SURFACE COATI NG FOR HARD DI SK DRI VE CAVI TY Technical Field This invention
relates to the application of 5 functional coatings to conponents with
exposed surfaces within the clean cavity of the hard disk drive (HDD) such
as head di sk assenbly (HDA) for increased reliability by |lowering the
nunber and size of free, third body particles. 10 Background The HDA
clean cavity contains various conponents including one or nbre conponents
with a magnetic COSURFACEOICORTING QN HARIN DISK SRISE (BVACYredi a, and one
or 15 nore recording heads, referred to as head, for the witing and
retrieval of the data onto and fromthe nmedia. Coatings of dianond |ike

carbon (DLC) are being applied teaothgihgadragtdt he nedia to i nprove the
wear characteristic by reducing the friction between these 20 conponents
with are noving Telativeventdach otdkrtedn part itéd araPRhECaphed ngChet ween
the media and the head is. anl few .The ngg d i a
nove r8l ati ve"t l@%ﬁﬂ Stoﬁécrl.ng%ngt r 66 ggﬁ%ﬁgg‘éw&}% he susr%gcghgf%agﬁg nmedi a
has a finitgiprohabihki bycha eauseydamageect aard5déskherivie (HE&Y enchbhe
nmedi a. This damage may result in the |oss of data. The_s ese

t
free partichéshpgdt e Sét Fe&rs SBHponeME) whth %Qﬁﬁgﬁﬁeguf?igé E%ﬁ%ﬁi 't he .
HDA. Loy IPerdevelapmeat. ol thed echinal ogyr of £ BB, supReLb ngody

30increases In"aerral density over the past sixty years require that the
head and nedratspaesng be reduced. The

10

Background

The HDA clean cavity contains various components
including cne or more components with a magnetic coating
for storage of data, referred to as media, and one or
15 more recording heads, referred to as head, for the
writing and retrieval of the data onto and from the
media. Coatings of diamond like carbon (DLC) are Dbeing
applied to the head and the media to improve the wear
characteristic by reducing the friction between these
20 compeonents with are moving relative to each other. In
particular, the spacing between the media and the head is
only a few angstroms. The head and the media move
relative to each other. Any free particle on the surface
of the media has a finite probability to cause damage to
25 either the head or the media. This damage may result in
the loss of data. The source of these free particles 1is
the other components with exposed surfaces within the

HDA.
The development of the technelogy of HDD supporting
30 increases in aerial density over the past sixty years

require that the head and media spacing be reduced. The



reduction in the head and nedia spacing results in small particles of
sub-m cron di nensi ons having a higher |ikelihood of causing danage.
Additionally, the introduction of perpendicular recording technol ogy into
5 the HDD has required changes to the nedia, resulting in the nagnetic
coatings on the nedia being susceptible to danage fromany free particles
within the HDA. Previously any hard particle froma netallic conponent had

a much hi gheeghickebhhaed tofe resit tamg haddamgect agt kesmedisa ior snkd Ihead.

I n HDD usi ng per pendi cul ar recording technol ogy, an% free particle,
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suf fer fromiparbidoke icontafr patrpenddonilag tiecopéirag | bachndlbesd dd-cshort
life span of HDD. Particles are generated from surfaces that se to the

air that ci te§ &AW % hi §RILHEET WIERCR St e efie 6%0r§?5?%§§§§r6ﬁ}ent

air causes the padisles t9at20gSCaht @heomddies nediagswifaeps iand Itead to
early failure of the head and nedia interface which the flgght,hei ht is
r
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I oose particl.es Sogenerated £ Oﬂhéfﬁdiﬂ?f 8668n i Anradditii-orals Gausetor
particles to Foosen fromthe exposed internal surfaces wthin the HDDis
noi sture or imemigdintiy wirtchi arghel anbisdésrisils, have fThe [dkgddhoafedst

exposed and able 10 QR e RATHE e AL, the fiasg: plal e andiddha fep
particle on the older longitudinal recording media.

15 Current HDDs suffer from particle contamination
during the operation and lead to short life span of HDD.
Particles are generated from surfaces that expose to the
air that «circulate in high speed within the HDD
enclosure. The turbulent air causes the particles to

20 scatter on the media surfaces and lead to early failure
of the head and medla interface which the flight height
is just in terms of few nanometers in height. Hard
particles are one of the main causes for such failure.

One of the possibilities 1s the hard particle

25 generated from the inner surface of HDD enclosure and the
components that within the EDD that form the HDA. Most of
the surfaces, even though are highly polished or smooth,
may be sources for the generation of particles through
the external static attraction of dust or loose particles

30 generated from the surfaces. An additional cause for

particles to lcosen from the exposed internal surfaces



5 typically either electroless nickel plated (EN plated) or
el ectro-coating (e-coating). For current 1.8" HDD, the top cover and base
plate are usually EN plated. FIG 1A-B show t he SEM nor phol ogy 2,4 of EN
coated stainless steel base plated. FIG | A and 13 shows SEM m crographs
2,4 of 10 electroless nickel plating (EN). As shown in FIG 1A, sone
areas of the coated surfaces consist of |oosely adhered particles 8, in
this sanpl e,;shawn LReFhED LA No(RLupar Urchesi dihe haese npahkl ehes efitght
fall off during the HDD operation. The particles remain in the HDD 15 and
| i kel i hood &hat particle drop on the nedia surfaces and cause damages
bet ween t he head..and dia_durin he Lonj,ng. | i speed I - 20
shows schenatic aﬁggrggggﬁﬁ,SO?E%a%f %gﬁ%?%?eqag%egg??%n orﬁfgegﬁf%ﬁce
such as an Ehrtayees The ENgnowamehan: sandstbei gbpateder20Bbromars] ands
that formin the EN | ayer, where the islands for gf@fn%%f4 andﬁﬁrain
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di agram 50 K-pQiht, 46, 9f .t he f aifdur e gppER+ but @dr fenp deghadat i on
over time d%ggfg@%uﬁggrgygor(a.%eakl$$%k. 25 %IG. 20 shows in di agram 52
| oose and hapg Epeerpant bbes 48 atreeatred tshvatl JpotEdhmilated.coicd dause
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HDA cavity taseernyeedhe 301 r een paid i Theshduki BEMOpRabiceRphEoWeMerst t he
filter is only effective on a small percentage of the air, flow ng_ _between
the hdfd andlfediraleThusiitkel sfiedersr (hBse PreespParti dles has tidirbe

treated so gs Lo §£8¥édQﬂg the releass ofudhgpartihgkes befpre Jhely

reliability rs’inproved.” 5As of now, there are two coatings for the notor
base and t hadhepedovesriconpenerit,s. ifne tofs t sempdat | Agswuses i BIG. 1A

el ectrocoating of paint (e-coatjng).with a thjckness betwee ,000 d
10, 000 nanoﬁéggﬁs PETEOC Gsnichﬁs);O?ﬁg advanta %Sofmgyﬁg AEuhye e

ating i s

cost. The disadygntagesipplGprfra8-1eeat imMe: - tGod Dl redfaiSn iouttgas DY,
scratch resistance, non-conducting, cleanliness and ability to renove
parti dbes from th&slutfare duat ngactéadienFrorheddt hBE EGdipngFyrsaces

e s S pRuCK sl AL EN,EABERN Y il ML THEWE BT BRSSO, 000
spinning in high speed. FIG. 2A-2C shows schematic
diagrams 40,50,52 of particle generation form a surface
such as an EN layer. The EN grow mechanism is originated

20 from islands that form in the EN laYer, where the islands
form grains 44 and grain boundaries 44, as shown in the
diagram 40 of FIG. 2A. FIG. 2B shows 1in diagram 50 the
weak point 46 of the EN failure contributed for
degradation over time due to humidity or a weak link.

25 FIG. 2C shows in diagram 52 loose and hard free particles
48 created that potentially could cause damage.

Attempts have been made to reduce risk of damage to
the head or media. One attempt is to position a high
efficiency filter within the HDA cavity to remove the

30 free particles during operation. However, the filter is

only effective on a small percentage of the air flowing



15 and maxi num t hi ckness up to 60, 000 nanoneters (60 m crons). The

di sadvant ages of EN coatings are cost, quality control for adhesion,
cleanliness, and ability to renove particles formthe surface during

cl eaning. The voice coil nagnet with associated pole and the disk clanp
20 are typically coated with EN. The voice coil wire is insulated with
uncoat ed PVC (pol yvinyl chloride). The other alum num and steel parts are

only chem cgktyePASTineat gdaandrichenpdiast i chpar,t stlas e sbypicealdy uheeat ed.
Previously, contam nation within the HDA i s _nanage 25 b cleaniﬁggof t he

d
conponent s bfe¢heaHPACARE §H%%éﬁhe@ﬁlyrﬁéﬁﬁﬂnéotgﬁkéxkoﬁb heRt¥i A€l ean
roons. Cbnpggﬁgggemjgg CQHE“Ug%Q?EET@% syck,as ekpetrekesapnickel pkating

and el ectrical "parnt depositi e-coatings) are subjected to multiple
cl eani ng cychpsoadl udi ng detergents, ultrasonic 30washes, and rinses with

DI water. Inprovenments to the cleanliness of the HDA c 0 '
i ncreasing the %ﬁnﬁérn8W'cFE§ﬁ?n6§eaﬁHOrFﬁ?&lggélgé? §g§n§%2%?a§§?ggnd

i mproving detgrggnt sopTheveheanmpearbrassenkl yrs thequonemeats ubare ibeen
i nproved. Hence, nOM/?he HDA conponents are handl ed in cl ean bags, noved
in clean 5eteatapneats inandolr ePasRenbl eTEeat BVl r dhifdht ne&PEE57EPEss 1.

Cass 1 is the clean room classificati wher he pard i ¢he goupts do not
exceed a to%gﬁwg?n38b6)par%?%l2§%&§%0H9§15|zé§%§ 8.5pn1(nic?%n)‘or)
greater. Thengreatestapar bifckecpredent iisntary coanpl &hey piicaldvandedss10not

exceed pm (mcron). These attenpts to inprove are.unable to et the
requi -8d HDAfcl 8aRPRR&EES of Tfhe COBITENt KHED ?@chﬁ&&&&fﬁlﬁgftigFgat%%

Contaninatig@sm%£ahe t he, HDASSqk 88 UhG | NG lidh rOGRSWRT adat aatb 0586y The
t echnol ogy bei ng useg to manage 15 data |oss such as RAID systens and/or

data back- upemnder graverglsystens d@ree boukfegpersinidanal #prifgul heo
T om cont acP=RFEh SEHS HEdT & G TG REF teh: CHBrogl g8 (B @ckieniead
with a minimum thickness of 5,000 nanometers (5 microns)
15 and maximum thickness up to 60,000 nanometers (60
microns). The disadvantages of EN coatings are cost,
quality control for adhesicn, cleanliness, and ability to
remove particles form the surface during cleaning. The
voice coil magnet with associated pole and the disk clamp
20 are typically coated with EN. The voice coil wire is
insulated with uncoated PVC (polyvinylchloride). The
other aluminum and steel parts are only chemically
passivated and the plastic parts are typically uncoated.
Previously, contamination within the HDA is managed
25 by cleaning of the components of the HDA and subsequently
handing these components in clean rooms. Components with
common coatings such as electroless nickel plating and
electrical paint depeosition (e—-coatings) are subjected to
multiple cleaning cycles including detergents, ultrasonic
30 washes, and rinses with DI water. Improvements to the

cleanliness of the HDA components 1s by increasing the



20 the head fromthe nmedia provides the capability for the HDD to
experience high shock levels with a lower likelihood of data |oss or
decrease in reliability. The ranp generates fine particles during the
process of lifting the head off the nedia and agai n when | oading the
25head onto the nedia. Exi sting nethodol ogy that is used to prepare,
and to clean the conponents with surfaces exposed interior to the HDA is
no | onger capabke td neletarcurgenandewipseddtc iesqui veheht SPTTHEr e 2P€ t hus

a need to m nimze such 30problem and._incident.  and _t to. e _t he
mean time bePREENIFS | UTECERFBEY Sof t hes HDIISEL 1'lere}:lorsgjlll(gS negggf%énfgﬁ “hew

met hodol ogy L@,k edHeBrthenayaberceh simbtopadt i d@sce f omexarplee, HPAOS
m cron size and smaller. Summary 5According to a first aspect, there is

provi ded a hamgodesksdrive ( leshséNhavl PR a Pewdt yeBREI gt eF1E61 ocat e

a HDD assenbl y,therein, C ty i ated w i
char acseyi zgaxfzﬁlﬁﬁats’t héég(gen?%ér Ia}s%:éngggﬁgg%ﬁr o%\%ﬁ%reggﬁ(?%ﬁe) Q%‘aji hetocoat ed
surface is t0@em ar. I0less. 1 is thdvamtageousdy, cthesddaredisur f"@egehavi ng

a Ra of 100nmor less is a very smpoth surface and hence t-he at.i
surface redi®8s PRECAGHBer CBRFPeePar FPEI eS¢ HAT a‘%lherogtatlo sogfiod 38216\% ty.

15Advant agegushy 1ERenfoyghness of dhep suphacki @fofifeor greater. The
greatest particle present in any sample typically does
10 not exceed pm {(micron).

These attempts to improve are unable tc meet the
required HDA cleanliness of the current HDD technology.
Particle contamination within the HDA is resulting in
consumer data loss. The technology being used to manage

15 data loss such as RAID systems and/or data back-up and
recovery systems are both expensive and difficult to
manage.

Within the HDA, a ramp is incorporated to remove the
head from contact with the media during non use. Removing

20 the head from the media provides the capability for the
HDD to experience high shock levels with a lower
likelihood of data loss or decrease in reliability. The
ramp generates fine particles during the process of
lifting the head off the media and again when leocading the

25 head onto the media.

Existing methodology that is used to prepare, and to
clean the components with surfaces exposed interior to
the HDA is no longer capable to meet current new product
requirements. There 1is thus a need to minimize such

30 problem and incident and thus to increase the mean Time

between failure (MTBF) of the HDD. There is a need for a



coating is less than the roughness of a coating that has been forned in an
El ectrocoating ("E-coat") step. Hence, the snoothness of the coating in
the disclosed first aspect is greater than the snoothness of a coating
t hat 20has been forned in an E-coat step. Advant ageously, the
roughness of the surface of the coating is |less than the roughness of a
coating that has been formed in electroless nickel ("EN') coating step.

