; e3eG G VO6H T c Hard Disk Drive, Hard-Di sk-Drive Opti iy od,
Har d- Di sk-Drive Manufacturing Method and Progranlthgreforqmﬂm m%mm ield
to which the Invention Pertains] The present invention relates m%* rd
di sk drive used as a data storage nedium and nore partlcularF? ¥6 a hard
di sk drive, an optim zation process of which is i ndi vidual |y executed at
the tine of, for exanple, manufacturing . [0002] [Prior Art] anmwm ml
drive (HDD) broadly used as a data storage nmedi um for conpuﬂm ' wlj

| i ke, conprises a magnetic head that rpeads user data stored In a nagn o
disk or wites user data to the nagnegic di sk. The nagnetic head®®® nmount ed

reads/ wr | tog DAdeTAdyeyHArdIASDATe Obtinthafion MURD, HalfBRchrive”
reads/wites [

magneti c head at a sﬁﬁﬁwf%ctw&b&%@m ﬁgﬁﬁwgﬁﬂi@ktﬁe_rmrerrent of the
magnetic head to a given location is controlled according to servo
“information $ferkuicalt Réekdghet whidhskhe[ DAO8Ht Oonapergachk¢ di sk such as
a hard disk, a plurality of data tracks are fornmed in the shape of a

"~ concentric circl eThgngresent invertlioherelatlesttbdi aahapa desr apdva burst

" pattern are stored beforehand are fornmed in a radial 2
' used as a data storage medium, and more particularly to a

hard disk drive, an optimization process of which is
individually executed at the time of, for example,
manufacturing.
[0002]

[Prior Art]

A hard disk drive (HDD) broadly used as a data
storage medium for computers, and the like, comprises a
magnetic head that reads user data stored in a magnetic
disk or writes user data to the magnetic disk. The
magnetic head is mounted to an actuator moved by a VCM
(Voice Coil Motor). When the magnetic head reads/writes
user data, the actuator is driven to move and position the
magnetic head at a specific track (destination track).
Movement of the magnetic head to a given location is
controlled according to servo information stored in the
hagnetic disk.

[0003]

On a magnetic disk such as a hard disk, a plurality
of data tracks are formed in the shape of a concentric
circle, and servo tracks where identification data and a

burst pattern are stored beforehand are formed in a radial



direction of the magnetic disk. The above-nentioned servo information
includes the identification data and the burst pattern. The identification
data is information indicating a track address of each data track. On the
basis of the identification data read by the read head, a read head and a
wite head can fudge a position of a data track. In addition, the burst
pattern is constituted of a plurality ofpburst pattern lines in which
signal -stored areas are arranged at constant intervals in a radial
direction of the magnetic disk, and the phases of the signal-stored areas
are different fromone another. According to a signal (Position Error

. Signal : PESMnenhian ofutthe mMagmettilee dlekd hThd abovesmenstohedt Berbur st
pattern, it is possible to detect deviation, i.e., how nuch a position of

t he read hdafarmatian dnedadedethat ddentdfizatdiogeidadal anld atle bh@@d4] This
servo information is witten to the magnetic disk in the manufacturing
process befRstdesmi.pplfhg dfenhaflicatstnddate 4s #npoodation! MnaLdating
correctly read or wite user data, it is necessary to wite reference servo
i nfor mat i o Witacka@si@ness. ofn eachedatpe&rsckt.heOs ethe sBayDs WoFt €hé SSW

met hod perforned by a hard disk drive itself is proposed and is al so put

i nto pract iégntidfdcatdon dadapzead: byotheemeadl head,2p. re@d0hkpaPanant
docunent 1] 3 Japanese Patent Laid-open No. 11-45405 (pages 9-10) [ Patent
docunent ZF’EEHéﬁbg@aﬁaF@#tJE&BG-ép@ﬁsmﬁiOBOOZ-QBQat@pagacR) [ DR06] :
[ Probl ens tg B Sol ved by the Invention] Unlike usual electrical nmachinery
and appar af81tdon,, & rgti patiterpr d¢i genshiltntedchfkroplhvaldtiyh as how
to wite th i@rv% i nf rnatign. When manufacturing the hard disk drive, a_
long time °F Sh&Rt PRt&LEBuLiRgSatnoBPLRP, 8LOBAL FEpEedi arepsoates of the

hard di sk drive that has_dust been assenbl ed. Thiis optim zation/inspection
process i nCra&9eY% &t gfgﬁEFBF gﬁﬁngﬁiﬁmﬂﬁgapF6€é§§e§4rF§FianmPfttgg

