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S (57) Abstract: A contaminant reduction system comprises an assembly of appropriate size and shape for mounting within a sealed
or semi-sealed hard disk drive (HDD). The system comprises a photocatalytic surface mounted in close proximity or in contact with a
light source which may be utilized as a means for activation. The photocatalytic surface is preferably titanium dioxide (TiO,); it may
be other metal oxide catalyst that can be photochemically activated such as zinc oxide (ZnO). The activation is achieved utilizing a
lamp which illuminates the photocatalyst and has an output below 100 nm.
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This application clainms the benefit and priority date of Provisional
Application 10 Serial No. 60/158,838, filed Cctober 12, 1999.],d]|nMA*|? ﬁ,;ame
of Gregory |I. Rudd and Karl H. Scheppers and entitled "Photocataly iy
Device for Disc Drive Contam nation Reduction.” FIELD OF THE | NVENTI ON 15
The pres®®0121ention rel ates generally to hard di sk dr POEES0028245 nDr e
particularly, to the reduction of contam nation in hard disk drives. .
BACKGROUND OF THE | NVENTI ON The internal environnment of a nodern conputer
hard disk drive (HDD) is critical 20 to its function. The so-called
head-di sk interface (HDI) or area between the "head" which holds the
reading and witing elenments and the disk surface is very susceptible to

cont am nati on g ' i ' ove the
i sk) i s S0 ﬁcﬁf&%ﬁﬁﬁﬁpﬁﬁﬁ%ﬁﬁg BRIVETORSAMINGRIONP L | 0
prop015ti onal to this gap. In pres & ns the gap is less than 30

nanoneters (30 x 10'9 neters). To allow this, the disks also 25 nust be

very snooth. Mst present designs require the head to | and on the disk
when the dTRQSSRERERENECETORELATEBARRIJCATION |t nust easily lift off
the di sk and | eaye no.resi damp ' lole el Sl ABSIRAHSH
contam nati on cgﬁrguscag géa?igg}ﬁgrpse E)‘/’ sevglfdamtgggts The étiack?gg of the
head 100 t heSegiablKo. 60458)8Bg, filettOttober AR,0I999,rin thelnamgiod Sregory bRuddandigart i ng

solids, is especially intractahle in.the disk drive i S . osi on
of the di slgg' gg‘!@?ﬁﬁ@‘?@ nen(“ﬁg‘ti s%&’?tﬁ'&aé?lytbcoﬂg&& ot??r 0 &’E r%ﬂ%egéés{talgglgﬂé f ect
el ectrical mauiwynrance. The fly hei ght can be inpacted by buil d-up of

liquid or solid residue on the head, 11 MAY 2004 WO 01/ 27927
PCT/ US00/ 28295 -2 maki ng data reading and witing unreliable. Vapor

concentratiﬁﬁﬁél‘l%qﬁvﬁfﬁ)l@er billion of sone common chem cal s can

cause
15 The present invention relates generally to hard disk drives, and more particularly,

to the reduction of contamination in hard disk drives.

BACKGROUND OF THE INVENTION
The internal environment of a modern computer hard disk drive (HDD) is critical
20 to its function. The so-called head-disk interface (HDI) or area between the “head” which
holds the reading and writing elements and the disk surface is very susceptible to
contamination because the gap (height at which the head flies above the disk) is so small.
The amount of data that can be stored on a disk is proportional to this gap. In present
designs the gap is less than 30 nanometers (30 x 10 meters). To allow this, the disks also
25 must be very smooth. Most present designs require the head to land on the disk when the
disk drive is shut off. Upon start up, it must easily lift off the disk and leave no residue
or damage behind.

Liquid or gaseous contamination can cause failure by several modes:

. The sticking of the head to the disk, usually due to vapor from liquids or low
30 melting solids, is especially intractable in the disk drive industry.
. Corrosion of the disks can roughen the surface; corrosion of the heads can affect

electrical performance.

