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LI PI D TUMOUR PROFI LE FI ELD The present invention

relates to the fields of nedicine, cell biology,
woreloeaesdiaé bi ol ogy and genetics. BACKGROUND OvBET/862009/000065

tunor is the fifth | eading cause of cancer-rel ated

death and is difficult to diagnose and nonitor.

Al t hough ovarian cancer accounts for about 4 percent

of al | SYRFEEEs COATIRNGe FOR tHARD DI&K MRHESICAWYT Al ity

of all gynecol ogi c cancers, being a silent killer

because it is often diagnosed at an advanced st age.

Ovari an cancer may beedhAgsasesield part,

collecting a routine nmedical history fronra atient

and Bylper £8VATH§OPhy it t¥XantRat iF X3P ﬁlcauon
£ %81 9aL1 ORoaaRd eherl cabnaphedatalegi & &;@/J,; sc‘L('i'd's%SL%%es

the patient tol ogi cal "tests which be
wr'thblmatheeréanvaavahycanceher haadpdtisgntirinel Ud®D) such

serum l.eve roterns desrgna
a%n aﬁ% pI°&S -ryevﬂléﬁ%“’ ?ysoﬂ‘ﬁb%ﬁa Filﬁérd-%v by
lérLlEAing Patpat i aomBkrt heirevard £ ang: ul H@épunemvd body
techni ques (particularly including endovagi na
Parttasedénd and col or Doppler flow ultrasound
techni ques) can aid detection of ovarian tunors and
differentiation of ovarian cancer from benign ovarian
cysts. However, a defiBackeraiminosi s of ovarian

canc |caIIy requires perfornng expl.orator .
| SparBEorPior SRET At FEREY THESEE T ] & SO ol CBPRER S

1661 H&$RENEHBY ot-0 nRvar ld%hé%ﬂbﬁ“%fmﬁ&ﬁoéeﬂaQMoLlc coating
uItrasonography or by the serum nmarker, CAI125,
faet @UEneiosy WhethER t hee P o0ed o b?e‘i‘n@ﬁdeprna?lfifgngﬁﬁ or
$.no SSi ut hio opsi es, & - -
{Jypl cgr{’)&%bnée a‘lt{\‘ifgeérqgsur“g‘!“he‘r%ls%%% ée tlgsszjeaagrgafom"ho“l S che
wkakengf (Hnd/arﬂeﬁzu&ep@mobﬁgltﬁe ei@:ranahrt@nSaanhrsmrs &he
tedi ous. and time consum ng procedure The patient is |
mGeudl | ORI the Q&P@‘é’ roofT byaFFfé?ntr {thedre peing
abaﬁ QERBLI PN hS Requl rohs Dakeclid ok and PHRReIvJTEARHI €& ar
for the control of the disease by surgery at the early
ceﬁagesecaﬁ CpFevant s patd ennsf r oni opdengadvigveen these
|n di.o an ennt hera ch. procedures, al so -
ng? hEb 9 vﬂe nngfgagwandéd Eégés §%avegng%%gbs aﬁgla -
oeutatuwe effﬁétSDaEhhgebéedb@@nﬁﬁklﬁemﬁbhaﬁﬁIJMélﬂk%Q is
serologrcal di agnostics, which determ ne the |evel of
OBAY 125, 13" prft et nt Produced by Rfar iHH cdritter RESH%, move
rYOLEeyCAL 0125 chS AR P ANt L oSE, rEEUDL OB uRALEl Y S e
not almays accurate. For exanple, sone ovarian cancers
ofayhrotiegiiadies enclight GA-1r@Bbabevety t:o cauee @amag <o
g Ertrye Ltest resyl; Al t hough nJ:he Ig th sul
htrgen s eicevat 2d“Th Aeary 80%of ?rpraegba?‘fent’S’ With
tadvanreed &t ages: of Thbhe seaneer o BX{H LSS oR=ghYahe 1lows is
in early stages of ovarian cancer. Serum CA 125 |evels
Chey AR bEOFRPSENY Sel EvabeSHRPIRM | EHES 2REFI N b her the
ggynecol ogi cal conditions |ike serosa of the peritoneum
or pericardium uterine fibroids, renal disorders or
evenTpeegﬂaﬂdpom&dun@mnﬁnemxﬁesnolbherocuﬁ@@nwuoeort;ng
nostic, methods.include trans-vaginal _ultrasound e
’F?v%f #hich Ray-B& oAUt Rd ASonetdr 7 “Conbi Ra¥i off 27 S
reigtif reA+t nk25 dresthage Fhesendmihodiss €afg deteekdavak.amne
cancer but can al so produce many fal se-positive test
results. Use of ultrasound in conjunction with the CA
125 has a positive predlctlve value of only 20% It is
estimated t hat three out of 1



every four surgeries carried out are for non-malignant
condi tions, and these could possibly have been avoi ded
w@2000ngg1ehe patients fromthe surgical trauma. PANEG2009/000065
di agnostic and prognostic tools presently avail able
are therefore not adequate to predict the onset of the
di sease. CGenom c and proteom c techniques for the
refisziohar yinf thovekaBi emdr ksl & (spaviarg ancsahter 1hremell
y fluids-ar nown. The hl uepr.ints derived from .
p% é%%“ﬁ%th%%s 3§e%%8583tlﬁggﬁeﬁﬁigg%uﬂﬁﬁ%%n?oraegbﬁghe‘
loverirgodancef deteesing, batmbget hernabudiesally,  the
.regarding their reproducibility and reliability for
1RFrPR et et Pon RETP I el Wy arPECREéasd. tsome gy into
tR1eSBD PHALEIGWNILD d e pLedist edt guhiave a Lol e85y in
bi omar ker for ovarian cancer include M CSF
tesoetietihs gokdliage ractephor meOVEl belARP- dusceptible to
Prostasin, Osteppontin, . lnhibin,and Kallikrien .
R Ty T PR REre b e 83 BBE ) Abpo Ry Breviously
ahysbphasphatdidile actdm( kPAle@s] B bi eBRPkAENEOMAQVaE | aldich
cancer. LPA has been shown to stinulate the -
DIFRAT fbE a1 BPCRE BV arrad lddnder telaagmdt hashpedadia or
nd +i.n 0 f,OVALI ~patd rnd-PAL i
héb%%rm# Eer@%gs%ggg sﬁ%ﬁg?ggﬁggé”a _svecﬁcgcfjin ty“gf1 n%&&% ’
any advanpedtstage amd laldnost OP4riic ttheteardyssfagesboth

. However ~th§ use of. LPA as_a sionarkgr f.or pvgriag -
TN ha8PBedi HiTgH " tont Tover sPAYS I Sont St Pes o
ch®s Sh@ni dakagd changenén kPAiLeveisitBrthecovari aBtailic
cancer patients have been observed, raising questions
Paboutl ¢ hen Ut i eydef Lemgasudinerénarkerdisensefiiehe
di sctepangl esy¥gLe ahtebbut edoho ditterences Lo the..;qn
i sol ation protocol of plasnma as actfivated pla efet s
deoihg dhsoogenetave bRA. 1Ehics dd pibiis Alse ebewabedHDD.

pl N atients with other gynecol ogi cal nanifestations.
Thete 73 Ther 8PBPE3a Hedd Fors i stHod- 'oF - de¥BetFng® the
a8hd dhagnogiinG CIRGEr Si SUCH: 88 OVdLlaN GANGE!S. the HDD
SUMMARY According to a 1st asSpect of the present
ShpveRitTon, e provicde satmethod efugener@t¢ ngarticles to
sghassifhhatign yodel capaple, of di stingui shing, betuesn
Wo bl ol ogi cal states, the et Ao conpri sing the stéeps
oDf théahsprHovirdi n@edi & r annengadat asdich X he CODPEhSI AGight
.concentrations of a Qlu;aligy of li%%%S ina .
*Di ol'tyi cal” safplé i Ata FFY st FtAte-ant é”bi&?®@n¢a! nara
pSAML Bl Ny B S66ONYr SERL €na (R) csUbLectLpgshhg tLahpi-ag
dataset X Xo Principal Conponents Analysis (PCA), in
whi cbne heoPCA-apal ysbsigehérates astransf obmutd oparticle
frix, ;G and a transformed dataset . Yf, (c) .
o 2585 i e Fr ahir of ned Aarasat PP "SIEREFE ane the
cMestosndMachhaesw{ SVM, anal ysbsthktl WBkghchbe H9YM Most of
anal ysis generates a SVM nodel, S; (d) forning a .
CRF aS8FFREEET OR VRPN CGRPIELS gt (1YY thel ¢ PARST 6F mafo6k 2
tox Guand (kb) the corfesponding :SVM nodel . S. T8,
m%?uralitﬁlof [iplds nmay ?ncTude a plurality of cho;ginlélgn
the pedssrsathsaat phosphatcdybohoki desf@Ehapose particles

spbhingonyelin (SM_ or both. It y further optionally. _
gé@ﬁb?Té% one or | reSBfLSﬁd§pha§$ﬂi%é%ﬂﬁtf?%iaofaus‘ ror
pPhosphas i ayl glysesnl (RGOl phospkat | dyt Sefine sagidces
(GPSer), sulfatides, cardiolipin,
phosphat i dyl et hanol am ne (GPEtn), phosphati dylinositol
(GPIns), phosphatidylinositol phosphates (GPlnsPs),
cerani de (Cer), 2



nmono hexosyl ceram de (MonoHexCer) and di hexosyl
ceram de (D HexCer). It may conprise all the
W@ t@oaosapd i oned |ipids. The plurality of |ipi dBCTY8§2009/000065
conprise the lipids set out in Table DI . It may
conprise the lipids set out in Table D2. It may
conprise the |ipids set out in Table D3. It may
widdripy itde Y |ipinsi setreuer i numad] gy B4ithinneye ambient
a.cronpri se the lipids set out in Table E6. The two
*vi ol ogi cal states may conprise a normal state and a
di seased 1strafeest The cdisseasedssldat endBy aBoBPr t6€ generate
cancerous or tumour state, for exanple ovarian cancer.
ParHe Cieds 19 cat oRapbdBl affgy aBe ddpati® ofovrRhi eRPHy are
Itivid; 98, 99% re. capab -
e SiBd FTaTty 1o 55, SUbo) arerd PRy Taes) o
e lcapabl-ewft iachi ée-ngatPRY)of BIr 03%rareniore. 81t HIAY behe
capabl e of hi evi ng -a NPV of 97.30% It nmy be
tERBTIE GPE G TP or e Or A hEOU oY DF87 . 189 of BB
SHBW €:hd tsmymbepEapable20l aEhimyidih e OF = W1 &ss SHER1
as all, of the above. The two biol ogical states nm
basghriae® behf gnlat ané afd seave igRhmietegearkuch 4sof
rd gr. Jhe cl assifi,cation I y
elgé}acptgybcﬁeésg%] ggﬁ%é\@i n%i%t'sqé sis(tAlle\}i'tyZL‘%f Sﬁ%%mgr Ebrfrt?r'e. 1A/
sdrie mayebe capalbite otocactkicevingfacspecidricidty off 82056844y

r nore. It be_capabl e_of achi eving a PPV, of __
adlie 5% BREbFa =S (6 my The Bapabi EHE aSROER nifia Sy 1A
NOfp)9 babf%Ale 10N @nd t 1R Dbe gapakhe sof naghi-evipgians::

accuracy of 89.90%or nore. |t may be capabl e of
dyghievihf e aremion suthc asaaticleos réwaabove. tTheHDD
T lﬂgi%%gﬁl :%‘é%t > JTBY- CONPLLSE an t%aarereéjl.Jarm [rfaces
stage and a l'at'e tunour ‘stage, 3uchas'of ovarian”t T
archncelse Themabassiddisatdron: i det afaynbe neapabl @u6fing the
achieving a sensitivity of 100% |t nmy be capable of |
SRICHHEW ngt™a s*bﬂe%@fi%ﬁ’%%eof BiC 8205072 hor 8DOYE naghgEatic
acapable 06, aehtevigry G RPVC0f  90r24%6 0bnMBer 14 BBYrace
be capabl e of achieving a NPV of 100% It nay be
sudpats eaf Elchieweirng Taw adt Wgawy rofcigs) 220 bs abteinkted
=y be capahl.e .of . achieving_ ol r_nore,. such. as al .
"‘o?rélt Sglaaadgsvefhal‘he‘?r%ThD% h%y 'T“ur?‘?ﬂé?‘to%TTSe“%”st%é)én%
fdfm )gbeineensistep (aandostepatls The addidic@nalin the
step may conprise repeating steps (b) and (c) and __
djsaeqreaé‘%i%% BEi riciPal 2¢onmpofent’® whi ¢hS erBbICe 3P EHeI0 the
wddiasspbigatien instepyfc) pyThe method ray,besucly  =or
that optinmal classification in step (cl) is determ ned
ddyyr assessi ngvehe tutputuef thenSvMifory sensket iwdaly, 1ink.
r crpeci' icig‘%/ apdn%\ccu;acy__?t each iteration The . . . _
ol assi fEAET off nouey - Ahyf utPHer TOMpPFse (Frr)Peheicles
snwhercof Selecetepf i ATl PpatoC0APONEHt Saenakti ng
optimal classification in step (c). Step (cl)_may
conpti 'SEREt R AT AGOPPETNBERPEl tRoFFSNER - iHatCpefiBrE® tO
£ gast %,:65% 78% 83%%. . 90%; 95% 96 : 912 8%. - o
“}g%%hvgg. 5%575 %ng. %"% 9Cgr.(’7‘%;8CI 99 8% 9%. 9% o:?({%bbgo %isgawe r9n
eEsidimndwl Eidaeaseritiain erchst epDf ecavds yassessethdye the
1C?@an% cog?i n?ti on of, sensitivi .ta/ﬂ‘ sgechLci ty,. PPV, NPV,
EEECUP ATy Ct T he Aegdtd vESTBINCH f al SBSKEgat iVEs (ENST 1S
o} sef pastivyesnFR) amghiryerposthbyess( e dir MYowing
conpri se renoving factors which do not significantly
affect the performance of the SVM nodel. It may
conprise retaining principal conponents whose
ei genval ues are greater thah or equal to 1. It may
conpri se retaining principal
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conponents that explain at |east 55% 65% 75% 85%
90% 95% 96% 97% 98% 99% 99.5% 99.6% 99.7%
W@ 2008208126 99. 9% of the variance in the datasetPCI/8G2089000065

conprise retaining principal conponents that in a

scree plot of eigenval ues show a snooth decrease of

ei genval ues or which are to the left of a levelling
baiffeaar shgnifdazhnéndeorcedse | ihgsaditer  souetbowi nthese

the plot, (scree test), Step (cl) may conprise one or .
Enfist eF?%?tH(wie%bB% . SPt Pffay" cHpT T s8°afrf of (he aptg! the
relies et hod My CoFd iS5 d 8Pl 88BREENGt SYM HSI DgbRA ity  is
~default linear kernel. SVM, ght nay be used. The
impivRfical sanple nay conprise a serum sanmple of or

frorﬂéemof nr%\y,' dfH{"Girel_Tahcee l%\l% déog]éqngg %8?”%&'&&9}! base

mass spectroscopy. The nmaSs spectrosScopy may conprise
ared edis s ayoveani catparemass Specbronber yodEShgd/Bhses is

The |ipids, may be quantified by nmultiple teaction,
SR PR RMRYE  PRETS pilGs B d¥Ari 8d apyckness
p&UAEA fuedods SRt DYt o@POKRnokize Lancent katin pfceaeh) .

lipid may be normalized by obtaining Lipid where x, is
Theeadvarpeye yobfewcddpinty andtBedcpstt héheadisadraphages

intensity. the a ~Ln poples of a.lipi tan ‘-
°Thet eaji)gsélbrﬁ(gvi %gﬂ, rTCg?t:{'gttb"r%l|Png£rtrf)o §n2no§§%ég%9r&§, t hgégg”h
rq8 esentcé nventni-evndaceliassi f ctcabnonngedel abt aibied dy to
a method ‘according to the 1st aspect of the invention,
TSROV oPPdeCatlordify t8%a SHTF AspeltiTofot e teidkht The
ot HWeNtLopi ng ekagsibicati-en npdel. capabl ,0f (5N) coating
di stingui shing between a normal sanpl e and an ovari an
widncermganphe. tThekokassioh catd@h nadehsheays cObprissons)

) 2 340 x 340.transformatian matri s shown in__
ar&%pelﬁ%ﬁxmgnl 5EGC%PV§§/M model - as éé]b@\%@i n' n%%ﬁbll“f(ll;mo

mid}oms B40 ph B85 dikaashokERt=isonofat ENX €PiIrigd n@riehecost,
first 85 colums of the matrix_as shown in Appendix B
Tf2 g afCSAW otleT 28" 3HoWAR- | AL ABPERBPRSCAZ N EcFPal3dy O
réndfe t Lanshionmat ign et X corprisi g tihe fdrstn 40, The
colums of the matrix as shown in Appendirx B |l and an
v\ nodel magsdovwniim Appendak€d; opdr an82tke88isk clamp
t ransfarmat.i on_matrix gs_.sha i n Appendix B4.and an . _
2 EMNEAET 48 SHERRST n “Agpendix G &F OF (&) &7 XF s
idganst eamaki on NMahsbxc 88 shown i(BoAppengixnBérand)an The
SVM nodel as shown in Appendi x Cl3. A s a 4th aspect .
oprex heap‘ﬁfé%é‘ﬁff‘ i%nt?%ﬁ?lthﬁﬁétﬁs prévi _élééI}V'a chemica-ly
oelassiilgalion: qodsl . capabie ol distLpgubshipo.febueen.
a beni gn cancer sanple and an malignant cancer sanple.
The erassofistat i oonmedehamapncoenytiise: tia)ika 346 xad4@ed
. t{f‘%rsf ormation matrix as_shown_.in._Appendix B2 %nd an_._.
O\ BT o8- sHowrcPRCARRBNGI X C2=( B) a 80 SKEBPILeNTLY
ndfi@nss oL ABEEOROABLAEX t SONRY | Sl dh tREohs I StoBdosOhUBN&ith
of the matrix as shown in Appendi x B2 and an SVM nodel
CREMEhoWP ST ESpetidlix E5; EICara4esx 29 ckeanstor ity ognd
Rt B M o {5t o Gn e BaA ~5e ShBTRErRe o
mAppepte xcT8an{dy ay8Rex BAcindhatodmaktirgeniatruXtassonic
shown in Appendi x B5 and an SVM nodel _as shown in ,
“apRRRdi 2T 1IOFS (&SR 771x A TT ansTBrAYETGH tRat T x The
cBSashomBssn Appendi ¥pB8 b HeVM mBde)y asnshoyei hd the
Appendi x Cl4. W provide, according to a 5th aspect of
the preéesent invention, a classification nodel

4



capabl e of distinguishing between an early stage

cancer sanple and a | ate stage cancer sanple. The
we@b@ssodfiecat i on nodel conprise (a) a 340 x 340PCT/SG2009/000065

transformati on matri x as shown in Appendi x B3 and an

SVM nodel as shown in Appendix C3; (b) a 340 x 44

transformation matri x conprising the first 44 col ums
nmﬁbdﬁheonratcﬂjaaramgshowdi miAppengicieB3 amtiran Sybkpwdeknd

A%)endlx C6; ﬁ: a 340 x 82 transformation'

“ﬂ%f?Y&n%on'p‘?T TS i r'St€ 82 FAms TP the AESFPRLY 'S

r@§ushement 8 Ap@md%és angh Ay VM Mgele as [ APWR HN 1pa

Appendi x C9; a 82 x 82 transformation matrix as

C%Iﬁlé%em’ﬁSA@pfeﬁwd rnEd egndian CS\ﬂ‘arm)éélgSas rgmm iim Cl°an
Cl r LL transf n matr -

S0PER I Rl 6%, BatEmt R SATRBPAARG I oo

CJAppsendl X OG:]aEss Thei pr egentclisaventdsn, clﬂsaw Sihaaspﬁcwhere
rovi des, ut er readabl e medi um conprl sin

a

tRf aiFrta ?on Nt stCouttHERRe. 4 n R tE %h &specf oo
pOftihecpyRSent Lnuentiop, dhere i Provi ded 8r Hgt:hgd The

of determ ning the status of a sanple, the net hod
JEonpPFSi MG IEIC Lgr ovi e eyt a idat aet seowprei stywically does
ng@n&?géggt |8n§mpér§n lurality of lipids in the sanple

') applying a classification nodel as set out

aboveheJbe ap:ltualiraiﬂsi ytof dngrddse mayei neldishes acpl ufigdd t ¥ne

of choline Ii p| ds,. such as phosphatl dyl choI | ne ( GPCho)
rePuLhRf ngORy iR ISMETT Bbt FRel (CHRREFur ERgr technology.
pPEional |y anmri 58S NogRhat hdi &, aCih(GPR) i resyiting, i

phosphati dyl gl ycerol (GG o), phospﬁaﬁ g serTsnLé acid O
cePSee Y, dslkf atdsdes, Tr@@rdeohnpﬂngy being used to manage

hosphat.i dyl et hanol hat.i dyl t ol
TG BERS pHSCpnati Gy nGet T o DhoBRNAT g (P FEpe) oo nd

réesadt de s(y@réms mene hexesyl £e£a8i de (MunokexGerduand:o
di hexosyl ceram de (Di HexCer). The plurality of

T#7p¥ds may conprise the lipids set out in Table DI .
It nRy:coRPELSenhRe Lipids se able. D2, may,
conprise the Ti pP%s set o%t |nl$B%FBB VFt LrgrQayeHOV tne

heaupfFem thmhcpl dsusetqeumanmaTablren&noht usmy Removing

rise the |ds et out in Table E6. The method
%”H Be%used™ o oT ﬂe‘f‘eﬁﬁn‘?npnavmﬁeﬁhmﬂ “a SHiptetisy atet th

HDOr Mab sampkeiehcan oMah anAcer: samd e. wSUgh a2 10w
met hod may conprise (i) transformng the dataset with
Lake FaPRPGr Aat iCGT amt P35 X @r gecirassief i‘cat rohiapdelty. The
r or 9-40.4 he-3rd aspect_-of t nt.i.Qn A -
%@?}er%g agtréans'fgt?rred) cTa“t‘aCset g:ﬁ&l qe) su‘bj ggtqcnéss o
lifheingans¢ ohaed dafaset meaSapannt a¥echownMachicaesng the
%%gl\/% anal ysi s th an SVM nodel of the classification
nePpt |I8?1 an- out put of > 0 indicates a nornal
sanptei élﬂgn?nmﬂtlh@H& 8fy<cQztndicakes ap @vapkal, and to
cancer sanple. According to an 8th aspect” of the’
CheRRefs] n@@h@%@m%\ewgfﬁ@wwwm heerpofs eebt &b b ngpanto
chOdBAL L AN S el din Jhe AIAAN0S) . OF OV ALL AN, GANGRE 4, et
inanin |V|dual "hod conpr|S|ng conducflng
reuchr amaet Hod 'II[E:&E sarqal ehok ot friemia At in@Mimide such
V\@l)ch an ut put, of < I ndi cates that the individual
Py Js‘iFFf@P ng;“"lcrl&fﬂn&va‘arriqa\n“&lé\ﬁce*iD he Ststhod frejepe  time
piSPELh OF - deth £ M RirRG) Woet Rl &HANPIR A4S As ben,ghyOksy -
mal i gnant ovari an cancer sanple, the nmethod conprising
(i) transform ng the dataset wth a transformation
matrix of a classification nodel according to the 4th
aspect of the invention to enerate a transfornmed
dataset, and (ii) subjecting the transforned dataset
to Support Vector Machines (SVM analysis with an SVM
nodel of the classification nodel, in which an out put
of > 0 indicates a benign sanple and an output of < O
i ndicates a malignant sanpl e.

