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low-density gas such as helium in a disc drive is in dan- ger of reaching an unacceptable level includes
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ning of each regular issue of the PCT Gazette. 13 DEC 2005 WO 03/007302 %%pgé(\}é 839 -1
EARLY LEAK DETECTION SYSTEM FOR A DISC DRIVE CONTAINING A LOW- ITY GAS
Related AppheeidansI2This application claims priority of United States provisi®alEpiRiesson Serial
Number 60/304,093, filed July 9, 2001 and United States provisional application Serial Number
60/337,635, filed November 2, 2001. Field of the Invention 10 This application relates generally to disc
drives and more particularly to a disc drive leak detection system for a disc drive containing a
low-density gas other than air. Background of the Invention A disc drive typically includes a base to

which various EARIOVENEAK DE TECTION SESTEMRORA DISC DREVEWONTRININGthe base to
form a housing that defines an internal, sealed _environment for the disc drive. The components
include a spindle motor, which rotates orfé BPWGP@B{&E&%‘AC%nStant high speed. Information is
written to and read from tracks on the discs through the use of an actuator assembly. The actuator
assembly includes actuator arms, which extend towards the discs, with one or more flexures
extending from each of the actuator arms. Belated Aeplisaiengistal end of each of the flexures is a

head, which incfygles,an ali heatnsSidsinPoprDINGdRAa38 §0i S HIGIBSRRIHDEN 2 BRisbe

corresponding surface of the associated disc. Filling disc drives with Iow-densitégases other than air
P

(i.e., a gae/BadivRp aftlehdnly18,00 kivad HritadsHiatay predsionad peaHeHRE e #h P PBAormance. For

examplesdoys-flepsity et Saaas59Chnas. helium can reduce the aerodynamic drag between the discs
and their assoéiatéd 25 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 les¥pdd/ef thedmyerfieparable disc drive that operates in an

air gnvironmen, AL o Sae TReNe MRIMN SRR CORTLEIR A R ARRAted g nesgtion of

the disc drive more ctively than alr. 30 Despite the advantages of helium filled drives, such drives
have notdbteeticcospstenciatly disc drive containing a low-density gas other than air.

Background of the Invention
A disc drive typically includes a base to which various components of the disc drive are
15 mounted. A top cover cooperates with the base to form a housing that defines an internal, sealed
environment for the disc drive. The components include a spindle motor, which rotates one or
more discs at a constant high speed. Information is written to and read from tracks on the discs
through the use of an actuator assembly. The actuator assembly includes actuator arms, which
extend towards the discs, with one or more flexures extending from each of the actuator arms.
20 Mounted at the distal end of each of the flexures is a head, which includes an air bearing slider
enabling the head to fly in close proximity above the corresponding surface of the associated disc.
Filling disc drives with low-density gases other than air (i.e., a gas having a density lower
than air at similar pressures) can enhance their performance. For example, low-density inert
gases such as helium can reduce the aerodynamic drag between the discs and their associated
25  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. At the same time, the helium gas conducts away heat generated during operation of
the disc drive more effectively than air.
30 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



successful. This is mainly due to problems associated with the helium leaking {rppgire e drives
over time. As the helium leaks out, air leaks in causing undesirable effects in the operation 13 DEC
2005 WO 0¥Yo0B3m23p2CT/US02/03839 -2 of the disc drives and possibly caudted /2188 drives to
fail. For example, the increased concentration of air may increase the forces on the read/write head
due to turbulent airflow within the drive and it may cause noise and/or the heads to fly at too great a
distance above the discs. The risk of unexpected failure due to inadequate amounts of helium is a
considerable drawback to 5 helium disc drives, especially because the data stored within the disc drive
can be irs€itie\iadd\yirloss Hride ddisblgriuasiaiithAdéerdingly tih . 1§ or reechfbe, sireimgeased drive that

can effectively use helium withqut the risk of the disc drive unexpectedly crashi ue to a law helium
conce ntr%‘?f?ﬁ‘??’ﬁ‘ﬁtéoﬂrggﬁlﬁﬂ%%%ﬁ%ﬁ&%ﬁé%eg° ?Bﬁé%a%‘mis? aﬁﬁ%&oﬁéopgg@@r%g ,agrt:ig V(‘)’f?g;{élgther
advantagks @¥es 4he it hatienas. oW adryrahi e ddyen igrarigaipriathisi ek abotfettps diwt
invention has been developed, In accordance with one embodiment of the re.senLB' vention,

method d&te Bk PhuneEpriteh iR SisitiRedeniaty Yreuass ¢ L%E”ﬁg RiGRTSIAcsa Eé%‘r‘?&éa‘fg it

danger ofdpaahing anwiasgaRiahieveiekeiihe dpatboeialitRsRenSO IR sighalibaiaabBs in
response to variations in the concentration of the gas in the disc drive and determining a criterion

based oﬁ%éfMié?éHi§FgﬁéJﬁ-The criterion is chosen to indicate whether the disc drive is in danger
of not performing.safigfaniprily-dueatR-adavr SPREHIVaIARN RS the eas dirdbevdisauskineidhiwithout

concentration is not necessarily unacceptable 20 itself, but it indicates that the concentration is in

danger dheaghnighedissalbeprasipssirdlyraasthngHue 1adandsHun SorsryEafieg - wHEPITEEfiterion
has beenmet; JNis daddDaXIHARE B (NRHNNGIRIBRMRSRO LIt RRRigaRE: athanfinstians wihin the

disc drive, such as automatically backing up the data from the disc drive. Another embodiment of the
present ipeendidn is a disc drive containing a low-density gas 25 such as helium and including a gas
leak detection system. The detection system includes a sensor within the drive producing a signal

responsive to variations in the concentragi le 3R d D& fiisc drive. The sensor could be a
read/write transducer and the signal 003%9 Ele a?rt%t}g?nplitude of