. The fly height can be impacted by build-up of liquid or solid residue on the head,



catastrophic failure by one of these nmeans. Changes in HDDgechnoI ogy such
as lower flying heights, snoother disk surfaces, and | ower 1p)¢vﬁMy
consunption by the spindle 5 notor have all contributed to the gregg@r
sensitivi t(K of new designs to these problens. Nunmerous schenes to

mni m ze YQ®UH®ard have been executed, and all have sKRETASONMINAYs as
evidenced by the fact the HDI failures2are a major limt to disk drive
reliability. One schenme common to alnost all disk drives is to limt the

use of nateri al snakig dafisiesting il Wii¥dgaun@sifabled " out gas” or generate vapors
under operating conditions. This has ﬁeen 1ﬁﬁagrtly sucgﬁssfu but notabl e
probl ens ar'é@POr $EICEIREPNS 350 S ParksRer REHREOLRGMS| REENORLREMIFAIS FBR CHiSE

know edge QhabthsphieBithieivyiohy of BEselnMatis.| SRMBed A HIB tddhdloSPsiRH B¢ RivReNent
manuf acturers cannot always provide adequate nmaterials. 15 Testing

met hods ar dlyinalkdights, sotoothsr deh sinfdops and lowen pavien aphsomptign by thehepingle and
smal | sper C%&tgtgl'?atvfe %illcgﬁt?iﬁut(ég?o he gclf%{ sERANVieY of 'ﬂe&z%re{@%sq]; hede gr llje%ln%.]ess'
Fvity of advanc es1 gns an pr

| ncreasi ng sensi as ne hat viously
accept abl e Numdreus atheneanor métilmizei thef Bazatd davéddeerieeetuted; andvaltidmvens.

Cost of wel|-controlled jaterials_is jgher than | ess cqniralled
Tater bl o ShOEF GRS HiREa ne G be oA B A daHoR Wa (S ghk anve
mar gi nal |y ral%g&&_abl e materials (adhesives, plastics, and contam nated

parts). Common "dirt" such as hydrocarbon oils and silicones nust be
removed by car &nglscheme eonpaer fosameptedhdiply driyesde & bimit thespseeofateddar v

conpgpent s .are. . S| A or ' | NG ease) .
Aot ROr " coriidh P HDIRAGH Yo R br BREEIAPB b e pera AP dndfion g 2piiE P71
respect t cas beenqatthi stiecesstul bun nowebie probiesusdretg t hat vapors from i nternal

b e AR TS e RS
HDD manuf act ur efof theisdud ifihe ADIRLGEUbodponéaRRinuPichders BirRbot Alvaydprévidé n
excess causes r gldéq%lg{elrhgtgﬁa%obl ens (humdity is the best exanple).
15 . Testing methods are usually not as sensitive to contamination as is the HDI and
small percentage failures can be very costly in terms of lost business.
. Increasing sensitivity of advanced designs has meant that previously acceptable
materials can result in faijlure when used for new designs.
. Cost of well-controlled materials is much higher than less controlled materials.
20 Market forces to reduce cost encourage the use of marginally acceptable materials
(adhesives, plastics, and contaminated parts).
. Common “dirt” such as hydrocarbon oils and silicones must be removed by
careful and expensive cleaning processes.
. Some necessary components are intrinsically vapor generating (e.g., bearing
25 grease).
Another commonly used scheme has been to design the drive to leak with respect
to the outside environment, ensuring that vapors from internal components are
continuously diluted with fresh air. Obviously this scheme will fail if the outside
environment, which is beyond the control of the HDD manufacturer, contains a harmful
30 vapor or a material which in excess causes reliability problems (humidity is the best

example).



