; e3egdT@ Z6TIS 9 METHOD AND APPARATUS FOR EVENT MANAGEMENT I N A DI SK DRI VE

" BACKGROUND OF 5 The present invention relates generally to
the field of dmmmmmumwmwmmﬁd, in particular, to an event managenent
technique using tipge i nformation. Generally, a typical hard disk drive has

a built in function to detect an error as one of the events 10 occurring in

a read/wite operation, etc., and record the error information. In general,
in the disk drive | og i nformation (érr6r log file) including various
ki nds of erro’ﬂlmumlmﬂmwn is stored in a systemarea on 15 a di sk nedi um
serving as a dium The system area conprises, for exanple, a

recordi ng area condsgpondi ng t o B Tldw QF abiEs DWENBI@Nt er nost peri pheral
side on the disk nmediumand is distinguished froma recording area of
normal user dat AETHPFENhSPPARRTY S it ES i (MANAGEMEN T el N &b JOLPal | ed
turned-ON tinme froma power ONtine to a power OFF tine is neasured and
additively intedﬁgﬁgh to allow a resultant integrated tine to be recorded

nf ormat fon i ndicating an err BRCKGAPUNE” Bt "BRs SMRNTE M ned- ON 1ime 1 5
recorded g tine stanpd MO Ohyene: y A DRLS SYSIEMA, Aes Sona!

conput er, etc.) can recogni z e error con eadl ng he” error

| nfor mation and Aunpedse Ot TRfiAIE iy Ok i 4Gy By ¢ QG PG peniouever,
t he host system can recognize an error occurring timng only by the use of

a relative time hisfiriched dosRadnN dd iRy Gfi e sk giriore, |n ot her

words, the host system cannot recognize, 1n association with an internal
time (time of day, dajehanihp “eaiypidal heasysdBim dPEvOaLs r&nsei pf- an

event such as an error occurring in the disk drive. BRI EF SUMVARY OF THE
| NVENTI ON in function to detect an error as one of the events

10 occurring in a read/write operation, etc., and record
the error information.

In general, in the disk drive, error log
information (error log file) including various kinds
of error information is stored in a system area on

15 a disk medium serving as a recording medium. The
system area comprises, for example, a recording area
corresponding to a few tracks on the outermost
peripheral side on the disk medium and is distin-
guished from a recording area of normal user data.

20 Further, in a conventional disk drive, a
so-called turned-ON time from a power ON time to a
power OFF time is measured and additively integrated
to allow a resultant integrated time to be recorded
on the recording medium. At an error occurring time,

25 not only error information indicating an error content

but also the turned-ON time is recorded as time stamp

information.



. In accordance with one enbodi nent of the present invention there is
provided a disk drive including 15 facilities for event managenent, that
is, including neans configured to, at an event occurring time, generate
time data synchronized with an external tinme and record, together with the
time data, any event information on an error occurrence, etc. 20 The tinme
data constitutes a time stanping informati neaning the tinme of day, date
and year at which tine an event occurs in the disk drive. The disk drive
conprises a disk mediumconfigured to record data; a read/wite unit
configured to 25 performa readéwwite 0 erati?n on data on_the di sk nedium
a timer unit configur@dl®tgere %Pe(?iﬂgrﬁaPé sGABRMERF2e8LGi ¢t NC8Rt i me from
out side the drive; an event controller $onfigured to, when a

-, 3 '@?d £
gi ven event occuFECFPHAR e VB IR COPIEEVEMY | FeafHa?i bR RtFR4ting t he
event content and tinme data indicatin e_event_occurrence tiine_in a
correspondence fb?#ﬁr%am%lla SEﬁ‘ffﬂ‘?'é\ﬁ RRE %E%A‘E %W&V%HE
DRAW NG The accqg?qgg%@?rgﬁamjngs, whi ch are incorporated in and constitute
a part of the specification, illustrate enbodi nents of the invention, and

together wth the geggéﬁévgfscfhgtﬁQQEQE%EeﬂbBé{ﬁ 989091??2&%9%9%90'

description of the enbodi ments given below, serve to explain the principles

of the inventionocdhfaridgi Simihd 06kl ¢li 3gr el showi g 8 seldeiveetrdhea di sk
drive relating to respective enbodi nents of the present invention; 15 FIG

2 is a flowchartwipeh expl &l hingedheN st eps of théi dbsHagaivecei yhngtpepcess
relating to the first enbodi nent of the present invention; FIG 3 is a
flowchart for expbdads nghé heost epgsoém ataensOr rocogessef elat angotbat he
first enbodinment; 20 FIG 4 shows one practical formof error information
relating to the fiomstwenibozh nemterft G t nghdbme hef sttiaps déta ardd error

| og conmand process relating to the first enbodinent; FIG 6 is a view
showi ng aWari anfeaf) tdk the styPteenbols nepeuragrce of an event such

as an error occurring in the disk drive.
BRIEF SUMMARY OF THE INVENTION
In accordance with one embodiment of the present
invention there is provided a disk drive including

15 facilities for event management, that is, including
means configured to, at an event occurring time,
generate time data synchronized with an external time
and record, together with the time data, any event
information on an error occurrence, etc.

20 The time data constitutes a time stamping
information meaning the time of day, date and year at
which time an event occurs in the disk drive.

