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DRI VE CONTAINING A LOWMDENSI TY GAS Rel ated Applications 5 This application
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60/ 304,093, filed July 9, 2001 and United States provisional application
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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
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disc drives to fail. For exanple, the increased concentration of air may
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is in danger of reaching an unacceptable level. The nethod al so includes
setl®i ngr@r itag when the criterion has been net. This flag may trigger a
warning to the user or it may trigger other functions within the disc
drive, such as automatically acki Eg ﬁ{iﬁ the data fromthe disc drive.

Anot her enbodi nent of the pres‘ﬁ‘}ﬁ'mia ehtedRVention yi s drive containing a
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system The detection systemincludes a sensor wthin the drive producing

a si gnambodspan of the presentanientioonsmiethod detects titas nicopeentatior of hlewgdansitngashe
di sc drive. g e senso&. could be,a reafd/\/\/lhite tranSdfaﬁ» r a%ld he e@% nal
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on o Vtwo tirPdlicrzlte;[ vgteletgérst e glrslc \cllreli/e 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 present invention can further be inplenented as a disc drive including
a housing containing a lowdensity gas other than air. The disc drive
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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



30 notor 106, which rotates one or nore discs 108 at a constant high speed.
Information is witten to and read fromtracks on the discs 108 through

t he use oWoan/emsbruat or assenbly 110, which rotates duri ngca/iserbsseper ati on
about a bearing shaft assenbly 112 positioned adjacent the discs WO

03/ 007302 PCT/ US02/03839 -4 108. The actuator assenbly 110 includes a
plurality of actuator arns 114 which extend towards the discs 108, with
one or nore flexures 116 extending fromeach of the actuator arnms 114.
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t he i nner anet er the discs 108 when the drive notor is de-energized.
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dUFIngaO@@ﬁﬂkB@ﬂmxs$h&wﬁhﬁx1QSSenb|y i ncludes a prlnted circuit board 132
to which head wires (not shown) are connected; the h ¥ﬁres belng rout ed
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circul the actua?or 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
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peri od dafa stdre®in the dist drine @@l bet ween the warning that will be given and
the tinme when the concentration of heliumin the disc driye 100 will reach
an 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
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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
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belleve se’ high magni es ar ue to ce taln conponents 1 n the
di sc dray@n1RQedit abseveral 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.



the discs 108) vibrating at their resonance frequencies. The anplitudes of
t hese resonance frequency vibrations (also known as "di sc npbdes") are
consi der awby3bemss2 i n a helium environnment because of decreadasd2/oissbul ent
airflows. 25 Accordingly, the nonrepeatable runout position error signal is
considerably |l ess over the sane track in a heliumenvironnent than in an
air environment. This is an advantage for helium filled disc drives.
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the bottom surface of the disc drive base 102. In one enbodi nent of the
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surface 156 of ndl e not or. basef&jgo. The aegnﬁiel eroneter 1

pr ef er &b §is¢ Yf"[el?,rl’t%%i&-o Lagicmbafigrent P BEPFISNIJRYEHaN Y ar?%larome?%&ﬁ %oard
(not  SHAWH odrlf@f to TUYR stirface 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



20 the magnitude of the vibrations experienced by the accel eroneter 154.
Known nat hematical algorithnms may be applied to the neasured accel eration
si gnal s twodewernt ne the nmagnitude of vibrations at vari @a3/ifSopopsenci es,
simlar to the graph of position error signals shown in FIG 5. That is, a
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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



with proper heliumfill. In query operation 246 it is determ ned whet her
the characteristic indicates a helium concentration bel ow a predeterm ned
war ni ng |woaBnoo7Bht s warning level is the 20 criterion desecrhsd2/edsewve t hat
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operation 242. The operations 240, 242, 244 and 246 will be repeated until
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10 of heliumin the disc drive 100 is tested with a proper. fill of helium
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220. In operation 258, a value of the characteristic after the time 15
| apse 180+ Eraemneaperatians2 6l isisisteamined pyheterp trpnd arehamcrystin alyey indicgies phe
repres %ﬂg&tei)t\z/igle%ieﬁﬂl%l 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.