MAY 2& WO 01! 27927 PCT/ US00/ 28295 -3 A third commonly used schene is to

I ncl ude a sorbent or adsorbent material, e.g., activated @ﬂrm?l , I nside
the HDD. This is highly beneficial but denonstrably limte f tZﬂm
success. Xj‘{]@ﬁ bent is necessarily limted in its capaci tX] for
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exposed. Al so, the principal of sorpti-9n, 5 whether physical or chenmcal,
is reversible to varying degrees. Contam nants adsorbed at one
tenperature wi | A thisd cesemen)e dsedschenes is toripedpdaasobent ayadsortrnemeiesiseps.,

I nvention . OV sal.ut | [ el 3 e ri ses
2 dovi co 1 dEUSd BBt A WRhOB, ke, ARy NenBer b BPa A LR, O
THE | NVENT lifoits filveespr Elsesorbenhis @atdssanily bmjted mats capacity ferwbhtgmiduats; itmdll udes a

phot ocatal ytic terial and.a.device for activagti hot ocat.al ytic

T er ol - e R SRR SR OB s W BRI AL St b y
of appropr ivtieter ?hﬁﬁa?&@h&hfé@l‘?isﬁ@?crﬂ@k% VAgingidedteds. TonemifshtOids6Med - seal ed
hard disk drive (HDD) is 15 provided. Mre specifically, a photocatalytic
surface is ahon¢tamngratye wibde dssasRedras the dgempearaturegises c Theobrasent inYegen sour ce
whi ch may [ )i - i WeTal -al vt

surface i sqg?ﬂ éesraa ﬁ;ﬂ/m?l&)tlgﬁ {;ﬁﬁggﬁeg ioglgﬁl%‘?lg/%%@&llstezﬁgfﬁgg%g? E%&llﬁgntggal

oxi de cat aliytemat &tadosphare dien ptidld.ochem cal |y activated such as zinc oxide
(ZnO. The invention conprises an assenbly that contains a photocatal ytic
material and 20 a neans for activating thereof. The assenbly is of

apprqpri at SEMAMARYOE THEINVENTIONNt i ng Within a seal ed or sem seal ed
HDD. The catalytic activity of the photocatalytic , material is engineered
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phot ocat al yti ¢ dnactatdanse. withton€leinbodipenoafttie ihvention ay asspmblysdapprdntiate ages

VSt L1 B e Shuhl e o B SN D RSB e

15 provided. More specifically, a photocatalytic surface is provided in close proximity or in

contact with a light source which may be utilized as a means for activation.
The photocatalytic surface is preferably titanium dioxide (TiO,); it may be other
metal oxide catalyss that can be photochemically activated such as zinc oxide (ZnO).
The invention comprises an assembly that contains a photocatalytic material and
20 a means for activating thereof. The assembly is of appropriate size and shape for
mounting within a sealed or semisealed HDD. The catalytic activity of the photocatalytic
material is engineered to cause chemical reactions of the vapor contaminants within the
disk drive enclosure, which impinge on it, converting them to harmless gaseous species.
The most important photocatalytic process for this purpose is photocatalytic oxidation.
25 This approach has many inherent advantages over the current state of the art. The
catalytic surface would never be exhausted, as would an absorbent. Elevated temperature
would not cause re-release of contaminants because they would be destroyed. The HDD
could be almost or entirely hermetically sealed against humidity and other environmental
contaminants without concern that the HDD component outgassing would poison the
30 drive. This could allow an inert atmosphere (e.g., helium) to be maintained in the drive

to lower power consumption, reduce disk vibration and flutter, or reduce chemical



woul d not cause re-rel ease of contam nants because they woul d be
destroyed. The HDD could be alnpbst or entirely hernetical Id;em)eg 4
agai nst hum dity and other environnental contam nants w thout con QQn

t hat the“l(.—(lpalztgﬂgfonent out gassi ng woul d poi son the 30 dgia}(/i%ﬁo%éss coul d

al l ow an I ner nosphere (e.g., helium to be maintain drive to
| ower power consunption, reduce disk v#bration and flutter, or reduce
chem cal k WO 01/27927 -4 1 MAY 2004 PCT/ US00/ 28295 reactions on the disk.
The use of restionmomithesdisls ofhel usd efothp satalyst ¢awdd glse permit tierysg of “dirtier”
conponents, Cl f ' S. | | a drive
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of the cat ] yeit pbitionld? AR IntkRor 1LANAEE ¥irfacs) AU IRSULRIdatoh Poweranaitpler € i n
the drive; preferably it is located in the flow paths to the drive

