HI GH PERFORMANCE COVPUTER HARD DI SK DRI VE FI ELD OF THE
I NVENTI ON This invention relates to conputer storage
waelewsass2and nore particularly to a high perf oPOEOSE08/004044

hard di sk drive and nethod. BACKGROUND OF THE

I NVENTI ON A hard disk drive stores digitally encoded

data on circular plates, called platters. The platters
are nmount ed on aHIGHBERRORMANGFCOMBOTER at hi gh
speeds past read-wite HARIDSDISKEDREVEBS fly on sliders

in close proxinmty to nmagnetic layers on the platters.
Sensors wite (record) and read (retrieve) the

r & b i is stored on the magnetic | ayers.
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nmagne S are protected with a thin carbon

overcoat. Di.sk drives are unt ed i.n .seal ed housi ngs .
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contami nants. The flying heads are supported on
petfegmr@ﬁ@@fdlﬂidﬂ%ﬁﬂgw %@ﬁ”eters (f1ying hei ght) above

the platters. The platters nust be free of

contam nants and inperfections to nmaintain an

extrenely cl ose spacing (flying height) between the
BAERKGROUNIPIOR THBINVENIIONard drives have flying

head hei ghts of about 5 to 15 nanoneters. Head i npacts

[ cr ag Resil divkk blive sRtdsedigital AR 68 YarR %Wrc%%? ?ﬁﬁes? E::allléﬂv‘f)latters. The

pressure at altitudes hormally above 10,0 t., can
. catast ronhi c bec i rtant r rnd n .
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‘ ancrl ?e%(c)i r(.rdefn’ricivse’) 312 dii gr:teliefdl .ci:aitae vrcfltlicﬁ ?sestoor];d Xr? {hlé?gzlg%etic layers. The magnetic layers
- are protected with a thin carbon.overcoart.

Disk drives are mounted in sealed housings to protect them against. dust, humidity, and -
other contaminants. The ﬂying heads are supported on cushions of air only nanometers (flying
height) above the platters. The platters must be free of contaminants and imperfections to
maintain an extremely close spacing (flying height) between the heads and platters. Modern hard
drives have flying head heights of about 5 to 15 nanometers.

Head impacts [crashes] with platters, caused by power losses or low pressure at altitudes
normally above 10,000 ft., can be catastrophic because important records can be permanently
lost. Consequently, time consuming back-up records are frequently made to protect data, thus
increasing the cost of doing business. Making back-up records is an inefficient use of valuable
technical personnel. Crashes also result in expensive drive replacements.

Pressure, temperature and humidity affect the operation of a hard disk drive. If air

pressure in a drive is too high, data will be improperly written and read. Air pressure is affected



techni cal personnel. Crashes also result in expensive
drive replacenents. Pressure, tenperature and humdity
w@tdosasosehe operation of a hard disk drive. |fPEI/ES2008/004044
pressure in a drive is too high, data wll be
improperly witten and read. Air pressure is
af fectedby tenperature. Qperating conditions in
byc temperdtucty | QEesatarge cenditipig it adurtentitdrivesipee asoucetical that temperature
conpensation is provided to accompdate changes in the

coftipéhsatidi B Provititdiodicé dmMvdite Exingosiadhdqaivirodment. Humidity over extended
accel erates conponent corrosion. Corrosion of the
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drive is powered up, the flyln head can stick to the
ocgdursgspeaitily if arhard djes hasthsenout of wsg for avextended nenieddVéhen the drive is
fromrotating. War, corrosion, nmanufacturing defects
po&ﬁ:@bd‘lﬁﬁdl&tﬂ}&ﬁbhéada‘raﬁ stitletonthg disk ¢abiriant lajerhpotentibliy\peeventing the disk
failures. Wien crashes occur, heads scrape and damage
“frdth #dth@Rs. The current strategy is to prevent head
contact on the data portions of platters | npacts and

contgel s c&r?&r(g{: glffﬁlsw‘fl%% (P&XVQ M\Qa YPELhEY Waerth?( major causes of hard

failures nanu urers ave t
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free | anding zones ("LZ" usual near inner dianeters

- preyenphead eandact Ratthe, éa'@é) ?ﬂsa‘éftp 15N N96ReAndromtRctsTeAE occur durmg
| andi ng zones prevent head contact with data storage

poavee dewd umid pgwst &ihiresp Handldish weive dowmfachaetihaye tabgeseveral actions to -+ -
reduce storage space, increase cost and nake .

- -addBghaRbe plobleaiseindnbes @aaid ¢rivetifee di fficult. In newer

drives, springs and the inertia of the rotating
- Pl atH RS srdAEdtofihddrPeralteRdsfridlanding zones (“LZ”) usually near inner diameters
of platters that heads contact during power down. The landing zones prevent head contact with
data storage areas during start up and power down. Landing zones reduce storage space,
increase cost and make mechanical tolerance control more difficuit.