Against this backdrop the present invention has been developed. In accordance with one
embodiment of the present invention, a method detects that a concentration of a low-density gas
15 (such as helium) in a disc drive is in danger of reaching an unacceptable level. The method
includes monitoring a signal that varies in response to variations in the concentration of the gas in
the disc drive and determining a criterion based on the monitored signal. The criterion is chosen
to indicate whether the disc drive is in danger of not performing satisfactorily due to a low
concentration of the gas in the disc drive. This concentration is not necessarily unacceptable
20 itself, but it indicates that the concentration is in danger of reaching an unacceptable level. The
method also includes setting a flag when the criterion has been met. This flag may trigger a
warning to the user or it may trigger other functions within the disc drive, such as automatically
backing up the data from the disc drive.
Another embodiment of the present invention is a disc drive containing a low-density gas
25 such as helium and including a gas leak detection system. The detection system includes a sensor
within the drive producing a signal responsive to variations in the concentration of the gas in the
disc drive. The sensor could be a read/write transducer and the signal could be an amplitude of
the read signal representing the fly height of the transducer or a position error signal representing
nonrepeatable runout. The signal may also represent the run current of a spindle motor or the
30  measured disc mode vibrations of a separate accelerometer positioned on or within the disc drive.
The present invention can further be implemented as a disc drive including a housing

containing a low-density gas other than air. The disc drive includes means for detecting whether



the read signal representing the fly height of the transducer or a position error tgpgal cepyggenting
nonrepeatable runout. The signal may also represent the run current of a spindle motor or the 30
measured d¥0 fA¥d¥E30brations of a separate accelerometer positioned on or RERIHI$RE08%8E drive.
The present invention can further be implemented as a disc drive including a housing containing a
low-density gas other than air. The disc drive includes means for detecting whether 13 DEC 2005 WO
03/007302 PCT/US02/03839 -3 the disc drive is in danger of not performing satisfactorily due to a low
concentration of the gas in the disc drive. The detecting means preferably includes means for
receivingte sigodrivatsvarizagir ofspopseftonviagatitsidtotily donteaiaticorsktitalmn-aehsigagas in
the disc ﬂgvg and.a fug@gr means for deter inig&wh{etger ae%gtsetrci)(r)rgebgls%g oanS}he ?@QP\LQ@? been
met. 5 THSESGAVSrdE e HRa LS A G e R A A S A SR A LG & o & Brecen
inventiorinidspense pararnkiiomn ia thadoigaftiheoioddwintp dedailenydesdrptiodiandrévecaridw Hirthiee
associated drawings. Brief Desc%iﬁtéjon of the Déaw?iﬁ s 10 FIG.i IS a‘)rglan view of a disc drive

g B8

incorpor AT Rl pF SRIFraY UAS S BRYISHE STRE S U G brimary internal

components. Fifhedeiami lavicehayihef eganaras ek detecinganeitachioaescedizsckeypittsenpreferred
embodiment of the present invention. FIG. 3 is a flow chart of referred embodiment of the

specjfic
method SRR WH! PREPRAECR! (AR GiEHBPaNn faiched b }ﬁ%éé&%a&ﬁlﬂ%ﬁﬂ&ﬁéee{hﬁv eatable
runout, andaaidste@atawagieding repeatable and nonrepeatable runout. FIG. 5 is a chart comparing
the nonrepeatable runout position error signal of a disc drive with a helium environment and a disc
drive with an air environment. FIG. 6 is a plan view of a bottom side of the disc drive shown in FIG. 1
illustrating an 20 accelerometer posﬁbﬁ&%’%ﬁ?'&@ﬁﬂo‘fém%mad‘é@@%f the disc drive. FIG. 7 is a flow

chayt of a specifigliefnglive sabesimant dive imetheshehf KprerRelailgd aRasHtSionSpelissnrive

100 constructed in accordance with a preferred embodiment of the present 25 invention is shown in
FIG. 1. Thaaidendyheevimnthediiaea niptseal oompanpiéh various components of the disc drive 100 are

mounted. A topggeyer 1 G4y SRR H%I%&HI Y etection method in accordance with a preferred
embodiment of the present invention.
FIG. 3 is a flow chart of a specific preferred embodiment of the method of FIG. 2.
15 FIG. 4 is a plan view of an ideal track path, a track path including only repeatable runout,
and a track path including repeatable and nonrepeatable runout. |
FIG. 5 is a chart comparing the nonrepeatable runout position error signal of a disc drive
with a helium environment and a disc drive with an air environment.
FIG. 6 is a plan view of a bottom side of the disc drive shown in FIG. 1 illustrating an
20 accelerometer positioned on a spindle motor base of the disc drive.

FIG. 7 is a flow chart of a specific alternative embodiment of the method of FIG. 2.

Detailed Description
A disc drive 100 constructed in accordance with a preferred embodiment of the present
25  invention is shown in FIG. 1. The disc drive 100 includes a base 102 to 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 internal, sealed environment for
the disc drive in a conventional manner. The sealed environment of the disc drive 100 is filled
with helium to enhance the performance of the disc drive 100. The components include a spindle
30  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 the discs



cooperates with the base 102 to form a housing that defines an internal, sealed gipygrensagpt for the
disc drive in a conventional manner. The sealed environment of the disc drive 100 is filled with helium
to enhance W@ pEIfGsfitance of the disc drive 100. The components include a BEiRdIR0VB03A38tor 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 actuatgr assembly 110, which rotates during a seek
operation about a bearing shaft assembly 112 positioned adjacent the discs 13 DEC 2005 WO
03/007302 PCT/US02/03839 -4 108. The actuator assembly 110 includes a plurality of actuator arms
114 whidnextEndaawasdassbaslis¢s 0LaR I wikh Oplematitpofadiextvesriitd bxtehitih gxrom eachdsf the
actuator arms 114. Mounted at the distal englai%eack%ézf th& flexur si. 6 is a head 118 \/Xhich