- Hence, the smmopknressiabdyhe-€optdinge i Bhéhpudbsel 6sedm23 1 fuarsticdspect is

greater than the snoothness of a coating that has _been formed in an EN
coat step. for expvéfe EntodMEHOn tHéfe 3NE FM6Vil€d a hard di sk drive
(HDD) case having a cavity configured to |locate a HOD assenbly therein,
the cavity being coated with a 30coating characterized in that the center

| i ne average roughness (Re) of the céamgéryurface is | ess than about 80nm

, preferably | ess than.about 50n re preferaply less than 25 rim

In one “enbodi men FCPﬁgﬂggist%réVr%%ﬁgg F&FE i’ sk %F%e:fi{ffogé &hdving a
cavity confirgwed ilsk lpcate apd) HEBsassewbhy bheneiny e rGavidyl bei ng
coated with a coating that has been fornmed by a nmethod selected fromthe
group consi SticA§eofa aRPHersstImdeposieFohn netthed, cal Sput PEERAg GRstHT6H, a

chem cal vapor ,depositi,on, yrethad., and 3 50l ; gel h?ﬂe and, wher e, 4 he
center |ine average 10roughness Fﬁg) o% the suﬁ?ggé of the coating 1s 100
nm or | ess. average roughness (R,s) of the coated surface is 100nm or

10 less.

Advantageously, the coated surface having a Rs; of
100nm or less 1is a very smooth surface and hence the
coating surface reduces the number of free particles that
adhere to said cavity.

15 Advantageously, the roughness of the surface of the
coating 1is less than the roughness of a coating that has
been formed in an Electrocoating (“E-coat”) step. Hence,
the smoothness of the coating in the disclesed first
aspect 1s greater than the smoothness of a ceoating that

20 has been formed in an E-coat step.

Advantageously, the roughness of the surface of the
coating is less than the roughness of a coating that has
been formed in electroless nickel (“EN”) coating step.
Hence, the smocthness of the coating in the disclosed

25 first aspect is greater than the smoothness cof a cecating
that has been formed in an EN coat step.

In one embodiment, there 1is provided a hard disk
drive [(HDD) cazse having a cavity configured to locate a
HDD assembly therein, the cavity being coated with a

30 coating characterized in that the center line average

roughness (R;) of the coated surface is less than about



According to a second aspect, there is provided a method of coating a hard
di sk drive (HDD) case having a cavity configured to |ocate a HDD assenbly
therein, the 15 nethod conprising the step of form ng coating on the
surface of the cavity such that the center |ine average roughness (Ra) of
the surface of the coating is 100nmor less. In one enbodinent, the
formng step is selected fromthe group consisting of an aerosol
defﬁshtlondSBHmHFt@mﬁie&aﬁ%?tkﬂﬁ&uﬁhﬁnrﬁk§u@.@%@mieamovap@ﬁeééﬁﬁﬁ%ﬂon

met hod, and_a sol-ge t hod. According to a third aspect, provided a

coat ed hard18?§ktﬁgp @ggﬁge, t he having been forned fPon1apsoI-geI, 25

conprises at |east, oe obmBoBhahthal tidere and wheseidesaied condi ng siks
capabl e of reducing the nunber of free particles that adhere to_thereon.
In one enbodiAeat ,{HREr edse pPhavided2a Godited Hatd B drPveCEASE, & he

coating of ca I, N 30f d a l-ge ai
| east gpe o%gg ﬁ%$§f£€¥¥og¥1§§%ﬁa aghgfa éﬁg??déﬁﬁfggoggﬁggﬁé@i@@ o
pol ymeri zabkeaztAegi ashaandhabebeien upameb| per @ setiord obethetsdl fgelm t he

center line average roughness (Ra) of the surface of the coatli is 100
or less to Fﬁ@réﬁ¥“5é6ﬁ§§%?Eﬁé%nﬁér%ﬂ 5% Par ?%?%%p%%%t gﬁﬁ%ﬁésfb tﬂz

surface of %g%tﬁ%%gng Sndthone enbodimentl theie i Sepoovided arthod,
organi c-inorganic coating for coating a hard disk drive, the coatin
conprising: and a scl-gel method, and wherein the center line averade
10 roughness (R,) ©of the surface of the coating is 100 nm or
less.

According to a second aspect, there 1s provided a
method of coating a hard disk drive (HDD) case having a
cavity configured to locate a HDD assembly therein, the

15 method comprising the step of forming coating on the
surface of the cavity such that the center line average
roughness (R.) of the surface of the coating is 100nm or
less. In one embodiment, the forming step is selected
from the group consisting of an aerosol deposition

20 method, a sputtering method, a chemical vapor deposition
method, and a sol-gel method.

According to a third aspect, there 1is provided a
coated hard disk drive case, the Acoating cf the case
having been formed from a sol-gel, wherein said sol-gel

25 comprises at least one of a metal alkoxide or a metal
halide; and wherein said coating is capable of reducing
the number of free particles that adhere to thereon.

Trn one embodiment, there is provided a coated hard
disk drive case, the coating of the case having been

30 formed from a scl-gel containing at least one of a metal

alkoxide and a metal halide disposed in a pelymerizable



at |l east one of a netal al koxide or a netal halide, wherein said coating
is capabl e of decreasing the 10 nunber of free particles and limting the
size of the free particles that contam nate the hard di sk drive. In one
enbodi ment, the coating further conprises inorganic nano-particles or

m cro-particles. In another enbodi nent, the coating further conprises at

| east one of cabon nano- 15particles or carbon nanot ubes. In one

enbodi ment , nERGRE ishdr AMkdedna Lr@rhoﬁo@g»emdggtmgncm aghsatdqan-gai,a hard
di sk drive conprising the step of applying a coating as disclosed herein
to the hardtdesicegitiove 11261 2 vrieaembeeideRESSt HBrk P8 pRBvitdEdageh&td di sk

dri ve (HDD) having g hase. 1popavel. 1and achead disk Asaenblor.diayipg. ar d

di sk drive comnpo base, cover and conponents havi ng surfaces
defini ng a difskrdei percaviky, thhae sutfacesheihrg scodted wift Hh@ ceas.ng to

25 decrease the nunber of free particles and |imt tgedsize of the free
particPes that céRtaMhat Iﬁﬂgﬁ diF 8k gssERy OViaed ¢ ffdHe©

enbodi ment, ;thepenis PEQYEded acdret hod by educing: cankani @aiten ithe hard
di sk drive (HDD), the 30hard disk drive having a base, a cover, and a head
di sk assenbkypzhaviongcohardsdingk drive conponents, the base, cover and

‘n Che di ok dr i VETcaUPEY Wt 4 GollS gt et Bact e tunner efrroe -
particles and |i whkrthe sizfdokckhenkr ees paspbolles dhatlecontammpatténbt he
head di sk assenbly. , S .

10 nurmber of free particles and limiting the size of the
free particles that contaminate the hard disk drive. In
one embodiment, the coating further comprises inorganic
nano-particles or micro-particles. In another embodiment,
the coating further comprises at least one of cabon nano-

15 particles or carbon nanotubes.

In one embodiment, there is provided a method of
reducing contamination in a hard disk drive comprising
the step of applying a coating as disclosed herein to the
hard disk drive.

20 In one embodiment, there is provided a hard disk
drive (HDD) having & base, a cover, and a head disk
assembly having hard disk drive components, the base,
cover and components having surfaces defining a disk
drive cavity, the surfaces being coated with a coating to

25h decrease the number of free particles and limit the size
of the free particles that contaminate the head disk
assembly.

In another embodiment, there is provided z method of
reducing contamination in a hard disk drive (HDD}, the

30 hard disk drive having a base, a cover, and a head disk

assembly having hard disk drive components, the base,



I n one enbodi nent, the coating conprises a single |ayer. The coating may
conprise nultiple layers. The coating may be applied with wet chem cal
deposition or physical vapor deposition. The coating may conprise 10
hybrid | ayers, wherein the coating is applied with a wet chem cal
deposition and physi cal vapor deposition. In an enbodi nent, the
coating may conprise nanoparticles. The coating may be nonconductive wth,

for exanpl ecogtrl easti 1&ShEhma € r esd-Bitny/i teypr£EkescoatEngi nay 45 diesk
antistatic with, for exanple, 103 Chmcmto 109 Chmcmresistivity. The
coating maydBévEoRdidfive SRAH.NTF ot exbhpre, 110FBeORMSEMAEd VEO “Arktem
resistivityyicn o #&ﬂ}hgn?ed'd@%% he 1:0at NG fay -be appld-gd :tg Any
metal lic conponent for t pur pose of protecting the 20 conponent from
corrosi on. #he ddatiitngheayibe agpltihed fireeamardonparrerithato dongraovie athee
conmponent's %ntb-stath characteristics. The coating may be applied to any
component t 8FnEFess & tke 455 ént's electrical conductivity. The coating

may be applied tgrannhLorneRanhed? ,t OthdICEBaEEnbhedigad dHskaassemily
overal | electromagnetic shielding characteristic. The coating nay be
applied in aagescesEhehatoapiegr &es GOMPaseRi celeaRlng proeiess The

i mredi ately i i tion,;and jn t Ale, C :
environnentFQ$&2%§oaé$%gB%a%' ggg%%lﬁégﬂ3g%% éﬂgﬁgcess ?ﬁgégﬁkggaré?és an
i n-1ine intehlyetkiang vapstremdefposliedmrenviTtenmenriasiimc! udiyng camprise
environment for the deposition of the coatjng. , .In an_enbodi nent,
the hedd di SKPEESertiy ZomsINas T T aRpCantiad mhéi AGPALSEBIY D Phé'Toat | ng

appl ied to them:eanamRoban ke LedueHen ofi Raddclepganrarat.ed during
sliding of the mating part on the ranp. The coating nay be applied to the
mating part. Thelscoaténg mpddingpti ed the t hechaidydi skayri V@MEStiGe base

f ﬁgp onent anpl O%)épf Sl% esslil r fI%Cee Sc ové"ttirxlll gn r&a@e bnea rnqa ndclosnlgiuac‘: %%réb lv%'_ tthh,atf orre duces

example, at least 10° Ohm-cm resistivity. The coating may

15 be antistatic with, for example, 10° Ohm-cm to 10° Chm-cm

resistivity. The cocating may be conductive with, for
example, 107® Ohm-cm to 10 Chm-cm resistivity.

In an embodiment, the cocating may be applied to any

metallic component for the purpese of protecting the

20 component from corrosion. The coating may be applied to

any component to improve the component's anti-static

characteristics. The coating may be applied to any

component to increase the compenent's electrical

conductivity. The coating may be applied to any component

25 to increase the head disk assembly overall electro-

magnetic shielding characteristic. The coating may be

applied in a process that integrates ultrascnic cleaning

process immediately before coating depositicon and in the

same controlled environment. The coating may be applied

30 in a process that integrates an in-line interlocking



10nunber of potential particles on the surface of the conponent, and
provides for the rempval of particles with higher applied exposed reduces
AR N R P R
‘he nurmber of ggtential part?glregcgﬁ \tlmhteh!szr;ggehggd di skt assegbly t hat
for the renoval of particles with higher effici enc;/rpglrjurainnig 2Inealr[1)irg\g;| d‘(la'f]e
coating maysbetappbiedleant hevhardmdhsk dricvedisp éﬁvél‘l‘f\%ﬁfﬁﬁmé%og@a'
surfaces withinthe hard digk ggsgmblynyhat
Tn an embodiment, the head disk assembly coﬁprises a
ramp and a mating assembly, the coating applied to the
5 ramp for the reduction of particles generated during
sliding of the mating part on the ramp. The coating may
be applied to the mating part. The coating may be applied
+o the hard disk drive motor base component with exposed
surfaces within the hard disk assembly that reduces the
10 number of potential particles on the surface of the
component, and provides for the removal of particles with
higher efficiency during cleaning. The ceoating may be
applied to the hard disk drive motor components with
exposed surfaces within the hard disk assembly that
15 reduces the number of potential particles on the surface
of the component, and provides for the removal of
particles with higher efficiency during cleaning. The
coating may be applied to the hard disk drive top cover
with exposed surfaces within the hard disk assembly that
20 reduces the number of potential particles on the surface
of the component, and provides for the removal of
particles with higher efficiency during cleaning. The
coating may be applied to the hard disk drive latch and
.latch assembly with exposed surfaces within the hard disk
25 assembly that reduces the number of potential particles
on the surface of the component, and provides for the
removal of particles with Thigher efficiency during
cleaning. The ccating may be applied to the hard disk
drive ramp assembly with exposed surfaces within the hard

30 disk assembly that reduces the number of potential

particles on the surface of the component, and provides

10



20 reduces the nunber of potential particles on the surface of the
conponent, and provides for the renmpval of particles wth higher
efficiency during cleaning. The coating nmay be applied to the hard disk
drive latch and latch assenbly with exposed surfaces within the hard di sk
25 assenbly that reduces the nunber of potential particles on the surface
of the conponent, and provides for the rempval of particles wth higher
SIflglency durlggT@Ie@aﬁmgalThEZcq&uﬁﬂqﬂﬁﬁy b tapphileticto ehéLRARECH sk
ive ranp assenbly with exposed surfaces within _the. 0dyi sk
t hat reduce§u¥ﬁ%9nﬁ&8§PlBQ'pgﬁﬁ%t?%ﬁtiﬁﬁt?%Vegeoﬁ&Fﬁéngﬁr(gcgh%fhgﬁgenbly
conponent, and,pryvides vJidfe t henempyaknplyparitic] espidd hkghénces
efficiency during cleaning. The coating nmay be applied to the hard disk
drive voi cewtbhiinassenblaydnidifs ke xioietP Surfatles’ i eh the ﬂawgeaigg

assenblLy that reduces_the. er_of , 5 i p i he rface
of thegconpgﬂgﬁpglggdpﬁfg&igg? fg}1ie% %%géﬁgﬁeéf g%%t?%ﬁ%gﬁgfgﬁ ﬁ?gher

ef ficiency gubingesl e@nizng.tHen arcrembodi neht phettodesngwisha thAohelayer
film of nanonet er thi ckness or mcronmeter thickness. The coating
10may be appfféaisAcHndBFabor 61688 APckel (EN) plating layer. Definitions

The fol | owi ng words and betkepsedrbereim ishalils hatdin layer film of
nanometer thickness or micrometer thickness. The coating
10 may be applied on an electroless nickel (EN) plating

layer.