consi st i ng Bre lecatipn of the gatalysttis ehosen PaHawimpximYE EXpsyse; tAfheAtHPSPRBEHRCt Wit h
a light so : : v af d LefBhdiSdoCoppdi nent ,
a non-fri agp(g?lrﬁ?’gﬁres uéﬂgcl{a%;}oggtgq‘i%gﬁ% ?1{3 'EN aé%ﬁérﬁo ?F%Qﬁdg)cgcéat |gn(gbi9s

appl i ed t o phofdcatalytis cenficelimoloserprokinttybstcantactavit a tpht sowtcpas a meanshfor UV
spectrum (bel.ow 400 nm wavel engt h, and nost preferably bel ow 300 nm

wavel engt h)2H¥$1°%f a size to fit within a disk drive. Such a coating can

be appl i ed by e.1§.one PretetrdWerhibith@iPa nérifrabROhipg Surfldessred Ti@Ytigdniubh 02 and
curing at el evated tenperature. 15 Another preferred enbodi nment is
subst ant i al digxid¢)esoatingss appliad tvafleoressent lampwith bstaptialdishtoyteeidn B84 st s of
ot hor emtBanabeibbrfo Bk By boio g el S AR, "
encl osed iofaaizegosfit withipadiskudriven Saeh aoatingan he anpdicdby & Bi, gippiag thedenp he
lamp, pr eVeiIrT[ai sglggél r&1espersion of Ti0, and curing at elevated temperature.
15 Another preferred embodiment is substantially the same as above except the
catalytic surface consists of a sheath of porous TiO,-containing ceramic that fits over the
lamp.
In another embodiment, the catalytic surface consists of particulate TiO, enclosed
in a mesh or porous material that wraps or slips around the lamp, preventing the
20 particulate catalyst from escaping but allowing free exchange of gases.
In another embodiment similar to that above, the catalytic surface consists of a
mesh (glass or fabric) impregnated with TiO,-catalyst.
In other embodiments otherwise similar to all of the above, the fluorescent lamp
with substantial output below 300 nm could be replaced by one with substantial output
25 below 400 nm but not 300 nm.
Alternatively, the fluorescent lamp could be replaced by an incandescent lamp
with substantial output below 400 nm.
The lamp could also be replaced, in whole or in part, by a transparent window in
the drive to allow ambient light or light from an external source to illuminate the catalytic
30 surface(s) as described above. Banks of disk drives could be kept catalytically clean by

this means.



20 particul ate catalyst from escaping but allow ng free exchange of gases.
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Figure 1 is a plan view of a disk drive in which the present invention is useful;

Figures 2 through 4 illustrate various exemplary embodiments of the present

15 invention; and
Figure 5 illustrates the results of a test conducted using the present invention
which demonstrates the ‘cffectiveness at eliminating contaminants of the present

invention.

20 DETAILED DESCRIPTION OF A PREFERRED EMBODIMENT
Referring now to Figure 1, this shows a plan view of a disk drive in which the
present invention is useful.
The features of the disk drive are clearly only exemplary, and the present invention
is useful in any size or configuration of disk drive in which internal contamination
25 potentially presents a problem. The disk drive 2 includes a base member 4 in which
internal components are mounted. Base member 4 couples to a top cover 6 which forms
a sealed environment or cavity within the housing so established for critical parts of disk
drive 2.
Disk drive 2 includes one or more disks 8 which are mounted for rotation on a
30 spindle motor generally indicated at 10. A plurality of magnetic read write heads (not

shown) are supported each on a slider twelve which is mounted to an actuator 14. In the



15 invention; and Figure 5 illustrates the results of a test conducted
using the present invention which demonstrates the effecti \k ),a
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activation. The photocatalytic surface may be titanium dioxide (TiO,) or zinc oxide
(ZnO) which is a metal oxide catalyst that can be photochemically activated.
15 The invention consists of an assembly that includes a photocatalytic material and
a means for activation. The assembly is of appropriate size and shape for mounting
within the sealed or semisealed HDD. The catalytic activity of the photocatalytic material
is engineered to cause chemical reactions of the vapor contaminants within the disk drive
enclosure, which impinge on it, converting them to harmless gaseous species. The most
20 important photocatalytic process for this purpose is photocatalytic oxidation.

