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the Invention Disc drives are da ces that store digital data
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thoysamcks that are tightly-packed concentric circles simlar in

| ayout "t o e annual growth rings of a tree. The tracks are typically
nunbered starting fromzero at the track | ocated outernost the disc and

i ncreasing for tracks |ocated cl osEield of thedneaiticyr of the disc. Each track
is further broken down into sectors and servo bursts. A sector is normally
t he smal | est_ i ndi vi dual lfg addressable unjt of informatjon 20 stored in a

di sc drive Jmif 3nphratgn g |gergerslmt0tﬁnt@§1 cyent lggngdacrpiques and the petiFal
addi ti gpgli %?%&‘1% ukat fo?i)g{f gpis}é GQETH{uPé aﬁm O RN G RhdR R KR
correctli on. I'S organi I On ta a OWsS easy access 1o any part of

the di semputer irérventiva; aid indrezpapioullarhiiritical@gnitare dist grivd opetativhabeventsck,
which facilitates pasitioni 8 of heads over, tracks. Cenerally, each of the
mull®i peEoxs; andsother informationthialare sefub s disc grixe fifurpanalysisio heads (one 25

adj acent the top surface of the disc, and anot her adjacent the bottom for

reading and witing data to a S%rcﬁégiouﬁdt&fﬁh@fﬂveghﬁg drive has two or three
di scs. This usually nmeans ther in a disc drive

carried by a set of actuator arns. Data is accessed by noving the heads
fromthe i nisc drives wredatpstotagetietibes thatstoré digital date inmagiee}ic dorny en abytatmg

actuator assenphly. The
storage mezl?um called a disc. Modern disc drives comprise one or more rigid discs that are

coated with a magnetizable medium and mounted on the hub of a spindle motor for rotation at a
15 constant high speed. Each surface of a disc is divided into several thousand tracks that are
tightly-packed concentric circles similar in layout to the annual growth rings of a tree. The tracks
are typically numbered starting from zero at the track located outermost the disc and increasing
for tracks located closer to the center of the disc. Each track is further broken down into sectors
and servo bursts. A sector is normally the smallest individually addressable unit of information
20  stored in a disc drive and typically holds 512 bytes of information plus a few additional bytes for
internal drive control and error detection and correction. This organization of data allows for
easy access to any part of the discs. A servo burst is a particular magnetic signature on a track,

which facilitates positioning of heads over tracks.

Generally, each of the multiple discs in a disc drive has associated with it two heads (one
25  adjacent the top surface of the disc, and another adjacent the bottom) for reading and writing data
to a sector. A typical disc drive has two or three discs. This usually means there are four or six
heads in a disc drive carried by a set of actuator arms. Data is accessed by moving the heads

from the inner to outer part of the disc (and vice-versa) driven by an actuator assembly. The
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operational history of the disc drive operations prior to the failure.
Summary of the Invention 20 Agai nst this backdrop an enbodi nent of the
present wyentizon has been devel oped. An enbodi nent of thecimgenicen
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associ ated drawi ngs. Brief Description of the Drawings 10 Fig. | is a plan
vi ew of maregjuseklylaridesficienidy.por ati ng a preferred enbodi nent of the present

i nvention showing the primary internal conponents. Fig. 2 is a sinplified
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Det ai | eidtemxstiog dist idome ppeipgenalieyeants, eoorscandsitherdnfogmptorabesagshew thé t h a
preferred enbodi.nment he .present.inventi] kS.shown in FIG 1. The disc
drive 1‘3%‘“5‘88? ggrya(’fgg%éls‘iegv? Speﬂﬂﬂ}oc?ﬁp{}grrﬁogﬁgkaélﬂfﬁ%onents of the disc drive
100 are nounted. A top cover 104, shown partially cut away, 20 cooperates
with the base 102 to form an i Bainkay of ldnaei ronment for the disc
drive in a conventional nmanner. The conponents Tnclude a spindle notor 106,
whiZdh r ot at edgaings thip bagkdeopansersbodigenttof theprasenbhimventigrhbas heeidevielipsd AN on
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assenbly 110 _
storage disc is operably connectable to a host computer. The data communication between the

host computer and the disc drive is established via a disc drive interface. The disc drive interface
25  may be an ATA disc drive interface. A portion of the data storage disc is a critical event log
storage area. A power-on operational status of the disc drive with the host computer is
determined. Then a critical event is determined without a host computer intervention. The
critical event is predefined information related to disc drive operation. The list of the critical
events and the programming for the critical event logging are stored in the firmware of the disc
30  drive. The determined critical event occurrence is stored on the critical event log storage area on

the disc. The critical event can be monitored and logged either during an on-line data collection