As an exanple, the value may be recorded on a designated area of a disc 108
of the disc drive 100. In query operation 260 it is determ ned whether a
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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 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



15 nonrepeatabl e runout. The signal may be a read signal representing a fly
hei ght of the head (such as 118) above the surface of the disc (such as
108). Thewdioswownil ve (such as 100) nay include a spindl epPootuso2/(mach as
106) rotating a disc (such as 108) and the signal may represent a run
current of the spindle notor. Additionally, the disc drive (such as 100)
may i nclude an accel eroneter (such as 13%) and the signal may represent an
anplitude of a disc node vibration 20 neasured by the accel eroneter (such

as 154). The criterion may, correspond to el.ected val ye of the signal.
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i nvention may rgeans fonylstecHng prederably gl s (aggpsfor receiving a signa 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.



as 100) including a housing (such as 102 and 104) containing a | owdensity
gas other than air. 15 The disc drive also includes neans for detecting
whet her twe odiossodrive is in danger of not perform ng satipsframsvzoeisty due to
a |l ow concentration of the gas in the disc drive. The neans for detecting
preferably includes neans for receiving a signal that varies in response
to variations in the concentration of ths | ow-density gas in the disc
drive. In a preferred enbodinent, the neans for detecting al so includes
means for determ ning whether a criterion 20 based on the signal has been
met by nonitoring the signal. It will be clear that the present invention
is well adapted to attain the ends an¢gyggdiantages nentioned as well as

t hose i nherent therein. Wile enbodi nents have been described for purposes
of this di scWisatisclaivgediious changes and nodi fi cati ons nmay be made which are
well wthin the scope of the present invention. For exanple, multiple
characteristics could be 25 nonitored at the sane tine to assure an
accugate r eprlesen?ﬁ;\‘ri bRP dfAle E&ﬁalﬁ Qaqmvrcﬁ'hbl Rlotlie ltﬂa'ﬁrglﬂ B méilRl SH Reeclihig Ve
Additional ly, different mat enatl al gori'thms may be applied to the
measur ethat aicogmahtritsancdf ths gasrin ithet chgpr ah’wean irodanigheo faiegphaigsn wacteptabld laeel, the
criterion ggy be pbased on a total value of the characteristic neasured
over ti MERI OFHESEE t o a predeternined value of the signal or a

recogni zabl e trend.,i HBsieo i ch
will readily 30 sgagg@s{u%tﬁ%@rf%g 1 yarHiER OtRofell ol RAS fP R BRI 11
are encogpas secheidisctdtivescope of the invention disclosed and as defined in
the appended cl ains. WO 03/ 007302 PCT/ US02/ 03839 -13 aﬁns. What s,

cl a|19red is: 5 1. (B deternyipingp; c\lﬂéer@@rhaaﬂﬁrh&&e Hqugferedestanal, yheyeriterseppicating,
arr, [?l?att 'El%gm?c drﬂ%t ﬁltdéﬁg (;tqu%E &RIE%FIIOHFS’ e tB Qq ‘QQ:%néeﬂher&l Qf' thé
drive i rea ﬁ|ng ah unac pta evel, th od
conprlsgagmiﬁaﬁwaﬁﬂvéahﬂng a signal varying in response to variations in
the concentration of the gas in the disc drive; 10 (b) determning a
criterion based oﬂ”tﬁ@ﬂﬁb%ﬁ%bWbﬁl%@gﬁﬁ?mnﬂ%@ﬁ%r|ter|on indicating that the
disc drive is in danger of not perform ng satisfactorily due to a | ow
concentration of the gas in the disc drive; and (c) setting a flag when
thejgriterion i s mMBEmethod 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.



15 2. The nmethod of claim1, wherein the disc drive conprises a rotating
disc and a head for reading nmagnetic properties of the disc, and wherein
t he noni twoid@osvEP (a) conprises receiving the signal wecCiraSopomsd ng t he
disc with the head of the disc drive positioned over a track of the disc.
20 3. The nethod of claim2, wherein the signal is a position error signal
indicating the position of the head rel dfive to the track on the disc. 4.
The nethod of claim 2, wherein the signal is a read signal representing a
fly height of_the head above the disc.. 5. The method of claiml,
whir e the di G dr TGameDRgpT St & WftHialBe GeBi st 1 8 SIPSEY Hilue phue
signal repgesents a run current of the spindle notor. 6. The nmethod of
claim1l, erein the disc drive includes an accel eroneter and the 30
signal represents an anplitude of a disc node neasured by the

accel eroneter. WO O 007&0@ P /U?O‘EZS(‘OBBSQ -14 7. The met hogl.of claim1,
wherein the criteribif BEPPEeheiAR [+ ghereigdhecrteron teprrsenys 2 frqad insyajpegiof the
The n%thog%ﬁfl. claim1l1, wherein the criterion represents a trend in val ues
of the 5 Signal. 9. The nethod of claim1l, wherein the criterion indicates
that the level of the gas in the disc drive will reach an unacceptabl e

|l evel within a predeterm ned_period of time. 10 10. The nethaod of claim1,
wherein the nohi torTWE@“@gof%\l)amT Eu’r‘f’lPFé?még%WtF%‘é‘édeé?‘ﬁg%ﬁt%IFYF?HB&!etg&F tthg

the signahe 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.