[0}
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We provide, according to a 9th aspect of the

i nvention, a nethod of obtaining an indication useful
w0 poovhesieé agnosi s of an individual suffering fPOISGE2009/000065

mal i gnant ovarian cancer, the nethod conprising

conducting such a nethod on a sanple of or froma

patient, in which an output of > 0 indicates that the
newndnei dudd 1l ogy s‘ucbf eefdngef rom anerE:grodvemaah pancercles,

and_an_out %§ < 0 indicates that he i ndividual is
CRUFFETTHG f rorta Tt Fhant Zovar ahm%ah%er The met hod

may be used for determ ning whether a sanple is an

early stage cancer or a | ate stage ovari an cancer

sanpl e, the method conprfYPRaTY|) transforning t he

dat th a.transtorimti f._a

cl agél |£(I:}%3fr|{hon %’0 el ffgér([:%r dlggag'?f) the%g 5% ébcrtovjfded a
hihe dnybndrnmetngemebmsezhdw1ng#aw¢&mhﬁﬁtasef;gandd to
1 ii% subj t|n the transforned dat aset .to Support

Ttor *Ma ATy WHEh &R VS g ofcate

wihe ¢l aé@éﬂﬁ@“cﬂﬂa*@@eewt@d\/\ﬂ'rpheﬁﬁ outpalt Q2,0 1ine

indicates an early stage cancer sanple and an out put
apErage reodvkertees aRbateistage coancer sumace TheteOnhg or
1 PLovided, in accordance with a 10th aspect of the
“present invention, a nethod of obtaining an indication

usefadivant ddwoul aghosing ofcatedindivdisdual satieging R, of

froma Iate stage ovari an cancer, the nethod
1QOMpr P8I nif Tondtict # ng SSUChSBORBEhGHIFRR saRfl Ftcor the
dé@ﬁhf\ Hati L, WL COnaN, OfbRUL o0 2.0 LAdigates tha:

that the individual 1s suffering from an early stage
advar¢ are caavcercandtan out put of < 0 indicates that the

|nd|XLgumaiaooufer| g froma Iate,st e ovarian

cancer. A FEN 11 n é SpectUSHIERE iventd ot WSS ©

cPpsovhelei a neghodneﬁ dekectduthnay cofpta oaacaiatyng that has
cl assi ng, ovarlan cancer in an individual , the nmethod
PRYAPFPITHY: LT &) pr VT EF AGOATdRE as et ~€BAPr | SPRD-  Hence,
negRlatiens of the | t :out-id.n o By
eCAi: Dz%?‘a% e Ls, %}abf%agirggf 1obl elll EG-E?%CS Osganrdm &r
a$pont ok sofrehésicndinArduahs Ehpothansford g theting that
dataset with a transformation natrix of a
TP aRETY i TAtTBh Hodet Accdrdi ngSYo the 3rd aspect of
t he Adventd@odo genenat ecaghharsl ermmedhdataseiceapd the
subj ecting t he transfor med dataset to Support Vector
CRBehPhess (5Vf afary$ins WiAur e SV hrleFodEL @ﬁe“na_ has
b&fl"lassf'ofvh‘;@t'wqp g@Qngoh swhi eh-am Ol('t‘th’ of . ting step.
i ndi cates a normal sampl e and an out put of %
Hemdt cattes asmovannass carcet hsanplagirandi (‘C)L.ﬂfﬂ tiheclosed
case of the latter, further transforni.ng the dataset

E3Fth aSPranstor FRERGA T matix OF o Ussiticalt on AOGERNY

tREEORAE NG440 tdhendd hi Aspectnotcbhestayention to
generate a transforned dataset and subjecting the

trans? oPREd YBRASERSR D, SUPIFeTR VéctR}rOm@bﬁlﬁ nés fasvh) disk
da{]’@l\-y§h§DW tc,lgsgn 1«%\{1\4,{%‘1%' ?\tv Lg %? U %atJ Ny heate 2
0 |nd'c t gn

h

the

rn which an ou es a bent
HBBnmseseamﬂyan netpuh of tkxe 0 danditcat esiagnmatoghadt with a

sanpl e F&h n t e case of the latter, further
CeFanaf o g - & IFatCasel wWith a fifanStorfat itofShafrErads

r&hgRn&basski) cetﬂ emaded : A¢conding-t 9 st he &I hrgspesbou:
of "the invention to generate a transforned dat aset and
subj ecting the transforned dataset to Support Vector
Machi nes (SVM analysis with an SVYM nodel of the
classification nodel; in whfch an output of > 0
indicates an early stage sanple and an output of < O
indicates a | ate stage sanpl e. The net hods descri bed
above may be inpl enented as conputer inplenented
nmet hods. We provide, according to a 12th aspect of the
invention, there is provided a nethod of treatnent or
preventlon of cancer, such as ovarian cancer, in an

N NN T 1 " ._A_LI___I



conprising any one or nore of detecting or diagnosing
the cancer and optionally classing the cancer, in an
wo pvnosde@al by a nmet hod as set out above, and PCT/SG2009/000065
adm nistering a suitable treatnent or prophylactic,
such as a drug known or suspected to be useful for
treating cancer, to the individual. According to a
833t h, aspeferablyhéepsesent ianmt i DinmWe R6O¥I feclerably
lgeth d of %enerating a classification nodel capable of
tﬁ%tf@ﬁ%i% i ™3 bet ween two biol ogi cal states, the
met hod eeRPrighHgihbe: St epe A &1 6)p P NG &arg disk
traini ng dataset, X, conprising concentrations of a
dpite aliPY) ofcalsiepidsving a@ brelégvcalorsdnpired @ Ioeste a
a biglogi.cal sanple i.n a second state; (h)
H e 3, e R g R seat S o BB e parca Wen a
c&onponenha t Atal 3y sbsef PEA)nka generate thdd agsf et | 6rom
matrix, C, conprising principal conponent '
Lo efFPEPe PSS 1@td ™ r¥pr 8BeREACSOH, CEPILRIRD dagHaed: 2
sput fet 18y PGPl £onPRAGHL: 1SP3ESor( Qe d MM NG, ARt hog,
i nput - vector, Yi, conprising the 7 nost 'significant
apdwe veet orsl ofeYnodd) asdbyeetrehy the cepoervécheraYerage
or ector_.Machines (SVM_analysis; (e
rég%%d$|%9¥%ieﬁ§‘(%63fﬁ&i?ﬁévﬁih“gar§¥ﬁgl?gtbg 100 nm or
lgled erm ne a mni num di mension, Imn, of the principa
conponent’ space sufficient to obtain optinal _
cl assFFPERFDNEO(fY PBFANAQ BB RA%ssi Fheati 6 rvdeyided a
SO i sEng oGk nihe tiranst of ppt yon amt i G (14 )1t
mnininuﬁ1d?ﬁ%nsﬁgn% éﬁgngng*%gi?*fﬁé ébﬁﬁﬁndg% =’h @fng e
cxohpy i sdngiSvkeveitghtlsocore espddd e donthe thataim the
mgﬂﬁgyskpn |_m n. Thghg i s_provided, agcording;jo a l4ath
Aspect O he Preseft i nvent i%n, *2 ol natT onof °0 the
shipiels sel eeted g0 thechyr oHp-Consl Stdd0f1:148) average
| i pids shown in Table Di; (b) lipids shown in Table
TeRhRRYs | {(PildsOSheh PRI Tabke oB3;tha)Ccedpins shoWhOnm or
Jabl e -Tale L pieds shawn Lp.. e E6 W ... 4
lﬁ%%Vidgéléggor%ﬁﬁggfgvg 15tﬁ'hsb§6%§§F fﬁgpbrgéeﬁf‘“c““g
frowentii®n,gaogonbtoasioning | bpi dsncoaprbsbhg twpoettion
odore, such_as. at .|east 5, Iipjgﬁbgejgpieq fromTable .
BTt e BE - "TabME BE-"Pabl & TP Tabl B2RRT WgPosition
mPfyd desn@CL0s6li ng=1 ona:- 16t h aspect of the present
invention, a classification nodel selected fromthe
gr oF EVFBIRT I 1§ oF: tfayca epmsSEfi catdmn medeirovidsd a
c&PE l%:(v_lf‘ d!ﬂ?’sl{ngﬁjﬁ/@ nsggggwee{lng l?:%rarp:ﬂ S.agp! %ha—;ndcgs
| seased €0var|an cancer) sahple conpr|S|ﬁb. (i) "ann
hawvimd riansfiorfpatrison fedn | X, swhepeln <vi34iandsdid msobrgel
conprising the first mcolums of the matrix shown in_
CHRertix BF; &t (i PRCa s ASdélT gehériat@e Prom metal
naplyi ngnSVMranaliysis on @t ansf asneddatiasets theucing
~transforned dataset being generated by ‘transformng a
CRRtEgEe L ovprisepgeeohceht s athonsadherhet i teraon.
[ pi instahl e D3.in a nornal sanple and a , . _
diséggeggggg%Fggﬁﬂggﬁéerfm§ahpf% RN & oy ncoaved hard
diglansf-dvent tese of o) (tdpatlhy o€l assi fteati oaviedel been
‘C%ﬁg$|§ of distinguishing between a benign sanple and _
LI | ghdht 2sEAPreSeompRFSiAgRY(i9° areddfone of a metal
a1xsnsdOr Rk QN LA Xpa WNGL €A 550340 and 1 B yRerszabie
conprising the first mcolumms of the matrix shown In
Appendi x ‘B2; and (ii) an SVM nodel generated from
applying SVM anal ysis on a transforned dataset, the
transforned dataset being génerated by transforning a
dat aset conprising concentrations of the first n
lipids shown in Table D3 in a benign sanple and a
mal i gnant sanple with an n x mtransformation matri x
of (b)(i); (c) a classification nodel capabl e of
di sti ngui shing between an early stage sanple and a
| at e stage

()
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sanpl e conprising: (i) an n x transformati on matri x,
where n < 340 and 1 m n, conprising the first m
weodoansa20f the matri x shown in Appendi x B3; apdr/§G2009/000065
an SVM nodel generated from applying SVYM anal ysis on a

transforned dataset, the transforned dataset being
gener ated by transforn1ng a dataset conprising
me@n&enhmduummzeﬁntheohlpﬁlyetm¢m£E1@MOwﬁ|ﬁhéebbe @31,

in an earlﬁ st age sagp e and a late stage nple with
tBH RSRTRTt ranst GrEEEI%6n TR (89)(i9% EI*IH% BPEEFFEeO—
t10d Eber present 1HoNRNLEOoN Ukl koeeals%byungeﬁeeomer WogSer

i ndi cat ed, conventional techniques of chem stry,
Ofmfeeellmr*bi@l@@ythm cadbeokogy, thecenbfaant cONAhandase.

i munol W thin the capabilities of a
persgﬁ 0 e%rgﬁ%agy S |r| ?% he%grtgr%ucﬂé?eé%nlquganlc—

iacegexpt aiqred iny t Herl i ¢esainge.a Seardf ofiexamyiere J. the
Sanpbrook, E. F, Fri”~sch, and T. Maniatis, 1989,

CRBY LRI GPTRF BRIRG: A Laboratory Manual, Second
Ed'té9n1c§@9k§n4 3 SD&Q §Prbmgo§@5906 LabRLakor¥aiide,
Press; Ausubel, F. M. ( 1995 and periodic
suppweﬁEﬁts seuﬁreneatlegooelscamamb¢ecula@eeieeegwg the

£ @ nd 16 Jo n VVIe Sons P
n&r@beg g Roe ee Daa,t kS:tre e, an d mle&gﬁnt %gélzﬁ of the
ftseol abmmcaee Seguencomgam Esseat kak Techni @ues, ddohn. 1In
Wley & Sons; J. M. Polak and James O D. MGee, 1990,
ORf STPQ HVSH%Mz%ﬁwoﬁ@abﬁpﬁm1ﬂﬂé?%ﬁuﬁ¢$%é%$%e Loprgiegic
VEL S Press; J.-Ga (Edi tor 84, . imer

n%??g%%u%%%%t%dg mntﬁ%s?% %&%rgctﬁgakpﬁégroac Od F“q“’

tFEessaLLDONtL*jnetltbmy ampdsJat Ele@ahlbeego‘lggbon nano-
Met hods of Enzynol o Structure Part A: Synthesis

p%ﬁleﬂﬁgl%ﬁl %%%??s$§n8$N€ﬁﬁ Met hods i n Enzynol ogy,
Acadefll Grir estbolsinBg: Antirodi ess: drdahosat ar ymdbnsal oz
:Portable Protocol NO | by Edward Harl ow, David Lane,
rEUFBRRE O S Ecuie ki ecle:) Sblﬁl %9 %?%oﬁ‘@éébo@a%%@ycpﬂ@sssmg
BN 0- 8796 bodi.e A rat ar
5 %‘aga.aﬁro%o?éﬁ (615 S havraoLane (arrary, (Toae ogl a"°

h&pdi ags Hadbodre Labor at ory Press ISBN 0- 87969 314-2),
1855. Handbook. of .Drug Screening, edited b
RamakPi $hita SBRPAAFE" “Pr abhavat hif §)?%H$é¥dés ho¥p disk

dNevee Yordop)NYnaangel o Dejeker,,  LSBN:8247:0662- Psa@ndiisk
Lab Ref: A Handbook of Reci pes, Reagents and O her

2 RePBP LHC & ATHH1% ﬂeldes@—%vf e VBene AT EARREE  Janee  Dbase,

cRpkemp g ila, ltess 008 Sl SELIG. RS oo

drexéscasi heretneleuofpoeated hy reterenge:nhBRlI EBating to
DESCRIPTICN OF THE DRAWLNGS Fggure lis % ehart
rFFu%?raFPngnPWQ SOk 7GR ot T devet Dpieht ~of bi ndfy Size

.o§| agsd fireks fOLrovarLan GaNcerybag8ed 02 +the head disk

nultisaraneteT anal ysis of plasma |ipids and

aggpebyy¥sed | earning. The flow di agram summari ses the
met hedoLogy.Lor puikding. the predict Lo madel and. g o
di agnosi s of _unknown sanpl es. gure- 2°1'8§ 93 Fowe

rstiowni ng tbedammmm|u¢mnﬁmessh&&@uﬁesﬁldﬂJﬁgraHBs Ithe
ESI. profile of a representative plasma sanple. Figure

nﬁr?IF&§fr§ré¥1lﬂ??4%ﬁv%|E@Fan16fQQ%yﬁunﬁﬂ%sa head disk

ag:é‘éﬁbn?ntx{&} i UBY r8et4iPs k Ad-AtAl  @bm2ohdnsanpl&5e akg se,
randoniy separated into a training set and a test set.
The training set conprises 39 controls and 99 patients
with 40 benign and 59 malignant forns of cancers,
respectively. The nodel is Built based on this
training set and eval uated on the remaining 73 test
sanpl es. .



Figure 5 shows conparative sanple lipid |levels. Raw
data of nultiparaneter |ipid analysis. The | evels of
wo pabarosde@l |ipids in plasma sanpl es are quantPET/862009000065
el ectrospray ionization mass spectronetry and the
intensity of each pixel indicates the concentration
(from0-85 mmles/L and 0-3 15 nmoles/L for lipids
coeasUuradi | ronmggakcinte ahdviiesi t suerbhosszadd Himimgle,a disk
respectively). Lipid species fromeleven, different .
dEty s@@vék¥'iﬁeﬁbg€8i%w%qﬁ%§%ﬁLk®.“?%ogbﬁét?HFEGaéﬁﬂlby
w{GPAL Rhesphatidybglycerol (PEMber of free particles
phosphati dyl serine (GPSer), sulfatides (Sulf),
- agar dioitprthe §C¥, ophoBphatredybethandkanichet( GRPELARinate
pho t] I QS t (Ptdlns) and its singly and
t@%uégggpﬁgékh%$§T%§%ﬁ'derivatives (GPl nsPs),
phosphatdrdy | ehiobd e PChrd)e, et aMhEescandilskel ra single
| ycosyl derivatives: (Cer) and, sphingonyelins
l% : Fi@&ﬁ* e WSRO PRYncFpRPIedRpoReht iRkal yisiers. The
coet yween rdif fier egbsanpl §, 881 Sy Miltjdard-at €4oposition or
statistical analysis and diagnostic performance in
chasieals wephrdi fitepenhtishagefhef ovariiag camger comprise
Principal _components anal ysis .between (A).and (B) .
B o SYRGSpal T enEar (B iR ()Y beni A e nbr Fgndn'e®
ceasesa] (Bxpapdi{f) easl yhapdckat eapases=88diGnand
(H) control and benign and nalignant cases. Figure 7
shows™di a¥fhos OGNy pl 60 cbet ARRAIEIf f dkBht SeFEPrise
ngﬁoﬁggﬁk@l@g . CFHQ' £Lopsy SMMT)/OBtepH%n'c%n@%grce%%m{»ﬁ(;.has Ior
diagnostic utility matri xes for conpari son between (A)
exampitel andlpattentd; QB)-benirgriandviali gRant chbarimoofay
tumor .differentiatiaqn, (C rly and late for aof .
ot \RBGE SHrFEEr ntrat O, SCBPRd rl PRy card Om-cm
r88i fgpant yandr{£) Reniign, andeapky. cJR@uAMUIREr Syith, for
represent true positive (TP), true negative (TN)
exrargécposPti WarEER) tand Of Ahse e gets vie ((EN)Y -event s i n
each-gateg L mELgur e, 8 shows: a receiyer eragin ;
charé@té?i%&%@g’FREgj_dﬁ?Ve conpa fgoﬁ %raggfg‘é%engegn3
mbeteen tdhempbridrer eMoxdi agrosbueputel | ¢ erdHguriend® the
shows _a.receiver QperatinchharacLeristicsﬂéRCC% urve
CRBRPAFT 5o THB T I pr 9oniE2haSed TEiYoneT kePPangd o
ahPe gbhpbgah: bioyarker- LA 125, orcdiffrerentd atien afacic
beni gn sanpl es from malignant. The dashed |ine and
Chereedsripescare The i AdRViddal T@vaghest perlisd to any
cﬁg{)fgﬁ%ﬁﬁnce&) of .i%rslazée andl__}ltysoCéD Dornee%ecst I V%llsé'ctrical
fe e dramati'c increase in predictive perfornance
cbydouttirpayan€her cbepidgnaekebs. abioguee 10 showsomponent
. layout of the predictor nodel with extent of c_hanqes,~
“Pn  tReTEoRtent Pat iHiROf Fote 15910 Pet WET Sddses§ & F IO
mggﬁgwb& sHepI esent aiue panslsdild ustrat i 8ga £ hgg exfent pe
of changes in the concentration of individual ITpids
apelheénicagemmnbscontrol sinDagasissr epresennéd adeaning
S.. .and,p-val-ues obtained using.the i the
oRBTERar Rt 200 el YRS S RO e PBRe B0
sehei rdintirdldledpl asiar drinpdtts. | Dhei agresing afapabkeliplied
wWth different stages of ovarian cancer. The lipid .
18peti 65 XHeT ed P t HR5SSEGEFSar@ r gt eséift edPasTd ke N
chart. Percentages indicate the relative distribution
anong the 11 cl asses of |ipids. The outer boundary of
the chart depicts lyso (open) and non-lyso forns of
lipids (filled). Only lipids with a difference and
pO. OO are shown. A blue ciPfcle indicates a increase
in a particular lipid in malignant over benign forns
of tunor while a red dianond reflects a decrease in
the respective lipid in patient over control. Note the
dramatic alterations of cholinelipids (GPCho and SM
in plasma frompatients with ovarian cancer. Sonme of
the |ipid species
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are represented as chem cal structures. Figure 12
shows a receiver operating characteristics (ROC) curve
W@ vpassizon bet ween a cl assification nodel derP@BESGI009M00065
anal ysis of the 77 choline lipids (GPCho and SM in
Table D | (dashed Iine) and a classification nodel
derived fromanalysis of the 340 lipids in Table D3
sysobmdof i dBan Fegut eotdehssaihbowahagt aphewvagohhent for
prediction process. Figure 14 shows the |ayout of the
t%‘?e@l?%?%%th%%le‘l’ BREafB8REAE- of i ndi vi dual SVMs for
cl assgj f i nded sannl L WP -
t he 1%8&??%1:[1%8%8%22% (ggtlgnt (:g%tSFOF!Ms %’@mzéﬁ’ggﬁgge
rgnp 9engatd anausagplmeqrﬁrzally,gn‘atm/bealtgn)g BMHiEd sto the
based. on Ies .ear | at e mal nanc . .
“ABRENS CES BB B R AT M G 1T Herdigegs during
s Append &TBtlje M?Hgﬂnﬁéﬁtnahl leal\/marm@( (849 2§o§ 9hg may
Nor mal / Di seased) ; pendi x B2: PCA Transformation
PREEPP X 34D°X tR3OmaBeREgRANE! | §AENEPE CAPFeRdvx PB3 2PPEASd
£ dr f t 150 Jiie (340, X Late
Aponnd X Ba” A TransT o et | on BT ETX PEs a5 ewposed
shofaet ¢ Dvseased)s heAprpemil xiiBE: al%@&niﬁrl@nsimmtednceo the

