded and read by a read/wite

;Lagf?ggglgg VA @% NG imeﬁmw ﬂ-l;ﬁ %%ﬁ&h "v%{ﬁpﬁé@ﬁﬁf
supporting the sli ?Aa ove eﬁrﬁo]f: |' ?Dan

the end of an armof a rotary actuato the sliders and attached
heads across the di sk surfaces. The wite head is an inductive wite head
with the magnetic el ements being the npgighisiFR@ges that generate the
magnetic wite fields. The read head iS™a nmagnetoresi stive (MR) read head,
whi ch may be a spiThisihventioppelags anmagrmgmeemmng disk driees, @hvRmosepatiadarly to

el enent, or the mare recently prqpos netl tunnel junctiqn (MIV
sensi ng el en@ifk drixgs Y%!HFO'E‘A’PM P ﬂ'ﬁeﬁﬁ%}‘?’éé‘?ﬂ%‘l"ﬂ b@r%a ty of

a disk drive is the magnetic spacing between the magnetic el ements (the
wite pales and the MR sensing elenent) and the magnetlzabl e nedium of the
di sk. O oser magnet i c spacing al Im;l__g_pﬂ!jﬂn_gmm ic “bits", which in

turn allow far na L tra s .and ¢ nt ater reco

urn oLl o {20 naf et LERSko il 0 SREHEDY o BPHSR Sl Pty
thi ckness of of Deoritindl R6ra e/ @isle e Widds aﬂ{'cdaﬂﬂ WIHOA Bl e ti2 1B RMEdSum \Whd flduhted on
requi ted because the "alnetlc elenents are forned of materials that are

hi ghl y cor r otieshubef pspindle moton fargetager aidhislespepd.\Ratads starsdras rpagmetis aansitions
t he magnetic Lal . i« F
Ta. and ou. RGHE Bfedp AR BadcbafRtBtle S £AA" ThEUAE B hechfled Bhg ookl by
ﬁenﬁ i ng el enEféaalwﬁtlayraﬁmbewrtﬁ@d ﬁﬁhlﬁwwﬁﬁﬁmﬂﬂgowmf&mﬂd ofa? lalr-

i ghmanment wite po es may cqontain a S an ese netallic
head mat eri aPeingsliders with thepigb ‘E%'m&éf"?f @ﬁs%cﬂbﬁgﬁ B‘é‘{"& 53'518‘? &€ and
use. The pr Ogﬂ%ﬂaﬁ ang’ Mﬁﬂ@?k%&dn‘?&i Sl e BRDOEIN drCf ROy aétﬁataxvtamcal ly

a thin anorpho anond- carbon overcoat., In the absence of
i nper meabl e meovescibe slidarnanst attanbedheads a@%ﬂb@ﬂl@bsw&m sThyr writethead fspn mductwc

enetrate |ntat e.reactive
Iroenderl ng th‘e"rl eafl\ﬁﬁ% H'ea%cimre é%%ggweseﬂm %’%ﬁctrﬁ‘gl %&t‘é'gﬁ%‘ﬂgﬁe‘ﬁ’m
(or " protrusiite fiéds.) T readRexdiing nﬁghdefesnnw@m)srea@ heads whidtomaybe 4 spdint

tol erance nmagneti c spacing by reducing.the effect of | erances associ at.ed
with slider Y ﬁmmaahmamtmﬂaeﬁq@%ﬁ%bwﬁpﬁ glemeak Qﬁ’gﬂefﬂ‘“@lff"?ﬁ’ Hyprogrseds

head OVerComﬁ%xhé?nt@%mﬁkig?g%d@ﬁTﬁfseﬂﬁﬁé’elEﬁﬁﬁss' on. This type of air bearing
e

sl i der,
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, arld Cu. More specifically, MR sensing elements,

A
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overcoat and part of the protrusion pad are relatively quickly "burnished"
orpworn away during Initial contact with the rotating disk, is described in
| BM' s pending application "Self Limting Wear Contact Pad Slider and Met hod
for Making", Serial No. 09/687,234 filed Cctober 13, 2000, which is

i ncorporated herein by reference. However, the absence of a bead overcoat
to protect the magnetic el enents has been di scovered to be unacceptable in
conventional disk drives due to the risk of corrosion. Thus disk drives
wi t h vapor phase carrosion inhibitors (VPCT) to prevent corrosion of
uncoat ed heads has been proposed, as described in IBMs pending application
"Magnetic Recording Device with | nproved Reliability", Serial No 1d1051, $66

e 2 ok P e et BERAREE. RSt e b

protective cQmdmdi®wii poley@ay cehin@fop oo, Franierd mcéeaxa&ﬁnicqxes‘& A %ﬁi aEéD

that the magnetic spacing in the disk drive can be reduced. Sunmary O
I nvent i on Theusseptimto qonpeionidyring snanufactie, dtargs anduse. S'Blefprtbwmtclqvgmnmar

tact t i ed h
magnet i ¢ o oREHEuRE B Rt Rl Reef 3 EnomrERos PhuBadaifb efomue 1 n
whi ch the ovey&oed.stihe ab&hes of ifduprmesld di\ﬁ&r(ﬂﬁﬁdﬁatéf&ma btieP 86krosive vab&s%re
hernetical l'y seal ed di sk drive housing. The over coat ed protrusion pad

