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SURFACE COATI NG FOR HARD DI SK DRI VE CAVI TY
Backgr ound The HDA cl ean cavity contains
vari ous conponents including one or nore conponents
Wi t I gnetic coating for storage of dat
‘woggmggﬁ%ggia’ and one or 15 nore recording 2%%%@%&£k&ﬂﬁ
r=forred to as head, for the witing and retrieval of
the data onto and fromthe nedia. Coatings of di anond
l'i ke cyare( BbReIner PoRCHARD apiie ekive therhead and
the nmedia to inprove the wear characteristic by
reducing the friction between these 20 conponent S
with are noving relglig =9 €dghgother. In
particul ar, the spgg%%gqbetmeen the nmedia and the
heatthis onhyeatiew amestiens. tPhe thead apd itché loedi @<
-.ove -relative to each other. .Any free rticle o
Eup e SUFT ac8=b " Fhe Nodi ANASTS ™ i Te Prababl 117y 15°
wicatisetdamagean cc2b ©i tdterchishéiahhdadiok dheveetHRD) Bucs:

damage may result.in |l oss of data..The source of
5t feed Frak FRRETRrEs (FBE| neS: RBFFEbapbnant S oY
ioexpesed snef agesbadt hindt heiHDA of free, <tIThel boay
devel opment of the technol ogy of HDD supporting
Pa3bificFéases in aerial density over the past sixty
years require that the head and nedi a spaci ng be
reduced. The

Background
The ﬁDA clean cavity contains various componsnts
including ore or mors components with 2 magnetic coating
for storage of data, referred to as media, and ons or
more recording heads, referred to as head, for ths

n
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writing and retrieval of the data onto and Irom

mediza. Coatings oif diamond like carbon (DLC) are bein

|_"

te

applied to the head and the medlia To improve

ne wsar

t

he friction Dbstween these

t

characterisiic by resducing

components with are moving relative to each other. In

-
particular, the spacing besiwsen the media and the head is
3

only a faw angstroms. The hsad and ths media move
a

<~

tive to szach other. Any free particlzs on the suriace

of the mediz has =z finits probability to causs damags to
either the head or the media. This damage may resuli in

the loss of data. The source of these Irse particles is

the other componsnts with expossd suriaces within the

The development of the technology of HDD supporiing
increases in aerial density over ths past sixty years

reguire that the head and media spacing be reduced. The

(-]



i0

o]
wn

20

25

30

reduction in the head and nedi a spacing results in
smal | particles of sub-m cron dinensions having a
hi gher |ikelihood of causing danage. Additionally,

wotz%&ﬁfog'{z%‘)duc“ on of perpendicul ar recordi n%CT/sczoug{OH:mﬁs
t'echno e

ogy into 5 the HDD has required changes to
nedia, resulting in the magnetic coatings on the
nmedi a bei ng susceptible to danage from any free
reBakti 6hesn Wehbi RebBeahlPPreBY 8VERYS] Ny aRyshaid in small
particle froma netallic conponent had a nuch hi gher
PaFFR@#PﬁooﬁfofSP@S@%@¥%@ iﬁlﬁ%%%ﬁ%ﬂ%o e edisa GHAET
11Readnoby HODY using, pefpendiGular reggrdiignaily,  the
technol ogy, any free particle,” including organic
infmedpralen f pdmbsotrenidiongani oeard denganigshretlegival isito

~xha t | I d of Si. ot i, -
thi \rénl%IDalr%%tSo %%{} z%l(a] icgmf)1 r;é [ C-‘{Eg %ﬁé‘l‘?gegjloa['de%& Pl in
theomgighedinalcorédordi vg ned anedia beily remcdibDsle to
suffec fromparticle contam nati duri the .
“aéﬁgrafféﬁ d%g T%éﬁi % SHor 5I%*ﬁgggpéﬁ"ogg%[xx‘eVlouSly
anPamard exearielgenerat ed feoml ducf acepohhat expose murh

h.theva'r. Lha%ﬂcércylgte in, high speed within the HDD _
18HEF osurE 1R t Or bUFERt MY tAuSEE The: part dTEEd &°
hed@.sca t eppoRstihg Methersliidhaces adshbi®at t o=eRid gy,
failure of the head and nedia interface which the
any| f4Re REFGhEIfs FOStUFARE ePRE2DEC B Hatforfet e |BPLh
inBebahtc Hand pakbiel estane 0Re Gfzvihe-Hmi 1 eausesd Afr
such failure. One of the possibilities is the hard _.
CapgifBc| €aPBEIYene? at’dtF f MiAitthe SiifAeéRTsuFPace dreHBD1c
pa§Q§h9§u5§ 9@9 éiﬁér‘%Hﬂgy¥ﬂgfiaﬁh§5c$&ﬁhh8 hbe: HOD
that. formthe HDA. Mst of the surfaces, even though
ar eChFghty pdPPshetiioresnostdy maytbelsourersatbra i
auQERET 8hLOB 0L paDhT hes: Lhgoughshhie. ex er nalostal iy,
atftraction of dust or |oose Pariicles 30gernerat ed
rafrtomitheasar bacesat#n Addit bonddcenusest foxpger ticl s
.;L0 Lagsen f.rom.the exposed internal.syrfaces .wthi
“ttrhe “&BD i S “r"f%”l%tadr‘%e )c()irpl h%rﬁ% tygzgv]\%ohi n“”‘t_%g”%arrbﬁqe”nt #bp
enailbsurs. Thelheukangest arieas cexpesedilandpablcécties to
enerate particles arqjih% base gtgte_gnd tb@ tpgﬁ_ -
SCESVEF . “BothZare B 3 yHidaTSY éither=a ect rotiess hickel®
oiplkateech==N gratesh: 0ri el ecidr caatdmng-{£L- E0RdHiNgYsignt
. For current 1.8" HDD, the top cover and base plate,
1Sar e ¥suail y "BRTPI ated m 5 GRA1ATBEShow *1t hassERt - FaTc
paltk phek 0gy= 24 of r EMLartied shalRl ess steel rbaser=.
plaged. FIG | A and I B shows SEM mi crographs 2,4 of

nz2  or the possibkbilities 1s <{he hard particls

generated from the inner suriace of HDD enclosure and the

.components that within the HDD that form the HDA. Mest of

the suriaces, even though are highly polished or smooth,
may be scurces for thé generation of particlss through
the external static attraction of dust or lcose particles
generated from +the surfaceés. An additional causs. ifor

particles to loosen Ifrom the exposed internal suriaces
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10 el ectrol ess nickel plating (EN). As shown in FIG
1A, sone areas of the coated surfaces consist of
| oosel y adhered particles 8, in this sanple shown in
AN (P) particles. The | oose parti cl
Wozg(f%“m%l‘; during the HDD operation. The parﬁ%g@é%%moooss
remain in the HDD 15 and |i kelihood that particle
drop on the nedia surfaces and cause damages between
w1£ﬁfhh§ﬁgfﬁﬁﬁJgpﬁbas@ﬁ&BngrtBﬁmlﬁP*ﬁn*{%k4ﬂ]Jﬂéﬂémblanu
speed. FIG 2A-20 shows schematic di agranms A0, 50, 52
aipf particle generation forma surface such as an EN

| aygl, grow.nech S Qrig Dfr
i slg‘r?wds-&t ﬁgggg:or gn‘?%gt h&gﬁ%%yea?ld \/\hg’?é i sjnée%g}
pafoiciay ams Izme aimlsegrzalarté)omrrﬁarhees:m cca&:shmmm rare
the diagram 40 of FlG, 2A. - .FLG n diagr
ty%bc?ﬁlg weak point™" GOofeStShéllﬁkl“G%a‘l %Lr'eé \(/:\@EI\; r~|]btt
eltotrdegraadaly oneovestinge. daert aurndi ty. ©F aDwealthm
link. 25FIG. -20 shows in d|a ose.a
tob B A IS A I Eard CRARpOt AP oT 15 et 1
sh&AUSE: dsMORorphologAtl enpés Maveodeen dmde it s %?Bé(‘ef_!_

ri sk of dama e to the head or nmedia. One attenpt is
bagy BHRTIFon € high #1Fi F ePey7 ¥ i Fle M IF I TR 448A°F
el188¥+dNedD ﬁ@ﬂl&éﬁ@ the 30k eeopar t k6l el i1 ric. 1a,
operation. However, the filter is only effective on a
SOBFalAT SGEr ceht &ge oo hRA aiSMrERERENGEC e e e ATt N dTEdY
adan_d-ﬂe%ﬁmzm d heinsayrce ofthesepbige jparkigl esa

has to be treated so as to sl ow down the rel ease of
Ni{he pattiiclles-beffore ihesteldabildley | 3iphprovedl BAS
auPind Who LHSI &A1 L0 CaaLi Bg5. 1 0f LheqDE.ors base ang
he“top cover conponents e  6f The coatl ngs uses 1S
anél émkebnma:bcﬁ nghat parntcle- doabi vg) mist meaiimlms

apReLyeer éaOOO and 10, 000 Flan%rreters (m s
fi cFons) “&The® E’ldvéﬁ?égé 5fe €85t A ng |s“0t*“he costng The

- spiihsady antragesi gk sgplece-coaticng arezcontiobs ofsSrematic

t tch duct
Bl | PSRt Hbi PFE) bor GRBTRSpAPLI Fel Fr oTine®

suShir §acgn dow i Dgy st eanhageN Theowt heth£0adn NGk iSriginated
. .electrol ess nickel plating (EN) coating with a
LT nt ARG AaresOEt 18, 606 mindABRERr SWESE T Grongytands

ferm grains 44 and grain boundaries 44, =zs shown in the
diagram 4C of ¥IG. 2&. FICG. 2B shows in diagram 30 the
weak point 46 of the EN fzilurs contributsed for
degradation over tims due to hnumidity or a wsak link.
FIG. 2C shows in diagram 52 locse and nard free particles
48 created that potentially could cause damage.

Attempts have been madse to rsduce risk of damags o
the head or mediza. One aititempt is to position =2 high

eificiency Zilter within the HDR cavity to remcve th

1Y

Iree particles during operation. However, the Ifilter is

only effective on a smzll percentage of the air flowing
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15 and maxi mum t hi ckness 11D to 60, 000 nanoneters
(60 mcrons). The di sadvantages of EN coatings are
cost, quality control for adhesion, cleanliness, and
ability to renove particles formthe surfa ' <
WO@?”@QWF%@. The voice coil magnet with associch:te Z%d%ﬁoemm
and the disk clanp 20 are typically coated with EN
The voice coil wire is insulated with uncoated PVC
bet(,ipé)%ryvl‘tﬂgl %ma%“ T PFa.Ot %’ﬁ_s@l U nugy,and. Sggelth_ese
parts aré only chenically passivated and the plastic
frparpsraiel¢ypizal ty bacvacededPsevirsusby slow down the
ontam nation within the HDA. s _nmapaged, 25 fevo
reg?%%“ﬁi ny" oftq}%epé%ﬁﬁg%é’ﬁtsggfot%ﬁe % g%aﬁaﬁlﬁ_ yo1®
imsdbseguent |y handi ng these conponents in clean roons.
Conponents with common coati ngs .suchzag Lel,llme%gtoolre S co
ni ¢k CpII mgat§ Er&ctrcaTpaldt d@positi'on =
anfieck9at bpOSIver ecaipjinect-ed Dmenult thkecedeamngises is
.cycles including detergents, ultrasonic 30washes, and
e1RFhEREOH HHE DPWaPBrDC | npF ovehetd t §ithe ¢l ednlIMESS
bePfiethe aHBAoCRRRONENID T SndyYohdeseasingttha o nunesnof.
~cleanings and rinse cycles, using sprays, and’'

The npEHIR YL et e rRyEiEs- 1 he Sc[<€%4n cPéBmT%%s%%ﬁﬂ‘%/"asmages
ofT eguirement s have been Jinproved, Henegasoowy t hesdihch
conponents” are handl ed in cl ean bags, noved in_clean
regbatander s noangoadecasienbl GEa iewest iiifenPhearYt 6-°

remh@aS D%ﬁ”tgcﬁég. ko thes ok ?@a&go@ugiﬂgs'cfl'e%ﬁg_bgn The

ere"the particle counts do not exceed a total "of
otB8O0cpatrtngl bs/ aBeotral 8tzendf kOl 5pd ¢ e offN)orcecating
.greater. .The greatest partic p i 10 a £ >
WJ‘t‘échglllF&m oeggiﬁﬁ%fssexgée ’hrgno([r—hggfagﬁﬁf& LR ‘esrg)
andt t egpt suho thpeovesar expnabbe €6, féet tdmoreared (60
. HDA c&zeanqlﬂ.i:ness of the current HBD technol ogy, cost
miBZPEFLt e COnt AP ASTFBRCAFT hiFr t . HOK 16 % estf Ti ng” 1 H
que0nsuUNBendata 1®SsdnEhe drgchyidlzagy nbesngauseabiity to
manage 15 data | oss such as RAI D syst.ens nﬁd/ﬂqr data _
TeRQ¥ER- W5 AnF IFEcHETY SYSt ENE TAFE k%ﬁ'rn@xpc V& %and =°
vodbEf beuk tnigniBNAGE: associdlddigdithentiDéhe acti@npcisnp
“incorporated to renove the head fromcontact with .
arehe Vvt ddur FPR-#on asée. RenoviPRg O ehe“Pead *From*®
inkhe=PRdi a,previdess3:he: capabi | idyrhanytBe1EBDidp.  The
experience high shock levels wth a |ower |ikelihood
otbfrdatauingrem oramfécrEsse i PaES alfitlEi t §R-TheSr&hpca 1Y
neratgs_fing tigles during.the process @fcoateq.
e R e R e o1 Tho Shedi'a and Aoa - ahen T oadi i
t hePreviously, contamination within the HDA 1s managed

by cleaning of the components of ths HDX and subseguently

handing these components in clean rooms. Components with

]

common coatings such as elesctroless nickel plating and -

electrical paint deposition (e-coatings) are subjected to

multiple clsaning cycles including destergsnts, ultrasonic

washes, and rinses with DI water. Improvements to ths

cleanliness of the HDA components 1s by increasing the



25head onto the nedia. Exi sti ng net hodol ogy
that. is used to prepare, and to clean the conponents
with surfaces exposed interior to the HDA is no
apable to neet current new product
WOF@‘%&%‘ éreﬁts There is thus a need Fo m ni r%czT/eSGsz?fgﬁm%b
30problem and incident and thus to increase the nean
time betvveen failure (MIBF) of the HDD. There is a
nuRBEA LG AeafitW EEta%%dQllQQ;\é tc%:crl%@uc%stwti‘l% rgﬂrta% Ofang
smal | particles, for exanple, ‘005 micron size and
impmaiies. Siﬁﬁmnus Abeor CFFJrT=‘g3fto ZOPMESt ABPEEILY 'S
reflEEEnb3: T QAL B RA dndl 864l | MEAHDD) H68s 0 hey
caV|fy contiguré ota asse t hier ei n,
cotbenenavst ke ngnébad ed nm thean c@atglsng zmhsazrcacuer | Zehn
i in_that the center |ine [g%/erage rourg‘pne e(nli?:a) nggrth%
> copsatBa-8ur e FSE100RMTOF 10l &8s
cladwant.agreiss! y, ishetls@at:eelaxsurémechmér@@ﬂ%mfwhe:e
100nm or Less is.a:very smooth surface _and.hence §db%
ChEoaPRAGSUF f acl T educls PRE nTtMBETe of f FE&=par T cld
patrhat1adhet eod 0y sai de Ca¥i by5ud SAdvarsagestisyysathe Tnc
roughness of the surface of the coating is Iesﬁ t han
ITERESFBUGIRAESS 16f RETHAS nbntﬁﬁﬁ’ FRE2 eenbmcr?eéﬂ i1
10 no%l schE0Qoahi pgh drdzcoat™) step. Hence, the snpothness
of the coating in the disclosed first aspect i's
gr e3hepet Ifdrn SRE Ssigot RFBSSVET adscoetdng t hat "BGhasthe

rea%gneﬁo@ﬁﬁﬁidfééﬂl %sggat'Stfﬂb current HDD techneclogy.