ProceS o pRERRR LR i 168 oBees 81 rRRCS TR B e, and
o e BN reEBt! E¥olf®bhb! GRbLAR:' *AcBSAERS €8 4 Wit ° ©f °
(Position Error Signal: PES) that is output from the read
head in response to the burst pattern, it is possible to
detect deviafion, i.e., how much a position of the read
head or. write head deviates from a target data track.
[0004]
This servo information is written to the magnetic
. disk in the manufacturing process before shipping the hard
-disk drive as a product. In order to correctly read or
write user data, it is necessary to write reference servo
information with accuracy. In recent years, tﬁe self servo
write (SSW) method performed by a hard disk drive itself is
proposed and is also put into practical use (refer to
Patent documents 1 and 2).

[0005]

[Patent document 1]



However, because each of the processes requires a dedicated inspecting
apparatus, an.investnent in the inspecting apparatuses becones huge when
manuf acturing a | arge anount of hard di sk drives. Accordingly, the
investnment in the inspecting apparatuses increases the cost inpact, which
exerts a .direct influence also on a decision of a scale of production.
Moreover, also in a case where the self servo wite nmethod as described in
t he above 4 mentioned patent docunents™1 and 2 is adopted, the necessity
of the inspecting apparatuses arises in |like manner. [0008] The present
i nventi on has been made to solve the technical problens as described above,
and an obj ect of tfhpgnesmsRatenterliaiohdperd NENal o1 545y r@g@gég)rdjlrbsd)oecti on
of a new hard disk drive by use of a hard disk drive that "has al ready been
opti m zed/ i nsiRatent domwment cbj ect of the present invention is to achieve
the optim zation of a hard disk drive even if there is no expensive
i nspecti ng appar atlapar@sd |Patrestthdraidbiopein ofo .t 2o o-asent (pagahtdon is to
mnimze a new i nvestnment in mass production manufacturing facility for
hard di sk dEPQ@8lso as to reduce the running cost at the tine of the mass
production. A further object of the present invention is to regenerate a
hard di sk drilRrabdesisd|tes deofSodivede biyt the. InR@dIionyeans for Sol ving the
Probl ens] For the purpose of achieving the objects, the present invention
makes it possi bl elf“d-ié‘leor‘ﬂé?u@rl iedigcdahdca la maghd neirgk atldl wppayaita@or Ror at i ng
DNA used fﬁ% r&g&oduction into each hard disk drive, and then by performng
opt i mi zat i SPERHTK | dsber 139 PrAy et witdy dnutibs Kkrchw Ateow atsh hay hal sk
drive) itse1I:c1; wacjt_:ig‘)rdi ng to information 5
rite the servo information. When manufacturing the
hard disk drive, a long time is spent in executing an
optimization/inspection process of the hard disk drive that
has just been assembled. This optimization/inspection
process includes, for example, the following processes:
(1) a writing process of servo information;
(2) a pretest process to optimize coefficients of
various. kinds of servo systems and channel systems; and

(3) a function/reliability verification test process
on the basis of a long-run test.
[0007]