sliders are ableémpinetiatednts thoresachiveimetal filgnsi of the mpgesticiclaments; Swweendering the
typ| cally air a@ t} ﬁ% di t ontroll ed below a | evel above which corrosion
of "t he magneﬁ B1'e "occur. The drive as then hernetically seal ed

and the drive is mrfqimanhr édireace pad (dis‘p%uﬁﬁﬂg)atl’l’) aORadff sNder Prdvits for

di sks until the overcoats and a portjon of the are worn or burnished
away. The coNesyhas padhtight t@e@wpwﬂsﬂmﬂaﬁm by Efaiﬂxmg thy ¢ffpet of tpferances associated

hernetical ly %h&% d-ﬁ:'ﬁvgﬂ H@m&@dﬂe% fled %gﬁgﬁﬂgfl Vﬁ%ﬂ%ﬁ'ﬂﬁ%c{co&w

bur ni shi ng o ercoat elther a as been sea
under cont r ohddoelintinaio dfihead natedsicon SThis type of airdeaingwiden i whihfties headvery

| ow magnetic_spacing, to, be achi eved tura di s rives. )For a
f uYVI er gundiar QY%RTIF fﬁge Hﬁ#@g’gné;ﬁa aﬁcﬁﬁﬂf’%&z@’cﬁy | gbﬁ?’ tion
reference shgifdh 19@1&7@&\%& Gmﬂahﬁe ﬁﬁzhi %il%rsdd‘ck@ﬁﬁﬁqn ‘iﬁ‘ﬁ% hi%‘aptpﬂkﬁi%n “Self-

together with the acconpanyi ng gur es i ef Description of Dr awi ng,
Fig. |Ais alimitisgWeacrContact Padlséwcoandlmmrfqemamgf ;SegelaNecD%@&jria*hfded

Vi ew of he PRgieride 20k SRS iPolor R bR RN BRpeveRuetibitefol s

renoved. Fi ghead ovércdatRe pRitest Hic\/xﬁagﬂcﬁlt\/cl&fnchﬁﬂlas béén dmcaavmu go bBeahaceepritdcin pad

air-bearing slider for use in the dlsk rive of e |nvent|on Fi g.
3is a sectl‘Eﬂi‘éF“tiH“éW‘ﬂfg Y8 dyp &4 the sk Q ﬁ%osb%tmdg‘?k g,sgql thyaporghags o
|1 ust rati ngcddhgioRimibitcrs @vpemomév@nm%hwﬁh@amthemﬁ opYRacA!
prior to being worn away. Detailed Description of the Inyention The di sk

drive of t hedgsenibedrin IBMUspending dpplication “Magneti¢ Rocasdiag ¢ vigeiwith Improvede| f

i oo < RS SeBENG BT e g 25, 2577 SURESH bR 855

operation. Aef@bdcel i M ting wear contact pad slider incl udes a wear abl e ax

sel f burnishing protrusion pad near the trailing end
What is needed is a disk drive with a read/write head that does not require a

protective coating to prevent cotrosion 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 elerents during slider fabrication and

disk drive assembly, but in which the overcoats are later removed and the heads maintained
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of the slider that surrounds the MR sensing el enent and the inductive wite
pol es and includes an overcoat to protect the nmagnetic elenments. During an
initial reduced-1tPM (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 normal full-1lil'"Moperation, a very small clearance exists

bet ween the end of the protrusion pad and the di sk surface, which assures
reliability of the head-di sk interface. Because the drive is hernetically
sealed in a controlled environnent the magnetic el enents are not
susceptible to corrosion. In an exenplary enbodi nent of the present

i nvention as; n E . c el S ' [ ' al ed at
the 1 anger 4 GeiieBaty &teg ik difve g™ byt Codtc piGIon i e SR

respecti vel y assembRiddh®the ABRIAATE it & Speeid] efdicdient, typicallyadreith ﬁunﬁid&?‘éﬂﬁ@oﬂcd
Figs. 1A and 1B are cross-sectional and top views, respectively, of a hard

di sk drive 1bdowreleyelmbaxe whicheomrosion o thedeagnatinelgments woulsbencyt. nkhedirisi i102

i ncluding a trate 1o I Gerani .nmetalli netic
ayer. acprofbrib oty s driu ol Wl Bl Wit bR Boind il e I SnfEF P b
carbon, and theldidksivatithelo@yebats biad @ pditioe ofithemadd 8 worhloh Burmished UWeR Phe
read/ wite head 106 (typically a MR read el enent and an inductive wite

head with pof@nbinpdgn efpratsesiompad ar beaging;shders Mathgschegmetigally sealed digk diiyejana
10$ for magngti ' it ' JFaonst 4 t he
di sk 102. Thg‘;drtr‘%ghg%éf‘%&@ﬁ%%’egmn’?gﬂ% @gdggﬁl‘g?‘g'ﬁééat°kg‘%ﬁagneﬁdg&F g%‘?{df%s di sk
102 are coat betnweilsd ar tiden carstadietibamigitycomdjtivns pricetolzealing, ailawofod b veag low
carbon) overcoat of about 1 nmto,10 nmthickpess., The magnetic recording
di sk 102 i s Magnatisdpacing o Reachicvedin %‘Pi"éfé?t“'fggcﬁij‘d&”&?-i ve nmotor 104. The
slider 108 is a s 18 tﬁﬁﬁl(?jﬂ b syt ﬁbdﬁ%@s' 8%@3:?&%& ihGenti
suspensi on 110 WhIFJ():l{’]a fuglg%:%lirlngsct e %gﬁgn aclfaﬁg‘t gr 114 by neans of a rimé’i d
arm 112. Wi teferemeyshouldibaghadehe e faldwihgaletailed dededpiion takén tpgetherwitBthei sk
drives may contain nul}i@%g di sks, with the heads bei ng supported on