] hRSH

includestf discpd BnYy1thiens FEBIH U FLS FrErding fromoash i itg 4Bt & e Mtresponding

surface gfithatbdansasiatas dise HBcRPUING ASeRKANE AlPReANY ISicknasion@lsthe ieBeEihgs is
controlled through the use of a voice coil motor 124, which typically includes a coil 126 attached to the

actuator iskss siabling thedacadb 180 A Bt ARsPERHAREOY RS SRTeBO YRS BLResIRHDE magnetic

fieldsin whigh.: 1he il 398 is immersed. The controlled application of current to the coil 126 causes
magnetic 10 interaction between the permanent magnets 128 and the coil 126 so that the coil 126
moves in accoR¥ireasakResiasiPRIb ik pptiticn i chersdad MR dscomrolehdyeushiBeistiator

assemblr VRt GRANE 1R PRI ANRNIRTREMAGY o 0du 326 IRECRERL (hdBdisGRURMpymOve

across the surfaces of the discs 108. The spindle motor 106 is typically de-energized when the disc

drive 10018 nstirellise doe ammmmtﬂm,mmwmwm@@@@navpm zone
120 near, he 3edametell M dennBbsh s dove maletdse-snaszads Etanads 118

are secured overthe park- zone roug use of an actuator latch arrangement, which prevents
inadyertémeratatanaivios hetyatonassomipyels] &/ hed ttrechddA$ aodtpartkedo 12k mesembly 130

ovee SIS e PSS AR B0 20 ARSI HE g lovn
printed cigseihbRar H0132dR ¥BYehthebehreshatoissbabh) IR, aehhediedistheSwadaviestbeiogeouted
AN N B e sarTaces of the dists 108, <> HHotothe
The spindle motor 106 is typically de-energized when the disc drive 100 is not in use for
15 extended periods of time. The heads 118 are moved over a park zone 120 near the inner diameter
of the discs 108 when the drive motor is de-energized. The heads 118 are secured over the park
zone 120 through the use of an actuator latch arrangement, which prevents inadvertent rotation of
the actuator assembly 110 when the heads are parked.
A flex assembly 130 provides the requisite electrical connection paths for the actuator
20  assembly 110 while allowing pivotal movement of the actuator assembly 110 during operation.
The flex assembly includes a printed circuit board 132 to which 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
25  signals generated by 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.
Referring now to FIGS. 1-2, a method 200 of detecting that the concentration of a low-
density gas other than air (e.g., helium) in a disc drive 100 is in danger of falling to an
30  unacceptable level will be described. In operation 202 a criterion is determined based on a signal.

Preferably the signal represents a characteristic that will vary as the concentration of a gas in the



heads 118. The printed circuit board 132 typically includes circuitry for controlli ﬁ IE vg%@ currents
applied to the heads 118 during a write operation and a preamplifier for amplif)j;I 555 g %ignals
generated By €he3/@a82 118 during a read operation. The flex assembly termiR&BYIRAIRIR 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. Referring now to FIGS. 1-2, a method 200 of
detecting that the concentration of a low- density gas other than air (e.g., helium) in a disc drive 100 is
in danger of falling to an 30 unacceptable level will be described. In operation 202 a criterion is

determingigckrBed 00 RfignathPeaterailydhel signndtrdpnabani asithadiedsicdaitivil vhtyeas the
concentration of a gas in the 13 DEC 2005 WO 03/007302 PCT#%%O?SB tﬁ disc drive 100 varies.
The criteffSrinhsetss 45 140 i areseafRiingd L8R LBALCH & ’é’é‘gi 458§ % rive 100 is in

danger qfifaliineljariiceiRacRaNabiaierRka0H Wifl Citesisw RietERRbpinsic aiesl ahila concentration
will fall below an unacceptable level within a predetermined period of time. 5 In operation 204 the

signal isRFRSIsHSPeERed H@?@F’rﬁf]@”ﬂ?-query operation 206 whether the criterion has been met. If the
critegion has nofheen,met 20PHEIRG PR SitRad ¢ tlirkemni PRt ARbn bitewiBphbas

been met, indicating that the concentration of helium in the disc drive 100 will fall below an
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helium w to an unacceptable level within the predetermined period of time. The user will also be
instructediso demol@0aviyl falllagerrtafesaeptablgidey ahivithiroo piediteEmangsh eguRsh Afi HER (HesTbd of

time. For,example, if the pre rrgined peri i . HHJ% beinpstructed
to remov%agl}sva tg'b?geégttlg ?g(ringtrr?ere ?src g‘(i\?ge%%gnﬁ%h\%? Eﬁlé?%gx %E%ﬁggﬁggr%ggvely, thé flag can
be aflagutieathrighersosoentratbeobpetiatiowilbialitironmesipabheleist within 1g0pEdetexaingde, the

flag can trigger an automatic bac of the data stared in the disc driye 1 ing t ser of
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100, the roethirtizGRadprrdasasitied phantes tinad. tiFer esenpldaifithdlpireldtsnduedtipesiddilof 6roe the disc
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within the next month. Alternatively, the flag can be a flag that triggers some other operation
15 within or outside the disc drive 100. For example, the flag can trigger an automatic backup of the
data stored in the disc drive 100.

By warning the user of the possibility of a failure in the disc drive 100 due to a low
concentration of helium in the disc drive 100, the method 200 decreases the chances that the
user's data will be lost due to a failure of the disc drive 100. Method 200 thereby increases the

20  user's confidence in a helium filled disc drive 100 and makes such a disc drive 100 attractive to
users.

