WD 03/041081 -1 I NTERNAL DI SC DRI VE GAS RESERVO R PCT/ US02/ 03842 Rel at ed
Applications This application clains priority of United States provisional
applicatiwooSesioal 5 Nunber 60/ 338,210, filed Novenber 2pCc20G02/03uEl d Of
the Invention This application relates generally to disc drives and nore
particularly to a systemfor boosti I’]E_ the concentration of a gas other
than air within a disc drive. 10 Background of the Invention A disc drive
typically includes a base to which vari ous conponents of the disc drive
are nounted. A top colNFEBRd@JePASCPRIVE GAR Y@IRor m a housi ng t hat
defines an internal clean environnent for the disc drive. Sealing and
filling the clean environnent of disc drives with gases other than air can

enhance their performance. 15 Relat@KAppliéatidnew- density inert gases such as
helium can reduce the aerodynam ¢ drag bet vv_eenr@ihe di scs_and their

associ at &his appdicarion daimesauiorityoHUnited Fates proypmensk ARRitcaip S¢tidle- ¢ 0- one
conpar.ed.to J i I LS ced drag results in reduced power

r equi Fené\ﬁ]lfrgg%}gé;o%jﬁgﬁgpﬁlﬁ Il\feovrer%; %1?2_, zggﬁ'el iumfilled drive thus uses
substantially | ess power than a conparable disc drive that operates in an
air environment 20 Despite therRRVefthagasendionhel iumfilled drives, such

drives have not been commercially successful. This is maiénllai due to
probl ens assocThis eppligation relpsesrasneighy 10 Sk AHYSEAG MR BACHEN P Ses over

tinme. As the helium. ' hB halsit Rgmidhges ufied! e effects in
t he oper aqtyft(?ﬂl %Fb#‘ﬁ%mgi%}gegcogl?%n\}rggbgﬁggg%s:%t}lﬁkl y causi nb the disc drives to
fail .jgFor exanpl e, the incr Baskgronmdadithe bivieationf air nay increase the

forces 25 on the read/wite heaid due to tu%ibﬁl ent ai rflowtvvi %thl gﬁ% drive
and it may caubdlissairye typiealvanclides ahasgto WhICR vgriays GogWoRrs Pt Re §i% ance
above theydi r ol gl teSwith I6Eshst @ fodd d KHivkRigarhtSy st em t hat
can effec(}ﬁwvezagié/nbd?g{s\eta' (}H(}g ngeﬁtggﬁé%%ti on of a Sgas ot her thgn air, such as
hel i um i defimesihs mtetnildeatenvingnmend for thithdispdgsendealingend fidingihevicaes a

f ﬁLu;ir iocn,réngfirtpgrin%n‘? c?td disoct Ives ritgbg:,rlaseergso‘the{i?1 rt}ganoe{irf &h%oRENE rtheixslgerfo%gﬂéeages over

15 For example, low-density inert gases such as helium can reduce the aerodynamic drag
‘between the discs and their associated read/write heads by a factor of approximately
five-to-one compared to operating in air. This reduced drag results in reduced power
requirements for the spindle motor. A helium filled drive thus uses substantially less
power than a comparable disc drive that operates in an air environment

20 Despite the advantages of helium filled drives, such drives have not been
commercially successful. This is mainly due to problems associated with the helium
leaking from the disc drives over time. As the helium leaks out, air leaks in causing
undesirable effects in the operation of the disc drives and possibly causing the disc
drives to fail. For example, the increased concentration of air may increase the forces

25  on the read/write head due to turbulent airflow within a drive and it may cause noise
and/or the heads to fly at too great a distance above the discs.

Accordingly, there is a need for an improved system that can effectively boost

the concentration of a gas other than air, such as helium, in a disc drive during use.
The present invention provides a solution to this and other problems, and offers other

30  advantages over the prior art.



WD 03/ 041081 PCT/ US02/ 03842 -2 Summary of the Invention Against this
backdrop the present invention has been devel oped. An enbodi nent of the
present iwoeabiwelis a system for boosting a concentrati orcafusa2/gs2 ot her
than air, such as helium wthin an enclosed disc drive environnent. The
system 5 includes a pressurized reseryoir of the gas other than air within
the disc drive environnent. The gas other than air flows fromthe reservoir
t hrough an outlet and into the disc drive environnment. Additionally, a
particle trap within the di sSummgey obtheilpvetiam traps air particles. In
one enbodi nent ; t ' ' ’ | h as other than
10 air di ffuselsb‘g%u%? totg#rgeag%qréﬁﬂ%rp?%/%ﬁgﬁgg{rﬂghhn%%tﬂ Qé}ﬂ q\mg%gﬁiegngnbodi ment, a
pressur e embodimencomnheptadenitiovehtion thi sssystdni foe bessting aroreentraBoradf @gdso pr oduce

a pressure_signal, representative of the disc drive environpgent pressure. A
control nP#Er Ban aEefugags Wsﬂ@gg%éngi’%?gﬁs%ﬂﬂ' eﬁﬁﬁ?%%n?t _ﬁge g}ggen&t her
than a3 {cAifel RardsSRERY dldoroft Jrit Es el thabair GRAMNIANEENGLE the pressure