X (82 x 82; Ben /Mall nant endi x_B6: PCA
%lﬁhsf ot tpo&r?%arw Xt : grl gﬁ at =L appedti x the
c&ﬁpo?&?«:,—rr@ﬂéf@f‘ﬁﬁideﬁ PF/BH Hﬁe( FEm¥vEl; of particles with
Nor mal / Di'seased) ; Appendi x B8: PCA Transfor nation
hm@?+xe(ﬁ6>e°mcv BEHrgRAOVaE + gvahny : ApsendPrtB9g PGA Dbe

or.mat 7 YA L.ate di

B B bder VT G < (10 NSl P Sod e i
eﬁ\ppeaadl XsuiﬁzacSé/M Mocketh i Weighd S (340, disk assembly that
Bg /Jygli nggt) Appendi X C3. SWM Model Weights
TE346 S EArf &Y. Rppsditc Gt A Vbt i gﬁtessf*é%ace
oNor pgt/ uéﬁ@éﬁﬁh AppeRdi ¥ -691 oSYM Model Vei ghts (87, o+
Beni gn/ Mal i gnant) Appendi x C6: SVM Model Weights (44,
Danyltat &L thappendior C7: $VNEW§MeIO‘Wl@@t§(ﬂ@—Dg The

d] Model h 29,
hRLImL! Pseased) . popendix (B, SYM Mbdel Yl ght s (200

‘Appendi x° C9 Vel ght $7( 9;
wEan| ykbate); sApgendisx Q@ irS\dVboeetd Vi ght s68Rb1ly that
I\gr mel / Di seased); Appendix Cl | : SVM Mbdel Weéights
X BICS Behl §nPNRPEGnAIT )20 el X021 C 58 RBdens surface

o¥ei ghts (82nokanty/Lahe); Appendix CE3- SYM-Model, -
Wi ghts (77; Normal /Di seaSed); Appendi x Cl4: SVM Model

Oyt ght 8s ( 7 tIBeniignyeval EgAant pRcappendi xg (:Icise:rg\mg The

de hts (77, EarlylLate), pendi.x D..Ovaris
c%gncllé?vg gl trtﬁ ng Tas<§ety Ar)Béncrﬁ X Ia‘ﬁjnﬁfa}’rvéa“cp nd
1Pechos smaael of whbdekxyessus sNurhee sofvi Priiackpal hard disk
Conponent s Sel ect ed (Normal vs Diseased; 340 Lipids).
2ABPBALY x TEST GLRAHZRT Ve PePtBPRENCE oPOMBHELEVePSHS1Cle
ohurher of -Frincigal - Compopent-s sel egﬁ&dm(%%n'o@n VEor the
Mal i gnant; 340 Lipids). Appendi x E3° Cumulative
”%W@Itrrance ok rbdele svervsiush Numbanes of PEEncipaky during

onent g, Sel ected (Early vs Late; 340 Lipids) _
CEETATLED BESCH P CREVE 0] <57 086 "0ath nat! one grerd disk
dkh.@é dsambi £8samB1pr ediat Expogbdashi-ebegiscali catiat enef narg

npl e.. W describe various nethods of determining the _
dé%t udSPPMAl¥anpla8r bySdBF&FNi ARRg number of potential

particles on the surface of the component, and provides
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the concentration of one or nore, such as a plurality,
of lipids in the sanple. W disclose the use of such
W@ 09Bi16%126 ons to predict the biological state BPET/8G2009/000065
sanpl e. The net hods i nclude both biochem cal and
bi oi nformati c nethods. W di scl ose net hods conpri sing
assaying the concentration of particular |ipids and
fonttinsat iremovefl | opi dearhibilelbogiwéah shiphes asfifktiency
. rul r_determning.fromsuch |ipid. .
e P et TR B orsg ™ Sy &5t PRethmitce. “fhe™ ™
didipi drdercentriati onsi Df ddweergonpi Ratdronsxebskhle shpfdses
may therefore be used in a_"biochem cal"” nethod, as _
widdsdt i bedl PRIOwlieh presTae YariEnditeUEs dihg Hember of
p&ﬂé{ﬁalcﬁgfﬁi@fegro§t gt us oh-samplg SHCh-@fodhent, and
bi ol ogi cal state. The conbinations of |1 pids,” and
prpnickd r aféonsthher sohpvady alfso deertuselds n with higher
crpioinformatics” nethod. The bioinformatics nethods
Tvol Ve apptyi'hg Crassi'td cati on nodel s discl osed in
t hi sTrdagunaitiod OndnPithEonsentkat i onz dak an obtabned: 1m of
from unknown sanples. The classification nodels may be
NG Gt e d- usF RSP F pPl BORECOREIEE ot idate F5omne coating
L 0l,QQi 1 sa8pl L0 known. st ates, Aas criched L, -
et g%l %gﬁ!)agvfgghcg?biagi n b%gnﬁf%géggr erg“T%]?éiel\s;e (ﬁe%?hmbjga g
lamgr i nvol ve bi ochemical steps, and vice versa. The
bi oi nformati cs met hods may conprise sinply applying
al ready generated classification nodels onto obtained
data, or they may act usdfyniecbaisle nodel generation
steps. W_therefore disclose classification nodels,
met HoWs o7 Yenerat T ot S uehd cf 258 f peadi bar ablepsadhdhave
et hads. o dﬁg&igg%guch classification nodels, which
may be Us i o nformatical | y for such predictions.
The Tol agirwal "stiatecaayrconpné se" a rcaHCer Qe vehaktes or
I t conprise a neoplasmc _state or_a tunour state.
TR cor RS RONBr i SBCoVHTIAR aed FheEDH of bgPeaFo
sid @ty My CORHd &€ A-BBLIrERAAEY Siatevefivaceanceys These
mal i gnancy state may conprise a benign state or it may
SOt Se M@ ifal PgRaNnt 2aSEaPesdThen bivlogiltaltsst aféaimay 2s
gL Se:q St}@TQeaer_*iocfarF Cé‘@&?&argge %sas,%ecirga:yio%onp]55§8ment
an early stage or a late stage. Thé term "ovari an
B cahcer!'9@3, useditbethi'Suddeune mextayCONPrisetovat hahogy
tupors, carcinomas, 599'-’% , carcinoma in situ, invasive _
UTHT citfon®s S et st At PG TEEG nonhY tand PremaPighantttTms &S
meonditd onst o fumdher i mel ugdes- botHi beni gnrghd v niay, v
mal1 gnant tunors, such as ovarian germcell tunors,
and g. "EépEpoias Dafpsmperni ndéd; lehdoder galsosi mssaunps 2
m@gls%wgflmlr)[tonaclac %rﬁ%i jlona ‘fang‘ngriwancSti“rhoarmlsut*L%g%ras’ wave
€.7.  granul osa, ‘'theca, ‘gértb T iéy%r‘g,“ and™ "7 -
feah | ageppraduciaty sit« ogak cagkksc-Gvatrkan camger swiad s is
i nclude recogni zed histol ogjcal tunor types, such as,
2¥ BT SRrdts, CHRICT hotsh S eddon®¥? | of a-2hnd cl ear
cel TS, The ;Qvall ap.CANCEE SLAGE MYobe 1 pc in the
establ i shed using for exanple the FI QO stagi ng system
cataescritbed iy L speSdldiiwadandrCh rWitetreki nd (edsnhimeTAvEL

Classification. of mali gnant tumurs. WCC Inte nation.
! e guanml

TUhT o agar ndt  Cancer Céhgvgpdsﬂltzfer?*an%‘?rblr% =577 0T
sHth edr 2003wingar hy'gustage mRVICOMmEesPorshdo: St agen! be
and Stage Il. "Late" stage nay correspond to Stage |11
and Stage |V. The biological state may conprise one of
at least two binary states. It nay conprise one two
bi ol ogi cal states. The bi olldgi cal states mmy conprise

or exanple, a diseased state
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(such as a cancer state) and a normal state, a benign

state and a malignant state and an early stage state
wa@pmoaodiad e stage state. The bi ol ogi cal st at eSPEEFG2009/000065

conprise a normal / benign state and a mal i gnant

state. The biological states may conprise a benign

state and an early state. Thus, the Exanpl es bel ow
ObﬂﬂiNQdumshn@oﬁNQﬂmm&nciﬁTBﬂOaVﬁ@ﬂdblﬁaélﬂuxM1Pamticle
co %i e D3, nmay be analysed in a sanple in order to

determi ne the status of a sanpl e. The Exanpl es show

t hatrHehetkesmcapabie @farevgali nanwhehbercdhesanpke +8:s

normal or diseased (ovarian cancer). These |ipids nay
SPACEG H5@ WiSBY RRARUr BhOR et Hed WhdBherPsigdk I being

kﬁ%ﬂR!a I8 Ren r nml i I
P urtheﬁ'aﬁg%y3|§gafﬁﬁﬂ%ﬁg§ét?]pldsgﬁgié ea%%ni fgrd disk
dmdeteeras s MMEthbxcsumhyabsamauaqheduuuﬁnqummquxlon of
ég r a | e sHBge sa The net hods and n
iSSPl Bbs o e e | DIV et G STy TFoRqEne
cegncentrations |n a sanple. The concentrations nay be
those of the |ipids in a |ipid combination disclosed
her &N &R Theahs Bfo T ai bt ngP the Toreentesed opsoadey to
cdleser ped. i debai 1o Dekows bl PLD OONBI NAT) ONS. Qi r o oz
met hods may involv eternining |ipid concent r at i oNs
Elememntreunber Béréi ppdstithéacayhi natieon wdrd i p¥dsa haygen”

. rise any two or . nore choline_lipids, such as
o OC o T ASTEHb | RE. GRG0y ™ SERF hGoRyE! I 1o oF
o8Rfdh  The copbi pat ONS) Jrays SIS e @y ,twanar 01 8yrium
I'i pi ds sel'ect ed fron1the group conS|st|ng of :
(Tshosphatidic acid (GPA). They may conprise
phogg‘lr.é)aue?lﬂ glélca rcoAg 9'0)15 ppgsrpgatﬁ‘dgréz% LD§ B¢ gdly

fati Cardi ol i
uphnsphatm@ykebhalobanrnemoeﬁﬁhﬁy qﬁmnﬂﬂﬁﬂldbﬁﬂamﬁdﬁ@laL
(GPIns) hosphatldylln sitol _phosphates (GPlnsPs),
lGstandé (B8R COHBR0 MeXoii CEPAT dBREMRPLREXERTYS Ahve
eldhphﬁXQ§y|ré&¥éﬂﬂ de (Di HexCer). The conbi nati ons nmay
conprise |ipids from more than one class. W therefore
d|sékﬁ%eb%ﬁmbﬁméﬁﬁén§hﬂlQQQﬁQEQ%onp$|spngy=sy@h° agreted
19.0f,. al nti.ally all .of the (a) , .
%érn S s own 1N abgecéf?% %Y F% as’ §ﬁbﬁﬁﬁl ‘Td%Te‘“aS
orlR;e I(ex)t dappi st ishowrl dnerfahl € i)finct(edi) ¢dpisks. shown in
Tabl e E4, and %e% | i pids, shown in Table E6. W further
di sCibse 2ol NArPoAS 26F "sich wofbi RAF FoRs Zowé “rdr tHran
avl:80joSe,conbinati gas0f any fugsor .mpre |JQpids f{@manm,
each of these tables. The two or nore |ipids may be
PagoTitd WRoUsy ok SABN- mm@uous gy emanmoerc weadi schogely
conbl atlon of 9, 10, 20, 30,
beztd“e%rb n“%so* sﬁ?o% Cﬁfﬁ“ 120, 130, 140, 150,
1603&&¥O,Léﬁ@ 1&9@*899178a0 220, w3 22300, 260ess
270 _ 280, 290, 300, 310, 320, 330, 33 1, 332, 333
Tipth rEYEtem70 FYB ANIP G BUD-HFhE 0B EF off ARyt BESn
agdqﬁsa*&@bd@sabglpr b |l e, Table D3. Any nunber of
i pids within the 340 |ipids shown in Table D3 may be
enplloyiexE f oprthéi padposes meser,i bedei netiriss HYooumehnsing”
arﬁpr"ex%gglebnall or, substant:al{y all. of the ernglds N
MsedS A s Aot et Sxahpl e, ‘Conbitiat i GR§ =0T, are
rQQITMchI:ftg 6@&5@@4 roaspddre 340 1hpidsi vayal §@g@§g= such
enpl oyed. Thus, a conbination of any n I|p|ds of the
list of 340 |IpIdS where n < 340, may be used for
such anal ysis. Such conbi nations may conpri se
conti guous subsets or non-ééntiguous subsets. For
exanpl e, conbinations may be forned primarily fromthe
top half of the list of Table D3.
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They may be fornmed primarily fromthe top third of the
list, the top quarter, the top fifth, the top sixth,
w0 b@ottagi2eevent h, the top eighth, the top ni ntPCH8G200%/000065

top tenth of the list. Thus, subsets may be forned
fromthe first 170, the first 114, the first 85, the
first 68, the first 57, the first 49, the first 43 or
thére ftmsy 3Bnmhmb£rsr®élthd | edemehnsgebearal aiepbnepermit

sugsets th |st%i Tabl e D3 I.ipids maé for
IR%aNpte? Phcd tJaO t afRTRGADER DF‘GPFBF s fromtop
of the Lisy RErLipi dsnghaung mJabler D3;n Sugh !:thng of
conbi nations may conprise the first n 17pids fromthe
C<Pm@¢nofa¢i<pﬁ$js sfowncpPnoTalsing sD3. oFor Exanplfermilesdbds,
t%gigiﬂ ‘ﬂ &gon‘ol nati:gn of - lipids [s shown in Tabl eOm
Y er conb natl on of” |ipi Qs courd conprrsé t

tizptsawnylirmds sf pamttle slﬂasﬁecﬁ)fvélm,dsInsh@\Nﬂybmciambe /=
D3, where n = 44. Such a conbination of lipids is
3%h&dn T TEBFECEG YAYAtS anBPREr OB At on” 6’r‘ 14%i @5 the
sPBRY-GORRMN;SE té?z%J'IB§¥=3Qe)deiéis1JrDmtﬁ@ Idst HL stated
l'ipids shown in Table 0). Suc
vebwbi ngridoreoin | npirds $gpshahhyi rt/Fabl e:>E4o'Otthle¢ stated
%: nbl nations conprising subsets of the list of 340
| p| ds may conprise a selection of lipids from Tabl e
D3, pasedoiosuanyhsyi dadbkla citer i @ersach aspbbpPindnts may
class, nol ecul ar weight, side group, etc. For exanple,
bguBsEF4ORas e faorﬂ%rag%ohfﬁﬁﬂ‘éhng —aFI ISfP?tp}rCéisD?nund”SLOOd
tﬁgﬁtl% argddpid,class fromdhe linlds sey SOUEnaul' for
Tabl e D3. A subset maycorrprlsechomellplds or
cen‘aﬁpiencSu@IhdaWeyanpl endubset:lids nshowr K:nnfa;hrhledDals an
’ﬁ \I\% rlsesallst of 77choIJneI|p| losa
fpFé* or‘ren Jrnéﬂ T8 & destri bedPiTh Fahy,-ét éitlls‘C osed
r£32968) . nécsoapighensine ekasskibieati en §y3bagbf@hou1d be
l'i pi ds. Journal of Lipid Research, Vol. 46 39- 862
CPP5idpFeq7 CRol iNFYai pPESSUREAGE LOOAT NG KGR HARDL Dl Skhe
oDRLVE CAVLTY. Techni cal Fi gbd 1 This | nyentignnel atgs La.)
e application of functi onal’ coati ngs to components
val thsexposed sumsfracesnaw t hEort Recaodrdan cavityiomfidhec: a

rhard di sk drlveg§ DD) .such as ng di sk assegnpl ( HDA)
TEBPCi REFEassd TEIT abi 154 y° by "Power iYTg THE Timbe?r aRd "eve
sgkzerotafreeqithiibdBodyaparthgles sucBackgreupdl Thero 3,
HDA cI ean ca\(l tzy contalns varlous conponents

Ir@®l ddrFAg“onéTBF RO conpor®hts Woth, athagnétice 6, from
scqating.for starage ;of, gatjamlvqf%rreg,l 285 nedig, and .
one or nore’ recordi ng feads, referre 0 as head, for
réheew ifbirngxamcbreet ri gval, dof, the dat anant®. andi Er @mplies
t he di a. Coatings of di am)nd |i ke carbon (DLC) are
r%@i‘nafﬁﬁf)l Ped 9 Yhe*feRd°and Ehé2REdia to i nprove tne
wear characteristic by reducing the friction between

these conponents with are noving relative to each
other. | n Detailed Description of Embodiments

ct

Exemplary, non-limiting embodiments of hard-disk
drive cases having a cavity coniigured to locate a HDD:
assembly therein, the cavity being cozted with a coating

characterized in that the center line average roughness
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particul ar, the spacing between tne nedia and the head
is only a few angstrons. The head and tne nedi a nove
WO 200at108126 t 0 each ot her. Any free particle on RPEESG2009/000065
surface of the nedia has a finite probability to cause
damage to either the head or the nmedia. This damage
may result in the | oss of data. The source of these
(Ryleeoparhéctested thefetrkeriscdffonents Weth, expbsedow be
surface itnin the HDA. The vel opnent, of the ,
IEEEHAEF S0y 1 5f RBD CHBROREM g ChEr BASES HHF e case is
afeashhyn@¥eratbe past sixty years require that the
head and nedi a soacin s be reduced. Thereduction in
t he Readcandingdimayspeciimriesuby sa2 i mesharbl spaeciceled rom
+ - i di.eensi ons _havj hi j [ f
S R o o R T et g dpeod
spet penilhgulrart raet,or di nthdrecdmnbl egpoirnt @epbei HOBh hasthod,
{r%gqui redwchg ges to éhe_msdi a, resulting in the
2Hagrfet PELcBatT My t he Tedia qiSeept ithPe o 98!
mEanBge ifsr ANyt br e@ RardiLl egv Wi higy thee Hifp assemply.
Previously any hard particle froma netallic conmponenr
ApEENBa@aehs hy ghénel iskdlHdsdodragthadswie ngakniddnmagé woth
he dia_or_head. _Ln. HDD.usI erpendi cul_ar. N
e TR o B REaTBsy nEy fr e B gARERET & Sriiad My ich 1o
sopgante tRier kaksnireamibathi roeganigc tard GEgaRen formed
.materials, have the |likelihood of causing danmage to
‘Bhefredi @ i 15551 0.°F nét aFli P partRel e5ofP t he' ol der are
gbRBYLT udi RAloJeeOr dh ng Redi & 5 JCUE FENL - HPDS ysuf fgn s {Lom,.
particle contfam nati on during the operation and 'ead
beenghdound fley spanoot, HOD. Par beélevear ecigenebatadse the
omysurfaces that expose.to the air.that. circulate in
C%%b%?jspseue”cfavﬁ‘t hitn TRe HDD &hcldSur 821 THE 1 uf“ﬁdﬁé’ﬁ‘tek?ﬁ? a
ceauseslihe paectkgkesoughseatt R PNotheoedi drsukkacesree
and lead to early failure of the head and nedi a .
PRAteFtate @k BB BhE1FFi §ht Ohei BRETPES] @St Liag deer mougr be
1£sw nananet o bel ; Hardopartjckgs.arne.ane-af ;. ;.
The ain faucos for SOSRCrarl UG Che ar ihe " oridrities
opossebickitieds Sus fave -haitd pas t émbediyeartat édekr parttheles
nipner surface of HDD_encl osure and tge conponents_fhat .
"W THY n %t e DD TRAt SFormThe TR Rost Tof-He -© adout 1
msurbaces, wenabhough arendighty peli shed- o8 savetbs. 1n
may be sources for the generation of particles throu?h )
one emoodiment, Tne centaexy line avsrade roughness (Ra [0k

the coated surfiace is less than about 80nm, preferably
less than about 50nm, more preferably less than 25 nm.
In one embodiment, the R, of the coating is in the range
of 1 nm to 100 nm or from 1 nm to 50 nm or from 1 nm to
25 nm or from 1 nm to 10_nmtor from 10 nm to 100 nm or

rom 50 nm to 100 nm.