This approach has many inherent advantages over the current state of the art. The
catalytic surface would not be exhausted, as would an absorbent. Elevated temperature
would not cause re-release of contaminants because they would be destroyed. The HDD
could be almost or entirely hermetically sealed against humidity and other environmental

25 contaminants without concern that the HDD component outgassing would poison the
drive. This could allow an inert atmosphere (e.g., helium) to be maintained in the drive
to lower power consumption, reduce disk flutter, or reduce chemical reactions on the disk.
The use of the catalyst could also permit the use of “dirtier” components, reducing
manufacturing costs. Alternately, lifetime of a drive could be increased with the same

30 quality and cleanliness of components presently used. The capacity of the catalyst would

only be limited by the surface area, which could comprise a great portion of the interior



10 shape for nmounting within a sealed or sem -seal ed hard disk drive (HDD)
is provided as shown at 20 in Fig. 2. Mre specifically, a’ ?rﬁ catal ytic
surface is provided in close proximty or in contact with ’é}ﬁﬂ][ﬂpurce
22 whi ch maa/ be utilized as a nmeans for activation. The photocatal ytic
surface MRUBE% t ani um di oxide (Ti02) or zinc oxide (PEOUSHMISRI is a

nmet al oxi de catal yst that can be photoghem cally activated. 15 The

i nvention consists of an assenbly that includes a photocatalytic materi al
and a nean#umiiatedGuifyal aithe igniAstaHdMWr aviiilable.aPhe RAtidTL f the eraiggtd shape

for mounting within the sealed or sem sealed HDD. The c talytlc activity
of the photBeulf 8 (hosen tegilaymaximyrg eé&?avrﬁé%?h@at%%%{weth%a% semferai¥ct i ons

of the Vapoi'f1sqg&rté'mhm&wﬁﬂtﬁQx‘oﬂn&tﬁ%r@t‘aﬁlﬁﬂgd ve enclosure, which inpinge
on it, converting themto m ess gaseous species. The nost 20 inportant

phot ocat al yti c phk orafersedfemboriment pﬂﬂlp@sh;emes,wpws ot an assymbly ipternghtd ba. Thi s
approach ha nhe t Vv . art.
The ot al y i A HEREbER BREH S SheR L pby SvEhE BihoRl b Slnld,

El evated t aﬂmémazted,ro@mpmugdplﬁmbcamytﬁzeuffﬁceﬁﬂlmspeommtyOMOamcmmﬁ sligikcause

t hey woul d be destroyed. The HDD coul e al . entire efnetically
seal ed agai ngceﬁﬁm¥®3°féﬁHV%?ﬂeb %HGWEB‘ﬁWE?&S (}'(ri% %ﬂ?%%ﬁ’gﬂ aﬁnghout
concern thaéurffa&?ak@@l@%mmm&megmh Gs Whaittdg@ﬂa&@séehﬂanq;zzl%hThl s

could allow an inert armsp ere (e. elu be maintained in the
drive to |s3bhetﬂntp<bwsht ewnutuizpthe sp@dwme(hgloswm g wavelength, candcmostheni cal

r eact 00 ns feﬁl nﬁ% (k\‘{ 300Trp§ 8}ﬂ§e€ier%kh) o?g s @andtm{hmcé)&&lgdrw Rubfrh gc}atgpé he use

|rt|er acturln At er
I i fetime ofcan hérappbed:lﬁbué g., Hrppinlgaheha@dn\m stohg&lhhspsmrm AdTiQyahd turingrad

