;e3e\g\d4~f6TGd& specification Title of the Invention: Mgnetic head

coated with | aw surface energy material Details Description of the

I nventi on: [OOaNNWHMNWMNUH the invention] The present invention generally

relates to disc Wgppar at uses, and nore particularly to technol ogy

for protecting magngdkise+ heads from corrosion by applying coating to

magneti ¢ heads used in hard disc drives. [0002] [Backgro&g,&&tﬁml n recent
S

years, the recor djj of disc recordi ng appar at- reased
very rapidly. Thi mn‘ummm\”‘mmcant in typickl magnetic recording @"F

appar atuses, nanely hapghdi SCc drives %HDD@ hereinafter). AS HDDs have been
dawnsi zed and highly densified, arid FP§RiIE&FABEARANCe/ high sensitivity

wite (record) and read el enments axe used for them their axe susceptible
to influences of use environnent. Anong the influences of use environnent,

the i ssue of corﬁggggnoﬁ %hg ;rigigal issue in securing reliability of

HDDs . - 8 JA N=O00F—2Z2— 7 *existing within HDDs is believed to
be. one of the main causes of typical corrosion. Therefore, approach to
renpve water its#aigneascbhendconste®reitli newoRveFhicendhel§6NRA LG £S.- A
met hod far placing a drying agent inside the HDD is an exanpl e. wever, as
absorbancy of the drying agents is limted, there was an limtation in
their capacity of renoving water itself. Thus, drying agents had the
drawback of being unable to serve far long tinme uses. [000A] Also in the
conventional tech of aces of magnetic discs with

| ubricants was cG FEFet s 3 =QBEPBANt s woul d be
transferred and supplied to wit or read el enent sides substantially a
covering ared®09agcepti ble to corro$i an. However, this approach al so had

t he drawback of being unable to serve fox- long tine uses with reliability,
ag it was difticult to ensure refention of the lubricants adhered far a

|l ong tine. (é%&%?dfﬂ%tﬁg? HVeHel¥bhvent i onal technol ogi es, highly
anticorxdsive materials have been selected for use in wite and read

el ements t hefhel vpsesehbveuerent forhagdaeeR1t f ficddead 0 @PSULELNQUGN ..
' ant® f esttnd

corrosion regj il i 7I unction for wifte
(oo00s] Nbreoi&?i?9?§ﬁ§F6 ﬁ%%e$+%%a§g¥§gﬁﬁ%ﬁ& Ieg,tﬁF&PQ&PﬂVefPéyEF%tQﬁﬁRPQ
been coated ovar-wt &ﬁaﬂr é%@“‘el%rﬂsé-of‘o HYnARRAY idisr apdatvinge st temnpreet ic

However, suchea@at1pedhbs haweh disa kicdkeshat it has been damaging to
recordi ng properties of the wite and read elenents. Chat is, it has been
‘i npossible tpohgsm thin filmcoating W thout damaging recording properties
of the

(Background art]

in recent years, the recording capacity of disc recording
apparatuses has increased very rapidly. fThis is significant in
typical magnetic recording apparatuses, namely hard disc drives
(HDDs hereinafter). As HDDs have been downsized and highly
densified, and high performance/high sensitivity write (record)
and read elements are used for them, they are susceptible to
influences of use environment. Among the influences of use
environment, the issue of corrosion is a critical issue in
securing reliability of HDDs.



8 JA N 20U~r wite and read el enments, and realizing enough corrosion

resi stance. [007] [Problens to be solved by the invention] It is the main
pur pose of the present invention to ensure reliability of HDDs by i nproving
corrosion resistance of magnetic heads in HDDs. [008] It is another purpose
of the present invention to select suitable materials for highly corrosion,
resistant coating. Q009] It is a further purpose of tQ Q’éﬂazp pnventi on
to formthin films with correct thickness as the coati Qﬁ'etic
heads. [0010] [Sunmmary of the invention] Agcording to a first aspect) the
present inventoemigonsists in a magnetic head having at |east a part of a
surface thereof coated with materials having a | ow surface energy; and
wherein the materials are fluorocarbon conpounds contai ning

per f | uor oal ky¥pbtyoRYéEhimeEnwathanoHDDEOGE aedlikved did\tbd Oofe SBEORMe main
aspect, the praéssed ofvetyp dhICO0BSHSESibRA, A L &6-ASS aving a
magnetic hea%é@éﬁci\?geif]o%hé gé{Q_Hpcconsidsti;gt?%ff a regad?@’ila‘%“ecm g%d l‘;fIEIOVe
I'c “RBZAOREEY at ™| E9RYCRE{RRAL gheqhnnlogdies .

wite el enent el.n the nagne

wher,
ther eof coat €8 WHHOFat EPF alRLagdfiongd a dx¥ingur agert edosgde arte WHBDE 1 t Ba
material s ar ee¥ampkocar bipwevapounss Gimicabandy of the drHin% agents . is
per f 1 uor oal kyl el teaxy ethestrengst hayal imi+ s11dh J ~ 3a [0Q106] Accordin
to a third aspagiy ig&%ﬁ eser&misnve tlon clonsiiégts'\tllgeﬁ'ra AT 1 s R Tgmepeving
having a carri aq}elé_gsse vV owithod r‘ﬁgfg&é’ﬂ AHIUEF Radbcte frawpackrofipbeing
consi sting of% deIseRvist fandlengr time etsmmnt , wherein the magnetic head
has at |east a part of a surface thereof coated with materials having a | ow
surface energqwocoand wherein the materials are fluorocarbon conpounds
cont ai ni ng perfluoroal kyl pol yoxyet hyl eneet hanol . [0010e] In the present
invention, at |least a part of the surface of wite or read elenents of the
magnet i ¢ headl$& fidc &hes cvweat inbah Lacknslodwncecenangy ot 8L faces of
Ther ef ore, wataamendel ddimts e@sthy 1aPRHiedAGRsS Uy cggﬁ@_ggéf;{&‘a&g Sug fo
their hum di tohel eBhSE 80Pns Webh 1 {Y b_rees&sém%r %nd h%dr OE ](_)bl c‘??y, & that
resulting in r rrosjon resistance_of thes 0 es¥
I TR Qe G 6 5 PR 3% f ZBediritoaer
7~ : sldes substantially covering areas susceptible to
corrogion. However, this approach also had the drawback of
?elng unébl? to serve for long time uses with reliability, as
it was difficult to ensure retention of the lubricants adhered
for a long time.