In newer drives, springs and the inerfia of the rotating platters park flying heads in
landing zones during unexpected power losses. Other technologies that are used include laser
zone texturing (“LZT”) and head unloading (“HUT”). In laser zone texturing, stiction and wear
are reduced by incorporating in landing zones, an array of smooth laser generated nanometer-
scale "bumps". In head unloading, during parking, heads are lifted off platters onto plastic

"ramps" near outer edges of the platters, thus reducing shock forces and eliminating stiction

during start up and powering down. Both technologies increase the cost, complexity and



| andi ng zones during unexpected power |osses. O her
technol ogi es that are used include | aser zone

W eooBas3ey ("LZT") and head unl oadi ng (" HUT") .PCHUS288004044
zone texturing, stiction and wear are reduced by
i ncorporating in |landing zones, an array of snooth
| aser generated nanoneterscale "bunps". In head

diffichivya df mgnufdetoring hpardeiveg, heads are lifted of f
platters onto plastic "ranps" near outer edges of the

~platters, . thus reducing sho ces_and eli
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technol ogi es increase the cost, conplexit . .
mMaWERGTErS A PEIPUS incieasad dEVe ppp?glthag agd ae{qug@i seek times (data rates). Drive
Conpetitive market pressures and software requirenents

capaity, fypicaliyl desigubted skgigalritst pes tsquage snchpisplepsundent on the areal density of
i ncreased drive capacities and reduced seek tines

thd diska rRé®Rpd sB¥N VienegaRqgaird VrictiomPtedlattioh dediigdtaised fofational speed.
gi gabits per square inch, is dependent on the area
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rlctl nre uctlon and |ncreased r tatlonal speed
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have I|n1ted i ncreases -i.n_areal density and reduction

haw¢ raswetd secksignes beringeperating Suihdimameeibeasimgs e blasmugle as fluid bearings
by incorporating fluid dynam c bearings. |nasnuch as

“haf¢ mb dndrelatoi mgal kantact thayeddhet affevedisk loadihgahd cahdmndle higher disk
not affect disk Ioadlng and can handl e hi gher disk

rotafibidl isp&ds. speeds. For areal -densities and data rates:

" to increase, incidental crashes of flying heads nust
-be. prevented. Platter:surfaces nust be very snooth and
def o afeabdensitiss and dptaaales tq ncispsea inciisntal eipshesid ﬂymg heads must be
carbon overcoat fhat . protects the magnetic data

preventaddPlagel sylecesToast boeetyhimonsh anddefoesrfreea Fohinemases in areal denSIty,
overcoat may expose the magnetic layer to corrosion

thdbeabBors evedtodd that patass thdmeadnete dsth kgcording layer must be thinner however, a

thinner overcoat may expose the magnetic layer to corrosion because of pin holes. .Areal density
can be increased by reducing the spacing between the recording transducer, or read/write head,
and the magnetic layer of the magnetic recording disk. The magnetic spacing is the effective
distance between the magnetic recording head and the magnetic media layer on the disk. The
magnetic spacing consists of the flying height of the head, recession of the head pole tip,
thickness of the carbon (DLC) film on the head and the thickness of the carbon and lubricant

overcoats on the disk surface.

Vijayen, U.S. Patent No. 6,537,668 discloses a diamond like carbon material for
magnetic recoding media containing an amorphous carbon comprising carbon in the range

between about 72 and 92 atomic percent and hydrogen in the range between about 8 and 18
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can be increased by reducing the spaci ng between the

recordi ng transducer, or read/wite head, and the
wore@nasie2 | ayer of the magnetic recordi ng di skPCTKg§2008/004044

magneti c spacing is the effective distance between the

magneti c recordi ng head and the magnetic nedi a | ayer

on the disk. The magnetic spacing consists of the
atdrhigipgtpehei ght of the head, recession of the head pole

tip, thickness of the carbon (DLC) filmon the head
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carbon conprising carbon in the range between about 72
Ghiind. 9alisk drmvechopeingdAP eneldsdsyli plgtersiand flimgrhgadse A flying head consists
bet ween about 8 and 18atom c percent. Fig. 2, a

of a6liéerd 0l andh neagaetic darhettaind, with kardon veercedta0s, tipieally 3 to 5 nm thick.
rel ati onship between a flying head and a platter for
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W th car bon overcoat 103, typically 3 to 5 nmthick.
The THeyhiandydikle suistratt048iof thendadry shichlma)i st fabdeat¢dhfiom any number of
separates the flying head and surface of the platter.
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approxi mately 100 Gb/in2. The hard di sk substrate 108
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SUMMARY OF THE INVENTION

This invention is an improvement of pending application Serial No. 10/969,667, filed on
May 16, 2005 which is incorporated by reference. Application Serial No. 10/969,667 is directed
to the application of a near frictionless and ultra low wear structurally amorphous carbon coating
to computer drives which is disclosed in US Patent No. 6,548,173 that is fully incorporated
herein by reference. A characterizing feature of the incorporated by reference amorphoﬁs
coating is that it comprises carbon in the range between about 52 and 80 atomic percent and

hydrogen in the range between about 20 and 48 atomic percent.

