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HIGH PERFORMANCE COMPUTER
HARD DISK DRIVE WITH A
CARBON OVERCOAT AND METHOD OF IMPROVING HARD DISK
PERFORMANCE

FIELD OF THE INVENTION
This invention relates to computer storage devices and more particularly to a high

performance hard disk drive and method.

BACKGROUND OF THE INVENTION

A hard disk drive stores digitally encoded data on circular plates, called platters. The
platters are mounted on a spindle and rotate in unison at high speeds past read-write heads. The
heads fly on sliders in close proximity to magnetic layers on the platters. Sensors write (record)
and read (retrieve) the digitized data which is stored on the magnetic layers. The magnetic layers
are protected with a thin carbon overcoat.

Disk drives are mounted in sealed housings to protect them against dusl, 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
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One action is to incorporate data free landing 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
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For areal densities and data rates to increase, incidental crashes of flying heads must be

prevented. Platter surfaces must be very éf;iéofh and defect free. For increases in areal ‘cviensity,
the cérbon overcoat that protectsv ihé magnetié déta recording layer must be thinner however, a
thinner overcoat may expose the magnetic la);er 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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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 amorphoas
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
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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.



In a third aspect of the invention, the volune of storage nedia is
substantially reduced by virtue of achieving disk storage on the order of
terabits/in'. The multiplicity of disks in larger h-d drives and servers
can be reduced, as well as the conplexity thereof In enmpl oying the
teaching of the present invention, a plurality of alternate constructions
can be provided to achieve the desired results and capabilities. In this
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characterizi ng features, details and advantages thereof will appear nore
clearly wWhHARYRH8Rce to the diagrammmatic drawings illustrating specific
enbodi ments of the invention by way of non-limting exanple only.

The foregoing features, benefits, objects and best mode of practicing the invention-as . = - -

well as additional benefits and objects will become apparent from the ensuing detailed

description of a preferred embodiment and the subject matter in which exclusive property rights

" are claimed is set forth in the iumbered claims which are appended to the detailed description -~

of the preferred embodiment.
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.



Fig.1 is a perspective view of a typical hard disk drive. Fig. 2 is a
cross-sectional view show ng head-platter spacing in current drives Fig. 3
is a cross-sectional view show ng head-pl atter spacing according to our
invention. Fig. 4 is a cross-sectional vieM/of a hard drive bearing

assenbl y. of . fric characteristics of CN.x vs NFC
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envi ronnment . DETAI LED DESCRI PTI ON OF A PREFERRED EVBODI VENT Ref erri ng

now to the diévk HGSTosaesEIAl YieRehawingrerd DHEST spfste in FRaciddvesr r espondi ng
parts throughout the several views, as shown in Fig. 1, a hard disk drive
consi sts of Faghlbissiangps-sectional view showing head-platter spacing according to our invention.

Fig. 4 is a cross-sectional view of a hard drive bearing assembly.
Fig. 5 is a graph of friction characteristics of CNy vs NFC amorphous carbon overcoat

on hard disk platters in a dry nitrogen environment.

DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT

Referring now to the drawings. wherein like numerals designate like and corresponding
parts throughout the several views, as shown in Fig. 1, a hard disk drive consists of a housing
100 containing circular 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 progressively 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. In
at least one embodiment of the present invention, the magnetic spacing is less than 6.5 nm.

There are two main challenges to making reliable contact recording interfaces (i) platter
and recording head wear, particularly if head contact occurs and (ii) 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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areal density increases. This involves both reduced head flying heights as
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wi th conventional flying sliders will result in excessive contact forces in
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produces an undesirabl e anbunt of bounce.
of a slider is negatively impacted by the presence of a lubricant that tends to accumulate around

the contacting asperities at the head-platter interface.

| Control of the norm‘alA cdnfact: force that is applied to the recording head determines the -
rate -of wear for both a sliding head and platter and. it is the frictional characteristic:of this
" interaction that limits the performance of contact recording over a length of time. .