The disk drive comprises a disk medium configured
to record data; a read/write unit configured to

25 perform a read/write operation on data on the disk
medium; a timer unit configured to generate time data

synchronized with a time from outside the drive;



FIG 7 is a flowmhart showing the steps of a life time notice process
relating to the second enbodi nent. - 4 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON The enbodi ments of the present invention will be explained bel ow
with reference to the acconpanying drawing. 5 (First Enbodinent) FIG 1 is
a bl ock diagram showi ng a major section of a disk drive 20 relating to the
present invention. A present disk driver 20 conprises a hard disk drive
(HDD) using a magnetic disk medium 1l as a dat & 10 recordi ng medium 1. The
disk drive medium1l is nounted on a spindle notor (SPM 3 and configured to
be rotated at high speed. On the disk nedium 1, many tracks are forned as a
data recordi ng a®®d.23R ¢EeNE rGRRErohleheconif o WHE %@riwh@ﬁaﬁ givenof 15
the disk nmedium 1l are used as, a systemarea 100 for recording data other
than normal user®WRlh. OPEULH |11 bR AT bV bEPeN dvarehisiRfagrapion
managenent inforpmatjon,. such as error log information (error lLog file) and
r nad- ON 1 1me | HEOH Sl 15 L e V& oy RO 204 b 89 ster o B3 6 A ehe
present disk driyve 20 has a magnetic head 2 for perform ng a data
read/wite oper atfl?%ne‘(’)‘?flara YR Tt 10 THR ?ra@%élf?%p%%%%miei gomhmt ed on

. . [ Sk
an actuatar 4 Tﬁaﬁé%ﬁﬁéﬁ%ﬁﬁg%H#’%EE&&”W&W% ?QSTFD?%E (Q@‘f&f’s The

mediuml in ara y ns of a volice ¢co

VM5 i supplied witdna deiugoshiiegtabafenas A dhi xee OAchioa.apLar -

5 driver IC 6. The notor driver I nc es not only the rrver 60

but also an SPM i iyed &nd@it@d Vi NGatheoBPMS. speEPE A0 coRirols the SPM
3 and VCM 5 through 5 the notor driver 1C 6. A magnetic head 2 is of such a

structure as to NBMEsar4eaderisddl et 3w & £ erieath venti e, oind €6§8BRes! i der,
the read head performng a read operation and wite head perfornmng a wite
operation. The acitiattite general description given above and the
10 detailed description of the embodiments given below,
serve to explain the principles of the invention.
FIG. 1 is a block diagram showing a structure of
a disk drive relating to respective embodiments of the
present invention;
15 FIG. 2 is a flowchart for explaining the steps of
a time data receiving process relating to the first
embodiment of the present invention;
FIG. 3 is a flowchart for explaining the steps of
an error process relating to the first embodiment;
20 FIG. 4 shows one practical form of error
information relating to the first embodiment:;
FIG. 5 shows the steps of a read error log
command process relating to the first embodiment;
FIG. 6 is a view showing a variant of the first
25 embodiment; and
FIG. 7 is a flowchart showing the steps of a life

time notice process relating to the second embodiment.



10 4,is driven under control of a servo systemw th the CPU 10 as a nmain

el enrent and sets the magnetic head 2 to a target position (target track) on
the disk nmedium 1. In addition to such a head di sk nmedi um assenbly, 15 the
disk drive 20 also includes a circuit systemhaving a pre-anplifier circuit
7, R'Wchannel 8, disk controller (HDC) 9, CPU 10 and nenory 11. The
pre-anplifier circuit 7 has a read anplifief and wite anplifier, the read
anplifier being 20 configured to anplify a tead signal which is output from
the read head. The wite anplifier convents a wite data signal which is
out put fromthe R Wchannel to awite current S|§nal and_sends a

resul tant signal to the VQE?%I%QDEWWWI%%nW SII‘%ENF%I%rrpri sed of a
signal processing IC for ssin read/ wite data si nal ing a
servo data signal) . Eﬁe gmg?ﬁéméﬁ% 5187 ggéoﬁﬁﬁ?§8 PVE PR @Bﬁ g
device of the drive and nder its ontrol gr a_control eration of
Lhe servo systen]X % R BeEu, TR oberSr pBREC bRt FBe "2 ERERERPs R fanagenent
5 (event manageng ﬁgeratlon relatlng to the present enbodi nent. The
menory 11 |ncludes not“only a RAM but also a flash nenory (EEPROV) serving

as a nonvoiatil e pFppRtYEnRSM mehe) . and stores various kinds of data and
progran1necessary to control the CPU 10. 10 The CPU 10 has an internal

tinmer 101 for measuripgca 4img hnbﬁbéﬁ|dlIB@amn%ﬁbﬂﬁhgtb”ﬁb 6@ sk®tion
conprised of a free run tinmer starting in synchronismwth PIHE data sent

froma host system 30daskwitivbe2seteDatihgl 0w, thisi pge8eAtasHreAgibhe and
time data 15 110 output fromthe internal tinmer 101, the CPU 10 generates,
whil e updating at a pRedeteentnddski deivetepvakbompirireedatahiamdi dakikng t he
time of day, date and year. The HDC 9 serves as an interface between the 20
drive 20 and thedhoge $§BPemi3Dnguzhmagnetperdbnkl mediput éraand dagat al
device. The HDC 9 has various kinds of register groups 90 such as a

regi ster ¥or hol BPeRralegnheGiunRr bm t Heehossksgsiem Bedany 4 iegister for
hol ding error information. The CPU 10 25 gains access to the register group
90 and perforns W%%nﬁ%?ap?e%d?&k?@%ed%%Fﬁfl6%§M (SehefafPBRIGRr TANECDAt a