wi thin the rirve environment | in a 15 predeterm ned pressure
range. Thenvimnirent. Tindgdsetine diwasirsilopd fromghe tesenyar tiophgr an owilehand r from t he
reservoir to the disc drive envirgnnment if th ressyure. wi.t hi.n the disc
drive envitiofifehic drveapstamey. érdgﬁé% %%“ﬁ‘? &%%‘G(ﬂt 0 heE gisc dNGt her

enbodi mentnBfonkat B4 artiflyention is a disc drive defining an enclosed
di sc drive environnent. The disc drive includes a systemfor boosting a 20

concentration bfome gasodimee theleatietds p diapheagmadronshivihigh theeas athanthancl osed
o o i GO P i RURGF G HERRR- REERAMIdE ShebSRRY VOL T OF ¢ e

gas O Isc.drive environne as ot her than

air fl owsgdnksenadnRecte®foeth¥ dist drité EpuenRAt Bubletb pasdlict Bipeesture sifinglc dri ve
environment. Additionally, a particle trap wthin the disc driv

envi r onnerfpreseaipl Vet the diseideive snvipsmPRERISS AR &&Pp@ﬂ@?ﬁwcﬁga Pes as
e o PR S e sy R ke
of the asswmdioaneat thihewregsire Whid3hOditO8dve Srvironment is within a
15  predetermined pressure range. The control module ceases supplying the gas other
than air from the reservoir to the disc drive environment if the pressure within the disc
drive environment is above the predetermined pressure range.
Another embodiment of the present invention is a disc drive defining an
enclosed disc drive environment. The disc drive includes a system for boosting a
20  concentration of a gas other than air, such as helium, within an enclosed disc drive
environment. The system includes a pressurized reservoir of the gas other than air
within the disc drive environment. The gas other than air flows from the reservoir
through an outlet and into the disc drive environment. Additionally, a particle trap
within the disc drive environment traps air particles.
25 These and various other features as well as advantages which characterize the

present invention will be apparent from a reading of the following detailed description

and a review of the associated drawings.



PCT/ US02/ 03842 Brief Description of the Drawings FIG 1 is a plan view of a
disc drive incorporating a preferred enbodi nent of the present invention
showi ng twe opwiwsry i nternal conponents. FIG 2 is a schemamiusoziozmgr am of a
preferred disc drive concentration boosting 5 systemin accordance with a
preferred enbodi nent of the present invention. FIG 3 is a schematic

di agram of an alternative disc drive concentration boosting systemin
accordance with a preferred enbodi nent of the present invention. FIG 4 is
a graph conparing the perBgetBgeriptibn obftheddtavingover time for various disc

drive configurations, sone of i ch include_ heliu .at | boostin
10 systens |g gk & 7 A e 1GW oh2 gh% g‘HV‘?T’é‘ﬁ?’?OBalnnfg i rg%regrgg %@BF%%%I??% n. FIG ° 5

is a schematic . diagr A0 WS i Vel RRhpGents. St or age package

accor di ﬁgePrgs%nﬁq%\ﬂe%glgﬂkn@éWﬁg?ﬁm p!ryesgnt ir_lvljemlﬁlt,i on. Detailed Description A
di sc drive 100G;Qrish stishedicidagan of dprefared dise iy @nesHdoRROSE fent of 15
the present invention is. sho in FLG.. 1. | L¥&ioh00 i ncludes a
base 5L02systgm Hyfcedrdangs Btk 2 @mbgdg?eqt;&g%&&;gg&a%\%ﬁi% are nounted. A
top cover 104F1G.%h9\é'§019@ﬁéﬂcaiﬁgxarﬁ@ta@umnamm@rcammmmaﬁme base 102 to
forma housing that defines an enclosed seal ed eqr;urg]iér onment or,.disc drive

envi r onmeouistid®Systemn irt #oriasee with e eraferred erabaeigrt ik PITEFH I MMk di sc

drive enviro t 105 is filled wt ' t NRapgse e apienas or mance
of the disc & 1§ %pn&p@ﬁ%l%ﬁ%rﬁég&ggg?@ %%gu%rl ve 100 include a

spindl e Hﬁgé B At Gt TR, soffeairamicdriaclode hdiven direestratd® keostineconst anthi gh
speed. Informationis witten to and read framtracks on the discs 108
t hrolgh systemsse aotordanceavithhersbodimerinf (he PIFCIURYEOD ot at es” during a seek

operation aboﬁf%ﬁ ig%%%L&ﬁat%é‘@%éryﬁﬁg@cydﬂ%%hii’>9ﬁigtdf@ﬂ$9geaf‘5°ﬁ%@”t 25 the

di scs 108. Th Oor asse Includes a plurality of actuator arns
114,  whiGr@xé &vh &abeditent dfehelpresmt i98ntiwi.t h one or nore flexures 116

extending from each of the actuator_arns 114. Munted at the distal end of
each of the flexures 116 is aDﬁ@QB‘iyfﬁrlRﬂﬂ"ch includes an air bearing

sl i der enabl i naylngriheRfh dtBirkded inok falceseith Dpeiirmid gniakionent pfie
correspondi ng surface of the associated disc 108. 30 Durjn eek
oper ab! o frient maektiqmisisbowmirfIC feThedise dr sl inglgdes pp#E402 B0
which various components of the disc drive 100 are mounted. A top cover 104,
shown partially cut away, cooperates with the base 102 to form a housing that defines
an enclosed sealed environment or disc drive environment 105 for the disc drive in a
conventional manner. The disc drive environment 105 is filled with helium to
20 enhance the performance of the disc drive 100.