" In clrrent drives, a‘rééord;in;g?déhsit'y (i.e. areal density) of 1 terabit ‘per;vsquare:inch;
féqui}:es'é head flying height of about: .zéro; (full éontaét) to 5 nm. The head-platter interface must :: :
be extremely 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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Sliding contacts of heads with platters are advantageous fromthe

st andpoi nt of reducing the bit error rate ("BER'), and dramatically

i ncreasing areal density which is currently expressed in gigabits per
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subject to forming ripples, pools and other forns of redistribution. The
- sl i der/f itiengsé@tick Slidindivesiconitink,théyptodscelHigh McBbhANEEeyhidsel &8 wear on
| ubricant anomalies. Elimnation of the lubricant at the bearing surfaces
and on.tgﬁﬁgégﬁﬁaggecludes_thisvcondition. The need for ultra-low- friction.
.-and wear. coatings for disk. .drives has been .recogni zed, but as yet, none o
have been avail abl e. US Patent No. 6,548,173, incorporated herein by
ref erence, di §igd dsies graplulievedopedifrémitests anthe songennardiations] drabethteny dfdiietion as
a near frictionless carbon "NFC' coating), corrosion resistant and

ul t r a- | ovhareaérisie® 6 PONY ss NECeorphamseacbonidvercoaadn Hugd disk phapaek, in didaynindgen ke
and anor phous carbon coatings are known in the art for resisting nechanical
vear, abgagtdihealthuphi@Ry &fd okdeh @8d A6t prétchll QW IBryt ABYmANE AV8picalBLE GRekoat
abrasion resistant nost” of them exhibi't highfrictional "characteristics
especi al | ¥4 - ner I i f Ldi .
oxygeny . ViR G fickBELherBpenf RTEBINEC Bk bu A 502 TS lbpfilftaive

frictional, | ogses and severe ar OT mat i. n s%rfaces.
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.



Fig. 5is a graph developed fromtests at the Argonne National Laboratory
of friction characteristics of CN' vs NFC anorphous carbon overcoat on hard
disk platters in a dry nitrogen environment (humidity and oxygen are not
present, or very mnimal). A typical DLC overcoat yields a 0.17 friction
coefficient_while the NFC overcoat yields 0.005 The.test is.representative
only and waHBE TEXNOEL BT eteR ARG S MhfgC BOAEFRS eingictioh of therf S
anor phous carbon and di anond-Ili ke coating in US Patent No. 6,548,173, which
r epl ad@dent (N- SiBdrp cpptégeis tithin girangeedt Gk iory07 Thelevenialye isiborh’ Qi
hard, is nearly frictionless without lubricant in an inert gas environnent
and had0dingsgbssrtbai s tedlooer tpoligedfoei gvain didmeoralbeencge Hdfadlcobricanerdalgs mithat es
errors caused by a build-up of lubricant around the sliding and flying
head, ahdF&nOWnGALISEsTr SiRAdpEToas based hBaddtadhRehihd gasstptic fanienbf hpasidk ve
hydr ogen i ons on opposi ng head and platter surfaces produce opposing

i nter npvesWid®odsrass. Whi ch prevent rather than cause stiction.

Friction tests in an 1 nert gas atnosphere show that the coefficient of

friction ofthe US Pat.ent ..-6.548. 173 coaft.i IS t hi nge o . 001
to 0. 007, THE Paume Our e MRy Tl i80S Pulsd Mot 8P a 20 ol
polished fine grain diamnd coating. Head contact recordings wth other
known 46l ng?%’h Bradsih i8ky o the eSS R¥RIORB AP SR Togh iqtiond g disk
failures of hard disk drives with | oss of data. The | ow coefficient of
fri ct ilowerfaesdihemeri gast sieh(gs Sitrgegn @nardgw. in ghalgmedcallycgeled douhing. sugaiappia ed
to both head and disk in the present invention provides ultra-low friction
at t hdowdadd@li skan ninesphecethailkeoidedxygeas andmolstas and preog@n corosasgoindrive t he
hernmetically seal ed housing, sustains the low friction in an atnosphere
that i®mphéht@f oxygen and noisture and prevents corrosion of drive
conponents. The present invention nodifies the typical relationship

between a f Héielggseg? e Aish ﬁ-o?ﬁfeg (gl tz/gj[cgyre %h%ﬁ llpgﬁéﬁg?a 121%}3{% 'ﬂgad-'glincgg'}haltdo