Fh

from 25 nm to 100 nm or
When the sol-gel method is used, it 1s also
preferably that the coating comprises at lesast one of a

metal alkoxide, metal oxide, a metal halide, a poly-
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the external static attraction of dust or |oose
particles generated fromthe surfaces. An additional
w@2w9a0810¢ particles to | oosen fromthe exooseRCT/SG2009/000065
internal surfaceswithin the HDD is npisture or
hum dity within the anbient air. The | argest areas
exposed and able to generate particles are the base
cepitatre andpbhedt oporoveningotah aeéatypﬁr&a{dy eiitheon, or
el ectrol ss n ke Late EN_pl at ed
I &5 %- L b‘ﬁf? §’ “BSr P& er?torf g59%p;n the
sdil etloﬂn@%{&ﬂ @ﬁ@c@@%admk@éﬁeﬁ{ eadsuakky1EN plateths and
FI | A-B show t he SEM nor phol ogy 2,4 of EN coated
mesal nffléééd@lseelsul§ésea§)l anelrl FlaglorAdend FBe shev\eceew"s
r I roless- k at-i
%hlgg @19(9&3’3%% h&gr% (rértr-} ar%gs gjfrﬁt %e g}ggolatqe sur I\%%:Te%ﬁce
thzﬂﬂSd:eSm bk |woosel ’yoadbelted:kp@r EDDI esv8ty.i rUgdr Scoating,
nmpl sh in FIG 1A N articles. The |oos
t}bartqea ersﬁi'ﬁ ghtufSFenot f 4 r| St he ?—Wop@?at?ﬁﬂgu?ﬁe a
deﬁ?gﬁtﬂwdcﬁ%é%@ thdx d:hes HOD, ange | ikel heod, thatrace.
particle drop on the media surfaces and cause damages
bet weenor fie shead 1aved trre di ze dgpﬁﬁgnghe@;@ﬂ@@ue@g hersighis
_osﬂr?e 35' G cg@‘“?gugbg m%, zhenat i g 4 afm— 20, %%5&;9“
i cle generaflon a surface su “as~an
bé ayedsaea'dme ENagr ove mesbani swricmisar i gidadrethdga@mly, the
i slands that formin the EN | ayer, where the i sl.ands
SRl iy AP antPyr e boURHar i €8* B4CaRE K hBRAUFRS the
1ihe diagy agr 46-08 BI1G:i2A-FHa: n%BtS_l%d nodi g9t amaleg
the weak point 46 of the EN failure contributed for
swetpeat i on over tinme due to humidity or a weak l'i nk.
FI G,2C shows in-diagram 52 |oose and hard. f R
part?kﬁ €548 '¢tY eal ed ?%arn%o‘feﬂﬁ%l ?y Coﬁ’rd Cau%e"y may
cétamges Aldres-taye beesr made rtopeeduee of=i.SkTk nano-
damage to the head or nmedia. One aftenpt is to
PHosiTiVh BENi §R EEFPREIENcY MAINSREE Awitthish BhHe-HER ©f both
ofaui 1y £9dr$%\/*%atnh% frfaer{?o&af—“cclness %é%&@ﬁé%iyn the
wever, the fil'ter is onl'y effective on a shal
nmwr:tag:e_ﬁ t be aimiddowagbetiween the héead amﬂ:ied to
li ¢ the source of these free.particles has t
‘%%" Seatefbe s%aa%“r%ss%@\?aomﬁo%‘é‘crere Le”0of “the“” .
partil esnbefongodheefie| i abhbi t yoi sgknpr ovesd. As,leh the
now, there are two coatings for the m)tor base and the
CeJpLDVet S coRPERERt s.N20ne THHNATRE Tostiys 3ebCFs micro-

particles contained therein.

In ons embodimsnt, the <coating is an organic-
inorganic coating and may comprise at least one of a
metal alkbxide, metal oxide or a2 mstal halide, wherein
sald coating is capable of decreasing the number of ZIres

particles and limiting the size of

he free particles

ct

that contaminate the hard disk drive.
In another embodiment, the coating further comprises

at least one inorganic nano-particle. In yet another

[
(@2]
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el ectrocoating of paint (e-coating) with a thickness

bet ween 4, 000 and 10, 000 nanoneters (4 to 10 m crons).
wab@aobiant age of e-coating is the cost. The PCT/SG2009/000065

di sadvant ages of e-coating are control of Sn

out gassi ng, scratch resistance, non-conducting,

cleanliness and ability to renove particles fromthe
et atendur tng @b@ﬂﬂm@gfuqhﬁeﬁtb@mpeﬂaékngtiSeasL one of

el ectrol ess nicke] plating (EN)-coating with a m ni mum
CIFRP LR MeIRO 0P 5 HOHe haonet €981 ( BEAPEEBAS) and maxi mum

th' C’i‘l"ﬂ@sﬁeHQlt Qflﬁgxggg @,@L%%'I%tseercﬁ k{&fﬂ Cn‘i&&?%e gﬁ?ecwd

di sadvantages of EN coatings are cost, quality control
ffon aUhegﬁﬂup(ﬂ$nﬂﬂ$MBB§ oan¢uﬂmdqn3alkpxsm®vetltanlum

- es farm the surface during cleaning. e Vojce
5 2B Gaon e A s coLt SESRS p e ardtREI: e Kby I
o € ehidaaldry ,coahed maittsh ERi kdhedqwoioe eeibcwbre i5om a
insul ated with uncoated. PVC (polyvinyl chloride) . Tne
IoPPer al uni REMSARE18Ceel part®T are onlyeeﬁéﬁibaKV§“lan
SShYA an e plas rt.s i iG _
tﬁﬁc%{ét e%lgg%r eg?ﬁo%s ly, cgr{neta na—tsrl g}%ﬁ%ﬁ nlagt 6 HDA i5'°
Bnahagedayhckeanlmg ) ofthdhe, conpohénts of 1 EhEahamﬁdeldv,
ubse uen%u%ﬁh gdlng these conponent s i n. clean roons. 1
PR SCombit Coatithgs SoRTERY* e ect r bFEEESThYL
oﬁwdsgiwp&atb@g a&@ el @airigat i Hab Nt t@epaskti Orhe metal
(e-coatings) are subjected to nultiple cleaning cycles
alh@¥h@$ngtde¢@ﬁgeﬁ@%b‘@@tﬂﬁ@bnﬁf washes, akewt rilfseweight
oYLl Dl cpals ayerpat sota the oleani nesg e the on
conponents |s y |ncrea5|ng Aenunber eanf ngs
alaodt r2 Oisec cybt eserushngt spapys: aﬂdwempn0VDegcenb of the
de;pr ents. The cLe%ﬁeroons assenbly's requi renents
“have beent Pipfoved &S S oW THEETHDA- ¢ orpoent & ¥pegnt
phaaghedokn Hean hags;, mved Lbogkean thg%{m%§vcﬂﬂg
are assenbled in envitonment near to Cass 1 .” dass
apaui h@OCWéaﬁnFo@ﬁF§EQSSIOf—I Gdtd oreaher® tde paemi ebeut 50
c S g nor exc a ,Li 3 [tIQ|eS/ﬁ13 of
wa9§$i o?cOQS “é(%§g%on§ - ?éatggg 16 greatest - e
partTﬂéetheSen£7iﬂﬂﬁn&LSEHDbédTthéah|MaﬁOEﬁumﬂﬁﬂ metal
50 - xcegg nn1 nigron) . These_atte ts to inprove are
Lindbteet o™ PREMEEGuI MEF SHDA ‘ot @Efls ness BFtthelodide
adr hent , HDD tc%hegLogyrnaP@frauacnl ersoma@éﬂ HALLRD WkLRhBsog
the HDA is resulting in consuner data | oss. The
Cozehn®| Bgy Bei iy usetbew: mafagelght percent to about 90

weight percent of the coating, Ifrom about 20 weight
percent to about 80 wsight percent of the coating, from
25 about 30 weight percent to about 70 weight percent of the

coating, Ifrom about 40 weight percén: to about 60 weight
percent oi the coating, or from about 50 weight percent
to about 90 weight percent of the coating.

Exemplary metals of the meital alkoxide, metal halids

30 or inorganic nanoparticles may include, but are not
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data | oss such as RAID systens and/or data back-up and
recovery systens are both expensive and difficult to
woramwages126N t hin the HDA, a ranp i s incorporat erCT/8G2009/000065
renove the head fromcontact wth the nmedia during non
use. Renoving the head fromthe nedia provides the
capability for the HDD to experience high shock |evels
1wt Bed kewewmdl,i kel hwod ok, daba Izess my, degrease nn, ce,
reliability. Tne ranp generates fine partlcles durlng
Sthe?probessTefandf£Fng the head of f the nmedia and
agai t@heﬂotgﬁﬂtegngﬂgaggadle%g b8TRALE netatl Ay e
netho ol ogy at i s use are to clean
me@abonew&talm thaiabbame@eexposedrcnher|owaimbmluasﬂmécon,
no_longer capable to nmeet current newﬁfroduct

m?édﬁr?émeﬁt? FhePd | EWWhuRt B hetFVF MM TiYLe SpERonent
kpbeBl emAnd:hdwd depkiandqt hus, t ochocrease the #gan pecal
tinme between failure (MIBF) of the HDD. There is a
CﬁééﬁoﬂéﬁlﬁﬁémﬂﬁﬁtHﬁﬁoﬁ@é?ct@drédm@e'ﬁm% puAber aeinsisting
pasticl es, -for nmpl£,- 0.0 cr i ze and
sgzds 2%urr’margl dco?%?hgtﬁﬁhé f??g% aggggt 8?ﬁetecu’re’
C[dSoVCdéd acHaed HMhsk Hnbee “HDB) @as®, hayiswy, aa€ad,r vno,
ngnfi ed to | ocate a HDD assenbl'y therein, the

%i t i 7 C20af 8P4 17 253 c 0aF Py tfar 28 FdOr nR120s,
vidhat Mdie, capt@r thag avesagedeughness (8a§a>3, fy e woos,
coated surface is ICCnntor l'ess.” Advant ageously,” the
MgBat hGurbace Aavhng SrRa 6HOL OCImOer F@e8si s & &OverA/ruz,
VS oth ur e he t he at i ace reduces .
fﬁg nuﬁ%érEg ’f?gg)pa$9§%1es 21:!:g%’ere sgrﬁog me
o&adebysuédvaBtMQG¢HSL®§ahHerQUghneSS of the surface
of the coating is |l ess than the roughness of a coating
t nat tRas Péen FHIEIEH an EPEct rocoatGSRE (" BeEdat " pr1de
pékepc1Eengee Lhesanot hnegs of-th So 9athng Enlhp of MgO,
di scl osed first aspect is greater t an the smoothnéss -
CaeP: a Ezdat | hgP1/harhas Avéen Fordwed FeCan Eeatbat Zsg0. V203,
va equsl y, er nness_of _the surface_of .
Vegﬁtﬁﬁgglghﬁ%séﬁ%%ﬁh gﬁg fo aﬁheég §f A€o tFﬁgchhﬁﬁjg s
shas heemidormed;i rrel ech« oF egs xpivekel (HEMNJr coabkngherzl

st ep. .
oxide Dartlcie“ may be coated or uncoated. In another
embodiment, the inorganic nano-particles are sslectad

ftrom the group consisting of Zn nano-particles, Ti nano-
particles, Cr nano-particles, Cu nano-particles, Au nano-
particles, Pt nano-particles, Ti0O; nanc-particles and
Al,03 nano-particles.

The . inorganic nano—particles or carbon | nano-
particles may have an average particle size of about 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 to about 10 nm. The inorganic nano-particles of ths

disclosed coating may be from about 0 weight percent to
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Hence, the snoot hness of the coating in the disclosed
first aspect is greater than the snoothness of a

w@omwbilesy2¢ hat has been forned in an EN coat stREI/SG2009/000065

one enbodi nent, there is provided a hard disk drive
(HDD) case having a cavity configured to | ocate a HDD
assenbly therein, the cavity being coated witn a
alsoad | BY wdiagract perzedti ot hahet heocemer kirbe aupiageo.s
roughness (R a% of the coated surface is |less than
Wbt SORRT S br EPeRrRBLY Redie N RBAN G0 thapFeating,
f yal hap.25.0m £ 'Emi,uﬂ t of
f#gsﬁp%@%e%l géﬁgﬁla gi“?kée ri vLéﬁ(%l%& g;.gé avi n%“égég“ o*
tioaveeat Tonf | gur édomo abonat 6 .& HRD dssemdatgethetei about 2
cavi té/ bei ng coated with a coating that has been

th ¥
"$ ot hed By F et ho %e‘f%@f?elagf romthe group consisting
of am agresehpeepashti Or HEtdWhord SPMEL S FAY-BE hada/or

by

a chenical vapor deposition method, and a sol -gel _ -
CHR PO 2RAEUARRr éFnTERE édmdr ( ivrl @vieragecebughfessout
o4 Ryk 8kt hessurface -of. t he caating is. 100 or dess.

S&cc%r Flngh‘{tgo %glgécgnd a}g]pegtgg“t‘hgfe Ts&‘gré‘g%ed a weignt
pemtdrod 00 ebatitng a watdhdi skrdehve ofHDD)e caset hayj ngrom

a cavity configured to _|ocate a HDD assenbly therein, .
= e FoUORbnIFF SRS Efie "B of PTG RYSETRG BF The
cdheisdy face ofokhertam tyosueds dihat Jhesenter lddige 15

average roughness (R a) of the surface of the coating
w§kahoRr eent e85, thp opetenbodThentoatheof bemi hg spepied
.4 s_sel ected fr royp consisti.ng.of ,an aerosol _ .
“UepiEi fren Mool & it SFing WEthGd, St o4 % ¥
pivapire deposat | @spoei hosh . and a sol -gel net hod. _

Accory di ng to a third aspect, there is provided a

coat®l RAFd YFICHITVe case, Tte-t¥attng GIdue takewitn
16ravi pgnbegn formed M@, seksgek s Mherei Au$ahdageousiy,
sol -gel conprises at |east one of a netal al koxide or
wzemeealPrlhgld dee and wherdi ndssi d dedatsi,ngtirs capdblres ofnay
. feducing.the ther jof . free particles . that adhere to_..
‘é(ﬁécr“é%gn. T oﬁéggnb%ﬁls}ﬁencf‘,‘\?hepé’“i‘s“%r ov:idgd"g dodf'ea-
sthes gk dhkveceasestthe.coaldmy oddthe: caseudnyj Nngwhen

been formed froma sol-gel containing at |east one of
AP BTl &l KoXPde %t 8 mbt AT Hati dé°d spedednPn @n also
dﬁiﬁ’é@i{y“zaﬁ_ﬁ{@f@é@' And wherei iupon Ralyenr satben ot.;
e sol™-gel,
conductivf%v

Y .

In one embodiment, the coating .is applied in a

process that integrates ultrasonic cleaning process
immediately Dbefors coating deposition in a same
controlled environment. Advantageously, only one single

environment 1s reqguired in the production of the hard

disk drive. In another embodiment, the coating is applied

in a process that integrates an in-line interlocking

system of clean environments comprising an environment
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the center |ine average roughness (R 3) of the surface
of the coating is |OOnmor less to thereby reduce the

woeoobaesiod free particles thar adhere to the seeT/aGmowHo0065

the case. In one enbodinment, there is provided an

or gani ci norgani c-coating for coating a hard disk

drive, the coating conprising: at |east one of a nera
fat koxé deepbsa tiietal othathde coshenei.n siaighcopddugl S this

ca abl e of ecreasiqg the nunber of free particles and
BT i3y tHel S1Z PP Ne 77 et paiti k7S Ehak drive.

contafd Nl £ t Aes hapd 1 geSly 1 A1 Weed hONS £TROMI BBALrise 2

the coating further conprises inorganic nano-particles
bage marecpart fotes. hiemdanbisiera sdgel vendccoheinohy i nghe

urggfr C [ at_ | east_one_of . cabon nangparticles,
c%ﬁ“% Bg%yggﬁo%§%5§.dl%‘bﬁ%“e%b%ﬁ?n@ﬁ?,CFhéT S jase, the

copravideal wharaidwd @fsk eghisémigl gontam nation in a hard

di sk drive conprising the step of apglyingﬁa coating

as di‘¥cl Bs@d Fors Pt EheY hard diskhaFfvelisin Gners may
2 BBt s o thergol Sk oyi ded; g, hacdodi s, K gﬁ'VﬁigFEE%e,
havi ng ‘a i oase, a cover, and a head di sk assenb y
tieavEpyt hag dmdivs ke dyd viee ceppénent S0 the basef coero@ndhs
~Lonmponent s_havi ng. sur faces  definin disk drive_ __. ._
‘%%%it%?éth%h§urﬁ ¢&8%ePRqg “codt%ed %&ﬁ#Fa.cb%?inaanLCl“s
galearease diei mynber dohgf bee tpar hieliesy afkd idhtchderamp.
size of the free particles that contam nate the head
A K- 2gBHDL Y. [ idnot REFcaRB6di Fent Neafer €iis¢ assembly
x%&\ﬁlldedl@c%f}? QL 1 educ] ng; cont am natl op. Lo, a; hard
odisk drive ?FE[)Q? the hard g?skgd?$%e§ﬁaan% ééiase,

a cdVer , hamd adhead dliisie assenbbygehaviaige har chadi sRurther
drive conpopents, ;hg base, cover and conponent s hgving;
AR es Sdef P Rind B di Sk 20F vBOTaYi tRASToaTRGIENT with
epidfacesh i ibes disskndhi vascavi-by dMdih @&ceatingnt @nother
decrease the nunber of free particles and | imit the
STEYGE BN T he- ¢ eB2par Fekesiiia CoMmNa reeeothesheadnard
dfgﬁKi§§ﬁ§qpigbhl ONe; € _ogﬁggﬂﬁl FQ?tﬁogkbgged.surfaces
conprises a single |layer. e coating nmay tonprise
wimrin ptes| &yperd. dThe codtvieng Tray ybe appldiret wehbhodehent,
t@%:ﬁ%% lﬁgg&gsthggegérgggglgg%og?ggg ge88§&§lé{ngQ?ive

voice coil with exposed surfaces within thes hard disk
drivetApplication oI the coating to the =xposed suriacss
o components described above allows reduction of the
number oI potential particles on the exposed suriace of
the component and allows thes. removal of particlss from
the component during cleaning t5 pﬁoceed with higher
efficiency relative to an exposed surface which has not
been coated with said coating. In one empbodiment, the
coating is applied on an electroless nickel (EN) plating

layer.
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hybrid | ayers, wherein the coating is applied with a

wet chem cal deposition and physical vapor deposition.
w0 pooanosaedodi ment, the coating may conprise  PCT/SG2009/000065

nanoparticles . The coating may be nonconductive wth,

for exanple, at least 109 Chmcmresistivity. The

coating may be antistatic with, for exanple, 103

ChmTme t ccd0dnOnmicmlresicsthardein Hhe oeatd ngimalye béayer

cquuctiye wth, .f r_exa Le, 10~ Ohmcmto 10 Onh cm
RO | BFc g T e nopa renE oS eRESC ol iy FragBa L RER
aappiied &9 anyyaetat |6 copRONeRt 1508 thenpuspeserofinm in
protecting the conponent fromcorrosion. The coatln%
NIRGIYeSAppliietnes Sany AE6APEASRE Yo YhpROVE G hghin layer
£ LOMPORCIY Sa @i e ol ald £c gRALact ehLSLE eS8, J08 60athDUchsn
may e applied to any conponent to increase the
lxwapohehh raneéecfromabboandud inm tye dbwitcob®d ngmpay rom
be applied to any copponent to increase the head disk
=52 h D V58 EParPOBF edbr Brirmgriett G o 3 e To abodt 80
nig)ar 86k €Ebsht C40 THR €eabiReh-mepy hen appt | @bt NaBout 50 nm
process that integrates ultrasonic cleaning process
£ mweeltat @ ynhef ore coating deposition and in the sane
cont ol |.oQb- G0l r opiEDt oI coating may be applieddn.
a process that |ntegra?es an I n-1ine §
coat &nd odki ngsystiem bdyet eati lenvinometend s udhngkaass.
envi ronnent for th deppsition of ;hg coating. In an
A bt Hent, tRePnedE dFRk"adseifsl y- tofprPsed’ alt aRpmeteT
t1eEkfe B | RE=aSSBMINLsd NgzCaald ngn apphied 1 O 1he LafBes
for the reduction of particles generated during
fromdphguof 1t We aveisng- parboon BlRe miammensThe woat dipgut 10
applied.to,the mating part. The coat| my _be .
m%%%??%d PO PRE" Al TGS R TV A TRRe c%ﬁ‘pg%héh?ns “o
abbth Bxposetorssr faces within the hard di sk assenbly
that_reduces the nunber of potential particles _on the,
sur f5ee oPatHed dhmpoment , PandSprovidesEBROEhel r BRBVELNYT
Separdiclos whth highergeffi gh.eney duing Llganing. s:»
CThe coating may be appli%d to the hard disk éﬁ?ve SEEP
ohoepplydngonert scokt hnexposedhsurfeacesd bt hidmivike drar dts

iﬁ%fki ﬁgfngégétgggt%educes the nunber of potentia
partTcles on e surface of the conponent, and

provi des for the renoval of particles wth higher

ef ficiency dusiigr abeswingtidheoeoptawdngsy be applied
to the hard disk drive top cover

In order that embodiments of the invention may be
rfully a&and more clearly understood by way of non-
limitative examples from the following description taken
in conjunction with the accompanving drawings in that
like reference numerals designats similar or -
corresponding elements, regions and portions, and in
which:

FIG. 1A-1B show SEM morphology of EN coated

surfaces;

20
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wi th exposed surfaces within the hard di sk assenbly

that reduces the nunber of potential particles on the
waobaesa260f the conponent, and provides for theCT/eGEMHD00065

of particles with higher efficiency during cleaning.

