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This invention relates in general to data recording disk drives, X re
particularly to disk drives with filters for preventing chemcal 4749]
rcont am nants from eme?3-A¢P t he drives. 1 Disk drives, also called
disk files, are informati on storage devices that use a rotatable disk with
jconcentric data tracks containi ng tphgk it WaBl bircad #Emd Or transducer for
reading and/or witing data onto the various tracks, and an actuator
tconnected to a carrier for the head for- nmoving the head to the desired

‘track and maintaining it over the track c Eﬁ%'during read and wite

. operations. The head may be a single-elenent inductive read/ wite head or a
dual el enent i nductive This invention relates in general to data recording disk drives,

and more particularly to disk drives with filters for preventing chemical
contaminants from entering the drives.

Disk drives, also called disk files, are information storage
devices that use a rotatable disk with concentric data tracks containing
the information, a head or transducer for reading and/or writing data

onto the various tracks, and an actuator connected to a carrier for the

head for moving the head to the desired track and maintaining it over the
track centerline during read and write operations. The head may be a
single4e1ement inductive read/write head or a dual element inductive
write/magnetoresistive read head.- There are typically a number of disks
mounted on a hub that is rotéted by a disk drive or spindle motor, and a
number of head carriers connected to the actuator for accessing the
surfaces of the disks. A walled enclosure, including a base and a cover,
supports the drive motor and head actuator and surrquﬁds the heads and
disks to provide a substantially sealed environment. The enclogure has a
- . breather opening to equalize pressure differences between the drive
interior and the ambient atmosphere, and provides a defined source of
makeﬁp air for enclosure leaks. A particulate filter is located near the
breather opening to prevent particulate matter from entering the drive

interior.

In conventional magnetic recording disk drives, the head carrier is
an air-bearing slider that rides on a bearing of air above the disk
surface when the disk is rotating at its operational speed. The slider
ia~maint;ined next to the disk surface by a biasing force from a
suspension that connects the slider to the actuator. The disk has a
liquid lubricant film on its surface to minimize head .and disk damage
that may be caused.by inadvertent slider-disk contact during operation,
and to facilitate starting of the qiﬁk drive when the slider is at rest

on the disk surface.

In contrast to conventional air-bearing digk drives, contact or
near—contact disk drives have been proposed that plaée the head carrier

in constant or occasional contact with the disk or a liquid film on the
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write/ nagnetoresistive read head. There are typically a nunber of disks
nounted on a hub that is rotated by a disk drive or |1¢ rre-e—hetar _and a
nunber of head carriers connected to the actuator fof g&@HEETntIASIBEEN

surfaces of the disks. A walled enclosure, includingfa bas#PAACER covd
supports the drive Wt¥ro4dnd head actuator an®d surrounds Ine heads—an
di sks to provide a substantially sealed environnent. The enclosure has a

breat her opening toq njosﬂlaa,.tm Gl €S5S QLJJasfoﬁyceg%ea,pp%mmnaéaewggg XP gisk

interior and the anplient_a rovid rc

makeup air for encl osursearleeaelfsmf{ ”fatrl cu‘F?ﬂ @atfam?tr’ 402 8°3 Ia(’:’)cgfﬁg r?gar t he
br eat her openi ng to“"“ﬁ?‘?@ﬁ‘éﬁf"’lﬁyﬁﬁ"‘f‘i"bg‘? T7é1?m’t‘tserpa??“6rﬁ 8?7t'é§8| iR tarGegner
interior. | RerErbenAd At Resh 81S- nRegerst §.04%, 80 rilongd dHostenshoF \fesporatien-head
carrier is an air-bearing slider that rides on a bearing of air above the
disk surface when the gigkeicSrebstatdyl i@k Alridel ar®RefAkdraiake spe;eel.ucsﬁhe
~slider is maintai ned N&Xfantd t:ilSh ‘Elbx%léuﬁ!! rJeiaé}S ¥arlc QL%% 9, aQJoQE oh rt‘RF‘ aui d

suspensi on t hat Conneg((:t 5 o%gce?é:?{aces of Ii:h 5:. ‘iﬁ sla.“tdar d{:moduﬁra e ?%g?aictles

lubricant filmon its sUr

caused by inadvert et £ Hgait H'}bﬁ"aﬁ%nt%&‘fr Hth"rcﬁb CBHé‘?"aPLaPtc?n "“‘é’hd" 582+ may’
facilitate startingrlet ipduse domiesihn afethphratalliegystti therdisks aed heade, on t he
di sk.surface. espedinllyOrhkmagietd®s Cpivee Pdaki G eentd .| -FOe &hésROredsak, BEdyVeS,
~contact or near - condigelardies kiséllal dtR5:iAAELIRELHn REQAROSEE L Ratcipliaes sler head
~carrier in constanfe,PhnOecAshdNenfgntact with the disk or a liquid film
- on the ,

=

In conventional disk drives with a filter near the breather
opening, the pressure gradient between the ambient atmosphere and the
drive interior forces the air through the filter. This is desirable
because it maximizes contact of the chemical vapors with the chemical
filter material. The breather opening is typically located at the lowest
pressure point in the drive to ensure that all air enters the drive
through the breather filter attached to the breather opening. However,
the impedance of a combined flow-through chemical and particle filter is
increased by the addition of the chemical filter media. This can lead to
contaminants entering the drive enclosure through other 1eéks or

openings.

Accordingly, the invention provides a data recording disk drive
including an enclosure containing at least one data disk, a transducer
for reading data from or writing data to the disk, and an actuator for
moving the transducer across the surface of tﬁe disk, said enclosure
having a breather opening with a chemical filter located near the
breather opeﬁing for removing chemical contaminants from air entering the
enclosure through the breather opening;

and characterised by means for preventing the air entering the
enclosure through the breather opening from flowing through the chemical
filter, whereby all the air entering the breather opening is forced to

pass across the surface of the chemical filter.

Such a disk drive breather filter assembly maximizes the gettering

of chemical contaminants with the lowest possible flow impedance.