The primary objects of this invention are to improve the durability, increase the storage

Eﬁotteé:és mpgnetig, %reggrél,n}go@yer 107 from: . : -



corrosi on and nmechani cal damage from i nci dent al
contact with the recording head. SUVWARY OF THE
WO DMBNRU3EN Thi s invention is an inprovenment of PEEOMI008004044
application Serial No. 10/969, 667, filed on May 16,
2005 which is incorporated by reference. Application
Serial No. 10/969,667 is directed to the application
capgcity anéagduce ithx seshitans efrachand disk drivw: Weese abjectscaraaghieyed by one or
anor phous carbon coating to conputer drives which is
mdit 9€ esfetlovingUiztiBas:qny ildeasthgThE arkdBddmiat off shef ddth yecording magnetic
i ncorporated herein by reference. A characteri zing
. i t :
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et n,.ab 52 and 8 tom g\perecent, a hyd n. ik
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.primary objects of this invention are to inprove the ..
friffignlsss ot §mi  cpaingeof S }eqﬁ}té‘é% &%@elﬁ; a3} BgyEwne the drive in.a
the seek times of a hard disk drive. These objects are
segledhhewstrl Biledwdthoan meregast Thiase modificaions Aethenakiminaty head crashes,
i ncreasing the areal density of the data recording
elinigme toosiagtalingnak sticid@treduce dogl) andehuysrong rdliadility. Costs are further
(rmagneti c spaci ng) operating gap between a head and
rediicad b seliGBilityBin prb &t by@lihRadhdBeadnESadifechifblogy (“HUT”) and laser

coat | ng the head and platter- wth the "near
- (] pbl ) I i C I G 3 .. : . ,'
L9957 WS’ L ala R980, 06 J, NS TR B ended 1 e
oysing filled wi,t.h an inert gas. These nodifications
OPEEﬂljtaﬂ‘é%’agp?tfﬁ %&lfgnﬁ%sad crashes, el imnate corrosion,
elimnate stiction, reduce cost and inprove
r el ilakifirsttagpecCos the iavention; tHeaired] dehisbiarithrd @iskakivkiid yhcreased and. -
i mproved by elimnating head unl oadi ng technol ogy

o thd seblfimles AfhckdBEte aﬁ;ﬂ%ﬂ{b @Qatﬁﬂékgﬁbafcﬁcﬁmﬁigﬁgﬂéivgﬁaryﬁﬁg low friction *© .o+ -

- herein, the ‘term-hard disk dri've i's intenhde _

ol G5, 000 SN RBRS bt Sy B o, There
is 19(') lsu%riga{r{t aeye{r gn tihre](éiris?(aasn"aCt’hea H)%ng height is reduced to 0 nm (full contact) to 5.0 nm.
In a like manner, mating bearing components in the hard disk drive spindle motor benefit from
application of this ultra low friction and ultra low wear structurally amorphous carbon coating

in an inert gas environment. Specifically, the bearing shaft and bushing or sleeve of the spindle

motor are coated with the ultra-low friction amorphous carbon coating.

Fig. 4 is a cross-sectional view of a hard drive bearing assembly. showing a bearing
sleeve 401 and bearing shaft 400 coated with the NFC overcoat; 402 is the bearing seal, 403 are

the hard disk platters, 404 is the drive base and 405 is the bearing housing.

In a second aspect of the invention, hard disk drive capacity is increased and costs are
reduced by eliminating landing zones, head unloading (“HUT”) and laser texturing” (“LT"”)

technology.



the seek tines reduced by replacing the coatings on
hard disk platters with an ultra low friction and
wa@kdosasd3ew wear structurally anmorphous carbon PGHUB2008/004044
in an inert gas environnent. There is no |ubricant
| ayer on the disk and the flying height is reduced to
O nm (full contact) to 5.0 nm In a |ike manner,
mat ilng thiedaspegt cfothp amentisn,ithe vhlemharfdstqia@(mdduave substantially reduced
spindl e notor benefit fromapplication of this ultra
bylvirtud ¢fiachieOihgalink stdrhgdon e ordabf fetdbitstinf, Theé shuRiplicitolidisks in larger
carbon coating in an inert gas environnent.
harP&FYdsiahdlskerstdift bREEIICRE, AR astR c&Hﬁfemg ﬂf&eo?l eeve
of the spindle notor are coated wth t tra-
friction anorphous carbon coating. Fig. 4 is a
cr ods coplayiingithe teachingof the praseat thvienteorh e phirality 4 eleriphtg constructions
showi ng a bearing sleeve 401 and bearing shaft 400
can batpeshiied 1o dchievéltie desired oasults 40P capmbilives.daahis ”isctaate, only several
403 are the hard disk platters, 404 is the drive base
enfORifiéRs lafe HRGeMBAT foP Ihd PuPPdRE- of! His@oSiRE Viel BSERIN. ‘However these

the invention, hard disk drive capacity is increased

nﬁ&(& d'ﬁgﬁct &regﬁt%n&e?ld%ﬁﬁgr)ngkﬁ %h'}gg.sng%}l{)&lg Po?@edéd?lgl(dgzzféﬁea% limiting the scope

ftechnolo(g}/ In a third aspect of the invention, the
of PYF IYENHIM st or age media is substantially reduced by
virtue of achieving disk storage on the order of

t er aftiet fotdgRding fedtuesTbbhdfidd, iob debs &id sbsihddé Bf baRicBEihg the invention-as . & -

hard drives and servers can be reduced, as well as the

wél P3R! Ritfohat BESFRS anhrkf é@% ?}%ﬁyln cBHF:t E%Hetnﬂoﬁf htehgnsuing detailed

present 1 nvention,
1ru t|o AN be ve the .desi
R anfihs %@é@%{%ﬁ?f&gv@ o %ﬁ%hﬁwe property rights
- .several. enbodj ne ar.e p esent e Lor t he
argiFlapmeski g 19t % Heainmisacd Haifes whic
are intended as exanples only and shoul d not be
of tesnprieteaved ¢mbodiments i ng t he scope of our invention.-