Definitions
The following words and terms used herein shall have
15 the meaning indicated:

The term "surface roughness” means unevenness or
ruggedness present of the surface of an object at narrow
spacing. Standard measurement and evaluation of these
surfaces have been accepted in the United States as

20 defined in American Standards Association Document
B.46.1-1962, entitled "Surface Texture." The terminology

used in discussing surface texture uses such terms as

"roughness,” "waviness,"” "roughness-width cuteff,” "lay,"
and “"flaws." Document B46.1-1962 also describes a
25 measurement technique for evaluating the surface wave

form to arrive at the arithmetic-average (AR), which is
2lso referred to as "center line average" (CLA).
The term “liquid particle count” or LPC in the
context of +this specification refers to a numerical
30 measurement of the quantity and size of particles in in-

situ or flowing liquids. Such measurements can be

11



15t he neani ng i ndi cat ed: The term "surface roughness” neans
unevenness or ruggedness present of the surface of an object at narrow
spaci ng. Standard neasurenent and eval uation of these surfaces have been
accepted in the United States as 20 defined in Anerican Standards
Associ ation Docunent B.46.1-1962, entitled "Surface Texture." The
Eernlnology used in discussing surface texture uses such terns as
roughness, 8bt advédieasita" rougbmesschhdiiti eyedfipble |guigniariighg.
Docunent B46.1-1962 al so describes a 25 neasurenent technique for
eval uating tPestt face wave formto arrive at the arithnetic-average (AA)
which is also refgsred o asreeenpertiine” avier agad (Gijext of Thasterm
liquid particle count” or LPCin the context of .this specification refers
to a nunerla@$CBﬁh@®§U®@n@ﬁ@mﬁ:qrﬁﬁ%ﬁ%ﬁ&?t§haﬁdl§ii@ﬂﬁggf%r?fc &5"Pn in-

situ o flow ng.liquid a S¢gan bt airngdnustingiak
ponnerélalI?hggé??ggYenggﬁgg ggr?FgFgEg%uﬁter?g$ﬁggteﬁﬁ1?freg pgﬁticle"
in the contextvef chbesbspesitfictatizon eatstaciped t tete tRRL1Fstégpablfe of

being 5 physically adhered or stuck to the surf i i
&aZ?nS”E hyg;é;ﬁfgﬁ?egiﬁiaﬂgi t EngBﬂ;BPi Egﬁ ﬁrggg%gf or%é”g?’E géggnﬁ% ﬁgglsvgy

The term “chalcogen” is to be interpreted breoadly to

10 refer to atoms of Group VIA of the Periodic Table of
Elements. More particularly, the term “chalcogen”
includes elements selected from the group consisting of
oxygen (0O), sulfur (3), selenium (Se), and tellurium
{Te) .

15 The term "chalcogenide" is to be interpreted broadly
to refer toc a binary or multinary compound containing at
least one chalcogen and at least one ~electropositive
element or radical.

The term “metal chalcogenide” is to be interpreted

20 broadly to refer to a chalcogenide in which the at least
one electropositive element is a metal cation.

The term "nano-sized" as used herein relates Lo an
average particle size of less than about 1000nm,
particularly less than about 200 nm, mcre particularly

25 between about 1 nm to about 100 nm.

The term "micro-sized"” as used herein, unless
specified, relates to an average particle size of between
about lum to about 10Cum.

Unless specified otherwise, the terms "comprising™

30 and "comprise", and grammatical variants thereof, are

intended to represent "open" or "inclusive™ language such

12



case). The term "chal cogen” is to be interpreted broadly to 10refer to
atons of G oup VIA of the Periodic Table of Elenents. Mre particularly,
the term "chal cogen” includes elenments selected fromthe group consisting
of oxygen (0), sulfur (S), selenium(Se), and tellurium (Te). 15The term
“chal cogenide” is to be interpreted broadly to refer to a binary or

mul tinary conpound containing at | east one chal cogen and at | east one

el ectroposi tihve ekesent ioelnadi caleciThel t erlmntemstsal totial edgeni derniis t o be

interpreted 20broadly to refer to_a chal cagenjde in which the at | east one
el ect r oposi £PFé UEFEeReRE Pgdétﬁépéﬁ'cé¥?ﬁﬁ?g¥ﬁ% &M ““Fano- si zed" as used

herein rel ates t@salsed herein, the term "about", in the context of
concentrations of components of the formulaticns,
5 typically means +/- 5% of the stated wvalue, more
typically +/- 4% of the stated value, more typically +/-
32 of the stated value, more typically, +/- 2% of the
stated value, even more typically +/- 1% of the stated
value, and even more typically +/- 0.5% of the stated
10 value.

Throughout this disclosure, certain embodiments may
be disclosed in a range format. It should be understood
that the description in range format 1is merely for
convenience and brevity and should not be construed as an

15 inflexible limitation on the scope of the disclosed
ranges. Accordingly, the description of a range should be
considered to have specifically disclosed all the
possible sub-ranges as well as individual numerical
values within that range. For example, description of a

20 range such as from 1 to 6 should be considered to have
specifically disclosed sub-ranges such as from 1 to 3,
from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, Trom
3 to 6 etc., as well as individual numbers within that
range, for example, 1, 2, 3, 4, 3, and 6. This appiies

25 regardless of the breadth of the range.

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

characterized in that the center line average roughness

13



average particle size of |ess than about 1000nm particularly | ess than
about 200 nm nore particularly 25between about 1 nmto about 100 nm The
term"mcro-sized" as used herein, unless specified, relates to an average
particle size of between about 'umto about 100um Unless specified
otherwi se, the ternms "conprising” 30and "conprise", and gramatica
variants thereof, are intended to represent "open"” or "inclusive" |anguage
such that thegy bﬂctuéecbecieﬂe@ﬂfeammtjss bl@ Orah sor peesEt  Whndlusiovn bef

additional, unrecited el enents. d hereij ternl"about" in
t he contextdéﬁcé@ﬁééntF&tPBﬁsegpoédﬁﬁﬁﬁent opaﬁﬁe%ﬂg%nﬁl of§>% 5° -

typically neans, /s np% efsthe stated value, nmore typically +/- 4% of the
stated val ue, nore typlcally /3% of the stated value, nore typically, +/-

2% of the statedThal geatéven mor e yhbrakdyby/ 2 M9Gbpdt R eCaPEd fvalie,

and evgn "DEﬁet%@dﬁ§'é%ﬂéigéﬁ§868% E@F aéfg§g51&@§$yftlon method, a
sputtering method, a chemical vapor deposition method,
and a sol-gel method. In one embodiment, the sol gel
method is used to coat the cavity of the HDD assembly.
Advantageously, the sol-gel method when carried out with
10 the coating described herein, produces a coating which is
smoother than a conventional coating that has been formed
in an E-coat step or a EN plating step (which are
generally adopted in hard disk industries). While not
being bound by theory, it is believed that because the
15 coated surface formed using the sol gel method has a
center line average roughness (R,) of 100nm or less, free
particles having a size of 0.1 microns or larger would be
less likely to be trapped on the surface irregularities
of the coated surface. In one embodiment, free particles
20 having a size from of from about 0.3 micron to about 1
micron is not able to adhere to the coated surface. In
one embodiment, the center line average roughness (Ra) of
the coated surface is less than about 80nm, preferably
less than about 50nm, more preferably less than 25 nm.
25 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 nm or from 10 nm to 100 nm or

from 25 nm to 100 nm or from 50 nm to 1C0 nm.
When the sol-gel method 1s used, it 1s also
30 preferably that the ccating comprises at least one of a

metal alkoxide, metal oxide, a metal halide, a poly-

14



Thr oughout this disclosure, certain enbodinents may be disclosed in a
range format. It should be understood that the description in range fornmat
is nerely for convenience and brevity and should not be construed as an
15 inflexible limtation on the scope of the disclosed ranges.

Accordi ngly, the description of a range should be considered to have
specifically disclosed all the possible sub-ranges as well as individual
nunerical vahupsnW ddrigbittat coanganikFer exampla, deslafohrpts;blrﬂccﬁn,a 020
range such as from1 to 6 should be considered to have specifical

di scl osed smbxﬁaﬁ§§5t§@éﬁoéé SO & Y3, FronPicEor 29 F roivt o §% from 2

to 4, fromg,f0,8, ff @ﬂéﬁt@1§c§é§ed ﬁ%r@@h'é%%|ﬁﬁﬁyldﬂﬁkoﬁuﬂbsr%m&tfun
t hat range, Por exanﬁi 3, 4, 5, and 6. This aEﬁﬁbes 25r egar dl ess
of the breadthadf habldaﬂgesu¢kneﬂ3 edebDedcr Eht pohdof dPFefug sors

Exenpl ary, non-limting enbodi s.of har k,driLye e chawing a
cavity%coanSHFé&ﬂxyq 0% ﬁfﬁé%ﬁassenbﬁaq?ﬁereéﬁy l%gécggity bei ng
coat ed Wﬂthtﬁa%oakhﬂgb@h@%éatakiZ@ﬂatnthhaUﬂﬂhecaentgr Ubne ameﬂa@@
roughness (RO of the coated surface is 10Q0nm or_ |.es mnll now

di scl osed. EheonecdmBédicne sl sti@dgar d-Sdi Sedy i B 1 aﬁ?%ﬁqﬁ% ndim
case. The C%% sq%1g%YC%%téggg§}t%%l%ln%ﬁhQQu§@ﬁﬁﬁk%@i&@O@hr@ab@e group

consi sting an -aer osol tion nmethod, a sputtering nethod, a
chem cal vapor d&posnﬂ;o@mheﬁhmdntandh$sﬂﬁazkngn@1ﬁ©hos¢@ BRAESéRDIE nent ,

the sol gel method is used to coat fhe caV|t f th a
Advant&geoudPymcthéSs & -Gt Pt hGa %rcg?r moﬁfgr Qﬁ %%lthe coatlng

described hegei o pragducgsqa geat img: Whpehois. Sm@tvb&lta@hansayconvt&rﬁl onal
coating that has been fornmed in an E-coat step or_a EN plating step (which
are gener al pradoptied iof Hdred afisdk Nhd@stad es)anivini a8 ot 15 HEE D by

theory, it ﬁ%kb al;,eve P#a%r§§C§£§§léf§s being trapped on the coated

surface.

15 The coating for coating a hard disk drive cavity may
comprise nano-particles or micro-particles. The nano-
particles may be organic, inorganic or a mixture of both
organic and inorganic nanoparticles. Advantageously, the
nano-particles or micro-particles may be added to

20 increase the hardness and/or conductivity of the coating.

In one embodiment, the sol-gel from which the
coating 1is formed has nano-particles and/cr micro-—
particles contained therein.

In one embodiment, Lthe coating is an organic-=

25 inorganic coating and may comprise at least one of =z
metal alkoxide, metal oxide or a metal nhalide, wherein
said coating is capable of decreasing the number of free
particles and limiting the size of the free particiles
that contaminate the hard disk drive.

30 In another embodiment, the coating further comprises

at least one inorganic nanc-particle. In yet another

15



15 coated surface fornmed using the sol gel nethod has a center line

aver age roughness (Ra) of 100nmor less, free particles having a size of
0.1 microns or larger would be less |likely to be trapped on the surface
irregularities of the coated surface. In one enbodinent, free particles
20 having a size fromof fromabout 0.3 mcron to about 1 mcron is not
able to adhere to the coated surface. In one enbodinent, the center line
aver age roughpedsméRa) ohet heacdatedustirbaceororiess tlhaneabbuP80RM
preferably | ess than about 50nm nore E efera £¥u£g§s than 25 nm 25 In
one enbodi nEAEPCPhBEREBATERE €Sl ng S n "thE FanGe of 1 nmto 100 nm or

from1l nmto 50 ROk ELOM L WHYRAR: 25 dun @fed rigsrdinnnby O smlectidom 10
nmto 100 nmor from25 nmto 100 nmor from50 nmto 100 nm

When the solfrgal thet hotois geedistinps ofl sot 3opref et ABEY B hat H-AEEBat i ng
conprises at .l east, one_of al_-al i.de, aetal,9xige. - fudeidd . hakhi de, a
pol y- %carb8%k8§ﬁ88ﬂndﬁ%%ﬁ%5?%%n&lgoﬁgﬁgl %%d/orUSiIFCoﬁ? or m xtures
thereof . Preher abhyod trhenpy eclies anst as ec likoxtilve sbé - gell emdehod™ BP8 clFosed
herein are netal al koxi des and netal halides such as net %g%hEQﬁ%,%' The

precursors 95%gBual |y urfd@rgohytf ol ysis £6 form a "Gl -1 ubstande t hat

can be usedy Qr%ﬁ%tthg%sh@%n%qw ty. HPoflycogtidghokiieilehe] | ke substance
is then dried to produce a densified coatln%JnaterlaI on the HDD cavity

surface. | nBosdterbedhmenysilofie etbatieng disscliesdd hérldint isOWIeGSred as

a continuous | ayer of filmover th face.: d a
por oug’ Advé&PEé@Hﬂ%l}$HFﬁg'?ﬂni%gF$§£% tﬁ%ggggpﬁggh%éyeE%gfﬁﬁﬁﬁgantIy

reduces t he Jrkeliihaed tefs f reed parbinliestheinsg ttlappsd on The comtted
surface. 15The coating for coating a hard djsk drive %avity ey, co rise
nano- part i cled&osd dsi cP- paRei B - FheTAANPPartiTt eEPREY be’ or§ari ¢,

| norgani ¢ or, a mxtyre of .ot @OO"\.&aﬂa}ith and-ANor gani enhareparihict! essom
Advantageouéﬁy,@%he nano-particles or mcro-particles may be added to
about 20 weight percent to about 80 weight percent of the
15 coating, from about 30 weight percent to about 70 weight
percent of the coating, from about 40 weight percent to
about 60 weight percent of the cecating, or from about 50
weight percent te about 90 weight percent of the coating.
The metal halides disclosed herein may include metal
20 fluoride, metal bromide, metal chloride and metal iodide
and mixtures thereof. The metal halides of the disclosed
coating may be from about 10 weight percent to about 90
weight percent of the coating, from about 20 weight
percent to about 80 weight percent of the coating, from
25 about 30 weight percent to about 70 weight percent of the
coating, from about 40 weight percent to about 60 weight
percent of the coating, or from about 50 weight percent
to about 90 weight percent of the cocating.

Exemplary metals of the metal alkoxide, metal halide

30 or inorganic nanoparticles may include, but are not
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20i ncrease the hardness and/or conductivity of the coating. I n one
enbodi nent, the sol-gel fromwhich the coating is fornmed has
nano-particles and/or mcro-particles contained therein. In one

enbodi ment, the coating is an organic- 25 inorganic coating and nay
conprise at |east one of a netal al koxide, netal oxide or a netal halide,
wherein said coating is capable of decreasing the nunber of free particles
and |initingimheedi te,oMd,heCdredrpabai cPgs tdrat Kont@m naPe fhe R&rd di sk
drive. 30l n_another enb%dine t,. the coating further conprises at |east one
i nor gani ¢ naRo- Bart 'Er et AfeFTanot her embodi ment, the coating further

conprises at |eagtc0ngoehagacborndaparpaciics! as el osadbor rramnotiaye e
The netal al koxi de di scl 0sed herein may be sel ected fron1the5%ﬁggf
consi sting oktsilli oertal kediadesoasrigifisum cBbaarRaxr deS2 e hani %Koxi de

and al ymi num, alkoxi de.y, 1 pgRe STbaQMeaLy ok Ne; dipt dhndil ki dedpoiact ed
from a>group €GnSSti ng of ~t et Taet hoxysr | ane,

t et r anet hoxysickane, t@et hyhotei etdidxysid ang; 1, Rhe  art. The metal

Bi s(trinmethoxysilyl)ethane,sil]jcontetrai sonyl oxide 10 al um t oxi de,
aIuninun1is@ﬁﬁéﬁ@ﬁ?&é?eﬁeﬂWﬁétﬁﬁlS&ﬁ? g?ﬁli&&FESQE%dg58%€i&ﬁﬁ%ﬁ%ﬁ% er eof .