achi eve an ar ensity that 1s gr er t bstanti a

i gur gk OY Aecri b T P00 BT BBRMSaarn Ao R B R ko b th

inert gas 117, The flying head, conprised of a slider 110 _and a nagnetic
el enerftibstantial Hicgeaspares uERpRLtoags GRABIIRY it Biesrakasimentdseniibsd & E@dfc 212 with
t hi ckness ranging from0.3 run to 5.0 nm The flying height 113 is reduced
t o 0 rthe hdndldrive ensealil9)is tperman@ntiyrseaddcindi intsediwéd anhecrapgeal 1 7ddhsiftyingdheadn
order of magnitude over currently achi evabl e design capacities. In at |east
one erndairREN bl afslitifie] W eskntmdgaiventicaent 1 hg drt Yomed Reada highsy hipdiogeiadel
with the platter. The hard di sk substrate 116 may be fabricated from any of

a numMgroaf o VERIGRE 11 8D Svitd IHIRRY &ﬁgﬁgﬁ&nlﬁ?%ﬂr@&@@ h%, TRE ATyeh P HeibRY €13 K15

and subsequently overcoated with tThe proposed hi ghly hydrogenated carbon

coati r}gdujc%é ‘to 0 nm (full contact) to 5.0 nm which increases the areal density by an order of
magnitude over currently achievable design capacities. In at least one embodiment of the present
invention, the flying head runs in contact with the platter. 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
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The carbon coating 114 in this regine is from0.5 nmto 5.0 nmthick. There
I's no lubricant used in this enbodi nent. In a first enbodi nent of the
i nvention, a hard disk drive is nmounted in a hernetically seal ed housing
filled wwth an inert gas, such as nitrogen or argon. The areal density of
the data recording magnetic coatings of the platters is increased; the
overlying coatings and lubricant are replaced with the thin ultra | ow
fri cti onrecotdingmagnetivecantisgsraftheiplattérg isimorepsedy theaaetiving coatingsgnd hbFicantGire
Dnan...+ XT. k CAO1'71. ,-....A141.11 ol 7. J. cat.aa fl No. 6,548,173;and
the flyi agpldred $¥ith @k thiRilte BAS fiiionl tltalow W GRuctdfall) atBrls ARG\ carbon coating

of U.S. Patent No. 6,548,173; and the flying height of the heads is within a range of 0 nm (full

contact) to 5.0 nm flying height."

In a second embodiment, a hard disk drive is comprised of the described features of the
first embodiment features and additionally, the landing zones, laser zone texturing (“LZT") and

head unloading (“HUT”) features have been eliminated.

From the above it will be understood that our invention provides numerous important
“benefits over the prior art. One benefit is that the storage capacity of a hard drive has been -
increased. Another benefit is that the hard disk seek time has been reduced.  Another benefit is -

~ that hard disk drive crashes have been reduced. Another benefit is that hard drive component.

w.- “corrosion has been eliminated. Another benefit is that hard disk drive costs have been'reduced. * :

~ Although only two embodiments of our invention have been described, 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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contact) to 5.0 nmflying height. In a second enbodi mrent, a hard
disk drive is conprised of the described features of the first enbodi nent
features and additionally, the landing zones, |aser zone texturing ("LZT")
and head unl oading ("HUT") features have been elim nated. From t he
aboveiq?;MII be understood that our invention provides nunerous inportant
benef i t'§ MBS SR ISAIEMGS: art. One benefit is that the storage capacity of a
hard drive has been increased. Another benefit is that the hard di sk seek
ti me has been reduced. Another benefit is that hard disk drive crashes have
been reduced. Another benefit is that hard drive conponent corrosion has
been el i m nalt éda cémptthehard dmsdfdriveios theltzpe havink aplkaldy pi/plates tsd heads flreen
reduced. Al t hough only two enbodi nents of our invention have been
descri heebrding dndl Reieviny digithBNtenodietioddta, Nhe iBkpFovemeantbMpritiagt i8S eads
enbodi nents since other enbodi nents can be devel oped by persons skilled in
the art Ui it 4otk f [ i

