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I nvention 10 This application relates generally to disc drives and nore
particularly to a disc drive leak detaction systemfor a disc drive
containing a lowdensity gas other than air. Background of the Invention A
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t han ai 160337633, filedNovermbar2g2®ldensity lower than air at sinilar pressures)
can enhance their performance. For exanple, |lowdensity inert gases such
as heliumcan reduce the aerodynam r the discs and their
associated 25 read/wite heads bmel‘fgg@(%liﬁ% agproxi mately five-to-one
conpgred to W@P]iéﬁoh Relale§ genbiil§ t6 Siseidrivts dndporegrrticulariyrto a disa dave lsakier
requirenments for ‘the spindle notor. A heliumfilled drive thus uses

subst antdetection $ystem fopadisc drixncontaiwng ajoysAensdy ges WRTRaNAL.: operates in an
air environnent. At the sane tine, the heliumgas conducts away heat
generated during operation of t ' i ffectively than air. 30
Despite the advantages of heli ur#?eclkg@'&d rfid;{/eglsd,wéﬁ%'ﬁ drives have not been
comer ci al | y 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 comparabfe 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
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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 .



nonr epeat abl e runout. The signal may al so represent the run current of a
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2. Detailed Description A disc drive 100 constructed in accordance with a
pr ef er r egnbodingeit obthe pusent imvepli@@sent 25 invention is shown in FIG 1. The
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FIG. § 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 intei'nal, 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



the disc drive in a conventional manner. The seal ed environnent of the disc
drive 100 is filled with heliumto enhance the performance of the disc
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read fromtracks on the discs 108 through the use of an actuator assenbly
110, which rotates during a seek operation about a bearing shaft assenbly
112 positioned adjacent the discs WO 034007302 PCT/ US02/ 03839 -4 108. The
actuator assenbly 110 includes a plurality of actuator arnms 114 which
extend towards the discs 108, with one or nore flexures 116 extending from
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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
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Al'ternatively, the flag can be a flag that triggers some other operation 15
wi t hi n dP0 withini that predetetinined periadcofitone. Fosexamplepf the predetefmined pesiod of tiglger  an

t tic back f.th d t d.,in th ' ' 00., B ' th
faer of RO g the 155 wPRlt e eindte ) Eiudtid il 08 s isa GE 1B, "
concent fathiPihe abxtiRdrith! MAtemAatR1y e dlaglchiy Be 4 ) thhttBgdBed datk othd? of@atigpses t he
chances that the wuser's data will be lost due to a failure of the disc
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users. erring now 3, a nethod 220 is a nore detail ed enbodi nent
of the met hoByZ@#hing 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
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exi Sti NGthe 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



nmoni toring techni ques. Anot her exanple of a characteristic that will vary
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motor 106 does not rotate the disc 108 in a perfectly circular path.
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nonr epeat e runout. Thus, if the track variation were 100% the head 118
woul dshahes sttayed da toynoorepestable moait. Fhus, i thi track yaniatinnayese 1 6@cthe bheasukl8 The
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can be seen, at several diffrerent frequencies the posjtion error signal 236
in t he aijan 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.



20 environnment is drastically higher than the position error signal 238 in
t He heliumenvironnent. It is believed that these high nmagnitudes are due
to certain conponents in the disc drive 100 (e.g., the discs 108)
vibrating agolhfisse €sonance frequencies. The anplitudes Of:cf/BE@ﬁn& sonance
frequency V|8rat|ons (al so known as "disc nodes") are considerably Tess in
a helium environment because of decreased turbulent airflows. 25 :
Accordi ngly, the nonrepeatable runout pesition error signal is considerably
| ess over the same track in a heliumenvironment than in an air
environment. This is an advantage for helium filled disc drives. However,
in addi tion t &Vhilsthmranrepeatable runout pasitionicaor signals and read sigaals are theamopt sc
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The representative signal of this characteristic could be the run current
of the spi ndl Whilkttler abb0& deséebddirepresentating sighaloall mhy he genemtedfroth exidtisg diselr i ve
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SoE o Ombtag el BrorduilicdoifiRh Bbarl 16 stohy'dhat A1ARGEEY fotng B i burfheeof |

t he bot t tediserdiize basef102.t Icondiemboditricntofths presclinveition)an svcblecbnietértlSafis t he

present invention, an accel eroneter 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 mon}tors
20 the magnitude of the vibrations experienced by the accelerometer 154. Known mathematical
algonthms 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. §.
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



al so nounted to a bottom surface 156 of the spindle notor base 150. The
accel eronmeter 154 is preferably connected to additional circuitry on the
printed circuit board (not shown) that nonitors 20 the magni tude of the
vibrations Lepced by the accel eroneter 154. Known mat '
algorithnsvﬁ%y Zﬁgpplied to the nmeasured accel eration siéﬂgygﬁ?gﬁ%%ternine
the magni tude of wvibrations at various frequencies, simlar to the graph
of. position error signals shown in FIG-95. That is, a plot of the