Referring now to FIG. 3, a method 220 is a more detailed embodiment of the method 200
described above. In operation 222, a period of time is determined between the warning that will
be given and the time when the concentration of helium in the disc drive 100 will reach an

25  unacceptable level. This period of time should be chosen so that the user has an adequate amount
of time to retrieve any valuable data from the disc drive 100 before the concentration of helium
reaches an unacceptable level. As an example, the time period could be chosen as one month.

In operation 224, the value of a characteristic is tested while the disc drive 100 is properly
filled with an acceptable concentration of helium. An acceptable concentration of helium should

30  be determined for a particular disc drive 100. Preferably, this is done by determining the number

of read and/or write errors that occur in the disc drive 100 at particular levels of helium fill. As



users. Referring now to FIG. 3, a method 220 is a more detailed embodiment ofdhsgnepoes 200
described above. In operation 222, a period of time is determined between the warning that will be
given and thEQiIfil@WBEN the concentration of helium in the disc drive 100 will RGN $2/03839
unacceptable level. This period of time should be chosen so that the user has an adequate amount of
time to retrieve any valuable data from the disc drive, 100 before the concentration of helium reaches
an unacceptable level. As an example, the time period could be chosen as one month. In operation
224, the value of a characteristic is tested while the disc drive 100 is properly filled with an acceptable
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particular disc drive 100. Preferably
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be 95% of helium in the disc drive 100. Thus, when the concentration of helium is at or above, 95% the
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write errors. The number of acceptable read and/or write errors will vary depending on the drive and
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the art. The characteristic ma;_[}%% any of a number of characteristics that indicate the 10 concentration
of heliunknewretdidosirslaldonrthgwiérmore, the characteristic may comprise a characteristic that is

routinely measiyd furng e ARETRIAN 5 {15 heY A islianaY L manegieh: measured for

purposes of detecting akage. For example, the characteristic might be the fly height of the
head oveptitentistictO& tisdivthédistamredbetikddn fiethemebic sharmbathetersiiespanemmepascasurface

Hlohencreasans mare ifigale g the disc

during operation of .the disc drive Of%\)é he fly hei
drive 10 érﬁzcilc? %Ségr%%%qnltsré?itgﬁng‘}}i e Seuﬁacr{néillﬁlﬁge disc drive 100 decreases accordingly. As the fly

height ingpeciatig, rtieesarapfurgenpiotes of detsitngbelrodsekagby Foe drxzahle] 8hwithaeactensiic Thus, a
drop in anrgll%utt%deeﬂ?g Wy%%?ghdt giigt?lglﬁeiglcg E)Q/%tret%e disc 108 (i.e., the distance between the head 118 and
the corresponding disc surface during operation of the disc drive 100). The fly height will
15  increase as more air leaks into the disc drive 100 and the concentration of the helium in the disc
drive 100 decreases accordingly. As the fly height increases, the amplitude of the read signals
produced by the head 118 will decrease. Thus, a drop in amplitude of the read signals indicates
that the concentration of helium in the disc drive has also dropped. The read/write transducer of
the head 118 acts as a sensor of the fly height characteristic by producing the read signals. Read
20  signals can be monitored using an existing processor in the disc drive that incorporates existing
monitoring techniques.

Another example of a characteristic that will vary with the concentration of the helium in
the disc drive 100 is nonrepeatable runout. FIG. 4 illustrates what is meant by nonrepeatable
runout. A portion of an ideal circular track path is shown as 230. Referring to FIGS. 1 and 4, the

25  track path 232 shows the path that a head 118 would follow if only repeatable runout were
present. The path 232 does not follow exactly along the ideal circular path 230 because of
tolerances in the disc stack on the spindle motor 106 such that the spindle motor 106 does not
rotate the disc 108 in a perfectly circular path. However, the path 232 is repeatable in that the
displacement from center is the same for each angle of disc rotation and the head will follow

30  along that path when the head later attempts to track the ideal path 230. Thus, if only repeatable



that the concentration of helium in the disc drive has also dropped. The read/vggedéa(? r of the
head 118 acts as a sensor of the fly height characteristic by producing the read signals. Read 20
signals can W@ idiitév@d using an existing processor in the disc drive that inc8EXESE08838ting
monitoring techniques. Another example of a characteristic that will vary with the concentration of the
helium in the disc drive 100 is nonrepeatable runout, FIG. 4 illustrates what is meant by
nonrepeatable runout. A portion of an ideal circular track path is shown as 230. Referring to FIGS. 1
and 4, the 25 track path 232 shows the path that a head 118 would follow if only repeatable runout
were prasesit WeecpathcaB2ddesiddil SoWould feltthy atsagitily itleahoiecpdt P32hw280 tyeteagse of
tolerances jn the disc s ac% on Hére spindle motor 10 such.thaéthe }slgi(rl]dle tor 106 does not rotate
the disc TRISTRIBRRER MY SR IsaTEIS BRI SS (i)glrctepealtqacb*rgg)h that the displacement

from center is thre:sRNEal0Y, BodltwiotRaH disadtatiof dowstap i3 Aviikiod avedPrdgng thakphth when
the head later attempts to track the ideal path 230. Thus, if only repea,tfﬂble 13 DIEC 2005 WO
03/007309°lPrily SHbysde aonrardablR cra e JBrt e HaReReARs iR JUBAY W RE RaH At TH&Eame

path 232y thwrifedtormatiepde e diskubOfhansnwpenisrding infranaiafuiimdhaestise 108.
Realistically, however, the head actuzlélg/ follows a path 234 while attempting to track the ideal path
d