Particle contamination within the HDA is resulting in

consumer data loss. The technology being used to manage

i5 data loss such as RAID systems  and/or data back-up and
recovary systems arse both expensive and difficult to
manage

Within the HDA, 2 ramp is inccrporated to remove the

head from contact with the madies during non use. Removing

H

20 the head from the mediaz provides ths capabllity for the
BDD to experience high shock l1svels with a lowar
likelihood of data loss or dacrsase in reliagbility. The
ramp generates iine particles during the process oI
lifting the head off the media and agszin wnen loading the

25 head ontc ths media

Existing methodology that is used to prepare, and to

clean the components with suriaces exposed interior to

the HDA is no longer capabls to mesel currsnt new product

requirements. Thers is thus & need to minimize such

30 problem ‘and incident and thus to increase the mean time

Fh

between failure (MTBI) of the HDD. There is a nesed for =z
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Advant ageousl y, the roughness of the surface of the
coating is less than the roughness of a coating that
has been formed in el ectroless nickel ("EN') coating
nce, the snoothness of the coating R,
WO%@@P%g‘gd 25first aspect is greater than t#gr},Sbgﬁmmmﬁs
snoot hness of a coating that has been forned in an EN
coat step. In one enbodi nent, there is provided
ne® fﬂﬁfﬁo&s}%ﬁ% ”r:yere(cﬁm £RSEnRAVANGE A sredMi therticies,
configure | ocate aHDD assenbly therein, the
focagkayrrei g lGoatied o i z& 30€odR#hiET char acteri zed
in that the center |ine average roughness (Re.) of
the coated surface is | ess than about 80nm,
pr of :rably | ess than alfommasfnm , nore preferably
Ies 25 nm In one. errbodl ment ere, | oyLde
%?%IO 4 (HE)D) case” havi l?g a’ caV| tly% conf ?)agﬁeé ?o%
ha&acatek arbvdDBibsseabby hheimg g ¢mtqawctr;£mﬂvagi t
coated th a corﬁ%lng that .has _been formed by a . .
1ofBtfiod selledt®tf FREZGHdup “eonsFEt g °6F-"4n S°ate
wid@r asokbodepesi drer atRihadeda Sputheti nhaethodera line
chem cal vapor dé}{gOSltl on net hod, . and a sol.- qloo .
AVRERABATCAARF Ther R tHe ERNLEIFTIThe Hvéage s ~00m™ oF
1e1Qroughness (Ra) of the surface of the coating is 100

rimor |ess. _ o
Advantageously, the coated surface having a Rs ©

Ity

100nm or less is a wvery smooth surface and hence th

()]

coating surface reduces the number of free particles that
adhere to seid cavity.

| Advantagesously, the roughnsss oi the surface of ths
coating is less than the roughness of g coating that has
been formed in an Elesctrococating (“E~-coat”) step. Hencse,
the smoothness of the coating in ths disclesed first

aspect is greater than the smoothness of a coating that

been formed in electroless nickel (“EN”) coating step.
Hence, the smoothness of the coeiting in the disclesed

first aspect is greater than the smoothness of a coating

In ons =mpbodiment, thers is provided a hard disk

drive (HDD) case having a caviitv configured to locate a
HDD assembly therein, the cavity being coated with &
ccating characterized in <that tThs center line average

roughness (R,) ©of the coated surifacsz is less than about

(a3
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According to a second aspect, there is provided a

nmet hod of coating a hard disk drive (HDD) case havi ng

a cavity configured to |ocate a HDD assenbly therein,

t et hod conprising the step of formng <
‘Voﬁﬂgﬂgﬂ%?ace of the cavity such that the ce%@g% ??ﬁQQM&)

aver age roughness (P.a.) of the surface of the

coating is 100nm or | ess. In one enbodi nent, the

sob’ 1 3 gn$Lwe%b1p§$ select ihsorg{our;n&f@%rsﬁe%beﬁ/
an aerosol deposition. . sputing net hod
lbehenm@mJZMapmr deposi tion nethod and a sol -ge
et ho cq;dlng_to a thir eqgt,_t |
prOV|de8 a coaffgkﬁard drlvéggﬁég'%the g§£$ CﬁSk

drofet hEDDASeabavihagiheen k@mma@ facorfigusel- gellocase 2

wher ei n_sai d_sol - gel rises_at Ieast one of, a
ol iR NG RS bh S mebsl TRTT0: PANAT SPEe S22
coB0ahd NGhbs capalerofs oﬁ@kw;l]ﬁg Ehezlemhﬁﬁer:ﬂo_fecf“éﬁe from

particles that adhere to thereo
CHBn A Re RO St RERET] 91 praﬁ’\/latféifsa? oC&tDé’c‘f—ﬁaPa feskod: =
spdEL¥Li €@SaethBE, oAt EREmOEat heapase ipesngibeemethod,

30forned froma sol-gel containing at |east one of a
angpf afOhi KoXi Bt £0fetArLIFAR d8SdFspoled-itf averags
voﬁgHQéé@efR%am‘e cedias andowhengi ROty is 100 nm or

pol yerm sation of the sol-gel, the center |ine
1°a$erage roughness (RO of the surface of the coating

Is A0 19 egs .t o.d hereby. geduce. be. nuaber Qf stree

particles th at adhere to the surface of the- case.
mekhodneferbedinent, Haler ellisy pruyisded@dn case having a
a9t anbg |norgg€|Q -caat |ng for f¥l§$m9 parqwg sk +he

drrve the®coa i ng conpr|3|ng at‘feast Yone 6t -
menhbal c&:lnlg:O:)Clsd.@gorL.}ae nmetcab haf | dermiher etgrisiaigd on  the

coating¢ishcapable of  decreasing the .__ .. .

suriace cavit 1 averags
roughness (R.) of tha surface of the coating is 100nm or
iess. In one embodiment, the Iforming sitep 15 selected
from th= group consisting of an aercsol deposition_
method, 2 sputtering method, & chemical vapor depesition
method, and & sol-gel method. -

According to a2 third aspect, thers is providad a

coated hard disk drive case, th= costing oIf ths cass

having been formed ifrom a sol-gel, where

]

n said sol-gel
comprises at lsast one of a msital alkoxide or a metal
hzlide; and wherein szid coating iz capable oif .rsducing
the number of free partvicles that adhere to theareon.

In one embodiment, there is prdvided a coated hard
disk drive case, the coating of the case having been
formed from a sol-gel containing at lezst one of a metal

alkoxide and a metal halide disposed in a polymerizable
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WORNS183134r ti cl es. I n anot her enbodi nent,

10 nunber of free particles and limting the size of
the free particles that contam nate the hard di sk
drive. In one enbodi nent, the coating further

conprises inorgani c nano-particles or <
009/60006
t h& LEEPIRGH

further conprises at |east one of cabon nano-
15particles or carbon nanotubes. . I'n one
odi_nent_,, there | r oy d.ef reduci ‘
me?%%faﬁ#ﬁ%t?%ﬁﬁ%%? dh%g?dg§ﬁg§gg?F€§£€%nﬁgig?ﬁbu§¢£FbEl'
thet eenobrapphyi aysazgoatrbnghassdi $Bl)osed tHer eduriars hel
_.hard disk driy 201 n .one enbodi nent, there is e
C 67 HERE bl (P e AV e D TRRY! FEUA Basls mber
oiC@vek, pantial death=l sdrassenhd yheagungabardf dilsk-case.
drive conponents, the base, coyver and.conponents .
havitRg &t f SRR i ng &7 Gi sk° dPF%‘—%‘é i B, THER"CT
ingshaces aritnggcoaded cWath ngy coatdang t@i25b deereaseche
the nunber of free particles and limt the size of
CopReNfr eeMBAR+T1%Fes that contaninate the head disk
assebh¥ast sne of z HE@NOtNEL QOB iNEk£14 &,
provi ded a nethod of reducing contam nation in a hard
di sikhgrpye EHDE) caste m@0hhf d CaPakldr iove IRBASTFRI the
m%&%% : COVEL, ,and; a; bead (i sk; assenbl yphaxing har dine
sk drive conponents, the base, cover and _
freenperdnicd ehavihag swrftaoesadef itliendraardigic drdsieve. In

-oﬁgngﬁﬁbdfﬂ%%%ingg% 3&&&9&? i?%LgﬁePi§5m9;1%§%g§H5£¥anic

Wi th a coating ecr eas e nunber “of
ngpa-piackeslandot imidrdtmes siizel of. tlhe shoébepastbefigsent,
..that contaninate 5the head disk assenbly. - o In_
“Ben& 8RB BT R WarT Ty To l;“rp“r“iss‘reé?na'yé’rnﬁ?%"? ayer:
pakhe cteat bRgcaByos agidisergrll ti pl e | ayers. The coating

may _be %ﬂplieﬁ with wet chem cal deposition or . -

phy P 5% apBPO TPt | GRS Fhe ToRE T Wy Tay ®c ST 1%k ©F
reducing contamination in a hard disk drive comprising

a

the step oif applving & coating as disclessd hersin tTo the
hard disk drivs.
In ons embodiment, *hsre is provided & hard disk

drive {HDD} having a base, a cover, and & head disk
assembly having hard disk drive components, the Dbase,

cover and components having surfaces defining a disk

drive cavity, the surfacss bsing coated with a2 coating to

decrease thne number oif free particles and limit the size

of the frees particles that contaminatz .the head disk

assembly. .

I-ty

In another embodiment, therse is providad a method ©
reducing contamination in a hard disk drive (HDPD), the
hard disk drive having a base, a cover, and a hsad disk

assembly having hard disk drive components, the bass,
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10hybrid | ayers, wherein the coating is applied with

a wet chem cal deposition and physical vapor

deposi tion. In an enbodi ment, the coating may
' nanoparticles. The coating may be

cConprd _
W TR . . 09/00006
Oﬁ%oﬁc}gsﬂg{ct ive wwth, for exanple, at |east f&é”s Om cm

resistivity. The coating may 15 be antistatic wth,

for exanple, 103 Chmtcmto 109 Chmcmresistivity.

Jhe coaii ches Canabcy ve Wt he o T ol £xampl €, 10
Cogﬁm cm o%%alg%‘r'n cm res| st# vity. In at enbog_i’%rre%t .
drthe cesmftpng oeytbes appbiefate anythetdl sk cdoiomporentty

-for the purpose of pratecti.ng e... 20- copponent. f
W%Sr Fosqogﬁ.ln’?héoccélatcgﬁga STy be %‘%p Fedto 'a"ni:ynﬁl't _J}%@

- an€oApRARneNthé OsiPProve e emananitclssanhet statiagninate

_.characteristics. .The coating nay be applied to any

thgohipdfeft S o> THETake the conponent's el ectri cal
condyctdng t¥mbddiensaat i fige Mayshengpplamedtiecany single
conponent 25 to increase the head disk assenbl -

lag@er al Thel &CR-OREgNBRY ¢ SRS Fithg™EhatRct e iaé(t’i'%.' THE

coB0atipngABYpdea gppl L@dyiBna WRrocassmidiat dddegrales or
ultrasonic cleaning process inmediately before "
Phy§AFRAg HEPOSI tETRPAHD Th t NS afi®@3Cehtr oMfiéd Comprise

hy®BY L QRIRRL, EH@:QQﬁtEHQ ABY:-bggappl kpgh B NyA&n a wet
process thaf integrates an in-line interlocking
cheysrem gbpebebhoRmAG aNmEite  AEINedi AGPaR1EBRT r onnent
forlg an embodiment, the coating may comprise
nanoparticles. The coating may be nonconductive with, for
example, at lsast 10° Ohm~cm resistivity. The coating may
be antistatic with, for example, 10° Ohm-cm to 10° Ohm-cm
resistivity. The coating may be conductive with, Ior
example, 107® Ohm-cm to 10 Ohm-cm resistivity.
in an embodiment, tThe coaiting may be applied to any
metallic. component for the purposs oi protecting the
COm onent‘from_corrosion. The coating may be applisd to
any component to improve the component's anti-static
characteristic¢s. The coating -may b= applisd to any
component to increase The component's elactrical
conductivity. The coating may be applied to any component
to increzse the hesad disk asssmbly overall slsctro-
magnetic shielding characteristic. Ths coating may be
applied in a process that integrates ultrasonic cleaning
process immediately before coating depesition and in
same controlled environment. The coating may be applied

in & procsss that intesgrat an in-line Interlocking

rl
(D
n
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t he deposition of the coating.. In an

enbodi nent, the head di sk assenbly conprises a ranp

and a mating assenbly, the coating applied to the

I the reduction of particles generatyggdsedfoo/shoss
Wogﬁg}éf'é&ggof the mating part on the ranp_ The coating

may be applied to the mating part.- The coating may be

applied to the hard di sk drive notor base conponent

LLD &xPp SIS ALER ML Niin 618 har dn dLsks ASSRIY ¥or

Sy%%%ﬁ ?ed%%eg% t%@é“l_ocgﬁ%\gﬁﬁeg; “of got egt ?gl pa}ti cles or?
thehdesus faicmn of f titee corgiament , and provi des for the

renpval of particles with higher.efficiency A

C1 B T SRS ot ey B AT oot oo il e
rafipl W@ dned otz componentso Wi htexpasedisur acéded tthi nhe

the hard di sk assenbly that_reduces the rggrrber of _.
=2 e ol Bar FERVEUOM t 0 SHFTabe 67 CReStonsinaii= i
slandnpreyi das ek ithe g=eroval tofe patmid .ClEse Wddt dhigg ety

efficiency during cleaning. The coagi,ng may be i
beaBBPi 280 t 00 t WS AT UM SR i V&St GF2EoVEr MG t B eXffosé
rcSYhbagesaWst Bikn e =hakd odi sksassembbyehhaki 20 exposed

reduces the nunmber of potential particles on the
sugipFagevoFiRe thenporiéntdl dnd P des™1or THRces the
nufn?ggv,a&f ofJRartiighes,yt h-Tughey, effibcigncy, Quribag che

cl'eaning. "The coating may be applied to the hard disk
cogponent at e apdovadeh TS yafiorR leRpoBedt sak FacEs