vi brations nmeasured by the acceleroneter 154 in both a traditional (air-
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may be pasid ki anot her 30 portion of the drive base 102 or nmay be
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is preferably short enough to prevent significant drops "in the helium
concent rraad/writelertorsanposition ierrgr signalspy the d¢sting prefezablp includesmnaingubhheall 448t he

tests in_ operation. 242 are npt erly burdensone t.0 .system For
excanp! e oveh e s Fpek e s poe oD Ihert VARG BOPRELIP 220 ey RIER bRy, 1
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characteristic, as described above. Furthernore, when the representative
si gnkl rthe chamsteristic andiidi¢ indiqateddheliwmsongenigation i on error signals, the testing
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desi r abligpsedn 6psration240 ¢oebmiphfedy Hie vaticdTitle dhamtterbtardtiaihed inTpefaton D24
accurate assessnent of 15 the characteristic and the indicated helium
concent rvith praper helium fill. In query operation 246 it is determined whether the characteristic
indicates a helium concentration below a predetermined waming level. Th1s 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 ;:haracteﬁstic 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 skilléd 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



I n operation 244 the value of the characteristic obtained in operation 242
after the time |lapse in operation 240 is conpared to the value of the

characteristic obtained in operation 224 wth proper heliumfill. In query
operati on Abedidordes determned whether the characteristic pdigiecaisss 2

hel i um concentration bel ow a predeterm ned warning | evel. I S war ni ng

|l evel is the 20 criterion described above that preferably indicates the
concentration of heliumw || reach the-ldnacceptable I evel within the
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can be odiscedninek0@ within thepredet¢aniaedrperiadpfiime: | If thevelus of Hherchanagtaristiandieatesu| d

ronpt the t.emtQ rn the e . i . ' . '

Pert or meatspe BRI kehoPRigRo Kapsoe e pledonitel Safla sl At ipE Rhrclyithe, o
| eak ratfjohed it Heritiont240U |ARer theitivfe 1apse, tie hexlivd 220 avill peoceédtotpetion242. um
fill that will allow for that |eak rate duririg the predeterm ned period
of time Hheraperationn240, Ad2,24d %&&:‘éﬁk%Pdﬁecarfémnﬂh&le@shweﬁpmmﬁwn|f@%sép the 1

t he thtﬁgqegé%WwQ{ar%igﬁlﬁéﬁr acteristic indicates that the helium

concentra 'S a ow the determ ned warning |evel, then a warning
flag is set Referpingadbwao FEZY, h epesificulteimtivsenbodifientoftthe generdl method 262 100
may fail after the predeterm ned period, 8];5&; me. As scri bed ,aboye_ in

met hod 2] berdescribed, Inighe methodi280 atime neried apdan praceeptablecongentzation of heliym

' t . . . ' i 100

:I\Arr}[)ﬁr na%g%%%@rﬁp E%H%%g%ggéﬁgﬁlﬁ@b%@%u%&g?ﬁﬁg'g[’ui"a&\rég%t eristic

: ndi Ica’: ﬁciperdtibtagzl hémI bthbd n_m,ectgat eaﬂuf Jaf the gha:rﬁctaisﬁ:z det_tei;zingﬁimtﬁo m@mﬂat hemta_r % ng
eve e l, sSe. W . be al ] owe | | - |

| Soels ' taibefunipthosis dve 100 isdtdviths BoPLEL BAGhE b opAGtigh e ALHER D40

242, 24408064 ZAP 1 dhhrabeﬁgtfot}ﬁ?,t thuactemcwthmm%ma carideitatioftlofs to

the 5 predeterm ned warning I'evel. Referring now to Fl 7, a specific
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unacceptable helium concentration will be reached within the predetermined period of time. In

this embodiment, this trend is the criterion that preferably indicates an unacc'ept.able 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 wamning flag is set in operation 262 to warn the user and instruct the user to

| remove any impbrtant data from the disc drive 100 within the predetermined period of timé. 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 retumns 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.



as in operation 242 of nethod 220. In operation 258, a value of the
characteristic after the tine 15 |lapse is recorded. This nay be done by
sinply recording the value of the representative signal. As an exanple, the

val ue nmaybgyp@seg9pd on a designated area of a disc 108 of péfigsiBlesedri ve
100. In query operation 260 it is determ ned whether a trendﬁlﬁn

characteristic values indicates an wunacceptable helium concentration wll
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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 éignal, 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



The signal may be a position error signal indicating the position of the
head (such as 118) relative to a data track on the disc (such as 108). The
position error signal preferably represents 15 nonrepeatabl e runout. The
signal may d signal representing a fly height of t uch as
118) above‘?ﬁgﬁgﬁg?ace of the disc (such as 108). The diséquﬁﬁggfé%ch as
100) may include a spindle nmotor (such as 106) rotating a disc (such as
108) and the signal nmay represent a run d&rrent of the spindle notor.
Additionally, the disc drive (such as 100) nmay include an accel eroneter
(such as 154) and the signal may represent an anplitude of a disc node
vi brati on a0 insledes apoasesor that menitarathg signalrand which igaperahls to sehafleg ifeer i on
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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.