cl eanl i ness of conponents,_present| of,. the catal yst
Rourd ot yBea TR, The s e He el e annBtane s SEEe Uy eat
portion of #hBgirifldwedvePthe bhdtoddalys2004 WO 01/ 27927 PCT/ USO0/ 28295 -7

i1lum nated surface, and the i IYum nati on power avail able. The |ocation of

the catal yst wobathes prefhrmedembesliment dgyswhsiantialhy e sawe 2e 2beve eecRi s pher e
in thg dri V&mlﬂfcesﬁa%gebéoiﬁsmth brd sSheLtﬂ(iﬂt(ﬁg 3)'2)f E)&%ug 'i"@"’ cBﬂtrarhlﬁé Qidithic e

rotating dis
ﬁts over the lamp 22.

In another embodiment, the catalytic surface consists of particulate TiO, enclosed
in a mesh or porous material 24 that wraps or slips around the lamp, preventing the
particulate catalyst from escaping but allowing free exchange of gases.

20 In another embodiment similar to that above, the catalytic surface comprises mesh
(glass or fabric) 24 impregnated with TiO,-catalyst and slipped over the lamp.

In another embodiment otherwise similar to all of the above, the fluorescent lamp
22 with substantial output below 300 nm could be replaced by one with substantial output
‘below 400 nm.

25 In yet another embodiment otherwise similar to all of the above, the fluorescent
lamp 22 could be replaced by an incandescent lamp with substantial output below 400
nm.

In yet another embodiment, the lamp could be replaced entirely by a transparent
window 22 (Fig. 4) in the drive to allow ambient light or light from an external source to

30 illuminate a catalytic surface(s) 32 in the air flow region as described above. Banks of

disk drives could be kept catalytically clean by this means; also the window could be used



A preferred enbodi mrent of the schene consists of an assenbl yﬂni/g&nal to
the 5 drive in a region close to the disk and where air flo 6 Yt
photocatal ytic surface is naxinm zed, conprising a photocatal ytic surface
in close Lg¥bty or contact with a light source as a [
activatigg{.ﬁﬁﬁzne enbodi nent shown in_Fig. 2, a non-frrgﬁﬁgq%”hﬁ%ﬁh
surface area Ti 02 (titanium di oxide) cBat i ng is applied to a fluorescent
lanp 22 with substantial |ight output in the Wspectrum (bel ow 400 nrn
wavel engt h" %‘?mb‘%‘:f’f‘_"i‘@ W‘@feg‘?‘éllﬁ“y" bel ow 300 nm wavel ength) of a size to
fit within a di gkarfdiliey8mbsmBnidfaRatveRon, BRMdMATMhinGiHatkin cBuld be ol PPI NQ
the lanmp in-a sol-gel dispersion of Ti02 and curing at el evated

t enper at ur guchiescrihsdinbeve; Butdhrsatplytis suacg corlf de epinted patiashed tpagaigr st to
maxi m ze e - he P

embod mont S et LA B PR DAL SR ks ou dB0 ARREEORIERIER 12,
surfaBe conlsisshardotramicitmatunestat preivile tix)aiebheapog auwrfacd alito wduthaheheads cer am ¢

that fits over the la 22. I n.anot her enbodi nent, the.catalytic surface
Consi st s ofpEieh THeddBiEen DSk e bR st oh e ie SRuliziefng o)
that wraps destnietibiP6f @n@isiiflaritd B dnauidh wweuﬁ?bmﬂarnjﬂ do gRat hdrfitb Weadiglat al yst
from escapi ng but allow ng free exchange of gases. 20 In another

enbodi ment d&ivefyngtion.o t hat above, the catal ytic surface conprises nmesh
(glass or fabri | e ot ' ; ' r the
| anp. I n anot he?a g‘%ﬁ%%%ebﬁtg ot ?glpi{/}m!aggbgsill ?ngfhgﬁbta%é’/gfel ’ﬁg}f%I c?%gegﬁ’gﬁ%et he

f | uorl@scentreplane by &ibtiver trivtad akide carelysathatwan pephotnehemicalactivated; elgd Zh@.