d E P t di t Il b
oxpl ai ned bel ow By ?%?%v?%gﬁt EEBSoheg e Sheoeif %eé?%% 1y Pgng.
First, as shown EPagkéi P%rf' 2%%r ?£%n?ec$ﬁ&hﬁ% e Sof t he present

sSen S y

di sk dr|ve 20 recei ves rom tem 30 - step

SL. The CPU 10 allowsAtPsw LPBCA8t anLE0e W EN kS ECRELYRHlepl 1! BedbDGEO to

be stored at a predeternlne area In t |nc € nenor

step S2. {at isgndhgidP AEY IR @léﬁ@ﬁuégg 55”5 9?&@eﬂ19r$g'§bo'§or
synchroni zed with an internal tine of host system 30 to be stored in
the menory 11. recording data other than normal user data. As will
be set out below, wvarious kinds of management
information, such as error log information (error log
file) and turned-ON time information, are recorded on
20 the system area 100.

The present disk drive 20 has a magnetic head 2
for performing a data read/write operation on a disk
medium 1. The magnetic head 2 is mounted on an
actuator 4. The actuator 4 is moved, under control,

25 over the disk medium 1 in a radial direction by means

of a voice coil motor (VCM) 5. The VCM 5 is supplied

with a drive current under a VCM driver 60 in a motor



,The CPU 10 starts the internal tinmer 101 using a given tinme (including the
time of day, date and 15 year) of the tinme data 110 as a standard tine
point step S3. Here, the host system 30 transfers, at the power ON tine,
the tine data which is generated in the host system 30 to the disk drive 20
by the use of, for 20 exanple, a tinme-of-day notifying command. In nore
detail, the host system 30 sets respective data of the tinme-of-day (hour,
m nute, second), date and year to, for exanple, a head register (head
nunber hol di ng regi ster), sector nunber register, sector count 25 register,
cylinder register, . etc the register group 90 of the HDC 9. In
accordance with ?héV?Fnﬁ o? day notifying g _ command fromthe host
nple, "16;00;:00 on March

t 30, the disk d f
T4 5 the current ti RBS(PRFOFCAELVEF miCof YR £/B139) EPhdCHnt er nal
ti 101 start t t t f th f t
Then, as shoan (ALHTEE 50 MRGr® 57 o8l PRt 8- ¢ Onhmil FF| SSCRRFT BRFL he. 'hé“;’t
S e i hat a2 811 VE @OuPES B3 L CRAL Y ®S OREE Y LRTs FBESubh e

supposed t hat an error, such as a réead error ccurs

The CPU 10 adds @@éeﬁgpégddfig@&(f@rGexaane "3662 seconds") which is
output fromthe internal tinmer 101 to the tine data 110 stored in the RAM

and cal cul ates tine sjagy h@EQé”Héé&n2r§9r8§eQEbH9 19t 0cRhLERr 2QCEYI Ting
time (step S5). In nore d%tall the CPU 10 adds 3%62 segon g a%hﬁgh IS

obt ai ned from t Heavet£rnedd themd éﬁﬂ.WﬁthEhéa@Em@@ﬁ@eé|@n(é6c&ﬂmgg on
March 14) and calculates tine stanp information representing "I17:01:02 on
March 14" (year $kidenttEte 20eddrheadvieat foceisake) redieoPrhdfonl hoas any
error information which represents the content of an reoccurred" error
(here a read errwrjte didred sperEairiing he mystenmpeemtﬂ@@ of Thdeadtsktordi um
1 using the tinme sta information 25 representing the "error generated"
tinme-of-ddy as ot t¥s %Jevﬁfhﬂmdﬁﬁ igntret epf S6. s¢eve, syseererwdthi tiher mat i on
is stored in the - systemarea 100 in a formto, as shown in FIG 4
for exanple, seddtr® ]ao c%?r%%e?ﬂt%“%‘ht@?ﬁ 32y cseathagne i orheadon st anp

information 301.,1n a r | urality of error information error |og
i nformation (er ort9 oagr%ﬂ%etldf%s et M et AFEe er kR C 8o e el sk e nal

situation, are rgseryed as file) in the system

In addition to such a head disk medium assembly,
15 the disk drive 20 also includes a circuit system
having a bre—amplifier circuit 7, R/W channel 8, disk
controller (HDC) 9, CPU 10 and memory 11.
The pre-amplifier circuit 7 has a read amplifier
and write amplifier, the read amplifier being
20 configured to amplify a read signal which is output
from the read head. The write amplifier convents
a write data signal which is output from the R/W
channel 8 to a write current signal and sends a
resultant signal to the write head. The R/W channel 8
25 is comprised of a signal processing IC for processing
a read/write data signal (including a servo data

signal) .



By issuing a specified command called an error log read (REL) command, the
host system 30 can read 10 out the error log information fromthe system
area 100 in the drive 20. An explanation will be nade bel ow about this by
referring to the flowhart of FIG 5. Wien the HDC 9 of the disk drive 20
receives the REL command fromthe host system 30, the CPU 10 starts 15 an
error log informati on read operation - step_ S10. The CPU 10 effects drive
control of the actuator to allow the naghetﬁc head 2 to be set to the
system area 100 of the disk nmedium 1 and, by doing so, read access is
carried out - step S11. That is, . the RRW20 channel 8 reproduces the error
| og i nformation whi chT™h8 +BHd!ButSf FERPFRESEySem BReR FOBTERAOuUgh t he
magnetic head 2 gnd.deliﬁeﬁs ié to the HDC 8 - s%ep S12. Ihe HDC 9 receives
the error |og i nfofHati8h FRadbhYes 7B t HRIRF W ERaRABRFT8L1 hPERGR PRe