25 includes a plurality of actuator arnms 114 which extend towards the discs
108, with one or nore flexures 116 extending fromeach of the actuator arns
114. Mounye@2a4728he distal end of each of the flexures 11Gpd©yaiBRead 118,
whi ch includes an air bearing slider engbling the head 118 to fly in close
proximty above the correspondi ng surface of the associated di sc 108. WO
02/ 277 2hodSoPild fBH08 4212 3B ediion medea Theiig thpeffdineaiata dollectioramibde) tiss fitnoware f
the heads 118 i.s_controll ed through the use of a voice coil notor
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disc drive 100 is not in use for 10 extended periods of tine. The heads 118
ar e novibd agppeiatedairawingses 120 near the inner diameter of the discs 108 when
the drive notor is de-energized. The heads 118 are secured over the park

zones 120 through the use of,an.actuat.or t arrangenment, which prevents
i nadvertent rotation of the %@-&MQMW the heads are
parked. A flex assenbly 130 provides the requisite electrical connection
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the actuator assenbly 110 during operation. The flex assenbly includes a
pri nt edingéntionishowigrtbe pAmaryinidrna lcomperenis.r es (not shown) are connect ed;
the head wires being ranted along the actuator arns 114 and the fl exures

116 to the hgads.118. The i nted cireui,t hoard 2 typically includes
ciroutry 1 ofechint Brpsa BinsRidfiirdh bEH pisn ABE fad i pon B ot Bt 116
during gniutdreyReariadlh@ing ARErd HEERIH WhRh tﬁ&%xe@éﬁ? idvertioWisRAduiRlyisemd! s
gener at ed by t%e heads I%B during a read operation. The flex assenbly

termnates at a flex bracket 134 for conmunication through the base deck
102 to a di sEigdd isecrgidaheeant dggmg flovbekaridin accordance with a preferred embodiment of

15  the present invention.

Detailed Description

A disc drive 100 constructed in accordance with a preferred embodiment of the present
imvention 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,

20  cooperates with the base 102 to form an internal, sealed environment for the disc drivein a
conventional manner. The components include a spindle motor 106, which rotates one or more
discs 108 at a constant high speed. Information is written to and read from tracks on the discs
108 through the use of an actuator assembly 110, which rotates during a seek operation about a
bearing shaft assembly 112 positioned adjacent the discs 108. The actuator assembly 110

25  includes a plurality of actuator arms 114 which extend towards the discs 108, with one or more
flexures 116 extending from each of the actuator arms 114. Mounted at the distal end of each of
the flexures 116 is a head 118, which includes an air bearing slider enabling the head 118 to fly in

close proximity above the corresponding surface of the associated disc 108.



(not shown) nmounted to the bottom side of the disc drive 100. Referring now
to FIG 2, shown therein is a functional block diagramof the disc drive
100 of Fiw@od2779eneral ly showi ng the main functional circwecrasbvaszare
resident on the disc drive 25 printed ckrcuit board and used to control the
operation of the disc drive 100. The disc drive 100 is shown in FIG 2 to
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speed (iama:cterdaﬂﬁ:flﬁnd 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
20  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 FIG. 2, shown therein is a functional block diagram of the disc drive
100 of FIG. 1, generally showing the main functional circuits that are resident on the disc drive
25  printed circuit board and used to control the operation of the disc drive 100. The disc drive 100 is
shown in FIG. 2 to be operably connected to a host computer 140 in which the disc drive 100 is
mounted in a conventional manner. Control communication paths are provided between the host
computer 140 and a disc drive controller 142. The controller 142 generally provides top level
communication and control for the disc drive 100 in conjunction with programming for the

30 controller 142 stored in a controller memory (MEM) 143 and/or a firmware 145.