repl aced by one ywith substantial output. below 400.nm 25.1n yet. another
embodi ment ot he% @é’oi"f’?ﬁafyﬁF tf%’“&‘lggy 8post ﬁg&%%et? ?‘ﬁemfvfnﬁl(??’e%%se#f& | anp 22
coul d be r gplanAdibyidéphotAaNE:S & Cdthmicangleridl tHat sanltietaativdted byoultrpublebel ow
400 nm In yet another enbodinent, the | anp could be replaced entirely by

a transpar dight. The peincipal of theipgpeessys thet the i Ogpatgaiak formy slegronicidefents Wpotyht ~ or
light from; : : ) chileli U Al yki s) 32
nthe arr RG] BFLOME tieht Seedln IR IZRE Q- B A0THE) A ) 0 be
kept 16at al yufficient gnergydaaccomplish this hutivisibledightds nateUYr B (R9R-388 omansdIVrsed  MAY
1004

C (250-300 nm) would be expected to be more efficacious. TiO, adsorbs water and other
vapors onto its surface. The electronic defects created by illumination of TiO, convert
water (only traces of water are required) to hydroxyl radicals. Hydroxyl radicals are
highly reactive, and will oxidize any organic (carbon-containing) vapor, which is also
20 adsorbed on the TiO,. This oxidation process, which is essentially burning, converts the
adsorbed organic vapor into water vapor and CO, (carbon dioxide), both of which are
harmless to the drive in the small amounts that would be created. Since the vapor phase
drive contaminants, which have caused reliability problems, are almost exclusively
organic, they would be subject to destruction continuously, or whenever the photocatalyst
25 was illuminated.
The lamps most appropriate are between 3 and 9 mm in diameter and between 25
and 100 mm long. The smallest uses about 0.7 watt of power and has a lifetime of 3,000
hours nominal, up to 8,000 hours for larger lamps. Lowering the voltage (and output) can
extend lifetime. Lamps that emit in the 250-300 nm wavelength and 300-400 nm
30 wavelength are available in some sizes. The lamp would probably not have to be in

continuous use; for example it could be activated when the drive temperature rises
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so that the catalytic activity of the activated photocatalytic material causes a chemical
reaction with the vapor contaminants which iﬁnpinge on the photocatalytic material. The
lamp preferably has an output below 400 nm. The lamp may comprise a fluorescent lamp
20 with a substantial light output in the UV spectrum or an incandescent lamp with a
substantial output below 400 nm. The device for activating the photocatalytic material
may comprise a transparent window 30 in the¢ drive housing which allows ambient light
or light from an external source below 400 nm to illuminate the photocatalytic material.
The photocatalytic material preferably comprises a metal oxide catalyst that can be
25 photochemically activated. It may be chosen from the group comprising TiO, and ZnO.
The photocatalytic material may be applied to a surface of the lamp, or to a surface of the
housing which can be illuminated by the lamp, or to a surface on or near the critical
component which is subject to adverse effect by vapor contaminants. The photocatalytic
material may be supported on the head assembly 12, or more specifically on a slider

30 included in the head disk assembly.

The invention can also be considered as a contaminant reduction method for an
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3. The contaminant reduction system of claim 2 wherein the lamp is a fluorescent

lamp with a substantial light output in the UV spectrum.

20
4. The contaminant reduction system of claim 2 wherein the lamp comprises an
incandescent lamp with a substantial output below 400nm.
5. The contaminant reduction system of claim 1 wherein the device for activating the
25 photocatalytic material comprises a transparent window in the drive housing

which allows ambient light or light from an external source below 400nm to

illuminate the photocatalytic material.