' hl\r%lteb' rlagneclg%rc% db glg Qﬁ%ﬁﬂ?k%t hIEHe re HEfﬁgt E@v be

nber of potential particles on the surface of the
appddednent , theantepl oviidés dorve hmorenowadragients with
arti.cles wth higher, efficiency,durig l.eaning. .Tthe
eX055E ng" Ty B ap"%l ied tﬁnt“henﬁ%(f?d Cg“l 2% F’%ng?gnptﬁ]L
reamsenbkyewntthbexpasedosentacespurt hth=¢ henhand 30disie
.assenbly that reduces the nu er of Tpot,_egti glﬂ 1 -
ofpaffFrcl BEBA"ERE’ sufPacP TV 1HeE coffondAt, amrdova+t ©°F
parovides wifal thgneenmoyat: ©f=rar t tokesgwWdiedniigher The
efficiency duri ng cl eaning. The co%ti__ng rm%ﬂ be .
CoFfEPEedaF0 FenE R Uik i VR Vi TPt of T BSsembl §PVEF
wint Rxexpagedsuri-acesg i whthi Ankhasbar didi:sksasaendl yhat
‘that reduces the nunber of potential particles on the
reg{ycrac eR8f DERESEoRPoMOTENTaRd PROVIELSST BF the Surtace
off empval cofsparticl esnui th-highar eff.i ciency -dupvag of

cl eaning. - [n an enbodiment the coating is a
varhilg leay eridh | faighemanohet @rendi cKAE389orcficériafet efie

t.hi.ckn . +.[h ting. 10. be-appl ledsphyani-cch =
Sk R e
iatch assembly with exposed surfaces within the hard disk

assemply that rsduces ths number of potential particles
on the suriace oI tThe componeni:,-i and provides for the
removal o©f 9particles with higher efficiency during
cleaning. The coating may be applied to ths hard disk
rive ramp assembly with expesed surfaces within the hard
disk @assembly that reduces ithe number of potential

particles on the surface of the component, and provides

10
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The follow ng words and terns used herein shall have
15t he neani ng i ndi cat ed: The term "surface
roughness” neans unevenness or ruggedness present of
th rface of an object at narrow spacing.
woﬁﬁ‘%@ﬁﬁﬁé{mnt and eval uation of these surfacePs sg!\%&e@foﬁ’ooﬁs
been accepted in the United States as 20 defined in
Aneri can Standards Associ ation Docunent 5.46.1-1962,
fofntifdd edopeytfacgs Texd A & e sTheitar M ighogy disedilehcy
di scussing surface texture uses such terns as_.
duripyghhe’dRins " walve ne’at ing r BaghRBs PR 48R EOt 6Pp, Rard

gisk®riANdyg %@mﬁxﬁjpbQgggﬂbl§4ﬁﬁ§i;9@§péé§@ surfaces
déscribes a 25 measurement technique for eval uating _
withen stiné acerdvaves f orgsemblar rihat ateduses the number o:
arjithpetic-average leh ds, al r .t o
po LMD et e o Ty b PRl (Enor i, 0 488
prpaitite] efoountte orréiRGréh the comtiskilesf thitdr higher
-specification r- ors.to a nureri cal 30neasurenent of
SR RN T Y B G SiT2e 6 particles in in- situ or
f | owh ngr: | 2 dlisnerSuchemeastiriegentsacanibel a it aided of
using a commercially available. Liquid Particle _..
nagguR %?.t“lene%%e°¥e?h?r??%é?ba¢Q#%ﬁQ?S%11ﬁqﬁecoaL‘ng
ma§ONMEXbpol i bhi Srspesi fd catdren smansi acgiar (En) e dihating
is capabl e of being physically adhered or stuck to
la¥RE-surface of a hard di sk drive case but which may
be detached upon application of a force (ie such
as, by wiping the particles away fromthe case).
The term "chal cogen" Befimd B& nt erpreted broadly to
10'Eﬁgefoifbﬁﬁﬂﬁn%é¥d§3éﬂajf%&ﬁsohsgaehggéi@dgﬁéﬂfﬂﬂé%e
of enments. More particularly, the term"chal cogen”
thiengkadesy el mierris=del ect ed from the group consisting
of gﬁggeg%m O)"sﬁykggé (;Qu ﬁﬁ@é@&'u&léﬁ%ﬂ'unéggnnass or
telruriumt(re). The Term ™" chal cogenide™ i's to
rubgebntesppetednbroadtyet puZiace 701 t @ aokl v \elornarrow
nmul.ti nary,conpound_cont ai ni n | east one.chal-co o
SPANGTEt | eads nd%épeWE%?uﬁﬁ%“$?i%éde%bﬁéﬁg"g?ﬁrgﬁichri'
surfaces have been ac a j s

k]

P
cepted in tThe United 3States =2

afined in American Standards Lgsociaticon Document

0.

B,46.1-1962, entitled "Surface Texturs.”" The terminology
used in discussing suriacs taxturs uses such Terms &s

" ", .

"roughness, waviness, " "roughness-width cutofif,”
and “"flaws." Document B4€,1-1562 =zlisc describes a
measurement technigus for evaluating the surfacs wave

form to arrive at the arithmetic-average (22}, which is

2lso refsrred to as "center line averags" (CLA).

. The term “liguid particle count” or LPC in the
context of this specification refers to a numerical
measuremént of the guantity and size of particlss in in-

situ or flowing liguids. Such measuremsnts can be

-]
p—
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The term "netal chal cogenide” is to be interpreted 20
broadly to refe7- -0 a chal cogenide in which the at
| east one eie--ropositive elenent is a nmetal cation.
n "nano-si zed" as used herein rel at <
Wogg@flg%égnparti cle size of |ess than about 1 Eﬁnsr%nﬁogi’000063
particularly |ess than about 200 nm nore
particul arly 25between about 1 ramto about 100 nm
obd{hd eI B3 11 CEOShEedcias1yusedingrebn L0k 8SSarticle
specified, Telates to an average particle size of
Cogetsteen about himto about. 100gm - Unl ess
spegid i ed-pt hermises Lhe § £F M5 4 CONPri3iRgy: 3G, Andy;
"conprise™, and granmafical variant's thereof, are
spént Bikedi dro mepresenpatopeh? orhali hel gsbeele| ahgbagey
ch . -that,.they incl recited el s Dbut -al so 4,
P T Th e “0r “SHat Lonre ShETR of & Mgy gisk
drfwe usesk hereiwhithenderim "&bonlisd iupdrherpdnicext oof of
R gonceen{j.rati ons of ,components, of the formlations .5
t§preally Siedns 1Y BoRof St RESsPat e VAl te =T e >
cagypically +1- 4% of the stated value, nore typically
13%.0of the stated val ye, npre typicall +- 2% of |
Chel AU v e CoBeBh S 60t ) DA FYP I RS He =0
reséat ed valdies andceven more bypiedl | yeriodik 5%i9f=t be
stated 10val ue. _, Throughout_this disclosure, .
Elemsrain _enb“é%%en]?%r’iﬂgacil‘ﬂrféﬂdffsclfd‘s‘-‘ed i r &?ﬁécogen
inORa®d . o1 bnshodll de be-vngerstgodnthat-ol.pe deseki phhoR s
inrange format is nmerely for conveni ence and brevity
OXg#RP sHAUlFd ABtive cGnist rgedenswan (58)inf RS Hled +urvm
(rkimon on the scope of the disclosed ranges.
Accordingly, the description of a range should be
conBielersth t"chraviwospaciel| ¢al by Héschozerirefldd thywadly
Lo POssibl e sybzranges_as_well as inodividyal punerical ..
colaFiRE forhi B iRl rhnnit 1n By Sl IO o
Vv

least ons chalcogsn and at least one electropositive

averages particle size of l1=2ss than about 10CG0nm,

pariicularly 1lsss than about 200 nm, mors particularly

betwesn about 1 nm to about 100 nm.
Th2 term "micrec-sized™ as used herein, unless
specified, relates to an average particle size oI between
about lum tc about 100um.
Uniess speciiied otherwise, the terms "comprising™
comprise™, and grammatical wvariants thereoif, are

"

intended to represzant "open" or "inclusive" languags such
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20 range such as from1 to 6 should be considered to
have specifically disclosed sub-ranges such as from1l
to 3, fromlto 4, fromlto 5 from2to 4, from?2
from3 to 6 etc., as well as individ
wo\ﬁop hﬂz‘f hat range, for exanple, 1, 2, 3, 4%@&5@%&&65
This applies 25regardl ess of the breadth of the
range Det ai | ed Description of Embodinents
xemphary. s Man:dd mAd g erbadipeats of,hargdidl skoermse
Five ¢ aving a cavity configured to |ocate a
inkiDD's i 30ass earul iy itdrerlei njnxtswe teav el ymbetng coated with
at|n characterjzed._ in th t Lhe center line .
aveg‘ﬁ g%ul(ﬁh‘es% HRa)SoF t A% Coat ed SSI}PT ace i oF
c:oll@@ﬁm:@f 41€SSs, owi | Iccmwmb@mii schbosecdhel n ﬂdﬁﬁm.la‘“ions,
enbodlnent t he hard glsk drive case is.an_al um nu
EYRASE L heMeHAt i rity Tay°be Por nEBZby> a2 et hotf 15?ect%ﬁf“
tyriean 5yt he- gioups C@ﬁél etaﬁeao%aaﬁaaan@wl Lphepmuty oY/ -
nmet hod, a sputtering nethod, a chem cal \por, N
3% ePosFEF oRCAESRONZLERd AFG: gelPHethod. opd& ©f the
sterhedivient, thensaloael « ?etaeﬁws useds t%’CG@{eti}eal,ed
cavity of the HDD assenb Advant ageousl y, the
vadier genSred W RABA C-é(Pr—lcé‘dldut Al tH- 2D PRe BGat Frfted
vzdescribed herein, produces a coating which is
snnother than a conventi onal coati ng that has been
f or Mbdoiahaut Etm)at déeepoprra, EREptatd ngee @Vt CTRY
ral Ly i p,hard diskg ie i
(f ggﬁggboun Iﬁﬁeoryrﬁgf i"s'be+|eved{)th\g.)wte}\@ué@d
tH@ecauhe td&sdﬂi:&oated_surﬁaoeefoxwmmhnxylﬁg mheedpl JO*
el _nmethod_ has a center_line aMF age, I eege&
P S196RMT o 7T €35, T e Parti ¢ es avin ng a 5]
idAlexOBS <0r Limrigari amuloth benbesstpkekyftanbe utappeQEd
on the surface |rreq$Ia£|t|es of the coated surfapg R
=3egne AaRBE SO GE 26 RavPAg acarosd o2
cd<0@eekaf r em abeute 0. SHdd of 0t 110, abpilc b sdcr cum,J the
not _able to adhere to the coated surface. |Ln on

Posfiediene At TSI eNt®? | THhet afﬁ?aQ@OradSHﬁéssnfﬁﬁf o1t

‘,ahnﬁscq\akedpsuﬁ}faace»arﬁ;al essodt h@ﬁam@@u'[ddsﬁfwﬁl tion of =z
preferably | ess than about 50nm nore preferably | ess

r3WEN DB EMRs from 1 to & should be considerac To have
specifically disclesed sub-rangses such as from 1 to 3,
from 1 to 4, from 1 to 5, from 2 to 4, Zrom 2 to &, from

3 to 6 etc., as well as individual numbers within that

range, for example, 1, 2, 3, 4, 5, and €. This applies

Detailed Description of Embodiments
Exemplary, non-limiting embodiments of hard-disk
drive case having a cavity configured to locate a HDD-
assembly therein, the cavity being coated with a coating

characterizaed in that the center line average roughness
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95 I n one enbodi nents the Ra of the coating is in the
range of 1 nmto 100 nmor from1 rim to 50 nmor
froml nmto 25 nmor from1l nmto 10 nmor from 10

mto 100 nmor from25 nmto 100 nmor fr -
W0t28“9i]t9’62?| m When the sol -gel net hgﬁ{@g@@g{foss
it is also 30preferably that the coating conprises at
| east one of a netal al koxide, netal oxide, a netal
| j.de Z bon,_c nt e
e, Bakteo SELERR O OICP L0 TG oo
d_rsrcéowedor &n used emod::ﬁtensmth, gele netrhiodiidiksdrosedcass is
o rel n_are netal al koxides and netal - halides such as
n@ 5*BRFoFFER: The precursors usual |y under go.
“hydrakysbatingf aem Begeloﬁ“inleklEb§ubenaﬁﬁedt Béle@ﬁéﬁ berom
used to coat the HDD cawtz. gon coating, the
el L1990 EBECaneE 1% (HenAFPEY t 0P D! grethod, =
spigRskihed reaaldd)g ABtekidka0n iR HDR §aYi i oS Uhé aees,
In one enbodi nent, the coating disclosed herein is 10
anfdor?'reéoésgﬁ cORtitRfousIRayEe of HPedfiRier the SOAf &%
de@obe icoated; angd E£8aPO0tHROIQUS + yAdvantagegys| ¥s=4he v,
cont| nuity of the coating layer significantly reduces
AGREtREREFPRBOITBE ﬁPéegﬁng?ehég BEERgCEFApPedC®h He
Ltzaoaggglﬁer&ag@wed hedl6, CQAd NG JOr Q:%atc'ﬂ gnhard s
disk drive cavity may conpri'se nano- partlc es or
SMECENET paher| a ecoen apros pardd téinas tayr besobgani tormed
irl NOLOANI G, Q1 g mixture of Ek?ftB ?‘ 9api c.and ingrgani e
nanoparticl es. vant ageous & hano- partl crés or
gamief.rta@lpalahiowltesl Niery be_addedrt dr2Qisncriease théile nov
har dr})es gag%y of, conduct| Vi, ty of, tqre dcoat| nc,

IO ChERRY sol fgél® fromaich-tte 2oatti Tbs”
cdaabmeobdmdmnﬁepﬁéﬁl wsanganthor seilcrgepantisb8shas a
contained therein. In one errbodl nent, the coating is
SR =5r GARF cEVEBAIT nbY YENT TS Totd ng Tand ﬁ"ﬁ‘y%oﬁ'prisse-a?”
pdreast cenga0ing #etale abKaxidenidmiral OXildeget AoNEd abe

hal i_de, wherein said coating is- capabl e of
legScriedSiig ThePhurbRRPHE PR & BarticPEE ARASPRAREITEES

oit heesiceeraly therkeee parbhel %gblaaheﬁent apkRapertNeies
hard di sk drive. 30l n another enbodi rrent the coating

haﬁ&ﬂﬂherﬁﬂ%ﬁn+s%% of from about 0.3 micron to about 1

micron is not able to adnere .to The coated suriacse. In
one embodiment, the centsr lins avsrags roughnass (R} of
the coated suriace 1is 1lesss than apout 80nm, preifsrably
less than about 50nm, more preferably less than 25 nm.