The components of the disc drive 100 include a spindle motor 106, which
rotates one or more discs 108 at a constant high speed. Information is written to and
read from tracks on the discs 108 through the use of an actuator assembly 110, which
rotates during a seek operation about a bearing shaft assembly 112 positioned adjacent

75  the discs 108. The actuator assembly 110 includes a plurality of actuator arms 114,
which extend towards the discs 108, with one or more flexures 116 extending from
each of the actuator arms 114. Mounted at the distal end of each of the flexures 116 is
a head 118, which includes an air bearing slider enabling the head 118 to fly in close
proximity above the corresponding surface of the associated disc 108.

30 During a seek operation, the track position of the heads 118 is controlled
through the use of a voice coil motor 124, which typically includes a coil 126 attached

to the actuator assembly 110, as well as one or more permanent magnets 128, which



t hrough the use of a voice coil notor 124, which typically i i
126 attached to the actuator assenbly 110, as melrpas ong chhg?gs 7 oo
per manentwougfoetosl 128, whi ch WO 03/ 041081 -4 PCT/ US02/ 038#2Tasvatisish a
magnetic field in which the coil 126 is imersed. The controlled
application of current to the coil 126 causes magnetic interaction between
the pernmanent magnets 128 and the c6il 126 so that the coil 126 moves in
accordance wth the well-known Lorentz relationship. As the coil 126
moves, thepAst MakehetR @66 awhith tldeqil 126tis immemsedt Bbe berollad shaft assenbly
112, and the heads 118 are c¢aused to move.acr 0ss the&ﬁ%%ﬁ ces of the discs
en

108. Thepphraignefrorent tode oil 126 5RRses MASHEd GILFRTPR HS e disc drive

100 is not _in,us I : i i
ovsr nononshle MG 128 FRAL a6 ot o dotrpe e hemdanddd e o
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. rou . he use of an.actuator |.at ar i

Padhier tsemb B0 RsYP RO redERi SISl I 12 O RO EE A8 Wa0e are
Bg{ Egd].c 0‘9‘“%‘%@ asaeipl ok tﬂé&rﬁ&%wﬁﬁ@dﬁsquui site electrical connection

actuator assenbly 110 while allow ng pi I
act u?t gr asselid %piﬂdle mdt&e H6ris t}tyi@ﬂmd&tenmize‘ﬁﬁ@epltg?glé‘}s/ t%@%ﬁ@?ﬂéegf at ne
printed circuit board 132 tq_ whi e i nnect ed;
t he headmvb}sfslé%%r %’%SQP%?%d’%&fﬂbengﬂ}ehgggsc éﬁ?“’@%%‘g& \Jé.@é%(ﬁ%@tl%’e) f1 exur es

116 to tﬁ%ﬁ%ﬂﬁeﬂﬁne@h@fm& iRteriSheviht doivanttdds de-eygpiizadl ¥h¢ ncl udes
circuitry for controlling the wite currents pplie? to.the heads 118
e Gsthlor 5

dur i n(gt alé@ngs ﬂg% erpercaticd overribe narbrzea@ﬁd%‘)fth@ﬂlghgre u signal s
generate the.heads 11 i 'y PR i 110 e@kemssenbl
term nat ¥ mﬁn‘?’l"vgll&bﬁ_’rgg?é%%?%% eﬂ%rrO?aélgﬁ%uqﬁl calth?a tédr}rq‘l ? Bt c Et}gh the base de)ék
102 to apfineadHrbparkeal nted circuit board (not shown) nmounted to the

bottom side of the disc drive 100._ A conc tipn b i
boosts the coAcken assembly 130 Progdes the FF@PISltEEgﬁ%éf:aquﬁlgﬁﬁ)h‘p{a ﬁlg%gl sgmdr1 i48e

environnent 105, T i. ) : ¢
suppl y sSPERT isﬁ?n?mﬁi W@E&éﬁl@%@é‘%ﬁﬁ%ﬂﬂoﬁ%émﬁf% acRfutdr4Qsdnttdy ites a

) rive environnent 105, The concentrati
boost § ng depeE eperdtiéh. dhs dlek nsdembbsingludesppiinigd siyeuibbard 133 toqyhich aps air ? 'on

head wires (not shown) are connected; the head wires being routed along the actuator
arms 114 and the flexures 116 to the heads 118. The printed circuit board 132
typically includes circuitry for controlling the write currents applied to the heads 118
during a write operation and a preamplifier for amplifying read signals generated by
20  the heads 118 during a read operation. The flex assembly terminates at a flex bracket
134 for communication through the base deck 102 to a disc drive printed circuit board
(not shown) mounted to the bottom side of the disc drive 100.
A concentration boosting system 140 boosts the conceniration of a gas other
than air within the disc drive environment 105. The concentration boosting system
25 140 includes a supply system 142 within the disc drive environment 105. The
concentration boosting system 140 also includes a trapping system 144 that traps air
particles within a predetermined area of the disc drive 100. Thus, over the life of the
disc drive 100 the supply system 142 replaces gas other than air that has leaked out,
and the trapping system 144 effectively removes air from the disc drive environment
30 as the air leaks in by trapping it in a predetermined area. The concentration boosting
system 140 thus boosts the concentration in the disc drive environment 105 by b