6. The contaminant reduction system of claim 1 wherein the photocatalytic material

30 is metal oxide catalyst that can be photochemically activated.
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t he vapor contam nants within the housing, and a device for activating the
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the phot ocatt4§8 ﬂ“a tal is a lanp with an output bel ow 400nm 3. The
contam nant reduction systemof claim2 wherein the lanp is a fluorescent
lanp with a substantial |ight output in the UV spectrum 20 4. The
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drive housing which allows anmbient light or light Troman external source

bel ow 400nm #luminated®yrike emphe phot ocatal ytic material. 6. The contani nant
reducti on systemof claim1l wherein the photocatalytic nmaterial 30 is
nmet al oxi de catal yst that can be photochem cally activat ed.

10. A contaminant reduction system as claimed in claim 1 wherein the device for
activating the photocatalytic material is a lamp with a substantial light output in
15 the UV spectrum, and the photocatalytic material is applied to a surface on or near

the critical component which is subject to adverse effect by vapor contaminants.

11. A contaminant reduction system for a disk drive assembly, including a housing

with an operably permanently closed interior incorporating a head disk assembly

20 located therein which would be adversely affected by vapor contaminant within
the disk drive assembly, the contaminant reduction system comprising:

a photocatalytic material located within the operably permanent closed
interior of the housing, the photocatalytic material being located for chemically
reacting with the vapor contaminants within the housing, and a device for

25 activating the photocatalytic material so that the catalytic activity of the activated
photocatalytic material causes a chemical reaction with the vapor contaminants

which impinge on the photocatalytic material.

12. The contaminant reduction system of claim 11 wherein the photocatalytic material

30 is supported on the head assembly.



-12 7. The contam nant reduction systemof claim11 wherein the

phot ocatal ytic material 1is chosen f(r)]%mthe group corrpﬂ,sjin Eﬂoz and ZNO.
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assenbly, including a housing wth an operably permanently cl osed
interior incorporating a head disk assenbly 20 | ocated therein which would
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material 30 ils 3ugporte ?ln t he, heaﬁ:l alslsenbly., -13 11 MAY 2004
closed interior of the housing, the photocatalytic material being located for
15 chemically reacting with the vapor contaminants within the housing, and
activating the photocatalytic material so that the catalytic activity of the activated
photocatalytic material causes a chemical reaction with the vapor contaminants

which impinge on the photocatalytic material.

20 16. The contaminant reduction method of claim 15 wherein the photocatalytic

material is activated only by sensing certain predefined conditions.

17. The contaminant reduction method of claim 15 wherein the photocatalytic
material is TiO.
25
18. The contaminant reduction method of claim 17 wherein the activating step
includes activating a lamp with a substantial output below 400nm to illuminate

the photocatalytic material.



13. The contam nant reduction system of claim 12 wherein the

phot ocatal ytic material 1is supported on a slider incl udé'i r W },hﬁmhead

di sk assenbly. 14. A contam nant re ion systemfor a dis A i <Uf%
assenbly, the contami nant 5 reduction system conprising neans for

chem cally cting with the vapor ontami napt wthin the assenbly to
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wi thin the hd@diwmgingikiteaphotenathlysis maioralsel y affected by vapor

contam nants within the housing, the contam nant reduction nethod
conprising: locating a photocatalytic material |ocated within the operably
permanently closed interior of the housing, the photocatalytic materi al
being located for 15 chem cally reacting with the vapor contam nants
within the housing, and activating the photocatal ytic naterial so that the
catalytic activity of the activated photocatalytic material causes a
chem cal reaction with the vapor contam nants which inpinge on the
photocatal ytic material. 20 16. The contam nant reduction nethod of claim
15 wherein the photocatalytic material is activated only by sensing
certain predefined conditions. 17. The contam nant reduction nethod of
claim 15 wherein the photocatalytic material is TiO 25 18. The

contam nant reduction nethod of claim 17 wherein the activating step

i ncludes activating a lanp with a substantial output bel ow 400nmto
illumnate the photocatalytic material. -14 11 MAY 2004 19. The

cont am nant reduction nethod of claim 16 wherein the activating step is
performed by the sensor activating a lanp with a substantial output bel ow
400nm to illum nate the photocatal ytic material.