In one embodiment, the R: of th

[§]

coating is in the range
of 1 nm to 100 nm or from 1 nm to 30 nm or from 1 nm to
25 nm or from 1 nm to 10_nm'or from 10 nm to 100 nm or
from 25 nm to 100 nm or from 50 nm to 100 nm.

When the so0l-gel method is used, it is also
preferably that the coatlng comprises at least ons o a

m=tal alkexids, metal cxide, a metal halide, a poly-
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at | east one inorganic nano-particle. In yet another
enbodi nent, the coating further conprises at |east
one of carbon nano-particles or carbon nanotubes,
The netal al koxi de di scl osed herein may be I
WO SRR group consisting of silicon al koxipgg{s%%ﬁﬂomﬁs
titanium al koxi de, germani um al koxi de and al um num
al koxi de. I n one enbodi nent, the netal al koxide is
catsbet% e%gﬁgéﬁx‘?&" QYR ; %Q_;nsé SHeanOfand/O“ silicon, or
raet hoxysi | ane,
leEuraﬂnﬁHﬁpqaﬁIzﬂnﬁnﬁﬁdhﬂydrnhﬁlﬁm@@@rﬁaﬁé psed in the
Bis(tri hox siLyl)et hane | Lcontetrai oxLde
SOqFH %?Eh %ox¥d% & Uﬁ?%hnklso%ro ox%gﬁ%sIX 468€ana
mntﬁtra@nhwhsor$M@5|kucamesaandﬁmanbkmatibhs tdhercegbors

The metal al ko of _Ihe, coqtlng may_.be .from abaut ..
usﬁ%lﬁklﬁ%?ai%?cgﬁg TP Y Ehout P90 Ol §ht per@%ﬁﬁ %ﬁﬂ% %%c
th&0athNgpef rL@@Oabﬂﬂt c@8: wehghtDpereent vt o UaboutcBl ing,
vei ght percent 'of the coating fron1 bout ht
thyergentt t%¢ afRS e SRei gift pé t?en‘ti 30? t he” c&)aﬁ%é%
deﬁé£§ﬁéﬁxﬁga“g%dmﬁéﬂgkt@er%QHEQEOHEDOMéV{E&\Mﬂﬂﬂﬁbﬁ
percent ofthe coatlng, or from about 50 weig ,
peré@n?ﬂ?o°@B@GPmQDTmeP@ﬁtCﬁ@r&@ﬁtd&ﬁcrﬁéeéo§FF°'n -3
foﬂﬂ@? netal hahigdesodl sghosedoher i dpy- ined ude mRialo
Iuorlde Metal bromi de, nmetal chloride and net al
bei odbdbednd afixt Ures Ttdfer eRPTOThe MFAN HATWSS Yof (HE
L [o £ oM about , el I
R T R R Tt i T o e iy
11RO edghtopei cent péDt abbet BOLNRI GHRCIRT centtivf qdrEed
coating, from 23 about 30 weight percent to about 70
SUpefght Percent of the coating, from about 40 wei ght
perteat céor abputcBb0-amiight speérecentiiok tiheveomtrﬂgi TRy
from about 30 mengt percent to about QO mel o-
COBBFEBNt G RE : *“T&enplary “metals

pa®tithes netal bal K@@&dﬁ;, mehatghal ¢ der 3Dan: x:nmq:]am cbo Th’

nangpa_ticies may include, but. are ES- limted t R
orggnlccgnds nogaanAﬁ HZHODEe-—ﬁﬁQD Fo ?%fogmduzbﬂu
nalB-pdbc 8RN . or micro-particie may be added to

increase ths hardness and/or conductivity oif the coating.
3

in ones embodimsnt, ths sol-gel Irom which the
coating is formed has neano-particles and/or micro-
particles contained therein.

in ons embodiment, the c¢oating is an organic-

inorganic coating and may comprise at least one of =z
matal alkoxide, metal oxide or & m=stal halide, wherein
said coating is capable of decreasing the number of Ires
particles and. li.‘ting -the size of the Ifree particles
that contaﬁinate the hard disk drive.

In another embodiment, the coating further comprises

at least one inorganic nano-particle. n yat anothsr

|—
(&2l
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The i norgani c nanoaparticles disclosed herein may be

nmetal, netal chal cogeni des, charcoal, carbon

silicon, 5mxtures thereof or any other semi conductor
t known to those skilled in the arty-rkB8400/m00065

wo%@%ﬁﬁgﬁal cogeni des may be selected fromthe group

consisting of. ZnS, ZnSe, ZnTe, PbS, PbSe, PbTe,
. CuS, CuSe, CuTe, CdS, CdSe, CdTe, MS, NMSe, MnTe,

o5y, o e e ) P 8 R Dt

cahbfh m88c-#O:icl@s @3, cEa203, n€e208h=¥203, MO03, MO,
CaQ, BaQ, . TiO Sr nQ, . M1203, Fe, 03 FeQ Zr021 _
V203S VB ER L i KRE ,éA‘%Jz%%%O%‘?Cgo%-zﬁbmaﬂg | SRS

fraRt ahe0xides Sielsias i NMgOA 2031 arsh GoBO4kidES| rtiaremium
enbodi nent, the di sc1l osed netal oxide part 'L‘izc:laesdareI

alkgpdfted FFOREHB GrodFEns?Rt| ﬁ&%n@@qa— 69820

onkl QmboGhenfNO 1M, B8t Fe 0% & O:e1d203 ¥20h, -
CQuQ N O A203, Si0,, ZnO Ag,O mxed netal oxides
greuBh as MyGPBF2031R%d t hei r Of xt ur es "EREF BOIOX e 2=,
+eBhAktndlyoxi de fart | chesn pRY: beccoatyad 1akheUncoat ed.o—
I'n another enbodi nent, the inorganic nano-particles
Bigrlersupbbpsds YoM ameTgroup SBonsiost i ngeerazgpryLoxids,
210888uAPr *D&lcshfi;,ﬂ, NangspPanLk! Cli%ﬁmr%oﬁ%tﬁ]@,' Pardd. &gyl

nanb-particles, Au nano-particles, Pt _ .
orfianeiparetres esandi Ocomioapaotisc| 6 eangi25AT283 metal
a17309gRarticles. oo The o 10organic nana- papticl &5,.

or “carbon . "hano-partitles-may have an aver age
pepakhicclte siteetofélabautohtl patcdra abbuthL20atmnaboiton

to about 20 nm .about 10 to about 50 nit; .
T per T T yeight perncent .gf the
Pt 98 aBour 1001 Snd“aBout P3O0 NI ¢ ('3

coahout, 1@ ram albbeti BOrgangoznasecpattiel @scwof Thevsight

di scl osed coating .may be from about 0 veight percent
PSEGENEbOt B W Gt Per et PPt That TR FTmdboit”
aHdu® Wel ght: sper eert=ho abouhe4cwatghs, per cefdm afbddte 50

coating, fromabout 1 weight percent to about 3 .
YRERGhPEpEPEENE® PP He ToatiHfgl™ GFTCPBm 8bout= 155 =19

vwei ght REEEENt-1 03D s A osed nersin may include metzal
flucride, metzl promids, meitzl chlioridse and metal iodids
and mixturss tharsef. The meital halides of the disclosed
coating may be from about 10 weight pesrcent to about 890
weight percent of the coating, from about 20 wsight
percant to. about 80 wesight percent of ths coating, Irom
about 30 weight percent to about 70 weight percent of the
ceoating, Irom abeout 40 waight percént to about 60 weight
percent of ths coating, or from about 50 weight percant
to about 90 weight percent of the coating.

Exemplary metals of the metal zlkoxide, metal halide

or inorganic nanoparticles may include, but are not
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5wei ght percent of the coating. In one
enbodi nent, the carbon nano-particles and/ or carbon
nanot ubes is fromabout 0 wei ght percent to about 20

wei ght percent of the coating, from about [ -
‘Voﬁ@ngﬂegto about 15 wei ght percent of the ggﬁ?%%g?mNMQ’

from 10 about 5 wei ght percent to about 10 wei ght

percent of the coating, or from about 10 wei ght

percent to about 15 weight percent of the ating. ._
1 H&SCoafr n grra;t}abe%é"ppl od A% (e Hgrd %’sﬁ&dri]’g‘é 5y
siwetzrchani cal glepasttion or by physical vapor

deposi ti on. ) I n one enbodingnt, the coating is.

CondiEt BT ERTP R CHIES 0 SGHASER REST St ITAY P
meddvant Rgeousky 1 woe8n apPk | ednkechbhe, hatdrdirsk €iivesn,

the coating may 'increase the hard disk drive

MiGHHER2] 1ERERRAT 0ORRgHEE | O TERTel TG THISEOFer FURPRRENTt

xe¥Rfe adyantageousiys:when ;20 appligdcto therhardrecan
disk drive, the coating can al so desirably increase
cheiecgeaddap skads Senistadteast rica evhdueevvi Fypsisting

od Nzone enbodi prAL, the coating bfrapplied ida, cure,

‘process that intearates ulirasonic cleaning process
CdZh iOn¥edi Gtéty Med oridnToatinike .déposi t RarPe n Ag:2Saumezn0,
controll ed. environrent., Advantag I onl y.one 4.
T%gzhgﬁguﬁng¥$%hnéﬁiéfs‘Féghi?égzin %ﬁe%gggdu§k$%n;%?oh
Vobhe Wawod, diisk, dintse. EER.andtiter Eatindi gepd;, h@s, McOs,

MR R | BerT BRFng 5Dy St P Pear SRV r BientE

V.0ONPricGi, nguan end,r auuyent stog, thecdeposi tioixalf méresl
coatin ._Advantagepusl ,.this allows an in-Iline
TR Bn =01 RO MR GERH 1 ve. The har d
di skidrigre diggdasedfier ei fhdmbydComyd e andase, @xide
cover and a head di sk assenbly. Accordingly, the_
PEGALEG Fay BEL&FPPFPedTPB abel 82SEPoRETHF St HeT basMel:

cddie sayerrangd taeoheadodi sh.assembly, reo, 7hg, hesd;,
di sk assenbly of the hard di sk drive may al so

V2RonpfiGe B GafpAnd 8ivmt 4T adseRpl Fi2PA PAFS. casides
S\%cﬁlg £oaiLam MRy ahso he apphind AL alhldeast ong Ofecan
oxide particlas may be coated or uncoated. In another
embediment, the inorganic nanc-particles  ars selected
from thz group consisiting oifi Zn nano-particlss, Ti nano-
particles, Cr nano-pariticles, Cu nano-particlss, Au nzanc-
particles, Pi nano-particles, TiO; nanc-particles and
Al1,03 nano-particles.

The . inorganic nano—particlés O0r Ccarpon | nano-
particies may have an average particle size of abocut 10
nm to about 200 nm; about 10 nm to about 20 nm; about 10
nm to about 50 nm; about 10 nm to about 100 nm and about
50 nm tc about 10 nm. The inorganic nanc-particles of ths

disclosed coating may bs Ifrom about 0 weight percent to
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10 ranp and the mating part to reduce the particles

generated during sliding of the mating part on the

rarrp Advant ageously, this increases the head disk
overal |l electro-magnetic shieldin

WO@H‘E’P&W ristics. The hard disk dri veq)é:lTé,Sc 2R aposs

herein may further conprise a hard disk drive notor
base conponent with exposed surfaces within the hard

di sk _drive. In another emb ment,. t he pard dis
bl Eve M7 130T BONEFTSee n e o S T | C2oT afPRCEnd -5

wek ah€hpassembl yo WabdueXposelgisurjacesmimdhithd e drand,

disk drive. In yet anot her enbodi ment, 20 the hard
framsRPERFve PErEher PRBRPIT sed M f dF I iRAE SRS e &7
£hEO0Lba ¥k £, exposedn subdaces, i thd heshasd diskidhive
Ap lication .of the coating to the exposed surfaces
weaH eoﬁ%e%@%@sldé§%%|QQﬁ#—@Bove al |l ows reduction of the
numbgr o0L pRLEALKAL: PaLhlcLesnOl LAS, EXPOSE SUTd Atk
of 25 thefl conponent and allows the of particles
cafrbom theotepponedt L oem | aeet edniageto prioesEd W tapout
hi ficiency-relati oA n expos urface i gn+
20 Vggﬁﬁ%aggﬁﬁf qge% co%%e %%t%%ggald'coagﬁﬁg Ir1{% got
peenbodi nrentabotlhe 1Goatdimpti eappnicedlontten ebacinmwl esom
pLating. 30l aye The_coat f the
abalscsos S&érelncnay 2 %b%?ﬁg % %? co&%%ﬁgn%? a s
coﬁhhhgplawlmw%mcaabmngWdrmmmgnenh@mdﬁwn tat abeast 15

one |l ayer of the coating is thin_layer fi n_ ..
weﬁﬁﬁﬁn@ Erethi Tkndss. c@%%%%%lﬁ‘ ycoﬁhéﬁgtﬂeyt% PRy
tof ith@ irsridn danonetiar: Wi c»bqtesfsnaxﬁah%wt ftlléﬂ(fj’k&jﬁdmf drhesy

thin layer filmranges fromabout 10 nmto about 100
PLy§ACeE r HRRADARP DY Nifi™t'o about 90 nm from about 30

ri meho 2RoW:80 138 r omabeyt« 405 NMst -ahAIH:148 NMMth
or from about 50 nmto about 60 nn1 10. I n anot her
10embOainmeNt & *€asPhener| afrti B WRE -codtVagtresanrsty,

wntelﬂ' ndayer; filmdin mcorometer tdigkhessy. Acerdingdlyay
when the thin Iayer filmis in microneter thicknéss,

ingheashi crfesbasfl tdeskt hidaivayerveidm réﬁ@@@“@rwnﬁ" c

snaheyt 1 mcggog% Lo about SONg;gr og cafiom 10,520
ISm crons to a ou 4b m crons, roma out d
appileceOns-c othdoltz 80 Mg odgive, -HdTheoanamgnganayaWSo

qe% 39, e “Seﬂ-r-»' LA meLhod of reduci ng contam D%lﬂﬁ &
TRard” di sk Ve, conprising the ste of “applyrn

cohheccoaitpg to the hard disk drive or its

ZOIDdIVIdual CO”EEU??t the coating 1s applied 1im a

process that integrates ultrasonic clsaning procass
immediately beiors coating deposition in a same
controlled environmant. Advantageocusly, only one single

envirconmant 1is reguired in the production of the hard

disk drive. In another embodiment, the coating is applisd

in & process that integrates an in-line interlocking

system of clesan environments comprising an environment



w

10

]
[&1]

20

30

Brief Description O Draw ngs I n order that
enbodi nents of the invention may be fully and nore
clearly understood by way of non- -25 limtative

X fromthe foll owi ng description tak I, 2
WO?S‘%%%{?? ! . . . %f/s;q%g(%moooﬁs

ion with the acconpanyi ng draw ngs in
i ke reference nunerals designate simlar or
correspondi ng el ements, regions and portions, and in

fobel: S30ELG, 5 Lo 511% %@4 -@%p PY: N;coated
‘Oéur?'acgs% B éG A-20 sho enat | 005 gr'arrs ©
al obwpaan |m-eligmwgrza1dtm*¢*f0@r miatbar hacé dR$IG & istrows
expand d r tlve Vi f conponent s and
R aRE PR el e Ras SRR 2 odes
baasseasrbd:eyvéi-lli)ééldl a aesordaﬁceaméﬂnbap enbostt dtergl yf the

t he |nventJ shows a flow ch
CORF AT aftt Of anagi?%o&tjnréﬂt ae;f Lirﬁé S RPENtG o e Telse, che
colrb 6 aid shonwsh et @i Surfszeanagat i ng. | n accordance
10with an enbodi nent of .the | nventi

6ALRB BRBG §El\?lkmj3rs§’n61b61§y St E‘RFcBéF@d ad s éﬂcéé"" may
algapw@@rig\a accanganes W thhhtancesbedipept of thes case

i nventi on; and
the coating may also be applied to at least one of

rf

ramp and the mating part tco reduce the particles
generated during sliding of the mating part on the ramp.
Advantageousliy, this incresases tThe hesad disk assembly
overall electro-magnetic shielding characteristics.