increasing the amount of the gas other than air and decreasing the amount of air. The



particles within a predeterm ned area of the disc drive 100. Thus, over the
life of the disc drive 100 the supply system 142 repl aces gas other than
ai r that wesloemked out, and the trapping system 144 eff @crivset/§3saenoves
air fromthe disc drive environment 30 as the air leaks in by trapping it
in a predeterm ned area. The concentrati on boosting system 140 thus boosts
the concentration in the disc drive énvironnent 105 by increasing the
amount of the gas other than air and decreasing the anount of air. The WD
03/ 04108 tondentridrnISARAAS8ARIT biibrteby ek sndbibo ssefklife ps thadisudivener eby
extends the useful life of the disc drive 100. Referring nowto FIG 2, a
concent r 39-on boost i ng system 200 in accordance wth an enbodi nent of the

present | nvenileathiAghids 710 2 URBhYer6LEBAAA tkra 260 Lt appidagesyst em 204,
The supply system 202 includes a container 206 that defines reservoir

208 cont avithi angeribvelimest aftieepresentimvantion impladescsiply; ystome222082ef er abl y

pressurized to an injti ressure o o0 about
100 &t moephieE sesiamathdbe SRR Hietert 1 R PER Won I RIRERE AP, 22
seal ed NetalyoiCAR @nPfhing Si4CdAs dthed thad laliniThe reservost 208|is praftrablyer . 1t may be

simlar in construction to 10 ot her sealed pressurize coﬁoai ners, such as
car bon diposssutizedde en initidlpressyre o froahihout AR AMQSPhrRRiofPaY i nvention, the

reservoir, 208, has | at. .09 tihe svakbaartpf the disc
drive endPRARYE aﬁ%ﬁ&eﬁ%%%&?t&Pég%@ggzggﬁgﬁieg&?r(E)}mst he reservoir 208. The
exit | i ngogthfhet, Suceheslapinunaoissted! kottainer. el treydiersgnildriogghstacien 10 of t he

contai ner 206. A valve 212 is 15 nornal h%n@zo%edﬁlﬁlgd reYﬁant gas from

| eakilfg fotsmsedted preswirized FOBBBIEHIEHEHCY fidee %io. Ah actuator 214

> Conne%h%%ggﬂgﬁ%?tl¥e%r¥s%F ihoeide, 63 rQREFADI0B Ha8 20RRM ! iseboge the val ve
odi ment ‘o

212. In an'e e present invention, the valve 212 may include
a bi met al1lopgodtheivphunoeaf theldiat thvaenvimongent Hiner 206 that nornmally plugs the

hole 210, and the act or 214 ingl udes a i | t .the binetallic
strip. \Wen a%e@&ﬁ%gf&?’ﬁ?{és Pb%‘ﬁﬁesteﬁveouc%ﬁ' T hegﬂélgllglﬁﬂégats t he

bi met al | izt&%@fauya sGal BbRExIAGnBitHBhLA b wall oFtd qdntaned @06r  wabek 202 iswi ng t he
pressuri Zzed gas to enter the hole 210. However, manﬁlﬁﬁ;g_her val ve-act uat or

conbilfat irensaky elopektoi tibwent gasriram desping fram ghazgsayeot 20§ through the exi

line 210. An actuator 214 is connected to the valve 212 and is operable to open and
close the valve 212. In an embodiment of the present invention, the valve 212 may
include a bimetallic strip located within the container 206 that normally plugs the hole
210, and the actuator 214 includes a coil mounted on the bimetallic strip. When a

20  current runs through the coil, the coil heats the bimetallic strip, causing the bimetallic
strip to deform and allowing the pressurized gas to enter the hole 210. However,
many other valve-actuator combinations are possible. For example, the valve could
be a micro-machined valve.

A pressure sensor 218 emits a pressure signal 220 that fepresents the pressure

25  within the disc drive environment 105. A control module 222 receives the pressure
signal 220. The control module 222 produces a valve actuator signal 224 that
prompts the actuator 214 to open the valve 212 when the pressure signal 220 indicates
that the pressure within the disc drive environment 105 is within a predetermined
pressure range. The gas other than air then flows from the reservoir 208, through the

30 exit line 210, and into the disc drive environment 105. After the pressure within the
disc drive environment 105 rises above the predetermined pressure range, the control

module 222 prompts the actuator 214 to close the valve 212. The predetermined



be a m cro-machi ned val ve. A pressure sensor 218 emts a pressure signal
220 that represents the pressure 25 within the disc drive environnment 105.
A controlwomdoh®sR22 receives the pressure signal 220. TireTasn2/e3sk2 nodul e
222 produces a val ve actuator signal 224 that pronpts the actuator 214 to
open the valve 212 when the pressure g.gnal 220 indicates that the
pressure within the disc drive environment 105 is within a predeterm ned

pressure range. The gas_other than air then flows fromthe reservoir 208,
t hrough t RESSe E30eE 1 priglerapiyat ox AHEthE 2 on R et AEASPRETISTIFSS B Rt 105,