The coating nmay be applied to the hard disk drive

latch and | atch assenbly with exposed surfaces within

the hacd dpskzassenbly thakmkeducegikheanunber obarticle

potential particles on the surface of the conponent,
JENET P 69N deSTRof PHELREADVal of particles with higher

effigkgncy durig | eapi .Ihe I .be applied, -

to t Eghardgdi§£Qﬁ%iveg%§%6dé§se €£é§§%hLeipo§§%Rk! o
cempbaersswanhi & stsleetidrd diiskh assendey thafacedueeshin a

"TRG BoNBaRERTToaKA RPRVi BESFoF SERENFaMINAT 6F Srbodinent

opathkchasenmtt bnhi gher efficiency during cleaning. The
coaring may be-applied to the hard disk drive voice
coi | Fagseﬁblih%% e ekposedheuif Lo n@dn ph Bhe Sh@odiment
o§i§hea§ﬁ€§9£¥o bat reduces the nunber of potentia
particles on the surface of the conponent, and
providés forshhesrenovall dfupsadd ckestwngh th ghetordance
egficiengg guring cLegBLng. In_an_enbodi ment the
YEbat PRgETRCEI PRI N Payel St FPHEBEIRRAomet er t hi ckness or
ni cronet eeat BrCkAB&SsEMhREab BgyMBY bR apRkied 08 fakes
el ectrol ess nickel (EN) plating layer. Definitions The
appl 8% ng-Twor dscCandanes ms Wiséd hakei pmsiealimetrave ¢he the
s feaning,indigated: The term "surface roughness” neans
unevenneSs of ruggedness present of the surface of an
obj eEtGat hargtawsspaci agb1St andaw tngeastk emeiipandon of
vevakgation:of t hese surfaces nave been accepted in the
TEAPtE StAtESHS Yefned iSFTARGS caR3SEAAdars accordance

wiS80Ci At i b JoGurNt B . 46 1: 4962+ gRtidled rSurface, o
Texture.” Tne term nol ogy used in discussing surface

=

CPRXENFeOoUses BUGRSERr n®: ascleaughmess, thouwtavithess surface
. pyg?neg -mﬁ?é cytoff,” “lay,"_and _"flaws. ' Document. _

c %6. -19%? a sgodéégéfbeg“arﬁEa%%reﬁgﬁPqﬁgkﬁhiqu%‘forn”

igvahtabthng the surface wave formto arrive at the
arithneti.c-average (AA)_, which is also referred to as
"CenFéFWi%ﬁ?%&egaag" téiA?o;phology comparison between

conventional EN coated surfaces (FIG. 8A4A), conventional

(3]

coated surface (FIG. 8B) and the coated surface in
accordance with an empbodiment of ths invention; and

FIG. 92-9B show SEM morphology comparison bsiwesn an
uncoated aluminum surface (FIG 92) and the coated suriace

aluminum surface in accordance with an embodiment

of the
of the invention (FIG 9B).
Detailed Description
FIG. 3 shows expanded perspeciive views ozt

components and assemblies with exposed surfaces within a

a8}

}—
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The term"liquid particle count” or LPC in the context
of this specification refers to a nuneri cal

wore@snesaeent of the quantity and size of partiRBCESGR009/000065

insizu or flowng liquids. Such neasurenents can
beobt ai ned using a conmercially available Liquid
Particle Counter. The term"-free particle" in the
HODN @xin eadcdidanspeci th cahi enboeansna parthel entbation.
i s capabl e of being physically adhered or stuck t o
T@%eﬁgﬁﬁ%cﬁowraSﬁara didietd Ve cdse A WhFRROPRAYCHVETY
32, dehached upop.appld calhomoica toeee U epuh &S b Yor
W ping the particles away fromthe casg) . The term
dishaldogerd irsad/orhite | heedpr é2®dabdoagityudvor ef2er. t Bhe

t f. Go VI f he Peri odi Tabl f El .
PR TR D T3P T bt (EPth PAfl Catared; fenigees t8 the

pelerent scisehect edbdsoin tBe grosp €6nskstbAg 28 oxygen:/o

(O , sulfur (S) , selenium(Se) , and tellurium (Te)
COnA$ec Y%er f¥ ¥ chal ToeANBBTIRS (O INitSer Phetiede spindle
ndf0adbknbOaLater (£ R Binany. Ofpiulddnaly, Lanpoundoy ging

containing at [ éast one chal cogen and at |east oné
het@cendpositonadiny ementiao esr adildal as Trigng eHPRoetTdle HDA

fhalco eq%ge" IS o b e interpreted b[oadléltdo refer
“19%% That codent vetih Wht tRUE he®BrP°T'8as? oie-19+ng one or
métectbapeskhtye (elemest rayrauiRt abofalh@nsothest®Fdle of

"nano-sized" a s used nerein relates t o an average
dparti EPECEIF2E OFC | 8§s MIAFR A0B0E |OENATY PA1Y cabapkging

t han t.200.r nmoee. papiigula D5 ova
h%%%%i thﬁggﬁyé%%ugslgga%hl"%ﬁe“%érﬁ?an$%¥o?§§¥gg*‘§VECl
ofisethchereta, amtessrspecirbredine elrddiss t 0 2pplaverdge of

ggg;icle.s[;e o f between .about Lumt o about | QO mm .

CURTESE® sPECifi%ed 6P RePRIF e S Che t 8FHB"Y cdigt? si%g" MaRgoe™
£1EROPEhSBccotBdnganialid cah “abbalhSnthey20fhe ak8vention

i ntended to represent "open" or "inclusive" |anguage
tguchfRat NERey | @t udéheecinatial ehent STHYOVA sotiper nvear

| sion.of  additi L, unrecited elements. .A_s used_ __
C%%%%?ﬁj’qiﬁife?§1"gggﬁfl?%in“ he context o o2l oEflese
cooncesiratworns of e coopoment sl of i thetd ossuhabvtoas,
Tﬁgpichlx means +/ - 596£f the stated value, nore
lne surrtacCzs ©TO DPge coate may be deilned as any surracses

(metal, plastic, ceramic, conductor, insulator, and th

[}

like) that expose {To ths environment (tha surfacse
interface with the air «circulation) +that housad the
platter and read/write head inside the HDD. For example,

base nplate, top cover, spindle motor and spindle
components to assemble the platier, latch and latch
assemble, ramp assembly, voic

circuit connectors and the like. The application of the
coating reduces the number of ©particles that are
generated from the surfaces during the

HDD. The <coating functionalities may further include
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'Cxﬁﬁquiorged in_an E-coat ste
a

typically +/- 4% of the stated value, nore typically

/- 3%of tne stated value, nore typically, --/- 2% of
wo bmogesared val ue, even nore typically +/ - 1% pET/8GB09/000065

stated val ue, and even nore typically +/- 0.5% of the

stated val ue. Throughout this disclosure, certain

enoodi nents may be disclosed in a range format. It
adskeaulodh ,be waderstiosd t hetrdriwidesccioptriosionn rasgestant,

f b t d
a tﬁ.gs dllﬁ%t lbscra%l:%’:r%et# u@bdgn;ﬁ%cfnﬂee re:v: i ¥n ?gtl on on

t he mROPRagf Hoe qdisselosedsr aNges. trACCRbALBALY: st Boused
description of a range shoul d be considered to have
—sﬁ’ééi fikal #YD dPBelosere alP EREMPGSSI B S FUD-Flarkpest asfor
lexé"fl.ld '¥é U@CBﬁquAc%ayakge%e Jn'é'd” g$%ozﬁ§&9§nt
or exanple escription of a range sucn roml1 to
tb shaulad dysmmornesi deredc i omnﬁveazspem filcal i;wfieiaee:d; osgdose
Qgganges such as fron11 t . from1.to 4, from1l
2 S (G S R 60 (PSSR 6 BIRT RS the
optsrateldn as i ndividual nunoers within that range, for
exanple, 1, 2 3 4 5, and 6 . This applies
reg [l eSX @ kche SOBREDRNGE t heclagge. PBeeai bédte, top
<£§%Cr|86i9819f H%Qd QEﬂt gnplgr bo%g%‘lln]tlg semble
yddi Tent s of "har d- dfTVe case aving a cavi
than¢ﬂgﬁtedﬁcﬂéocmtemmP{EkaBSQﬁﬂammh@xewammfmesembly,
cavit ein coated with a coating characterized |n
VR The cent T HP A HY & FiTtighness PRI Ay CoF St Hend
1i0@at eth s face | s31 OQUBn1 858, padl POWBR+21 or non-
di scl osed. In one enbodi nent, the hard-disk drive case
mausaan ahuakAam cage. The @@ame@ mayobe flomosed byzaticle
selected fromthe group consisting of an
aeroso dep03|t|on nmet hod, a sputtering nethod, a
chemxzmpwaponxdemm%t|aﬁbw&ﬁ§mxbpand a Spk- g@ba:lnq in
met hod. I n one_enbodi ment, the sol gel method is used
aQQ?TQﬁﬁciiueWé§V|ty~%ﬁoQ+ﬂﬁqﬂjD aSsenbf§ invention are

aABdageouslky, LRe1sek=96h meihod when gartd edgou, o
with the coating descri bed herei n, produces a coating
emiticmans: sebot her ibhant aooonwert daga Toat Imyrddratc ha8I)

o p_or a ENyP|atl ng step ing
F& “gefeY al Y PadSsred Ph hard i sk i-nidust 71 %Y

mwxdﬂ%d e not being bound by theory, it is believed that

because t he L . . : :
a. Metal =zlkoxides or mesital chlorides where the

Metal group may be Si, Ti and the like;

b. Inorganic nanc-particles, for example, mstal
nano-particles, Zn, Ti, Cr, Cu, Au, Pt and etc and

metal oxides, Ti0,, A1,0:; and others;

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

The coating may be deposited by dipping, spraying,

spinning and any .method that suitable for wet chemical

23



coated surface forned using the sol gel nethod has a
center |ine average roughness (R a) of | OOnmor |ess,
WO e@e/1gsed i cl es having a size of 0.1 mcrons oPCT/8G289/000065
woul d be less likely to be trapped on the surface
irregularities of the coated surface. In one
enbodi nent, free particles having a size fromof from
degboutt I8 ity osplwk aoutay hecformisaned abte dpfferent
Viasdchesriectotg hse ctoa;§r<j Vsurrface. én ongignbodilqent, t he
conter Y i He A rerdge FoUginesSSX® 29 The o4t ed
surfmaceapsliessibhan nacatto Smae preter abl Yerhiessi ddran of
about 50nm nore preferably Iess than 25 nm |In one
b BVRBREC™t heS R dPRYheC@batiamyy sdeRoshelPangd\dt) 10T
cHUR A, 1100 0 0 550 1AM 50 N0k UM U 0525,y
nmor froml nmto 10 nm or fror% 10 nmto 100 nm or
of roaap25inhvho tEGGnohogry friomt 56bnntt ¢ol0O Tew Whebitheus
sol - gel . nmet hod. i s _use it is also preferably. that e
LAt in l‘EorﬁﬁHEestgt”?‘E%tse&ne “of épc%ret’%ﬁf%l ko de, 188x,
pr@tala o dess@ iRl s hal hde, £ gopek yTar bessconpauURdm. The
containing a metal and/or silicon, or mxtures
Ceerdf Shptef Orabtgnt 1HEOP? ecPBBESNOYEd N t¢ense  (non-

D(Z%L&ig)e.l R gtf’ga{jiééhrg%}?%é‘e&%{?s%%dﬁe%@% %éﬁéig?sby:

met al hali des as ne oride.
pr ecalr sordagrseiatdy wmaercgo inadr oy s sgtt 0 pfoerem aimmersion
gel -1i ke 'substance that can be used to coat the HDD

cavi TR Upom tdatithg, THe el AHTRE sbist AREEY Sitden that
dri eshd oy progluse & deasi kredncgatiaguanteri ab gnithe, bc
HDD cavity surface. In one enbodi ment, the coating

di scdbseddereiwrds Fornedsas a continuous | ayer of
filmover-the su e.t9.be coajed _and_is 0.0 -
Advz:\gﬁt ageou ?/",éj% %‘?céhgi'ngﬁﬁ %g tehggggat%kgggofé?‘eirjgn o
si gnifi¢ cant | yevedocesidhe Fokel bbobhd oér&mée panti cheszl
bei n t,_rg[iged on the coated surface . The coating for
coatTy-a'hard disk drive cavity may conprise

nanos par t» c4 &8a ObnAkeEAzparddc! 8. chBeypanenal tighesapie
may be organic, inorganic or a mixture of botn organic
and {oordpRfis havegaouiscl eetalAdyadt agaously, aaeging on
nano- pas i s or_mcero-particles may be added to

i ncrné“g’scéit%égh%&gnrglsécgn%?bfg‘é%%duct ivity of the

coatdng. Ancobe enhadinzEntzrd hehsol agek fromnoirch=t hery
coating is forned has nano-particles and/or

nicr?ﬁ%ﬁ?i(ﬂnéb hard coating whicn pcssibly to dsposit
with as long particle as possible.

Materials that may be deposited on the metzl, semi-metal
or insulator suriace may be, for example Ti, Cr, Au, PL,
Ag, Si0,, Ti0,, R1,0;, CrN, TiN, TiZzlN, C, or the like. It
will be ﬁnderstood that C could be in the form of
graphite, amorphous diamond like carbon or hano—crystal
diamond like carbon structure, metal containing carbon
network, or the like. Basically, may bes any hard coating

that able to offer dense and continuous coating.
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contai ned therein. In one enbodi nent, the coating is
an organi ci norgani c coating and may conprise at |east
wWo@r®asiac net al al koxi de, netal oxide or a nmetBCT/SG2009/000065
hal i de, wherein said coating is capabl e of decreasing
the nunber of free particles and limting the size of
the free particles that contam nate the hard di sk
driven lah asebbeimefodbfenthet heneoatidg, furthaker
conpri ses at | east one inorganic nano-particle . In
CQRRT bifot hed eCtOrddicmen! t el PeXPHRF S ur PHeting with
céﬁﬁ%?%f@§ ﬁ%t%?aQErOESnSECQQQQOQn - pat 'q Hion of
carbon nanorubes, The netal al koxi de di scl ose ereln
paraymdre sel poledefr winthhe rgrloupi wonsi stomguofise | nepnsize
ailr?krfn)(i dg . tjtani um al koxi de, germani um al koxi de and
Tt i T ide. In one embodi ment, the netal
al kaxtgien i 6- 5ol aedred: f (O acgeURg§0nsy shiNgalbparticles
_tetraethoxysilane, tetranethoxysilane, | , _
1e? BGPTERT €} HoXYSi danabedpmepr soft ERfret ABRYSE PY| Provide
cehhiane, shbicog: Lelitaisony! gxide .alum num P deen:s .
al um num 1 sopr opoxi de,” tetraéethyl orthosilicates and
Aronmbiamatliicnas ither eodf Thefumetal omd koxi deaafi nidse having
coating, be from about 10 wei ght percent to about
DG OHt L Vo ctih TOTRECEgatPbict Fortapoft 6. 8i GHPD
ePeI £8Mte t OnabOULL BB MBI Gl REIGEIHe s thea ot iBEr12 the
from about 30 wei ght percent to_about 70 weight
Herd clehsk oiss¢emebbvatlibry) fpomiabéasedo Hei ghplpepcenn for
+ Qut 60 wei t..Qf tne_coating. _or from .. _
- a%ogtg%é)n&eiog‘htﬁ%%r (%g)%%%tq}ov abdut ~ 90 \%é{iaghg;)ti“per%‘et%tm%f the
hé¢sane daaki ngss<hrd yetabzhalirdesedesel osed hes eichenbyss of
i nclude nmetal fluoride, nmetal brom de, netal cnloride
CR PR aPSredi de afid i Xt tFeLt hBRBBTSTFhe Gret B CTOmMSter

thedigdess of cthe disg) osedcpating ABYBE-fromabow, 10+:n.
wei ght percent to about 90 wei ght percent of the

may

<

t

ipdaridiegl f compabent s20wW weh ghtuperaent ekpecapdutwighin  the

i ght cent_of the coeatlng,..from about.30_ veight ;
C%\%érpgen%g}e%“ bolt 7OHWei gﬁd'per%ne“nt 1t he" cod ?ﬁgngs =
afcontiabost wi40h weh gainbpelr eentc tar abiout 1 60emei ght in
. percent of the coating, or from about 50 weight | B
L'g‘ér CEAt 2P61abYutC 90~ Yei G pRYTEm - ofi2tRe 1C5& i Tics whs

cExemplary-petahs ofr-dhie-netal al kogidengmetral hakide 2ng

size of particles on the coated components and of

)
creases

improving the eificiency of removing particles deposited
on the suriaces o the coated component using ths
industry's existing aguesous cleaning systems. The
properties of the coatings ars aéjusted Lo improve the
other suriace properties of wear resistance, corrosion
resistance, electrostatic efficiency, and conductivity.
Multiple coatings may be used, one or more of which use

nano-particles, to meet &all of the HDD reguirements,
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or inorgani c nanoparticies may include, but are

notlimted to, My, Ca, Sr, Ba, Ag, Zn, Fe, Cu, Co, A,
w@200950812&Zr , Nb, Ti and Cr. The inorganic PCT/SG2009/000065

nanoaparticles disclosed herein may b e netal, netal

chal cogeni des, charcoal, carbon, silicon, m xtures

t hereof or any other sem conductor conmponent known to
indins®irsKidd eskidride esdtidperoet aédebal cngeni des nayber

b e selected fromthe group consisting o f ZnS, ZnSe,

AT TRL ZPHS PirSes 1 PR, WESD G, HitliTe, CdS, CdSe,

CTes, Mg MiSSs e, Arg2Soa£025es AG2TOuZNA: anc

Tio2, CeO2, SNO 2, Fe30d , Fe 233, ZrO 2, @]
sm@re Qu20O:-he Ath2ag fl\llmzmld NEACE; ot Gl s ¢ n@n@mnﬁ@ or

Cr2@ ., .T a2 G a2@X, Y2 MO, CaO,
ndty S 2Tl ThE, WIPGES PeSo brtre R0 1gese
p2EBic VKD, T BbO:iAgl 2Q=23 I3 A cialnO, é’d}géﬁon and

m xed netal oxides such as MJ A 203 and Co 4 . In
shfNEnbodidentS eRéeditec|dsaed irett® %x?%%spa??%méi%s and
: 241 S€l Lot edrfrombhe g OU&C%OH%QS“&&M MO 20 i en

BaO TiO2 , SrO ZnG , Fe2@, FeQ Zr0O 2 ,
r&RBant 2Q6aliCi€s NIQTt Apk2@8ds SIr@2-st#nQ; Aig2lrrged

d._net i.d h A 2C3 dth
p]ﬁ?&?e{”jreregs abe&e(g‘fo?sl'l@ggﬁg&agfnwgm de partlacr:ll es re};a;/ b e

coat"erde obrypeQatedorbAnanot (er) epbodbBENtiort hevatings in
nor ani ¢ nano-particles are selected fromthe group
T %—¥ﬂ2na%an%mﬁé@‘ﬂ%m%mes of jth@nopaFeneles, may
l&lmo-ﬁaﬂéﬁ QusRaNG; PATLI CLoes oA it
nanoparticl es, nano parti c €s, Hano partlcpes
canghhicd Z@tnanmgpabt—poLes_lﬁhanpncatganuaﬁ with a solvent
phano zi\rtl cles o carbon nanoparticl q,s _may have an .,
aver Sge UnaPPi @ stZe %o $-RAbGYE "6  nmYo HhoutE 2002t
mé%rrbea@ouﬁad&mtguah%ts 3, g 2 aheyt slumart 00 2healt
50 nm about 10 nmto about 100 nm and about 50 nmto
wabodesi0 nm< THE 3 notRireey haRdcpacti cl 8- b f apde 39 wt
| 0s Ln be, from.abgut.Q weight pe nt. .-
BL? g%oﬁfﬁgoﬁgﬁ%ﬁt g%gfzen?nof %nﬁe Eé&cg)at'l ng Ef rgorcnga%%ﬁtE T
b&sb pkaghtwaehedntntca atxontie 7k veel gelncbuqa@msenhset theaning

coating, from bout 1 wei gp Sercent 0 about 3 weight
SpRreBnrioMnd hé1 CGASINGS oF L FROM Ebott 1. B weidgiit - AT et