vi bration neasured by the accel eroneter (such as 154). Yet anot her

eribodi ment of the present invention nay be described as a disc drive (such
as 100) including a housing (such as 102 and 104) containing a | owdensity
gas ot her t ' 15 The disc drive also includes neans ting
whet her the‘ggirbg@bé?ﬁ ve is in danger of not performng satig‘%@g?og&sﬁg due to
a |l ow concentration of the gas in the disc drive. The nmeans for detecting
preferably includes nmeans for receiving #3-signal that varies in response
to variations in the concentration of the lowdensity gas in the disc
drive. In a preferred enbodinent, the neans for detecting also includes
means for determ ning whether a criterion 20 based on the signal has been
nmet by nonitoring the signal. It wll Ccl ear that the present invention
is well adapted to attain the ends and Bt ages nentioned as well as

t hose i nher ent Wi isldimed\st | € enbodi nents have been described for purposes
of this disclosure, various changes and nodifications may be nade which are
well wthin the scope of the present invention. For exanple, multiple
characteristicg cou 3 j j :

accur a% e repr eZ'ent akn?aoﬁ&oﬁe@mg%n%[ en?%tﬁeﬁgﬁﬁgﬁg* P‘E}r?na{:r’(rjla ﬁtéﬁg& gfgégecgﬁve
Addi t i onakhay a condehteationtof thet das inethe dis¢ dravegie in danger afmgachiag ap phaceeptabie telvel, the
nmeasured Si r&gl@mgs,uch_ as an integration of the signals) so that the
criteri on’qfét!%’ H8B& on a total value of the characteristic neasured
over time as opposeght Ya gﬁ% iShd :

recogni zabl e trend ?‘% @%@oﬁgggﬁﬁ N nerﬁgﬁéésﬂgr%sgfé?Hgﬁg%%gﬁ%?nggmhqgg%ogmi ch
wi | | readtiega8in thagisedtivé;hensel ves to those skilled in the art and which

are enconpassed in e, scope of the inventjon disclose nd.as defined in
the apPended cl ai m{b?m%mm@fewaéﬁﬁm%§§f§§“9%s@ iﬁﬁc &pnfrgil ﬁﬁg med
10 5 1. it the@RUrive iR danyet 8f At perfemlint$atigfastblity duefo #ldweEonketRation bf the
met hod of detecting that a concentration of the'gas in the disc drive is

i n danger g&fintkedipt driveaandinaccept abl e 1 evel, the nethod conprising: (a)

moni toring a signal {fyg% | Egdagv@gﬁt}%;ﬁgeg%gisvﬂét! ations in the concentration

of the gas in the ives ermning a criterion based on the
nonitored signal, the criterion indicating that the disc drive is in
danger, of not ger  opl R0nSaol SUa, e i e et s b dihads "
head for reading magnetic properties of the disc, and Wherem 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 indicatihg 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 ro‘fating

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.



gas in the disc drive; and (c) setting a flag when the criterion is net. 15
2. The nethod of claim1, wherein the disc drive conprises a rotating disc
and a head for reading magnetic properties of the d;;ci and wherein thg_
nonitorin conprises receiving the signal ile i e disc
with the ﬁe§§§§¥&?ﬁg drgc drive positioned over a track o?%?ﬁéhgﬁg%b 20 3.
The nmethod of claim2, wherein the signal is a position error signal
indicating the position of the head rel atd4e to the track on the disc. -

4. The method of claim2, wherein the signal is a read signal representing
a fly height of the head above the disc. 25 5. The nethod of claim1,;
wherein the di sc7dri v&hemathod obelaim Lywheminthestiterion eerzespongs te a d¢lectedivalue ¢fdhe
signal repreggents a run current of the spindle notor. 6. The nethod of
claim1l, mheéélh the disc drive includes an accel eroneter and the 30
signal represents an anplitude of a disc node neasu;ﬁd by th Claim1
accel eroneter. 03/007302 PCT/ US02/03839 -14 7. e nmethod of claiml,
wherein the crit8ri onThemethed ghelaim |, wheesi the cateriomrepeesents @ rendingvalies ofithe The
met hod of Cﬁ%hg]l’ wherein the criterion represents a trend in values of
the 5 signal. 9. The nethod of claim1, wherein the criterion indicates
that the level of the gas in the disc drive will reach an unacceptabl e

I | wi thi d i ned i, f time. 10.10. 'Th t 0 aim.]1,
uhr i n the mont Por | ngLTERoY B 4T Mot i PR gaan indieaies ik B gvehaf bt B g

the signal . 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.