The netal alkoxjde of,the cpatdngpby heyddomeabeyt cis wetgbe, pendant to
about 90 wei ght percent of the coating, fromabout 20 wei ght percent to
about 80 weicglst, pPeiSeenCddfe,t hmS, MnSe, MnTe, Ag;S, Age3e, Agzle, ZznC,
i0 TiQ,, Ce0s, Sn0;, Fe30as, Fey03, Zr0z, Cul, MnC,, Cu0, Al:0s,
Vo03, NbyOs, NiO, InCs, HfC,, Crp0s;, Tazx0s, Gax0s, Y203, MoOs,
MgC, CaC, BaC, TiO;, SrO, ZnO, Mny03;, Fez03, Fel, Zr0s,
V,03, V205, Cul, Ni0, Aly0:;, 8102, Zn0, Ag20, mixed metal
oxides such as MgO/Al,Cz and Co3C,.
15 In one embodiment, the disclosed metal oxide
particles are selected from the group consisting of MgO,
Ca0®, Ba0, TiO,, Sr0, Zn0, Mn03, Fepl;, Fel, Zr0z, V30s,
V5,05, CuQ®, Ni0, Al,0;, 5i0;, Zn0, Ag20, mixed metal oxides
such as MgO/Al,0; and their mixtures thereof. The metal
20 oxide particles may be coated or uncoated. In another
embodiment, the inorganic nano-particles are selected
from the group consisting of Zn nano-particles, Ti nano=-
particles, Cr nano-particles, Cu nano-particles, Au nanoc-
particles, Pt nano-particles, Ti0O, nanc-particles and
25 21,05 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
30 50 nm to about 10 nm. The inorganic nano-particles of the

disclosed coating may be from about 0 weight percent to
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15 coating, from about 30 wei ght percent to about 70 wei ght percent of the
coating, from about 40 wei ght percent to about 60 wei ght percent of the
coating, or fromabout 50 wei ght percent to about 90 wei ght percent of the
coating. The netal halides disclosed herein may include netal 20
fluoride, netal brom de, metal chloride and netal iodide and m xtures
thereof. The netal halides of the disclosed coating may be from about 10
wei ght per cepbuto ;abeati g9 weighintpeotentheof coheivgat ifngm faiomabdut 20

wei ght percent to about 80 weight percent of the coating,,from_.25 about
30 wei ght p¥eésht PSISBBEttﬂ)%%ﬁ%ﬁnérﬂﬁ%ﬁﬁﬁ B?r?ﬁ%tc8gtﬁﬁﬁ,cP@&%Pgbout 40

wei ght percent .t qyahout 0. \Bjghe RalCeNt, Ofpblie gokiga:r perteam alfout 50
wei ght percent to about 90 wei ght percent of the coating.

Exenpl ary nehal scetithe met dira kdxiwle, 1 netebidhati Ber8eBE LRoRGANIC 2

nanoparticl es, include, but.are not Ilimted to, My, Ca, Sr, Ba, Ag,
Zn, Fe? Cu,w@ﬁggﬁl?eéﬁ?ngnPQZ%PeNg? i"dhid o . The inorganicg
nanoaparticl es dischesednheigimen®my biee nebabonnmekab-phatdodesi desi/or
charcoal, carbon, silicon, 5m xtures thereof or any other sem conductor
conponent kABWACHONERESEPSIE |15 dtFoM tHeCEr 10 TREITet RFEEREFCHGeiRdY may

be sel ected,fr £ nsisti : Zn Z b§, PbTe,
s Conse T B R L Qo o g e,

ZnQ, 10 Ti@arceaﬁzxoSnﬂﬁmrFeBa4weEg2®3pé@ﬂﬁnt(Qﬁ)tthZPaGEBG, 234
V203, ‘Nb205, Ni O _1n03, Bf02, Cr203, Ta205 203, Y203, : CaO,
BaO, 1002, 3PEUTZROYMEG3,PHESTS: ‘E%d‘?b%‘bz,%v%%?h%z%&rl\é%% O%%h% 203,
Si 02, ZnO, Ag20Q:inH xes- metd)n oxhdes suchwas MO 203n@and oCodbdut 1815 one
enbodi nent, the di'sclosed netal oxide particles are selected fromthe
group consi ¥EilghtobeNgentCad, tBEOCORIGRT -SARe Aot iRy R FPPIFSY

202 V20 208 U M AR B Eh A, edi il i
physical vapor deposition.

15 in one embodiment, the coating is conductive with
107° Ohm-cm to 10 Chm-cm resistivity. Advantageously,
when applied to the hard disk drive, the coating may
increase the hard disk drive overall electro-magnetic
shielding characteristics. More advantageocusly, when

20 applied to the hard disk drive, the coating can alsc
desirably increase the head disk assembly electrical
conductivity.

In one embodiment, the coating is applied in a
process that integrates ultrasonic cleaning process

25 immediately before coating deposition in a same
controlled environment. Advantageously, only one single
environment is required in the production of the hard
disk drive. In another embodiment, the coating is applied
in a process that integrates an in-line interlocking

30 system of clean environments comprising an environment
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20 oxide particles may be coated or uncoated. In another enbodi nent, the
i norgani ¢ nano-particles are selected fromthe group consisting of Zn
nano-particles, Ti nano-particles, C nano-particles, Cu nano-particles,
Au nano-particles, Pt nano-particles, Ti Q2 nano-particles and 25A 203
nano- parti cl es. The inorgani c nano-particles or carbon
nano-particles nay have an average particle size of about 10 nmto about
200 nm aboybrlGHym depabduloR0cimttabotbalOngm rdvahoatyebOshm, abow 10
nmto about 100 nm and about 3050 nmto about 10 nm The inaqrganic

nano- parti cPésouF Phe 8 sendsed ocvsattitng mety e M 86 6 Weight per cent
to: about 5 wei Ohh,cPercent ofy the; o3l Bg:obEamabau, Qe Wighii spercent

to about 4 wei ght percent o he coating, fromabout 1 weight percent to
about 3 wei ghtcpercentveof drmk gobeadgdiek EserrbByut ALHEEINgHLY pdiftent to
about 2 5wei ght .percent .of the.coating. I n_one_¢g [ t, the

car bon5nano?g’é‘ﬁl§‘§| @ Yamfy o‘?p%%l?'ﬁ%ntﬁar?gt UsES T CFF ocr)ﬁ?g%%%t %%%wéi gt:he
percent to abeut 20weinghhecper cantk efsddmigoating, from about 5 wei ght
percent to about 15 wei ght percent of the coati ng_l, from 10 about 5 weight

percent to about Th& vikgaght dpekcermssdolvhetoatPngia®st 13 dbolf 1 ¥wei ght
percent 10 30Ul L Mt REREEUNDT, WA GAALINGacle. GORLIMGE MRYsDe

applied to thé har rive by wet chem cal deposition or by physical
vapor deposithicorntoalhimy aney eaiedi ment apphéedoabi g i kexondosei wé wittsh 10- 6

Ohmcmto 10 Ohmcmresistivity, Advantageogusly, when lied to the hard
di sk dfi ve, TER® cGRS nd-fay Tkt dasePh hgpd %/fieéj%c(?ri 32‘%ové)raaﬁldes

el ectro- magpetic-shielding Lharactesisti ehe mhtﬁn?dpamkagepuﬁky,r&@@n 20
applied to the hard disk drive, the coating can also desirably increase
the head di $kivassemslopsélvect Ehéal toadeeseyithpe head disk assembly

overall electro-magnetic shielding characteristics.
The hard disk drive disclosed herein may further
15 comprise a hard disk drive motor base component with
exposed surfaces within the hard disk drive. In another
embodiment, the hard disk drive furthgr comprises a hard
disk drive latch and latch assembly with exposed surfaces
within the hard disk drive.® In yet another embodiment,
20 the hard disk drive further comprises a hard disk drive
voice coil with exposed surfaces within the hard disk
drive Application of the coating to the exposed surfaces
of components described above alleows reduction of the
number of potential particles on the exposed.surface of
25 the component and allows the removal of particles from
the component during cleaning to proceed with higher
efficiency relative to an exposed surface which has not
been coated with said coating. In one embodiment, the
coating is applied on an electroless nickel (EN) plating

30 layer.
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In one enbodi nent, the coating is applied in a process that integrates

ul trasonic cleaning process 25 imediately before coating deposition in a
sanme controlled environnent. Advantageously, only one single environment
is required in the production of the hard disk drive. In another

enbodi ment, the coating is applied in a process that integrates an in-line
i nterl ocking 30system of clean environnments conprising an environnment for
theddepositi?n ﬁ@héheoemam@ngﬁiﬁﬂvaﬂﬂagheusiy,m@hi§K3I¢oﬂénaheiﬁaWﬁﬁe
production of the hard disk_driye. The .hard di sk _dri I: sed
herei n may €@ﬁEFP§eC§‘5h§%91543%@e9a§ﬁ& éxﬁgﬁﬂmhisﬁnagggn§%§9gﬁggé?dingly,
the Scoating, muy.oe apgl hggefroo%t ~heasta@neqofi st he thase 1ake cdler iand the
head di sk assenbly. he head di sk assenbly of the hard disk drive

may al so conpnibsetearr apipl akideas matdarp zdiderdl v, Yhent hFBScade: t HEYEGat i ng
may al so be applied.to_at | t_he (Ak=Tag0 t i ipart to
reducegthe 6&&51&Fe§n98ﬁ8P§§§%Ed33$ﬁ§&§F%diﬁé%bf§¥ﬁﬁﬁﬁgfi%§'gg%ngh t he
ranp. Advantageeushiyim thingdshcreasesodhie headndiskabssenbPy owver dldom

el ectro-magnetic shielding characteristigs. The hard.di sk _driye_ di osed
herein may Bhetfker0 ﬂ@(ﬁﬂnﬁﬁ%ﬁFag%aWH'd%gﬂmd?PQEQngpoPmbggeaé@ﬁ%o%ﬁ%t

wi th exposed surfaces i thifp the hardodiek7drnmg. oknraget heouentadinment ,
the hard di sk’drive further conprises a hard disk drive latch and | atch
assenbly w th ekposedOsurf.aces within the hard disk drive. In yet another
enbodagent, In another embodiment at least one layer of the
coating is a thin layer film in micrometer thickness.
Accordingly, when the thin layer film is in micrometer
thickness, the thickness of the thin layer film ranges
from about 1 microns to about 50 microns, Ifrom about 10
15 microns to about 40 microns, or from about 20 microns to
about 30 microns.
The coating may also be used in a method of reducing
contamination in & hard disk drive, comprising the step

of applying the coating to the hard disk drive or 1its

20 individual components.

Brief Description Of Drawings

Tn order that embodiments of the invention may be

fully and more clearly understood by way of non-

25 limitative example from the following description taken

in conjunction with the accompanying drawings in that

like reference numerals designate éimilar cr

corresponding elements, regions and portions, and in
which:

30 FIG. 1A-1B show SEM morpholeogy of EN coated

surfaces;
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20 the hard disk drive further conprises a hard disk drive voice coil with
exposed surfaces within the hard disk drive Application of the coating to
t he exposed surfaces of conponents descri bed above all ows reduction of the
nunber of potential particles on the exposed surface of 25 the conponent
and allows the renoval of particles fromthe conponent during cleaning to
proceed with higher efficiency relative to an exposed surface which has
not been coated mith sahd2coathng. Faheneténbodiasremst hefcoBdihgCrs
applied on an el ectrol ess nickelf%EN) pl ati ng 30l ayer. The coating
di scl osed h%?%?ﬁaﬁﬁ9“bgoﬁms?n§F5 Syer coating or a nultiple |ayer

coating. In one pahodi ment srakyd easkpanachayese ofpddiel voat igwiss acthin

| ayer filmin nanoneter thickness. Accordingly, when the thin.%g er_ 5
fiimis in oanmpreeetst Anekaessemblie st AIKneFP OTeE R EHETET afer 271 i

ranges frOﬂ%%gﬁut 10 nm %\%@39;’;‘4}%D%;?Oiﬂnhct:l&;?%ﬁl%@ukigg am £enakeutn90 nm

fron1aBout ng%g aboi rom about 40 nmto about 70 nm or from
about 50 nmytotraboshveAthomn;10l n anot her enbodi nent at | east one | ayer of

the coating is a_thin layer film.in mcroneter thicknes Laghky,
when the thin | aféF-fidl Mgy namf@PHrrE%é‘Ftt h‘ﬁ& {6ds ¢ h%nt%&jéﬁﬁg}sng of the

thin layer filmrangesytsgm.about 1 mcrons to about 50 microns, from
about 10 15m crons to about 40 microns, or from about 20 m crons to about
30 nicrons. The EG&Li rfy sapwal son b&lusedrf3ca FEERd&%f 1} edGEPRGERCE

fhe o8t ng"thrt AE RAPHIGTSR-aPEvEnSr rgneiotst e Step o applying
FIG. 6A-6B show SEM morphology of EN coated surfaces
applied in accordance with an embodiment of the
invention; and
FIG. 7 shows a table showing the comparison of

15 results achieved with a surface coating in accordance
with an embodiment of the invention compared with a
conventional process of cleaning without the surface
coating in accordance with an embodiment o©f the
invention.

20 FIC. 8A-8C show SEM morphology comparison between
conventional EN coated surfaces (FIG. BA), conventional E
coated surface (FIG. 8B) and the coated surface in
accordance with an embodiment of the invention; and

FIG. 92-9B show SEM morphology comparison between an

25 uncoated aluminum surface (FIG 9A} and the coated surface

of the aluminum surface in accordance with an embodiment

of the invention (FIG 9B;.