nul tipl e ar fFQMPENIRG I EY Y -he actuator. The entire structure is enclosed in
a hernetically seal ed housing formed by base plate 115 and cover 116.
"Hernetically" sealed neans that the seal is so tight that the disk drive's
internal pressure is substanti alioef; ¢ heddvawing xt er nal or amnbi ent
pressure. This i Sgin g i i Mir%‘”tﬁs-l@d
di sk drive that h%g' %‘R‘gér‘&eg:? %?&38@% tﬁﬁ%ﬁ?@#et{%%ﬂ%&%e?ﬁﬁ@%?ﬁ?c%as pl ate
or cover fordrbeuetodinggo tiecprdsenkinvendoni.ve' s i nternal Ppressure with the
external pressure.. Thus a hernetically seal ed dri oes at, co in a

br eat her port. ISF 1511 IS atop Y Pgﬁ? T‘%lﬁi'ft“f Wgo‘iqﬂ}grfﬁ% ‘g"vsceozflgﬁ%é\%w%%qf’ﬁw
per meabi | it Vodver Mad®ed. FIi 9. 2 shows the self limting wear contact pad
slider 10$ used in the disk drive of the present invention. A conventional
slider design st dFige2 isr#papipeptive Yipwtof the seifHiraitiog weateontach Radypir-bparing slider for

patterned ai i f . | ated by a renoval process such as
etching or i%ﬁ?ﬁﬁﬁﬁ%g&%h@ﬁﬁgﬁ%nﬁég nost polished surface and
pressurizes w th Epr3 fsragacticial vidnesf the prhitaikioh @ad pértion b thelslidarof &g 2suppor t
it above the disk. The slider 10$ has a rear or trailing end 20T ang\,a
front end 20HustFaging $he protresion Badhyith repgmeticelements apdirarhon gvercaabieeier ip bejng

| evel s 210, ,g&% a&}l 5. Athird etch is then performed to produce a fourth
surface |evel 220 The depth of the third etch produces the protrusion pad
221 that is designed to have a height above surface 216 that is greater
than or equal to the fly height of the, sljder,wih an ABS of surfaces 216
Accordingly, the top mast sur f3&ane R QLAY HON 3 spal | ) non h
actuatabl e wear abiy, RAMAR ot prednt ifRhiS s/« GiéffSically s ML Riven Rl QIR N!
i.e., the wite head pale tips lgmd the MR read elenent. The self limting
cont act pad.lir@ifihg wear eontantipad airbeadmgpslivers thatenpmat readiwritaends haviog nakasbon t
conmes into contact with the r:itati ng di sk surface, Tgewggg Qlf DI ot r udes
beyond t he SUYFFQatks9 tht ferdis 2oy sagnstic sparipe dunag opqrati FeltREptng Vel o
220 does notcoﬂfaevpéwﬂe;lyinémaéy § weaable@? selp 8afnishiheirbt@ssiod Pad Miar the kedRing A8

B R Y O
o-

The pad 221 is also small enough so that it will wear quickly and easily
and will rat affect the fly height as it wears dawn, which provides the pad
221 with the ability to achieve apt interfgrence of zero typically farned
with the disk surface, The body of slider 1,08 is one or nore materials,
such as alimna (A12Cy3), T i ClA1203 conposite, .or silicon, which also
make up the pad 221. The surface 216 of rear foot 217 and front pads 222 on
side rails 218 together farmthe ABS of slider 10$. The surface area of the
end of wear pad 220 is less than 5% of the total area of the ABS. Fig. 3 is

Y - A N~
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self limting and not continue further because of the support provided by
the ABS (surface 216) at the reduced di sk RPM Al so, when wear point 250 is
reached the overcoat 230 will be conpletely renoved from pad 221, thereby
exposi ng the magnetic el enent 240 and 242) 244. This initial wear-in
process takes place fairly rapidly, typically within about thirty

m nutes. When the disk is then rotated at full RPM during normal operation
of the disk drive there will be a small, well-defined cl earance between the
magnetic elenents and the disk. The result is a head/disk interface which
IS near contact or zero interference to provide a very small magnetic
spaci ng and which can be reproduced with a w de range of manufacturing

t ol erances. revent corrosion of the now exposed magnetic el enents the
disk dive is ‘Pfégﬁﬁlﬂdﬂ'é that yurseunds ghe B sensing elemgnl andithe m%g@t.ivq write f®jesahd

el ectrical t t e. tead/ i d
1.6 are bro‘liig'gil H;)roug%‘%tﬂg} 8‘5%9‘%%&?@5&14‘%@&8?“ heu%ﬁ%}%mb%ﬁﬁ%?é?ﬁﬁf?r
el ectrical feedudelraauadp h&ﬂt? ?r eIRIE) Wedrlin, Jhedisk IsGomRidalids el protrisiei pAdlif ¢bitset
hernmetic seals. This t hermetically sealed feed-through is described

in U S Patent0 mat@qomqoatmmrawwmd theepag iweges oyt mbbing om thedisk unidithound