230 due ¥otainepéthapriutlnath 234 of ke reddirapbataperithle sungie Paith2334 &RRNUISXIthe

repeatabé?gwgf&dfem $99nd RiaARRORERR I B LURAHITRLBR Areniifigdascthseuasiation of the

actual pathi 234 of the head from the repeatable runout path 232. A position error signal produced by

the read/setitel irand daibe? 3 and _th@aide_ﬂsaﬁﬁmtg@memmaﬁ@@%meéﬁlaﬂél_ BB Meeditpath 234

and the iqsaldraaRne3Gu 0SS0 BIRIAIONAL MeYead ihalaBlvdilg RoRFBRAAtaDIe
actoring out t

runout by repeatable ruriout according to known 10 techniques. The sensors and

prodessosiorquenifBiinsetisernendapectatsies fanoempiositia themonreigatible cualpe pgsHOMBIBAr on disc
drives and are known to those skilled.in the art, ill iffer in.the nonrepeatable
A S A BT R R

runout pos‘%ﬁ%n error sl rve 1 sc drive filled with air.
The vertical axiFR35 ibpsesesthehbifeeveninfithednacpeetabitiomont tosipencaneraignel teatkegidth

that the head 118 1 ?Qf traye dEﬁeto nonrepeatable runout, Thus,ﬁ%the track variatign were 100%,
the headal‘il Cﬁff&ﬁé \ﬁé?%ﬁg%l/teg Ul)}uénf&ffcg%tcksgw&ﬁecffljitiaeg)“%hn?gpea gtﬁ%ﬂrlﬁ#oau l.s%t% horizontal

axis 237 represents the percent of the track variation, or the percent of the track width that the head 118

15 has strayed due to nonrepeatable runout. Thus, if the track variation were 100%, the head 118
would have strayed by a full track width due to nonrepeatable runout. The horizontal axis 237
represents frequencies in the position error signal. Line 236 represents the position error signal in
an air environment. The line 238 represents the position error signal in a helium environment.

As can be seen, at several different frequencies the position error signal 236 in the air

20  environment is drastically higher than the position error signal 238 in the helium environment. It
is believed that these high magnitudes are due to certain components in the disc drive 100 (e.g.,
the discs 108) vibrating at their resonance frequencies. The amplitudes of these resonance
frequency vibrations (also known as “disc modes”) are considerably less in a helium environment
because of decreased turbulent airflows.

25 Accordingly, the nonrepeatable runout position error signal is considerably less over the
same track in a helium environment than in an air environment. This is an advantage for helium
filled disc drives. However, in addition to demonstrating the usefulness of the helium filled disc
drive 100, this change in the nonrepeatable runout position error signal can be used to indicate the
concentration of helium in a particular disc drive 100. That is, an increase in the value of the

30  nonrepeatable runout position error signal indicates a corresponding decrease in the concentration

of helium in the disc drive 100.



represents frequencies in the position error signal. Line 236 represents the poliganeErreoeignal in an
air environment. The line 238 represents the position error signal in a helium environment. As can be
seen, at se\NEfAPIFE38Nt frequencies the position error signal 236 in the air 2CPERRINIOEIP is
drastically higher than the position error signal 238 in the helium environment. It is believed that these
high magnitudes are due to certain components in the disc drive 100 (e.g., the discs 108) vibrating at
their resonance frequencies. The amplitudes of these resonance frequency vibrations (also known as
"disc modes") are considerably less in a helium environment because of decreased turbulent airflows.
25 Accordingly,Whisle v epaaisdirablenrant posistivs ropsijgedsandrsidiesmohidess theendble same
track in a r\%efliu envir nmEnt than in an air e v{ onnh%rrmt. This.is an(}f;advanta e for heliulm gil d disc
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error signals and read signals are the most preferred signals to be monitored, several other
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another chara_cteristic that would indicate the 5 concentration of helium in the disc drive 100. The
represertlaispindimmiotpti®6characteristic could be the run current of the spindle motor 106. As the
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requiring a greater run current to the spindle motor 106. While the above-described representative
signals adrimayitaigareratewispeazidemnaigposition asrelrsiznals ang. reasheapesignalssidut position

error SIgRAIS ANt {ERH L LADRI. 08 MG IALEIR RIra.AAFARRSS R R yetrgf dedicated

circuitry In a disc drive IS focused only on etection of*helium (or other low-density gas)
leaks witfuoutied didy onivie: detactsmioihe]iFG(o6 dthstiatesiensisitgas)denke idhiththelibiscdivechbase 102
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opening (not shown) to allow a base 150 of the spindle motor 116 to extend below the disc drive

15  base 102. An electrical connector 152 on the spindle motor base 150 is adapted to contact a
similar connector on a printed circuit board (not shown) that is mounted to the bottom surface of
the disc drive base 102. In one embodiment of the present invention, an accelerometer 154 is
also mounted to a bottom surface 156 of the spindle motor base 150. The accelerometer 154 is
preferably connected to additional circuitry on the printed circuit board (not shown) that monitors

20  the magnitude of the vibrations experienced by the accelerometer 154. Known mathematical
algorithms may be applied to the measured acceleration signals to determine the magnitude of
vibrations at various frequencies, similar to the graph of position error signals shown in FIG. 5.
That is, a plot of the vibrations measured by the accelerometer 154 in both a traditional (air-
filled) drive and in a helium-filled drive would appear very similar to FIG. 5 where the magnitude

25  of the known “disc modes” is much higher in air than in helium. This variation in the magnitude
of the disc modes is used to set a criterion for determining when concentration of helium (or other
low-density gas) will fall to an unacceptable level.