30 Detailed Description
FIG. 3 shows expanded perspective views of

components and assemblies with exposed surfaces within a
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20i ndi vi dual conponents. Brief Description O Draw ngs In or

enbodi ments of the invention may be fully and nore clgearl y understgg(rj wat
way of non- 25 [imtative exanple fromthe follow ng description taken in
conjunction with the acconpanying drawings in that |ike reference nunerals
designate sinmlar or corresponding elenents, regions and portions, and in

which: 30FI G 1A-1B show SEM nor phol ogy of EN coated surfaces; FIG 2R-2C
show schenatibo U0 agnaascofdparcti sliehgenerabpdhnenpEnPd s0ef ABESNELER3 shows

expanded perspective views of .conponent d ' '
surfaces wi THF nHQDfSﬁQaéFOa‘Pﬂ%S??sMVS(E nevneirﬁ %C%%S%ggg%gtﬁﬁwg%gegxposed
enbodi ment g6 the. mventiomsrfid&s 4ompensnasf bavhchar tsglimgrani 6f fan

enbodi ment
disk 24 and read/write heads 20 and actuator 22. The
5 printed circuit cable 16 and base casting connects to the
printed circuit board 30 wvia connector 26 and 1/C
connector 28. The internal components include spindle
motor components, ail of the HDA enclosures, recording
head and recording media as well as the HDA. The HDA

10 clean cavity contains various components including one or
more components with a magnetic coating for storage of
data, referred to as media, and one Or more recording
heads, referred to as head, for the writing and retrieval
of the data onto and from the media. Applicaticn of

15 coatings having nano-particles forming nano or micron
fiims in accordance with an embodiment of the invention
to the head and the media to improve the wear
characteristic by reducing the Zfriction between these
components with are moving relative to each other.

20 The surface to be coated may be defined as any surfaces
(metal, plastic, ceramic, conductor, insulator, and the
like) that expose to the environment {(the surface
interface with the air c¢irculation) that hcocused the
platter and read/write head inside the HDD. For example,

25 base plate, top cover, spindle motor and spindle
components to assemble the platter, latch and latch
assemble, ramp assembly, voice coil, flexible printed
circuit connectors and the like. The application of the
coating reduces the number of particles that are

30 generated from the surfaces during the operation of the

HDD. The coating functionalities may further include
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of the invention; FIG 5 shows an O surface coating in accordance 10w th
an enbodi ment of the invention; FIG 6A 6B show SEM nor phol ogy of EN
coated surfaces applied in accordance with an enbodi ment of the invention;
and FIG 7 shows a table showi ng the conparison of 15results achieved wth
a surface coating in accordance with an enbodi ment of the invention
conpared with a conventional process of cleaning wthout the surface
Cﬁatl ng in aceexdance widdhani exbodistertngifh,t heconventoon. ZEIsGargA- 8C
show SEM nor phal ogy .conpari son between
a%tist% ic ggscharged (ASD), and the like.
HDA may be defined as all the components housed
within the HDD enclosure to form the essential parts for
5 BHDD excluded the PCBA. HDA may be defined as components
to be the components that with any of the surfaces expose
to the air that circulate within the enclosure during the
operation.
For example, components include Dbase plate, tocp
10 cover, spindle motor and spindle ccmponents to assemble
the platter, latch and latch assemble, ramp assembly,
voice coil, flexible printed circuit, connectors, and the
like. In general, all mechanical parts with metal or non-
metal surface can be sources for loose particle
15 generation.
Examples of the application of the coating in
accordance with embodiments of  the inventicon  are

discussed. An application in accordance with an

embodiment of the invention is an Crganic-Inorganic {(OI)

20 coating that may comprise, for example, the following
mixture:
a. Metal alkoxides or metal chlorides where the

Metal group may be Si, Ti and the like;
b. Inorganic nano-particles, for example, metal
25 nanc-particles, 4n, Ti, Cr, Cu, Au, Pt and etc and
metal oxides, Til,, Al;0; and others;
C. Carbon nano-particles or nanotubes;
d. Other additives and stabilizers known to those
skilled in the art.
30 The coating may be deposited by dipping, spraying,

spinning and any method that suitable for wet chemical
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conventional EN coated surfaces (FIG 8A), conventional E coated surface
(FIG 8B) and the coated surface in accordance with an embodi ment of the
invention; and FIG 9A-9B show SEM nor phol ogy conpari son between an
25uncoat ed al um num surface (FI G 9A) and the coated surface of the

al um num surface in accordance wth an enbodi nent of the invention (FIG
9B). 30Detail ed Description FIG 3 shows expanded perspective views of
conponent s dagoassenhl.i @sewsbl utijpos et ys lref doesiuliattizicn wa tHHOD fi@ riemt

accordance wi.ith an enbodi nent of the .invention. 10 conprises a
first cover Vi8caRdty §80§H&t059§rV@floﬁﬁedﬁﬁﬂs 5&ﬁplgggh€%ﬁpoggnts such as

spindle 14 for dhgk 24 1and v:ead/ Wi te heads c20 ant agh uahBbd2denthef 5
printed circuit cable 16 and base casting connects to the prlnted circuit

board 30 vi &heoniectwri®® dnd &/ @horimeEdt oFaR8r HPdSdRal (E¥rporiént s

1l v SPLagL g ok o comonepiay all ol L i, ot enchasur e el
of deposition technology that about to offer continuocus
thin film with thicknesses of no more than 10um,
preferable less than S5Spm and typically less than Zum. The
coating shall be continuous, homogenous and dense (non-

10 porous). The coating may be deposited, for example, by:
a. Magnetron sputtering or high power immersion
sputtering with either linear or round shape that
energized by either RF, mid freguency, DC pulsed, DC
or other energy sources.

15 b. Evaporation that may be e-beam evaporation or
thermal evaporation for both ceramic and metal
coating.

o Plasma enhanced, ECR or thermal CVD that able
to deposit wvarious metal and ceramic coating on

20 metal and non-metal surfaces.

d. Arc or filtered arc that able to provide very
dense and hard coating which possibly to deposit
with as long particle as possible.

Materials that may be deposited on the metal, semi-metal

25 or insulator surface may be, for example Ti, Cr, Au, Pt,

Ag, Si0,, Ti0,, Al,0;, CrN, TiN, TiAIN, C, or the like. It
will be understood that C could be in the form of
graphite, amorphous diamond like carbon or nano-crystal
diamond like carbon structure, metal containing carboﬁ
30 network, or the like. Basically, may be any hard coating

that able to offer dense and continuous coating.
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10 clean cavity contains various conponents including one or nore
conponents with a magnetic coating for storage of data, referred to as
nmedi a, and one or nore recording heads, referred to as head, for the
witing and retrieval of the data onto and fromthe nedia. Application of
15 coatings having nano-particles formng nano or mcron filns in
accordance with an enbodi ment of the invention to the head and the nedia
to i nprove the wear amharsadtebistic I r édgci hgVERELPRI ctd on-BEFWeBAYt hese
conponents with are noving r tive tQ ea 20 The suyrfa o0 be
coated may D8™HELFHed %é?éﬁﬁsiiﬁ*%ceggkne%gF?Egﬁggffc,E?%%ﬁ%ﬁ%, ggﬁ%Uctor,
i nsul ator, apdatheibibkeletddiat cexpeseidc ishe ravitonmemt {tdkEasief acd
interface with the air circulation) that housed thgagla ter and read/wite

head i nsi depehEMEDDOTFHO leFaTpI w6t L1 05 BHER Pl aP e, “PBRUEOVER, "EpCRAI“E not or

and spgndle ggggopggg§cﬁgsqssenble the platter, latch and | atch assenbl e,
ranp assenﬁ?y, vorce coil, flexible printed circuit connectors and the
| i ke. The appl i catieniof Ithegeoati rIr edweds nove hayiher NGNOPETT-iiEHES t hat

are 30generated fromthe syrfaces during the rati. .t he . 4Fhe
coating funéti BREPFEFESSMEY FPh?P‘Pﬁ@gﬁﬁb Cﬁﬁﬁ%@?&%&%ﬂéﬁ%&ﬂéﬁ%@ldg

strength, corrgsi et apt¢hant hstat il i sehavged HPASD)comprah et .| i ke.
HDA may be defined as all the conponents housed within the HDD encl osure
to formtheRessemprl iparianfor 05 HDHUEKELGEEE t heC PEBAYHDA

defineq as conponents Lo he Lhe comonentss, thal wih Ay of-ihe sifaces

expos at Circulatewthin the enclosure during the
operation. Earlexampl &énreonponefdce i mcdudempasenpbatéatt ggser®leovére

spi ndl e notor and spindl e conponents to assenbl e the platt.er, .l at nd
| at ch assenBFéd PAFy &SS ]g’P Ede TS0i4: S H %G b g’npraiprﬁléﬁa&lroglu%]ira

connectors, caad the { .(feofl Ngenesmbonaht sMechani €admprs  swwmhhnnettad  or
nonmet al surface can be sources for |oose particle 15generation.
head disk assembly (HDA) in general and to the use of
15 coatings being a thin film of nanometer or micrometer
thickness that may comprise nancparticles on the
individual components with surfaces exposed within the
clean cavity of the HDD. The wuse of coatings in
accordance with an embodiment of the inventicn increases
20 the reliability of the HDD against data loss since the
coatings have the properties of reducing the number and
size of particles on the coated components and of
improving the efficiency of removing particles deposited
on the surfaces of the coated compeonent using the
25 industry's existing agqueous cleaning systems. The
properties of the coatings are adjusted to improve the
other surface properties of wear resistance, corrosion
resistance, electrostatic efficiency, and conductivity.
Multiple coatings may be used, one or more of which use

30 nanc-particles, to meet all of the HDD requirements,
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Exanpl es of the application of the coating in accordance with enbodi nments
of the invention are discussed. An application in accordance wth an
enbodi ment of the invention is an Organic-lnorganic (0l) 20coating that
may conprise, for exanple, the following mxture: a. Metal al koxides or
nmetal chlorides where the Metal group may be Si, Ti and the like; b.

| norgani ¢ nano-particles, for exanple, netal 25nano-particles, Zn, Ti, C
Cu, Au, Pt andletitngndnnekakroxicdesating2foal 2e3uandost hgr §he BUmbgFhon

Those ok || 805 AL FRCOLr PAT3OTNESCHALIA iy He deposi ted by di pping.
spraying, spinning apd apyoeethed,t haie subbabing fos wek chenioed and
structure of the thin film and may comprise amorphous oI
5 nano-size grains? The surface has little to no loose
particles. The coating has sufficient adhesion and
strength that is able to deposit to metals, ceramics and
insulators. The coating may be conductive or with
resistant gqualities that provide anti-static discharged
1¢ properties (10° to 10° Ohm-cm) .

The organic-inorganic (OI) process for coatings in
accordance with an embodiment of the invention may
include for example, an initial OI coating 1is a nano-
ceramics with organo-polysiloxane applied with a solvent

15 base solution and in a dip coater. The initial coating
may be a material such as with 24 wt? Silicon Oxide, 5
wt$ resin, 32 wt% isopropyl alcchol (IPA), and 39 wt3
Butyl Cellosolve (BCS). The part coated is a carbon steel
base plate washed in a commercial aqueous based cleaning

20 system using ultrasonic cleaning and D1 water. After
rinsing and drying the component 1is further processed
through a standard acid bath to etch the surface and
remove all oxidation and loosely adhered particles.
Further cleaning could use e-beam or other higher energy

25 surface cleaning systems. The component is processed
through a standard dip coater and oven cured at 40°C for
20 minutes. After curing, the part is handled in a class
1,000 clean room and place secaled in clean bags. The
coating thickness may be 1,000 and 2,000 nano-meters ({1

30 to Z microns).
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deposition. The solution nmay be fornulated with different viscosity to
suit for various deposition nethods. An application in accordance

wi th an enbodi nent of the invention is a physical vapor deposition (PVD)
or 5 chem cal vapor deposition coating that could be from any of
deposition technol ogy that about to offer continuous thin filmwth

t hi cknesses of no nore than | Qom preferable |less than 5pmand typically

| ess than 2pm THheieoatiatgrshalé béceoati mieys, thonbyeAduBlanddgense (non-

10porous). The, coating,may be osited, far. ex :
sputtering SPaﬁilaﬁspo%@Pw%irﬂ% i or}nesapsulﬁeen}eﬁ]ntgs w@ﬁé%’l?ﬁ%rp?%ne ?qgl%%?gund

shape that grergizeddyagi tdhefwrREln Whé fraguensy, G .puf sed, DOsor Jot her
energy sources. 15b. Evaporation that may be e-beam evaporation or .thernal
evapor at i onsheWshoth tapafi cOAndSheYERI cddtd ngomparison Py adfgentianced,

ECR or cthermal ; QYD 4t hat, ,abl.e é&ﬁ%@gictoﬁ\%igoujﬁn lrr%tc@o@%c%erm@ geat i ng

on ZeretaI and non-nmetal surfaces. ) rc or filtered arc that able to
provi de ver ymiensecand hefr d oat | hgveiodn po%si bbby tompepesi t waithh &s | ong

particle as possible. Materials that be deposited o tal,
seni -metal S8PVEPLLABA!atO it agg r‘?g;ycl}ee,anf &) e"li? 't ?%{]T%Qgcrr%%%ticeﬁ,

Ag, Si02, TiB2:riA4203,n O BlechirManteAl Niith Oint henlddeeimdrit W bk behe
understood that C could be in the formof graphite, amorphous dianond |ike
carbon or nansestystal Tdicarorddkestearboh@ser Bettife 1Bt &1 CHHtAiSHg

Carboﬂo nickel (EN) coating is measured as a contrecl. The number

of particles counted at 0.3 microns and below ig 4,813

particles per sqg inch of surface. The number of particles

counted at 0.3 microns for the coated part 1is 1,732

particies, a 60% reduction in the number of particles
15 shedding from the surface.

The particle count uses a commercial liquid particile
counter, DI water, and ultrasonic to remove particles
that are counted with a laser detector. The component is
passed through the liquid particle counting process a

20 number of times, until the counter detects a nearly
constant reading from test to test. This reported number
is a measure of the cleanliness of the surface. More
importantly, the probability of media damage and data
loss with the HDA is directly proporticnal to the number

25 of particles released from the surface. A 60% reduction

=3

in the number of particles counter vreflects a 60%
decrease 1in <the probability of data loss or a 60%
increase in the relizbility of the HDD for data loss due
to a 3 body collision between the head, media, and a free

30 particle.
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30network, or the like. Basically, may be any hard coating that able to

of fer dense and conti nuous coati ng. I n an enbodi nent of the
invention, a layer may conprise electrolytic or electroless plating with
conductive nmetal or conductive nmetal with inclusion of polynmer or polyner
wi th inclusion of conductive nanosize 5netal particles.