[0005]

Further in the conventional technologies, highly anticorxosive
materials have been selected for use in write and read elements

themselves, However, it has been difficult teo ensure enough
corrosion resistance while realizing enough function for write
and read.

[0006]

Moreover in the conventional technologies, protective layers
have been coated over writ and read elements to improve
abrasion resistance. However, such coating has been so thick
that it has been damaging to recording properties of the write
and read elements. That is, it has been impossible to form
thin film coating without damaging recording properties of the



Al so surface energy values of water and | ow surface energy materials have
been determ ned for specific evaluation. Then FCOCs (fl uorocarbon
conpounds) and especially materials including

per fl uor oal kyl pol yoxyet hyl eneet hanol have been =. ~,~A N ~ao~ -4

sel ected as |ow surface energy materials. Particular surface energy val ues
of selected materials have al so been determ ned. [Opl2] éu he in form ng
thin films of |aw surface energy materials as coati ngs- JAMJ ?C heads,
their suitable thickness has been selected & 5 - 100 A. Mre préferably,
it has been s rﬁayﬁ ess, enough
adhesi on of tﬁtrﬁg%gff%gén%e tgegpg\a zitél eh&?%‘out {g;ﬁééglgné{(cguncti ons of
magneti c heads. [00X3) [Preferred enbodinment] figure 1 is a total exploded
per spective vi of a hard disc drive (HDD) 10. Inside this, a plurality of
di scs 12 are r@qﬂt ed as a whol e bya spindle notor 14 during operation. A
carriage assenbly 16 is included as an el enent configuring HDDS, arid the
carri age asse@é 16 cross ver di scs 0 access discs 12. This nobvenent
of the carria Jermsfe basp efi YiRe if¥eRtoBh i nto and read fromthe desired
parts of the discs 12. [001] There are small holes 20 in the tap carer 18,
:and a breather filter, 22 is placed to cover the small holes 20, which can
renove dust f Edfismaingumpese ofSispreseatinyertion to snsure seliahdity of HDDabyinprofing
HDD t hr ough t Etflﬁn her filter 22. For exanple, d
HEPA filter i g&ﬁgs.é%{'gégis%dﬁgé g?gég%&ﬂq}e lﬁ@?g Thus, environnment outside
HDD is transferred inside . [0015J As shown in Figure 2, a slider 24 is
attached at ttﬁbgjnd of the carriage assenbly 16 ( Figure 1, ) . For
exanple, Al Ti used as ~ ,~AN~ ~rIn4 -5a material for slider 24. Flow
of the air F caused by rotation of disc 12 flaws upstreamto downstxeam of
the slider, gr %F%&‘? bearlgg surface (AHS) 26 and keeping the slider 24
floating abov I urpgse af the, present jgyensipn; to felgst saitable rmatorials for thighly
its upstream sgortssidbredisgieeoddagn i ts downstream si de, the downstream side
beconmes cl osest to the discs 12. [006) A wite/read elenment 30 is attached
on downstream side .of the slider, and the data is witten into or read from
discs 12 throgmogjel ectromagnetic effect Mbetween this elenment 30 and the
surface of discs 12. Far full function of the electromagnetic effect M it
is preferable that the di stance between the wrlte/read el ement 30 and t he

discs 12 is ecay ectr netlc ect M
can ba | ocal |§e%9%eﬁ§ugj&€gg{eh%gfg%h§ggéqg (E?) ﬁ‘ﬂﬁf‘?se tcoﬂF%j e ©5s as
derisity. I—bm@e@pﬂﬂmnm@hemmhcadsl on at the wite/read el enent 30 and the
rotating' discs 12 is not allowed. [0017] In Figure 2, vicinity of the
wite/read elenment 30 is enlarged and shown nore preci sely. As shown here
the wite/read0@0knent 30 is afters used separately as a wite el enent 32
and a read el enent 34. [OOXB~ Further in sone cases materials 36 other than
the material (AITiC) for the slider 24 are |ocated on a part of the surface
[Summary of the invention]

According to a first aspect, the present invention consists in a magnetic head having at
least a part of a surface thereof coated with materials having a low surface energy; and

wherein the materials are fluorocarbon compounds containing
perfluoroalkylpolyoxyethyleneethanol.

[0010a]

According to a sccond aspect, the present invention consists in a carriage assembly
having a magnetic head selected from a group consisting of a read element and a write
element, wherein the magnetic head has at least a part of a surface thereof coated with
materials having a low surface energy; and wherein the materials are fluorocarbon

compounds containing perfluoroalkylpolyoxyethyleneethanol.



of the slider 24 as a material, to serve as a foundation far the wite/read
el ement 30. There may be a sim/lar case where vicinity of this el enment 30
is surrounded by materials 36 other than the material, for the slider 24,
even though they do not serve as the foundation for this. ~ 8 JAN ~00~
[oom] In either case, the "surface" of the wite/read elenment 30 is
exposed to Ass as shown in the figure, for full function of the
el ectromagnetic effect M However, it has nQt necessar+t %y\j/bNbgﬂ Q(posed
directly to ABS and it may be enough that i?23i s exposed to the downstream
side of the slfodesh] for exanple even to the rear side 3B (behind the scene
in the figure, though can be seen fromthe direction depicted by an eye and
an arrow). [aadHPerdAgtpa thisd appast,ithepissent Havention ¢omsists ireathanhdisk dsive deving a

including eit PYA d i.S |l ed netic
head" fo? con\r}gﬁﬁl al:gr?cies,%m[ﬁ §21| T%S?@gfﬁfﬁgﬁféﬁg%gé r@g%ial #@paﬁ%ﬁﬁpﬁg s dead
f? ][ the wite «émensrand aewﬁamellemlennwhetdin ﬂmihmggmaﬁg mﬁad haslf ELSleSQt&nﬁeﬁ'lc 6ng)surface
effect is use e elements.34. ,Thus,. either e nt . incl udes