Sheet Has Been Reilaced

||II|||| MWAIN




disk dyring read and wite operations. Exanples of these types of disk
drives are described in IBMs U S. Patent 5,202, —Ur opean
application EP 367510; U.S. Patent 5,097, 368 assi|gHé8 SHEECHAS:BEEN | .
Peripherals; and U. S  Pafent 5,041,932 assigged tjo CenBERLACED porafi on.
Magneti c recor di ng ¥rs® d4r| ves are very sensi five 10 chemcar—cont=ahi nant s.
H gh ol ecul ar wei ght organic vapors can adsorb on the very snooth
surfaces of the disks and a pleir€lees emsedinabieli €ne dnagicpr @apret iies efeet e | i quid
lubricant. QO her chg@b§RlveCONtaMhARMaS, and bt RS pedeRtink melBY cibSQel RdUCE

corr OSI on Of t he nelgagL‘iegrtg¥LI%f tsb&agé Eﬁitﬂggi gc%qgéit toed%geqa loL ySALJ] Sheet

magnet or esi stive re ements, For.these reas drives Use a
chenmical filter, in” a g’ly P85 7505 ¥ q'e E{urpae ol t et‘ﬂ‘?@“b’feeé’t"r‘?e‘ff
openi ng. said sheet.

Icu

Advantageously, a particulate filter is located near the breather
opening for removing particulate matter from air entering the enclosure
through the breather opening. Typically, the particuléte filter is
located downstream of the chemical filter, whereby air enters the
particulate filter after it has passed across the surface of the chemical
filter, with an air-permeable spacer layer between the preventing means

and the particulate filter.

In one particular embodiment the disk drive has an improved
breather filter assembly that removes both chemical contaminants and
particulate matter. The filter assembly includes a housing having an
internal passage and a recess that supports and contains the chemical and
particulate filter elements. The passage in the filter housing provides
fluid communication between the breather opening and a sheet of chemical
filter material. A barrier plate is also located in the filter housing
recess adjacent to the side of the chemical filter sheet not exposed to
air from the passage. The barrier plate prevents air from flowing
through the chemical filter material and redirects the air flow across
the surface of the chemical filter sheet. After the air flows by the
chemical filter sheet, it is redirected through the particulate filter
element and into the disk drive enclosure. The air entering the disk
drive enclosure does not generally enter into the interior of the
chemical filter material by forced conduction, but flows by the surface
of the material so that the chemical filter does not significantly reduce
the pressure drop across the filter assembly, as in prior art breather
filter assemblies. The flow across the surface of the material allows
contaminants to diffuse into the getter material and become trappéd.

Note that a filter assembly as described above is not restricted to
use in disk drives, but may well find beneficial application in other
sorts of devices. Typically such a filter assembly has a sheet of
chemical filter material having one side in fluid communiéation with the
breather opening, a barrier plate adjacent to the opposite side of said

sheet for preventing air flow through said sheet, a layer of particulate
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I n conventional disk drives N(Eﬁ H r%g ] the breather opening, the
pressire gradient between th @n‘%’%ﬁé éﬁ gl‘ere and the drive interior
forces the air through the it i s ddsirable because it nmaxi m zes
contact of the chem cal vapors with the chemcal filter material. The
breat her opening i 3% 9pi°¢hl 1y | ocated at t he 4 owest pressure point in the
drive to ensure that all air enters the drive through the breather filter
attached to the breathetr2panidAg.a Havesefor dufiortivpadaneneef the 6 NeEd

f1 owthrough chem gal.. aaadchpwele‘hﬁté el deet, b ﬁﬂﬁn@@ﬁ@ﬁg@p&ﬁggeaﬁd.htalﬁon of

the chemcal filt ernln'gq-xlg%nﬁ iﬁ'xeg nbregégr o&:Qm.gg QLQa glll %Q‘lﬂgé ngﬂl ga'.‘:n.ldns%e

drive encl osure through S or openl ngs.

SUMVARY OF THE | NVENTI ON i s an. obj ect of the present invention to
amel i orate one or nore Vd?‘?adﬂfamaaﬁ%gr 8trecthEch g rlte pesembly for Asgdrdi ng to
one aspect of the pressentaliln\serief cneloherechavingpnooteding for duessurecor di ng

di sk dri-ve conpri Skfglizatbat @mnghisde: A £0BEORsROFIRAGhSGg thavinh@ntinskantO For
rotating the disk; raeifty 8N30HEEbe fQlcek&ATId 16 datleaeck AN @l ce¥sd biNGhedaka t O

the disk; a carri ernélgsuréuapa.eée 99 hddEcart flapé%css;iapsagpo s wm{if aGg of the
di sk; an actuator gonnec rrier and

arrier
support ed transduc@F5E %%rsa‘{s rbm FPEEEof° % an?s e She%tnET gg%?eﬁ“t

surface exposed to the housing entrance, a barrxer plate supported within

the housing and maintained in contact with the opposite surface of said
sheet for preventing air flow through said sheet, whereby air is forced
to flow across said first surface of said sheet; and a layer of
particﬁlate filter material supported by the housing and located near the
housing exit for filtering particulate matter in the air after the air

has passed said first surface of said sheet.

An embodiment of the invention will now be described in detail by
way of example only with reference to the following drawings:

Fig. 1 is a side view of a magnetic recording disk drive
incorporating a breather filter.

Fig. 2 is a sectional view of a portion of the disk drive cover and
attached breather filter assembly. .

Fig. 3 is a view of section 3-3 of Fig. 2 and illustrates the air
passage in the breather filter assembly housing.

Fig. 4 is a graph illustrating the improved chemical contaminant

trapping of the breather filter assembly.