Ths hard disk drive discleosed herein may rfurther
comprise a hard disk drive motor base .compdnent with
exposed surfaces within the hard disk drive. In another
embodimant, the hard disk drive Ifurther comprisss z hard
disk drive latch and latch assembly with exposed suriaces
in ths hard disk drive. In yet another embodiment,

i
the hard disk drive further comprises.a hard disk drive

drive Bpplication of the cozting to the exposad surtaces
ci components described above a2llows reduction oI the
number of potentizl particles on the exposad suriacs oI

the componsnt and allows ths. removal of particiss Irom
o

s
oy
m

cemponent during cleaning t

efficiency relative to an exposed surface which kas not

coating is applied on an electrolsss nickel (EN) plating

[
0



FIG 7 shows a table show ng the conparison of 15
results achieved with a surface coating in accordance
with an enbodi ment of the invention conpared with a

onal process of cleaning wthout t 1?:3%80@%&)065

wo%@ogi\iﬁsﬂgé i n accordance with an enbodi nent o?%t e

i nvention. 20FI G 8A-8C show SEM nor phol ogy

conpari son between conventional EN coated surfaces

(Fl {3 8Aba: £ONVENLLONAL 4 Ercpal £drsr bace (hihGre8Bayer

and the coated surface in accordance with an
cognbodi AENE mlﬁthélﬁn\\?—@m”omoa&ﬁ@g FIIG 9% FBrEKEweSEM

+ ML C risaql ;202 20 £i1m 4

aru%gﬂu%ulr ace (‘FI 2) 31 Ee %oaltﬂ{e}g surface of
nanhmadanmtmlmksasfsaceﬁcmfnmwldsancenwt hhan enbodileest
: fthelnventhnv(FlG B 30Det ai | ed Descrd ptjon..._
‘%f‘ 3 shows EXpandet lf)%r sp?esdtl\g% Vnec\f\gno gc%rrg%ﬂnen“th ]
lagad aszenbingss Widm extposed. & umf accesakmu:hlmOa nrtADE xbfh
i n_accordance with enbodi nent. of_t i_nventi.on
abele %ﬂo“%o%??%eggan% r 5T OB ovRTYY arﬂﬁ“a % ks 8¢
rm¢ 0¥ ebm32bodbhes DA conpabses TONRONedE SExsdic hekas:t 50 nm

spi ndl e 14 for disk 24 and read/wite heads 20 and
toaePHEt 0f 0 23 The Sprinted circuit cable 16 and base
10 casthNGLRMACT Syt thent PEkNt B&hst CoheUitaoar dr30ne

_ via connector 26 and I/ O _connector, 28. The internal
cogbiPpBnent st i ReludeaFimdE el Hotidr -MTHTsHERt st s -
Ackeﬁdﬂ%\lyn%ggw €S MECO[ dwgepeaalﬁnqsr 6GOrEH Abmeter

nedi a as the HDA. The i

thlcknﬂss, the thickness o ths nln laysr film ranges

n
F

from about 1 migrons to about 50 microns, ifrom about 10
15 microns to about 40 microns, or from about 20 microns to
about 30 microns.

The cozting mey also bs used in &z method of raducing
contamination in a hard disk drive, comprising the sisp
of applying the coating to ths hard disk drive or its

20 individual componsnts.

rief Description Of Drawings

In order that embodiments of the invention may be
fully and morse c¢lezriy undersiocod by way ©0I non-
-25 limitative example from tThe following description taken

in conjunction with the accompanving drawings in that

like refesrencs numerals designats similar or -
corresponding elements, regions and portions, and in

which:

30 FIG. 1A~1B show SEM morphology o©f EN cocated

surraces;

20
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10 clean cavity contains various conponents including
one or nore conponents with a magnetic coating for
storage of data, referred to as nedia, and one or
nore recordi ng heads, referred to as head, -
WORPPPYL and retrieval of the data onto andPFggﬁ?&ﬁ@mm&’
nmedi a. Application of coatings having nano-particles
form ng nano or mcron filnms in accordance with an
enbodi meng_of the invention.to the head and the nedi
to fHpr ov%p‘f%ce 1 o SilPericst E&EByaJF%du%T ng E’t‘h‘eld%
gehbbbt 9B bebween dhese-cgonponents with are noving
relative to each 20The surface to be coated may be |
def FABd as® anyRSHFf acdPanARét al PEPTRRITC® celafil’e, ©*
cof@BHHEE O ernbngYkatof s e ang: theckbkedq thatr xpose dAn a
the environment (the surface interface with the air
hegdr €iFkt preAFMRhat (s S tAFEPICR0EEr Want RRaEIRRG Dt
oshead inshde;the HDD. For exanple, 25 base plate, too
cover, spindle notor and spindl e conponents to .
assERBl e 4t Isoplsata ef oW atledrandi awtash @is sEbPRDOGHIP ©
Asse ~n¥oLce coil, flexible Printed circuit
O‘cgﬁﬁgg %FE“%% "the like. The application of the
coafilAg redepesst ke Mihbernrdbcparcoieties tiataagerdance
_.30generated.fromt he surfaces .during the operation of
M %eaﬂDBWg?g%m%%g]t?"ngL "un%l}qf”gln"a%?lt’i es may further
i ncrude 6adBBstboy SMC e gadl cgtyr @TgEN, coeredss@niaces:
rgfi&tant, antistatic discharged (ASD H;agq;thegilq%o
APHDASfay Ye dRFTHEFHS al F-the EOnmpdnents™hdlsed™ °°
i nwisthii Bnt henkDD encl osure to formthe essential parts
for 5 HDD excluded the PCBA. HDA may be defined as .
conpohent § tPE t e “TorporrditsPhat i tI KAy *6P7t e
res¥iifacesciexpase Lochhe abhr-that cobeuhat e bBtdrdfiece
encl Gsure during the operation. For exanple, .
vigsnpehert@adidiaide Base~Pt ati@verspor0 CERATEE sPiRbl ¢
cdiRER 13Rd 1 SPhAgE L. COMRONeRLant fgassentla t hecpl akiesce
l'atch and | atch assenble, ranp assenbly, voice coil,
cdeltexicbl etfpr i AT €Er e t W1 ednnéét orFP i rhe |9%ke. "=
;J.general, all mechanical parts with metal or

nonmetal surface can be sources for |oose particle
15génér.at§7orBC show SEM morphology comparison between

(]

convenitional EN- coated surfaces {(T1IG. 83A), convantional
coated surface (FIG. 8B) and the coated surface in
accordance with an embodiment of the invention; and

IG. 92-98 show SEM morphology comparison bsiwesen an

uncoated aluminum surface (FIG 9A) and the coatsd suriace

i

he aluminum surface in accordancs with an embodimant

rl

o}

th

rt

o) he invention (FIG 8B) .

Detailed Description
FIG. 3 shows expanded  perspective views okl

components and assembliss with exposed surfaces within 2

AN
=
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Exanpl es of the application of the coating in
accordance wth enbodi nents of the invention are
di scussed. An . application in accordance with an.
embodi ment of the invention is an Organic-ly

WO 299 0at i ng that may conprise, for exan‘p?%%?@%owés
followng mxture: a. Metal al koxides or netal
chlorides where the Metal group nay be Si, Ti and the

._1inor n|c .nang-particles, for .exanple, ..
oohL € o it Gid2M%PRLEL G Ene (Y XAl fon.
Thet BDRNI nedrd - e gles, £ 7192, cd%ﬂezOSlZﬂmﬂmbtahera:ondc cover

Car bon nano-particles or nanotubes;
32ad3PF| B8 sRBPSLSBR| CPBPS RALWN SEG ﬁaséDsE?FFed fOT
dithe Aartand0-Lha/Geatbnthdmys bee depasideharyrdi Ppi Nghe

sprayi ng, spinning and any nethod that suitable for
D*&é?@%rﬁ#ﬁQﬁﬂL cablz 16 and base casting connects to the

"printed circuit board 30 via connector 26 and I/0

connector 28, The internal components include spindle
motexr compeonents, all of"the HDAR enclosures, recording
head and recording media as wesll as the HDA. The HDA
clean cavity contains various'components including one or
more componénts with a magnstic coating Ifor storage oﬁ
data, referred to as media, and one or more recording
heads, referrad to as head, for the writing and retrieval
of the dataz onteo and ZIZrom the media. Application oI
coatings having nano-particles forming nano Or micron
films in accordance with an embodiment of the invention
to the head and ths media - tc improve ths wear
characteristic by reducing thes Iriction Dbetwsen tLhese

components wi

i

The surface t£0 be coated may be deiined as anyv suriaces

(metal, plastic, csramic, conductor, insulator, and The

like) that exposa 10 ths environment (ths surrace
interface with the air circulation) that housed the
platter and resad/write head inside the HDD For example,

base plate, top covsr, spindle motor and spindle
components +to assemble ths platter, latch and latch

zssemble, ramp assembly, voi

*_l
*.“
Q
v
o+
-
Q
3
O
rh
[ma
[0}

c
circuit connectors and the like. Thes app

coating treduces the ‘numbsr of particles that are

HDD. The coating functionalities may further include

Ny
[N
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deposition The solution nmay be fornul ated with
different viscosity to suit for various deposition
nmet hods. An application in accordance with an
enbodi nent of the invention is a physical
WORRHE%12¢ on (PVD) or 5 chemical vapor depo;lp%‘}?gé;ﬁ0“9/00m}65
coating that could be fromany of deposition
technol ogy that' about to offer continuous thin film
hi c f nQ. ~{ han ef erabl.e
ad}%{‘é_l,for% hanﬁgggnég%%&t yplgég%r]g {less Ct%(l’%g?sfgfrln C}rgqs Fant
ancbstanig: shisddhaygedonibhupusnd homdgenous and dense
(naon- 10 orous) The coatln na be deposjte -
exalﬂ%zi’e Q’ 2. vaghetr ¢h ssgrterl ng orB gLﬁtﬁ 5. hogs d
witﬂniersm@nﬁsrpuémceiamg:emﬂdw #idmherhd |armmma1r @lall’rds :or
shape_that energized Py either RF,__m d frequenc b e
HDBqu‘éﬁud% breofhitr- eﬁﬁ?‘gﬁf‘aé’o ec eI P56, BFa glmg%l GRS
tol Balt H@Yychipdhdifameewapatahi QﬂyOtu_ t heas nahvzmtmwreabo@& '
‘for both ceramic and netal coatin c. Plasma
toehhantel, LIEER O THEFRR 1 EVD hﬁ? S’b‘F O?Fedéﬁbéntg
op¥asioMs netal and ceramic coating on 90netal and
non-netal surfaces. d. Arc or flltered arc that abl e
t o Provitemidry deABRORAH: harid Codls n§2RRi chtPdssi BPY

colbO@-depashliy W 1B-8s LARY Larhel & ASRResELLe. assemble
the pWatter, latch and latch assembls, ramp assembly,
voice coil, flexible printed circuit, comnectors, and the

like. In ‘gensral, all mechanical parts with metsl or non-

metal surface can be sourcss Ior loose Dparticle
generation.

Examples oi the application of the coating in
accordance with embodiments of the invention are
discussed. Zn  application in accordance with an.
embodiment of ths invention is an Organic-Inorganic {(0I)

coating that may compriss, for example, tThe ZIZollowing

mixtTure
a. ietzl zlkoxides or meital chloridss where the
Metal group may be Si, Ti and the like;
b. Inorganic nanc-particles, Zfor example, mnmetal

nano-particies, Zn, Ti, Cr, Cu, Au, Pt and etc and

metal oxides, Tilz, Al.0s and others;

c. Carben nano-particles or nanotubes;
d. Other additives and stabilizers known to those
skilled in the art.

The coating may be depcesited by dipping, spraying,

spinning and any method that suitable for wet chemical

23
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Materials that nmay be deposited on the netal,
sem -netal 25or insulator surface nmay be, for exanple
Ti, C, Au, Ag, Si02, TiD2, A203, CN TiN TiAN
r the like. It will be understood that .
wozﬂosv? /2% or m of gr aphi te, anorphous di anond Ii%ﬁbﬁm?&ss
carbon or nano-crystal dianond |ike carbon structure,
nmet al contai ni ng carbon 30network, or the |ike.
de@?? Leally. rRY: 6,130y ?c%rydb%oat)'?“ﬁuga%b@tw:@@\ €&ifrerent
ense and continuouds coati ng. In an
VLeﬂh@mmm D1t Hex meardusn derobayeen Mgt ewifpr i se
el egtr or_electr ti g, wth Live
&§ ghxg%éﬁuc ﬁvegnetcg§%agkglﬁcg85|on5%?ﬁb yﬁero
t‘ner _po;lcynte.mvm:tm anejh;&_ma_ofwamudud@vw narwsi(Z&D) or

onetal part| | c-l.nargani¢ GOl )-.
Ch%%é??L a%%ﬁl%%p%%h %ﬁt?o “ln' nfhgbg? ANC S S TR S Y
o:cemtwdaisﬁembnof:etheoungenttman mm:\mdetcclcaamesumcﬁmous
wi thin_hard, dj sk_drive DD) nponents
thifp| Fe&li oK1bF f BRETIDdR ? %oa?Tng% haling 1bnaﬁ 10pan,
prB@BepnIti ties dhat gepesid eddieatihe Herd Dhsk Brmverhe
(HDD) encl osure inner surface and components that
COgE§BADISEAL he Phe SPTHI-IROASs e MARPICHBRS B9 St s elfom
poRBuappl reat ion frof e Hoatdng i 9t qHDE, € oapamed s, bif or
exanple, within the head. disk assenbly (HDA) in
genéral Y¥AER¢iorUheSESETEFIRG Vat PRER BEMEG a TRTTHSION
fil m,of - panomef.er, or, mcrometar. t hi ckngss ot hafag®Ytnat
conprlse nanonarticies on the '"individual conponents
W t hnsugia@@sb%@m W hitid HeegheanyeadityubiedhelC
HDD,_ .The, use T?i‘iép 21 n accordance with an
enbddi MEAT |nvent|on I ncreases 20 the
rel babi | Et@ro@:fai_h:&\ HDD: agakmstoedat-dodags seedmee tipe: or

have the Propertles Leducing.fhe n en

and%§ g%a i baﬁ??d?es on tHe %ba?edcgﬁnpo%en?sgan étﬁi
i npee¥thggt he efficiency of renoving particles

deposited on the surfaces o) the coated cogponent .. _

usi fig t hel 283 ndbeEry=e: exi§t i%hg Aqi&6us cleaﬁﬁhg, S

systenmsd=Jdie ipr opeEbhes wérdhe ageat caganad e cadj-usyedon
to inmprove the other surface properties of wear
respsfaﬁc@ndc%ﬁ?cﬁﬁtﬁrr%ﬁﬁfﬁ%m?ce el ectrostatic

" ef f4i. ci engy, cand:cendugt izvict YohaWUldHip e£ogtb Ny M-y

be used, one or nore of which use . , . ,
dense and hard coating which vossibly to dsposit

th s long particls as possible.