et o part s, - (1B09S SoMed V8 T ETR habinks oY Biktact suetey; u Whpisiuthe optorals are
surfaces of Adhjorddaghoraromnusdesintdihiag perfiRidalsisilydetiytemdbthagdiow F, etc.,
-and once corroded, the electromagnetic properties are significantly
deteriorated. Especially reduction in output of reading signals Fromthe
read el ement J@0iGe]significant. Also the wite el enent 32 cannot give the

di scs enough el ectromagnetic effect, resulting in poor wite in sane cases,
[ 23] When i tindh¢ Sressntinyentiony, gtleast s pa of oS faserafaveite arf readh ebements of the

witel/read elqﬂ@ég ) . aRih § L dity. Jhis
significantly Caugg?s hggc} ?%g?dgﬁls;%rag:gscrl é‘g“&b&'@é%&?%&%%gﬁ%veﬁﬁf%zrﬂef
smal | anount s V61& Bet easily approsets sugbwentatl eurfudes hiva 1o1BRir Inimeidig rbgitattel Refifg
rel ated to ot hgr .£3auUs sjon. neration of such gases may be

ol ated to vor Bt aR BRI R iR Bwriied orioimra@scs of tess comer
or rel ated tosuexfaceg. of the HDD parts. Actually corrosion is believed to
proceed due to el ectrochem cal processes related to variety at those
causes. [U025] Also high tenperature inside HDDs wll| further enhance

corrosi on rea¢o0ldps. H gh tenperature will also strongly cause generation
of corrosive gases.

Also surface energy values of water and low surface energy materials have been
determined for specific evaluation. Then FCOCs (fluorocarbon compounds) and
especially materials including perfluoroalkylpolyoxyethyleneethano! have been



] U026] Surface energy Now, there is an index called "surface energy" as an
i ndi cation of resistance of a given surface against water. According to
this index degree of hum dity resistance or wetting resistance, (Anti,
Wetting) a degree of rejecting taster, may be known fromthe condition of
water an a reference surface. [00~7~ figure 3 is a schematic view of three

Categori zed states of water on a surface. darts of thear(ﬂémshovm in
dots, A, H C, represent states of vvater,o%gd parts OfYt al shown
shaded represent the reference surface. | 8] Each of those states of

water will be sedpkeiencdsaS)ow A& energy ~Qn ~ wet ting for A,
"good" wetting,f.Qr Hvafﬂgs"$ ggﬁ%vwgéizgf% r qg%é%ﬁégg'exﬁggggﬁ%ﬂﬁ?EN§¥§ﬁﬂ9?
fox conveni ence. Phosa skl PEFFIETHEY TRteripla hays |alses pegphdptermined.
expressions. [0029] Fromthe point of viewthat it is goad to be wet, Ais
preferabl e and00f2ils unpreferable to be closer to C. On the contrary from
the paint of view that degree of wetting resistance is the issue as in the
pr-esent inven%hgghec is_preferable and it is not preferable to be closer to
A This map bé AppParent™t SPELRE FRIEM; Riley @B hew  syekaphotiaday mateniater
repel | ence.” P803VIAtENGSstEResmafgneticB, headk C aheirabegenbred thY ckABLECHAg
-angl es (err). bEent addlcan@lde £ 18 defipgdias t n formed hetween the
O BBV L BRE bt

tangent |ine refergnce rface ..t he cont Yof ;
) §B§e&@§? Cogha 'dsztbhegf ef eFet et _EF  REBPEF o FhdFknRES ¢ 08n@ELh

t he form of aaﬁ gg.o V\%er an =
angle 8 is usi é 7% acet erfdVyy CORTIRT ertaite baur rgedigad pwithas de®aging
C~(y~~ya) 1/ ~ funohdons def axagnwddchhestie. water yt and the in the equation
foll owi ng equati on surface energy of is an experinmental Contact angle O can
be determ ned;gxpeyinentally by taking the inmage of a drop of water in a

[ j! et :
CCD canera and processing the inage.

[Preferred embodiment]

Figure 1 is a total exploded perspective view of a hard disc
drive (EDD) 10, Inside this, a plurality of discs 12 are
rotated as a whole by a spindle motor 14 during operation. A
carriage assembly 16 is included as an element configuring
HDDs, and the carriage assembly 16 crosses over discs to access
discs 12. This movement of the carriage allows data to be
written into and read from the desired parts of the discs 12.

[0014]

There are small holes 20 in the top cover 18, and a breather
filter 22 is placed to cover the small holes 20, which can
remove dust from outside the HDDs. Therefore, air can go into
and out of HDD through these small holes 20 and the breather
filter 22. For example, a HEPA filter is used as the breather

filter 22, Thus, environment outside HDD is transferred
inside.

[0015]

As shown in Figure 2, a slider 24 is attached at the end of the
carriage assembly 16 (Figure 1). For example, AITiC is used as



- 8 JAN 200g [0033) This equation shows that it is preferable fromthe
point of view of humdity resistance or wetting resistance that the surface
energy of the reference surface yo is small enough as conpared with the
surface energy of water yt as fax as the latter is constant. The surface
energy of water is yt = 72-2 erg /cmi . on the other hand when the
material. of the reference surface is alumna (Al ZO:pa%Nnggn xi de), the
surface energy of alumna is y~ = 169 erg/cn2 . [0034 ason why the
surface energy of al urri na is t he issue vvili. be menti oned here. In other
words, it isthe r«;_ A ﬁ} 5 gae/reﬁ ment 30 whi ch nust be
protected frdm corr ﬁ Fs bt et di rk JhQ QL& cenvgeghdy Fatpiden
Al t hough vi ciofi 4186 Jt%efl\wst aypsdaca @l‘?emowsetrsamuofomhdedluyle@t, h€brming

material s 35ailr beawingsearascdesnns perk ahy keddi®g &h@y %ﬂ&ﬁe%“&f4a%ZEQ€E§

corresponds e 4 al conprise

2): [0035] Ttﬁgonlgl r%?galré%e%val ua? \Mr%‘um d‘t%i S s%sanE%Pl?Tfﬂé htee
reasonabl e t&ﬂﬁgc&§SoNpPﬁ§e§Grﬁ&€€ dgehggher ghéﬁlhﬁstﬁawnsccapmeSldesttbé
the surface dpwastEgpuseidarisasomds tdieswsitt eoetheedis@® Bnd read el enent 34
will total only to a very small exposed area. It is noted that the exposed
-areas of the yg P%z el enent 32 and read elenent 34 in Figure 2 are

exagger at ed {o k bigger for convenience of illustration. In other words,
it"is reasonable to evaluate the contact angle 8 at the contact points of
wat er and al &ni nxiteU@26H kdemsutf aoelenatgacn@d ebhaaéwnsu@am s,B_deJAL\k 2044