It should be noted that the position of the accelerometer 154 is not limited to the spindle

motor base 150 as shown in FIG. 6. Indeed, the accelerometer 154 may be positioned on another

30  portion of the drive base 102 or may be positioned within the interior volume of the disc drive

100 provided that the accelerometer 154 is capable of accurately measuring the magnitude of the



15 base 102. An electrical connector 152 on the spindle motor base 150 is ad%%l%iEte sPpect a
similar connector on a printed circuit board (not shown) that is mounted to the bottom surface of the
disc drive bd¥@ A®W7820ne embodiment of the present invention, an acceleroelgvBAI83AIso
mounted to a bottom surface 156 of the spindle motor base 150. The accelerometer 154 is preferably
connected to additional circuitry on the printed circuit board (not shown) that monitors 20 the
magnitude of the vibrations experienced by the accelerometer 154. Known mathematical algorithms
may be applied to the measured acceleration signals to determine the magnitude of vibrations at
various fritspaensies, thinkitmwio dive graqds.oF pabitioroerrehHigthel prekentmivetiGn Sncdmpasseatptot of the

vibrations measured by the gccelerometer 154 in bath a traditional (air; filled) drive and in.a
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unaccepf%}él?é\tféf?rﬁ"éﬂ%ﬁfﬂaﬁ‘é“ﬁ?}f’eﬁathgﬁﬁgl%sﬂf&%w o E@%ﬁﬂgt&eﬁﬁti ot VX%’H% the
spindle pratRrhsserika0 g shown in FIG. 6. Indeed, the accelerometer 154 may be positioned on
another 30 portion of the drive base 102 or may be positioned within the interior volume of the disc

drive 100 providédeminghackdedilromeaBisraime Lansssionration 280 yhs sauspfdhh shaTagisrte of
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Furthermore, while the present invention encompasses the use of dedicated leak detection sensors
such as théhedidivro aearenimtion befyreda testing minperatierddg, thklong eaosgh deidhsiess Within the
drive (SUgh,a%;BRBPEARNIS TUROYLRNSIANAT e Snale) I PIYRRI MR AR Al fiateetion
system v(\? ﬁﬁﬁ%g@zﬁ%gﬁe gggt and compeiexityGS of the disc drill\{/;gl’oo. Referfr%ﬁg back to FIG. 3,
afteioa titvetdpdeuahoperalibis 2ex0ingancdidesonthitotiegdbeetigtiel thatdstepiesepetaior 182, The time
lapse is pyeferably, short enough.t % [gnifi i IH0Y SRRGERiration, between
testing ir?' féaﬁ)rg?g {gﬁl‘éﬁ Sut L(?ﬁ% %Dngélggmgﬁb%g’sr\t@#? Q()ﬁggrégge(?r%}%Z are hot ovéﬁrlyg burdensome to
the systamdReriexanplerhesiiioe dapseignall) the kdtngeptsfémbl hnelsdEhisnestndériviadidds
monitoring the signal that is, representatjve of the, characteristic, as desqriged aboye, Furthennore,
when theo%gbfgg eti%Ci‘i Ivygfa'f%%gtg’ ?ggdlfv%trll e{16 (grr‘(’)arié1 %%npo & %},08?%? gger'faqs?%g %gﬁn{g
preferablyipdudesimvieagiheHaaadd 188 over several test tracks to assure an accurate assessment of

15  the characteristic and the indicated helium concentration.
In operation 244 the value of the characteristic obtained in operation 242 after the time
lapse in operation 240 is compared to the value of the characteristic obtained in operation 224
with proper helium fill. In query operation 246 it is determined whether the characteristic
indicates a helium concentration below a predetermined warning level. This warning level is the
20  criterion described above that preferably indicates the concentration of helium will reach the
unacceptable level within the predetermined time period. The value of the éharacteristic or
representative signal that corresponds to the predetermined warning level can be determined by
first determining a helium concentration that should prompt the system to warn the user. This
determination can easily be performed by one skilled in the art using a tested or estimated helium
25  leak rate for the particular drive and determining the amount of helium fill that will allow for that
leak rate during the predetermined period of time before reaching the unacceptable helium
concentration level.
If the tested value of the characteristic indicates that the helium concentration is at or
below the determined warning level, then a warning flag is set at operation 248 to warn the user
30  that the disc drive 100 may fail after the predetermined period of time. As described above in

method 200, the user will preferably also be instructed to remove any important data from the



over the same track that was used to obtain the test value in operation 224 (i.e, 5348t yggk)- It may
be desirable to run the head 118 over several test tracks to assure an accurate assessment of 15 the
characteristtv@fAdliB0Addicated helium concentration. In operation 244 the valB€BVM@/&839acteristic
obtained in operation 242 after the time lapse in operation 240 is compared to the value of the
characteristic obtained in operation 224 with proper, felium fill. In query operation 246 it is determined
whether the characteristic indicates a helium concentration below a predetermined warning level. This
warning level is the 20 criterion described above that preferably indicates the concentration of helium
will reachiteealrirani®piabie teypleditkiminedysedetesfitined fifkepeilindofthe vz tefitiie oldcatteristic
or representative signal that corresponds to the predetermined warning Jevel can be determined by
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level If the dertapiNaduraehitleisharacteristic indicates that the helium concentration is at or below the
determined warning level, then a warning flaq is set at operation 248 to warn the user_ 30 that the disc

drive 100 may fRafariEnenepleddtarminspepdirorltematie sabedinspbalibssentrahmebadttd the user
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FIG. 3. Aglturepetatidis@addwf r0ethod 220, a test value of the characteristic determinative of the
concentration

After a time lapse in operation 255, a value of the characteristic is tested in operation 256

as in operation 242 of method 220. In operation 258, a value of the characteristic after the time

15  lapse is recorded. This may be done by simply recording the value of the representative signal.
As an example, the value may be recorded on a designated area of a disc 108 of the disc drive
100. In query operation 260 it is determined whether a trend in characteristic values indicates an
unacceptable helium concentration will be reached within the predetermined period of time. In
this embodiment, this trend is the criterion that preferably indicates an unacceptable level of

20 helium will be reached within the predetermined period of time. For example, query operation
260 may first determine the rate of change of the characteristic based on prior recorded
characteristic values and then use that rate along with the last recorded value of the characteristic
to determine whether the characteristic will reach a value indicating an unacceptable
concentration of helium in the disc drive 100 in the predetermined period of time. If such a trend

25  is present, then a warning flag is set in operation 262 to warn the user and instruct the user to
remove any important data from the disc drive 100 within the predetermined period of time. If
the trend does not indicate that an unacceptable concentration of helium will be reached within
the predetermined period of time, then the method 250 returns to operation 255 and a time lapse
occurs. Operations 255, 256, 258 and 260 are repeated until a trend indicates that an

30  unacceptable concentration of helium will be reached within the predetermined period of time.