magnetic 25 head 2Can€ t ansferﬁiit tf %ge hog% syst n130nsteg S13. By
doi ng so, the ho3t %§ Fem 30°tah 3%t arn ﬁyse Vo18Y5&FFor 958 %nfornation

fromthe disk drj arj in o] c ' ative to
the ocourrence of a0 ar F5F PEERETHNEROGkPoL: DRar kPP CRETREENEELT L ET
error '”foénat'ove%@ﬂﬁ'ﬁgﬁa LhaEt a&?e?a%@bﬁhr%%aﬁiﬂﬁhEB”tESd peLhnthe
internal tinme of the host s%sten1 O1s attached to the error Fog
i nformation. ThusmhdAemb9et SystefenOr§an; obhaifgBst natr shayi ¥erhimByef the
di sk drive 20 but the tinme stanp infornmation representing an "error
generated" tine-9fsd0adayasndnéRE6PYNIZEPROY) €560 HgNEEakeHohRodsgoTEAt | ON
with an actual tinme of the read/wite operation. Al though the error
generated in themelhskydrkoe, 280tbas deeénsexptai nediassakpndst b€alaexanple in
connection with the present enbodi nent, the present 15 invention can be
applied even to ahe peogyenentcossatietoeventsol nthbeCHUskOdri ve 20. That
is, the disk drive 20 generates a tine stanp information in synchronism
with the 1@ ne of the BBstCBYsieniide andiptesnras thmeti ARlsfaip i nformation
in association with 20 the tinme of any generated event. Even in_ the case of
obtai ni ng an eveRt2eohtehta ot e iMBATTAL: gehRPatBBCERROr L1RAEr 6P6réS it is
possi ble to always reco nizg aﬂg sgecific situation generated time, As w |
cPU 19

be seen from t heIBRTESELHR 2BUR b LRGESS ERABC {1 Fet BaP ¥R EREARE &MY ed
fromthe host sy m 30_an enerate he_t] dat a, synghroni ze ith the
operation time T Ehet e dalsr Sntaorr ot ¢ ralte S Ee SR 8F' Fhirebtor
Occurrlng,.for egg@pg&% 5@ o&?lj&9in&h%|ﬁeg§ﬁ9gn%h€iﬁéngnga£§mecgﬁtéfcord’
together with the error information, the tinme data representing the "error

generated{s ti me 850 6 RBp$t AFPorh ERE MBLEOPnAD B1h8E dbsk £RAI gpylipor
exanpl e. Thus, when any error information is obtained fromthe disk drive

20, the host sysgemedtsan dhbDe Obp@bPitfieat | aepstashetRi peaBt ing
representing the error generated tine. By doing so, the host system 30 can
recogni ze an 10 &vestvasuchims dayaetmndicaengrthedtimeassodagt edatet h an
actual time of the data read/wite operation in the disk drive 20.
and year.
The HDC 9 serves as an interface between the
20 drive 20 and the host system 30 such as a personal
computer and digital device. The HDC 9 has various
kinds of register groups 90 such as a register for
holding a command from the host system 30 and a
register for holding error information. The CPU 10
25 gains access to the register group 90 and performs

the data read/write operations.

(Generation of Time Data and Error Processing)



,(Variant) FIG 6 shows a variant of the first enbodinent. 15 This variant
is conprised of a systemfor recording tinme stanping information (TS)

which is cal cul ated under the CPU 10, not only in the systemarea 100 but

al so in each data sector of a disk nmedium 1. 20 The respective data sectors
denote data areas into which a track (cylinder) on the disk medium1l is

di vided. The respective data sector genegal%y conprises a user data
recording area 500 and an ID area 501 where ID information 502 is recorded.
In a 25 practical application, the ID area 501 includes an avail abl e area

503 between the area the I D infor ion K02 and.the user data_area 500.
- 12 In the present 3&?i89@?a§ﬂ°8 RE?%beoﬁéFéﬁiSﬂbpgﬁgepgrwéi;nﬁﬁe, time
stanp information S) representing awite tinme _of day is_recorded in the
avai | abl e area 5§§giﬁé8?8c%ﬁi98IBgfr?ﬁgréﬁﬂglﬁoapoga8ﬁx§a?§Gse tgP inb5
which data is reg?%gegIngd?rtgugh a system at a read operation, the CPU
10 can read, togethér Wth the usSér data, the time stanp information (TS)

fromthe available arga,503 aad hoanster sipemytogthe Bosk SYRf om0, By

doing so, 10 the host system can recogni ze the ti day when'’t he user

data of a data ?%EEOHDantokstﬁéﬁgfgggnt(§§§9”Qr§ggogb”§@EEiEE§-thES a
flowchart relating to a second enbodi nent. The second enbodi nent is

supposed to haveddbaaldoskefiti ¥eoROtRE BoStrHgkUER 38 shawapi B1FI Grhd.
First, a disk drive 20 neasures a turned-ON tine froma power ONtinme to a

power OFF tine agdualbowsldhe thenedmEONdhtaeldat ahtehbesr eeeededdoata
systemarea of a disk medium1l. In this case, a CPU 10 20 additively