Further features and benefits will become apparent by reference to the drawings and
ensuing detailed description of a preferred embodiment which discloses the best mode
contemplated in carrying out the invention. The exclusive rights which are claimed are set forth

in each of the numbered claims following the detailed description of the preferred embodiment.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood and further objects, characterizing features,
details and advantages thereof will appear more clearly with reference to the diagrammatic
drawings illustrating specific embodiments of the invention by way of non-limiting example

only.
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The foregoing features, benefits, objects and best

node of practicing the invention as well as additional
whemsfisa3s2 and obj ects will becone apparent fr oPET/K82008/004044

ensui ng detail ed description of a preferred enbodi nent

and the subject matter in which exclusive property

rights are' clained is set forth in the nunbered

cl aiFig lvikiagierspeetiveppemdéd typcal herdddisladtiedd descri pti on

of the preferred enbodi nent. Further features aﬂd

benefits will becone arent by reference.to.the .

i aihga AR SSRECITG! HEPAo i g bR FF GRocip i chirent drives

preferred enbodi nent which di scl oses the best node

CoNntres1Bligk efdss-Bectidhalwid g sifdiving Read-paet spacing A6drding to our invention.

exclusive rights which are clained are set forth in

each _of the nunbered clains follow ng the detailed

des 1§t 15 Greres-seritongt viewr fachasdBHYs hearing assanpiny.

DESCRI PTI ON OF THE DRAW NGS The invention will be

bet s e PO RGN EhdrhEfistRBIE €N, vsOUAC ARdRphckis RErbon overcoat

features, details and advantages thereof wl| appear

recclearly with reference to the diagrammatic

°“g§%§%%58%@Fsd% fg¥9§6£%%8§Yl?§n%ﬁbodinents of the

invention by way of non-limting exanple only.Fig. 1

is a perspective view of a typical hard disk drive.

Fig. 2 is a cross-sectional view showi ng head-platter

R ERARSEHETIN OR P T el b BbIRRES . Lo

invention. Fig. 4 is a cross-sectional view of a hard

dr i \ref&ieak indy toIseaingsittbreid 1ike nam@fA9Hestdnate liled dndtotresponding
characteristics of CNx vs NFC anor phous carbon

B a5 B K 3 PR i o s

lOg;lc\:/grggnMEg’\gli-rcular platters 110 which rotate in unison at high speeds past read-write heads-
109. The heads 109 are supported on cushions of air above the platters 110. They write (record) -
digitized data on thin magnetic coatings that is read (retrieved) by sensors on the read-write

heads 109.

The signal to noise ratio in a drive is proportional to the number of magnetic particles per
bit to the one-half power, and progressively smaller grains with a higher disk coercivity are
required for increases of areal density in every generation of disk drive. The spacing laws require
a progréssively decreasing magnetic spacing between a head and platter as areal density

increases. This involves both reduced head flying heights as well as thinner protective coatings.

There are two main challenges to making reliable contact recording interfaces (i) platter
and recording head wear, particularly if head contact occurs and (it) friction induced recording
head bounce. Current sliders are carefully pre-loaded to optimize sliding contact forces. The stiff

air bearing used with conventional flying sliders will result in excessive contact forces in the
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Referring now to the draw ngs.wherein |Iike nunerals
designate |ike and correspondi ng parts throughout the
W@ 008n5132%i ews, as shown in Fig. 1, a hard di SRCHUB2088/004044
consi sts of a housing 100 containing circular platters
110 which rotate in unison at high speeds past
read-wite heads 109. The heads 109 are supported on
eveptib¢rdosomtasts edcnr.aboveakehar pearinge mathllees preHegd, \vprpduces an undesirable
(record) digitized data on thin magnetic coatings that
ambnt b€bourfceet ri eved) by sensors on the read-wite heads
109. The signal to noise ratio in a drive is

roportional to_the nunb r of magnetic es per . )
bi ¢ Shiging ARNtBFHROhAgas g atteamreag ageoh by '&gﬁaﬁap@?omt of reducing
rains with a higher dISk coercivity are reqU|red for
the piterrenrstss(“BERA).@atl deamatically ingrasviag pregbdensity mdwchos cuirenily expressed
drive. The spacing laws require a progressively
in gikebite pa s gareagheIn ensqeasicogliis tweeth sidhgad aasdrdihghémyover a platter
as areal density increases. This involves both reduced

is tljﬂ'ﬁé? fhdtor iREciSH AR R 1St ﬁb@élblefi@cotréﬁhg BE&fforiAce. Cﬁddﬁ@e at the trailing edge
coafings. There are two main challénges to naking

of ar sfl‘fde lngéﬁﬁ)% a}gl?ﬁv%ac%ﬁq{ ? Eres%}fé:rgl ]}‘Q(fl?tﬁ‘hc(gg%thgon{iase{o a%@tﬂnulate around

recor
occurs and S' friction indyced recordi ng head

the Gonfactng asperitissiat e headplaties mistiatey| |y pre-1 oaded to

optim ze sliding contact forces. The stiff air bearing

us edomtrd] bf el iial @&ﬁhctffbﬁéb figat $4 Apiticd tWithd ret @il hdaB determines the -
excessive contact forces in theevent head contacts

ratePGEWear Hr WoakE dshﬁh{ lgel%ﬁrdnrd Jatfdr oe{hdl £3s Y £ (%tﬂ)ggl characteristic:of this .

produces an undadesi e anount bounce.