In the preseg_ﬁ_lagygntd,ﬂn tifalheg vWas wP:[ a$, @ %Stléué?f‘fﬁ{gé S‘Jé'r?g’tsi ﬁL2

sukface to rg uge r3urfac% energfg of tEE SUFTAce Of e subs
coati ng was rowg d SHEHTRERD EyCr E&FEFENe W%t?hﬁsr@éﬁg‘?aﬁcéo ROBCs
(f1 uor ocar boRPonFYFEase) W e diflaact el as t hEosui tfalille mMatnertian f aif t hene

thlplfl|n1|Legeazr@mﬂ@ﬁﬁﬁtﬁ|Efﬁ@@tabmlﬂg: is preferable that the distance
per f | uor oal kiybpoLyRX 0 sejected as an exa

(1 uorocar bop_compo 2 ﬁgé M %Q%%?Pa%eg@eﬁ‘erg ‘f t}ei WA nﬁ rr’eﬁ e‘?‘f o NS
found to be 2y-P2 Té dFcnf QeRise Pmagpekirordfestr Macwn be

energy is exb‘é‘é%bﬁz‘?@) Bé r‘fé"@I i efane oolfli djsowrd2 to be utilized at high

per f | uor oal k@émﬂy@yeﬂhyémﬁtﬁ]mcaﬂ@&&:obhBht oQVQHeCL@i@é/{'Qa&eéPexﬁ;

be experinment@l {ygeshs- fgagﬁq_n[tgogg_é%ﬁgr ZTQQ ot.SKel ‘%{é n the art may easi
sé

ach~, eve such nodi f~. catian us, e d materials may be
utilized as optinmumant]. wetting agents. As the surface energy of alum na
(AL, 0,: al ur’r{&lﬂ‘ﬁbm de) is Y, - X69 erg/cn2 as described above, it is
understood that substitution with far | ower surface energy reference

surface is atharngerdy2t hy n i r form Ihlnfll'ms
Further adv d";lggfof t2 §CE9§£* %%r%lg(g%oné\%}oﬂoaoun 3menstt At*§ Rt arged

formthin fiTms as Q)IIV%FE BES er]ryf‘l | Afashewn Beﬁﬁst‘b%eﬂrh%%éﬁ%%ﬂ element
experiment al19 £8 PEt&n vsGHersewaratedyf ases forite element 32 and a read
element 34.

(00187

Further in some cases materials 36 other than the material
(ALTiC) for the slidexr 24 are located on a part of the surface
of the slider 24 as a material to serve as a foundation for the
write/read element 30. There may be a similar case where
vicinity of this element 30 is surrounded by materials 36 other
than the material for the slider 24, even though they do not
serve as the foundation for this.



long tine. ' , [ 004 ~. ] 6 JAN 20a~ As actual formation of thin filns,
processes using di ppi ng-and-drawi ng and plasma CVD were carried out, and
FCOC was confirnmed to be effective in both processes. Description of these
processes is omtted since those skilled in the art may easily add and
reproduce them [0042] Also those skilled in the art may easily adopt ot her
formati on processes such as sputtering, vapor deposition, and coating. Also
t he process may be devel oped to realize snoother surfg ‘E&hfhan i ng
coarseness or the feature of the surface using physi @& if treatnent:
net hods such & qn beam et ching. [0043] thickness of thin fllns In the

pr esent |nveﬁt|on it was found that coatln@'of _

per f 1 uor oal kyl pol yoxyet hyl eneet hanol is preferably formed into thin filns
with the thi donesichefr Scasdl00ce opirfaveT angetné Whilekpessdi e16RERE Nboed
0y 1oL W N0 ehgsans col ARG hs| LnblE LRI Bnd | biudfe { O iy SAOMAN I LRCtndf

corrosion resl %nce na¥ expec S may
uncovered by StFEEAMAIP Fﬁ?d&@fﬁﬁtt@chno‘f‘ﬁb‘fﬁf I’r'f'n Afi BﬁtoF‘eFI@iSﬁaﬁUlm to
formati on. Ekgerexpoaes sibnedtihatot lHRknasd dat atay ebst enbuihi stnmx:essarl}g
Bgﬁﬁg%ocnlthaxgbbea h@ané'HdhhﬁtEEhm SiikE bg kae %hh?%m f%BQE@ nile &

- -1~ the,mag ur|n oper | e

the extra t hftgkﬁggs Q%E Eﬁ fggﬂa’sgr ]g% q"tnﬁarfc’é"ﬁrr‘? rt FrodESy &ﬁ‘&e
betveen di scBe12S8RAT] Fﬁ@ v\ka@t%m%:afdwm me%bYTﬁﬂseﬁﬁtmlm axrow) .
undesirable since it is inportant to secure el ectromagnetic effect M
(Figure 2) b?ob@@ ycing the distance between them as described above. ,
(0046] Therefore lNmtation in thickness is al so necessary. Experinents
showed that thickness of 100 Ais realized in HDDs presently. Needless to
say that stréRgthehésessxiphica 9&ryhe opgesent othveantism ata & ldedwiinklsddhg
thi ckness. [@d#FprAwrdmge edemtft- 32004 weadf eledehe be mer eapnekerahlhachyc
narr owi ng thﬁeggtlgyg1gghggﬁ§ dange, taking in consideration the bal ance
bet ween such limtations of rnness and thickness. [0048] Ran a of thin
filmformation As the range fox thin filmformation, it is enough to cover
all the surf&B821h which the record/read el enents 30 are exposed. That is,
the range will be sufficient where the purpose of the present invention,

nanel y, hydrephebh t £Rahlignce expgect on. the ther
hand, it is 9?e dg1L ggﬁl??g% A aF tﬁ?%g}(u%ﬁ‘? on doanc’th g‘ write

sur f aces, because Eﬂ?fﬁﬁégyaYglL&ﬁ*QﬁmﬂiﬂQﬁﬁﬂq ﬁﬁﬁiﬁ§@&°§ré§§)aﬁéf66t
not have sinpfe ‘F%%‘? urgr adhehorAadnl akeerntend 3dar e pFlwes selgitiherFi glemedt

inc¢ludes metal parts.