Referring first to Fig. 1, there is illustrated in sectional view a
schematié of the disk drive. The disk drive comprises a housing that
includes a base 10 and a cover 11. A disk drive motor 12 and an
actuator 14 are secured to the base 10. The base 10 and cover 11 provide
a substantially sealed enclosure for-the disk drive. A magnetic '
recording disk 16 is connected to drive motor 12 by means of hub 18 to
which it is attached for rotation by the drive motor 12. A thin £ilm 50
of a relatively high-viscosity lubricant is maintained on the surface of
disk 16. The lubricant may be a conventional perfluoro—polyether (PFPE)

disk lubricant. A read/write head or transducer 42 is formed on the
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surroundi ng the notor and actuator and having a breather opening;

housing located within the enclosure and having a passage, the passage

having an inlet near the

breat her opening and an outlet; a

chemcal filter suppgrted by the housing andglocated near the passage

outlet for

t hrough the breather opening, the filter having a surface oriented
general ly perpendireilliag etdof e adrtbentipprligpr P+ Fdamsduéearosn bdyebeassage

outlet; and a barringictsuppantad wrby tdafsdieirsegn antctiveatad adhacantwikhe

chemical filter fa ndh8MR0d1kNGe LR Alda {rafiBuddiCrorRASHAGR Gl 8lpob Q83
fl owi ng through tm%gmgmfsc%' 1d k10 3 afn(?r %ﬁJhsé}téongs I%illﬁeé'ea t8GH9SS

surface of the chem ca

Accor t o anot

present invention TREFE bﬁrmﬁﬂsd%ﬁaé‘ﬂ’&gﬁrgt? a suspension 24, t

suspension 24 providing a biasing force that urges the slider 20 onto the
surface of the recording disk 16. During operation of the disk drive,
the ‘drive motor 12 rotates the disk 16 at a constant speed, and the
actuator 14, which is typically a linear or rotary voice coil motor
(VCM), moves the slider 20 generally radially across the surface of the
disk 16 so that the read/write head may access different data tracks on
disk 16.

A gasket 13 is located between base 10 and cover 11. A small
breather opening 64 is located in the cover 11 for equalizing pressure
between the interior of the disk drive and the outside environment. A
filter assembly 60 is mounted.to the inside of one of the walls of the
disk drive enclosure, i.e., the inside of cover 11 in Fig. 1, and aligned
with the breather opening 64. The breather opening 64 and filter .
assembly 60 are located in a low-pressure region of the disk drive so
that air entering the disk drive will enter through the filter assembly

and not through other openings or leaks around gasket 13,

The details of the filter assembly 60 are shown in Fig. 2. The
assembly 60 includes a cylindrically-shaped filter housing 62 that is
mounted to the inside surface of disk drive cover 11. The housing 62 is

preferably formed of plastic material such as polycarbonate. The

~housing 62 has an inlet 80 that is aligned with the breather opening 64

in cover 11. The filter housing 62 is located within a circular locating
ring 61 formed on the inside of cover 11 and is secured to the cover 11
by means of double—-sided adhesive tape 65 that has a hole aligned with
breather-opening 64 and housing inlet 80. Another possibility is for the
filter housing 62 to be located within a locating depression or a raised
boss on the inside of the cover 1ll.and secured to the cover 11 by means

of a double-sided adhesive tape 65. -,

The filter housing 62 has a central recess 66 that contains a first
air-permeable open mesh spacer 70, an adsorbent chemical filter sheet 72,
a barrier plate 74, and a second air-permeable open mesh spacer 76. The

chemical filter sheet 72 is made of a permeable media containing

ect of th

afilter

renovi ng chem cal contam nants from air entering the enclosure
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recordjng disk drive conprising: a magnetic recording data di sk having
tracks for ther* recording of data; a notor connected to the disk for
rotating the disk; a transducer for reading data fromor witing data to
the data tracks: a gard;i&ds for support| ng thee transducer near the surface
of the disk; an actuator connected to the carrier for noving the carrier
and supported transducer across the data tracks; an encl osure surrounding
the motor and act uzstYRtefhERReRsi FRFD £EHTORSETREALLD AEATEGE FIPOOIRST IRt vhen | s
and a breather filé¢wethhthasinegeves ghewddalt epnsatiieprngfre ingditding AEP2Rkoy #3595 The
passage, the passageehaiesiigpadrs adecd thin tigpredingntiondlhestipicbiehte patgpsni ng and
an outlet; a sheet gfnGhestinfedtbialiy bedildmt @eit. RidDesieeGrivet 1 Hayl e
housing, the sheet %Jagopgﬁyemngqumséeau]y RS 9@& QUthJt $Q1tREvendicfeCt i ON
of air flow out sai hog& ng Ras;&g‘fgﬁl ﬁgt . 1% Mo obde Sie gl dg of said

sheet is in fluid e8mmnicatr St eni a barrier plate
supported wi thin t heeeigu¥i #y ?ﬁf‘éc‘éfﬁtreff)“tf‘fse ’?ﬂﬁié‘gd‘gi)dgﬁe?‘éﬂs%ﬁ“ﬁ“?‘i‘?st si de
of said sheet for prigentienkpuaing §2: okhe PRTCEH}Rtes BiltersTodt PreffePibPadsi 9f f | ow
IS reoriented generedphndep aphitbielattuoreenit lerey wybrage, euchfgsy mmesrihdlnhvaidagbde
sheet; and a |ayer fdcrfektibédihdos-Tetdat&) sraéIREtrabtaBltANIQFEnaLhehotid@eIOUSI N
for filtering air that:ascPasomhedcla@fiSandidid Fitteeti @8 Rfposaiich)shet
before the air | eav[?o%alt.dggn Electret (Donaldson Company).

As shown in Fig. 2, the filter housing 62 has a passage for
conducting air from breather opening 64 to chemical filter sheet 72. The
passage includes an inlet 80 aligned with breather opening 64, a
channel 81 for limiting diffusive flow of external contaminant to the
filter, a vertical channel 82, and an outlet channel 83. Channel 83 is
covered by an annular adhesive ring 85 except at the outlet end 87 (see
Fig. 3). The outlet end 87 directs the air centrally through the open
mesh spacer 70 in a direction generally perpendicular to the chemical
filter sheet 72. A view of filter housing 62 taken through section 3-3
of Fig. 2 is shown in Fig. 3 and better illustrates the air flow path.
Inlet 80 (a part of hidden channel 81) directs air through a curved
diffusion path formed by channel 81. Channel 81 terminates at vertical
channel 82 that connects to outlet 83. Elements 82 and 83 provide
additional resistance to diffusive flow. Channel 83 terminates at outlet

end 87.