_ f. d h d f
iR iR B P T e o SO R
-and dramatically increasing areal density mhlch i's

curnedirfeyit dripése asrecordinggd@nhy t(se naealsdpusity) oML ferathin per. vsquare ‘inch, ..
contact recording, smoth sliding of a recording head

req@Y&Ma ead Hatne i (?h?of an%u{(@éo {A01cBhtatt) tAShine Wh@ geﬁchﬁlaﬁglsﬁlterface must : -
possi bl e recordi ng perfornmance. Bounce at the trailing

be g)g%%lely smooth and the RMS values of opposing surfaces on the order of only a few

angstroms. At this low range of flying height, the super-smooth interfaces have strong attractive

forces that cause head-platter interface crashes. The intermolecular attractive forces on the mating

super-smooth head-platter surfaces prevent increasing recording density (areal density) in this

manner.

Head crashes, in fact, increase as the surface finishes of the head and platter become
smoother, due to kinetic friction at the interface. Start-up and power down pressures rise as the
RMS roughness decreases. The resistance factor, whether on lubricated or non-lubricated media,
is characterized as stiction. Stiction is primarily the result of the PFPE (perfluoropolyether)
lubricant that is typically applied on traditional carbon overcoats to a thickness of 1-3 nm, more

or less. This thin layer of lubricant is still subject to forming ripples, pools and other forms of
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of a slider is negatively inpacted by the presence of
a lubricant that tends to accunul ate around the

W@owBasBeng asperities at the head-platter i ntBCT/HSM08/004044
Control of the normal contact force that is applied to
the recording head determ nes the rate of wear for
both a sliding head and platter and it is the

redistritetioon@he shdardhytiey hedd & wfbjdchits stictieer ax {ti interfehest with the lubricant
limts the performance of contact recording over a

anohﬁﬁ@§ IElRhinhiidfEof the 16bridaRNht MEibé@Sng SurfREOERH B8 tistedisk  precludes this

(i.e. areal density) of 1 terabit per square inch,
[ I
conglgf%;ﬂa’glt? ne%dl'fgﬁqtrfi léI/_V\/ @ﬂ%t dzﬂ{c)] a% g?zﬁfﬁ%& f(?r%%ecfr%gg lha%been recognized,

renel t he RVS val ues of opposing
but%?'?talé%% anﬁeél %raﬁg?l €of onl y a few angstrons. At this

| ow range of flying height, the super-snpoth
I nties ParasNe.d®I 81 130figofiordtad hdrvid by@¢fermcé, idclsdasi&eultra-low friction
head-pl atter interface crashes. The internol ecul ar

(sorﬂEﬁﬁ@%féﬁ%dﬁ@ﬁé‘r@ﬁ 2@ Ant i ORIHIY cRYRE “leﬁm@cﬁalﬁng)d corrosion resistant and

ead- latter surfaces prevent |ncreaS| ng recordi ng

nS| t s | t
ulef S0 et 43R0 dERR d%f#e%durF St PET ‘%ﬁ‘@gﬁo‘f i P 88 pd amorphous
and atter pecone spoother, due to c frigtion:
carbgn f‘%’émigﬁtaé‘? Qn 1 tﬂgJ r éq:]séstlﬁg\,@pc i iR Beas Afrasion and-chemical
rise as the RVS roughness decreases. The resistance
corfogionof theughithestare very ligrd angrabasion resistantupest ebthen exhifiithigh frictional

is characterized as stiction. Stictionis primarily
. chatdeeerisgsubdpeaiblly redBf-iter( evifinrentp@ yhet dbsencel aftfrunsidity and oxygen). -
~that is typically applied on traditional carbon

. Whey @éedqmider didink wétr b f6ns thed ploduidt hiBAfAc@nal RisSes ahBisévere wear on -
thin layer of lubricant is still subject to formng

._ & SSJI pool s and. other forms ofredistribution. The

;ma IHO ?ﬁ ying head is subject to-stiction as it: ‘
interferes with the lubricant anomalies. Elimnation o
of FigeS lisibrgraphrdevalopedidrone tastsay thei Afrgeras Matibngh Laberatory of friction
di sk, precludes this condition. The need for ultra-|ow

chafactegisticsofai, waNIFC emaiphogs cirdon dverkoal bhharl disisplages in a dry nitrogen
recogni zed,

environment (humidity and oxygen are not present, or very minimal). A typical DLC overcoat

yields a 0.17 friction coefficient while the NFC overcoat yields 0.005. The test is representative

only and was not conducted under actual operating conditions.

The amorphous carbon and diamond-like coating in US Patent No. 6,548,173, which
replaces the current protective platter coatings is extremely smooth and hard, is nearly frictionless
without lubricant in an inert gas environment and has a high resistance to corrosion. The absence
of lubricant eliminates errors caused by a build-up of lubricgnt around the sliding and flying head,
a major cause of head crashes. In an inert gas environment, positive hydrogen ions on opposing
head and platter surfaces produce opposing intermolecular forces which prevent rather than cause

stiction.



but as yet, none have been avail able. US Pat ent No.