10 of helium in the disc drive 100 is tested with a proper fill of helium in operatighFeé. Aspgith method
220, the characteristic may be any characteristic that will indicate the concentration of helium in the
disc drive 1000 Adte47308me lapse in operation 255, a value of the characteristi®¢S{E§823@3B3Bperation
256 as in operation 242 of method 220. In operation 258, a value of the characteristic after the time
15 lapse is recorded. This may be done by simply recoxding the value of the representative signal. As
an example, the value may be recorded on a designated area of a disc 108 of the disc drive 100. In
guery operation 260 it is determined whether a trend in characteristic values indicates an
unacceptable heliumedantziratigrbeviitdferredbbexiseiihin ¢irepbee tete the necthper 250 offowevén, tiks
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operation 262 to warn the user and instruct the user to remove any important data from the disc drive
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returns to operation 255 and a time lapse occurs. Operations 255, 256, 258 and 260 are repeated
until a trendderficatetionatfaheasiivahecdisatsia orbAeiarBiaRHeHchRMNl BRcradem B2V RItmteRen
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preferred because it is simpler than"the method 250. However, the method 250 should be more
accurate in settange ofarol pgrieuningsetmimtopiliatutime bevaosecntratonuftthfogasdn the desidigee.
rates of heliy fom, fe, partienlar disf iventd. Reseried In.ANGRY Wi, BEBRGSSNiEMaRD) I
accordance With &1 exemplary 5 préferr emBbodiment of the present invention detects that a
concentratiqeuehadawegersinn @96 jnha discdrivier{tushbes10€) is in danger of reaching an

inacecpablelevel Tng ifhod e monierog ASHREL ik o B RPN 28
operation 2@ e i§H@ata track on the disc (such as 108). The position error signal preferably represents
15  nonrepeatable runout. The signal may be a read signal representing a fly height of the head (such
as 118) above the surface of the disc (such as 108). The disc drive (such as 100) may include a
spindle motor (such as 106) rotating a disc (such as 108) and the signal may represent a run
current of the spindle motor. Additionally, the disc drive (such as 100) may include an
accelerometer (such as 154) and the signal may represent an amplitude of a disc mode vibration
20  measured by the accelerometer (such as 154).

The criterion may correspond to a selected value of the signal. Alternatively, the criterion
may represent a trend in values of the signal. The criterion preferably indicates that the level of
the gas in the disc drive will reach an unacceptable level within a predetermined period of time.

Monitoring the signal preferably includes periodically monitoring the signal, and it

25  preferably includes receiving the signal while rotating a disc of the disc drive with a head of the
disc drive positioned over a test track of the disc.

Another embodiment of the present invention may be described as a disc drive (such as
100) containing a low-density gas such as helium and including a gas leak detection system. The
detection system includes a sensor (such as 118 or 154) within the drive producing a signal

30 responsive to variations in the concentration of the gas in the disc drive. The detection system



based on the monitored signal where the criterion is chosen to indicate whethegraiggisgatyiye is 10 in
danger of not performing satisfactorily due to a low concentration of the gas in the disc drive. The
method alsoNEd&@esBextting a flag (such as in operation 208) when a determiR€HdPR/A383 (such as
in operation 206) that the criterion has been met. The signal may be a position error signal indicating
the position of the head (such as 118) relative to a datg,track on the disc (such as 108). The position
error signal preferably represents 15 nonrepeatable runout. The signal may be a read signal
representing a fly height of the head (such as 118) above the surface of the disc (such as 108). The
disc drive (sushiaslid¥3)apaycisstudbaanspiitdie theosgn@Eartd ahitb6} nptetibty dodistca(faghfas 108) and
the signal ma%ﬁlregresen arun curre t of the spindle motor. Additionally, the disc drive (such as 100)
may include® S CEARERSS ALEECEL 0 55" B and the signal may represent an amplitude of a disc
mode vibration 20Tmeaidrédvey shchacaleypméiriblsuntlvded b4)sd radiiteri@8)aay chees@ackldo a

selected value of the signal. Alternatjvely, the criterion .may represent a trend jn.values of the signal.
The criterior BeFBRE8I9 erletarmined hrgHEOXFD GrrYTiaee ﬁtrtﬁ?g a‘%“c(ﬁ\’ﬁ}é%ﬁi%ﬁﬂ 8h°unacceptable

level within grpysaiatermineddhrors eitinauMenianadhe Giwhaloressiablydnsiutaspadodicaly a
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as helium and including a gas leak detection system. The detection system includes a sensor (such
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also includes a’processor that monitors the signal and which Is operable to set a flag if a
predetermirrepresietorihasiveaso fike. spheligiseotiveNdditioradly.0b distatapnd/(ucheieb08)drey(such as

108) and a head,(such as, 118) flyi pref%ﬁer ined heig?t qver the surface of.the di ﬁﬁ
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positioned over a yack o e tejating disc, The Signalmaybe a read signalfepeseniing s fygioht
as 100) including a housing (such as 102 and 104) containing a low-density gas other than air.
15  The disc drive also includes means for detecting whether the disc drive is in danger of not
performing satisfactorily due to a low concentration of the gas in the disc drive.