After thegpiessihfonitiiudn bifr réi‘fgéé:mg ib!‘ﬁs&ﬂi’égéx?d} 84 tkORchim GRgePove the

predeterm ned pressure range, the control nodule 222 pronpts the actuator
214 to cl pessurhibandiingeapibiity hthephrdeneosiraed WO 03/ 041081 PCT/ US02/ 03842

-6 pressure rapge is ferably at or,slightly above i ent at mospheric
oressuro for - anfyEVEALEAR: G atbadta bRurs o ERguer AL St be So8Re pend ng
on thes vagiddileand/iRey alPhEREMAS] $s0Eb 28R hirhYseRent B&igheli¥e encl osure.
The val ve 212, the valve actuator 214, thé pressure sensor 218 and the

control Buamitnlasopstantmsssatie|or pressure kange avithin thepghssgkiveenvisgunentdps.

arrangenept . desi d to maintali constant . pressure or pressure range

wi thin t ni GrEese i rresT P shildaat el gneitdle, o MeRL L e oi gna
coul d be sgigngllvaedin tleidresspiRabg@itot, or nechanical signal within the
pressure regul ator. The trapgi ng system 204 preferably includes a particle

trap 226 that Thapapripg systan do4 peéqrally inghiden apayfidaEan AR Yaldemsditand sol i d

. Ci Lo, . e . i _ icle t
R e R (R
have ent epesertt luevedtion thdrpatizletiap 226nivarpettd0@)devidh dmt tieenigaldy ehdétewitht han ai r

is helium, the getter preferahly reacts with nitrogen and oxygen nol ecul es
to confi AEPRRiS ﬁleﬁtélam%ﬁgﬁ& i Pé&vg?m?ﬁalaéh‘&h?nﬁwg&ﬁo odi ment of

t he prese 15 i [ : Foad - gﬁ{rpﬁ, il abl e
from SAESﬁgi5 tﬁ el!r; fslé’l%ﬁ%_tg?get%e? Bf_@gi&%}g? erea%c?sa‘m&w%b% native y?ﬁotqicg%é?r)t icle

trap 226 eowfilbéhem o b prdetsysinedratchaf thergefisr. Inapgerbodmabn of thegeesentol ecul es
oxyqelt antPATiToEEsHet Ban BBty PERear Aoy e B s PSR S el fum
nol ecul esefLainate Italy. Alternatively, the particle trap 226 may be a filter system that traps
oxygen and nitrogen molecules or a gas flow separation system that separates heavier
molecules, such as oxygen and nitrogen molecules, from lighter molecules, such as
helium molecules.
20 Referring now to FIG. 3, an alternative concentration boosting system 300 is
shown that uses gas diffusion to regulate release of the gas other than air into the disc
drive environment 105. This system 300 also includes a supply system 302 and a
trapping system 304. The supply system 302 includes a container 306 that defines a
reservoir 308. The container 306 can be similar in construction to the container 206
25  described above except that here the initial pressure should be within a range of about
5 atmospheres to about 10 atmospheres absolute pressure. The supply system 302
includes a diaphragm 310 that separates the reservoir 308 from the disc drive
environment 105. The diaphragm 310 preferably is constructed so that the gas other
than air will continuously diffuse from the reservoir 308, through the diaphragm 310,
30 and into the disc drive environment 105. The diffusion rate will vary with the
pressure difference between the reservoir 308 and the disc drive environment 105.

Thus, as the reservoir pressure decreases, the diffusion rate will also decrease. In an



20 Referring nowto FIG 3, an alternative concentration boosting system
300 is shown that uses gas diffusion to regulate rel ease of the gas other
t han ai r wotos/ostee1 di sc drive environnent 105. This syst e®C3IAB0ANISR

i ncludes a supply system 302 and a trapping system 304. The supply system
302 includes a container 306 that defipnes a reservoir 308. The contai ner
306 can be simlar in construction to the container 206 25 descri bed above

except that here the initial pressure.should be within a range .of about 5
at nospher &8beYmaRLRf the Bresetdrishupr Resbunbragne 3 H} segless lea&eam@ﬁvn gystem

302 i ncl JafSrthetodRiNA805 3+ i BirkhRed SHSEYRItFap 328 thitqen t he
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t hat t he giaglaptdtbe pattichrtrap 226vdekd¢ribedrabovaiousl y di ffuse fromthe reservoir

308, through t di aphragm 310, 30 and,jnto.the disc driyve environnent 105.
The i 11 us on Hhe EoRRRAR R Ome etaa UG fee Bebfer smlE S BSwen t he

reser Vi 1 o HaBn@itbnl U st eSS st 200. Skl veR FRikr thdPmaintdllig 225 the reservoir
pressure decreases, the diffusion rate will also decrease. In an WO
03/ 04108 1pRedTteiusoed pa8siRe o7 pressyoziiangs within thi disp ddveenvifonpent 1¢by he

di aphragm 310.i s | ass plug.seated.wthin a | of .the.co i ner 306.
The trappﬁﬁ%@@%ﬁgggxqgﬁf ﬁ@gg%ﬁnggrt 'Oggléatv Plg\é\’la%ez %uq%fysfeén g@?m lar to
the parti &Rinub@dy ddfiseteme hdetlerhay sir thtbeplCho dRphfaghi 319, boost i ng system
300 works in a_manner simlar to the 5 concentration hoosting system 200.
However, rat heReferars mayy f BiChidng geaph#08 gempries hedpepeat Bl o0& heliump pEdsur e
range; i t hj { | i : i 1t V. | yi ng
gas- ol fer R ShSGE) R v kR BREH s ol cor BeBiS, shERkRaRE X1 0

di f f uses 30(eingmsordbhe withthe pacsenttinvaiigh. tTie idirapitabayxiz 30Drepfeséds ri ng now t o