The operation of the filter assembly 60 will now be explained with
reference to the previously described Figs. 2 and 3. When the pressure
within tﬁe digk drive enclosure immediately adjacent to the breather
filter is less than the ambient atmosphere pressure, a pressure gradient
is established across the breather.filter assembly. Air is drawn through
the breather opening 64 and into inlot 80 of filter housing 62. As shown
by the directional arrows in Fig. 2, the air passes through the channel
81, down vertical channel 82, and through outlet channel 83 through the
outlet hole 87 in the adhesive ring 85. Air emerges through the outlet

- 87 in a direction generally perpendicular to mesh spacer 70 and the
chemical filter sheet 72. Because of the barrier plate 74 adjacent to



housipg and enters the disk drive enclosure According to stil

anot her aspect of the present invention there is provided a filter

assenbly conprising: a filter assenbly housi ng having an entrance for
receipt of air to be filtered and an exit for_discharging filtered air; a

sheet of chenical fitPe¥ Ydterial supported within the housing for

adsor bi ng chem cal contam nants contained in the air, t he sheet
having a first surfage axprsed gearkahl \ipREpasdi £yl ae 4:0 bRt fda@WVenrougn

gl ;feg}: gonag‘; atn hg fghet&@t@ai ettt %deet%seoqgrxd zsgu%rff@..ree agp{;,gs;ﬁ,at eﬁéyagl fs o st
u u hi u

and nai ntained in co‘f?tralqgf’toq;ﬁe °§?°§lte s‘prf?fe 733;5”;?5%3;. g? V\qm TP ShEe % ¥ ot

preventing air flow YRGS &F Frefiett 1° R &tEBY LR FEIeE tlhi‘)’f Eaged 6°"df“|"‘dW‘

across said first s uﬁffF‘BFceaséf'ngs%ﬂrds%H@é?",e Bhet &hqmaﬁjﬁérfléiferpﬁﬁﬁ &2l Bheeaifri i er

material supported diyedthe ihgushengmalee dapodtigd @desaCadnidndt thet hecatrssgesdXi t .

for filtering partiCdpaddr€r6. 1t then passes through particulate filter 78 into the
interior of the disk drive.

The air entering the disk drive enclosure does not generally enter
into the interior of the chemical filter material by forced conduction,
but flows by the surface of the material so that the chemical filter does
not significantly increase the flow impedance of the filter assembly, as
in prior art breather filter assemblies. The flow across the surface of
the material allows contaminants to diffuse into the getter material and

become trapped.

The advantage of such an approach is illustrated in Fig. 4, which
ig a graph of the ratio of contaminant concentration "out" to contaminant
concentration "in" during an accelerated chemical test for different
filtér assemblies. The horizontal "clip level" line in Fig. 4 is the
maximum contaminant concentration ratio allowed for a particular disk
drive design. The curve A in Fig. 4 is the béhavior of a conventional
"flow-through" filter in which the air is forced by a pressure gradient
to pass through the chemical filter material. The curve B in Fig. 4 is
the behavior of a "flow-by" filter assembly in accordance with the
present invention. As is apparent, the new filter assembly provides a
much lower ratio of chemical concentration "out" to chemical
concentration "in", and thus better chemical trapping over the entire
duration of the test. 1In addition, the new filter assembly provides
adequate.éhemical filtration below the clip level for approximately 50%
longer, i.e., in an accelerated test the time to reach the clip level is
approximately 1.5 hours for the new filter assembly versus 1 hour for a
conventional "flow-through" filter-assembly. In this accelerated test, 1
hour is egquivalent to approximately 2.5-5 years of product lifetime. ’



~of the breather fil asse

matter in the air after the air has passed across said first surface of
said sheet and over the outer edge of said sheet.

DESCRI PTI ON OF THE PREFERRED EMBODI MENT( S) An enbodi ment of the
invention will now Giibed in detail by way of exanple ohly W th

- reference to the fol OWI ng dravvl ngs: Fig. 1 is a side view of a
magneti c recordi ng disk drive incorporating-a breather filter. Fig.
2 is a sectional view ofuMifigatipontothd hwodingkt descxided ehe manGeairt wCad
breather filter assemby person. For Eiagple3 thé fal1vék QMseAblyS@GT indluad-a3sfndi 0. 2
~and illustrates the gificDASHAGE shdde LI ¥ BALNLImbid 1RLASRRIRL %nlQUST NT.
PG 18 8 0raph bichubiaklig, LS.l W' ROR ChSHLC Lo GOMLA PRI LAPRE O,
illustrated in sect |t8?‘1§f‘ee\7few a schematic of the d| sk drive. The disk
~drive conprises a housing that includes a base 10 and a cover 11,



A disk drive notor 12 and an actuator 14 are secured to the base 10. The
base 10 and cover 11 provide a substantially seal enclosure for the disk
drive. A magnetic recording disk 16 i s connected| THISISHERT WAY @EE@d by
nmeans of hub 18 to which it is attached for rotatfion brepfigcglyi ve rotor
12. A thin film589%?3-83% el atively high-viséosity ' |
on the surface of disk 16. The |ubricant may be a conventi onal
perfl uoro-pol yet her (PFPE)-disk |ubricant.g@uysead/ wite head or transducer
42 is formed on the AMB- 93- 043 : : 5
trailing end of an air-bearing slider 20. Transducer 42 may_ be an'inductive -
read and write trhnsddcFa FFeEAeHEE e WPTEES FaREdeer W8t htla
magnet or esi sti ve fWRILrEkRsagt feashsdacera fipknE8) by trafsiecet | (A2)d &prossadingn

data from or writing data to the disk, and an actuator (14) for moving

the transducer across the surface of the disk, said enclosure having a
breather.opening (64) with a chemical filter (72) located near the
breather opening for removing chemical contaminants from air entering the
enclosure through tpe breathér opening;

and characterised by means (72) for preventing the air entering the
enclosure through the breather opening from flowing through the chemical
filter, whereby all the air entering the breather opening is forced to

pass across the surface of the chemical filter.

2. Tﬁe disk drive according to claim 1 wherein the chemical filter is
a sheet of adsorptive filter material, and wherein the flow preventing
means comprises a barrier having a surface maintained adjacent to one
side of said sheet whereby air is forced to flow across the surface of

the opposite side of said sheet.

3. The disk drive according to claim 1 or 2 further comprising a
particulate filter (78) located near the breather opening for removing
particulate matter from air entering the enclosure through the breather

opening.

4. The disk drive according to claim 3 wherein the particulate filter
is located downstream of the chemical filter, whereby air enters the
particulate filter after it has passed across the surface of the chemical

filter.