[0022]

As these metal parts are necessarily exposed to surfaces of
ABSs, they are susceptible to corrosion by the air flow F,
etc., and once corroded, the electromagnetic properties are
significantly deteriorated. Especially reduction in output of
reading signals from the read element 34 is significant. Also
the write element 32 <cannot give the discs enough
electromagnetic effect, resulting in poor write in some cases.

[0023]

When it becomes highly humid inside HDDs, surfaces of these
write/read elements 30 become more apt to be exposed to
humidity. This significantly causes corrosion as described



[ 0a49] Thus, in the present invention, thin filmis forned so that sone
parts of the other materials 35 where alumna is used are - 8 JA N 20Q4
-1 ~ also coated. This is in order to expect enough hydrophobicity arid
wat.er repellence far the exposed surfaces of the wite elenent 32 and the
read el enment 34. (0050] This shows that it is appropriate to take the
surface energy of alum na as an object of conparison in evaluating humdity
resistance. It is because the contact angle Bis to b valft‘oﬁt&t t the
contact paint with alum na. of course it iz not neces%aly f thin film
on parts of t o ite element or the read elenent, if the parts are already
provi ded wi t h"&nough corrosi ons resistance. [0050) Adhesiveness
(durability) of thin film A whole HDD as shown in Figure 1 was left in a
tenperature-hpyow2i4 1y chanber cut of operation, in order to exam ne adhesive
effect of the thin film As the air can go into and out of the ,HDD as
descri bed above,_ the environnment outside HDD is transferred inside. [0452]
General |y t enpBabt uPHORRESHhUAT didOFresiaesi gRF4S c asnesatederebthin yHDDs are
pronoting redeselimeed Especi &l y tulvtid y ebovethatWweeaudd® ansk 908 Rrbsion.
(rel ative hureshddyat SIWPWSE €X O &li Lar ciel Lon. . [0 1 di

-set to be 909’%§%é§ég&ﬂgega Hﬂﬂ§9§§§§?,Méﬁdﬁfeﬁ%2%2§ﬁrgémggiégfy?LQ%%32%§§%S
Hunidity of Q% A RH 1S a Conditi Sn TP RAT-CR%da FBRnEPPonCrsredaed ofp aging
which it is HMghEheptBbaRartfor waAtbralbyorosronkerr iso hednitevetd sur f preseed
Both the hunidii¢ ytar ied.cctmpenatiitel c grdicdeisers afed foald | ¥o SQESH8ty of SchokdN
200 -14 For examgdsL, an accel erative exam nation, under such a condition
for a week has the significance of assuring that the object nmay be used
under anbi ent environnment for about 5 |long years..(0054] ,., The dots in
the graph of MWAkk 4 show output val ue data obtained fromread el enents 3
4 of the magnetic heads . Coating of the present invention is farned on
each nagnet i d.,The hatj axi re ts the.output value data
obt ai ned tra%%gﬁgh R net?%bﬁgg%@+%?t é?gaggngﬁﬁgF t He-ider i SRS ngience
than a week, HHEIHEN HFAEIO Exi s Highr &6BREEAERES oWii blit alap uetBergly cause
obt ai ned frofAnEIPtiegnetfi comsadivef gasesanding for the period H which is
twice the period A Thus, this graph correlates the data after standing for
the period A @uyhdhe data after standing for the period B. [0055] As an
eval uati on, output® values above the lower limt are estimated to assure the
performance, ,All the dots are shown to be above the lower limt both in

t he hori zont AUrfae emeria¥al axes. Thus, it was confirmed that the
reliability of HDDS was secured by using magnetic heads coated with the

thin filmof §yRe RRIeNtd Renhae ch99R&! vsurface energy” as an indication

of resistance of a given surface against water. According to
this index degree of humidity resistance or wetting resistance,

(Anti Wetting) a degree of rejecting water, may be known from
the condition of water on a reference surface.

[0027]

Figure 3 is a schematic view of three categorized states of
water on a surface. Parts of the material shown in dots, A, B,

C, represent states of water, and parts of the material shown
shaded represent the reference surface.

[0028]

Each of those states of water will be explained as "complete”



The dots in the graph of Figure 5 show the result of an exam nation of
magneti ¢ heads used in conventional technol ogi es under a high humdity and
hi gh tenperature condition simlar to Figure 4. However, Coating of the
present invention was not forned here, And the horizontal axis of this
graph represents data of output val ue obtained from nmagnetic heads at the
initial stage before exposed to high tenperature and hiﬁf @&%L%ity
environnent (different fromFigure 4). Further the verTi aj. Oaéof this
graph represents output data from magnetic g heads after standing for the
period A (different from - 8 JA N Zaa- éigure 4 in which the verti cal
axis represemestdaga for the Reddrd Wattin@03ér B) Gase "YoodIRRIHG nleads: @f