FIG 4, a.graph 400 conpares the percent fill _of heljumover . 1Q tine
(ront hs) W APAHRIGORE Gl EePresRas PRTc&n il PLASTHR. COHRRRTRENGR boost i ng

system 39&11111%@1%E%rgé%ﬂ%%%’]‘%ﬁﬁtiw‘@f}EHii%ﬁleiBtthé BNEH OhvirbifeROldszont al axi s
402 represents ti and t vertical axis 404 represents percent fill of

hel i um Témempeed wrn iitlal qemtithelnicach bemeple.ahe mstéal pesssire ofjthwrdisa drivsf hel i um

i t he di .dri i t 105 L. i ni.ti tity. | h
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hel i um necessary for the disc drive 100 to operate properly. In the
present examples, the critical value line 406 is at 95% of the initial value, but it will

vary depending on the initial concentration of helium and on the features of the
specific disc drive 100. In all the exemplary configurations of FIG. 4, the volume of
20  the disc drive environment 105 is 100 cc's.

A first line 408 represents the percent fill of helium over time for a disc drive
environment 105 with a leak rate of 3.5x107 cc's per second, which is a typical upper
limit of the leak rate for a rubber gasket used to seal a disc drive 100. A second line
410 represents the percent fill of helium over time for a disc drive environment 105

25  with aleak rate of 3.5x10° cc's per second, which is a typical lower limit of the leak
rate for a rubber gasket used to seal a disc drive 100. As can be seen by these two
lines 408, 410, a typical disc drive 100 using a typical rubber gasket would be
operational for somewhere between about 6 months and about 55 months. For most
disc drive applications, this is insufficient.

30 A third line 412 represents the percent fill of helium over time for a disc drive
environment 105 that encloses a diffusion-type concentration boosting system 300

with a 10 cc reservoir at an initial reservoir pressure of 7.5 atmospheres absolute.



present exanples, the critical value line 406 is at 95% of the initial

value, but it will vary depending on the initial concentration of helium
and on thwofieaswses of the specific disc drive 100. |n alPCTtuse2/e3senpl ary
configurations of FIG 4, the volune of 20 the disc drive environnment 105

is 100 cc's. Afirst line 408 represents the percent fill of heliumover
time for a disc drive environnent 105 wth a |leak rate of 35x107ccs
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envi ronnent enc es a di f usion-t e concen I on st ng
system 36fvisnitenal @0thaicenchsey ¥ diffusionttlype tdntentadtioarbobsting sybteme3dr voi r

pressure of 10 atnospheres apsolute for a di ?ffu5| on type bi)OStI ng system
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drive is operatlona out 85 nont rat her tha bout 6 nonths. 10 A
fifth |insabdée tfepyrasﬂmppeltlhmt fparcmrmal IdbbercgaSMJ uhadlsoﬁeuvetll)ﬂms for a disc
drive enV|ronneg%6 Ioses a di ffusion-type concentration

boost hg SREFIHE th cc reservoir at an initial reservoir

pressure of 10A@%@§@E&h%x@?ﬁ@' 448 the BMRBdihE disb@sswnsg cOlideRat@ivi r onnent
105 leaks at a rate of 5x10-7 cc's per second, which
boosting system 200 or 300 according to the present invention significantly increases
the useful life of a disc drive 100 filled with helium or some other non-air gas.
Referring to FIG. 5, in an embodiment of the present invention the disc drive
20 100 is shipped and/or stored within a shipping package 500 to prevent significant
leakage of helium from the disc drive environment 105 of the disc drive 100 before
the disc drive 100 is used. The shipping package 500 includes a container 502 that
contains a disc drive 100. The container 502 includes a body 504 and a door or lid
506 that spans an aperture in the 1t.)ody 504 to seal the container 502. The container
25 502 thus defines an external enclosed environment 508. The external enclosed
environment 508 is also filled with the gas other than air. The external enclosed
environment 508 will prevent significant leakage or diffusion of air into the internal
disc drive environment 105 of the disc drive 100. The body 504 and the lid 506 are
preferably composed of a metal such as aluminum. They are preferably sealed
30 together by welding, brazing or soldering. If the body 504 and the lid 506 are welded
together, the 1id 506 or the body 504 can include a thinned portion that will readily |

allow a user to create an opening to remove the disc drive 100 from the container 502.
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present invention, the outlet is a diaphragm (such as
other than air from the reservoir to the disc drive environment if the disc drive

environment pressure is within a predetermined pressure range. The control module
ceases from supplying the gas other than air from the reservoir to the disc drive

20  environment if the pressure within the disc drive environment is above the
predetermined pressure range. The predetermined pressure range may be at about
ambient atmospheric pressure. In one embodiment of the present invention the
predetermined pressure range is above ambient atmospheric pressure. The control
module may supply the gas other than air from the reservoir to the disc drive

25  environment by opening a valve (such as 212) that is connected to the reservoir, and it
may cease from supplying the gas other than air from the reservoir to the disc drive
environment by closing the valve.