6, 548, 173, incorporated herein by reference, discloses
w@eooal1sa322 | ow friction (sonmetinmes referred to PEF/ER008604044

a near frictionless carbon "NFC' coating), corrosion

resi stant and ultra-| ow wear anorphous carbon

di anond-1i ke coating. D anond, dianond-Iike and

andfrphivudests irbaminettagais Agsospherekshownthanthe lweeffiicient of friction of the US

resi sting nmechani cal wear, abrasion and chem ca

Pat&® N0 6598, 1 7%&4&9&95 withéya finge ¥£0.90 D& 60N dTEDloagt Oflue is about 20 to
resistant nost of them exhibit high frictional

0 o . Co . ' . ot i o
oS HAARE TR SSRIGH e kol e LB cortings v
under slidin ar. condition the roduce high .. .
othgt kg SRA Juear s oCh B cal RS B A B fidures of hard disk
.Fig.. 5 is a graph developed fromtests at the Argonne

d“Wﬂ&Nﬂ%HQ#“E&B%%atory of friction characteristics of
CNxvsNFC anor phous carbon overcoat on hard di sk

Pl affeEiloy édeficiinof HikiPRReRAVIn R TES! ﬁ’agté}i{ R ist,séts?il“';@ coating that is

oxygen are not present, or very mninal). A typica
appﬁlﬁ‘cgtocl\’rl\é%; féé\?a ﬁ élg%eslksll% é}r%apgfeilﬁfzb‘%%éf&%‘iﬁlg’@?@ %sf lililgg-llgvgtfrig@cgnl &t the head-disk

ot TR e ren e st bR e B ol aagled RS sustans the
~ dianond-1i ke coating in US Patent No. 6,548,173, which )
lowfgglierciaqnatreosphieredhat ipyeid ef oxxasn ghd modstureaad praysnissorrosion of drive
extrenely snooth and hard, is nearly frictionless
- .compionbiatst | ubricant in an inert gas environment and has
a high resistance to corrosion. The absence of

| unheitenginyEh fdGieshebRAiERae Relen A hvdjedad and a hard.
. cause of head crashes. In an inert gas environnent, o
disky B Fpgroasing thedljine et (orchise 8 feeah dgesal hetyp grqair than 1 Thfin’, a

surfaces produce opposing internol ecular forces which

.+ subgtamtied pCrease loaer ¢ureemt starage capability. In this embodiment described in Figure 3,

the hard drive case 109 is permanently sealed and infused with an inert gas 117. The flying head,
comprised of a slider 110 and a magnetic element 111, are coated with a highly hydrogenated
carbon overcoat 112 with thickness ranging from 0.3 nm to 5.0 nm. The flying height 113 is
reduced to 0 nm (full contact) to 5.0 nm which increases the areal density by an order of
magnitude over currently achievable design capacities. The hard disk substrate 116 may be
fabricated from any of a number of materials with any commonly used magnetic recording layer
115 and subsequently overcoated with the proposed highly hydrogenated carbon coating 114.
The carbon coating 114 in this regime is from 0.5 nm to 5.0 nm thick. There is no lubricant used

in this embodiment.

In a first embodiment of the invention, a hard disk drive is mounted in a hermetically

sealed housing filled with an inert gas, such as nitrogen or argon. The areal density of the data

-10-



stiction.Friction tests in an inert gas atnosphere
show that the coefficient of friction of the US Patent
WORN08B5B28, 173 coating is within a range of 0.PONUS2908/004044
0.007. The | ower value is about 20 to 100 tines |ess
than a teflon or polished fine grain dianond coating.
‘Head contact recordings with other known coatings for
recaridong magnetio deatngs o€ thelpdattbreisasdreasedyttie outriisng oghings and lubricant are
failures of hard disk drives with [ oss of data. The

replao¥d GA&fthd i@ Gliradbwl frictibh,Qiltrh TVe WeRE stittirBBy bndrphous carbon coating
Patent No. 6,548,173 coating that is applied to both

c e i iy . . i
of §522BA0N, Seb 7B L S IO BN B g pnge of O
L her.t S uch as, nitrogen or argon in the
conﬁ%ﬁﬁ@éﬁ@’é‘?‘l@‘%ﬁ?’% "housi ng, sustains the low friction
in an atnosphere that is void of oxygen and noisture

andin s¢end smbedifreat, @rhaed didk idvioe edapiesel 9f thedescribed features of the
present invention nodifies the typical relationship

firsPE&hBGEMert fehttkdnlSadipa? thdafdidb $6ndY 1961058 fxiting (“LZT”) and
lrsthe flyfngeheight to %Ch?gﬁe an ér%a?n%%ﬁgﬁﬁé)that f%g( )an
reater t I N2, a.substant i I ncrease over
head yiRafine AP RS R S E AL crpoct ment
described in Figure 3, the hard drive case 109 is
per Fnethiel abose &l will b dnderftose chatviotihira@nticre pfoviiks nhinérous important
The flying head, conprised of a slider 110 and a