i ntegrates a curtbat HDAr Aetdohet shered atpaspredehedmiNetli aeeasianthe
integrating value and records corresponding turned-ON tinme data. In a
normal situati onRA¥héneluded- ON theemgnoaycdlrespbatdsSRe akhpit égr atbd
value fromthe shipping of the drive 25 20 to a current turned-ON tine.
Wth refet@nce tngIEQ zllone phesthabeciBbdi hbAt WRiFh BE &XprhraBdZEf nore
detail below in connection - 13 with the djsk mediumdrive 20 having
such a function. WAtRa2RoRECERELi heMeaff HERSONBE Tt A¥SEREK 3RedPulke

stored in the memory 11.
The CPU 10 starts the internal timer 101 using
a given time (including the time of day, date and
15 year) of the time data 110 as a standard time point -
step S3.
Here, the host system 30 transfers, at the power
ON time, the time data which is generated in the host
system 30 to the disk drive 20 by the use of, for
20 example, a time-of-day notifying command. In more
detail, the host system 30 sets respective data of the
time-of-day (hour, minute, second), date and year to,
for example, a head register (head number holding
register}), sector number register, sector count
25 register, cylinder register, etc., in the register
group 90 of the HDC 9.

In accordance with the time-of-day notifying



.drive 20 receives tinme data 110 sent froma host system 30 - step S20. The
CPU 10 allows tine data 110 5 which is received by the HDC 9 to be stored
ina RAMof a nenory 11 at a predetermined area - step S21. That is, the
CPU 10 allows tine data 110 which is synchronized with a time of the host
system 30 to be stored in the nenory 11. Further, the CPU 10 starts 10 an
internal tinmer 101 using a given tine (ipclgdipg the tinme of day, date and
year) of the tine data 110 as a reference tinme point. Then, the CPU 10
reads out turned-ON tinme data stored in a systemarea 100 on a di sk nmedi um

1 - step 15 S22. Furthgr t he CPU 10 readg@out life tine-rel ated data
initially stored“PA"eRE EySPehsr BYSE06YSEEMN GOt heheurhsd- BKiVRKe 28at a and

life timerelated data, .the CRU 10 cal cul ti t d of alif

Lime at & curr onfCrPREBaRAL FOTSCBARELE: 560TRE " PBPHGMRBERILE WAGL KEE or
t limt of t ' k [ : lculated.ti - st

S24. "I mor e det ST Uhe-tHY 15°EREAEE WAAFLBF 5HE SR FLabhlz0) i e

i nt | to t L | [ ' t ' t ;

oreaet or mi ned i e T Chas Do e e 100 Rear Ao TRP FRRAFERbURE & Fimeup 1o

the end ofsthe |ifigetiA® ESoRdeRyatereRefbbl tiha, Mde to a nornal
read/ wite operation (NO of step 524). - 14 If, on the other hand, the

CPU 10 deci des that thaehimit ehotvheihi Fecti e Wsecheachedqy/the tePU 10
calculates tine data (date and time of day) up to the end of the life tine
- step S25. In nocemaetiaik, itbeed £PbhlbhadHsse kapsed Bopethkoaigxanpl e,
3662 seconds) which is output froman internal timer 101 to the tine data
110 stored in a ®AMWand0cpeérfidanesat reeddvanpei operahlonn rHpresenting a
time of day at a current tinme point. Then the CPU 10 adds a residual tine
10 up to the endS@pPeHed| thattamee¥Bor hesucheast anpeadf ernati oncands
calculates_the tine-of-day data up to the end of the life time. The CPU 10
gi ves thet?ime- of YeSyCfatBeRpSEb-t he end of the calculated life time, as an
advance notice 15 of &Qe lLLfe éin&, to a host system 30 through_an HDC 9 -
step S26. O, the cPU'B 1By tBcafdstAR 849BREE RoLPcATPHf 6XKABPILBN on the
systemarea 100 o e_disk.medium The host system 30 na e of such a
type as to issue %Eé%e%???%%srga oA ] ugegﬁo%th?hgngﬁr%ﬂ%ance
information fro S h ,Lh resept e di ment
n%iﬁ@% Y§£e@%g¢ﬁ@nﬁgﬁglé§t§ Pf&.s%ogeg In ?h%n

above constitutes a system managi ng-an eveén e end of

the life tine. Thag &§lcﬁi§%éér%ﬁﬁ%'Q@&mﬁtiﬂPoﬁﬂQt9§ﬁ?%eﬂ?eggn%gﬁgend of

the life time is 25 calculated by the utilization o e tinme
generated 3 n thearli Skeslf | ¥€c2Pr gl BiteSUstep SSHPLi CBd ASradNaPSE], _
information to the host system 30. - 15 Thus, especially where there is

less tine |eft asha CHSi Duaddds fe3€éesofonidle’ dohveh 20s ébheatwss syskem 30
can initially recognize this as an advance notice. By doing so it is
possi bl e to initike | ynpeevenhttiamgr 51 Guddentlse opine datd ure0r es6al 00 ngof r om
the approaching limt of the life tine. The system of the present

invention, if be?hdlapph ikl tand hkkulrtes tore fsezuenthformedibusi ness
personal conputers, is very effective. Since the user 10 can initially know
t he approachi ng T§RAESHCIHE 11 TP 1M 9F Mavechi 5K’ dfysar ustdomitted

i bl '
possi bl e f0 for convenience sake).

The CPU 10 allows any error information which
represents the content of an “occurred” error (here
a read error) to be stored in the system area 100 of
the disk medium 1 using the time stamp information
25 representing the “error generated” time-of-day as
attribute information - step S6.

