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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 modefn cbmputer hard disk drive (HDD) is criﬁcai :
20 toits 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  mustbe 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,



Vapor concentrations as low as parts per billion of sone common chemi cal s
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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 failure 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).



WO 01/ 27927 PCT/ US00/ 28295 -3 A third commonly used schene is to include a
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t hereq. ThesuMeARMOF THE INVENTRONAL € Size and shape for nounting within
a sealed or sem sealed HDD. The catalytic activity of the photocatal ytic

material is engi Ndermeseriinyention comprisesapn pesgablyothat includps a\nhetocatalytic

cont am nant S‘Hm 3] . (d l Qg;ﬁ %w*%ﬂ. ch inpinge on it,
converting t er#?é%%?ﬁ‘%%ﬁ%%@é%@@%@ SI.E: ei'rmst | mpor t ant

phot ocat al yti ¢ prinecesiafcrwithone embodineat ofshqihedntiontanlaysemblycofiappbpriate 25
Thi s approach ha ny. i nherent .advant s_over the cyrrent. st af t he
art. The o e sEare for BOGTB YN B PEn e or SHIFRELpact SUsk dsire o) i
absorhent. Hreviaéde dMdre AllY, 8 photBeatdlytiturficeiSrovided 2l chizs projimipdtimm nant s
because they woul d _be destroyed. The HDD_ could be al nost or entirely

d ). .
her neti cal | yrortagh with alight seurchwhichmay bﬁr\‘élh%ﬁdf?éla_‘%ﬁ?w %ﬁﬁé‘ﬁ‘f‘_ﬁ!‘- contam nants: -
wi t hout concern tRaphitb&diie SATRAE pRfersbly ARARM HoMBHODPit $25 bk Bfher

metal oxide catalyss that can be photochemically activated such as zinc oxide (ZnQ).

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 cdmponent_ 6utgassing 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

STt



30 drive. This could allow an inert atnosphere (e.g., helium to be
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el evated tenperature. 15 Another preferred enbodiment is substantially the
sane as abd@7&ValBept the catalytic surface consists of a sheath of porous
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the catalytic surface consists ofparticulate Ti02 enclosed 1n a nesh or
porous mnat eidxide) coringus appiicdto afluqrescent dampiwith substantial light oetput inghea ¥ 20

particul ate_cat al yst from escapi but al | Qw [ h ses. In
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enbodi ments otherwise simlar to_all of fhe above, the fluorescent |anp
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fluorescent |anp could be replaced by an incandescent |a
) 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.



wi th substantial output below 400 nm The |anp could also be replaced, in
whol e or in part, by a transparent wwndowin the drive to allow anbi ent
light or light froman external source to illumnate the catalytic 30
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associ ated draw ngs. BRI EF DESCRI PTI ON OF THE DRAWNGS Figure 1 is a plan
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contanjnants of t pres i nvention. 20 DETAI LED DESCRI PTION CF A
PREFERRED ENVBCTY a?fé’?‘élpfidﬁ@vﬂ% 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 exenpl ar and the present invention is useful
In any si z e BRIEFRDES éﬁ ﬁ@s‘k $n which internal contam nation
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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



I nternal conponents are nounted. Base nenber 4 couples to a top cover 6
which forns a sealed environnent or cavity within the housing so
established for critical parts of disk drive 2. Disk drive 2 includes one
or rmore MOUZT®Tnhich are nounted for rotation on a 30 PEAVUGSGN28298t Or
generally indicated at 10. A plurality-6ef nagnetic read wite heads (not
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sem -seal ed hard, disk, drive,(HDD) i rovi ded as own at 20 i.n Fig. 2.
Vo spoct nacorymeEwgiesbbimnt of b enEn an B nb R AR St e md o v 1
or ingcont asﬁ%pe\’fbﬁ Rodnting WithirbPskaled of seniiticaled KBd ik deive (HDEN isgrovdidéeans for
activation. The photocatal ytic surface may be titani um di oxide (Ti02) or
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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



catal ytic surface woul d not be exhausted, as would an absorbent. El evated
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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



particul ate catal yst fromescaping but allow ng free exchange of gases. 20
I n anot her enbodinent simlar to that above, the catalytic surface

conpri se (glass or fabric) 24 inpregnated with Ti 2-catal yst and

sl i pped %95?3{;% lanp. In another enbodi ment ot herwi se EEMUSH28EE al | of
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and Ot her  yapors 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