(@] LQ

ow

rpeLcent e ahoyt nd welghtcpebeent of st he.69atd NgrobBsseq

one enbodi nent ; tRe carbon nano- particles and/or
tiearbon nané?@b@é*ﬁs FGigin 2B6Ot VO Wit pé?céﬁl Fage and

r%c?\g%t 20, yei ght sper sent . QL thg,50aLi gy, LLam aBaut R, oo

Further cleaning could use e-beam or other hnigher en

\Q

Y

suriace cleaning systems. The componant 1is processed

0
()

through & standard dip coater and oven cured at 40°C Zor
20 minutes. AIter curing, the part is handled in a class
1,000 clean room and place sealed in clean bags. The

coating thickness may be 1,000 and 2,000 nano-meters (1

t

26
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percent to about 15 wei ght percent of the coating,
fromabout 5 wei ght percent to about 10 wei ght percent
w@boovhesieo®at i ng, or from about 10 wei ght per cePtT/862009/000065
about 15 wei ght percent of the coating. The coating
may be applied to the hard disk drive by wet chem ca
deposition or by physical vapor deposition. In one
enbarh nentoathagcqatl i digedise €00dHE itve Witis P Chanedty
to 10 Chmcmresistivity. Advantageously, when applied
CRB-IHES haP WL BR HPFvBS2EHE SBGATISN® IeRPUlHcy exde $@einch
ofiacd dhsk Uid vengyerall electegimmgnet kgshiel dingre.
characteristics. re advant ageously, en applie 0
shdwes har d tdikslle drdlve shiolvé ncoattiheg canpalrseodesbfabkgsults
i.ncrease the head disk assenblggeLectrica

Aot i Vity. T n S8hé3fbodPRentd tie 8baprAgnrs with an
eri@ppdiesht N @rpresess iMBknitegr desdl té@sied with =
cl eaning process immedi ately before coating deposition
COMW N EkpRe £ oRFPERFEd %nVe ¥ oARBAR L NAd WA EyEoUst S, SeREgCce

e singke envi QSHBQEaiS Lequir [ .praduction ..
“o fﬁ% hard 3%%&"r|véf Iﬁ‘ggotﬁgg engégﬁﬁgﬁgf tﬁ% he
icoatingn i sTappkivedcend atprdceéssd halaiateptat eseadroless
j -i{ngpi terlgcking system of, cl ean environnent s
" Cotpr | Phy GReenuer of & Sthé& deépos?i Hom of TERenumoe T
o£08LirAgc1 Advardiageousty, ot hi spadlans aAgi Riihe is 4,813
production of the hard disk drive. The hard disk drive
Palf k¢ oz dehier 2@ nipely  eonpeiSeca. bise, nampevepiapdraicles
head di sk ags Y., Accordingly, the_ coating .may b N
CappT?%déﬁo gf%rggé?‘éﬁé dethé%gas%?afhg é%%@? éﬁd hé3?
phicad-ksk assedbl yedlhe iheadidi skheassembty &fr t berbacdes
disk drive may also conprise a ranp and a nmat: ing
S%ﬁé&ﬁﬁﬁyﬁr?% tHF sS¢Es®CSt he coating may al so be.
applied to-al-1eastuone, ofst hecranp-and: t he maki Bgrcicie
part to reduce the particles generated during sliding
couitethe Mdt i wgtpart and t hétraspnisdvant ageous ypathisles
-hdereases the head. di sk .assembly overall. _ it 4o
é?gc$Tb-§%aﬂech §hgeﬁmaﬁfiﬂuﬁ?ﬁi%ﬁ?étit%f THEPRarg- +°
pah sdd drinveudinsct psed -heriel npaey itUEt hesueoME | $8-ctess a
hard di sk drive notor base conmponent wth exposed )
et acés witHiST/t hE"hard B3k eR¥VerT | Weafottfer & nearly
cfﬁgﬁ%ﬂﬁﬁﬁéadiﬂg hapd disk dij ve furthers CoOpLises Aumper
ar .

is a measure oi the cleznliness o

=k

Thz suriacs. Mors

importantly, the probability ofi media damage and data

loss with the HDZR is directly proportional to the number
of particles released from the suriface. A 60% reduction
in the number of particles counter reflects a 60%

decrease 1in the probability oi data loss or a 60%
increase in the reliability of the HDD for data loss duse
to a 3 body coliision bstwesen the head, media, and a free

particle.
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di sk drive latch and | atch assenbly witn exposed
surfaces within the hard disk drive. In yet another

weedodostent, the hard di sk drive further conprPGESGZ09/000065

hard di sk drive.voice coil with exposed surfaces
witnin the hard disk drive Application of the coating
to the exposed surfaces of conponents descri bed above
al | ows reEducidseninef the pusberref poientdadogiaridcl @ =
on the exposed surface of the conponent and all ows the
CexhbVal ofepatRdcl esh$ron?Fﬁén%ﬁ‘poneﬁPe@uH—ﬁgLlon for
N osptoceed W h et;hhcien
C%%QZX%NO%%% ggrf%%eq\im‘{:%rﬂarg ﬁ%? Bﬁgén coat ed 4751;‘1?1% i gow
t et Tamgu r ¢ nwioheh ernbzmnlmmead, thaemeohthhgail sdappbiredoanand
neetrgless n(gllé Elag'ngla er. The coatlng
RS R L ot Fer B My bet at b Rgr BoT GRYCEBAE | g oF -8
THa!l birphe deayien £oatd Ndsehn wnengpbodhBenioa@indLastr th
one |ayer of the coating is a thin layer filmin
neGhdretel t BPRRARSBT S AcEdEERGl YhewhBRAt helPHi nchajer dip
S &l 5 et Gkness, thi e f e
C{);ﬁl%ﬂl%yeﬁ% m%ranggés%%rgir(na %J&g; égaggag 1%18 both
mehal f romh bt 2 Opanrtko mtouawo d@lﬁ'ﬂpofnfe@ltlsabﬂuﬁvﬁﬁ)ahnto
g ut- 80 nm from about 40 nmto about 70 nm or
“$F oiabout 50 nmto about 60 nm In another embodi ment
at least oneshawer ofe t BepeoakLi-AGAl S7@ I Nal aysy: fid My
in mcrometer thickness. Accordingly, when the thin
ushyer Al mpanenearekeheser thi ckhess, Ihfads ckaessings
 th ayer e om about vl_.mcr ns to
g%o%?es% {rdngct:bo)rég, %Ar%ﬂ%%n‘g 2 %ém ¢rons Yo & Opftthin
the crHias, hevef ram sbotkr 28t it sr s ho ab@me B%vm emBRSided
The coating may also h e used in a nethod of reducing
PRont @t hatTdh iSE harl® i€ dritve 2¥d6mpfidsi HQDt hegusous

uBbt £9sOh1 @pRLYEBRhhe ¢pating tg.thehard g sk, zdr L% <9hg,
its individual conponents. Brief Descri ption
fDrawiregs 1ol sor degnnhat Ehbodiamescs oémwhearnvsentam then

r ful d | earl underggood by. wa
gflg ?%jtaf#l%{/eggxlﬂo{ gromt “f 6PFow Ag” d%gSCrl pt Poﬁ)c =SS

dézackeﬁts; n cargalnct bar kit hsmae | ACEOMPaRYH N EAWRGS | Bhe

that |ike reference nuneral s designate sim/|ar or
component surrtace 76. The nanostrulturs of the coati ng is

controlled by the choice of coating matsrial and the

process parameiers ot solvents, time, and baking
temperatures
An example of the methodology in applying the

coating in accordance with an embodiment of the invention

is a combination of above coatiﬁg methods to form a

single or hybrid system coating on diffsrent surfaces and

different parts to. achisve better cleanliness.

Cleanliness may be defined with readings and measurss

taken by the Liquid Particle Counter (LPC). The part to
D

ed into the DI water with ultrasonic

28
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correspondi ng el enments, regions and portions, and in
which : FIG 1A-1B show SXM nor phol ogy of EN coated
waenobaesass Fl G 2A- 2C show schemati ¢ di agr ans oPCT/SG2009/000065
particle generation forma surface; FIG 3 shows
expanded perspective views of conponents and
assenblies with exposed surfaces wthin a head disk
agssenbby.( HDA paraccos danrcéad t ewdr ehbadimeeant uwtil hehe
invention, FIG 4 shows a flow chart diagram of an
PerbodilReNelof PREIRFShti DSt EPEs - 5AshBRE 1A 6Pr example
o$ULf acavenat bAgli Anapeardance g t san anbedid®Rls &f rinal
the invention; FIG B&A-6B show SEM nor phol ogy of EN
reedtied dorf abes Eappidatkd nbaseoprdaneeiwi eiroamnd 3000-6000
enbodi. ment. of the inhventiaqn; Fl > shows table -
DR ONAg 1 HE e APy Do T Y e R ad i « Ao TTeS or
t8er taee iggatbngdi Beaccardance nd tdepamdamodinteide efatches
the invention conpared with a conventional process of
afPeafiPR§ M ERGUt FERe SORLAEE ScodtSRGlS? addGrdarcere 1s
p@%%%n@% eg@omNyyn égrﬁf@i$QVGEBEQQspgﬁéﬁnéA'%g S@N@ EN
SEM nor phol ogy conpari son bet ween conventi onal EN
coeatied . s Bufac €M RiGr @M apconyeat sbaah Encéafted 1A-1B oz
E&urfa\ged( Fl g\ .8B) _and the coated surface m accordance
i Cheanenbodirrént 6Ff PAEFIWVEN i on; and FIG 9A- 9B

showasEMenRirRhel ogyr cospar bappdsbetneencan wreoatietrention
al um num surface (FIG 9A) and the coated surface of

1nRé ugeani I SIATaTe PR BT dihce™ wioa SarP ehbRdli ABAL TOP
c%fvetr@e Loventia u(nFlg‘:g@teelD.e.t %"hleed?%ec‘crﬂl%tt'e@ Ehg‘ top
shows }éxpan ed perspective views oI conponents an

cavsenblives cailflly srposed tsurddaces stidnyiima dhd HRDmlihhg nthe
accordance W th an enbodi nent of the invent 'bonb The fhe
IBBREG CConpPise¥ & F i r SOV ET FF afida LBEORASEoveP N
s3ci e aHbAncomtsses, £LOMPonent s rsdebgas wSpimdl@ Jorring
for disk 2 4 and read/wite heads 20 and actuator 22.

PTIPESFSi nEed E¥PRTFt AR e ST RMd WSS -castifng €bnneeds 6B

ffadgy%ate the SEM micrographs 80,82 of an organic-
inorganic (0OI) coated substrate at 3,500 magnifiication

shown in FIG 6A and at 5,000 magnification shown in FIG.

6B. In embodiments, single, multipls or hybrid layers may
be deposited. In a single layer embodiment, the single
layer may comprise a single OI layer coating. In a multi
layer embodiment, the multi layer may comprise multiple

OI 1layer coating, 1in a hybrid layer embodiment, the
hybrid layer may comprise electroless or electroplating
of metal, metal with polymer network or polymer wit

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

as base layer and followed by single layer OI is shown in

29
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printed circuit board 30 via connector 26 and |/0O
connector 28. The internal conponents include spindle
woretoonosiacponents, all of the HDA encl osures, PEDSGLIONG0065
head and recording nedia as well as the HDA. The HDA
cl ean cavity contains various conponents including one
or nore conponents with a magnetic coating for storage
FIgf. dat ajfheeker¥ratet oladsmedi dayand ocdnee pgcmoeess nickel
recordi ngg{}\gads, referred to as_head, for.the witi ng__
PLaRt 1%t ri 6val  of "RHe® dat @ Ont PBRTTTT om £ he" medF 3P £Ses
p AU Latd 0N 9hdCceat iggs: hayi B, NERQ-1RMLD CheSel 8ENHHTess
nano or _micron filnms in accordance w tn an enbodi nent
nigtke hePiLAGéRdi oM 4 oSPhBt head RITRPAIRE HedP4  t FithpFeseing
6 ,hecdﬁq{% charagleri sl fs Pyeg edugh ”QléQSi£§' ?EbQst 69.
etween 1t hese conponents with are noving refative to
Besflamte ot berfobine nsur f atectoobeseoatetckmy beldefimmed ashe
any surface nmetal , plastic, ceramc, conductor, . .
mf R ofS il BHE kAT T hal oxpost 0 dHe o Series of
cemdrnnEedn{thes syhtace si Madacmdbidde ehis process
~circulation) that housed the platter and read/wite
iheadlilesi déhthePHEDE rFaEmeRaANPPEPCHASe Pf atrrippfor EN
Qv spi_ndl tar a i ogponent.s, 0 - Che
oLkl e it tor, CTAPER ARITACER achbrbe, TFSRp The
passenbbyrivoecer@adid , rébextblie ppoat egpleitricui.t Each pre-
. connectors and the |ike. The applicatiaqn of the L
CRATHYE r SRS he MidrbePSof T pat PY e eCX hd@ tee Tinsing
(ﬂB%Eﬂ%%fdtJ5Oﬂ&t@§r§@r{§&§§)dHB!BQme@ eper ahbRnc9f <that
the HDD. The coati'ng functionalities nmay further
adheterledadhesingn, spechani cabegreepytd, ©UR0Os$ opils from
resistant, .antistati.c discharged (ASD) . and the lLike. .
SHER Sy B et F16d "40%1 T URb Sorpamem . noGSeq Vaith nt®
déte DDh eaclvesur acta faom,t he essendl atcparss $of HPD:he
excluded the PCBA. HDA may be defined as conmponents to
CHE t e COpFITERS thatunPtReafy &6f RTFPSLPtatesSexposen:
af@ethe i r thats ol reulate wi thindhe enclosung dunihy pe
the operation. For exanple, conponents include base
Tplashesd t optoover ardpidlicaiptcor @ndagpindéentenpohentsal
L9 assenbl e_1 he gl atter, .latch and |latch assenble, . __
anp assenb? Y Evor €&’ cor 'y ffexi blve”ari nted cPretit¥e-=*
r COSNEEL O Sprandnt henkkkeedl Brgener afheakk neeehankeakials
parts with netal or nonngtal _ o o o
must then be completely dried off or sometimes baksd ofi

to obtain the full hardness of the plating film.

Electroless nickel plating 1is an auto-catelytic
reaction wused to deposit a coating of nickel on a
substrate The alloys with different ©psrceniage ©
phosphorus, ranging form 2-5 (low phosphorus) to up to

11-14 (high phesphorus) are possible. The metzllurgical
properties of z2lloys depend on the percentagse of

phosphorus.

30
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surface can be sources for |oose particle generation.
Exanpl es of the application of the coating in
waewonoEece wth enbodi nents of the invention BEESG2009/000065
di scussed. An application in accordance witn an
enbodi nent of the invention is an Organic-1norganic
(01) coating that nmay conprise, for exanple, the
f ol | Towi rghid xtameodimgent I\/Elta}ezal Koxi dt@s oDIrreﬁ_abzer may
chl orides where tn N? group nay Si, Ti.and t
CYMHE 5D FOFnor IR fo- %arf%clés“h¥ortE%EﬁbP8yyﬁé ﬁPe'
Ongn@?pﬁ*t$@i@ﬁur23 adid, Cbo &U, oAUDePtoANd-8t ¢paNdyater,
netal oxides, Tiq2 , A 120 and others; c . Carbon
1ﬂ%n@1p@PUMﬁ%ﬁﬁQﬂ—ma%o@@b©§am§ OO ek v e} | pEsrahddons
§&@QKid%erﬁl QPMQ‘&?Yt §%l§§éLgﬁgclHaﬁggaaLECWIQemay be
coating may t sprayi
adggedini Tiy ahd anyumabho®ﬁdpﬁranmdmuﬂmaécwoﬁﬁﬂncc with an
ﬁ%gﬁlcalde QS|t|on The, sol ution nay be fornulated
< T erent Vi SRBEPtYOPotREi PTPGFSTar tolisMay comprise
n&ePOAEd + o ehBadea rAl capR! | £l | el BpagCAAANCE M t Ant o
an enbodi ment of the invention is a physical vapor
DHepasetri apllPYBY dvy chehtreabnyapsiideposi ticon Toathnges.-
d LLO nol o a
WI%%U% T%ig?geréég ?ﬂ%%uédt%BES%P %?m%?%gthlc%égégegrOp_
wibfe nanmor etdhanikOnre, @Eflernwsdl eb essidtihRapnSmed andthyl-
%ﬁlcally | ess than orm .. The coating shall be
FRUEUS L MR gERGUS BNtP RS et PnoRgorGESRic Theer 30
nEQaling ey, by e, depositat: f oo @xa! 65 Dkads and th
Magnetron sputtering or high power imrersion
nEptieringa Wi ohedi themethararadr sronnddshapéOrhmt for 20
mlngrglzqg § nfl%her Rﬁhon1qao equency, . DC pul sed, DC
or - otner ener gy %ourc% P96 TORY aﬁb?%rlﬁhthat may be
e- bemin evapeLai Qr[h\orccbl’ﬁl@fﬂ@é evapaAtI A fPrsboth where
ceramic and netal coating . ¢ . Plasna ennanced, ECR
tR? P HRF2EYD that SHBPRTE8IdepBsPt VAP 088ONBt aPrgRGred

nELE QAL CacQatLng 0n FRLAL; and -noRsuebal SYrtacsgasd next,

0]

Arc or filtered arc that abl e to prOV|de very

~the substrate 1s withdrawn - from ths mixturs and 1is
rotated at room <temperature for 1 minuts. With thse
substrate rotating, hot air is applisd <tTo dry thse
substrate at about 100°C for 5 minutes. The dried

substrate is then cured in wvacuum oven &t 130CC for 4

hours. Lastly, the substrate is then clzaned, dried and

Properties of the coating in an embodiment of the
invention may comprise a thickness of preferably 50nm-3
um. The particle dens ity with LPC method is preferably
200 - 2000 particles (>0.3um)/cm®. Under hard particlesr

analysis (HPA), no trace of NiP particles is detected.
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dense and hard coating wnicn possibly to aeposit with
as long particle as possible. Materials that may be
waelepogisied on tne netal, sem -netal or insul aR@¥/SG2009/000065
surface may be, for exanple Ti, C, Au, Pt, Ag, Si 2,
TIO2, Al2G3, CN, TiN TiAIN C, or the like. It.
wi |l be understood that C could be in the form of
Igrapbther ambpphoastdi based dlikecarhbred covers may be
nano- cr stfl di anond |ike carbon structure, netal ‘
CRBNTRi AY NG B BT MetoTk: BRSERetRFkB2SBaBl2RPFyanARyOP
c@@e§§yt?§£QaEP?BhQﬂ;fQ@%u?@&ebkosggﬁﬁﬁngegﬁﬁ,989ming the
continuous coating.In an enbodiment o f the invention,
dan¢nyeen manEoperse efener ohytke orrel evtatolress to the
E ' conductive netal. or _caonductive .metal. wth
S§%§%b£?%%5%$'ng% ot PSry it Wf?ﬁ%FﬁcWU§i ndgFourring
protdsst i ve nagesicze stiieal spardd cleeigesOr gani CehPOBIABHES,
(01) coatjngs. having nanoparticles in accordance with
S EnS £frb OB hieht L F OF ey i&nt RBAT PriBeY dee cheaRsstiPfaces
Wi thih Qa&gngléle&éyee&$EE&m§HBP°Eﬁet§av@P may comprise
application of functional coarings having
a nahopatt P¥Ped ayvhat cdepdsict-ed r & tiel Har ta Peskebpbuément,

' nchaosure inner surface and conpgnents that __.
e P A e R e S B TP LS ol S g anos
wappl & cal koors os: the: €6841 8goef pHBP-eompeNestisn £orcr-cu-

exanple, within the head di sk assenbly (HDA) in .
CHiehér al ©and?tY tH-Use ORSedAti R§SThERNgoa tHPAaLi | Aride
cOtbNRRONBA LT M CLABLER, LN gkness Lhaboghy GONPrisai

nanoparticles on the in Vi dual conmponents wth
thuckaces expdéed whtIum. t Aeeclesarcauiyt yonbprihe EDBarbon

njbﬁ gﬁe“gﬁhco tings i.n gcordgpcg w%th;an enmbadi nent 5

DIEHE ivéEntFom TrittealedTPRE r 615 3bi Pt F TP e HOBPZ)
r&gab nstudat asl 0synSidice, t newceabi Ags have theer to form
_properties of.reduglpggghe nunoer and size of
“ipart et esContiMe oat & coppowentsiakuess - i nproving

the gbbigsency Ok femovipgpatticles depasited.anthe .