dopar g o e R, F e 3P ORI bl DR P Tan et DGy
conput er_ hard_di drive of the.t havi-ng . | ur.al i . of atters and
neads. (5P eBCaRta s LR b8 i BaRARY 2y e EE Mo b8 RS men
conprising; .said heads having a flying ight within a range of 0 nm (ful
cont actPNEYIBE (PRI & THBFNEL FROUE BEYRB rgg’etPV\%)ei?"FOE“él‘? Hefﬁ?l}itﬁt“grlyd&‘kﬁﬁ’“slaiad
heads is less than 6.5 nm said platters having carbon overcoats containing
car bon rpreeaofrabegebesveahddito heniadn pseniy agd wietem saipereepts gheridphtieten in
a range of about between 20 to 48 atom c percent; and wherein said

over coatosnaninchaiechnp latirtcanisdigimserbthetenal ude any | ubri cant di sposed thereon.

2. The improvement recited in claim 1 wherein said heads have overcoats grown from
a plasma that contains about 25-95% hydrogen and about 75-5% of a carbon containing

source.

3. The improvement recited in claim 2 wherein said overcoats on the heads are near
frictionless, ultra low wear structurally amorphous carbon with a thickness of about 0.3 to 5

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

0.5 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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2. The inprovenent recited in claim1 wherein said heads have overcoats
growmn froma plasnma that contains about 25-95% hydrogen and about 75-5% of
a carbon contai ni ng source. 3. The inprovenent recited in claim?2
wherein said overcoats on the heads are near frictionless, ultra | ow wear
structurally r.phous carbon with .a i ckness af. about 0.3 to 5 . nm.

3 The | mor S0 QRBARPRIETEBerebe ety ! EHE Ao a8 G dterbids fiGoRpHiBbin
frictionless, ultra | ow wear structurally anorphous carbon overcoat on said
pl at t ertBe WM& sdd dfivekness of 0.5 to 5 m "' . 5. The i nprovenent
recited in claim1 where each of said platters has a nmagnetic |ayer with
areal density greater than 1 Tb/in2. 6. The inprovenent recited in
claim1 further conprising an inert gas atnosphere in the interior of said
drive. 7. The Th@rdvemEMVie St infc&Gint @@ héRinCdadl Mef gabemisph&aida mveate gas
at nosphere is a m xture of hydrogen and nitrogen gas. 8. The

Lrg[?gﬁg@@gmkggg&pgnggmpggin11 wherein the heads run in contact with the

8. The improvement recited in claim 1 wherein the heads run in contact with the

platters.

9. A high performance hard disk drive for recording and retrieving digitally encoded
data comprising: 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 5 nm; and a structurally
amorphous carbon overcoat on each of said heads and platters the 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; wherein a magnetic spacing between said platters and

said heads is less than 6.5 nm.

10. The high performance hard disk drive recited in claim 9 further comprising a 0.5

to 3 um thick structurally amorphous carbon overcoat on said bearing spindle and sleeve.

11. The high performance hard disk drive recited in claim 9 wherein the overcoat is an
ultra-low wear structurally amorphous carbon coating which imparts positive charges on

opposing coated surfaces that repel each other during drive operation.
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9. A high performance hard disk drive for recording and retrieving
digitally encoded data conprising: a hernetically seal ed housing; a bearing
spindle and sleeve; a plurality of platters nounted for rotation with said
spindle in said housing; a plurality of heads adjacent to said platters for
recording a retri.eving digitally encoded data. fromsajd platters:; each of
Sai . heads nigving e pytngndler B pRBRGEmeERCin CREheRRTYRE SomBiShe fon s
nm and a structural[g anmor phous carbon overcoat on each of said heads and
pl at t er8agngtc ke ¢bed plaHerdiavinggncaea dansity thads gigpigethad vid¥m about 52 and
80 atom c percent and hydrogen in the range between about 20 to 48 atomc
percent; wherein a nmagnetic spacing between said platters and said heads is
| ess than 6.5 nm 10. The high performance hard disk drive recited in
claim9 furtiderheaigrpesondarte Bakl disk drivietiddCin SdimEivtein tie aREHR R
carbon overcoat on said bearing spindle and sl eeve. 11. The high