Materials that may b2z deposited on the ms=tal, semi-matal
or insulator surface may be, Ifor exzample Ti, Cr, Au, Ptr,
Ag, Si0,, TiO,, Al,0s;, CrN, TiN, TiZIN, C, or the like. It

will be ﬁnderstood that C could be in the form orf
graphite, amorphous diamond like carbon or nano-crystal
diamond like carbon structurse, metal containing carbon
network, or the like. Basically, may be any hard coating

that able to oifer denss and continucus coating.

24



30nano-Particles, to neet all of the HDD
requi renents, including an exterior coating for
reducti on in the nunber and size of particles within
In an enbodi nent, the coatin
woggppg%]éts and structure of the th| n filmand %ﬁ'&/ssm%”s’%ﬂ"“ﬁ
conpri se anor phous or nano-size grains. The surface
has little to no | cose particles. The coating has
sufficient °?ﬂg gsn on_and, strength that is abl %t o
depdBi t3% o SRBPAIR S terAhi ¢ %and TRkt Fior & THEST
cofpalb8g mARcReoconduct iye OklvttBolef€si pliaRtng with-
qualities that provide 10properties (105 to 108 -
COPRRFERYS TFREZOr Fdni TRFMOF ghfF cTEER) vac Bordses 1qpt T
po@PmeeNBodLaeRhe Of i BE kAVENLEON PRYCHAGhLOE:d Hancsize
exanple, an initial D coating is a nano- ceramcs
mefEL hooF B Pol ysi | oxane applied with a sol vent 15
bas@r@hyél%% i @ﬂ' RRakefs: hgpgngnﬁﬁﬁ@éaLtlvlcs
_ coating may be a material such as wt 4 W% Silicon
inOrrderdsnegg Widsian SRakssrsomiopyk arveholon |rF273;)v3-'d*=
a ot % But yl. Cel | v sard N rt 91%%
3 Q%ar%%o\r%‘aét gel(“’xbggg %Z?Je ﬁélﬁ@ i a?}éigﬁmmr cla s>
Anaqum;&_b:@sedmcl eandi ng Zrsysbemlusi npailihgasonimaving
¢l eani ng, and ,Di ter.. Af LLinsi_ng and drying
nagg%bhégt bfurt Yer- ocessecTntehr%oughBag]étﬁanda dgfﬂﬁj}
enatbdubat hmﬁ@r emh_aﬁdﬂe sugf aompaﬂéntsntwa: addsemble the

e B G oRTT s bedin e SHEREE - haPD be gy To°

the coating ¢f HDD components, Zfor example, within the

mayv

head disk assembly (HDA) in general and to the uss of
coatings being a thin fiilm oi nancmetsr o©r micrometer
thickness that may comprise nanoparticles on thea
"individual components with suriaces éxncsed witnin the

clean cavity of ths HDD. The use c¢f coatings 3in
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accordance with an embodiment of ti

the reliagbility of tThs HDD againsi data loss since ths
coatings nave the properties of raducing ths number and
sizz of particles on thz coated componsnts and of
improving the eificiency oI removing particles depesited
on the surifaces o©f ths cozted component using ths
industry's existing agusous cleaning systems. The
properties of the coatings ars acﬁjusted Lo improve the
other surfacs properties of wsar resistance, corrosion
resistance, elactrostatic efficiency, and conductivity.
Multiple coatings may be used, one or mors of which use

nano-particles, to meet all o0f thes HDD reguirements,

[k
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25 surface cl eaning systens The conponent is
Processed through a standard di p coater and oven
cured at 40C for 20 mnutes. After curing, the part
is handled in a class 1,000 clean room and pl ac
WOZRR(184 2% n cl ean bags. The coating thi Ckness&qar&;ﬁgogmou&s
1,000 and 2,000 nano-neters (1 30to 2 mcrons).
This coating is cleaner than the existing industry

._coatings, show ng LPC nmeasurenments of.counts .per sq_.
of DR T TR RS SR En e CaBreiOF i Gty mofle:
anffl & zd shows-#& dlald &196:.:shawengbehe conpari son of
results 5 achieved with a surface coatjng in_._
hCCb? daReEEITIT AT ebo mERE Sofot e | VenEroR"83, 88
steQAPAF&do M t he at BORVENTH ORRE R4 PCESHD 92 Hfam AR or
- Without the surface coating in accordance with an
NagAHHHT Fre ML EGP St he PhvERETERS THES t yprcaP St%elCpasess
paPtate-w thrglectpoless 1020 cker s {ENnCOddGic®  and
measured as a control. The nunber of particles
stgphatiedthit 018 aberohe ARECHET oWPi BS12BA3 FarASesnd
1nRBia8g-iNChrof susface; The, nupber ofspardyLl @8 ywith
counted at 0.3 mcrons for the coated part is 1,732
repastitt egpradig0esr adact imrevisis henhuntrert isf paratiagioes
di .t he ~sukfac The particle count
prﬁggg%@%owﬁ%ﬁol iu%%?cfg%)a'rti cle counter, D water,
andTobt pagenic-toorgamve paiii okessthaticar ecegunged in
aser_detector. The conponent.is passed

wth al N 0 d .
ac{:ﬁf:gﬁ@ﬁet W& 15 quid partiereé "courti ng 'pr oégs‘é a Yy "
inpugher fof tdxm@sciqyntah, ibheicoudiercoetae sia meardmny-

constant ,reading fromtest to test . .T%A s ;r,_%ﬁo_rte s
CeRARbET FsTH REASHPEPotYthe® @ Wantitesy of* tthe sSo+vent
baSHI fsage: iMar eddpod t antky, ddreepr.obat |idyriof: nedivdn

damage and data loss with the HDA is directly |
magr $Fordt iTHFT 1% t HeChuiDel138 6f pHrt it eSS el Fassd
wehr omdihe sy f gee. ALIUKeductdonii niihe nugher 20f wos

particles counter reflects a 60%decrease in the
Bupvébabl iPsyi 68 At 1 098 rr*a GO%FAcFEade rRPYhes o2t
bakgl babiLi Ly pbat he HDDfRE-data Lgssodyepio-@ 3 dadng
coll'i sion between the head, nedia, and a free
sys0par tisieg ultrasppipl oleabimy | §ndsddl f grieRe After

Ul Q

ridepgsi tiQn of,a coating mpeting the Sigéﬁg%ntmro%eessed

specrficationfor cleanliress for parts Wthin t
thHDAcAt za fawontablly acdw tmyper abure-athi che msnizdiezed and
re%ggenngﬁnl%ggdgufégrgﬁ%p q%%s%ﬁ@tegﬁggrggreggzticles.

I'ndiced W t hif n" T he conmponent” mat eri al . y
Further cleaning could use e-beam or othsr nighsr senergy
suriace cleaning systems. The componant is processad
through & standard dip coater and oven cured at 40°C for
20 minutes. After curing, ths part is handled in & class

1,000 clean room and place sezled in clean bags. Ths

coating thickness may be 1,000 and 2,000 nano-msters (1
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The O materials are used to nake the coatings for
t he mechani cal conponents within the HDA. Low cost
di p coating equi pment is used to deposit 'coatings on

oth metal and plastic parts for all Conpo&%g}sﬁzoumoomis

b
WORRPAPH2% to 10t he HDA. FIG 5 shows

application 70 of a coating 74 using 01-
nano- Particles 72. The surface coatings deposited
with O nan_o-rgarti cles on a_surface 76 within.the HDA

havetthaf8et erd stFc§ 6R1Hb IF668e “OF iToeddd§ r5dustry
coPity€) eshanth@asyt Gheani Ngndrt X6 7S tddigh tiDB=agyeousch
_ultrasonic equi pnent. Due to the nature of the _
CLCGRETAGS FASneSHR i &7 ed CarmRt el r ApPed 't enpof 4Fi | ¥
shapd tden dial-eased Erom sfRldna/oidapkRikhe coAl NG ts
The O process deposits closely packed snal | .
achafveRariicel €5 BHE62ERe COPGIBENMPENeAECSIAIte TEEN THE
enB399RLAUCIYE € Ofthepcoating |6 cont rQldpd by then o
choli ce of coating material and the process paraneters
copenbl et spro¢aes 4Ad Bakiisgntiegperiahenés than surface
xanpl e.of t dol qay. ;i n appl yi 25 o5 the
Cogé%g?i nggi n i%c%f&ggl%ée \i*\fllglﬁ“lﬂ anglgn‘o%)é | rgi%%l{ag%f t he "
invawehtR oNThs Ayvebobl nateeh bisaboletcoatimgimttiodsss
.to_for single or_hybrid system coating on.diff t
21507t ahBR T aner AT of PRI TLY L6 Ak Ve P Cap T
ofClpeanlicness.cdineanl iatess. hayibeodef enedbwilbh readi,’§s
and nmeasures -30taken by the Ligquid Particle Counter
PAfEPRY S THe" paf t* 10 b ndds@-éd i 8Sdi' PP i it & 1he Di°
conates Wi houBt raseni-:e  agkt afiddoncoibedpasdrd siwashed?2
several tinmes until the particle value obtained is
Pagtabtes: A2r 2t ngSfBF-&Ramse ote aEBRTENCTorRA T B LSS
shBhatgd i-& basesplate shows a final reading for the
"EN coated base plate is around 3000-6000 5 particle,

f or TeR afpT &l A6 (30 3EDY EnECTTRECGEAl LE§uol Reicle
co@fRLENG rpoul d-be f Lygt uatd ng dependi ng qpthe hatiches
and subsequent HPA anal ysis reveal ed that there is
thapr esencevpfefi Piphr &i ¢REsST cARERSPONdi P tORHHESEN 13

pa%%?%h%ﬂnF§%®hNgggggggﬁggrqgnﬁjﬁﬁ%:SEQMQ%iﬂngchess a

o) substrate as di scussed:
number of tTimes, until ths countsr dstects a na2arly
constant reading from test tc test. This reported number
iz a measurs o©oif the clieanliness of thsz suriacs. Mors

importantly, ths probability of media damage and data

loss with the HDA is direcily proportionzl to ths number
0of particles released from the suriace. Z 60% reduction
in ths number of particlss counter rsilects &z 60%

decrease 1in the prebapility oi data leoss or a 60%
increase in the reliability of tThe HDD Zor data loss due
to a 3 body collision bstween the head, media, and a free

particle.
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An exanpl e of an enbodi nment of the invention includes
application, of coating on base plates and top covers
by al um num or steel. The base plates and top covers

WOL%‘%@%al | y manufactured by stanping and formn

t he
8i2%6n and shape. Sone areas are nachi nddE2PHE0065
specification. The part is treated with de-burring
process to renove sone shape edges. FIG 6A and 63
illTustrate the SEM m crographs 80,82 of an. . .
or gahi 21 nGPGaRPE (BF) ‘t‘%ﬁa‘?edo‘éub&kﬁ‘? at’ePRE 35007 @
coRGRGT I CAbeOMg 20 ShOW JitigenA aBfledlsbeon  for
magni fi cation shown in FIG 63. |n enbodi nents,
clepRdlBeSHUEPT pPRTEF WybFL® [FRFer®Pndy e HFepusitled.tov
+ chibe@2 81 P81 #nl @AY efi Lifbodi e e @28k R} €4l SYEF- IBY and
conprise a single Cl layer coating. In a nmulti |ayer
inggssal nBRress hiengrfad Yidhdn vy conpeiset matspiat- 25
r:d dlaﬁ&.ftecaaatﬂsngaré N, 8. AYDLi dakayer enhodi-ppat s dhe e
ybri ayer may conprise elettroless or -
meghect copl atbmepEninet alsthnet althai t HDPol yhev netsior kdip
Qr..pol yner. wi.th netal, incluysi . .base_| , such ..
coé‘s“lggecet gpgs‘,’é“Nil%rLgr’gctéﬁop?g?ﬁ"d o?gih%ﬁ%ﬂ fo%] Icgolovjx?n
mehelsiangl eploxstmdd tppties 3@bayerl lofedDiponGne sofirtdsernal <o
'-hf%o?lﬁ)inbl e fornmulations 60 with EN as base | ayer and
““foffowed by single laver O is shown in FIG 4.
Wierecl ayer sows an-ayeppoiceleeirobess nkckelkting 74
latin 'El\%vvher et heprocessf| owconprises pretreatment
usiig ENpl aPPRg Bt ¥ 0t Towed?by ef'éct rtedShi ckef-ings
aRlortikBg @3rhSeltutdonRepakakisn b4,z Hiurceat ing $6:hin
curing of substrate(s) 68, and_cleanjing process 69.
thsef 3P PérorM e S ectTPIEssOhi el 1 pPEti Rg, tRRedded
parRtiefkal 1Qqbeplated.gustsbe; ¢l eaned.i By apserigs-4fs
cl eaning chem cal’s such as"bases and acids, this
L15re6essci §TeabPradtt h&Upr 0t ridet ME-I5r cess df CPAF IS
£ ENIQRIAL L0gn o FaIUT €. 0, £ MR LBYANE £d 2301 L,
from the part's surface woul'd result in poor plating.
reggelsepr érpeathent thewd cal nsstcdss ihobl oWed By marezss
addodsing (norml | éaEYé@dt % %_rleengjf’lggégr*tpcfeego.\éﬁtghethe
chémi cal “that "adheres to e surface. Degreasi ng -
cargpapees oibSafs oné 158w fraveystavicduckeani hyer epdVESy is
Seal i]rragd Activation is done with.a weak acid etch, or
i"¢Rel =S5t ke or, “ 1T The“ cdse of “non- et ai1i & s
protlskr atme radsfeepr | edAr yssovehton. Afker thedl abzhthg
. process, plated materials nust be finished wth at
- 26Xrdation or anti-tarnish, chenical
An exampls oi the mathodology in applving ths