'ty e seaniegep8F AR TR itule RnlRE xRty 18 okl Zfeicea kiShE et

adhesi ves usatle giidoftht pritadicaPpal hﬁﬂ tﬁdmgl@sumc@ QvhacH asres Rediability 6f the Bbadedisk
ot her harnful, vapors into the disk driyve. is also possible to provide a

separ at e net dnteHaeri dBecause the geve isdisrmastically Pf'é‘l%’éﬂ Aoontalied enyirgnaagnt the magnetic
f eed- through%g ntf e‘\lop; éﬁﬁﬁi@@'mi{o lghs header unit is then soldered into
a e

an opening in. er metically sealed container for a PC
card or dish dr| vdntahakemphsyanbmﬂniemo&th dprésatinyentivngis shéwn id Bigs.cl /o8, thecal

connections is.d SCI’I ed in S. Patent_5,457.6 t hod for. Assenblin
and Sealing t qlgése@*"él{"tﬁwﬂ?@ @fllphglﬁlp?tjﬁé late, |1 Angd op cR¥pT
hernetical ly régﬁbﬁfhﬁo Foftdt nggha tKESirlokiBR Of fR mefnelic k¥R, ﬁg@t mqna 'iBtm

operate with s |mt ng we contact pad air-bearing sliders. For
exanpl e, | BMcgossks&:ticRat mdttgpzn@!&?rﬁmch\fdy,cbfza lasbdisls grivie 00, | Bardidiskdsivied 00

seal ing techn s for dj.sk dr 392) L7 descrlbes
S her ot | ool MAES nfhenels fespraE diek 1 EMmioing » BNERE or ARG AL JUP
Technol ogy' s dérémicPabRliEmagiet Gayde aprblesveovirbREybicaly soxme@beﬁn&pﬁkus

drive that requites a dlgghragmto allow for_changes in internal pressure.

Before the di‘diamangilike; sarhen.pndiadubricantlaygre dlard disk diye, LQQyfurthepinglydes 3
hanber wh | :
chanber wher ge&td?]\?ngtnﬂﬁg Qﬁﬁéﬁgﬂﬂf %ﬁéﬁ% glcﬂ{cﬁgne Iaﬁ%m ve Wit h¥dd th pole tips)

preferably b n|t|a wear-1n o
pxot xvsi an péomid dn the updingendelian ar-bbmmgrslldtrelqstfbl” megnictically reading and Weiting

B S0 pr of or o i 3% st kol fie Rk IP> Tk il climeof sl IOGRERE '
conpl et ed di skapdédicReardingy disleBdd 40 coatitbwith & fisih esdnGdl B disdrp mldafm,hrmambﬁd-
air at sub-at m)spherl c pressure and with a controlled hum dity

sub- at nosphetike” ¢arben) overcpat qfwéowtdn!pnéq Ly thickapss. vﬂmmpmcmo&@gé disk 102 he
i m zes t n SUEDSHRRE o s Uil 08 0F kb BRI, 1RE PR Slger BT o SR NEARBRS
gaseous envi marmitacopktﬂﬂldeh adsmmcmd msm idnel 19evtdch sdonsectdd oannaciawy ez4
O o 1o SR b R B e b sheT OB T
disk drives may contain mmltiple 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 intemnal 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
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protrusion pad. During this pxocess, the saver 116 rza$y be in place but
with an el astanmer seal (not shown) between it and the base plate 115, or
the saver 1 x 6 may include a small opening (riot shown). Either approach
mai ntai ns the cleanliness of the drive's internal canponerrts during the
wear-in process. Alternatively, the cover 116 nay be renoved for the
wear-in process. The slider AS is designed such that for a given pressure
it will fly at a fly height lower than the operating fly height if the disk
is rotating at arr ~tPM|ower than the operating RPM Thus a |lower RPMis
selected far the initial wear-in of the pratrusioz~ pad. This |ower |tPM
may al so selected to be the RPM at which the servo pattern is witten an

the disks. T t
are spinni ng e T P&l i e BRCRAPRRELAE THAS HekR bl SEuLd et RS
di sk and is siovebntaivar breathenyporexpisalsogniportanrabatahe kermeticneil havéVeepldwe pad

has warn to an extent that it na | onger rubs against the disk (line 250 in
Fxg. 3), the RkeBeabilitydasvaterne jnitial hei ght of ~the protrusion pad is

designed so that afﬁgei sﬁoﬂ% e ﬁﬁ%.@%ﬁr%ﬁ&ﬂéﬁ{a@%&r%a%@é@ﬂ%@ﬁﬁfcﬁﬂ% Bf”

t he pad has beets rénove e aimo hi'ng process Is to ena
the read/ wi tthe pxesﬁhtma@natm cA@vamubnaltshdhedeagn@am offt with héladpdishecssmface

possi bl e vvhlle en t hat t erels in ractlon f the
protrusion pdEP wi"ff anrgat %?Xﬁg A MY W?sﬁi‘e’hcﬁssk
drive. Becauggpj r%ﬁthﬁlé ; "Iﬁc M&SEtﬁ@@P%Pﬁﬁhﬂw ?ﬂ Erﬂfics with air