Organi c-1norganic (0l) coatings having nanoparticles in accordance with an
enbodi nent of théni nOEnt¢oatproviide clseah $arf ates wierpsihbed difsk adrive
(HDD) conponents. An application,of funct.ional coatli : i 1
nanoparticl&?a%ﬁﬁg deB%%FﬁQg to e HEGDOS tDri%ée?%E%§%%ﬁg?Bsuggninner
surface and.-genaponents that @ssesbhechhe Head HDZskatAssemhly raHD) licse

di scl osed. An application for the coating of HDD conponents, for exanple,
within the heagedpskrasybabhy TERDRY Zies FEChaRd SPd (e LPEe 167 &
coatln%s be&ﬂ%e@ EE'QtEbEE‘%Bdﬂ% ) .'%%i%rt%%c%%ﬁ%b%%ﬁ%hhﬁ%@%ﬁ%llhat may
conpri Se nanoparplcles on 't he individual conponents with surfaces exposed
within the chearoTavityrddlsherHDMsckhetuseask doat i pgdtimgacéordante with

an enbodi rent of the_invention increases 20.the liakhility, of the HDD
agai nst datQEF5§§l§PﬂceCPWQ®8§£F@ng¥1%§&@'t%@eprgg)rtigéan<¥§3ucfﬁ§)the
nunber and size i0h PakliGhes: ondt hesegatied gepponentmaanicheef bAapratimg the
ef ficiency of rendving particles deposited on the surfaces of the coated
conponent  usienglt rend 261 patist MAEexfeti B¢ latERA ¢ eanitAgesyeter® The
proper%ies gket%%Apoatings are adjusted to inprove the other surface
propegties wear ‘resi stance, corrosion resistance, electrostatic
efficiency, and ganducti wihiows Mihki pleciostiings My & wsedpavnegor’4rore

of which use 30nano-particles, to neet a%% of H?e HDD re uirerrer]é].‘sari
i ncl udi ng anSéxger i ¥t cHAPNGHSETERuct{on | e RUMDBFCand ¥ 78 Gt

particles Wh%@o@i%@% HPAL o1 nano-particles on a surface 76 within

the HDA have characteristics of no loose or imbedded

15 particles and easy cleaning in existing HDD aqueous

ultrasonic egquipment. Due to the nature of the coating,

fine particles cannot be trapped temporarily and then

released from small voids in the coatings. The OI process

deposits cleosely packed small nano-particles onto the

20 componant surface 76. The nanostructure of the coating is

controlled by the choice of coating materizl and the

process parameters of solvents, time, and baking
temperatures.

An example of the methodology in applying the

25 coating in accordance with an embodiment of the invention

is a combination of above coating methods to form a

single or hybrid system coating on different surfaces and

different parts to achieve better cl=anliness.

Cleanliness may be defined with readings and measures

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

be measured is dipped into the D1 water with ultrascnic
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In an enbodi ment, the coating is the surface and structure of the thin
filmand may conprise anorphous or 5 nano-size grains. The surface has
little to no | oose particles. The coating has sufficient adhesi on and
strength that is able to deposit to netals, ceramcs and insulators. The
coating may be conductive or with resistant qualities that provide
anti-static discharged 10properties (105 to 108 Ohmcn). _The

or gani c-i norgahiet 160D prloeepsritorigoatdsigs! | peuetat ddndeswi FRtah the
enbodi nent of _the. invention .1 ncl ude xagpl i L ating
is a nano-cBF‘E?ﬁlgéewiv Yot goab%%/lpno C§s% o?é%%lgbpiﬁ})gga\?\?? i glogﬂolaé\;(eag?plce&
base sol uti g@ andcnReatdiopagoaier]athel inig" alzscoatliatg rehovse =a fater i al
such as with 24 w% Silicon Oxide, 5 wt%resin, 32 w%isopr I @DOCOh()l
(IPA), and ZeafiowBdoy & 1L oFoRt¢BAIRSSTREAPET t5c GEOETY s?’ogzyoc"a oh
steel ‘Base plalgyashedyi neacoMmercid aayequs) paged oheagagii20 system
usi ng ultrasoni'c cléaning and DI water. After rinsing and drying'the
conponent i shiurcikher nor coedsedbet Hrlouwghia: istamttarandicgiad atthe dat@es he
surface and renove_all oxi datjon and .l oosely adhere rticles,. [Further

cl eani ng cofPd uSEPESHESM or (tg‘herar}ﬁlg}ﬁelrs energy gca}lraftacet c reegnilngg;
systenms. Thegrecarperent i s prwcessed: Ehegughoarskandaitdgdi pocoatrer &M oven
cured at 40C for 20 mnutes. After curing, the part is handled in a class
1, 000 cl eancredinand S SBeaM e Par2Peanabag§NOFhe 180atihg hickri¥ss may
be 1,000 and\2, 000 nang:eters (L 0. 2 Jprons). This coating is
cl eanér than the existing m&ustry coati ngs, show ng LPC neasurenents of
counts per sq inegh ofexsuiflace @S saownembotihmenabl efof thleG hveRiGory
shows a table 90 show ng the conparison of results 5 hi eved with a
surface coatfgUds SacEdr darele! W t RTar-¢Hbodd neht tb(‘J:‘fset h%af?%%%n?in n ‘9% 96
conpar ed Wt ,CONYENti10RaIn B 06eSSs 920 atranbage wigihous t hadsurdmce
coating in accordance with an enbodi nent of the invention._ The typical
steel base ploatee swittylp isladdtyr olagssfe dDITRE kel (EP EHAtdHY FWEES U as a

contral.. The.nunmber of rticles co d 0,3 m.cr bel gw s, 4, 813
parti gl‘c’es pglrm?(ﬁlsllr?@h Sggsu?}fg‘%%.‘ T%%E%ur%era%f aprygrt?lcg:?ggﬂggunjggd at_ 0.3
m crons for stheigoaked part Tise 1, g32t patbki cltesatadb0%irdducde dmimninde

nunber of particles 15shedding fromthe surface.
pprocess to removg some shape edges. FIG. 6A and 6B

illustrate the SEM micrographs 80,82 of an organic-
inorganic (0I) coated substrate at 3,500 magnification
20 shown in FIG 6A and at 5,000 magnification shown in FIG.
6B. In embodiments, single, multiple or hybrid layers may
be deposited. In a single layer embodiment, the single
layer may comprise a single OI layer ccating. In a multi
layer embodiment, the multi layer may comprise multiple
25 0I layer coating, in a hybrid layer embodiment, the
hybrid layer may comprise electroless or electroplating
of metal, metal with polymer network or polymer with
metal inclusion as base layer, such as electroless Ni or
electroplating of Zn and follow by single or multiple
30 layer of OI. One of the possible formulaticns 60 with EN

as base layer and followed by single layer OI is shown in
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The particle count uses a commercial liquid particle counter, D water,
and ultrasonic to renove particles that are counted with a | aser detector.
The conponent is passed through the liquid particle counting process a 20
nunber of tines, until the counter detects a nearly constant reading from
test to test. This reported nunber is a neasure of the cleanliness of the
surface. More inportantly, the probability of nedia damage and data.l oss
with the HDRIGs di.r dé1dne ploapert ilonad £o lE@Inuberlcobrof Spar PitEkEd

rel eased frog%%he sur&gggérAwgg%%red%ﬁgiongggcgg% nugher, of -Baptiickes

counter refPeBts™d 60 ease In the probabiTity of data I'os§ or a 60%

i ncrease inptBereatinabtl izl ofN t peatDigf @2, daf@l loss] dog edeatIcbedy

col lision between the head, nedia, and a free 30 arﬂéﬂ
g

: ) e. .. An_ O
coating is nseletoratelidepbsr t iSH G- cBEEPAG ekt iy t AEP sEPPhgEst

speci fhcatigp fay,chapli 0esskatRAYt syl Lhn LankiRy gkoackaverably | ow
t enperature whi ch"mni m zed the mechanical distortion and 5jnternal stress
i nduced wi t hefiorhe compbmentingat ediegitrofiie0 Racsrilal sPatelidbed HSmake
the coatings for.the nechanical conponents w thin _the HDA. Low cost gdip
coati ng equWﬁF@ﬁﬂa#s'ﬂ%egetop '%%gi u@%at$%9§ﬂ%ﬁgfﬁ%hb @%Iggnd pl astic

parts for akhcgsarReneficmiicatier nalcH ;d OpheetDAnd acidsFl Ghis showssthe
application 70 of a coating 74 using (Il nano-particles 72 TE? sur&gce
coatings depssiCellailt CIF mifo-pRATd Es S CL°SEr f 2de T8 Wt i t K& HDA

have ghar ?‘%?5&%@5‘?5 ; g, Loose %feﬂc%ed%%a%%eaar 56k 5" angr®asyhe
cl eaning i n"existrig aqueous ultrasonic equi pment. Due to the nature
of the coat pagr'bi neipzadd chesldannctulle inapped trehporegi | Faahd Alsen

rel eased fromsnall voids in the coatings. e OL proces pasi_t osely
packed snalFrﬁéﬁgﬁﬁértFE?@écﬁitdm?%% éﬁgcéﬁggﬁgﬁé S%Vfa%%Fgg.Qiﬁg%dH
hanostruct Ugﬁo%atlh?; ¢Qal itRQ trS EOM:nRId)edt DY diiey € hoiec eciefnicedt ithgt

material and the process paranmeters of solvents, tine, and bakingai
t enper at ur esdhAmesxahpl etlof  thir ifsthod SEGgiEasH P&ppF§PAYSEhe® 255 codtq"hg i n

accorgance w th an embodlment of;fhe IHYERLd 00cLS 18,COMDLPALL 0N japove
coatlﬂg met RO aFg’fo?ﬁ%% S|Ha$e 6? hy rsggsysten1cgat|ng on different
surfaces andodief farenta pardls doiachieng bet héckeleankiiress ord eanltihfess
ey be defigggemﬂgp gggghggglﬁgg @Sl%gﬂgﬁxh a proprietary solution.
After the plating process, plated materials must be
finished with an anti-oxidation or anti-tarnish chemical
20 (trisodium phosphate, chromate etc) and pure water
rinsing to prevent unwanted stains. The rinsing materials
must then be completely dried off or sometimes baked off
to obtain the full hardness of the plating film.
Flectroless nickel plating is an auto-catalytic
25 reaction used to deposit a coating of nickel on a
substrate. The alloys with different percentage of
phosphorus, ranging form 2-5 (low phosphorus) to up to
11-14 (high phosphorus) are possible. The metallurgical
properties of alloys depend on the percentage of

30 phosphorus.

30



30t aken by the Liquid Particle Counter (LPC). The part to be neasured is
di pped into the D1 water with ultrasonic agitation. The part is washed
several tines until the particle value obtained is stable. A reading for
exanpl e of a conventional EN plated 1.8" base plate shows a final reading
for the EN coated base plate is around 3000-6000 5 particle, for exanple

4768 (>0.3pm)/cn2. The quality of the coating, coul.d be fl tin
dependi ng on t helbatehb? HHCSTHLT uen YA aI& s (raereg%’g%l’ haﬁayhere

is presence, Mﬁep%tﬂ cLesnpoL! espopdi negr t Pethei ENremathogysSuehe SEM
m cr ogr aphs are shown in FI G 1A- 1B of 10EN coated substrate as di scussed.
An exanpl e of 6an’ eabodiiiphtizof ehedi nGentioALi REFrkaBs 2&Fpl(Pdat FEREbF

coating on fgﬁegﬁbat S@%Ed%%‘?fyc VeES Ry al ﬂ;§§%g§i§§gebyrIB§iggﬁ@

pl ates and naf act'ure npi hg and formng the

15 di ngnsi onpapdxshapen] Sereaneegsmarealfachianéd henbherspedieki cavi b8, The

part is treated with de-burring process to renove sone_shape edggs. FI G
ShaRe sloRs .

6A and 6B i fidedr afe tthe SEMWHIGTOPREPIRT BOLE2 bF An“of g-1"Adrganic (O

Coat?d.SUbséﬁggﬁiﬁén§’égo RINLLLGat ban hé0 pshewa si F1blGreA ardpatiss, 000
magni ficati on"shown in I& 6B. In enbodi ments, single, multiple or hybrid
| ayers may hetdepositadc Imursopsimigieldsayand e RNEdBROAt ,2TheadfiRgl Mt 8yer

may conprise a single | ayer. coating. Iln _a l.ti. 1ay e i , the
nui ti |ayer Dﬁayfar,t&%prﬁgel%% i BVeutli’%% Onllacyesr%c%ﬂalf-%%g;%f ngggﬁfb%?:%sl ayer
enbodi gent , ythe bybLidnlbayems Ry oL selehectiokeds drs eldeletd oplogti ng of

metal, netal with polynmer network or _polymer with netal incl u%{?%n S base
| ayer, suchwaseeligdta otbes TNixtor el ebp+bprati RY FIFT LMY POl | 3 singl e

or mul tiple 30layer of .Gl One of the possible formuiations 6@owi t BN as
base | ayer Eﬁ&m%ﬁ%%a& By single layer C is shown in
minutes. Finally, methancl solvent 1s added and the
mixture is allowed to mechanical stirred (~600rpm) for 20
15 minutes to achieve a homogeneous suspension.

Dip coating may comprise the following steps where
the substrate 1is submerged 1into the above prepared
mixture and held in the mixture for 2 toc 5 seconds. Next,
the substrate is withdrawn from the mixture and is

20 rotated at room temperature for 1 minute. With the
substrate rotating, hot air is applied to dry the
substrate at about 100°C for 5 minutes. The dried
substrate is then cured in vacuum oven at 130CC for 4
hours. Lastly, the substrate 1s then cleaned, dried and

25 inspected.