20 between the host conputer 140 and the disc drive 100. Data to be witten
to the disc drive 100 are thus passed fromthe host conputer to the disc
drive intwofoaeeni44 and then to a read/wite channel 146, pdwygévipegades and
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In order to prevent such loss of time or data due to a disc drive failure, a new reliability
30 prediction technology known as SMART was developed. SMART is a reliability prediction

technology for predicting or anticipating a failure for disc drives generally operating under both
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25 SMART--a technology developed primarily for predicting disc drive failures--has
undergone vast improvements since the inception. For example, SMART Error Logging is an
extension of SMART for reporting a record of the most recent errors reported by the disc drive
100 to the host computer 140. An error arises when the disc drive 100 fails to perform a
command (e.g., a read or write command) issued by the host computer 140. Such an error is then

30 recorded by SMART Error Logging technology.
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SMART was developed as a tool for predicting a disc drive failure by collecting the disc
drive attributes and analyzing them while the disc drive is in normal use. However, the data
collected by SMART is inadequate for analyzing root causes of the failed disc drive. Because

20 SMART was so focused on predicting a disc drive failure, the data collected by SMART did not
contain other related useful information that may be useful for analyzing the disc drive failure.
More specifically, the data related to the attributes collected by SMART did not contain enough
details needed for conducting a successful failure analysis, although the collected data may be
adequate for failure prediction. Further, some attributes important for a failure analysis were not

25 recorded by SMART if those attributes were not useful for failure prediction.

For example, SMART for predicting a disc drive failure may typically record the
frequency and severity of the following attributes as indicators for disc drive reliability (although
the attributes are disc drive specific): head flying height, data throughput performance, spin-up
time, reallocated sector count, seek error rate, seek time performance, spin retry count, drive

30 calibration retry count, etc. The frequency and severity of occurrences of these attributes are

important criteria for determining a disc drive failure. However, for analyzing a root cause of a
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100 is in operation with the host conputer 0. Essentially, WO 02/ 27727

-13 threshold.

Further, SMART does not record many events that may not be useful for failure
prediction but may be useful for failure analysis. For example, an event such as changing the disc
20  drive setting from master to slave (or O to 1) would not be captured by SMART since such an
event has no bearing on determining the reliability of a disc drive or predicting a disc drive
failure. An event is a disc drive operational occurrence that falls short of being an error (e.g., a
successful sector reallocation). An error on the other hand arises when the disc drive could not
successfully carry out a command issued by a host computer (e.g., a failure to write to a sector

25  due to a failed sector reallocation).

Furthermore, the DST would not provide a complete pathology of the failed disc drive
although it provides information as to whether the disc drive is a good or failed drive. Running
the Enhanced DST takes a long period of time since the entire disc drive media was tested since
no information was logged while the disc drive was in operation. Running the Quick DST may

30 require less time, but the test result provides high number of false negatives (i.e., good drives
indicated as bad drives).
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TABLE 1
Hours Time Stamp | LBA R-Theta-Z Error Code | Type
23 334019ad 5dbff6 1ce4-36d8-0 | Rd-UnRec Scan
23 33490856 12a53bf 5d7d- e97-0 | Rd-UnRec Scan
24 3e2524a8 12a53bf 5d7d-e97-0 | Rd-UnRec Verify

20  Shown in Table 1 is an example of the information stored in the Critical Event Log. Each row
represents an entry to the Critical Event Log. For example, the first entry indicates that a read
operation to the sector having an LBA of 5dbff6 (HEX) and located at the R-Theta-Z of
1ce4(HEX)-36d8(HEX)-0(HEX) was not successful at the 23™ hour and 3340f9ad (HEX)
microseconds.