control | ed at nosphere isNnoris gnetic
el ement s everfrdannthegbtating disknbift thedideoand é\@pohamhowedn\dmt Treclider1 08etabad

for the burnishing of th on ot.her than rot t n e.d
L BRI bl onTeaor Sabing e 307 b4 ot el B son Sxtarions Brns & apel e Sxsispoviy threp
| ower the flxuffﬁce 1c{)m gm t 318e AStHidetch mﬁteiqaeﬂt)hﬁedﬂwiﬁbamewoamt sﬂrﬁa@e level

protrusion pad can be per rned after the disk drive i s herzx~etical
seal ed, in wiR2ehTbadepthiof therthird cich producesotic protrugion pad 221 thay isdlesigoed tsetmaase

theinternal { ure ¢

seal ed. Next h?’ﬁ? ersguﬁgﬁe@tpr@ﬁg 5t@|dtth§|2 %ﬁfﬁ%éﬁgt‘@?ﬁ‘é&g?ﬁ@%% Ghal
servo avriti iABS eCduifatecl6. ' Accoffigzly the topiatost marfap 220 i nqvatheamd of asmallnon-
di sks that are used by the servo control systemto posjtiond the readlwite

heads to the a@!@%@?’éd"%"&" cqutact pad 221 the(sugionpds the, magpeticslements.i-eq the Water ead
and wite Opﬁéﬂn%at fips mﬁﬁﬁlgmréah%l heik. m Sf-lishitkd gHonket marsfaﬂt,t.eér thin

sealed, it can cted to t eusua tests'to ensure 1t
functi onal i tyta:bﬂdoﬂﬁboﬂbhdtmeﬁrs allay vdmnpbmnﬁssnﬁomonﬂaa\dlth themuymg disk sinface.

e aover 118he Bg REh bl oyt e pintce A%k Pl Todt 2 LS R b bR AL
1 X7 locat e@m%erzzbaaes e prévidd ayegnifiant ai‘%eﬁmgarffeam thﬁSl@ddB'lﬁS LThe'pedch

are typi call)zrzfor med of al um num are then laser welded to et her_usi n

convent i onal 22hisalso smalbienoyeh spthat ib will greae@yeldy and eqsily and & HB‘i/ﬁff“‘me
ool Bt ds i Fbdks B wikf pRvidel e 2 il MRS achibgpn

Cormermallya Syst ehs smal | s aelaser we
and ot her al immcremldtd:erottmsﬂlyfmnmﬁghmmm mrfatao'i[‘b@b@dyemf shid&hkO8 is one or

hernetically seal ed djsk drive accordin resent i nvention
i nclude ar eyfm’é‘? mafesiglyy sghas alugypa (‘%‘Zé?) éih%arc mgogitex o ilican, p ’th%make
her et | ¢ seabh g Opr??eﬂr?tlf‘gﬂ:@%ﬁﬁ&tchilé&mgffﬂirﬁﬁéh‘fg%maﬁ‘m&eﬁﬁﬂﬁ

simlar tot usi ng a conventi onal el astoner gasket
whi ch i s sommghdicr foemthe ABS éofclidet k8. (The tserfpmrazea dfytheerad oft wiear ghad 220 isHessugh

t he manuf act cess | 1 for rework of unsatisfactory drives.
Once the dri U’@“E%%g{)@@ﬁmﬁ{féﬁ%‘gq‘g?ﬁested and is ready to ship, the outer
| aser - wel ded hexngid, 8188 osssektioha sEIRIARG vidw 8f e iRl 9Rbd 106 WhichRS ited
around the perinet the cavex and base plate and cured in place to

generate a powmgaeterdethentsiptotrodingdnto@nd semandpd by theahateniad of pradrugioniped 221.n

t he enbodi ne an o nmer se nt t asket b d
bet ween ¢ ho. fPaRgLoh Drpwadas ey by St R Vel Fot et g MY AR ol 1hE

formed wher e AhqRgfcole Vﬁ)lé&%} alrdrFhRAN BiarMNAIKE carbBR! IS fsithel Bs W FAIRNTAOQYEr the end
catrventiattal drive h an elastoner gasket (elther with or wwthout its

el ectronics card.) inside a secondary thin sheet netal enclosure, simlar

Q

to a hernetically sealed netal food contaiper or "can". ~tt this enbodi nent
t he secondary encl osure may be a second cover |ocated aver covex 1 X6 and
-g., hern~etieally sealed to the base plate 11,5. Hernetically seal ed

drives are subject to external atnospheric pressure variations and nust
tole:tate such stresses on the enclosure. Since it is gen,exa~lly desirable
to operate a drrve at Iess than at rmspherr C pressure for po~ve~- auad servo
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$0~-0 RH. 1~ar a disk drive at 40R o RH at roamtenperature, the RH would go
to.condensing (1009'o0 RH) if the ten~tperature dropped to 10 Cif there
were nd devices inside the drive to act as humdity buffers) such as
carbon, silica gel, and sone polyners. This 'uvould be catastrophic tv nost
unprotected magnetic elenent materials, ixor this reason, and because it
may be difficult to achieve a seal Wth absolutely na perneability to
water, it may still be desirable to lizxait the humdity in the
hernetically sealed | aw-hum dity envxranrne~nt by the -ia use of a
dessicant. Also, it is possible that total elamr~atian of noisture nmay not
be the optimal solution since it is believed that operation of a disk drive
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es 1 nside the di d