Properties of the coating in an embodiment of the
invention may comprise a thickness of preferably 50nm-5
pm. The particle density with LPC method 1s preferably
200 - 2000 particles (>0.3um}/cm2. Under hard particles

30 analysis (HPA), no trace of NiP particles is detected.
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FIG 4. Were layer 1 is a layer of electroless nickel plating (EN where
the process flow conprises pretreatnent and EN plating 62, foll owed by

el ectrol ess nickel plating 63, solution preparatin 64, dip coating 5 66,

curing of substrate(s) 68, and cl eaning process 69. Before perform ng

el ectrol ess nickel plating, the material to be plated nust be cl eaned by a

series of cleani ng chem cal s such as bases .and acO'\ ds tgi_ge go&gﬁsbgs
cal l ed the preaPpbatieRFLRPGRESS ofdrar ¥ TS ENC 19°DI 2t Thg” Farl Ure to

r emove unmg%gge&sggl $1uht AWt Be RREL1SysREbacaewoukd pesukt kAdpeod
pl ati ng. Each pretreatnment chem cal nust be followed by water rinsin

/ g
(normal |y twoveost hypéchl reshanofrehoved: hy chenpeaP Bhdt TadRéPds 16 t he
surface. Degreasing rempyes oils from_ 1 r.face; ' ni-ng keproves
scal i ng. Actit#atronti sa%%neswft’%' as.\j\%“aek %&:?‘gset%ﬁ? g@%llc el strike, or,
in thescasegpfcnencAetahli crisdibphirat ezaa peoprricettany wotut denbusftiedg t he
pl ati ng process, plated materials nust be finished with an. anti -%xﬁisdati on
or anti-tarprsheehenteal TeROVEL rPBRli U PHOS PHESE - cHPomal O S aid pure

water rinsing_to_prevent t edstial IS~ eherkiNgngepBkerical.s must then
be conpl eteﬁgngﬁzieédﬁg ?Eggg\gg%e?&nes bakgg of %na;yo obt a?% the full hardness
of the plating frhm Elegleoleysmicokeldipleatti nglies lanyeguieye &CHIRISE 25
reaction used to deposit a coating of nickel on-.a.s rat.e. ald oys
with differ énﬁlﬁéirl@erﬁv%eladfe%h%%%?ﬁ%s, E?aﬁngng'%%orﬂgi%-rS e?r\bgw grhosp'hor us)
to upqio 11114 Ghiigh phespharus) caherpessinbleipIberupt dblyvergiccatings
properties of alloys depend on the percentage of 30phosphor

us. In
thi s enbodi ment kayext2ret od OaUsEer,S Pay REGRFESE Sror® A5 €26 of

Met hyi -tri met hoxysil ane, 0.6 f S r G ;acii6he 5 -t De- i onized
(D1) wat er TT%fS" Yo 6 I\/@tnﬁ’angirg,tagt.’%%g%#s g’faclq;oﬁifvi g)yrlm pyrtr ol i done 5 (PVP

K30). Alter paheliyafeials/ cef ani cawnopayeircl @6 maytde Sddded. ana thgal
solution preparation in accordance wth an enbodi nent of .the i ion the
process fl owhdekresmpifse ofdt £19 ééP‘brng‘%;r‘?éﬁé? 1% ecsomapnrdLSISVF;g— %%I[rgdar?e
added jiznto DL vater folil owed duy- it rasombed stiispii NG d ographti Ryt essp2)10

Wth stirring, concentrated sul phuric acid is added drop-wi se into the
m xture, foldsovied byucddisi bngdf smsthylay | #t ho%ysiPafe Lan§ ali%wee™ o

Tt ure s aioued T SECHA Go LU red (600 sy Tar 20 16 nutes to
achi eve a honbgenggis ssuspengkes. consist of electroless or
electroplating of metal, metal with polymer network or
20 polymer with metal inclusion as base layer, such as
electroless Ni or electroplating of Zn and followed by a
single or multiple layer of FPVD coating. One embodiment
of the possible formulations with EN as base layer and
followed by single layer PVD is, for example the recipe
25 comprises layer 1 being a electroless nickel plating (EN})
base layer with a process flow including pretreatment and
EN plating. As discussed, performing electroless nickel
plating, the material to be plated must be cleaned by a
series of cleaning chemicals such as bases and acids,
30 this process is called the pre-treatment process. Failure

to remove unwanted "soils" from the part's surface would

32



D p coating may conprise the follow ng steps where the substrate is
subnerged into the above prepared m xture and held in the mxture for 2 to
5 seconds. Next, the substrate is withdrawn fromthe m xture and is 20
rotated at roomtenperature for 1 mnute. Wth the substrate rotating, hot
air is applied to dry the substrate at about 100C for 5 m nutes. The dried
substrate is then cured in vacuumoven at 130CC for 4 hours. L stly,t t he
substrate i gechél éredesd, Rt andE2%} nepectEgatrent CBPEpERti 8§°0f t he

coating in an e j t i nhventi-an EORRBNI e @wd hitckness <of
preferably 8nm9§9g!r)n‘Elg he ab"{a?ccél e dengi t;grr\?\nx?h LPC r§ret hod is preferably
200 - 2000 pariisl eso( >@eBunp/ cre Ustemikadd paet cleedied®analtgsi $HEHPA) ,

no trace of NIP particles is detected. In anqth mbadi . b Pl ates
and top covérSIREy -bePEFEFEGHY al"GMCNGrh ofjlsritsee%rr\/?ﬁ?{'er%%tﬂr%%ése%p at es

and top covensshypiCaldmsvaanufactivied Ayt starpimgi andofier iing theeak
di mensi on and shapé. Sone areas are machined to the 5 specification. The
part may be atridatedcn t wrdenbeked ng tpridEessC¥ o rléhoglées&?ec‘eshage Bdbes. In

enbodi nment s ingl.e, nultiple or hyhrid l.ayers, mayi1hQe;dgposit€ds the [N
a single | a)T/ﬂ r a@%ﬁ&di %%%%#P?ﬁg’l a%)etryfr?g)y lcorrprﬁfi se a silngl e PVD |l ayer
coating. |npaamuhly gayerssenbothtedt matt@iehe muitti bayeéiniapeconpriise

multiple PVD |layer coatings with a mixture of materials or propert.ies,
such as Cr-@FCr 2eG1-6F18Ay1ABt aPY ndthf ~hREr gk ocfeh%%%?fox' cfglse&h&?

conbi _ril%“ ons, Wit .gach layen 0f 5 &tQ)500mn andifd nalatdy cknessirof 50mm to

5pm The | ayer y conprise a carbon 15 network with different di anond

(sp3) to graphiveat( spRlantad ostaimh. a8hai GAnSPY MeRESPS LEUFtIP e tler to

Lor e £ 0 SRR 01 SO B, PO, OLAKIERS oo o8 S, ST

pol ymer net weyK fafi1 hardness of the plating film. Electroless nickel
plating is an auto-catalytic reaction used to deposit a

15 coating of nickel on a substrate. The alloys with
different percentage of phosphorus, ranging form 2-5 {(low
phosphorus) to up to 11-14 (high phosphorus) are
possible. The metallurgical properties of alloys depend
on the percentage of phosphorus.

20 Layer 2 in this embodiment is a FVD coating where
the PVD process comprises high immersion power sputtering
may be used to deposit the seed layer to promote the
adhesion between EN and PVD coating. Magnetron
sputtering process 1is used to create the multilayer of Cr

25 and Cu with each thickness of 10nm each and final
thickness of 1 pm. The properties of the layer may for
example have a range of conductivity such as 107° to 107
Ohm-cm, with a thickness of 200 to 5um and a particle
count of 200 to 2000 particles/cmz.

30 In another enmbodiment of the invention, the

application of the coating may be applied to polymer
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20 polymer with netal inclusion as base |ayer, such as electroless N or
el ectroplating of Zn and followed by a single or multiple | ayer of PVD
coating. One enbodi nent of the possible fornmulations with EN as base | ayer
and followed by single layer PVDis, for exanple the recipe 25 conprises
| ayer 1 being a electroless nickel plating (EN) base |layer with a process
flow including pretreatnent and EN plating. As discussed, performng

el ect r ol ess smirdlegiespl afvng exare irat e2bal T berpl &sEEiist padcI@Eié by a
series of cleanin hem cal s _such ses-and aci ds, t hi .oC is
called the ﬁpéﬂtﬁ%ﬁfnﬁg%xg?%%eég?cggF fe§%o réﬁ%d@gﬁnggnggglﬁggiﬁgﬁrfrom
the part's suefece wouldy seSUubf ithepatyl phatidiglafrach prehybedtsentt
chem cal must be followed by water rinsing (nornmally two to three timnes)
to renove tRelchenmi cal that adheres to the surface. Degreasing renoves

oils frromsurface; acid S,cf I Qgthenpugsiseal EPgay ey wat i drsiflone

with a weak acid etch, or nickel strike, or, 1n ;%e case of nonnetallic
substrate, aephogri ¢bar pfgelrut ronlapérer ofhecpibhinag procdss, plaTed

materials nust be finished with an anti-oxidation . or. anti-tar.ni nm ca
(trisodium S%%ﬁ&?ph ,dJcWeo]fm:f% @ %? gﬁd O%t#reé: \;\E/aeeijrgolpnes%llg@sts}og%r}gvent
unwant ed st aisNSyedhigi hNSiHY patenicaks gasérihesn besconplet elsy doi ek of f
or sonetimes baked off to obtain the full hardness of the plating film

El ect r ol ess amitékeltapiiat ity redaReais: calt Y351 €01 edét POF USEE 1B adPdsit a

15 coaty ng ni n, a 2&%’:{- e ahhe @ald oysw £, di fferent,pescent age
of phgékhorgéé F%%%%%g}?oﬁﬁf - %ﬁéﬁﬁﬁ&Hosphorus)lt% up tégﬁl-fi (hi gh
phosphor us) cake ipessinblye. £ dhehaet aldawegitcalhpr oplesties defneald oys depend on

t he percentage of phosphorus. 20Layer 2 in this enbodinent Ls P
coat i ng wher@ ¥ VD ngce%%a%oﬁ%¥?§§% ﬁBSh ?%%%ﬁ%f neﬁ%ae%egﬁﬂtygé?ng
may be used ,.0depesidy the seed davernd omAKOMY eatihesadhesiom between EN

and PVD coatigg. Magnétron sputtering process is used to create the
mul tilayer éf0"CPh25amd Cu with each thickness of | Ohnmeach and fi nal

thi ckrl%ss of 1 P Th%VFH Ocpoear‘l:tiinegs tOc]>c 3%@9% aélefaw é@rhard coating on

the plastic surfaces. The layer is able to offer the

properties such as reducing the particle generation as

well as to be anti-static to reduce the attraction of

particle during the assembly. In additional, the

20 additional layer of such coating may further prevent the

static damage to the c¢ircuitry and head during the

assembly and test. The resistively of the ccating may be
adjusted from 10% te 107°% Ohm-cm

In another embodiment of the invention, the

25 application of the coating may Dbe applied to metal

surfaces, for example, all aluminum, stainless steel

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,

30 Ti, DLC (diamond like <carbon}, metal nitride, metal
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exanpl e have a range of conductivity Ohmcm wth a thickness of 200 to
count of 200 to 2000 particles/cn2. 30ln another embodi ment of the
application of the coating nay be applied to polyner surfaces, for

exanpl e base for arm assenbly and voice coil and flexible circuitry.
Coating may be applied for exanple using one of the follow ng layers of
hybrids of all: 51.0 coating with dipping, spraying or spinning nmethod to
of fer a | ayexi@¢. cBAPPAGNSH LENEFY UV 517 fReesILaner| a§§PCFEf§B| 8%t o

of fer the %?Q?ﬁ%é?%%“gﬂeaﬁa%g%h@g the particle generation as well as
to be anti-static to reduce the attraction of particle during 10 the
assenbly. I n addTheéonal ,prdwe:sxlding i odabokayerf idfnss uchtleoahe ng ey rdr t her

prevent the static damage to the circuitry and_head during t . nbl
and test. Tﬁ]éaFégFgfﬁFg?j oi’C’fTt heS Tt T Yty bléalégfl%?éd g}%%%fgg%?é 1%5
Chmcmy 152.PVD.g9ahi ngokQ 9f:ieie 2 I@yer ohidaadngpat hog emtiyresphastic

surffaces. The Iayer is able to offer the properties such as reducing the
particl e gemeratfbnrasiweiincgs texdel et -adagFecto ﬁ@@u&é’“fjhl@tét"tlftgcti on

of particle during.the aXSeblyepd niAddiL}onatnetber 2l addithgaakmdayer
of such _coafil nﬁ y Far tHer prevent the static damage to the circuifry and
head duringotheigssentdy and mestl Theamesnsgsiveld oksthegeeatimy way be
adjusted from 108 to 10-6 Chmcm .

piastics. In addition to pure elemental ceatings, other

10 compound coatings and coatings with doping may be
developed to address current and future HDD reguirements.
One additional advantage of the process 1is that the raw
components may be ultrasonically cleaned and dried within
a controlled environment prior to coatings, keeping the

15 entire process and coating materials free from
contaminations.

The invention is susceptible of a variety of
modifications. For example, other systems than the OI
nano materials and dip ceating eguipment may be used to

20 generate the coatings. Other components introduced into
the HDA with exposed surfaces may be coated with this or
similar coatings. Different or additional cecating
materials may be wused to enhance or improve the
properties of the coatings. '

25 While the invention has Dbeen 1llustrated and
described as embodied in a disk storage drive, it 1s not
intended to be limited to the details shown, since
various modifications and changes may be made without
departing in any way from the spirit of the present

30 invention. For example, the extension of the patent

extends to all magnetic recording systems with relative
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I n anot her enbodi nent of the invention, the 25 application of the coating
may be applied to netal surfaces, for exanple, all alum num stainless
steel surfaces, and the like. PVD coating could be applied to the surface
to enhance the cleanliness and snoothness. The materials may conprise such
materials as Cu, C, N, 30Ti, DLC (dianond |i ke carbon), netal nitride,

netal oxide. Enbodi nents may conprise ltilayer structures _or mxtures
of the matePpPEpESNt betvwgf ot roE%%%r?rﬁi gdé%éﬁrtarfjfil e i ﬁ%f)ﬁglﬁrg qui red
characterisfig;9f cleanliness, hardness, durability, 5 corrosion

resi stance, EM shielding, no outgassing, scratch resistance, excellent
adhesi on, and coRductitvity ods treguiPedveyce heoHbDAPRBUSE Yy COTREEENEl m

coatings may, deposi t ed_on_netal api NY$ .2 astisngs, AN ON ¢y
pl asti cs. Iﬁlggdie‘t pocffetcg Sﬁggagleesms‘?l al cog?iengg[,ﬂgof%ﬁﬁgr 19" conpound
coatings andugpati ngs phtbndepingamyi de«devel dped iotaddsbssucdrcent and

future HDD regui rements. One additional adva tage of 1L he prél\]l?ce%gL Ls that
the raw conpdfemECHEEDe LGt r 8RONTERNNP ol @anfd Tand & ed- Wt A a

control l'ed 8?¥EE9BHEgt BEEQP t 0. GRakiiNgS. keepi R@ithe LS ientigsenpngcess

and coating materials free fromcontamnations. __The invention is
suscept i bl ecofipaneatisetyeofchrdiditat thasarFor thrafpie  agThés s§Ftdhs t han

the O nano materjals and dip coating equipnment. ne e d_t
gener at e théhéoéjr%s?lacﬁéF c%?rﬁ%rﬁkég%ls iucn T od%lcfer?lrrﬁt %Etg eaI—SI%AeH%gtyﬁ

exposeg@ surtacessi@my: be-goated Wnihnéhis amesipvlay aovat imggnedi ffdrent or
additional coating materials may be used to enhance or inprove the
properti es eBsehdlveatdnigsalDowhi 11618 heePaveHY oiCHRSMGBER NHUstrded and

descri bed ag, emhodi g 11 8 disk S0y 86, S L ris phgl. I ntended to be

limted to tﬁg eftail's shown, "si nc%rvarlous nodi fications and changes may

be made without gegattiing | noarflcray8tréf tite spihribe ofseehie phaseritne
coated surface in accordance to one embodiment disclosed

15 herein (FIG. 8C) is smoother than the conventional EN
coating (FIG. 8A) or E-coating (FIG. B8B) typically used
in the hard disk industry. Advantageously, this
translates to a lower likelihood of free particles
adhering to the coated surface disclosed herein.