The means for detecting preferably includes means for receiving a signal that varies in
response to variations in the concentration of the low-density gas in the disc drive. In a preferred
embodiment, the means for detecting also includes means for determining whether a criterion

20  based on the signal has been met by monitoring the signal.

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 be made which are well
within the scope of the present invention. For example, multiple characteristics could be

25  monitored at the same time to assure an accurate representation of the concentration of helium in
the disc drive. Additionally, different mathematical algorithms may be applied to the measured
signal (such as an integration of the signals) so that the criterion may be based on a total value of
the characteristic measured over time as opposed to a predetermined value of the signal or a
recognizable trend in the signals. Numerous other changes may be made which will readily

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

invention disclosed and as defined in the appended claims.



transducer or a position error signal representing nonrepeatable runout. The dig DIE@GZ606h as 100)
may include a spindle motor (such as 106) rotating the disc (such as 108) and the signal may 10
represent a W GUWé&of the spindle motor. Additionally, the disc drive (such BETU8)2/383%nclude an
accelerometer (such as 154) and the signal may represent an amplitude of a disc mode vibration
measured by the accelerometer (such as 154). Yet appther embodiment of the present invention may
be described as a disc drive (such as 100) including a housing (such as 102 and 104) containing a
low-density gas other than air. 15 The disc drive also includes means for detecting whether the disc
drive is in danger of not performing satisfactorily due to a low concentration of the gas in the disc drive.
The means for detecting preferably includes mean Ior receiving a signal that varies in response to
variations in the concentration of the low-density gas%nfﬁe disc drive. In a preferred embodiment, the
means for detectiwgatise lifigiedes means for determining whether a criterion 20 based on the signal
has been met by monitoring the signal. 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 peen described fom pUiROaES OEshisifingleTowedsiaigUsacbarg etaantraadditedofidsralinye made
which are well within the scope of the present invention. For example, multiple characteristics could
be 25 moHr A TELIANE e 5 AL df S5 RYE AR F@ﬂ%&gsﬂgﬁéﬁr& S RESFERMPIA 55t Welium
in the dis&@gﬁw.@ﬁﬂjﬂgm@ly, different mathematical algorithms may be applied to the measured
signal (such as an integration of the signals) so that the criterion may be based on a total value of the
characteristic measured®VEPHHRIIAS &BISHaLRARIB L ERSRITSFHOL FARtORT Whdheigpngeairation of
recognizafe Jrend iRIBRSiRAIS. Numerous other changes may be made which will readily 30 suggest
themselves to those skilled in the art and which are encompassed in the scope of the invention

discltsed and as define@irdatermipiag deuitsapndasgipe thopwniprsbigmehibe piteriendodierimey -13
Claims Wiak ihe BOaHve o ih-dihad IS g2 FOMARIaa oo nRIb ST AR Albromahod of

detecting that a concentration of the gas in'the disc drive is in danger of reaching an unacceptable
level, the gaethdk shsagdnsieignd

(c) setting a flag when the criterion is met.

15 2. The method of claim 1, wherein the disc drive comprises a rotating disc and a
head for reading magnetic properties of the disc, and wherein the monitoring step (a) comprises
receiving the signal while rotating the disc with the head of the disc drive positioned over a track

of the disc.

20 3. The method of claim 2, wherein the signal is a position error signal indicating the

position of the head relative to the track on the disc.

4. The method of claim 2, wherein the signal is a read signal representing a fly height
of the head above the disc.
25
S. The method of claim 1, wherein the disc drive comprises a spindle motor rotating

a disc and the signal represents a run current of the spindle motor.

6. The method of claim 1, wherein the disc drive includes an accelerometer and the

30  signal represents an amplitude of a disc mode measured by the accelerometer.



(a) monitoring a signal varying in response to variations in the concentration ofi 3iBEREWOHE disc
drive; 10 (b) determining a criterion based on the monitored signal, the criterion indicating that the disc
drive is in dAY¥Qe3/6071362 performing satisfactorily due to a low concentration ofRA&/§@2/038k%e disc
drive; and (c) setting a flag when the criterion is met. 15 2. The method of claim 1, wherein the disc
drive comprises a rotating disc and a head for reading_jpagnetic properties of the disc, and wherein
the monitoring step (a) comprises receiving the signal while rotating the disc with the head of the disc
drive positioned over a track of the disc. 20 3. The method of claim 2, wherein the signal is a position
error signal indicating the Thesiteviodfdheldieat] rebatiia tbethettaak antiipaids tela Séleated thaldeod ftllaem
2, wherein the signal is a read signal representing a fly height of the head above the disc. 25 5. The
method of ci¥ 1, wherein the disc drive comprises a spindle motor rotating a disc and the signal
represents a run current of the spindle motor. 6. The method of claim 1, wherein the disc drive
includes an accelerometer and the 30_signal represents an amplitude of a disc mode measured by the
ccelorometor. 13 LG 2055 PG I60TI0 PIOTTOBIS GNP QLT  FFRS AR it 1.
whereinsthesggitgrion corresponds to a selected value of the 8.The method of claim 1, wherein the
criterion represents a trend in values of the 5signal. 9.The method of claim 1, wherein the criterion
indicates that the level of the gas in the disc drive will reach an unacceptable level within a
predetermined peripd of tippe rA&Hd JQametNachefethathe dritohena e N ARLANRERS (R fatiiher

comprises periodically monitoring the signal. L ) ) )
the disc drive will reach an unacceptable level within a predetermined period of time.

10 10. The method of claim 1, wherein the monitoring step (a) further comprises

periodically monitoring the signal.