5. The disk drive according to claim 3 or 4 further comprising an air-
permeable spacer layer (76) between the preventing means and the

particulate filter.

6. The disk drive according to any preceding claim further comprisihg'
a filter housing (72) supporting the chemical filter, the housing being
attached to the enclosure and having a passage (81, 82, 83) providing

fluid communication between the breather opening and the chemical filter.

L
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techniques as is known in the art. The slider 201§ §§ éﬁ t he
actuator 14 by neans of a rigid arm 22 and a suspens £p E guspensi on
24 providing a biasing force that urges the slildex Dthp surface of
the recording disk 16. During operation of the disk drive, the drive notor
12 rotates the dimsk-okéosat a constant speed,oand the actuator 14, which is
typically a linear or rotary voice coil notor (VCM, noves the slider 20
generally radially across, the surface of the disk 16 so that the read/wite
head may access dif f eFEnt*Hat 8t PHERE DR GHYR SLBiewsin the PoRIFALEL 13 is

| ocat ed bet ween tfaé@rll’e’“%“ﬁa eb\rer a1eifugianBath- br eat her opening 64 is

| ocated in the cover 11 for equalizing pressure between the interior of the
di sk drive and the outw dekemixer gromnbg tdcldihteesr asaerddh EhédPadssgdDninhed t O
the inside of one;@fertddesitginas aQf inidienddi- She BibatRerCiteh Qg WnE anl ouBiet t he

i nside of cover 11, An@efg&erémy q,@gea&iwﬂ@dwwha mum@e RE QL RRL,; QR pY. 64. The

br eat her openi ng OW-pressure
region of the di swi?‘e'iff’?' p&* entetrhne?t {he brea%? I °?e“ingt # ngecﬁ?dogrenerabﬂﬁ Il enter

t hrough the fil té’ter%%‘é’ﬁ’fﬁr a\aiog ﬁﬁfacfkﬂfoﬂ'tjkfhﬁ‘t”ﬁé‘r tHhEn PRy ESB et ¥hks ar ound
gasket 13. gene'Fhélereetraillels tofantl fperdsp | the sugfgcse abithe 6migad Hhtparbyi n Fi g.
2. The assenbly 6feitmed pckesntane yednadri cal | y-shaped filter housing 62 that
is nounted to the inside surface of disk drive cover 11. The housing 62 is

preferably forned. of plaghl it b U5 o Se RALKE A DORALE . Lhe housing 62

has an inl et. 80that i S.aligne eni.ng,. 64 in cover 11.
The filter housing B2 1g T o%étpg eaL{]ehSPacer ‘l(i:ay‘raf:gfér 10 tea et 8RB or ned

ocattn
on the inside of “CBPE? 19 PERPS sORBEE G H8 sPeE othepicry filker material.

10. A filter assembly suitable for use in the disk drive of any

preceding claim.
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by neans of doubl e-si ded adhesi ve tape 65 that has a hole ali gned W th
breat her openi ng 64 and housing inlet 80. Another )é or—t-he
filter housing 62 to be located within a |ocating deﬁmﬂ égf 5rHA§ BEEMe,d
boss on the inside of the cover 11 and secured to thd._cove meang of
a doubl e-si ded adhesi ¥#8-13ap¥ 65. The fitter housing 62 has a
central recess 66 that contains a first air-perneable open nesh spacer 70,
an adsorbent chem cal filter sheet 72%zs@plk@t wied ciMidat ridpegrand a second

ai r- permeabl e open nesh spacer 76. The chemcal filter sheet 72 is nmade of
a perneabl e nedi a containing AMD- 931;3934 .

6 activated carbon, such as commercially av ‘e Kynol activated carbon
cloth, that renoves chem cal contam nants, including organic gases. The
open rresh spacers are a tm#temee@dd}gn@ﬁsldeml hage byrlthenfiltegpdseenbdd thauch
as commerci al |y avai | adebeesDeltnehenitiie chtbdingits (Hna tpertidulaty/ ndxeed.Orke kioferany
nonporous material, SiBuA§ MiREs atddalingi 72l naPLRVANLnctHE1 phMGHE1,085, sfana
parti culate filter 78a Ir%césg%gteQu&\é%s L’l&ecog{:.'g.ngfthe chemical 72 and particulate 78

filter elements. The passage in the filter housing provides fluid

communication between the breather opening 64 and a sheet of chemical .
filter material. A barrier plate 74 is also located in the filter
housing recess adjacent to the side of the chémical filter sheet not
exposed to air from the passage. The barrier plate prevents air from
flowing through the chemical filter material and redirects the air flow
across the surface of the chemical filteﬁ sheet. After the air flows by
the chemical filter sheet, it is directed through the particulate filter

element and into.the disk drive enclosure.

This Sheet Has Been RTlaced




housi ng 62 and covers the recess 66, holding the internal conponents wthin
the'h3U§fng 62. The particulate filter 78 is preferably made of expanded
pol yt etraf | uor oet hyl ene nmenbrane, such as commercially avail able Tetratex
(Donal dson-Tetratec) or el ectrostatically-charged nonwoven fabric, such as
commercially available Filtreet (3M Corporation) and Donal dson El ectret
(Donal dson Conpany). As shown in Fig. g/pthe filter housing 62 has
a passage for conducting air from breather opening 64 to chemcal filter
sheet 72. The passage includes an inlet 80 aligned with breather opening
64, a channel 81 for |imyying dijf usivesflow gp extern;&;conyaninant to the
filter, a vertical channdl 82. and an t| et _ghannel 83, Chafifiel 83 is

covered by an annul ar _ €8
Fig. 3). The outlet en 7 directfs the wir cenyrally thr t he ggen nesh
spacer 70 in a directi generalfly perpendicul @ar to the chem cal {ilter
sheet 72. A view of filfter } t hy oug tion 3- 1. 2
is showmn in Fig. 3 and ter—ttustrat es : 0 (a
part of hidden channel directs air through if fusion aﬁ@
formed by channel 81. ' ] t hat
connects to outlet 83. T 1 ance to
di ffusive flow Channel 83 téfminates at oud et end,87. gThe

operation of the filter assenbly 60 will now be explaingd with reference to
the previously described Figs. 2 and 3. When the pressure within the disk
drive enclosure imedi ately adjacent to the breather filter is |less than