Alternatively, in a diffusion type embodiment of the boosting system, the

reservoir pressure may drop from an initial pressure as the gas other than air flows

30  from the reservoir by diffusion to the disc drive environment. That initial pressure is
preferably from about 5 atmospheres to about 10 atmospheres in the diffusion

embodiment.



310) through which the gas other than air diffuses into the disc drive
environnent. I n another enbodi nent of the present invention, the boosting
syst em f uwDham4108ncl udes a pressure sensor (such as 218) ecmnisor/ess41o the
di sc drive environnent. The sensor is able to produce a pressure signal
representative of the disc drive 15 environnment pressure. In this

enbodi nent, the boosting system al so iipcl udes a control nodule (such as

222) that recejyes th ressure. si | and suppljes the gas . other than air
fromthe reser tyé? Pa‘%](‘i{eett RJF%EE‘%&IY? HS%WHPGE ﬁé‘ﬁ’t"iqsfto taﬂi’éecg’ cgingflages
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preferably confines trapped particles. to.a predeterm ned_area wthin the
disc dri Vﬁ‘agﬁ&ﬁcﬁﬁgﬁ{lﬁ%ﬁﬁnﬂ‘ﬁgﬁéﬂﬁaf%mSCJ?iVFﬁngﬁ?lgggﬁt TSﬁ\gésrﬂt ¥n, the
particle thadRirifowd Msth tRSrebdiddir LI RBURRHYe E8ARInE tHiod eantcﬁﬁ‘lepﬁgclﬁ' r
particles. The trap{ged air particles are preferably nitrogen ahd oxygen
o]

mol ecul esas 20eorgd ). otlshoostinhisysten alse schndes epaiicle thapl (such asR26ton826)an
(suchi hs 1B hEfisBRASE BhvildhRaL kG VaPRte aF p3H¥ERi fonment (such as 105).
The An embodiment of the present invention may also be summarized as a disc
drive (such as 100) including an enclosed disc drive environment (such as 105) and
means within the disc drive environment for boosting a concentration of a gas other
than air within the disc drive environment. The means for boosting may include
20 means for supplying helium to the disc drive environment and means for trapping air
particles within the disc drive environment.
It will be clear that the present invention is well adapted to attain the ends and
advantages mentioned as well as those inherent therein. While embodiments have
been described for purposes of this disclosure, various changes and modifications may
25  be made which are well within the scope of the present invention. For example, the
helium reservoir can be placed in any of various positions within the drive and can be
any of various shapes depending on the type of drive and the desired size of the
helium reservoir. Numerous other changes may be made which will readily suggest

themselves to those skilled in the art and which are encompassed in the scope of the

30  invention disclosed and as defined in the appended claims.



disc drive includes a boosting system (such as 200 or 300) for boosting a
concentration of a gas other than air within the disc drive environnent.
The boostwog3adiogyst em i ncl udes a reservoir (such as 208 ®CTAG8)/03841 hi n the
di sc drive environnent, and the reservoir contains the gas other than air
at a reservoir pressure that is higher than a disc drive environnent
pressure of the disc drive environnent;. The gas other than air flows from
the reservoir to the disc drive enviroment through an outlet (such as 210
or 310). The boosting systemalso includes a particle trap (such as 226 or
326) 15 within the disc drive envirqagpps for trapping air particles. An
enbodi nent of the present invention may al so be summari zed as a disc drive
(such as 100) Wik isdilmgnedns:encl osed di sc drive environnent (such as 105)
and neans within the disc drive environnent for boosting a concentration
of a gas other than air within the disc drive enyiron The neans for

boostihg may i hcPuRROSHNE FsiGHa fqré’PO%tlﬂgpi‘l GPRGNIREON QP €8S © @r%'i“é%‘rdrl ve
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desired size of th hel i,u rvaoir her chan be made
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whi ch arEdﬁ@gﬁV@a@ﬁﬁﬁmkﬂthh@ scope of the 30 invention dlsclosed and as
defined in the appended clai ns. WD 03/041081 PCT/ US02/ 03842 11 Gl ai ns What
i s clained is: apaticleAramowibinibe disediva qnyiropnent thepagidoHaRHMPARS ¥h of a gas
ot her thaB%%> wi thin an encl osed disc drive environnment containing a

di sc, the os?ing system conprising: a reservoir within the disc drive
envi rofimrent, the reservoir containing the gas

2. The system of claim 1, wherein the outlet is a diaphragm through which the

gas other than air diffuses into the disc drive environment.

3. The system of claim 1, further comprising:

20 a pressure sensor connected to the disc drive environment, the sensor being
operable to produce a pressure signal representative of the disc drive environment
pressure; and '

a control module receiving the pressure signal and operably supplying the gas
other than air from the reservoir to the disc drive environment if the disc drive

25  environment pressure is within a predetermined pressure range and ceasing from
supplying the gas other than air from the reservoir to the disc drive environment if the

pressure within the disc drive environment is above the predetermined pressure range.