Beads: ¢,
conventi onal rheelnlqMe [ ol 1@UES, 5, 49 do re el ow t.he
lower |imt %Thr ead(H af t esr%rlg?%n I'ng ?%ir}ptﬁ% p%??‘(’)/%g%a%'e rt§§9§S4%}c&§%e§e in
found from t F&EndftrePA8f 2BoVEL eVt VHELT SHBESSHNSof the vertical axis.
Thus, influence of corrosion is considered to have already occurred after
standi ng for rblagoperi od A. [0058) Al though not shown as a graph, 20% of the
dots were below the lower limt according to the output data obtained from
magnetic heads | eft standing under a high tenperature arid high humdity
envi ronment FEPT uERRerePaYy 0@%A Yiemelthatot &t dfs pgerpdd ). HeoObel, AfR eris
&ﬂishacceLergrbfeéabﬁmrﬁ?ﬂcmt ideufipfépeeapms Q@y§EC%hbﬁeﬁxaﬁiﬂ?ﬂht@ns%ﬁe

et her the tgpeedrlhi Be at ti r n t he esl.ve
pover of the, %%%tng@f om%‘d;ﬁéé EOfE of T o R el e tane
functionally % 8RERI *F ndiffe HIES WA nb? i PREEEN S hIRVRGtéABugIE 1s
adhesi ve powerefgrahlpoagdpditi ot 1000pBRLeTHblghtohdbeprdsmer itvemt | orhiias
been explainmdyimejﬂpﬁdnﬂhﬁgm@m@nehécmdh§£n§|SBEthmsthQ@@r%?hbbggiEQ BHE
arts may eashg¥e§cgbﬁggléﬁ@é[patlon of the present invention for other disc
record el ements such as photomagnetic record el enents or phase transition
type record el enents, and to the heads used in them -16 [ Advant age of
the inventi ohP03018 JAN 200g Magnetic heads coated by | ow surface energy
materials according to the present invention was found to be very excell ent
in corrosionmbgsi%% g%ebegli bility of HDDs is secured by this. Brief
description gf t Redraw ngsy’ Firgfs £ 3% SRA9RTEF o ddd SRS EC tingd oFi Bw
of the hard dPBtagri AR9dADE) 4%; defined asi shg pmadsed i fermedwbsheesmgthe
that. the sl Fakgens lianppagdf tdgt reference Enhbagei at/ thadcehenent polAtand
the vicinitywaterehhatyedfaut odre quogCioFeltshOMAY; tik Ok fereide Surface.
schematic view of states of water an a reference surface categorized to
t hree, "conphgbs" wetting A "good" wetting B, and "poor" wetting C in
order to ill 59e surface enerqgy;

The contact angle 0 is determined by the following equation
using surface energy of water y, and the surface energy of

reference surface y,. © in the equation is an experimental
value,

cos 0= 2 O(y./y.)*-1

[0032]

Contact angle 0 can be determined experimentally by taking the
image of a drop of water in a CCD camera and processing the
image.



Figure 4 is a graph correlating output data obtained from magneti c heads
coated according to the present invention |left standing under a high
tenperature and high hum dity environnent for periods A and B; and Figure 5
is a graph correl ating output data obtained from nagnetic heads (not coated
according to the present invention) used in a conventional technol ogy at
the initial stage before exposed to a high tenperature and high humdity
environnment and after left standing for period A under a high tenperature

and high humdity environnment. [Descriptiaqg, of synbols] di sc
o "Bl AN T

drive (HDD) 12 ... Disc 14 ... spindle notor - JA
Carriage ass€&AfBdd 18 ... Top cover 20 ... Snall hoIe 22 ... Breather
filter 24 -.. Slider 26 ... Ar bearing surface (ABS) 30 ... VVite/read

el ement 32 . [ e e (1) I

(al um na) 38 . 1¥V %gerémﬁés thﬁg ggen}é&enﬁgé él%bzlb% %Q@I Egdf'%t ot
magneti ¢ head* ﬁ%’(w zi‘tu“‘ll a&¥ ?1%‘1'? s QHrf"é‘?:tet’t"ﬂerESFlﬁB%t'ﬂ%% Wik the
mat eri al s hasunfaael enesyyf ade ener ggfesntbovneuetard hg NRt efmellls @cigh as

f1 uorocar boncgggggggdg,ﬂgpt@hgl G ekl u&g%yg@ol%gget yl gheet hangal . 1]:1%9
1

The magnetic aim1 wherein t

ce ener sald materi
W th Iam/sur%ag Endifigyf e @Rt he ?Qﬁl%ﬁfﬁaq%2§29¥ﬁ /%%QwagerThg aghel ¢ c2
head of cl ai RFZ/6R*2 mﬁ@réhﬁ Phéeéoéﬂnﬁgwbﬁnsﬁhﬁ ﬁﬁteriﬁlsoﬁntheléaﬁsnam@@e
energy is instb€acande aflumibd0 (emgs;; omsumﬁmmTheximn,ettWe heags &te a8Ye R E
of claims 1 mhereln the cgeglqg fSaid materials with low surface
energy is |n he range of “o-2 an% T16hs. 5. The magneti ¢ head of any any
of clains 1 to 4 mhereln the magnetic head is a wite elenent. 6. The
magneti ¢ heafi®8®4dny one of clainms 1 to 4 wherein the magnetic head is a
read el enent.

The reason why the surface energy of alumina is the issue will
be mentioned here. In other words, it is the reason why the
write/read element 30 which must be protected from corrosion is
not the direct issue as the reference surface. Although
vicinity of the write/read element 30 is surrounded by other
materials 36 in some cases as described above, the reference
surface here corresponds to the other material 36 which is
comprised of alumina (Figure 2).

[0035]

Thus, in order to evaluate humidity resistance, it is more
reasonable to focus on the surface energy of alumina that
occupies most of the surface area. Exposed areas of the write
element 32 and read element 34 will total only to a very small
exposed area. It is noted that the exposed areas of the write
element 32 and read element 34 in Figure 2 are exaggerated to
look bigger for convenience of illustration. In other woxds,

it is reasonable to evaluate the contact angle 6 at the contact
points of water and alumina.