t he anbi ent at nosphere pressure, a presgr (ﬁﬁadyént is established across
the breather. filter assembly. Air is drawn throlgh




the breather opening 64 and into inlot 80 of filter housing 62. As shown by
the*directional arrows in Fig. 2, the air passes through the channel 81,
down vertical channel 82, and through outlet channel 83 through the outl et
hole 87 in the adhesive ring 85. Air energes through the outlet 87 in a
direction generally perpendicular to nmesh spacer 70 and the chemcal filter
sheet 72. Because of the barrier plate 74 adpégzent to AMB- 93- 043
7 the surface 71 of chemical filter sheet 72, the air cannot pass through
the chemical filter sheet 72, but is redirected across and generally
parallel to the opposite surface 73 of sheet 7 passage of air into
the interior of sheet 72 is by diffusio : han forced conducti on.
After passing across surface 73 of che heet 72, the air is
directed into the annular gap wthi en back across nesh
spacer 76. It then passes through fpafticul.at into the interior
of the disk drive. The ai il i 'vg7enclosure does
not generally enter 4
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fl.ows by the surface of the|mater he che cal _filter does not
significantly increase the fllow.if ie of {he fil
prior art breather filter assenblies. The TTOw acros
material allows contam nants to diffuse into the get ‘Ha mat rJ?&(ﬁg& one
t rapped. The advantage of such apy approach ii&-L .Fillg.

4, which is a graph of the ratlo of contam nant concentratlon.

contam nant concentration "in" during an accel erated chem cal test for
different filter assenbli clip level" linein Fig. 4 1is
t he maxi num cont am nant ﬁiﬁmmf@ ICMe FILEER, particul ar di sk
drive design. The curve Ain Fig. 4 is the behavior of a conventional
"flowthrough” filter in which the air is forced by a pressure gradient to
pass t hr ABSTRACThemi cal filter material. The curve Bin Fig. 4 is the
behavior of a "flowby" filter assenbly in accordance with the present
invention. As is apparent, the new filter assenbly provides a nuch | ower
rati o of chem Aalhtacecorditgr disk drive' bastd' breathehfilércabenttily dlen reradvesrboth ciemisald
thus better chem cal trapping over the entire duration of the test. In

addi t i on,confaminanis and pasticelateanisley. ﬁm\;ﬁlteessmubmgmhldem:e besibg (72) hewing an

bel ow the clip level for ag&r oxi nmat el y 50% | onger, i in an accel erated

test the ipteral passage(@l, BRe83) and 3 ropess tha SBW@W@WS@QSCW@J‘ @y anche
11t er - adRBmge (18] i Sleiaati ol ptsassdn the Lo ioe aapyiges BHA Lo
appr oxi n%oﬁlﬁ(mﬁéa%on ﬁé?v%e% tﬁé bpeaal%i" Slt)exlﬂlé %4') Thd a sheet of chemical filter material. A

barrier plate (74) is also located in the filter housing recess adjacent to the side of the

|nto the interior of the chenfn.ﬁgl ;éflr[ S(HélE ial by forced conduction, but
N .

chemical filter sheet not exposed to air from the passage. The barrier plate prevents air
from flowing through the chemical filter material and redirects the air flow across the
surface of the chemical filter sheet. After the air flows by the chemical filter sheet, it is

directed through the particulate filter element and into the disk drive enclosure.

fig 2.
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AMB- 93- 043 8 Modi f jf
enbodi nent descri bed above may occur to the skille
the filter assenbly may include a second chem cal f ﬁﬁfﬁ e
barrier plate |ocated between the two chemical fil
passes across one surface of each of t he sheet s.
CLAIMS 1. A data recording disk drive conprising:

disk during read and write operations. Examples of these types of disk drives are

- described in IBM's US Patent 5,202,803 and published European application EP
367510; U.S. Patent 5,097,368 assigned to Conner Peripherals; and U.S. Patent
5,041,932 assigned to Censtor Corporation.

Magnetic recording disk drives are very sensitive to chemical contaminants. High
molecular weight organic vapors can adsorb on the very smooth surfaces of the disks and
slidefs and modify the properties of the liquid lubricant. Other chemical contaminants,
such as SO,, may ‘also induce corrosion of the metallurgy of the disks and heads,
especially the magnetoresistive read elements. For these reasons, many disk drives use a
chemical filter, in addition to a particulate filter, near the breather opening.

In conventional disk d_rives with a filter near the breather opening, the pressure
gradient between the ambient atmosphere and the drive interior forces the air through the
filter. This is desirable because it maximizes contact of the chemical vapors with the
chemical filter material. The breather opening is typically located at the lowest pressure
point in the drive to ensure that all air enters the drive through the breather filter attached
to the breather opening. However, the impedance of a combined flow-through chemical
and particle filter is increased by the addition of the chemical filter media. This can lead
to contaminants entering the drive enclosure through other leaks or openings.

SUMMARY OF THE INVENTION

It is an object of the present invention to ameliorate one or more disadvantages of
the prior art.

_According to one aspect of the present invention there is provided a data recording
disk drive comprising: a data disk; a motor connected to the disk for rotating the disk; a
transducer for reading data from or writing data to the disk; a carrier for supporting the
transducer near the surface of the disk; an actuator connected to the carrier for moving
the carrier and supported transducer across the surface of the disk; an enclosure
surrounding the motor and actuator and having a breather opening; a filter housing

located within the enclosure and having a passage, the passage having an inlet near the



a notor connected to the disk for rotating the disk
for reading data fromor witing data to the disk;
supporting the transducer near the surface of the sk;
connected to the carrier for noving the garrier an G:u@pg_r_l}%d\mv @du er
across the surface of the disk; an encl osur JUHG -t fre--npt or

and actuator and having a breather opening; a filter housing cated
within th Vgt e SE | l1BéRtd
near he by eapoe g RAJ B8 0j% CRRERACHL phGIar o mo R ite 2 10eke
by the housanghenshskapeabedetnfodr réniifa chafieab ébh@iniddts FFRAOME NGtk
contam nants fromair entering the enclosure through the breather opening,
t he filt erencbosiregthaougir theckreather wpeninge ther filtéry hpang anslirfack aorientedt Benerally
direction of air flow fromthe passage outlet; and a barrier

suppor t ed Deypandiculas teithe)diertionad airefiow dfone thet passage ohtlet; and afbarrierrsupported
preventing the air fromthe passage outlet fromflow ng through the

cheni cal oy therhonsing and locatsd adjacemigthe (ehemial fikter for prewentingf the ain fromn ghe

chem cal fplaLs;[agcre outlet from flowing through the chemical filter and for reorienting the air across

the surface of the chemical filter.