Here, the error information is stored in the



Jnitially prevent any such adverse situation in which the data recorded on
the drive will be lost due to a sudden stopping, etc., of the disk drive.
15 In the respective enbodi nent, the host system 30 is supposed to have
such a structure by which the tine data is cal cul ated based on the
reception of given tinme-of-day data fromthe host system 30. A nethod for
inputting the tine-of-day data fromthe outside is 20 not restricted to the
case of doing this particularly fromthe host systemto the drive disk 20.
In nore detail, another nethod may be adopted by which, for exanple, the
tinme data is received via a radi o wave. Al though the respective enbodi ment
has been expl ai nB¥S58Ma3T 82 h8CapPl RefOFB HOhard ahekndinvEIGthd pPEsent
invention is not restricted thereto and can be applied to a nagneto-opti cal

di sk medi um dri vB*2BPES, SECYEe A-COFHERPOPHePRg PeSPEERi FBeeRbB8rmeNnts, as
t out above, the disk drive 20 b f | d be.able t

ecord a time syRSRFSNE ZeePtesEny Bk, ShAGr M PRRRONB BRS bBEUEABRce of any

event and. by 5 delig £0eobfa PIGANSE, ! herhunchlon, of JaBpagegnt for any

; .
1. .
event such as an error oCCUrre€ence, approachlngaglnlt I'té time, etc.

It Ts thusspossiplerhpa Loyl de ardbski AEGLHELIGHOLALND.8RRLAtYS of hi gh

reliability. 10 Additional™ advantages and nD Icatrons w readily occur

to those skilledgipothto@rinrdhrseione(ebhsri DYGNEL 08) i Dni EBebEOMER
aspects is not limted to the specific details and representative

enbodi nents showareadidescri bed herein. Accordingly, various 15
nodi fi cati ons may be nade w thout departing fromthe spirit or scope of the
general inventive conBepisasidefanedebyfibe appradadcel acasaandri-Beir

equi val ent s. - 17 WHAT IS CLAIMED IS: 1. A disk drive conprising: a disk
medi um confi gur elog oread ofREWAt eommandadtinei hestunsystemf Bgucad teagerform a
5 read/wjite operation of data on the disk medium a timer unit configured
to generat® tinePdatBhe e ontoedinfenakiorxfeenathe i sEstendanaa elent
controller configured to,,K when any predeterm ned event occurs in the drive,
record event 10 FhflidreedT bYe rehr estint $HRL 2Rt Eomteht 1 ope thedevkatownd tine
data representing the event occuErinE%tine in a_correspondence form 2. A

di sk drive accordHY t T 4t ¥n G GHetRY nte h %VE%?W%%_ t ot ef1¥s eonfi gured
{2, upon the 15 occurgence: ol A0cen" 8, AECL S Bhpl F6OLIBMGD: e
REL command from the host system 30, the CPU 10 starts
15 an error log information read operation - step S10.
The CPU 10 effects drive control of the actuator
to allow the magnetic head 2 to be set to the system
area 100 of the disk medium 1 and, by doing so, read
access is carried out - step S11. That is, the R/W
20 channel 8 reproduces the error log information which
is read out from the system area 100 through the
magnetic head 2 and delivers it to the HDC 9 - step
S12. The HDC 9 receives the error log information
read out from the R/W channel 8 through the magnetic
25 head 2 and transfers it to the host system 30 -
step S13.

By doing so, the host system 30 can obtain any



3. A disk drive according to claim1, wherein the tiner unit further

i ncludes a nenory configured to 20 receive tine data representing the tine
of day or tine and date supplied froman external device and store the

ti me-of-day data, the tiner unit nmeasuring an el apsed tinme using the
tinme-of-day data as a reference and updating the tinme data at a
predetermned tine 25 interval. 4. A disk drive according to claim1,
wherein the event controller allows error itiformation - 18 including the
time data as attribute information to be stored on the disk medium 5. A

di sk drive according tg claim1l1, further co rislngaa contraller configured
to, upon receipt ©6F05 aRJi AREPAPRYL18Bt LEPRoF RN katitdNer é2d2B8mmand from
an external device, .read out the event information and_tine data_recorded
inder said event PEGROFBI FeFiaHd KELRAST 8F PRESESEONEnECAREarRatodsoFce. 6. A
di sk drive according to claig13 further 1ghcoggr%sin a gﬁntr II%L.
configured to, upShHoFEERFHt Obf *BnSFRPEi &P YR§ef 8K BF 1V Af 6 nat -8n TPESd
command from an rn deyj.ce d. err ' r.mat i nd_tine
data recorded ungé%géa? re%é%ﬁ %5%??0 ﬁgérgggl?%agéyggggﬁés%&ﬁ% ?ﬁea

external device.  9cK. ;4 gyﬁ&hgshygeaCQQEHieaethfgéhaultiggebei@hbhe timer

unit further includes a nenmory configured to receive tine ta representing

the time of day mestiBpsend dotesrgeeh¥gddf eemhBecexber naly da¥bemaat a
power ON tine and store the data, the timer unit 20 starting the neasuring

of a time intervalonponThesgi pheOhobbeststtemdabacandoypdahi ngtt he tinme data
at a predetermned tine interval using the tine data as a reference. 8. A
di sk drive accordehgtivectamen &f wher dink28rliwvke20i bati nher mhineoBtamp
representing a useful life tinme limt of the disk drive is initially
recorded on the dhEkrmetiom repaesgsténvaesea; eandrf genhheatedfiptimengf- - 19
a turn-ON control ler configured to measure turned-ON tinme data froma power
ON time ah@® storéayhangurpcaomizei aeydarsosndenerdis wddprafAPFrhathensyst em
area; and a life controller configured to read qut the life tinme 5
information and YuFReBRCRCEVAL BATQ PfoRlEhEcag4vEitar eReBAB1IOBased on the

turned-ON tinme data a ife ti information, calculate the tine data up
to the life time Iinigg5#°PH8 ek ehrpreenerated i The aldn uTive