25 Further shown in Table 2 below is the organization of a sector that holds Critical Event
Log information. Each sector of the Critical Event Log 121 can hold up to fifteen entries as
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conput ¢r 14% sendi ng 4 r ead or wite command to the disc drive 100. The §
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12 N#32+13 | Raw Temperature at time of error

13 N*32+14 | Reserved

14 N#*32+15 Reserved

15 n*32+16 | Radius (R-Theta-Z format) of Event

16 n*32+18 Theta of Event

17 n*32+20 | Z (Head of Event)

Shown in FIG. 3 is a flowchart for the Critical Event Log operations in accordance with
an embodiment of the present invention. The firmware 145 contains the programming for the
Critical Event Logging operations. In operation 302, the firmware 145 or the controller 142

checks to see whether the disc drive 100 is in operation with the host computer 140. Essentially,
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6 Failed to Spare a Bad Sector
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power - on operational status of the disc drive with the host 5 conputer
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related t rive operatiofis and wherein a set o e cr|t|c event s
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vi _UKf Chogstetlfe) mecai Bvarg Liog by 1eseritjons $06330 &I 9per SHMPBR6EE) firmware 145 or

256 oo R el b ook rept o 8b o cmdho i 198 Tha Sravare S,
! &&10%% % &h £ﬁpeﬁds-€hle ‘OetiedO0%nt iog éﬁl‘r}l& described above with respect to Tables 1-3. The

appended Critical Event Log is then stored back on the disc 108.

7

In summary, an embodiment of the present invention may be viewed as a method of
logging critical events on the disc (such as 300). A disc drive (such as 100) is operably
30  connectable to a host computer (such as 140). The disc drive (such as 100) has a data storage

disc (such as 108), and a portion of the data storage disc is a critical event log storage area (such
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10% & (%at@@t%@% ARARRP &ﬁﬁiﬁ{m@%el@l aﬁve é@sf&bl@shed via a disc drive interface. The
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Y4 10%& () - 110%& (5 - RS & () T Rl0ve () o () >

?2nP ? YR & @@(W'dhta&bﬂ@ﬁdo@)m@e and momtonng for occurrence of one of the predefined

critical events (such as 302). If the off-line data collection mode is detected, an off-line scan of

the disc drive is performed and an occurrence of one of the predefined critical events is monitored

(such as 302).

15 The determined critical event is then logged to the critical event log on the disc by
performing the following steps (such as 300): first, the critical event log is read from the critical
event log storage area on the disc (such as 306); second, the determined critical event is appended
to the read critical event log (such as 308); and third, the appended critical event log is stored in

the critical event log storage area on the disc (such as 310).

20 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 a presently preferred embodiment has been
described for purposes of this disclosure, various changes and modifications may be made which
are well within the scope of the present invention. Numerous other changes may be made which
will readily suggest themselves to those skilled in the art and which are encompassed in the spirit

25  of the invention disclosed and as defined in the appended claims.
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a disc drive interface providing a data communications path between the disc drive
and the host computer; and

firmware for storing the critical event logging module operably connected to the

10 critical event log storage area and the disc drive interface.
2. The disc drive of claim 1 wherein the disc drive interface is an ATA disc drive interface.
3. The disc drive of claim 1 wherein the critical event logging module comprises:

15 a disc drive operational status determination module for determining a power-on

operational status of the disc drive with the host computer; and
a critical event determination module for determining an occurrence of a critical
event without a host computer intervention, wherein the critical event is a predefined
information related to disc drive operations,
20 wherein the critical event logging module stores the determined critical

event to the critical event log storage area on the disc.

4, The disc drive of claim 3 wherein the disc drive operation status determination module
determines whether the data communication between the host computer and the disc drive is

25  established via the disc drive interface.

5. The disc drive of claim 4, wherein a set of the critical events is predefined and stored in

the firmware of the disc drive.
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$ 5 &/.( ) The disc drive of claim 6, wherein the critical event logging module reads the critical

event log from the critical event log storage area on the disc; appends the determined critical

event to the read critical event log; and stores the appended critical event log to the critical event

log storage area on the disc.

10 & The disc drive of claim 5, wherein the means for determining a critical event occurrence
monitors for an off-line data collection mode, performs an off-line scan of the disc drive upon
detecting the off-line data collection mode, and monitors for occurrence of one of the predefined

critical events.

15 9. The disc drive of claim 8, wherein the critical event logging module reads the critical
event log from the critical event log storage area on the disc; appends the determined critical
event to the read critical event log; and stores the appended critical event log to the critical event

log storage area on the disc.
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©) reading the critical event log from the critical event log storage area on the
disc;

(d) appending the determined critical event to the read critical event log; and

(e) storing the appended critical event log to the critical event log storage area

15 on the disc.
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