[0036]

Low surface enerqgy materials



7. A carriage assenbly having a magnetic head sel ected froma group
consisting a a read elenent and a wite el enent, wherein the magnetic head
has at |east a part of a surface thereof coated with materials having a | ow
surface energy; and wherein the materials are fluorocarbon conpounds
cont ai ni ng perfluoroal kyl pol yoxyet hyl eneet hanol. 8. The carri age assenbly
of claim?7 wherein the surface energy of said materials with | ow surface
energy is in the range of 12-15 erg/cnR2. 9. The carri a-geﬂa}A«N@[]@kof claim
7 or 8 wherein the coating of said material®& with |ow surface energy is in
t he rouge of 5-Z00 angstrons. 10. The carriage assenbly of any one of
cl ai ns E t o Amhehei prichentoatrivigtdfonsaidhamin rgﬁisi %@)E:ﬁbd ﬁX‘éSHr fAfbz +aRGkEY
isinthera o) - n ol r IS rive having.a carri age
assemnl y w11 pedier ol LR et o Eafale conérr e G aace
el ement and & SPbFERAtennhdNsl ntheheCoigHit | Canhepyonidedt wishshumigaty
of a surface aesdsddinceoat aukd Wi whthhher i aksibaviag. a | owcoasl acerRiRLERrHaRd
wherei n the rRirpdudlds jatvredd WEIQGAS, QRO t gi i .
per f1 uoroal kyd,f yoxygthyleneethané¥Pqﬁg. Thgﬁﬁifgqgiﬁngggsé g?rchFnFTi“
wherein the surface energy of said materials with |l ow surface energy is in
the range of 12-15 erg/cn2. 13. The hard disk drive of claim1l or 12
wherein the ddd3i7rig of said nmaterials with | ow surface energy is in the
range of 5-100 angstrons. 14. The hard di sk drive of any one of clainms 11
to 13 mhereig&the coat'ng of said materials with | ow surface energy is in
the range of dgﬁﬁaﬁﬁﬁtt SREa1nARY . RErAlnorgalkylgolyoxyeshyAepeethancl was
CAs(. A(. A9. AFEAestRs as an example of FCOCs (fluorocarbon compounds). The
. AL* . A() _3<hjghiRShick] |o\W M ¥leC a C l.eal al cal |calgcalcalcalc
a] ca] ca] ca] ca] q3] eaksa egicé%cg%%a%gig]gg ca cﬁ%@%@]%%%!ggkgg g8l selalon)
?BTY} xsni d_Z]]ca] calJcal ca] ca] ca] ca]ca]ca]ca]c*a]ca]ca]ca]ca]ca]ca]ca]ca]cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! pgvwhNCbdef hi
}xsni d_Z] ] cal]l®8P&4d] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
# L

] ca]l ca]ca] ca] ca]ca] caljca]calcaljcal KR DEWr <=
However, even lower surface energy is expected to be realized
by adding moxe perfluoroalkylpolyoxyethyleneethanol. Lower
limit even closer to zero can be experimentally estimated to
exist, Those skilled in the art may easily achieve such
modification.
(0039]

Thus, the selected materials may be utilized as optimum anti
wetting agents. As the surface energy of alumipa (Al,0,:

aluminum oxide) is y, = 169 erg/cm? as described above, it is
understood that substitution with far lower surface energy
reference surface is attained by this coating.

[0040]

Method for forming thin films

Further advantage of the FCOCs (fluorocarbon compounds) is that
they can form thin films as solid. The thin film as solid has
been assured experimentally to retain adhered to surfaces for a
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the magnetic head is damaged during operation of the HDDs.
Thus the extra thickness will substantially reduce the
allowance in the distance between discs 12 and the write/read
elements 30. This situation is wundesirable since it is
important to secure electromagnetic effect M (Figure 2) by
reducing the distance between them as described above. .

[0046]

Therefore  limitation in thickness is also necessary.
Experiments showed that thickness of 100 A is realized in HDDs
presently. Needless to say that strong adhesion for a very
long period may be attained with such phickness.

[0047]

A range of 10 - 20 A was found to be more preferable by
narrowing the optimum thickness range, taking in consideration
the balance between such limitations of thinness and thickness.

[0048)

Range of thin film formation

As the range for thin film formation, it is enough to cover all
the surface in which the record/read elements 30 are exposed.
That is, the range will be sufficient where the purpose of the
present invention, namely, hydrophobicity and water repellence
are expected. On the other hand, it is moxe difficult to try
to form thin films only on these surfaces, because these
surfaces are extremely small exposed areas and do not have

simple features as shown enlarged and more precisely in Figure
2.

[0049]

Thus, in the present invention, thin film is formed so that
Some parts of the other materials 36 where alumina is used are



10!, L&G' 109 ()-z! 109 ()- 10" 10"512£&J
"109% & ()-F910% & ()-LMLO% & ()-]dntaB_ | | i
10!,Elo&é'()-nrlow&'()-&10%&'()-&&10%&'()-!0L)1096!& ()-ZL109%& ()-tpgrs_=
10! 1 q, Y(10%08& ()-!$ 109%KoKo& ()-Y 10 10 | o
10y5%"18%&f()-310%&f()-@3F"10%&f()-?F a? = 10111@' 10%0' o& ()-2f -

+10% 0& () - S$"10% 0& () - nt 10% 0& ()-! Z(10%00& ()-' 10% o0& ()- 111111 s#uvy
10! " 10% ()- 10% ()-10% ()-F 10%: ()- 10C0Co 10C0Qo _Bijd%l 29%
10Q000! (0-' 10%0000& () - zs#2#$$$$&dBUV7 10! HEL(' 10%: () -2, &

"109&' () - 10%&' ()-"10%& ()-:310%& ()-&& ';'<' ='1'P Q ~_@ 10!

10% & () - &10% &s56) abatdf¥0h #fglgflgnl%gf Fo t enough hydrophobicity
n ' -2109&' - W C d ~_ 8 " Ea%aﬁp ?‘, .
igf,/f&.l?;/q_&l_.(. )mf%lg( (331_(12 Q%:%;g }é‘)i o £0T) -t@1 098 RP%9d y purfaces+}ofSHEh&0 write
element 32 and the read element 34.

[0050]

This shows that it is appropriate to take the surface energy of
alumina as an object of comparison in evaluating humidity
resistance. It is because the contact angle 6 is to be
evaluated at the contact point with alumina. Of course it is
not necessary to form thin film on parts of the write element
or the read element, if the parts are already provided with
enough corrosion resistance.

[0051)

Adhesiveness (durability) of thin films

A  whole HDD ag shown in Figure 1 was left in a
temperature~humidity c¢hamber out of operation, in order to
examine adhesive effect of the thin film. &As the air can go
into and out of the HDD as described above, the environment
outside HDD is transferred inside.

[0052]
Generally temperature and humidity have significant
accelerability for promoting reactions. Especially humidity

above between B80% and 90% RH (relative humidity) shows
extraordinary acceleration.