jo=e———. __a transducer
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According to another aspect of the present invention there is provided a magnetic
recording disk drive comprising: a magnetic recording data disk having tracks for the
recording of data; a motor connected to the disk for rotating the disk; a &ansducer for
reading data from or writing data to the data tracks: a carrier for supporting the
fransducer near the surface of the disk; an actuator connected to the carrier for moving
the carrier and supported transducer across the data tracks; an enclosure surrounding the
motor and actuator and having a breather openiing in one of its walls; and a breather
f_ilter housing mounted to said one wall and having a passage, the passage having an inlet
aligned with the breather opening and an outlet; a sheet of chemical filter material
supported within the housing, the sheet being orignted generally perpendicular to the
direction of air flow out said housing passage outlet, whereby a first side of said sheet is
in fluid communication with the breather opening; a barrier plate supported within the
housing adjacent to the side opposite said first side of said sheet for preventing air flow -
through said sheet, whereby air flow is reoriented generally parallel to and across said
first side of said sheet; and a layer of particulate filter material supported by the housing
-for filtering air that has passed across said first side of said sheet before the air leaves the
housing and enters the disk drive enclosure.

According to still another aspect of the present invention there is provided a filter
assembly comprising: a filter assembly housing having an entrance for receipt of air to
be filtered and an exit for discharging filtered air; a sheet of chemical filter material

supported within the housing for adsorbing chemical contaminants contained in the air,



2. The di sk drive according to claim 1 wherein {he—echem-cal—¥ s a
sheet of adsorptive filter material, and wherein {lhRemaoavENDhesssT SUrface
mai nt ai ned adj acent to one side of said sheet whefieby aier hﬁ forced|fo '
fl ow across the surface of the opposite side of sHiphtshber V3]991The di sk
drive according to claim 1 further conprising a peHewmte=+ter=
supported by the housing for rempving particulate matter fromthe air after
the air hathe shesskevidgdg ity §udfie Rkpbdad gehadily gEmEh&iE ar g0 fhe flog WirelliH of
drive according to claim 1 wherein the passage’in the filter housing ~
defines a thefditiso ba fliekdd, a Second AurTB@NGPpoBitd SA@ THEGIrFALS Kardl b SufePGaEE Sk NY:
. a magnetic recording data disk having tracks for the recordi ng of datla,

: barrier plate supported within the housing and maintained in contact with said second

Tt

surface of said sheet for preventing air flow through said sheet, whereby air is forced to
flow across said first surface of said sheet; and a layer of particulate filter material
supported by the housing and located adjacent to the housing exit for filtering particulate
matter in the air after the air has passed across said first surface of said sheet and over
the outer edge of said sheet.
DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

An embodiment of the invention will now be described in detail by way of example
only with reference to the following drawings:

Fig. 1 is a side view of a magnetic recording disk drive incorporating a breather
filter. |

Fig. 2 is a sectional view of a portion of the disk drive cover and attached breatheri
filter assembly.

Fig. 3 is a view of section 3-3 of Fig. 2 and illustrates the air passage in the
breather filter assembly housing.

Fig. 4 is a graph illustrating the improved chemical contaminant trapping of the
breather filter assembly.

Referring first to Fig. 1, there is illustrated in sectional view a schematic of the
disk drive. The disk drive comprises a housing that includes a base 10 and a cover 11.
A disk drive motor 12 and an actuator 14 are secured to the base 10. The base 10 and
cover 11 provide a substantially sealed enclosure for the disk drive. A magnetic
recording disk 16 is connected to drive motor 12 by means of hub 18 to which it is
attached for rotation by the drive motor 12. A thin film 50 of a relatively high-viscosity
lubricant is maintained on the surface of disk 16. The lubricant may be a conventional
perfluoro-polyether (PFPE) disk lubricant. A read/write head or transducer 42 is formed

on the



a notor connected to the disk for rotating the disk; a transducer

for readi ng data fromaor witing data to' the data t acks: a carrier
for supporti ducer near the surface o t ey
act uat or connect ﬁl“ u-,l"j! IHH u for noyging the cafrie @ﬂp‘ﬁ)‘ﬁ&‘le
t ransducer acr an encl os ngtsurrZ)uM@V _
...l.s

not or and actuat or and haV| ng a breat her opening i ot ttse
a breather filter housing nounted to s& ggge wal |l and having
the passage having.an inlet aligned with the breather opening and an

outlet; 1. A dakeetowingdiekideiet chmbtisingimat eri al supported within the .
housing, the sheet being oriented generally perpendicular to the direction
of air flow owtdataiditkhousi ng passage outlet, whereby a first side of said
sheet is in fluid communication with the breather opening; a barrier
pl ate suppor t comajariconnedied olsidisk fonyetating thediskhe si de opposite said first

f d sheet for preventing air flow through said sheet, whereby air
fS : g\‘fv ?s sal Sa transducer for readlqlg dagt,a from or writing data to the disk; Y

a carrier for supporting the transducer near the surface of the disk;

an actuator connected to the carrier for moving the carrier and supported transducer
across the surface of the disk;

an enclosure surrounding the motor and actuator and having a breather opening;

a filter housing located within the enclosure and having a passage, the passage
having an inlet near the breather opening and an outlet;

a chemical filter supported by the housing and located near the passage outlet for
removing chemical contatninants from air entering the enclosure through the breather
opening, the filter havingi a surface oriented generally perpendicular to the direction of
air flow from the passage outlet; and |

a barrier supported by the housing and located adjacent the chemical filter for
preventing the air from the passage outlet from flowing through the chemical filter and
for reorienting the air across the surface of the chemical filter.

2.  The disk drive according to claim 1 wherein the chemical filter is a sheet of
adsorptive filter material, and wherein the barrier has a surface maintained adjacent to
one side of said sheet whereby air is forced to flow actos_s the surface of the opposite
side of said sheet.