and not to formpartic K drive.
' surface, which is typically formed of amotphous 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 elexnents 240 and 242,
244. This initial wear-in process takes place fairly rapidly, typically within about thirty
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The V17C typically includes a triazole, such as benzotriazole, opti4nally
carrying pendant groups such as talyltriazole) or a salt of a primary or
secondary amine with an organic acid, such as dieyclohexyl anraoni um
benzoate or |soprapylcyclohexylarnrnonlunlanlsoate and an amne salt in
conmbi nation wth an inoxganxc acid, such as dicycl ohexyl ammoniumnitrite.
Specifically, VPC includes 5-nethyl benzotriazale, benzotriazole,

butyl ated hydroxy tol uene, di-tert-butyl benzoqui none, oetafl uoro
hexanedi ol , di cycl ohexyl anr noni um benzoate, and their conbinations.

5-nmet hyl benzatriazol e, benzotriazale, and diGyclahexylannnniun1benxaate
are preferred materials. The VPCI nol ecul es emanate fromthe VI'Cl package
to the vapor phase of the disk drive enclosure. The conponents of the VPC

have suffi ci @nnuwapwepﬁmm isghengrogtes at full RPM duringpereal eparatinnsof;the disk
vapor phase ch at!aedé 'hxé %“H 3(%#53 AR5 Wgrjthta 'n&é@et?@el@ﬁmﬁﬁ’é ?ﬂlc{ the

surfaces of vapor pressure ypl ca

10'i Pa to 1Q&kP%Eeéswu6§a heaw&iqlamerﬂa%@mcﬁhe nédricokmess zefo thtwfemiﬁetdmdwde
filmis dete~ni ned t he vapor phase concentration of the VPCI and their

adsor pti on |§G‘Pﬁ@ﬂm1 mpgnesig sprdirgand which psnchereprodpeed:with & wide pageRkn 0.1 nm
and ~ nm pref 0 1 nm Therefore, the VPClI conponents are
selected to &%ﬁ?«ﬁ'&gﬁr %g{;éerm' ned adsorbed fil mthickness. The nmaxi num

t hi ckness of the Niﬁé\%dccfﬂdsmmcﬂ’tﬁ@ﬁc&ﬁ%ﬁﬁ:sﬁdnﬁgnﬂﬁtelémenmmenﬁmmwﬁh the
physi cal spacing of the head flying over the disk. Tte 18 in _Figs.
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claims. -12 ~al u~ect . A magnetic recording disk drive
conpri si ng: afmetbaseeﬂﬂhm Ahgneme}y nmrwlsn@e@mﬂ(ﬂst thethasaiplatenusing adhesivasor e

el ement for re d| tafxat I t c
el ement covef @'ﬂs eﬁl"@ﬁf’f t?‘ii gqﬁ%\gé%'go &{?Agasgimg hp o C&Ir‘}&lg%% o
~uvith the rgh@ifhlehpdtsSikio the aisk@ﬁﬁre SIﬂi‘QﬂEé porgitldue [iﬁ@ﬂde ﬁm‘baﬁﬂw imetpl header unit
gas- bearing surface for maintaining the slider near %h fa&!e].glf he disk
when the di skat som@paﬂmrhgymmﬂﬁp Ctdrféc%ﬂ}‘?‘f@étf‘i"\f‘@s yn Thisde Féﬁjﬂa [
el enent ext eaﬁ Qﬁ?g,q,aer % g stta,qqs Nhehlﬂ@u&hygﬁdledédhtﬂﬁéﬂfaﬁ)r

connected to ng the sl1der and head across the surface
of the di sk; P@rrdordiskwbtivecthat tysesehttaddr wish §eedgheoyghsion tierplectrieal geiectigng is

slider and provi, gaseo annnettt non-corrosive to the magnetic
el ement af t efl® *H&‘lgﬂ'ﬁéc? USZ%{;n 9 has

Method for Assembling and Sealing the Disk Drive

The disk drive of the present invention may be hermetically sealed as previously

described for disk cirivcs that do not operate with self-limiting wear contact pad air-bearing
sliders. For example, [BM’s U.S. Patents 4,367,503 and 4,556,969 describe hermetic sealing
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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been worn away. -r3 2. ~'he dié&k drive of claim1l wherein the gas in the
housi ng environnent is air and further canpxising humdity control materi al
| ocated within the housing for maintaining the humdity in the environnent
bel ow a predetermined level. . Tlxe disk drive of claim2 wherein ttae
hum dity control material conprises a humdity buffer for maintaining the
humdity within a predeterm ned range. 4. The disk drive of claim1l wherein
the gas in ttxe housing environnment is air and further ca~nprising a
vol atile corrosion inhibitor |ocated wxtlxin the housing for preventing
canrosion of the magnetic elenment. The disk drive of claim1 wherein the
gas iz~ the pausing environnent consists essentially of a gas selected from
the group consisting of air, heliumand nitrogen. The disk drive of claiml
wherei n the kedditahwkardaof te provusién pal will beepdrfommipd, cabdiovgtethe imtialveeamget | C

G ve of oI abRpTemERstar RO IHRTcHY URE TORRTIHICHILAR he

magnetic ele BFe%ralgﬁ b8 PR RlnBetha Ak G phERAhnS |pFEVEINE of the completed disk drive after
sealing. The preferred chamber environment is air at sub-atmospheric pressure and with a
controlled humidity. A sub-atmospheric pressure in the completed disk drive allows stresses
on the disk drive cover and base plate to be directed inwardly. A dry environment
minimizes the susceptibility of the magnetic elements to corrosion. A gaseous environment
other than air may also be selected, such as nitrogen or helium.