[0053)

Humidity was set to bhe 90% RH (relative humidity), and
temperature was set to be 50°C. Humidity of 90% RH is a
condition in which dew formation is easy, and in which it is
highly probable for water vapor ox water to contact surfaces.
Both the humidity and temperature conditions are fairly severe.
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For example, an accelarative examination under such a condition
for a week has the significance of assuring that the object may
be used under ambient environment for about 5 long years.

(0054]

The dots in the graph of Figure 4 show ocutput wvalue data
obtained from read elements 3¢ of the magnetic heads. Coating
of the present invention is formed on each magnetic head. The
horizontal axis represents the output value data obtained Ffrom
each magnetic head left standing for the period A of more than
a week, and the vertical axis represents the output value data
obtained from each magnetic head left standing for the period B
which is twice the period A. Thus, this graph correlates the
data after standing for the period A and the data after
standing for the period B.

[0055]

As an evaluation, output values ahove the Ilower limit are
estimated to assure the performance. All the dots are shown to
be above the lower limit both in the horizontal and vertical
axes. Thus, it was confirmed that the reliability of HDDs was
secured by using magnetic heads coated with the thin film of
the present invention.

[0056]

The dots in the graph of Figqure 5 show the result of an
examination of magnetic heads used in conventional technologies
under a high humidity and high temperature condition similar to
Figure 4. However, coating of the present invention was not
formed here. &And the horizontal axis of this graph represents
data of output value obtained from magnetic heads at the
initial stage before exposed to high temperature and high
humidity environment (different from Figure 4). Further the
vertical axis of this graph represents output data from
magnetic heads after standing for the period A (different from
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Figure 4 in which the vertical axis represents data of the
period B).

[0057]

In case of magnetic heads of conventional technology shown in
Figure 5, 4% of the dots were below the lower limit already
after standing foxr the period A. The ratio 4% can be found
from the number of dots below the lower limit of the vertical
axis. Thus, influence of corrosion is considered to have
already occurred after standing for the period A.

[0058]

Although not shown as a graph, 20% of the dots were below the
lower limit according to the output data obtained from magnetic
heads left standing under a high temperature and high humidity
environment for further period A (namely total of period B).

[0059]

After this accelerative examination, the surface was physically
examined to see whether the formed thin film coating still
remained. Namely the adhesive power of the coating formed was
confirmed. As a result, detachment to be functionally
problematic inside HDDs was not confirmed, showing enough
adhesive power for a long period.

[0060].

Though the present invention has been explained in relation to
magnetic disc elements, those skilled in the arts may easily
achieve application of the present invention for other disc
record elements such as photomagnetic record elements or phase
transition type record elements, and to the heads used in them.
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Magnetic heads coated by low surface energy materials according
to the present invention was found to be very excellent in
corrosion resistance. Reliability of HDDs is secured by this.

Brief description of the drawings:

Figure 1 is a whole exploded perspective view of the hard disc
drive (HDD) 10;

Figure 2 is a perspective view showing that the slider 24 is in
a floating state (the write/read elements 30 and the vicinity
are enlarged and more precisely shown);

Figure 3 is a schematic view of states of water on a reference
surface categorized to three, "complete* wetting A, "good"
wetting B, apd "poor" wetting C, in orxrder to illustrate surface
energy;

Figure 4 is a graph correlating output data obtained from
magnetic heads coated according to the present invention left
standing under a high temperature and high humidity environment
for periods A and B; and

Figure 5 is a graph correlating output data obtained from
magnetic heads (not coated according to the present invention)

. used in a conventional technology at the initial stage before
exposed to a high temperature and high humidity environment and
after left standing for period A under a high temperature and
high humidity environment.

[Description of symbols])
10 ... Hard disc drive (HDD)

12 ... Disc
14 ... Spindle motor
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lé ... Caxriage assembly

18 ... Top cover

20 ... Small hole

22 ... Breather filter

24 ... Slider

26 ... Air bearing surface (ARS)
30 ... Write/read element

32 ... Write element

34 ... Read element

36 ... Other material (alumina)
38 ... Rear gide behind the scene
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having a low surface energy; and wherein the materials are fluorocarbon compounds
containing perfluoroalkylpolyoxyethyleneethanol.

2. The magnetic head of claim 1 wherein the surface energy of said materials with low
surface energy is in the range of 12-15 erg/cm®.

3. The magnetic head of claim 1 or 2 wherein the coating of said materials with low
surface energy is in the range of 5-100 angstroms.

4. The magnetic head of any one of claims 1 to 3 wherein the coating of said materials
with low surface energy is in the range of 10-20 angstroms.

5. The magnetic head of any one of claims 1 to 4 wherein the magnetic head is a write
element.

6.  The magnetic head of any one of claims 1 to 4 wherein the magnetic head is a read
element.

7. A carriage assembly having a magnetic head selected from a group consisting of a
read element and a write element, wherein the magnetic head has at least a part of a
surface thereof coated with materials having a low surface energy, and wherein the
materials are fluorocarbon compounds containing perfluoroalkylpolyoxyethyleneethanol.
8.  The carriage assembly of claim 7 wherein the sutface energy of said materials with
low surface energy is in the range of 12-15 erg/em?.

9.  The carriage assembly of ¢laim 7 or 8 wherein the coating of said materials with
low surface energy is in the range of 5-100 angstroms.

10. The carriage assembly of any one of claims 7 to 9 wherein the coating of said
materials with low surface energy is in the range of 10-20 angstroms.

11. A hard disk drive having a carriage assembly with a magnetic head selected from a
group consisting of a read element and a write element, wherein the magnetic head has at
least a part of a surface thereof coated with materials having a low surface energy; and
wherein the materials are fluorocarbon compounds containing
perfluoroalkylpolyoxyethyleneethanol.

12. The hard disk drive of claim 11 wherein the surface energy of said materials with
low surface energy is in the range of 12-15 erg/em?.

13, The hard disk drive of claim 11 or 12 wherein the coating of said materials with low
surface energy is in the range of 5-100 angstroms.

14.  The hard disk drive of any one of ¢laims 11 to 13 wherein the coating of said
materials with low surface energy is in the range of 10-20 angstroms.