‘coating in accordancs with an embodiment of tThe invention

is a compination of above coatiﬁg methods to form =a
single or hybrid system coating cn different surfaces and
different parts to' achiesve betiter cleanliness.
Cleanliness may be defined with resadings and msasurss
taken by the Liguid Particie Counter (LBC). The part to

be measured is diopped into the DI water with ultrasonic
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20 (trisodi um phosphate, chromate etc) and pure water
rinsing to Prevent unwanted stains. The rinsing
mat erials nmust then be conpletely dried off or

s baked off to obtain the full har

sonet | _
Wotzﬁoé’ lé){flg%i ng film Eir.ctrol ess nickel plat ?Jr?g%?s%&%ir?w%b

auto-catalytic 25 reaction used to deposit a coating

of nickel on a substrate. The alloys with d. H fer=m

ercentage, of Jphasphar 950G £ 01 M 2535 (LOW:1 the
agg‘l%s?ﬁﬁgr'u%h%t ﬁ%‘p‘tﬁglﬁéﬁ#%ﬂié Phosphorus) are” -
paPassilkl ealtheohet ahédr gscakapiopeht Fesdofg af¢pysxample

depend on_t he percentage Ophosphorus. .. WO, . sipar

oGS EPET S G068 G006 | P S e iBo T hen * S

readithe Ok ka¥eEN gBYteanpiiste rfiarcexanpkeud ADOBFE000
Met hyi -trimet hoxysilane, 0.6 ~of ,Sul phuric acid, 50

PR 6 epe-G98ni TEIRS1) ¢ (Bl eﬁ?oTébmHC%r R 0%

il AERt0hgPeby Vi nyd pvaEeLidone {DEI3Q) onAkher bat ehys
net al / ceram ¢ nanoparticles may be added, In t

d, _L ge ;
ang| [WIEeRIBEBDar BE ont P AL RELDr dEHEE W% h -3A “enbBaF frent ©

psdPe i neenkiion Lhe+Raeess dheWsBBYICAFPIise the EN

met al /ceram ¢ _nanoparticles and PVP-300K are added -
coaitiod SwgheFEHoML6REdTBYhS| BE&sSAPYR SR FiFngtfol 50t

qutes, o 10 Wih stigringssgoncentrated sul phuric
Eﬁ;‘c%t%? 385%5% op-W se | n?sé the mxture, followed by

addizn orexafpiet hplt riamet epoesiirgné afd alFhewedwgntion
. ultrasonic .f.or .30 _m nutes-..Finall et hanal. sglyent
Mi}csl%%dseoapéjnl&ctaﬁg%f?i'x ‘urggf_ﬁ‘é*g{gl %\7\'/9 %o rfgg“chansi cal P
cotéry edy( =60 pok faor 20e:3n0i rilteesbese aphizéees aand top

hompbgeneaqus . suspension, __ . . Dip coatjn Y. i fhe
YT | S LR oL FONF RG- KEEPS HNEr B T SuBStTare 82
d Shbiergedahat sHdre .abevmepr epased amisxt meehaned held ithe
the mxture fo[r 2 to 5 seconds. Next, the substrate. -
SPREWF1HRIRRN £ F8M t RETH xtut e AE IS Y0 ot &ed At °
pfO0LR 4 erper adites f Qont¥ Nehap=Widgdhe substrere and 6B
_rotating, hot air is applied to %ry ghe substrate at
1 hbeutrAC0CTPEr S it @ IR r Pdd®Subdt r e i°F SPReR
iGMEedin yaepupbaven ahudsl0GE f 05+ 43heu0s mdastdiyation

the substrate is then cleaned, dried and 23i nspected.
shown in FIG 6A and at 5,000 magnifiication shown in FiG.

9%

6B. In embodiments, single, mulitiple or hybrid layers may
be depcsited. In a single laysr empbodiment, the singls
layer may comprise a single OI layer coating. In =2 multi
layer embodiment, the multi laysr mey comprise multiple

OI layer coating, in a hybrid layer embodiment, Ine

hybrid layer may compris

[0}

electroless or elactroplating
of metal, metzl with polymer network or polymer with

i or

=z

283

-

metal inclusion as base layer, such as =lectro
electroplating of Zn and follow by single or multiple
layer of OI. One of the possible formulations 60 with EN

as bass laver and fcllowed by single layer OI is shown in
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Properties of the coating in an enbodi nent of the
i nvention May conprise a thickness of preferably
50nm5 um The particle density with LPC nethod is

pr=f=rably 200 -.2000 particles (>0.3um/c r
wO;2 gﬁzmi@ﬂ@mooss

8?9&9%?“ cl es 30anal ysis (HPA), no trace
particles is detected. In another enbodi nent, base
pl ates and top covers nay be coated by al unm num or

~rsteel re t S ates and top covers. tyni cal dy
‘Iﬁéngfa\gét%%r ed %&%ﬁaﬁp?%g aﬁlé%d Ll @.r,za S SRCREL

formng the dinension

planinghap&EN)Soneviameas are nmachliogedst o thew 5 comprises
_specification. e part. _may pe freated wth T e
o=FRE T TRy BPGcENs Ta i s o Riae Shoaecirpless
nierRbbdipientag HNgl eoiwtd én pbeeperhybni d4), ayErs cmat ime
c deposited.. _ . 1n a s)i %I e | ye;aen‘oodi ment , _t
) aFBTHayS T GHRTSE & Single PUD Fa§er BoabtAg=1 i
Beliukéi hayebrenbedi nendctrdikbdhe Aukkel | ayamtomy, ¢
conprise nmultiple PVD |ayer. cogﬁi ngs wi.th a mxture .
magET hat efiCal 3° 0P r6PertiEs, PEucH*aE e AU - EFF16F ©F
c18BYi ARt ghemiBi Bl Bhiki 48 BEsHB! 3hg OXEdes COphi Natd NS s
~wth each layer of 5 to 500nm and final thickness of
1s50mh 1% SHE TREST BVRR RRIC cHTPISE aCtaridit s stor EN
p1A8EMOr K At i T Eo=r enf ¢l anRRdncsR3)» 48 1@aphibs the
(s02) ratio, such as high sp3, low sp3 multiple |aver
parg ' formrtResf iMrallTozswyg oin SORATt @ LZHHChI datdsere-
exENPhLAE axBlaaons: skatel eslr olesspeael ot Lapkat |00, ahy
nmetal, metal Wit pol ymer™ network or 0. polymer
(nairtthl het avo | nel UsTon Asndrmsed apmoyvesgoh gbemical that
Lectral ess Ni or_electraoplating of Zn and fal.lowed,
ad@)‘?rgssi‘"ncgl &D8r it tipr e I(zjf?l“fzgcé'fr‘aﬁ]&n VUE%atT”ngg‘(l)gwe sEom
suréabedi nentd otltheipgsstderdor pubkai hons amttikaENcas is
base, | ayer and fol. Idovvgd., by si nglﬁ gaygg.}gVD i s, 1.fothn
dogRakpre Th¥SREcPpe? 55°ConfPri BeS8*FayBr 1 beifiy a& ¢
catkeetr al@ssudtickale phadd NG HEN) 2 baseptayes-rw shl @ ion.
_process flow including pretreatment and EN plating.
BIAST (i Ses SR TP f GFRTAg el eBt? bfes G Tkeér pl BtPng, e
rithenndt grial 2ho she ipbat adt MYst cbezgkeangdnbynacnherical
_.series of cleaning chemcals such as bases and ,
(tgépagivmot APSSPRBEess FRTeERTRd ¢he) préléredtfentwarss
riREQRESEs FALLMNE unwanted stains. The rinsing materials

he

must then be completely dried ofi or sometimes baksd ofi

to obtain the full hardness ¢f the plating Zilm.

Slectroless nickel wlating is an auto-catalytic
reaction used To deposit 2 coating of nickel on =
substrats. The alloys with different percentage oI
rhosphorus, ranging form 2-> (low phospheorus) To up Lo

11-14 (high phesphorus) are possible. The metallurgical
properties of =z2lloys depend on the percentage oI

phosphorus.
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to renove unwanted "soils" fromthe part's surface
would result in poor plating. Each pre-treatnent
chem cal nust be followed by water rinsing (nor mal |y
WO hree times) to renove the chemical
Woégfﬁ’éft’ségéto the surface. Degreasing renoves 0| .l%bz?asvooooﬁs
surface; acid cleaning renoves scaling. Activation is
done with a weak acid etch, or nickel strike, or, in
Lherfass ol ABARLALKLC SUbSLT Al e, APl OP! I RIALY may
solu Af ter l'ating process, plated materials
conmsisé)e bl:m&edm_w chO alm_antN oXetayi ofr brethoxysilane,
-tarni.sh chem cal I $Qdiy 10. _ph h ate
hrP‘on%‘te e]t f})u and arcfurdé vvat 21? -rlnlr%sn n%lpt%&gr@@gntw
150nwanted mtmam;sLTme 05 netamg: el e?éabsinmlstotted dvene
Dcorr}tg%(ﬁtel dried off or soneti Lnes ba%gg of f 10 %bat ain '
(BYRelt Q) TR of TR ISR PR S PR P H 601 88
adakgkeinptnéi pgrius:ian pdbpacat pdytirc a[c&za:&tdmeus\actnt_ar
deposit a 15 coatlngE of nickel on a spbstrate. The _
emBpP et ¢h WS et 158 G 8§8°oﬁspho%‘b%% Comprise
mek 8Nt O8aH O Mh2nSpitov:- phosphar vyp-BooKpate h]:rdéé into
(hi gh phosphorus) are Jpossible. The netalluyrgical,
DlpMapert ite3L1eiedl Iy et ion SHe Sp8fceRtage HfuLes:
wiPROoSPherus, 20LayelerA dd Shishuerbodbmenisisc@e R op-
coat i ng where the PVD process conprises high
wiEamensicorr FovieF X SpiR t eF PHEONRY BE GSE4-E6TdEposittine
u—ﬁﬁgbh@y £134:0. br oR! € 24 the.adhesi.on hetueen: EN and P
coati ng. gnetron spuftering process is used to
miopeate tHeanilit,i | Wa@bWO sgbverhnd G wddhdeaghd tns
t hi ckness m e nd final .thickne
ml’i‘ﬁgr%r??-%p% w%e ?g%e?l%mc o% ei:gn% 2 ﬁg{\)/%%)lr%r?gezo
midhitesntucitivi ¢ye stchomass kGt guk®=2dsOhmcecm with a
t hi ckness of 200 to Sum and arpartl qloe scount. of, ﬂ%mc
to EG@OCHEFFPEI EEFcIP™S3015F anot hist enbodi ment of * t he.
hlenV@ﬁbB@ﬁaLé helsappé,mmmm ofirtthe coati aBgomay besparsd

plied to PoI r_.surfaces, for exarrpleb gfo&
mlér“ﬁf—'ﬁs%‘éﬂb? Cénvd‘ V'UI‘CéF'C}OL[LfT“aerJ‘fl exibPeSerreaft ry=*

_LnganhBQFﬂﬁﬁobewﬁpﬂbh%@fﬁﬁﬁ exaﬂﬁleﬂuSImngneaofaﬁ@e is

foll ovv| ng |ayers of hybrids of all: 51.Q ﬁcoaj:l ng ...
rojFRAdi Ppi PO prafinTg 26/ nhPhg L mAREEE the
substrate <rotating, hot air is applied to dry ths
substrate at about 100°C Zfor 5 minutes. Ths dried

substrate is then cured in vacuum oven &t 130CC for 4
hours. Lastly, ths substrate is then cleaned, dried and
inspected.

Properties of the coating in an embodimsnt oI the
inﬁention may comprise & thickness of preferapbly 50nm->5
um. The particle dshsity with LPC method is preferably
200 - 2000 particles (>0.3um)/cm’. Under hard particles

analysis (HPA), no trace of NiP particles is detescted.
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method to offer a |layer of coating on the plastic
surfaces. The layer is able to offer the properties
such as reducing the particle generation as well as
to be anti-static to reduce the attraction
WOMPHIEY during 10 the assembly. In additipgfrlrésl(;,zooPﬁ(éOMS
addi tional |ayer of such coating may further prevent
the static damage to the circuitry and head during
the a |y and test. The resistivity of coat
T e S o 5 (oS08 G R FEY oY B
coe@atlii by &oumifier ca Isaperl of:shrar dheobésaigpatdshend top
| astic Suri ces. The;lacgrbjs able.to of%e; t he he
COSFSEeH’?*e%a UE RS PSSy PYh E SpRP I B gererati%n ™
diasn¥ebh asnd oshepant is@iat izc-cbe redeicenzichenatt rast iwr
of particle during the assenbly. In additional, the
SpS§LadaRti Ohal TMay e TS BREhPEoFtIRG Shay i tdfePrT T ing
pridbe%¥ent - § he-Sloatl CsdaBBgenise t iy .CULhI Yerdbsh head s,
during the assenbly and test. The resistively of the
siggati nguieiP e G isrdd fedmTE08aY 0P 03P THMSm I n
another emhodi MeNfe Ofe-filigiiinvent i-on, 1Lher #ay comprise
application of the coating may be applied to netal
& suinacesVDf pyexanpieinal | 1Al anithbhs 53¥6 NI THROGHRHEIC,
<nBUELA%eS 1,900 hDO LS. i E¥Dna0aLpN0 sobl fLhe anpld B
to the surface to enhance the cl®eanliness "and
wisfroet hnessere The mr-rialls amproerpliiee, ssetn et 641 dls
Las. Cu, G, N, 30Ti., DLC. (diamond Like carbom), ...a.
c‘néfal Rt ride, %ﬁﬁ%ﬁ’ (%%?ﬁ% %gggdfﬁengé ﬁ%y“%gnnﬁﬁ?ﬁi
compihekayer stitbhctamss Qeypirxtwf es ofc t hedmmat endal &inal
~hTh§P9 pwgcegs may deposi.t filns w.th ther_rﬁe‘guiredv_‘D o
CReRETRECePT sTYE" of° WAl ies €Y Haldfe§S™P aut abt 1 5TV.°
n=R woekl G8i+oN deSisteancedi MMnshi(ebdl nge NO-QUtgassig)
sgratch resistance, excellent adhesion, and .
TaSoRductii B &8 FPedEired By THe MOD itdustiiFT Tifese ™
tHel lFheoatbRgsnaey: gepesitied ton owakak . st anpi ngs and
castings, and on plastics. In addition to pure
el eA¥REAF coadtivigs, otFEP=4%F conPound TEAFFAGESEnd ©F
£160atLRAa - W h -dORING MRy be- deyelaped 1tR-addLsS rk or
~current and future HDD requirements. One additional
pPoddvant age-of TeRelpr beesssSiQnt et PRESr avdY¥EenpoRefhts s

- el%%%:gﬁegétk§589i8§é£¥r8$§§9§§?389 grigdh Wd-hi N, oy 2

controll'ed environnent prior to coatings, keeping the
single or multiple layer of PVD coating. Onz ‘embodiment
of the pessible formulations with EN as bass layer and
followed by single layver PVD is, for sexampls the racips
comprises layver 1 being a elzactroless nickel plating (EN)
bass layer with a process fliow inciuding pretreatment and
EN plating. As discussed, periorming electiroless nickel

plating, the materizl To be plated must be cleaned by a

.series of cleaning chemicals such as bases and acids,

this process is called the pre-itrsaztment procsss. Failure

to remove unwanted "so0ils" from the part's suriace would
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15entire processand coating materials free from