4. The system of claim 1, wherein the particle trap confines trapped air

30 particles to a predetermined area within the disc drive environment.

5. The system of claim 4, wherein the particle trap is a getter that chemically
reacts with the trapped air particles.



other than air at a reservoir pressure that is higher than a disc drive
envi ronnent 10 pressure of the disc drive environnment; an outlet through
whi ch t hewgas/etoser than air flows fromthe reservoir to traa/usd2/ess4dri ve
environment; and a particle trap within the disc drive environnent, the
particle trap trapping air particles. 15 2. The systemof claim1, wherein
the outlet is a diaphragmthrough whigh the gas other than air diffuses
into the disc drive environnent. 3. The systemof claim1, further
conprising: 20 a pressure sensor connected to the disc drive environnent,

the sensor bei BgThERGEER!Z clafin B! QLS Be RESSHIUiLpHiBEMre BRI RAGAI at | ve of
the disc drive environnent pressure; and a control nodul e receiving the

pressure exygealmalecileper ably supplying the gas other than air fromthe
reservoir to the disc drive environnment if the disc drive 25 environnent
pressure is within a predeterm ned pressure range and ceasing from

suppl y§ ng the gag @kbefivé Aethidd dn dcRiFed BRc HASE ENBIionnicAt éd?ﬁ’aiﬁﬁh?%_di‘sfci, ve
environment if the pressure wthin the disc drive environnent is above the
pr edet er nihgeliscghvengnwristggeboostinglyystenyfor baosingel conesnitatiomef 83 t he

particle nf apped.air . 30 rtiecles.to redeterni ned area
W thin thé,t'il |%§88{ri‘@g}ﬁ%%§ﬁ rlgcn(?ﬁe\;:\éte.]fl v .gmf%g’ ttgf?gf) g%%ngfsy%fe%icﬁ{nffm%ér ein the
particle trap hsesarn@it wthintthadisciéve edirbimetfitg dRtresenrdifcdninihg aped ai r
particles. WD 03/041081 PCT/ US02/ 03842 . 12 6. The system_ of claimb5,

wher ei n t H@et thap ge @t aresepioit nresswee thatds higherdhama disq drigg gyarPnmsbbcul es. 5 7.

A di sgy dr%&%ﬂ@&fﬁ%%cﬁﬂiv@%ﬁ{/ﬁ’ﬁﬁ%n@i sc drive environnment containing a disc,
r

the disc I've conprising a boosting system for boosting a concentration of
a gas ot her t hasenioir mitlchihnovghevideisthegns vtherthan nirrflosvstfronh tie to@pedii ng
system conprising:. a reservoir - within the disc drive environnent, the
reservoi rtoéi}ﬁa§F%Pﬁ’§ePWé°15%"§m Bfher than air at a reservoir pressure that

i's higher than,gaicRCirsl WMBInSRYAiSOMRR nvironment, the particle trap trapping air
particles.
15

8. The disc drive of claim 7, further comprising:

a pressure sensor connected to the disc drive environment, the sensor being
operable to produce a pressure signal representative of the disc drive environment
pressure; and

20 a control module receiving the pressure signal and operably supplying the gas
other than air from the reservoir to the disc drive environment if the disc drive
environment pressure is within a predetermined pressure range and ceasing from
supplying the gas other than air from the reservoir to the disc drive environment if the
pressure within the disc drive environment is above the predetermined pressure range.

25

9. The disc drive of ciaim 8, wherein the control module supplies the gas
other than air from the reservoir to the disc drive environment by opening a valve that
is connected to the reservoir and wherein the control module ceasing from supplying
the gas other than air from the reservoir to the disc drive environment by closing the

30 valve.



10 pressure of the disc drive environnent; a reservoir outlet through which
the gas other than air flows fromthe reservoir to the disc drive

envi ronmewD;03ammsn particle trap within the disc drive enecrarsopodss2 t he
particle trap trapping air particles. 15 8. The disc drive of claim?7,
further conprising: a pressure sensor connected to the disc drive

envi ronnent, the sensor being operabi® to produce a pressure signal
representative, of hhe isc.gr.iv nvi.ronment pressure; and 20 a control
modul e receivng Thesysfeaeg @n%=dﬁ5¥mﬁnd operably supplying the gas other
than air fheony biher {has eI Phdliuh ahfpe disc drive environnment if the disc drive
environment pressure is within a predeterm ned pressure range and ceasing
from supibicparigle tiep epadines droigen hhnigiogerf paticieh® 1 pedetomiined aret Methiti sc dri ve
environnem%dgEdH% enPhEssur e within the disc drive environment is above the
predet erm ned pre sur&lygﬁﬁe. 25 9. The disc drive of claim8, wherein the
contr@d nodul e supplies the gas other than air fromthe reservoir to the
di sc drive environnment by opening a valve that is connected to the
reservoir and wherein the control nodul e ceasing from supplying the gas
other than air fromthe reservoir to the disc drive environnment by closing
the 30 valve. WD 03/041081 PCT/ US02/ 03842 13- 10. The system of claim7,
wherein: the gas other than air is helium and the particle trap confines
oxygen and nitrogen particles to a predetermined area within the disc
drive environnent. 5