With the drive in the special chamber, it is then operated to wear away the end of the
protrusion pad. During this process, the cover 116 may be in place but with an elastomer
seal (not shown) between it and the base plate 115, or the cover 116 may include a small
opening (not shown). Either approach maintains the cleanliness of the drive’s internal
components during the wear-in process. Alternatively, the cover 116 may be removed for
the wear-in process. The slider ABS is designed such that for a given pressure it will fly at a
fly height lower than the operating fly height if the disk is rotating at an RPM lower than the
operating RPM. Thus a lower RPM is selected for the initial wear-in of the protrusion pad.
This lower RPM may also selected to be the RPM at which the servo pattern is written on
the disks. The sliders are made to access across the disk while the disks are spinning at this
selected RPM. The protrusion 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 (tine 250 in Fig. 3), the wear ceases, The initial height of the protrusion pad js 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 rgmov«ad.
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
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-ia $. The disk drive of claim1 whexein the magnetic elenment is
supported on the slider within a wearable pad that extends beyond the
gas-bearing surface of the slider, the wearable pad including the
protective coating. 9. The disk drive of claim1l wherein the protective
coating consists essentially of anorphous carbaz~. x0. The disk drive of
claim1 wherein the disk includes ~ protective coating consisting
essentially of anorphous carbon. x 1. The disk drive of claim 1l wherein the
seal ed housi ng conprises a Ease plate and a saver hernetically sealed to

t he base plate. 12. The disk drive of claim11l. wherein the cover is |aser
wel ded to the base plate. ' 13. The disk drive of clain112 further

COMDIL 1 10 o Rl R, RS0 P ek 5 R3S S0
drive of cl ahjk §ivé IstHeliOtical) FBALE il Whitth dﬁ.l:@tﬁé PrETErredinSh6d xﬁﬁtu‘é‘@&ﬁuééaERPM
cover and the base place far prOV|d|n a xexnovabl e seal, and a hernetic
pol ymer seal because the intemal pressure can not l?e varied once the drive is hermetically sealed.

Next the servo pattems are written on the disk using conventional servo writing
techniques. This provides the special patterns on the disks that are used by the servo control
system to position the read/write heads to the desired data tracks and to maintain them on
track during read and write operations. Because the disk drive is not yet hermetically sealed,
it can now be subjected to the usual tests to ensure its functionality and reliabilicy. The
components in the drive may then be exchanged if necessary until the drive tests are
performed satisfactorily. The cover 116 is then placed over the base plate 115 with the cover
flange 117 located over base plate flange 119, The cover and base plate, which are typically
formed of aluminum, are then laser welded together using conventional laser. welding tools
and processes. This is shown as.continuous butt weld joint 121 at the ends of flanges 117,
119. Commercially available systems for small scale laser welding of aluminum and other

alloys include those from Equilasers Incorporated.

The hermetically sealed disk drive according to the present invention may also
include an inner “removable” seal to provide for rework prior to final hermetic sealing. One
approach is to manufacture the drive in @ manner similar to the conventional method, using a
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 hermqtically sealed metal food container or “can”. In this

embodiment the secondary enclosure may be a second cover located over cover 116 and
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out side the gasket and in contact with the cover and base plate. -i5  x5.
The di sk drive of claim1 whetei~n the sealed bc~usirig conprises a bast
plate, a first cover, a gasket sealing the first cover to the base date,
and a second cover over the first cover and hernetically sealed to the base
plate. -ie 16. A magnetic recording disk drive canprisa~ng: a rotatalale
magneti c recordi ng disk; a slider having a gas-bearing surface for

mai ntai ning the slider near but out of contact with the disk when the disk
is rotating at is opera.tin~g speed and a protrusion pad having an end that
ext ends beyond the gas-bearing surface of the slider toward the disk; a
readl wite head supported within the pntxusian pad and conprising a

T e SRS e pialsno tata o L1 1 e e pol

of n#terial s corroHemecticallpsealed drives are subject to external atmospheric pressure variations
and must tolerate such stresses on the enclosure. Since it is genexally desirable to operate a
drive at less than atmospheric pressure for power and servo considerations, the hermetically
sealed drive permits operation at sub-atmospheric internal pressure. This would limit the
stresses on the enclosure to a single direction (inward), simplifying structural design of the
enclosure. For-example, if the hermetic seal is formed by a thin outer shell around a
conventional disk drive, then the shell can be supported against collapse by resting against
the more rigid structure inside, i.e., the outer "can"” is fit tightly against the rigid inner
enclosure.

The completed disk drive has very low magnetic spacing due to the removal of the
carbon overcoat and the use of the protrusion pad to locate the magnetic elements close to
the disk. However, the head overcoat is present during all head manufacturing and disk
drive assembly steps, so that corrosion of the magnetic elements is prevented duxing these
steps.