, contam nati ons. The invention is susceptible

of a variety of nodifications. For exanple, other

stens than the O nano materials and dip

‘Voé {1fHeht may be used to 20 generate the Cg@?%hb&ﬂﬂmMMa
O her conponents introduced into the HDA with exposed
surfaces may be coated with this or simlar coatings.

e TE-s Nt or di tional_ coaling mat.er |als g used
9?81enh%n%% %rpgﬁpfo%e fﬁ%hpéﬁ%e es of the cé%tlngs

pe25Wi 1@vddhebiynwent ¢ 0n rHas ibeen (hdimestinat e;@oando Lhree

descrlbed as enbodied in a.disk storage.drive, .S .
CiBE | ntende TG be 19 mTEA LSt hb det aFtR=STowto S

suSkBEe. vand Pus 1o fi-eaidwens andschanges ﬁamix:ee madeid
W t hout -departing in anX way fromthe sp|r|t of thk
clgpBSRAL TIRTRBNT FO “For A& en tife %nEidh Hofve?
achfe Ratent,exkhendsit Galilkdragnet i enr ey difge Syst et -
with rel’ative novenent betmeen t he recordlng Head
nejpdlifie FWEGEERY MediREOPT1STark cHatingTof theHDDR2
voioe cabloassepbly.qonpenents Wit B exposethisHtacash
Dl ﬁ?n t he HDA hgt reduces the number of potenti a
anpaanwr@smmqq's ort ephbl - saFdate, CAREipROVI Hesl §utum
onyA8nLeHDVaL, Sy RAL LISl S WA, BLOer WBtLLC egying o
Tdaring cl ea The Voi ce coi f asse 'y conponents
pr&wenthenwentedtheaanﬂ1 The cem$1@gnm@mﬁmﬁﬁﬂ%/muﬂﬁath“n
flex circuit assenmpl oil-armflex assenbl
betﬁng?eer¥e§ *the nggnetg I%t’h’e pe n% éf%e@ﬁaeﬂgtéh
Lh&SS&U@|MaT@ﬂQuﬁ|¢ ofhd hel ey ﬁ'a@ cﬁﬁponentsss ni Ck

providing the for Head pasitionin functlon [ pthe -
PIABRRS 12 ARG T8 rG T BABEN (- ehn Be CHET T 2
cdakRatgt hes COﬁ{@ﬁeSUHﬁaC%Ulbﬁﬁhﬁﬁai@nceTh@ oARloys with

enbodi ment di scl osed._

.p,-

iffereni percentage of phosphorus, ranging form 2-5 (low
phosphorus) to up to 11-14 (high phosphorus) are
sible. The metallurgical propsriies oi zlloys depend
on the percentage o phosphorus.
Layser 2 in this embodiment is a PVD coating where

the PVD procsss comprisss high immersion power sputiering

may be used to depesit the ss2ed layer to promots the
adnesion betwesan IN and PVD cecating. Magnairon
sputtering process is usad to create ths multilayer of Cr

and Cu with each thicknsss of 10nm =ach and ZIina
thickness of 1 um. The propertiss of the laysr may for
examéle have a range of conduciivity such as 107% to 1C
Ohm-cm, with a thickness of 200 to >Sum and a particle
count of 200 to 2000 particles/cm’.

in = another embodiment of the invention, the

application of the coating may be applied to polymer
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15 herein (FIG 8C) is snoother than the
conventional EN coating (FIG 8A) or E-coating (FIG
-8E) typically used in the hard disk industry.
Advanta eously, this translates to a | ower
WO 9part| cl es adhering to the coated su ll 125%20@%89063
di scI osed herein. 20 Referring nowto FIG 9A-93, it
can be seen that by coating the surface of al um num
su9¥a{:t'§ coating. £ o"-j;]%' Oﬁg% herei n,f he.co H&f %em
he" al'uii num ? appears snoot er t an th
cocéseznldef‘dealbﬁm sicoatedy( FICGat9Ay. magaibe tdpird ied for
[ ;Lcat es_that the coa atin ldol scl osed 25 herelbf ds of
exl‘—‘1 BveE P Re B uf niM s trFace " $Capi ity 6 detach
awf_r ee-par-inles during cI eanl ng, resulting in a nmuch
cl eaner surface ut- further analysis, the
f or egoi nyt s6°F bt P"é‘\?galdﬁqﬁ%n&l SCRIRYAE fHesBmtPring
meitR¥ENt tON daralr okhersyaBy, o80hyoanRldyi @g Cun¢éendlastic
know edge, readily adapt it for _varjous |ications
SURLRABEL ORTttFNGTf LAt PeS FRaPIIFF ohi® t He g?*a‘rfoep%ﬁﬂc
asOfréHchrngarinﬂf%'aﬁ”L“Y_c@QnS&éﬁAﬂ@: iessepti akll as to be
characteristics of the generic or specific aspects of
antthir§tRhventP oA SOWAR| & hentiddi RATISTofO R HA T vt | B 1Y
tnRaue-heen, 5 fAeseid; b@%r@d iddstdatednakt 14§t G Pesuch
under st ood by those skill'ed in the technol ogy
cogbhter med t Far theny dravisati ohBe orstaddicf i dadTnsthn the
et.aLL f de N tryctiqn | de wit hout,
geparf?ngar\‘dd ﬁL?ﬁe%&r gg’ i|jlnve$1gtg| ggﬁ)wy {% \QL Ctte
resistivity of the ccating may be ad]usLed ir om 109 to

10° Ohm-cm.
2. PVD coating to oifer a layer of hard coating on

the plastic surfacss. The layer 1is able to oififer the
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particle during the assembly. in a_dditionél, the
additionzl lazyer of such coating may IZurther prevent ths
static damage to tThe circuitr and head during the
assembly and test. The resistively cof thes coating may be

0% <o 107% Onm-cm

adjusted from

In another embodiment of the invsntion, the
application of the coating mey bpbe applied to metzl
surfaces, for exampls, 2l1 aluminum, stainless steel

surfaces, and the liks. PVD coating could be applied to
+he surface tTo enhance the c¢leanliness and smoothneass.
The materizls may comprise such materials as Cu, Cr, Ni,

Ti, DLC ({diameond like carbon), metal nitride, metal
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1. A coated hard disk drive, the coating having been
formed from-a so-gel, wherein said sol-gel conprises
at |least one of a netal al koxide and a netal halide
di sposed in a polynerizabl e nedi a; and W j <
Woggqs:gwscla ting is capable of reducing the nunbefﬁgﬁhmw%b
free particles that adhere to thereon. 2. The coated
har d disk drive as clained in claim1, wherein the
ox:ﬁ;ﬁl AR GRPTd3Rs 11sR0MGANI G NRARORILELELES. or
e coated hard' di'sk drive as clainmed in any one of
mixthaiass of- Zhewheiterpathe sol -gel conprises at | east
one., of O- par . ¢aLbon panetubes. i 4eq
Thghcoa dﬁg?%gglrgged%ééggs c a?ims in any oneué ©
cnatﬁ'ae:t@lralsrt&cl taf 3, cMrerlginestshe netminedskoxidi@apg Lity,

ected from.the groyp.consi.sti ;
CD%‘? Sﬂci Tcoral KoXide i t ani umﬁﬁkoxf{%g ‘gertaniUme- S S8

s cBd haxi ﬁﬁﬂmlara:tm,m a}mﬁﬂ]ekﬁxmatﬁueﬁonThar@baicediuhanﬁry
di sk dr| clalm vherei n the . neta

as aifi%lx}r'c?’e ‘ellj‘eafll[g% Lrﬁft‘ﬁ]e c‘o‘(raiLs‘%Tl1 stihg % may

bat@hb@@&h@&y&hhaﬂ@ma1 sbampwngs and CaSLlﬁgS, and on

t et r amet hoxysi | ane, net h%l -tri e_Lt hoxy5| | ane, .
plastics. 1In addition to pure emerital coatings, other

compound coatings and coatings with doping may be
developad to address current and future HDD reguirements.
One additional advantage ©f the process is that the raw
components may be ultrasonically cleaned and dried within
a controlled environment prior tTo coatings, Kseping ths

entire process and coating materials free rTrom

.contaminations.

The invention is susceptible oi a variety ©0F
modifications. For example, other systams than tne O
nanc materiazls and dip coating equipment may be used To

generate the coatings. Other components iIntroduced into

similax coatings. Different or additional coating
materials may bes ussd to . enhance or improve ins

propariies of the cecatings.

e

While <the dinvention has be=n illustrated and
described 2s embodied in a disk storage drive, it is not
intendsed to be limited to the details shown, since

various modifications and changes may bs made without

‘departing in any way Irom ths spirit o the present
inventioh. For example, the extension of the patent
extends to all magnetic recording systems with relative

2
w
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1, 2-Bi s(trinmethoxysilyl)ethane,silicon
tetrai sonyl oxi de, al um num but oxi de, al um num
i sopropoxi de, tetraethyl orthosilicates and

conbi nati ons thereof. 6. The coated hard di ' _
WO 5@09@3&3{[‘9 P%ﬁ‘lsq;[;]zbﬁty)ﬁ(é%ﬁa

d in any one of the clains 1-5, wherel
netal halide is selected fromthe group consisting of
metal fluoride, netal brom de, netal chloride - and
moggéggaLi%%%ggﬁgﬁ%g%xﬁﬁgg%dgggr%%%d nnulh%%%alﬁékéEﬂflg
Medhyoneof cl ai ns2- 7, wher ei nt hei norgani ¢ nano-particles
ar e_sel ectedfromthe group censi st

Ccoating oL th bbh voice COlingsggmbly components
with exposed surfaces within the HDA that reduces the
number of potentiazl particles on its internal surriace,
and provides for the removal of particles with higher
efficiency during c¢leaning. The voice coil assembly
components are the coil, the arm, the coil-arm assembly,
the flex circuit assembly, ‘the coil-arm-Ilex assembly,
the flextures, the magnets, the pole, the magnet pole
assembly, and all of the remaining components providing
the for Head positioning function in the HDD.

' "

Referring to FIG. BA-B8C it can be sesen that the

jas}

coated surface in accordance To ons embodimant disclosed
hersin {FIG. 8C) is smoother than the conventional EN
coating (FIG. 8A) or B-cocating (FIG., 8B) typically used
in the hard disk industry. Advantageously, this
translates to a lower likslihood of <tfree particles
adhering to the coated surface disclesed herein.
Referring now to FIG. 83-98, it can be seen that by
coating the surface of éluminum by Th2 coating discloss
heresin, the coated surfacse of the zluminum (FIE. 9B8)
appesars smoother than the case befors it is coatsd (FIC.

S2). Again this indicates that ths coating disclosad

=

erein, improves the aluminum suriace’s ability to detach

i

ree-particlies during clsaning, resulting in a much
cleaner surface.

Without further anslysis, the foregoing so Zully
reveal the gist of the present invention that others may,
by applying curren:t knowledgs, rsadily adapt it Zor

various applications without comitting features that, from
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Znnano-particles, Ti nano- particles, C
nano-particles, Cu nano- particles, Au
nano-particles,. Pt nano-

WO 2009/108126 PCT/5G2609/000065

the sténdpoint of prior art, fairly constitute essential
characteristics of the generic or specific aspects of
this invention.

While embodiments of the invention have been
described and illustrated, it is to be understood by

—

those skilled in the technology concerned that many

variations or modifications in detalls of design or

construction may be made without departing £from <the

present invention.
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particles,. Ti Q2 nano-particlesand Al 203 nano-
particles. 8. The coated hard disk drive as
claimed in any one clains 1-7, wherein the netal

al koxide is from 10 wei ght percent to about 90 wei ght
percent. 9. The coated hard disk drive as clained in
any one of clainms 1-8, whert®H"%he netal halide is
from 10 wei ght percent to 90 wei ght percent.

1. A coated hard disk drive, the coating
having been formed from a scl-gel, wherein said
scl-gel comprises

at least one of a metal alkoxide and a
metal halide disposed in a polymerizable
media;
and wherein said coating 1is capable of

reducing the number of free particles that

adhere to thereon.

2. The coated hard disk drive as claimed in
claim 1, wherein the sol-gel further comprises

inorganic nanco-particles.

3. The coated hard disk drive as claimed in
any one of c¢laims 1-2, wherein the sol-gel
comprises at least one of carbon nano-particles

or carbon nanotubes.

4. - The coated hard disk drive as claimed in
any one of the claims 1 to 3, wherein the metal
alkoxide is selected from the group consisting
of gilicon alkoxide, titanium alkoxide,

germanium alkoxide and aluminum alkoxide.

5. ' . The coated hard disk drive as claimed in
claim 4, wherein the metal alkoxide is selected
from the group consisting of tetraethoxysilane,
tetramethoxysilane, methyl-triethoxysilane,
1,2-Bis(trimethoxysilyl)ethane, silicon

tetraisomyloxide, aluminum butoxide, aluminum

38



10. The coated hard disk drive as clained in any one

of clains 2-9, wherein the inorganic nano-particles

is fromO weight percent to 5 weight percent. 11.

The coated hard di sk drive as clained in any one of

cl ai ns 3-10ism@Eprmiﬁhe cardmreatdnd- partictkbes lisates  and
fromO weig gercent to go wei.ght percent. 12. The

coat ed hardcam kT8F-9BSat"EF&Phed in any one of

clainms 3-10, wherein the carbon nanotubes is from.O

MEIght percent to about 20 wei ght percent.
. The coated hard disk drive as claimed in

any one of the claims 1-5, wherein the metal
halide is selected from the group consisting of
metal fluoride, metal bromide, metal chloride

-and metal iodide and mixtures thereof.

7. The coated hard disk drive as claimed in
any one of claims 2-7, wherein the inorganic
nano-particies are selected from the group
consisting of Zn nano-particles, Ti nano-
particles, Cr nano-particles, Cu nano-
particles, Ay nano-particles, Pt nano-
particles, Ti0; nanc-particles and Al;03 nano-

particles.

8. The coated hard disk drive as claimed in
any one claims 1-7, wherein the metal alkoxide
is from 10 weight percent to about 90 weight

percent.

9. The coated hard disk drive as claimed in
any one of claims 1-8, wherein the metal halide

is from 10 weight percent to 90 weight percent.

i0. The coated hard disk drive as c¢laimed in
any ocne of claims 2-9, wherein the inorganic
nano-particles is frocm 0 weight percent to 5

welght percent.
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11.

12.

The coated hard disk drive as claimed in
any one of c¢laims 3-10, wherein the carbon
nano-particles is from 0 weight percent to 20

weight percent.

The coated hard disk drive as claimed in
any one of c¢laims 3-10, wherein the carbon
nanotubes is from 0 weight percent to about 20

weight percent.
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