© bendBBNGlek hepROEAYE. BAd beRdtR S WRdtaHe WUdrdbeacdphdlY ¥f a hard drive has been -

hydr ogenat ed carbon overcoat 112 with thickness

inclcaQ ! olfhgloft%onggg’ #' nt}ﬂ%'tf t?}? Ihgrdodi%l&ete}[ I??%J }gﬁéi B8n I?%dqulgg{[l AhBther benefit is -

I's reduce cont ac .0 nm

increases.the areal density b n order af . | tude. .
- chal g S drine o R, Bgere sty Angtist e & Tl berd e component
di sk substrate 116 may be fabricated fromany of a _
o corpsipndias Seemelimainpters Ariother hagefi dhtbahinard diskdirivg gaes ihave been reduced. - -
recording layer 115 and subsequently overcoated with
- theaRRGRASESy v N bW HE RS FJuE InEtiBR hat OBk E N destiibed, it is not our
intention to limit our invention to these embodiments since other embodiments can be developed

by persons skilled in the art by obvious changes such as substitutions of materials without

departing from the spirit thereof.
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The carbon coating 114 in this reginme is fromO0.5 nm

to 5.0 nmthick. There is no lubricant used in this
wepissdsesent . In a first enbodi nent of the inveP@T/082008004044

hard disk drive is nmounted in a hernetically seal ed

housing filled with an inert gas, such as nitrogen or

argon. The areal density of the datarecordi ng nagnetic
Wheowt iclagrs iofiew e pl atters is increased; the overlying

coatings and lubricant are replaced with the thin

ultra low friction, ultra | ow wear structurally

anor phous carbon coating of U S. Patent No. 6,548, 173;

and the flying height of the heads is within a range

of 0 mima(cbiplitee haidgisk drﬁ'efi)th@glp@}Mivﬂ@ dplugdlity of pladters and

second enbodi nent, a hard di sk ive is conprised of

hea???orqg&ﬁﬁiinggﬂg ﬁEHB i gfau&'%ﬁ (1(3&?1 taefﬂéqg{p?&@ment comprising:

eatures a ItIO I Ng zones | aser

. 70N ext uri T and head nIo n )
saif 5 hEvhpa e, V?( iR el e i ER Spfocl ' nd said
be understood that our invention prOV|des
platters, BAYiBg CarBeR ey STERath GHAINIE c3Fhagyin grangegi@ bauthetyieen 2 to 80
that the storage capacity of a hard drive has been
atoinicpesesnd dnd hydsogesr infrenangs of about betveen20 Hud@lalgimik perse-
time has been reduced. Another benefit is that hard
di sk drive crashes have been reduced. Another benefit
is that hard drive conmponent corrosion has been
el i.m nated. Another benefit is that hard disk drive
c 052 sThaineprbesent ecbited dh claint heugreinsdig htads hamb odérosats grown
-of our invention have been described, it is not our.

frothNd PHshi@NthhtOcdrithing aBbhit 251989 hfdrobéh hx'ftE%Bo&nble‘P/JTBﬂbScarbon
since other enbodi ments can be devel oped by persons

' unﬁﬁg&%%gmkg the art by obvi ous changes such as oL
- su itutions of materials w thout departlng fromthe’

“'spirit thereof. What we claimis newis: 1. In-a
conputer hard di sk drive of the type havi ng a
plurality of platters and

3. The improvement recited in claim 1 wherem said overcoat is a near frictionless,
ultra low wear structurally amorphous carbon overcoat on said platters has a thickness of

0.5 to 5 nm..

4. The improvement recited in claim 2 wherein said frictionless, ultra low wear
structurally amorphous carbon overcoat on said heads has a thickness of about 0.3 to 5

nm.

5. The improvement recited in claim 1 where each of said platters has a magnetic

layer with areal density greater than 1 Tb/in’.
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heads for recording and retrieving digitally encoded
data, the inprovenent conprising: said heads having a

wo kopsnsp3bzi ght within a range of O nm (full coPCEHUS$)008/a04044
5 nm and said platters having carbon overcoats

conf ai.ni.ng carbon in ran f abgut between 52 .to 80 .
2t o e B PEE AR NP S 1 e Sl gReta 16 g bebweeh said
between 20 to 48 atom c_ percent. 2. The i nprovenent
plattesg pndbepiq headsas lessthgR & BRMA- sai d heads have overcoats
growmn froma plasma that contains about 25-95%
hydr ogen and about 75-5% of a carbon contai ning source
3. The inprovenent recited in claimlwherein said
over.codfhd $mprovement Fdcited ORl €lain 1UIfGtieer] EtMEAAg an inert gas
structural ly anor phous carbon overcoat on said
atmBlHetSnd AicdorldPsglungERe Of 0.5 to 5 nm . 4. The
I mprovenent recited in claim2 wherein said
frictionless, ultra |l ow wear structurally anorphous
carbon overcoat on said heads has a thickness of about
0.3 to nm 5. The inprovenent recited,in claim .
1wher e Tgaelnpwe@spﬂreﬁn%[ tneﬁ?%mhagvhar%gqﬁ%me& gagpEmogRherF 1s a
areal density greater than 1 Tbh/in2.6. The inprovenent
~IHRMGGmfémmbgﬂcma?mm@ﬁhegéin t he magnetic spaci ng between
said platters and said heads is less than 6.5 nm 7.
The inprovenent recited in claim1 further conprising
an inert gas atnosphere in the interior of said drive.
8. dhey higyr ?é{'ﬁﬁ‘ﬁﬁjhcé fardt &9k idrive fef Facér hRd Retfiglidg digitally
i nert gas atnosphere is a m xture of hydrogen and

encgéléc{ Lo sing: a hermetically sealed housing; a bearing spindle and sleeve; a’

plurality of platters mounted for rotation with said spindle in said housing; a plurality of

heads adjacent to said platters for recording and retrieving digitally encoded data:from " -

said platters; each of said heads having a flying height from 0 nm (full contact) to less
than 10 nm; and a structurally amorphous carbon overcoat on each of said heads and
platters having an overcoat containing carbon in the range between about 52 and 80

atomic percent and hydrogen in the range between about 20 to 48 atomic percent.