In addition to being "air tight", the hermetic seal must have low permeability to
water, meaning that over the lifetime of the disk drive (e.g., 10 years), the flow of water
through the seal must be Jow 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 approximately 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 rca’son. 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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environment having a relative humdity greater than a predeterm ned val ue
and the ends of the read elenent and wite poles extending to the end of
the protrusion pad and having nb protective coating; an actuator connected
to the slider far noving the slider and head across the di sk when the disk
I's rotating; and a seal ed housi ng surroundi ng the disk and slider and
provi di ng a gaseous environnment having a relative humdity |less than said
px' edet exm ned val ue, the pressure within the seal ed housi ng bei ng
substantially i ndependent of eternal anbient pressure, 17. ~e disk drive of
claim 16 wherein the gas in the housing etrvironnnent is air and furthex
conprising humdity control material |ocated within the hauling for

mai ntaining the relative humdity ipn.the en ifonnant el pw sai d

pr edet er mi neHs&/@f adessicant. Alspgit lwn@sml%waﬂtpfﬂle"afnawap PSR B NAL b e

3 COnbl el A lecSATBERSE i Byl o SO B oSS kB Ay

di sk drive otonttibutetd flyahiktyehilurtd) S @as atmourtt bf whten siayplayran essontieold ia thd r
durability of the disk-lubricant-head interface system and in preventing electrostatic
discharge (ESD). Thus it may be desirable to maintain the humnidity above a certain lower
target level (e.g., 5% RH) by the use of a humidity buffer or reversible desiccating agent
which is capable of not only absorbing rr;oisturc but also discharging moisture over a wide
temperature range. US Patents 5,075,807 and 4,831,475 describe the use of desiccants and
humidity buffers in conventional disk drives with breather ports.

Because the disk drive is a hexmetically sealed enclosure with controlled humidity,

such that water condensation or sublimation cannot occur at anticipated storage or operation

temperatures, the magnetic elements are not subject to corosion during operation of the disk

drive. .
An additional advantage of the hermetically sealed disk drive is that it is not subject

to fly height variations due to atmospheric pressure changes. Therefore, a hermetically
sealed drive eliminates an additional fly height tolerance which allows the protrusion pad air
bearing slider to maintain its low magnetic spacing. However, with the drive hermetically
sealed, temperature variations will result in pressure changes inside the drive, 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 VPCIL. The VPCI package
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auxd further conprising a volatile corrosion inhibitor Iocated vvxthin the
housi ng. 20. The disk drive of claim 16 wherein the gas i~ the housing

envi rt ~nnn, e~ant consi sts essentially of a gas selected fromthe group

consisting of air, heliumand nitt'ogen. 2. '> he disk drive of claim16

wherein the wite poles are farnmed of an alloy conprising Co and Fe. -Y8
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1008 15 3l VRCERA LB ok i i 10
10"‘) , - | AL Ovatdng! dileeddbulyt benzoquinone, octafluoro hexanediol, dicyclohexylammonium

benzoate, and their combinations. 5-methyl benzotriazole, benzotriazole, and
dicyclohexylammonium benzoate are preferred materials. The VPCI molecules emanate
from the VPCI package to the vapor phase of the disk drive enclosure. The components of
the VPCI have sufficient vapor pressures to provide finite concentrations in the vapor phase
of the disk drive enclosure and adsorbed films on exposed surfaces of the head and the disk.
The vapor pressure is typically within 10 Pa to 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 adsorbed film is
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 undetstood 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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What is claimed is:

1. A magnetic recording disk drive comprising:

a rotatable magnetic recording disk;

a head having a magnetic element for reading data from or writing data to the disk,

the magnetic element covered by a protective coating that wears away when in contact with

the rotating disk;

a slider supporting the head and having a gas-bearing surface for maintaining the
slider near the surface of the disk when the disk is rotating, wherein the protective coating on

the magnetic element extends beyond the gas-bearing suiface of the slider;

an actuator connected to the slider for moving the slider and head across the surface

of the disk; and

a hermetically sealed housing surrounding the disk and slidet and providing a

gaseous environmert non-corrosive to the magnetic element after the protective coating has

been worn away.
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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 a predetermined level.

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

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.

7. The disk drive of claim 1 wherein the head includes a read head, and wherein

the magnetic element is a magnetoresistive read element.
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8. The disk drive of claim 1 wherein thé magnetic element is supported on the
slider within a wearable pad that extends beyond the gas-bearing surface of the slider, the

wearable pad including the protective coating.

9. The disk drive of claim 1 wherein the protective coating consists essentially

of amorphous carbon.

10.  The disk drive of claim 1 wherein the disk includes a protective coating

consisting essentially of amorphous carbon.

11.  The disk drive of claim 1 wherein the sealed housing comprises a base plate

and a cover hermetically sealed to the base plate.

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 an 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.
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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.
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16. 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 contact
with the disk when the disk is rotating at is 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 an |
environment having a relative humidity greater than a predetermined value and the ends of

the read elernent 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 valve.
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18.  The disk drive of claim 17 wherein the humidity contro} 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 located 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, hcliurp and nitrogen.

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

comprising Co and Fe.

18-