surfaces of the-coated conponent using the industry's
ekxtsrompaagueowns aisani ngmsystiensltiTneopryoper ti€esvafk or

-tfe gQathgg are qdjustgq to inprove the other surface
POroperti'es-'of "wedr reS8FstantE, ¢orr'oston resist afder és
cebectsostatie etfbcbeneypirandneonducti ity M dhPhenry =

coatings may be used, one or nore of which use

single or multiple layer of PVD coating. Onz embodiment

of the pcessible formulations with EN as bass layer and
tollowed by single layer PVD is, for example the racipe
comprises layer 1 being a electroless nickel plating (EN)
base layer with a process flow inciuding pretreztment and

EN plating. 2As discussed, performing electroless nickel

plating, the material to be plated must be cleaned by a

&

.series of cleaning chemicals such as bases and acids,

this process is called the pre-treatment process. Failure

Lo remove unwanted "soils" from the part's surface would
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nano-particles, to neet all of the HDD
requi renents, including an exterior coating for
WO edogosion i n the nunber and size of particl esP@i/862009/000065
the HDA. In an enbodi ment, the coating is the surface
and structure of the thin filmand may conprise
anor phous or nano-size grains. The surface has little
ré¢ulo 1woseopapliclies.. Eweicaatd ngrdwmsnaid f coeéebtal must
adhesion and strength that is able to deposit to '
PHetid s OEE ahYcsWah8Ti nsURat8e s. (EiTobY i g Gray pethree
tGRaguctiye olywWd h £esi staphigyal ities thahepPeQVide +he
anti-static discharged properties (10 5 to 108 Chmcm
surifhee or gegdcsd organiten¢0dy peotessifor ceatriags:i nacid
ccordance wi.th an_enbodi gent. of .the 1.i nvention. nay_ . _.
TRRUR ToP EXanpr 8 an 1 AFCIAT [P odat Ihg T svart @ weak
afibfloeeran csr Wntilkk kergagorppéysidrgxange ad i edswi tdr anon-
sol vent base solution and in a dip coater, The initial,
Mot 1+ R SHe 34 Srat &r i BFCBHERTAEY wi Tht P Womt %" SitiScoRne
p@%?ﬁ% BrWE&eEeSiN,a 32 W2k L SODT 0P, s@l epnoks {1 B g with
and 39 w % Butyl Cel |l osol ve (3C83 . The part coated is
am cdribioresitdsd] i drasepl ang iwdshred shn gheormrerici dkrisodium
gqg&gu& bas dr cllnegni n ,_s%/st em, usi qgaul t rgsgni C._ s N
PR Yy and TX"aters"Aft e 'Fi ndFhG afid-dryi AgPEABY  tO
pEorPenenhwhst £4r ERak npr 0cess ed i oghs @e st andandsacikden
oatn to etcn the surface and renove all oxidation and
b¢ opeBP Y agther edipar Pifél €5 FMaHere TIRAmAgoedukd @peain
tﬁéb§@fioﬁagﬁﬁgésnbghgﬁe?8§59¥n§uﬁg e Ehgeg&egess ickel
systens. The conponent is procéssed through a st an&ar(}i
ptepicoater sanchwvercxwredc &t 400C:-fon 2@eni nut e§eposit a
After cur;Lngﬁ,the1 part is handled in a gl ass luOQQ L
CeFeEN r oom ant“pFace®Seafed PRScF8aR- bag8® The Cdat i Wyt
di hfekaesspdbyeeade 000 3nEs8n090sNananBBher Soldk ©a52 (1ow
mcrons) .This coating is cleaner than"theé existing
PhoERReFyTbat FAgs,UShowp ng1LPELnedfirdnenpRosphedunt s are

159 1 neh of f Aas.shown Ln.t tabl e | G
_p$§%1%§e7 éﬂv metd 1 - SNOWYHL Qg oL a19£%§0 vpgnd

ows a tabl'e 90 showing the conpariso
omeshit t seactnevge ®fthhasshofase coating in accordance
with an enhodi ment . of the invention 94,937%1conp§red ,
wi t iP@YTonventi ohat S process™63 “o 15 cFeaningCWF t hoat Where
thbepgyrf ase- s9atbhngri B-3CEOEHaNGR=WEL BnaBoeahodbBRL ring
of the invention. The typical steel base plate with
may e®sr obegg to deposit the seed layer to promote the

3]

adhesion between N and PVD coating. Magnetron

sputtering process is used to create the multilayer of Cr
and Cu with each thicknsss oif 10nm =ach and final
thickness of 1 um. The propertieé of the layer may Ior
example have a range of conductivityv such as 107° to 107°
Ohm-cm, with a thickness of 200 to 3Sum and a particle
count of 200 to 2000 pa:ticles/cmz.

In another embodiment ot the invention, the

application of the coating may be applied to polymer
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ni ckel (EN) coating is neasured as a control. The

nunber of particles counted at 0.3 mcrons and bel ow
WO 2004/18136 particl es per sq inch of surface. ThRCTISGINE9/000065

of particles counted at 0.3 mcrons for the coated

part is 1,732 particles, a 60%reduction in the nunber

of particles shedding fromthe surface. The particle
swolAteusesoa coAETEY I abalsiequidr parr céesewibhy ergndDl voice

ter, .and ultrasonic t.0 renoye particles that e -
e e B P i e o CoAhERSoBandtR T paadedor
eddHoughyé heg | badi dpardd ckg1 CoWNhENG aRERCETT anh D@ of
of times, until the counter detects a nearlyconstant
2klading fromtest to test. This reported nunber is a

measur e t Leanl j.ness syrf or S

i rrpzlr't ant Iy, thﬁgkggogg& |?§£%¥Rﬁbd%§r%§%ge O:rnds}aé?g"ng
méiossd Wittch tofe kDA E s ldiveact lof proparhigonah t ohtheplastic

number  of arii cles. rel %qseq fromthe surface. A 60%
Stetticts o th tHEShuiBeP of par t3'ci®s CountePPTef et Such

afl 6QUndescrease: i palrhe JArobghhbirty eh dad aywkass 95 ao be
60% increase in the reliability of the HDD for data
anossSihield ota ZeHodE cot¢i sibnabeiaeeit heafiebrlle during

| &, . a free;parti - An, ati is,used for_ .

t hgé%e“pngﬁsh&'l ofnr{o d%‘bb%%%‘ﬁg h%gt ?%g*f%ggas%rll%ﬁgﬁtg‘ such

cepenid | eatyi ofiufoheel eardvaress ey partscw ddrhagéd he dHDAhe
at a favorably |ow tenperature which mnimzed the )

CHETham X aPTdi stoRrei S i if6r naFS8TPe¥s §HdudsEFt- The

rdihin the genmponent; . pafbgrial, Jhe QL materials, atgs o
used to nake the coatings for "the mechani cal
1&€omponenmt-s within the HDA. Low cost dip coating

equi pnent_i.s used. to ._depol_ng coatings on both metal

and D aots D e G P Lt rranoRl e RrefRal FooEhas on
tiHDAp1ELGic5 shonscihe app i cayien 79 ebla ceat igfFet4 the

using O nano:-particles 72. The surface_coatings _
p%‘_é&ﬁ)%ﬂ%% #ER @S nAREVFAFE] ct_ife%_ BATAISUPf A SpEtion as
wiM 1 hig the FDA have charact ebl stdes-0f A9 100se O on o

i mbedded particles and easy cleaning in existing HDD
ParfUedls ubtrasgni ctiegui presembiBue t ont hexdwdtuiramadf, t hehe

ating . -fine particles cannat be trapped temporarily..

aa%‘dLT %nl rie?%‘aéea“fiﬁgﬁns -G 4€Y n"?hgﬁtbgﬁh\ég?‘ -n=
sTdei & MRGRSS to the circuitry and head during the
assembly and test. The resistively of the coating may be
adjustad from 10°% to 107° Ohm-cm

In another embodiment of the invention, the

surfaces, and the like. PVD coating could be applied to
the surface to enhance the cleanliness and smoothness.
The materials may comprise such materials as Cu, Cr, Ni

14
Ti, DLC (diamond 1like carbon), metal nitride, metal

34



10

I
wm

20

30

deposits closely packed small nano-particles onto the
conponent surface 76. The nanostructure of the coating
w0 200000812601 | ed by the choi ce of coating materiBCT/86G2)09/000065
the process paraneters of solvents, tinme, and baking
tenperatures . An exanple of tne nethodol ogy in
applying the coating in accordance with an enbodi nent
oxgfet. heEnmadimers i Bay combihaei owldfllabere oatdvges or
.met hods t.o.forma si.ngle or hybrid system coating on
i %ﬁ%ﬁ?‘éﬁ} dces Tard °di f f er ent parts to achi eve
bet trere cbeapkbpess. meheadgdess maymbe wdehi et wdduired
readi ngs and neasures taken by the Liquid Particle .
ChEFFRET {APO . OFTheCparRLLBehe, medSHEW IS di PperPihtior:
cdﬁy%§goﬂwatﬁés¥é%£hégﬁra@ﬁf'C@ﬂﬁ%@@ﬁ%@y The, pagi+ Bssing,
washed several tines until the particle val ue obtal ned
sdratsthabtes i ft aeedi ngxtot lexanpkbécstica, camnentdomiatt ENLTY

| ated 1. 8" base p e.sho a final reading far. the
PSS Hale BPallD; ST AP6aRe 30006000 Parti el 4o dpaY
beeXaBpbei4268 0 msyam ) beaRpindBe gual idaswinddie and on
coating coul d be fluctuating dependi ng_on the batches
P la@fd iifs efie AEIHPACRNAICY SPET ¢ e 8MEF tERatCAFSE /s Other
eagnce 9N B partigl esocorpesponding to, e ENay  be
© coat1 ng. Su%h SCE rﬁgcr ogrgpgs gre swhovvn i ngFJl 1Aa-le
deofe Il scbatce th dist g atuer raes Wi ol sSetu r AnHBR angdie’ ofmert s .
C)enbg$'npnt of the inventian includes application of
Toat %“b?f“%as@dﬁﬁgtageaﬁd top cBVBr§®by “&l dnifumsr T2
coniRflentendase: phatass k4 0D, cOVesSedyphgakit Yed within
manuf act ured by stanping and form ng the dinmension and
a shperoShae gREFagoamenfadhiyred o Chetspssf iksarigy the
the part g treat Wi th deshurripg.process te Lenove,
eﬂ%d%ﬁ'sh%béQEﬁgis.%%FG. g 565863 ﬁ Iﬁétrg?e the SE O
canwamagraphsn 80, 82 of an organi ci norganic (01) coated
substrate at 3,500 magnification shown in FIG 6A and
at 57000 TR TT QAL on sABRASPAIRIG 68 . qn variety of
mAOH SBM:Ss . SiFR@ esx i 14 Pl @10feNYBKid shayefisadmy nbe oz
deposited. In a single layer enbodi nent, the single
nargy gha payi eoApPnSe dAPsiqRfE @ fayepmedat MRy, O weed to
géH%Jét4a¥§% %Qgg%n rﬁfOéﬁ@EnEE%hob%%e% BY. LU SC:into
nul'tiple ["ayer coating, in a hybridlayer
tremimi mebth thechybr sdrFayes may canprdsesdlectt oliess or
or, el ectroplating L , o ,
similar coatings. Different or additional coating
materials may Dbe ussd to enhance or improve thns
properties oi the coatings.
While the invention has Dbeen illustrated and
described as embodied in a disk storage drive, it is not
intended to be limited to +the details shown, since

various modifications and changes may bs made without

m = 2
: i

departing in any way from tThs spi

[

it of the present
invention. For example, the extension of the patent

extends to all magnetic recording systems with relative
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of nmetal, nmetal with polyner network or polynmer with
metal inclusion as base |ayer, such as electroless N
w@eooelies1eé opl ati ng of Zn and fol |l ow by singl e BET/SG2009/000065
multiple | ayer of 01. One of the possible formulations
60 wth EN as base | ayer and followed by single |ayer
A is showmn inFIG 4 . Were layer 1 is a layer of
mevenénol esswictkethpl ategrd BN} Weere dhe prrecesscbi-adng
conprises pretreatnent and EN plating 62, followed by
Medeetrol ess ni ckel pl ati ng 63, solution preparatin 64,
di p £0aLEPGR§6rCULIENG S é%%%%régfl(§%s?§bl?ngom onents
cl eani ng proCess 69. Before performng electroles
whiltkexppls®td ngyrfheecsatweritaln t bhbe Hilfat edafusiedeces the
cleaped:by a_se{iei ofrghegning chegicags_§ychlas e
NEHERS §id ARTAe Thi §3prCess 1% calfPed tHe et Surtace,
ad e dricRaldmNt £F 0Gess ekmpakns JOr pENcpkatsngyifiai hukb@er
to renove unwanted "soils" fromthe part's surface
ehbtFteresul Eurhnpooflpraindg. EABh pPéffeafRipt 2assembly
cGhssheal st bal doioved by ya erc il nsbog-(oar galbkny,
t to three tinmes) to renove the chem cal fthat
theherles t oitheisurdfsamamblBegreasi ngpirletmvest ek s absembly,
surface; acid c]eaning renoves. scaling. tivation is
“Rond M £ ek BcTHBITIL . of "R RIS st FRe, TAFhem PoLe
atbemsase ahanen-inesal khe substiatfy dombOREhetab¥oviding
solution.” After the plating process, plated materials
thestobel$RAi BRREt WwRhnanf AL 16Ri dat FbA BPD.
ant i L LD 8, Chem eal (14]sedi ym pDOSPRAl ec CRr AMBLE e
etc) and pur% wat er “rinsing to prevent unwanted
cséaddssuThecei nsi rgomtdariad staruste t Bebobemennplkietellysad
dried off_ or ﬁ et mes bak:;ed off to_obtain the full. —_
heEFHRes's 16F- t Al plidt | AGOPFPAT BH r 6PEsSH ERettonal EN
chhathfg (Fgcan gaut o@w_catal:xgwngea@t@n8@>ed::919i9§5992l Lised
a coating of nickel on a substrate. The alloys wit
igi f fiérent hpacdcentagk of ipHesphor us Advangiagg Fwiln 2- 5this
t{eér‘?&ghggph%usg t $ yp. to,14-14,(hi,gh phosphorus) are, .
pOSSi re. The neta ?urglcar ﬁropergles of "alToys =~~~
adiepeindg onot hes peseeatagerobcphasphoersdl Retbis.
enbodi pent | ayer 2, gne a la er,, my co rise for
exanpFeS291 1t BPwlvéphy'l-Gt-ri%“c%%xy‘sﬁ | e, 0B, BSRT ofiat by
cSt phUrkg-acid 250 M4 of,Deripnhzed £ Dby water 45130 os=g
m of “Met hanol, 0.05 grams of Polyvinyl pyrrolidone
NgPYK3Me Acpeitrat ebyr hetal /cer ancc aawopanti cl B5c may3)

~

aBSears smoother than the case bel

— —~

(FIG.

O
]
()
'._
!
J-
n
Q
O
s3]}
l
D
[@)

94). Again this indicétes that the coating disclosed
herein, improves the aluminum surfacs’s ability to detach
free-particles during cleaning, ~resulting in a much
cleaner surface.

Without Zfurther analysis, the Zforegoing so Ifully
reveal the gist oi the pfesent invention that others may,
by applying current knowledge, readily adapt it for

various applications without omitting features that, from
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added. In the solution preparation in accordance with

an enbodi nenr of the invention the process flow may
W@ oovpnoses et al / ceram ¢ nanoparticl es and PVP-BODEGZ02000065

added into D water followed by ultrasonic stirring

for 5 mnutes. Wth stirring, concentrated sul phuric

acid is added dropwi se into the mxture, followed by
tresldé ¢4 Qo &I nfreb Ry bk brethaxysid ane, arsh & 1 oved £8sential

ultrasonic for 30 mnutes. Finally, nethanol solvent
Charaefgeel sind-s hein Xhar @4 mid ored tpemethaniagaiects of
t@?érfﬁggﬁfﬁgprpn) for 20 mnutes to achieve a

onogeneous suspension. Dip coating may conprise the

fol I g sempsdwnhenest heoisubshe at @ nivensubmer getrd nt been

the above prepared m xture and held in the mxture for
deS¢pleee e @ofsi L NBREL2ERE subst ridt et Ps RF t NEEMST s Oy
thd€e Magtire.and 4 s et ated ralo1IRM tepperatr e+hae lnany

m nute. Wth the substrate rotating, hot air is
vapptieens o @i y mdvd Sifsstirate dth aceie 1160 0C f dessgn  or

' .. 1ne dried substrate .is then curegﬁin vacuum _.

cOveR St A0 b T hO ATyt ReCeanartat aopy T he
pitdesntc| eanetsiskij ed and i nspected. Properties of the

coating in an enbodi ment of the invention may conprise

a thickness of preferably 50nm5 mm . The particle

density with LPC nmethod is preferably 200 - 2000

particles (>0 .3um) /cnR2 . under hard particles
. analysis (HPA) , no trace of NiP particles is

detected. | n anot her enbodi nent, base plates and top

covers nmay be coated by al umi numor steel where the

base plates and top covers typically manufactured by

stanpi ng and form ng the di mensi on and shape. Sone

areas are nmachined to the specification. The part may

be treated with de-burring process to renove sone "’

shape edges. In enbodi nents, single, multiple or

hybrid | ayers may be deposited. In a single |ayer

enbodi nent, tne |ayer nay conprise a single PVD |ayer

coating. In a nulti layer enbodinment, the nulti |ayer

may conprise nmultiple PVD |l ayer coatings with a

m xture of materials or properties, such as Cr-Cu-

Cr-Cu. or any netal, netal nitride or netal oxide

conmbi nations with eacti layer of 5 to 500nm and fina

t hi ckness of 50nmto 5mm . The |layer may conprise a

car bon
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network with different dianond (sp3) to graphite (sp2)
rati o, such as high sp3, low sp3 nultiple layer to

wo eooartedies f i nal coating of dOnmto 2nm t hi ckneB&T/SG2009/000065

Hyorid | ayers consist of electroless or electroplating
of nmetal, nmetal witn polyner network; or polynmer wtn
nmetal inclusion as case |ayer, sucn as electroless N

or electroplating of Zn @il | owed by a single or

mul tiple | ayer of PVD coating. One enbodi nent of the
possi ble formul ations wth EN as case | ayer and

fql | owed z?yhékeg'ﬂeié}@y&h%@ (£HD) f°£a§éa§%%%nﬁﬂ%< avity
reci pe conprises |ayer being a el ectroless nic el
plating (&N b@@Eedayex Wpthta proBbBs f4dwambiinc| tbengin,

pretreatnent ana EN tin Sgusse performn

el ectrol €58 n|€ﬁ§h’€paﬁ?nbggthé:ﬁh ianEB b % pFS?égng
must be clieanesk Hyi fegeines. it ctranicegtehien oad saseehge
as bases and acids, this process is called the

pre- treath%h@h%@%%eéga F@g|ﬁhé coatEfoVv lim@mt Y 100 nm
"soil s" fé;ﬂiégg part's surface woul dresult in poor
plating. Each pre-treatnment chenical nmust b e followed
by water rinsing (normally two to three tinmes) to

Eénove th@lchen1cal that adheres to the surface. the
gr easi ng’T eMveEs o7 | S oRSurfade:2dti d’ cl'Eam gt “he
renoves seahisg. Achévakienahs dep@gwhbRsa weak agkd the
etch, or nickel strike, or, in the case of nonnetallic

subst r at e?%wfp@o@hﬂe@@?yléob@umoﬁr A£E8r the plating
process, plated materials nust b e finished with an
anti-oxidation or anti-tarnish chem cal (trisodium
pliasphat eThehrcaset eaet @lambdute watem r 2nsSiwigedaain  the
prevent unwanted stains. The r|nS|ng.nater|aIs must

then b e COnpFet ety 8ri 8YS6PESo FOSGREESTes Baked®of f the

to Obtalncé§€aéuéhr9§£8n€§s29n& theipkating film
El ectrol ess nickel plating is an auto-catal ytic

reaction used to deposit a coating o f nickel on a

sybstrat e, The leggsc%Lﬁg g tfeggot oREr gent. ge Qboding

phosphorus ranglng for OMIphOSphOYUS t 5 up

to 11-14 ¢hagmspho&phmmyﬁ)tﬂﬁe poasiiblce. ifheformed by a
met al | ur gi cal g perties o f alloys depend on the

per cent ag8® 0" $“p %phbrﬁs—rﬁﬁyep ZgrﬁuPhF§néﬁﬁoépﬁeﬁt an

is a PVD(ggaég@g MBs58: L hen PYD-pracess scoRELSES Reghog,
i mrer si on power sputtering may b e used to dep03|t tne

seed | aye? @n@mpﬁghnpgppﬁed90051,¢op method, and a sol-

gel method.