20 Referring now to FIG. 9A-9B, it can be seen that by
coating the surface of aluminum by the coating disclosed
nerein, the coated surface of the aluminum (FIG. 9B)
appears smoother than the case before it is coated (FIG.
SA). Again this indicates that the coating disclosed

25 herein, improves the aluminum surface’s ability to detach
free-particles during cleaning, resulting 1in a much
cleaner surface.

Without further analysis, the foregecing so fully
reveal the gist of the present invention that others may,

30 by applying current knowledge, readily adapt it for

variocus applications without omitting features that, from

36



30i nvention. For exanple, the extension of the patent extends to all
magneti c recording systens with relative novenent between the recording
Head and the recordi ng Medi a. A coating of the HDD voice coil
assenbly conmponents with exposed surfaces within the HDA that reduces the
5 nunber of potential particles on its internal surface, and provides for
the renoval of particles wth higher_ effigie I api voi ce
coi | assembFecEhBBABREE aPe tpﬁfel%croi?]ft’t h]ga%ﬁ%%/ ?ﬁéggg}:‘ﬁ{tgr %‘sgggg%%, t he
flex circuitpasserblystihe coi | taem féexrassenbl ypecibitheddeaxtures, the
magnets, the pole, the nmagnet pole assenbly, and all of the remaining
conponent s phowi dinmgrthent or Head positioning function in the HDD.
Referring to FI 8A-80 it ¢ een:th t he GRaftedsUrhace i Been
accordance to ogghé%odieﬁn%rﬁﬁ%}%g%seﬁf 1§hﬁer§i n (I;CIelG 8C) is snoot her
than the copventipral &M cdatiusg H=Fe@, 8A; ofs Etcoabfng{dd(Gt@BB} bY

typically used in the_ hard disk industry. Advant ageousl st at es
to a | ower EPRERI h8bd-bPdf riR parti ct_r%%g%%ﬁ%?‘{ ngcc%ocet eeydcor';lt'?{éEl sé%?l?ce

di scl osed hereiny ;.20 Refergbagsnowtenkl Gin9AdBiid cah kessieen that by
coating the surtace of alumnum by the coating disclosed herein, the

coat ed surf acesofrutheoal umrunt¢Fl TdoB) v appear s AR THET t % hélEase
before it is coated.(FI G, .9A). Again this indicates that the coating

di scl osed PSREFS A VEM5r6Ves the al umi num surface's ability to detach
free-particles during cleaning, resulting in a nuch cl eaner surface.

Wt hout further analysis, the foregoing so fully reveal the gist of the
present invention that others may, 30by applying current know edge,
readily adapt it for
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various applications without omtting features that, from the standpoint
of prior art, fairly constitute essential characteristics of the generic

or specific aspects of this invention. Wile enbodi nents of the invention
have been 5described and illustrated, it is to be understood by those

skilled in the technol ogy concerned Eﬂgt many variations or nodifications
in details of design or construction &mﬁe made w t hout departing from
the present invention. 10

1. A hard disk drive (HDD) case having a cavity
configured to locate a HDD assembly therein,
the cavity being coated with a coating
characterized in that the center line average
roughness (R,) of the coated surface is 100 nm

or less.

2. The case as claimed in claim 1, wherein the
center line average roughness (R,) of the coated

surface is 50nm or less.

3. The case as claimed in claim 2, wherein the
center line average roughness (Ra) of the coated

surface is 2bnm or less.

4. The case as claimed in any one of the preceding
claims, wherein the coating is formed by a
method selected from the group consisting of an
serosol deposition method, a sputtering method,
a chemical vapor deposition method, and a sol-

gel method.

5. The case as claimed in any one of the preceding
claims, wherein the coating is comprised of a
material selected from the group consisting of
metal alkoxides, metal halide, metal oxides,

metals, and carbon.
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Claims 1. A hard disk drive (HDD) case having a cavity configured to

| ocate a HDD assenbly therein, the cavity being coated with a coating
characterized in that the center |ine average roughness (Ra) of the coated
surface is 100 nmor less. 2. The case as clained in claim1, wherein the
center |line average roughness (Ra) of the coated surface is 50nmor |ess.
3. The case as clained in claim2, wherein the center |ine average

roughness (Ra) of the, coated surfa I 5nm or,_|.es 4..dh ;
clainmed in any’ one o&hﬁhec%?%céﬁin%ﬁgﬁﬁfés,f%mg¥%?né?ﬁe(%%a f%gégéggorned
by a nethod sel ect ed Jfizamst, heqigsetin consi stiangnof amrasrosol 2 depogilei on
nmet hod, a sputtering nethod, a chem cal vapor deposition nethod, and a
so-gel method. 5. Thea¥&Se as clainmed in any one of the preceding clains,
wherein the coating is conprised of a material selected fromthe group
consisting of nmetal al koxides, netal halide, netal oxides, netals, and
carbon. 6. The case Tas ctaseredsi wlanypesnelof apy ecddi mf ctEiHRS whéfein

the coating conprises a single. layer. 7. The case i ped. | one of
clains 1 to 5, mhere%h t HE? 5%}?ng%@8npf5§§§ﬂ‘It?%ﬁ%g#gégfs@hgﬁ§$ﬁg case
as clainmed in claim7,pherein coating conprises hybrid |ayers, wherein
the coating is applied with a wet chem cal deposition and physical vapor
deposition. 9. The case as clainmed in any one of the preceding clains,

wherein the cgating_Hﬁln%Q&gpq¥gtéy§-Mé%hiﬁtChggﬁt7;0%hgggﬁgmdagﬂﬁ&jvity.

10. The case 8% claimed in any one o% the preceding clains, wherein the

coating is antistati cosptrthi k03 Gz oan 1 ay409, Okhecaineshst ogiaftyng 12
applied with a wet chemical deposition and

physical vapor deposition.

9. The case as claimed in any one of the preceding
claims, wherein the coating 1is nonconductive

with at least 10° Ohm-cm resistivity.

10. The case as claimed in any one of the preceding
claims, wherein the coating 1is antistatic with

10° Ohm-cm to 10° Ohm-cm resistivity.

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

107% Ohm-cm to 10 Ohm-cm resistivity.

12. The case as claimed in any one of 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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11. The case as clained in any one of the preceding clains, wherein the
coating is conductive with 10-6 Gmcmto 10 Chmcmresistivity. 12. The
case as clained in any one of the preceding clainms, wherein the coating is
applied in a process that integrates ultrasonic cleaning process

i mredi ately before coating deposition and in the sane controlled
environnent. 13. The case as clained in any one of the preceding clains,

wherein the coating irﬁea@ralgee%si k1% HHQEess dhatohat egr ahespascedihine
interlocking systemof clean environnments including an environnent for the
deposition of the coatibngs,l4whFheivaseias coleailmed i atgPbried of Tt hd

precedi ng clainms, wherein the. HDD asse ont ai ns e i nbl vy,

t he head di sk assenbpﬁoggﬁﬁr%ggggf%gﬁéggﬁﬁéagéa%ﬁnéﬁggsgﬂ%%§?ggﬁgﬁ§herein
the coating applied t@sthe rasmp felekhe reductdrorerafs parhéohésngenenat ed
during sliding of the mating part on the ranp., 15. T ase as .clainmed in
claim 14, wherein th@nﬁééﬂﬂﬁ$ﬁ%j%HbﬁWﬁjqﬁ?QQﬁ¥%%&Fﬁgﬁﬁﬁtqoﬁ.Fmﬁhe case
as clainmed in any one of the preceding clains, wherein the coating is a
thin layer filmin nanoneter thickness. 17. The case as claimed in any one
of clainms 1-184. wher @ite theescoat i mpined@ thianyi Paei AfntéeoREeepdLng

t hi ckness. 18. The case .as clained.in o} of ced] .cl.al s,
wherein the coating i“s3dppii ea’h@ﬁe&ﬁl e?g%t r](ﬁ)] %ssagn%?&%f(g%ﬁ%llglts?ngs
layer. 19. A method ofs£oatding a haygudivsk diteve HedbD) ddase bhavieng ly
cavity configured to |locate a HDD assenbly therein, the nethod conpr, sing
the step of forningcSoEtiimesonat heaBRr face 6f TPRELLAVIRSS Thggdthe

center |ine average roughngss (Ra),of i the,syl {ageof chhe geatitag iksel00
nanoneter or |ess. o
reduction of particles generated during sliding

of the mating part on the ramp.

15. The case as claimed in c¢laim 14, wherein the

coating is applied to the mating part.

16. The case as claimed in any one of the preceding
claims, wherein the coating 1is a thin layer

film in nanometer thickness.

17. The case as claimed in any one of claims 1-16,
wherein the «coating is a thin £f£ilm in

micrometer thickness.

i8. The case as claimed in any one of the preceding
claims, wherein the coating is applied on an

electroless nickel (EN) plating layer.

1%. & method of 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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20. The nethod as clainmed in claim19, wherein the formng step is selected
fromthe group consisting of an aerosol deposition nethod, a sputtering
nmet hod, a chenical vapor deposition nmethod, and a sol -gel nethod. 21.The
method as clained in any one of clainms 19- 20, wherein the coating
conprises a single layer. 22. The nethod as clainmed in any one of clains
19- 20, wherein the ¢&G&d ngt c6RPII-EEs FRARIH eOPajFé‘res.SHZ%aﬁ‘?e et Ii_rbi‘& as

claimed in claim22, wherejin coat,i,ng o&[]g)rics Qybrid.Layegrs, d
wherein the coating is ar;: i eédlp(\“‘/a\nbth a wet cheni c%?t deposi?i on an&:ag%ysi cal

vapor deposition. 24.rtheshretdwod(Res) cbai ned bnréayeoné odheckaibgny9-is23,
wherein the coating i,s. _nonconductive vm th at least 109 Ohmcmresistivity.
25. The method as cl aild A9 FRF Ondof T Ti%i ns 19- 24, wherein the coating
is antistatic with 103 Chmcmto 109 Chmcmresistivity.

20. The method as claimed in claim 19, wherein the
forming step i1s selected from the group
consisting of an aeroscl deposition method, a
sputtering method, a chemical vapor deposition

method, and a sol-gel method.

21. The method as claimed in any one of claims 19-

20, wherein the coating comprises a single

lavyer.

22. The method as claimed in any one of claims 19-
20, wherein the coating comprises multiple
lavers.

Z23. The method as claimed in claim 22, wherein the

coating comprises hybrid layers, and wherein
the coating is applied with a wet chemical

deposition and physical vapor deposition.

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

at least 10° Ohm-cm resistivity.
25. The method as claimed in any one of claims 19-

24, wherein the coating is antistatic with 10°

Ohm-cm to 10° Ohm-cm resistivity.
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26. The nmethod as clainmed in any one of clains 19- 25, wherein the coating
is conductive with 10-6 Ohmcmto 10 Chmcmresistivity. 27. The nethod as
claimed in any one of clainms 19- 26, wherein the coating is applied in a
process that integrates ultrasonic cleaning process inmediately before

coating deposition and in the sane controlled environneq%.%EB"The ggthod
as claimed i reany ondhef TatEiath AD-ChTimGHei’i AMYhE Coati ny T < applied in

a process that integnates,andnlige Loterhockingosysemvol hean o

envi ronnments including’a environnment for the deposition of the coating.

29. The nmet hod as cl abhee cin tany Coivenefere rgisks L191t38, wherein the HDD
assenbly contains a head di sk assenbly, the head di sk assenbly conprises a
ranp and a mating assenbly, and wherein the coating applied to the ranp

for the reductjon of gpar tisless generah ededunhngngl iding df cthensmi Bag part
on the ranp. 30. The nethod as clained in claim?29, wherein the coating is

applied to the matingeéparte FLITHE Sret Pl Teb S admRd $9 ahy2oRECGFSEI ai s
15 30, wherei n the ¢oaling s ApAILLd {0cA gk 0 skodhivg MBLoE-base

conponent w th expos . .
immediately before coating deposition and 1n

the same controlled environment.

28. The method as claimed in any one of claims 19-
27, wherein the coating is applied in a process
that integrates an in-line interlocking system
of clean environments including a environment

for the deposition of the coating.

29, The method as claimed in any one of claims 19-
28, wherein the HDD assembly contains a head
disk assembly, the head disk assembly comprises
a ramp and a mating assembly, and wherein the
coating applied to the ramp for the reduction
of particles generated during sliding of the

mating part on the ramp.

30. The method as claimed in claim 29, wherein the

coating is applied to the mating part.
31. The method as claimed in any one of claims 18-

30, wherein the coating is applied to a hard

disk drive motor base component with exposed
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surfaces within the hard di sk assenbly that reduces the n

_ _ unber of

potential particles on the surface of the conponent, and provides for the
removal of particles with higher efficiency during cleaning. 32.The nethod
as claimed in any one of clains 19- 31, wherein the case has a hard di sk

drive top cover with exposed surfaces within har d. di sk
: rrac : a I
reduces the nunber ofUpBGEEAFI Afipatti ciids I%hegéﬁFfa%%S%igﬁﬁg %%%gg;ent

and provides for the_r | par ticlesow . o (
i Wt en epbireiieney dumn
cl eani ng. 33. The net o Hgégbléﬁﬁmelﬁnginyoongng%hgﬁéins§19F 33? mheLQ?n

the coating is a thiphbayerthidemdh hamoretePreRtekR@ss PR nkthod
claimed in any one of clains 19- i el METNod as
y S ﬁ%vﬁ’it ﬁ%’paasr ejlrce_llens Eﬁﬁecﬁ:%{éﬂgr ' éfﬁiéﬂ!ﬂ@c{/' Imin

mi crometer thicknesstl85rF claied Tn an
_ _ : _ y one of clains 19-
34, wherein the coatyjngihg appbhedgon an el ectrol ess nickel (EN) plating

| ayer .
32. The method as claimed in any one of claims 19-
31, wherein the case has a hard disk drive top
cover with exposed surfaces within a hard disk
assembly that reduces the number of potential
particles on the surface of the component, and
provides for the removal of particles with

higher efficiency during cleaning.

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

nanometer thickness.

34. The method as claimed in any one of claims 19-
32, wherein the coating 1is a thin film in

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

34, wherein the coating is applied on an

electroless nickel (EN) plating layer.
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