3. The disk drive according to claim 1 further comprising a particulate filter
supported by the housing for removing particulate matter from the air after the air has
passed the surface of the chemical filter.

4. The disk drive according to claim 1 wherein the passage in the filter housing
defines a diffusion path.

5. A magnetic recording disk drive comprising:



reoriented generaIILpaLaLJ—e—l—t—e and across said first side of said sheet;
and a layer e filter material suppof¥es=hy-the housing
for filtering ?‘I amﬂ‘.ﬂ @’;sed across said first ﬁmﬁc§ms@?&§,

before the a|r ng and enl(tgers t he di skj drive, encl osur
The di sk drive accord| ng to claimb5 wherein the passa

defines a diffusion path. 7. Afilter assenbly co
filter asse”b|a}'1n£§}iéﬁb ﬁ‘gcdi@l‘ﬁgréﬁtaadlsl@ﬂéwhﬁi'ﬁ@cﬁs%r fh%‘%@éd?&m@fof%hfa to be
filtered and an ‘exit for discharging filtered air; et of
chem cal filtarmofet eohrictedtp pe Higkl foy ﬁomtmgtthedlbp,um ng for adsorbl ng
chem cal contam nants contained in the air, the sheet having a first
sur f ace exposadransducer for reading data from or writing data to the data tracks:

a carrier for supporting the transducer near the surface of the disk;

an actuator connected to the carrier for moving the carrier and supported transducer
across the data tracks; |

an enclosure swrrounding the motor and actuator and having a breather opening in
one of its walls; and

a breather filter housing mounted to said one wall and having a passage, the
péssagé having an inlet aligned with the breather opening and an outlet;

a sheet of chemical filter material supported within the housing, the sheet being
oriented generally perpendicular to the direction of air flow out said housing passage
outlet, whereby a first side of said sheet is in fluid communication with the breather
opening; i

a barrier plate supported within the housing adjacent to the side opposite said first
side of said sheet for preventing air flow through said sheet, whereby air flow is
reoriented generally parallel to and across said first side of said sheet; and

a layer of particulate filter material supported by the housing for filtering air that
has passed across said first side of said sheet before the air leaves the housing and enters
the disk drive enclosure.

6. The disk drive according to claim 5 wherein the passage in the housing defines a
diffusion path.
7. A filter assembly comprising:

a filter assembly housing having an entrance for receipt of air to be filtered and an
exit for discharging filtered air; |

a sheet of chemical filter material supported within the housing for adsorbing

chemical contaminants contained in the air, the sheet having a first surface exposed



general |y perpendi cul ar tothe—flow direction of thejarF~re=be=fitterad a

second surface [ ' st surface, and an pRERLAGEYENT sHEET
barrier plate suﬁﬂﬂmumrma |1 l"le housi ng and mai ntfai ned isn, cont act wigit h
said second surfacectoftsat dssheet for 5reventi ng ai Etedwltaxm&uggpj

sheet, whereby air is forced to flow a foss said fi
sheet; and a layer of particulate filter material supported by the

housi ng apehdrAfRbeHeAdicAE ™ thd Aokt Eirdida ic?@%@éﬁtmfsy _ﬁgéﬂea,eaigaemﬁﬁéﬁrk&e} ate

matter in the air after the air has passed across sal '

first surface o

sai d sheebppadite 8y filshsureick Sindslocutef edrt d sheet. 8. The filter assenbly
according to claim7 further conprising an air-perneable spacer |ayer

| ocat ed wit hi a Bandethplasd mgppoetederithin the housing) gné maintained sindcdnkeet shide saidf
chem cal filter material. 9. The filter assenbly according to claim?7
further csseond surfgcenf said-sbeetnkosnipreventipg aisr flowytbrough saideshens, t wherebyhair is
ot Dl foroed to flow adross s fist sufface of sad sheeks and | Do oulate filter
a layer of particulate filter material supported by the housing and located adjacent
to the housing exit for filtering particulate matter in the air after the air has passed across
said first surface of said shéet and over the outer edge of said sheet.
8. The filter assembly 'according to claim 7 further cdmprising an air-permeable
‘'spacer layer located within the housing between the housihg éntrance and the sheet of
chemical filter material.
9. The filter assembly according to claim 7 further comprising an air-permeable
spacer iayer located within the housing between the barrier plate and the layer of
particulztte filter material.
10. The filter assembly according to claim 7 wherein the housing entrance includes a
passage having an inlet and an outlet cenirally located and oriented generally
perpendicular to the first surface of the sheet of chemical filter material, whereby air is
directed generally perpendicular to said first surface of said sheet and reoriented
generally parallel to and across said first surface of said sheet by the barrier plate.
11. The filter assembly according to claim 10 wherein the passage includes a generally

circuitous channel between the passage inlet and outlet, whereby diffusive flow of air to

said sheet is substantially limited.
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10. The filter assenbly according to claim7 wherein the housing entrance
includes a passage having an inlet and an outlet centrally |ocated and
oriented generally perpendicular to the first surf

gﬁ%&%@%}‘ﬁfﬁw BBAHT

chemcal filter material, whereby air is directed cl ar
to said first surface of said sheet and reoriented ner 4l leljfto
and across said first surface of said sheet by the g‘?ﬁfe\'ré_rma% +11.]l The

filter assenbly according to claim10;yherein the passage 1n
generally circuitous channel between the passage inlet and outlet, whereby

diffusive flow of air topISRIBRIVESWITH CHEMEALJFTEER M t ed.

ABSTRACT

A data recording disk drive has a breather filter assembly that removes both chemical
contaminants and particulate matter. The filter assembly includes a housing (72) having an
internal passage (81, 82, 83) and a recess that supports and.contains the chemical (72) and
particulate (78) filter elements. The passage in the filter housing provides fluid
communication between the breather opening (64) and a sheet of chemical filter material. A
barrier plate (74) is also located in the filter housing recess adjacent to the side of the
chemical filter sheet not exposed to air from the passage. The barrier plate prevents air
from flowing through the chemical filter material and redirects the air flow across the

+  surface of the chemical filter sheet. After the air flows by the chemical filter sheet, it is

directed through the particulate filter element and into the disk drive enclosure.

fig 2.