5. The case as claimed in any one of the preceding
cleims, wherein ths coafing is comprised of =z
material selected from the group consisting of
metal alkoxides, metal halide, metal oxides,

metals, and carbon.
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wa@erooaneBi1@u with each thickness of

adhesi on between EN and PVD coating. Magnetron
sputtering process is used to create the nultilayer of

thi ckness of 1 urn. The properties of the |ayer nay

for exanple have a range o f conductivity such a s 10
to 10 4 Ohmcm wth a thickness of 200 to 5mm and a
particl e Mountaeef 2200cl 20m2Q00i palahivcl @sé cmf2 prédeding
anot her enbodi ment. o f the invention, the application

o f the CORIMYy MEEEE! apBPi E@3(6 "Fol AT ST acksS1NILe
for examplg base for armassenbly and voice coil and
flexible circuitry. Coating nay be applied for exanple

usi ng one of the follow ng Iayers of hybrids of all: 1
2O coati,ng with dippin or spl ni
to of fer fan a(f/eé? of cg’zl]i grr{lﬁ |8Sf| st é%nesshf to

The layers, s ahtes10 other tda;%ﬁm;%%mq&ﬁ%& agultiple
reduci ng the particle generation as well as to be

anti - stati3¥¥¥0°reduce the attraction of particle

during the assenbly. In additional, the additional

| ayer of such coating nmay further prevent the static
darmage t Chdhecxig @Al tTde ameld hemdc dainng, t hecassenbbyting
and test. The resistivity of the coating be .. .
2d] ust ed ¥ 10 (0 X0 HVEM ST PUD CoR(TRYCTEY 15
offer a layeried hardh ceat kg omhkhe cphastibgosutfagesand
The layer is able to offer the properties such as

reduci ng RHES Pt i ROyt @E i oFPas wel | as to be
anti-static to reduce the attraction of particle

during the assenbly. In additional, the additional

| &yer of 'Ermhcmtamg:ﬁaynémriﬂneanpremenb thfeasbaei:edino
damage to 1he CI rel and._head during the asse -
and test. Fesi's |\TePy of =t HPT oY ng Smaj°BECD b¥cive
adj ust ed &f*ofm 208 4051 0r® OHR-GR |Ir]=53;r}5()§lhﬁrL\ﬁl’Tb0dl ment

of the invention, the application of the coating may

be applied to netal surfaces for exanple, all

ahym num sl LIl ess, sLeelpsuraces, and bbechike, JEMD:qg
coating coul d be appl i ed e Surface to enhance fhe

cl eanl i nessa ang, sm@t@mssnamﬁamare;lﬁt Samays canpe i seth
such mat e{gl S as DLC (_dl anond |i ke

car bon) O rLlodeO m@PQFS% d&S1Enbddi-Hent s may
conprise multilayer structures or

-

1. The case as claimed in any one oI the preceding
claims, wherein the coating is conductive with

107° Ohm-cm to 10 Ohm-cm resistivity.

12. The case as claimed in aﬁy one oI the preceding
claims, wherein the coating is applied in a
process that integrates ultrasonic cleaning
process immediately before coating deposition

and in the same controlled environment.
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m xtures of the materials. The O process nmay deposit
filme with the required characteristic of cleanliness,

whaoodnesasq durability, corrosion resistance, BMT/SG2009/000065

shi el di ng, no outgassing, scratch resistance,

excel | ent adhesi on, and conductivity as required by

the HDD i ndustry. These fil mcoatings nay be deposited
on3net al Bhanpisgsaandleambings, aakdoas pkashieCprelBding
addition to pure el enental coatings, other compound
coati ngs @hBdat i("RFE AN h t86pi AR eI béSde@EgEbéé tn a
addr ess ut equi & ts. -
addi 1 onal Savant ags of "Fhe process 1o Ehar fReFaRcing
conmponent sysiegmbeodl t rds@n cadnhyixdeesreds aniindiiddng an
within a controlled,egvirggne t grlor to coatings, .
keepi ng tHeVentFe" proRess andeRBating Bt eF '8l §OPFEBY -
fromcontam nations . The invention is susceptible of
a_variety of nodifications. For exanple, other systens
tH4n the B'¢ papd Adt 6LpaNSdapd any evat PAgtégubpresding
may be. us ge i e the,coat.\ngs (o30)

i nt roduce(gg?%?%' t %{%D%%\A tﬁ”ex%ggedass% a%:%s ma;?drggl:eHg s
coated whbadnidiok sassdmvlgpatings.hdad f erierd akssembly
addi tional coating materials may be used to enhance or

i mprove tﬁ%m?fbﬁ%gtﬁﬁsréppth%“ 0&t i B NMnmidT ey, and
i nventi onyhase beennk! kysthatedpanddeser thed -asp ror the
enbodied in a disk storage drive, it is not intended

to be linfeedctecrheideeaclislshoanneskhned dariiogs sliding
modi fi cat j on ges. by _be, ma i t hout
departing&?négﬁgg%ggggrg%%fhénsbPFi?Sgﬁﬁthe pr esent

i nvention. For exanple, the extension of the patent
eépends to all magnetic_recording systens Wi th L

r élPat i venbvenmEAt Shet ebh 2RSS eidor At AgTHEAd atieERen the
recording-dedifs. 14 ¢98ting of the HPD:vQi gg-¢Oi |
assenbly conmponents with exposed surfaceS wthin the

HDA t hat reduces the nunber of potential particles on

its inter ace, .and provides for the r nmoval gfﬁ
p&%%iclesﬁﬁ%tﬁg%%gﬁgrcg ngeﬁgyaaﬁrPﬁg gﬁeéﬁﬁnﬁf“?ﬁg“ng
voi ce coitlassepblyhaanponents as£-ife ¢ | a theidar Maysr
the coil-armassenbly, the flex circuit assenbly, the

coi | -armfieR &Rseabpyersr thickness.

17. 'The case as claimed in any one of claims 1-16,

wherein the coating i1s a thin film in

18. The case as claimed in any one of the preceding
claims, wherein the coating is applied on an

electroless nickel (EN) plating layer.

19. - A method o0f coating a hard disk drive (HDD)
case having a cavity configured to locate a HDD

assembly therein, the method comprising the
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the flextures, the magnets, the pole, the magnet pole
assenbly, and all of the remaini ng conponents

Head positioning function iPCT/RE2009/000065
HDD. Referring to FIG 8A-8C it can be seen that the
coated surface in accordance to one enbodi nent

di scl osed herein (FIG 8C) is snoother than the

conventi aidp BN coatimigo( BSat B8A) of EnhecaturnfrdeFl&E the
83) typically used in the hard disk industry.

Advant agéausiyy, tHEeht r BRSltat 8% 0 T Rier f}lk%l i ABBPage
of free a [ the. ¢ ed-surfa -
di scl ose edr}g%eﬁsss g?%*r?%gjcﬁgwgltgo %?% QA- % ES?L%%% ok
be seen tHHl rRAngoatemgot heessirf ace of al um num by the
coating disclosed herein, the coated surface of tne
alum num (FI G 93) appears snoot her than the case

before itTHs moed LEl 6129MNea AQa i B9 NEhEaL €S the.
that the coating disclosed herein, inproves the

al uni num SUrHare’ SSEBPI i 136 t 0SHEEAERLS r EEOFar tihe esgroup
duri ng clg&{gl sLtl ch_.cl ean syr f -
W t hout further anal )&/!SI b h@r?gg‘ggg %g%as}oqfou fHedSe, 2
reveal tk@@*&t“ﬂfgtmeupoésem cmvameimdnnv&dmt dbheBSLlOD

may, by a I ng rent kno readi |y adapt it
for vari %/ %({I%nio ‘Eﬁourf‘ b?r‘i’?tl ng features

that, from he standpoi nt of prior art, fairly

constitute essential characteristics of the generic or
speci fi c Hepaer'shod &hi §lieawent iion. anbhlq’fee evbodi aENEs19-
of thel nt| e SCr.l |II strat

it is to un rjl:t oodbcgg/{ﬁt ﬂcoosaeus |1 egl% er% gmglg
t echnol ogyam‘u:er ned that many variations or

nodi fications in details of design or construction may
be made wi thout departing fromthe present

i pyenti onpid ahdBndy. 24 band dissk drime 4HDD) - C8PLins 19-
having a cavity configured to |ocate a HDD assenbly
therein, ihe cavitgimbei pgecoabedingt hcampoaspag multiple
char acteuz\%dv n that the center |ine average
roughness°( % of the coated surface is 100 nm or

| ess. . The case as clainmed in claim1l , wherein the

center I|ne aver age roughness (R a) of t he _ , ,
23. The methdd as CTlaimed in ‘cleim 22, wherein th

]

coating comprises hybrid layers, and wherei

3

the coating is applied with a wet chemical

deposition and physiczal vapor deposition.

24. The method as claimed in any one of claims 19-
23, wheresin the coating is nonconductive with

at least 10° Ohm-cm resistivity.

25. The method as claimed in any one oI claims 18-
24, wheresin the coating is antistatic with 10°

Ohm-cm to 10° Ohm-cm resistivity.
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coated surface is 50nmor less. 3 . The case as
clainmed in claim2 , wherein the center |ine average

wo owghosase (R a) of the coated surface i s 25nnPOT/SCESS000065

4 . The case as clainmed in any one of The preceding
clainms, wherein the coating is forned by a nethod

sel ected fromthe group consisting of an aerosol
deposition nethod, a sputtering nethod, a cheni cal

vagor depositi on nethod, and a sol gel nmethod. 5 . The
cdSe as CIBf mBRtRPdany 6RE1BEIt R precedinhgPEl @lawns 19-
uherein 14 coaiogn! encOMBELIRY Of 2ARULEYe wirn 107
selected fromthe group consistrng of neta al koxi éls,
net al halQde;cmetal 1 Oxdidesem ne¢ sl st iandy car bon. 6 . The
case as clained in any one of preceding clains,

wherein the coating conprises a single layer . 7 . The
case as ciré nedchodany eneifpbdchal myl dr: o5 sherginio-
the coating conprises nultiple |ayers . 8 . The case

as cl ai i WREEE R 750 wher el PO char #PYL e8P sespProcess
hybrid | , rein the 11 | S appli it -
wet chem%tc‘de%%%%%négand&g S/és%g%Jf vagg%égg% si?f%ﬁfss
9 . The cawesdsatttd by nbdfiorcanyoahéngf ddmwoptreced rgd in
cl ai ns, erein the coatuwg i s nonconductive with at

| east 109%?1!’5%1?3 rei st v Ty, SO TR Rase as cl ai med

in any one of the preceding clainms, wherein the

coating i's antistatic with 103 Chmcmto 109 Chmcm
réSi-stivithe MathqReagaséaaneel anmedyi rernyoonel @fms had-
precedi ng, £l aifs,. . Wherei n_ the. coating is.conductive
Wit h 1o~gzcﬁ'ma“c’:}?n§¥6¥% n?‘%:%‘rrg@ié i%?%?f“gz"g grhé‘ochS
case as ciraietintagaayesnenofin-he mar ecedi Ngock adBsystam

wherein the coating is. a%% :{)Eagégég%%f ggEéF,&,/onment

bef ore coad+ nghdeposhdion.and: imd he,samggcontrol | ed
envi ronnent. 13. The case as clainmed in any one of the

precedi ng
29. The method as claimed in any one of claims 19-
28, wherein the HDD assembly contains a head
disk assembly, ths hsad disk assembly comprises
a ramp and & mating assembly, and wherein thea
coating applied to the ramp for the reduction
Of particles generated during sliding oI the

mating part on the ramp.

30. The method as claimad in<claim 29, wherein the

coating 1s applied to the mating part.
31. The method as claimed in any one of claims 19-

30, wherein the coating is applied to a hard

disk drive motor base component with exposed
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clainms, wherein the coating is applied in a process
that integrates an in-line interlocking system of

w@bk®anosaee/i ronnents i ncludi ng an environnent fePCT/SGE09/000065

deposition of the coating. 14. The case as clained in
any one of the preceding clains, wherein the HDD
assenbly contains a head di sk assenbly, the head disk
assenbl y seomydsseswathanp 8Rd ahdwd | _Y sassepbkyblgndchat
wherein the coating applied to _the ranp for the
reductioﬁﬁﬂ“%ﬁﬁthFeénﬁ@ﬁ%?aped RRIF$Hg- 5t | BPAG 161 Stheon
mating p X . +15. e a WeeTo g L
clain1143ﬁ§%g$éfﬂﬁ?%2§§oggrnggﬁgoggglVe r%%%%he ﬁ%%?nao—
part. 16.tHEheamse a®lmmnediss anytioneigiet heftficiency
precedi ng, cl.ai ms,. wherein the coating is a thin |ayer
filmin ot & G ress. 17. The case as cl ai med

in any one of clains 1-16, wherein the coating is a
thin filmin mcrometer thickness. 18. The case as

cPat med iTheameEiRd ofs t 2 prededng el &Nes oiwferaims 19-
the coating is appl|ed, on.an_electrokes j.ckel 5.4 o
pl ati ng I%}/er&vla I}Aeﬁhe%)hgggf)f klg%atai r%%stgi her{%ﬁgcﬁl(sJRE‘ll\g °pP
drive (HRRvarasel travexgoaecagutyacesf wjuhec teo Haodt@isk
a HDD assenbly therein, the nmethod co I sing thestep,
of for m 1 TR hgt OR" 1 RE R Eace b PHRBEavit yPSTTH 12l

that the entieridd nen ay@éag@rﬁgggh@@s%ﬁ%oxmoﬂ&% , and

surface of the coating is 100 nanoneter or |ess. .
The met har @6 & ai med | 1hel airRMPYalwheFei Rarhéect epni vgth
step is selacted fron . onsi st of an
aer osol }e_pgg"s“l't ideo'n‘ ?r@li%%’ Q%\&lsl%b t%%%%‘l{] thod, a
chem cal vapor deposition nmethod, and a sol -ge

hod. 21. The nethod as ¢l ained in any one_ of_ c|ains
IIg-g°20, wHer &Mt %%a?i%ﬁgm’é%ﬁﬁ S8 &S iyl 13t . 10

22. The et hoghas ol alfeddh- any ofe: ofnchai 8519120, in

wherein the coating conprises nultiple
nanometer thickness.

34. The method as claimed in any one of claims 19-
32, wherein the coating is a thin film in

I

micrometer thickness.
35. The method as claimed in any ons of claims 19-

34, wherein the coating 1is applised on an

electroless nickel (EN) plating layer.
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| ayers . 23. The nmethod as clained in claim?22,
wherein the coating conprises hybrid | ayers, and

wobmpaosi2d he coating is applied with a wet cher@Tst2009/000065

deposition and physical vapor deposition. 24. The

met hod as clained in any one of clains 19- 23, wherein
the coating is nonconductive with at |east 109 Ghmcm
rési.stividyco2bedTheambt Hod kasdcl et medhien gt ione bekving
clainms 19- 24, wherein the coating S antistatic with
103 Ohm i TO9 ERMEERTT o SOFVEEY: IS = Phed et hog~
as cl ai megbi ncayrones of clainms 19- 25, wherein the
coating is conductive with 10 6 Chmcmto 10 Chmcm
resistivity. 2t Théeshketdoe & chaimfddli naakgxbAe ¢fnd a
claims 19- 2Q, wherein fe 6oabingyis: apligdi(n.d: ,an1.
process that 'integrates ultrasoni ¢ cleaning prggess

i medi at el y befdirag coating deposition and in the sane
controlled environnent. 28. The nethod as clained in _
any one of cld?ﬁg P§Lrsain WRérei nCPReltBatihg Gegable o=
appl i ed ife@uPlRceSshd NalurdiLorat es-al 1 Bakkie1es that
i nterlocking systemof clean environnents’including a
envi ronnexdhéoe thethkepositi on of the coating. 29. The
met hod as clained in any one of clains 19- 28, wherein
the HDD assenbly contains a head di sk assenbly, the

head di skTsseobtydchapsi s@ska drame adl @ aaheédgin claim
assenbly,_and wnerein the coating applied to tne ranp
for the reduct VBREBIN particcl 6 geHer at BE #yp T ngcomprises
sliding ofnthe. mmting past-on-{oe ranp. 30. The nethod
as claimed in claim29, wnerein the coating is applied
to the mating part. 31. The nethod as clainmed in any

one of clainms 19- 30, wherein the coating i.s.applied _
t§%a har d Tsﬁoafﬁgekﬁﬁi r Shase Tonponeht WieHeS 0 any
exoosedsushacessw theamkhe 3wrad di skhassenbl ynthatol-gel
reduces the nunber of potential particles on the
surface of°HRELEDIPONert2Sandnprovi 8sbpyr nano-particles

Oor carpon nanotubes.

39. The coated hard disk drive as claimed in any
one ¢f the claims 36 to 38, whearein the metal
alkoxide 1is selected from the group consisting
of silicon alkoxide, titanium alkoxide,

ium zlkoxide and eluminum alkoxide.

3

germa

40. The coated hard disk drive as claimed in claim

39, 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
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the renmoval of particles wth higher efficiency during
cl eaning. 32. The nethod as clainmed in any one of

w@bkabnes1i®- 31, wherein the case has a hard di BKT/SG100®000065

top cover with exposed surfaces within a hard disk
assenbly that reduces the nunber of potenti al

particles on the surface of the conponent, and

provi des fsoptbeoredeyal woftpertHycl esonwthbshigbetes and
efficiencg during, cleankn% 33. The nethod as cl ai ned

in any ong°BPIRfAIABS162€380Iwherein the coating is a
rhin layer filmin nanoneter thickness. 34. The net hod
as clained in any one of clains 19- 32, wherein the

cdat-i ng isha cliated | hatd rﬁl@rko@ztﬂevothsckqﬂe@:sn @5in any
The net ho s clail [ 0 cI inms 19- 34

wher ei n tﬁegcoa |ngF|scgpp deggnggh ect?%?es%n° metal
ni ckel (Eh&lphatLBgsbayete&6¢rAmC@abe@rbmwjdbnﬁistlng of
drive, the coatin haV|ng been fornmed froma sol -ge
wher ei n sAFEESol g CHfri 88§24t NreRsdone™8E24 ﬁﬁ%ﬂ*‘d°
al koxi de and Refelak chahde di §PRS8d N tRereos.

pol ynmeri zabl e nedia; and wherein said coating is

capabl e of reducing the nunber of free particles that

a reto ereo ed hard disk driv
c:j%erred |rrr1£%I gor%%gz 1\}\Aaﬁer eld‘r:%‘ ?(hegrS‘o < géf f{]ﬁﬂ%ﬁ? %R any

COnpri sesoh80rgani €1 Hane- pAT142) esvheddin ThehLoatRFganic
hard di sk drive as clainmed in an{ one of clainms 36-37,
wher ei n t RRNSoP2gel CeRpr PE6s &ELFEASE 0REBT ddrhorwroup
nano- part Lgl €$50k nc6ar bgn otubes.. 39 g.coat.ed _
hard di sk drlvé aggc alnegﬁpn a%§§d%e %%gtﬁ% claims 356°
to 38, wheeetncihe, net &lr al koenaecast selest ed fuom trhmo-

group con3|31|ng of silicon al koxi de, Jtanlun1,
al koxi de, Pgerranftim al Koxi de @y 2FUni it al koxicde. Rano-
a

particles, TiO, nano-particles and 21,05 nano-
particles.
43. The coated hard disk drive as claimed in any

}
]

one claims 36-42, wherein ths metal alkoxide i
from 10 weight percent to about 90 weight

percent.

44 . The coated hard disk drive as claimed in any
one ©0i claims 36-43, wher=zin the metal halide

is from 10 weight pesrcent to 90 wsight percent.

45, The coated hard disk drive as claimed in any

one of claims 37-44, wherein the inorganic
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40. The coated hard disk drive as clainmed in claim 39,
wherein the netal al koxide is selected fromthe group

w@ongiiesizeng of tetraet hoxysilane, tetranet hoxyBCt/8am09/000065

met hyl -tri ethoxysilane, 1 ,2-Bis (trinmethoxysilyl)

et hane, silicon tetraisonyl oxide, alum num butoxide,

al um numi sopropoxi de, tetraethyl orthosilicates and
conbi nations thereof. 41. The coated hard di sk drive

ag el ai methd ncaaycaneHfq t Be skl A By 36240c10h6eLe Nid hany
metal halide is selected fromtne group consisting of
met al fl uore del metdimsor d%T de; wWhedkiohltde deadpen nano-
nmetal i odi | XL uEk t pe 4 he. coat hard. .
di sk dri \dr‘geéj‘g%fgfaugn n%%l T‘ﬁ&é{ng Q%E’EF %Fg.lﬁ@%v?é?’ 18ign:
wher ei n terdéeot gani ¢ nano-particles are selected from
the group consisting of Zn nano-particles, Ti
nanoparticles, Cr nano-particles, Cu nanoparticles, A
u“dano- pat®§ cFestept hrfdpaieikcl®siver gsceiaimed in any
nano- particl es and Al2GR; naggpacticles ..i43. e carpon
coated hard disk drive as clained in any one cl ains
36-42, whezredhubhe met dkoal Koxidderhis peorerdd wei ghtut 20
percent to about 90 wejght percent . 44. The coated

hard di sk'ar¥Ve B85 cFfafred in any one of clains 36-43,
wherein the netal halide is from 10 wei ght percent to

90 wei ght percent. 45. The coated hard disk drive as
clainmed in any one of clains 37-44, wherein the

I norgani c nano-particles is fromO weight percent to 5
wei ght percent.46. The coated hard di sk drive as

claimed in any one of clainms 38-45, wherein the carbon
nanoparticles is fromO wei ght percent to 20 wei ght
percent. 47. The coated hard disk drive as clained in
any one of clains 38-45, wherein the carbon nanot ubes

is fromO weight percent to abour 20 wei ght percent.

46