20 has been explained as a practical example in
connection with the present embodiment, the present
15 invention can be applied even to the management of
other events in the disk drive 20. That is, the
disk drive 20 generates a time stamp information in
synchronism with the time of the host system 30 and
records the time stamp information in association with
20 the time of any generated event. Even in the case of
obtaining an event content other than the generated
error, therefore, it is possible to always recognize
any specific situation generated time.
As will be seen from the above, the CPU 10
25 receives the time data transferred from the host
system 30 and generates the time data synchronized

with the operation time of the host system 30. At the



9. A disk drive according to claim@8, wherein 10 said life controller
notifies the calculated tine data to a host system 10. A disk drive
conprising: a disk nediumconfigured to record data; a read/wite unit
configured to performa 15 read/wite operation of data on the di sk nmedium
atimer unit configured to generate tinme data synchronized with an externa
time; and a controller configured to, m@enlihe_read/wwite unit perforns a
data read/wite operation on the 20 di sk nedium at each data sector, recode
the tine data in a predeterm ned avail able area of each data sector. 11. A

t hod f t t f disk drive, _th t hod Lsi.ng: 25
Starting time neER GHent St oS PoultCERF 1796 P GRRBP AT o ti (0 adba, at a
det i ned int I ized with t |, tine; - 20
et octing an er 0L VRIUH TLCOIS BT i1 Bber BF of B thot IRRRSF i U6 and at
ontent and 11 o dHOT il ARG T E1% Or RO CH T et oS £

correspondence f@éﬂoﬂg?&f@é&?d 2LEOTH NG ho Stahy LdrofHitlon gonprising
a step of, at a power time, recelving tinme data representing the tinme of
day or time and the disk medium 1 for example. Thus, when any error
information is obtained from the disk drive 20,
the host system 30 can also obtain the time stamp
information representing the error generated time.
By doing so, the host system 30 can recognize an
10 event, such as any error, generated in associated with
an actual time of the data read/write operation in the
disk drive 20.
(Variant)
FIG. 6 shows a variant of the first embodiment.
15 This variant is comprised of a system for
recording time stamping information (TS), which is
calculated under the CPU 10, not only in the system
area 100 but also in each data sector of a disk
medium 1.
20 The respective data sectors denote data areas
into which a track (cylinder) on the disk medium 1
is divided. The respective data sector generally
comprises a user data recording area 500 and an ID
area 501 where ID information 502 is recorded. 1In a
25 practical application, the ID area 501 includes
an available area 503 between the area of the ID

information 502 and the user data area 500.



.10 date supplied froman external device and storing the data; and a step
of nmeasuring a lapsed tine using the tine data as a reference and updati ng
the tine data at a predetermned interval. 13. A method according to claim
11, further 15 conprising a step of, upon receipt of an initially set read
command from an external device, reading out the error information and tinme
data fromthe di sk medi um and transferanglEhege to the external device.

14. A method according to claim1l, wherein“life 20 tinme information
representing a useful life limt time of the disk drive is initially
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109 ()-MLO%&' () -1 1DRsE)-& ADS® (Fi®402®) measures a turned-ON time
from a power ON time to a power OFF time and allows
the turned-ON time data to be recorded on a system
area of a disk medium 1. In this case, a CPU 10
20 additively integrates a current turned-ON time to
a past turned-ON time as an integrating value and
records corresponding turned-ON time data. 1In a
normal situation, the turned-ON time data corresponds
to an integrated value from the shipping of the drive
25 20 to a current turned-ON time.

With reference to FIG. 7, the present embodiment

will be explained in more detail below in connection
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with the disk medium drive 20 having such a function.

At a power ON time, an HDC 9 of the disk medium
drive 20 receives time data 110 sent from a host
system 30 - step S20. The CPU 10 allows time data 110

5 which is received by the HDC 9 to be stored in a RAM
of a memory 11 at a predetermined area - step S21.
That is, the CPU 10 allows time data 110 which is
synchronized with a time of the host system 30 to be
stored in the memory 1l1. Further, the CPU 10 starts

10 an internal timer 101 using a given time (including

the time of day, date and year) of the time data 110
as a reference time point.

Then, the CPU 10 reads out turned-ON time data
stored in a system area 100 on a disk medium 1 - step

15 S22. Further, the CPU 10 reads out life time-related
data initially stored in the system area 100.

Using the turned-ON time data and life time-
related data, the CPU 10 calculates a time up to an
end of a 1life time at a current time point - step S23.

20 The CPU 10 decides whether or not a limit of the life
time is reached from the calculated time - step S24.
In more detail, the CPU 10 decides whether or not a
residual time interval up to the end of the life time
is adequate relative to a predetermined time. If the

25 CPU 10 decides that the residual time up to the end of
the life time is adequate, a shift is made to a normal

read/write operation (NO of step S24).
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If, on the other hand, the CPU 10 decides that
the limit of the life time is reached, the CPU 10
calculates time data (date and time of day) up to the
end of the life time - step S25. 1In more detail, the
CPU 10 adds a lapsed time (for example, 3662 seconds)
which is output from an internal timer 101 to the time
data 110 stored in a RAM and calculates time stamp
information representing a time of day at a current
time point. Then the CPU 10 adds a residual time
up to the end of the life time to the time stamp
information and calculates the time-of-day data up to
the end of the life time.