10. The high performance hard disk drive recited in claim 11 further comprising
a 0.5 to 3 pm thick structurally amorphous carbon overcoat on said bearing spindle and

sleeve.

11. The method recited in claim 9 wherein the ultra-low wear structurally

amorphous carbon coating imparts positive charges on opposing coated surfaces that repel
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9. A high performance hard di sk drive for recording
and retrieving digitally encoded data conprising: a
woheosasidenl |y seal ed housing; a bearing spi ndl BCHOS2008/004044
sleeve; a plurality of platters nounted for rotation
W th sai.d indle in said housing; a plurality of
each@hﬁE,a‘érd'j‘%@rgYﬁoReéat?é‘i’d platters for recording and
retrieving digitally encoded data fromsaid platters;
each of said heads having a flying height fromO nm
(full contact) to less than 10 nm and a structurally
anot% hbasshigh pbdornmanee hoat disn deectecéd u¢ldinh @ {ughearedmprising
pl atters having an overcoat containing carbon in the
a mahgigie DRk vaeaidpdater havingaf aBl ity ehd ey grener thad 1 Tb/in’.
hydrogen in the range between about 20 to 48 atomc
percent. 10. The high performance hard di sk drive
recited in claim1l further conprising a 0.5 to 3 mm

t hi fructural |y anprphous, .carbaon,over.coat . on. Sai .
eat R B ormemP R IR S8R RTHBET budpdf fpeneri
claim9 wherein the ultra-low wear structurally

SPaging ipleeR 1828 §PHUR: coat i ng i nparts positive charges on
opposi ng coated surfaces that repel each other during
drive operation. .12. The hi gh performance hard di sk
drive recited in claim9 further conprising a nagnetic
| aybt. dmmethod fqrlimpt@ingdihe padormmunae efd hatd diskidyive bahptising the
greater than 1 Tb/in2. 13. The high performance hard

stepdl sHkapplyiiyEan Qftid BW FrittiohauMadloW el Brbd8ralRGhRirpKous. carbon
spacing is less than 6.5 nm 14. A nethod for

ove%%n;% Qgﬂtgigix{%]ﬁaéf?&{ frP{ng?ﬁ Q{tw.@erh bt %iZSahlddfde%I(\tlgmic percent and

rising steps o pplying an ultra

friction, ult | ow wear,,. .stcuct ural | hous. _ '

- hdgogep in U5 rapes v B0 0 SR A soeElS R g s abelateers
about 52 and 80 atom c percent and L L

and heads of said drive; providing an inert gas atmosphere in the interior of said drive; and

1 7 - reducing the flying height of said heads to 0 nm (full contact) to 5 nm.

15. The method for improving the performance of a hard disk drive recited in
claim 14 further comprising the step of applying said ultra low friction, ultra low wear,
structurally amorphous carbon overcoat to a spindle and sleeve on which said platters are

mounted for rotation.

16. The method for improving the performance of a hard disk drive recited in

claim 14 further comprising the step of eliminating the parking zones for said heads from

said platters.
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hydrogen in the range between about 20 to 48 atomc

percent to the surfaces of platters and heads of said
wWa@lri082503R2 ovi di ng an inert gas atnosphere in tPEI/US2008/004044

interior of said drive; and reducing the flying height

of id, heads to O nm (full contact) t m. . 15. The. ..

et Wb ORI Bermgraie (i eaprams o Saofl Bisk Gioseited in

drive recited in claim14 further conprising the step
claigy 14 hpther pemprasiag thestep ofplimipaténg laser teNtFBE.| ow wear

structural ly anor phous carbon overcoat to a spindle

and sl eeve on which said platters are nounted for

rotation. 16. The nethod for inproving the performnce

of B8.hThel nfdtisdd £k imProveied thehetforhrde B dhdri Ididkedrive recited in

conprising the step of elimnating the parking zones

. . | . . : .

A R PR of el MeliCaps o R Ve Pl of seid

hig claim14 further conprising the step of elimnating

PlaltclEer texturing. 18. The nethod for inproving the
performance of a hard disk drive recited in claim14
further conprising the step of elimnating |ubricants
fromsaid overcoats of said platters. 19. The nethod
f or 19. mphe uiethpd: foe ippravergrthemeriofmandeanfd lfird Kiskrdrixg recited in
recited in claim14 further conprising the step of

clailnt4 Aathengorhpesiag éal stefeoiSint ieasing therapgnd dengitiésayfansgnefic layers
said platters to greater than 1 Tb/in2.

of said platters to greater than 1 Tb/in®. - ‘
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