per f or aAGe: Nak thediisterdrive recited in claim9 wherein the overcoat is an
ultra-1ow wear structurally anorphous carbon coating which inparts positive
charges on opposing coated surfaces that repel each other during drive
operation. 12. The high performance hard disk drive recited in

claim9 further_conprising a net.i.c l.ayer op said platter having an areal
density that!% sTllfrlé‘é]{‘ QPrf?chﬁ%@/(Lﬂ?qme recue‘ll]@. ‘ﬁqiﬁbgl’ﬁ i e JRERH A har d
disk drive recited in claim9 wherein the heads run in contact wth the

pl at t erpsovided withquf haVing ahy ibrigentfdiypessscidersand di sk drive recited in claim9
wherein the platters are provided w thout having any |ubricant disposed

t her eon. 15. A method for inproving the performance of a hard di sk
drive conprising the steps of applying an ultra low friction, ultra | ow

wear, StrUCH@K%hth&mﬂﬁﬁﬂ?Hﬁdﬁﬁ%E98&@Nﬁﬁﬁ@afaﬁﬁﬂkﬁ&ﬂhﬁ@cﬁﬁ@ﬁ@ﬁgﬂ&:the range
bet ween about 52 and 80 atom c percent and hydrogen in the range between

about %Qerpts 00#?3}8%3‘? &n Rt g&% ﬁﬁti&&eﬁl%ﬂdrfo% SeaPl stRJcﬁfrlﬁlgf %gﬁ;?}gmaqlt&g Fodf said

drive; provid Inert gas atnosphere in the inter rive;
reducing the flying height .of .said heads to.0 nm,(ful |,contact) to 5 nm
ind- appiisieg: satantie; PPl ibE et bogieer 2P ae BUPUBELPYERY and
anor phous carbon overcoat to a spindle and sl eeve on which said Platters
are nmoundegenap thegapgs bgfween about 20 to 48 atomic percent to the surfaces of platters and
heads of said drive; providing an inert gas atmosphere in the interior of said drive; reducing
the flying height of said heads to 0 nm (full contact) to 5 nm; and 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

15 wherein said platters do not include parking zones for said heads.

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

claim 15 wherein said platters do not include laser texturing.
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16. The method for inproving the performance of a hard disk drive recited
in claim1l5 wherein said platters do not include parking zones for said
heads. 17. The method for inproving the performance of a hard di sk
drive recited in claim15 wherein said platters do not include |aser

t exturing. 18.. The nmet hod for inproving.the rformance aof. a hard
ok dri e o ThE e s PR tgh OF e BRI dber Bolai kG Edra) a RS o
not include lubricants. - 19. The nethod for inproving the perfornmance
of a haPdvigreir saidiayercpatsiof syd phattersglomot mciygder piicapnpri si ng the step of
increasing the areal densities of magnetic |layers of said platters to
greater than 1 Tb/in2. 20. A high performance hard di sk drive for
recording and retrieving digitally encoded data conprising: a housing; a
bearing spi ndl @hamsetisdery @inpatvil LS tpeefdfmflcatdferhat®dnkettiveatciteatiatdam Wi t h
said spindle in said housing; at |east one head adjacent to said platter
for recar fhingr Aplhi e libd ofiidllaldpencof endataof MR Aypb aklel said
head havi ng a fIyPng el ght” fromO n#n(full contact) to | ess Fhan 5 nm and
a structural anor.pho ar bon overcoat on each of said bearing spindle
and sIé%%%?s%%%agggﬁ%bg?bggntaining carbon in the range between 52 and 80
atom c percent and hydrogen in the range between 20 to 48 atom c percent;
wherein a magnetic spaci ng between said platter and said head is | ess than

6.5 nm
20. A high performance hard disk drive for recording and retrieving digitally encoded

data comprising: a housing; a bearing spindle and sleeve; at least one platter mounted for
rotation with said spindle in said housing; at least one head adjacent to said platter for
recording and retrieving digitally encoded data from said platter, said head having a flying
height from O nm (full contact) to less than 5 nm; and a structurally amorphous carbon
overcoat on each of said bearing spindle and sleeve, the overcoat containing carbon in the
range between 52 and 80 atomic percent and hydrogen in the range between 20 to 48 atomic

percent; wherein a magnetic spacing between said platter and said head is less than 6.5 nm.
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