vapors onto its surface. The el ectronic defects created by illum nation of
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system conprises, as shown in Fig
reaction with the vapor contammants whxch impinge 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



photocatalytic material 2 |l ocated within the closed interior of the

housi ng, the 15 photocatal ytic material being |located forchemcally
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vapor contam nants which inpinge on the photocatal ytic material. According
to one approach, the photocatalytic material is activated only by sensing
certain predefined conditions (See 10 Fig. 3, 60). The photocatal ytic
material is preferably Ti O The activating step preferably includes
activating a lanp with a substantial output below 400 nmto illum nate the




photocatal ytic material. OQher features and advantages of the invention

w Il be apparent to a person who studies the above invention disclosure.
Therefore,‘)vtd*b(i,2 ppe of the present inventionis 15 to be |limted only by
the followng clalms. WO 01/27927 PCT/ USOQ 28295 -11- WHRGT/PS0028285 \ED: 1.
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6. The cont am nant uction syste alm1 rein t
mat eri al i s photoeatalytiomatddalisa dnmypswith dmoutputibelow 40atmmcheni cal |y activated.

15 3. The contaminant reduction system of claim 2 wherein the lamp is a fluorescent

lamp with a substantial light output in the UV spectrum.

4. The contaminant reduction system of claim 2 wherein the lamp comprises an
incandescent lamp with a substantial output below 400 nm.

20
5. The contaminant reduction system of claim 1 wherein the device foractivating the
photocatalytic material comprises a transparent window in the drive housing which allows
ambient light or light from an external source below 400 nm to illuminate the
photocatalytic material.

25
6. The contaminant reduction system of claim 1 wherein the photocatalytic material

is a metal oxide catalyst that can be photochemically activated.

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

30 is chosen from the group comprising TiO, and ZNO.
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7. The contam nant reduction systemof claiml| wherein the photocatal ytic
material 30 is chosen fromthe group conprising Ti Q2 and ZNO.
it Gi~iiitiiiitiililt WO 01/27927 PCT/ USOQ/ 28295 -12 8. The cont am nant
reduct i oNOSEWEM of cl ai m 1 wherein the device for activRCTAS0Q/I895
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material |ocated within the closed interior of the housing, the 20
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15 11. A contaminant reduction system for a disk drive assembly including a housing

with a closed interior incorporating a head disk assembly located therein which would be

adversely affected by vapor contamination within the disk drive assembly, the
contaminant reduction system comprising

a photocatalytic material located within the closed interior of the housing, the

20 photocatalytic material being located for chemically reacting with the vapor contaminants

within the housing, and a device for 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.

25 12.  Thecontaminant reduction system of claim 11 wherein the photocatalytic material

is supported on the head assembly.

13.  Thecontaminant reduction system of claim 12 wherein the photocatalytic material
is supported on a slider included in the head disk assembly.
30

14. A contaminant reduction system for a disk drive assembly, the contaminant
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14. A contam nant reduction systemfor a disk drive assenbly, the
contam nant 11211221 (000 Ej) FPEED 22222 10 11T WD 01/27927 PCTI USOQ' 28295
-13 reduction system conprising neans for chemcally reacting with the

vapor conWOeM7s within the assenbly to oxidize the cecraistomsesss. 15. A -

contam nant reduction nethod for an el ed8+onic device of the type having a
5 housing with a closed interior and having at |east one critical conponent
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17. The contBRFHIGINPUQN fEfvchion methed GORPNIENE " 15 wherein t he phot ocatal yti ¢

material is Ti Olockting SpholéatabRitinmfériablatate®litkih theRlos®i ilRtorftifelholsthd 7
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*
H ld'xe vap%r I<Eon§aminants which impinge on the photocatalytic material.

16.  Thecontaminant reduction method of claim 15 wherein the photocatalytic material

15 is activated only by sensing certain predefined conditions.

17.  Thecontaminant reduction method of claim 15 wherein the photocatalytic material
is TiO.

20 18.  The contaminant reduction method of claim 17 wherein the activating step
includes activating a lamp with a substantial output below 400 nm to illuminate the

photocatalytic material.
19.  The contaminant reduction method of claim 16 wherein the activating step is

25 performed by the sensor activating a lamp with a substantial output below 400 nm to

illuminate the photocatalytic material.
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