The CPU 10 gives the time-of-day data up to the
end of the calculated life time, as an advance notice
of the life time, to a host system 30 through an HDC
9 - step S26. Or, the CPU 10 may record the advance
notice information on the system area 100 on the disk
medium. The host system 30 may be of such a type as
to issue a specified read command and read out the
advance information from the system area 100,

In short, the present embodiment above
constitutes a system for initially managing an event
on the end of the life time. That is, the time-of-day
(time and date) up to the end of the life time is
calculated by the utilization of the time data
generated in the disk drive 20 and a result is

noticed as advance information to the host system 30.
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a residual life time of the drive 20, the host system

30 can initially recognize this as an advance notice.

By doing so it is possible to initially

prevent any

sudden stop or failure resulting from the approaching

limit of the life time.

The system of the present inventio

n, if being

applied to a disk drive for frequently used business

personal computers, is very effective.

Since the user

can initially know the approaching limit of the life

time of the disk drive used, it is possible to

initially prevent any such adverse situation in which

the data recorded on the drive will be lost due to

a sudden stopping, etc., of the disk drive.

In the respective embodiment, the

is supposed to have such a structure by which the time

host system 30

data is calculated based on the reception of given

time-of-day data from the host system 3
for inputting the time-of-day data from

not restricted to the case of doing thi

0. A method
the outside is

s particularly

from the host system to the drive disk 20. In more

detail, another method may be adopted b

example, the time data is received via

y which, for

a radio wave,

Although the respective embodiment has been explained

as being applied to a hard disk drive,

the present

invention is not restricted thereto and can be applied

to a magneto-optical disk medium drive,

etc.
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out above, the disk drive 20 may be so configured as
to be able to record a time synchronized to any
external time upon the occurrence of any event and, by

5 doing so, to enhance the function of management for
any event such as an error occurrence, approaching
limit of a life time, etc. It is thus possible to
provide a disk medium recording apparatus of high
reliability.

10 Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various

15 modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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1. A disk drive comprising:

a disk medium configured to record data;

a read/write unit configured to perform a
read/write operation of data on the disk medium;

a timer unit configured to generate time data
synchronized with any external time; and

an event controller configured to, when any
predetermined event occurs in the drive, record event
information representing the content of the event and
time data representing the event occurring time in
a correspondence form.

2. A disk drive according to claim 1, wherein
the event controller is configured to, upon the
occurrence of an error, record error information
representing error content together with the time
data.

3. A disk drive according to claim 1, wherein
the timer unit further includes a memory configured to
receive time data representing the time of day or time
and date supplied from an external device and store
the time-of-day data, the timer unit measuring an
elapsed time using the time-of-day data as a reference
and updating the time data at a predetermined time
interval.

4, A disk drive according to claim 1, wherein

the event controller allows error information
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9!110% e-e& () - \Eégéwﬁé@%é)a controller configured to, upon receipt of
5 an initially set error information read command from
an external device, read out the event information and
time data recorded under said event controller and
transfer these to the external device.
6. A disk drive according to claim 3, further
10 comprising a controller configured to, upon receipt of
an initially set error information read command from
an external device, read out the error information and
time data recorded under said event controller and
transfer these to the external device.
15 7. A disk drive according to claim 1, wherein
the timer unit further includes a memory configured
to receive time data representing the time of day or
time and date received from the external device at
a power ON time and store the data, the fimer unit
20 starting the measuring of a time interval upon receipt
of the time data and updating the time data at a
predetermined time interval using the time data as
a reference.
8. A disk drive according to claim 1, wherein
25 life time information representing a useful life time
limit of the disk drive is initially recorded on the

disk medium in a system area, and further comprising
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time data from a power ON time and store the turned-ON
time data on the disk medium in the system area; and
a life controller configured to read out the life time

5 information and turned-ON time data from the system
area and, based on the turned-ON time data and life
time information, calculate the time data up to the
life time limit of the disk drive.

9. A disk drive according to claim 8, wherein
10 said life controller notifies the calculated time data
to a host system.
10. A disk drive comprising:
a disk medium configured to record data;
a read/write unit configured to perform a
15 read/write operation of data on the disk medium;
a timer unit configured to generate time data
synchronized with an external time; and
a controller configured to, when the read/write
unit performs a data read/write operation on the
20 disk medium at each data sector, recode the time
data in a predetermined available area of each data
sector.
11. A method for event management for a disk
drive, the method comprising:
25 starting time measurement at a power ON time and
generating time data, at a predetermined interval,

synchronized with an external time;
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detecting an error which occurs during operation
of the disk drive; and
at an error occurring time, recording error
information indicating error content and time
5 data indicating the error occurring time in
a correspondence form.
12. A method according to claim 11, further
comprising a step of, at a power ON time, receiving
time data representing the time of day or time and
10 date supplied from an external device and storing the
data; and a step of measuring a lapsed time using the
time data as a reference and updating the time data at
a predetermined interval.
13. A method according to claim 11, further
15 comprising a step of, upon receipt of an initially set
read command from an external device, reading out the
error information and time data from the disk medium
and transferring these to the external device.
14. A method according to claim 11, wherein life
20 time information representing a useful life limit time
of the disk drive is initially recorded on a disk
medium in a system area, and further comprising a step
of measuring a turned-ON time from a power ON time and
storing the tuned-ON time data on the disk medium in
25 the system area; and a step of reading out the life

time information and turned-ON time data and, based

on the turned-ON time and life time information,
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