However, because each of the brocesses requires a
dedicated inspecting apparatus, an investment in the
inspecting apparatuses becomes huge when manufacturing a
large amount of hard disk drives. Accordingly, the
investment in the inspecting apparatuseé increases the cost
.Ampact, which exerts a direct influence also on a decision
of a scale of production. Moreover, also in a case where

the self servo write method as described in the above-



supplied by a finished hard disk drive (parent hard disk drive). According
to one aspect .of the present invention, there is provided a hard disk drive
conpri sing: recognizing nmeans for recognizing that the hard disk drive is a
baby hard di sk drive in which an optim zation/inspection process has not
yet been conpl eted; command transmtting neans, based on the recognition of
the recogni zing means, for transmtting f.connand requesting a growh
programto a parent hard disk drive; growth-programreceiving neans, based
on the recognition of the recognizing neans, for receiving fromthe
connected parent hard disk drive as a result of the request conmand
transmittedmentidnedopabentt dacemehts Ny A_aANS ieadsprdd p{ﬁgran1required
to performthe optimzation/inspection process by the baby hard disk drive
itself ; andeesssityoofnthesinspseting ifivatsouids iAo {Ceiyged by this
growt h- program recei ving neans, for executing the own
optim zati oRARM@Pecti on process, and thereby allow ng the baby hard disk
drive to grow up into a parent hard disk drive. [0010] Here, the hard disk
drive may ch@®@8leristically further, conprise a storing nmeans for storing
in a nenory (on a hard disk, or the like) the growth program executed 6
by this execution TheaRresentt Hinwendden hasnbaenewadabyohabdvai $hedri ve in
whi ch an optim zation/inspection process has not yet been conpleted is
connect ed t¥RFRHICR} RRORlRMhAT & sk ibdd atwonp! I@id G b fddy 119 tRANS,
this hard disk drive as a parent hard disk drive can preferably supply the
baby hard RERSRE ANVERHLQM el g riowtengirley aprhisticredd dny ini edtAdm B ATRANS .
I n addition tgf rent. hard di sk drive may characteristically execute part
of the optifi% ﬁ"%ﬂ/%&'ﬁ)é@ﬁ% b g 9f @ handkddskedriyet hhagxe@st i on
means. In %g%§ Q?Sﬁ% t he execution means can excellently reduce the anount
of processitg GY HEGhtIBE IR FesHAnsasctE%n process to be executed by the
baby hard disk dri itself with the support of the MPU included in the -
hoy bafsh atpEnRabE

parent hard di sk drivect P f8seRht 1nventbonelisehei oned term

" connect ed'gd'ﬂvej\}éd%ea@tt%ﬁz‘a’h‘%ﬁ %%niagﬁes%egi ve of a wired connection or

~a radi o connection, so conmunic 1gk Q%&N&n&geﬁfii &beirend can

be execut ed.g [P IkdpeMii eg:ig%%%t%%t g%’a%%‘@ﬁ%? of the present invention,

there is provided a har rive-conprisi a ROM for storing a basic
program that recepes12afbenel B594EREOLnOSLEOLSH LY SELL PRLI N Zati on;

and °
minimize a new investment in mass production manufacturing
facility for hard disk drives so as to reduce the running
cost at the time of the mass production.

A further object of the present invention is to
regengrate a hard disk drive regardless of where it is.
[0009]

[Means for Solving the Problems]

For the purpose of achieving the objects, the
preéent invention makes it possible to clone or reproduce a
hard disk drive by incorporating DNA used for reproduction
into each hard disk drive, and then by performing
optimization and/or inspection by a new hard disk drive

(baby hard disk drive) itself according to information



a MPU that receives the growh program according to the basic program
stored in the. ROM and that perforns the self-optim zation by the received
growt h program . Here, the basic programstored in the ROMincl udes a
function of checking whether or not information specific to the hard disk
drive is stored in a predeterm ned nenory, or whether or not servo
information is witten to the disk, and of thereby recognizing a state in
whi ch optim zation of the hard disk drive itself has not yet been
perfornmed. In addition, the MPU recognized its own state according to this
basi c program (0012] Additionally, the basic programstored in this ROV

i ncl udes a Jupitierh by a rédnkshad manl ket iveg Uestdent hagdo\d@ilsKor ogr am
to a parent hard disk drive to be connected. Moreover, after the

opti m zati dH¥fekessi ng ends, the MPU stores the growth programin a
predeterm ned nenory area, for instance, on the magnetic disk, or the |ike.
[0013] Accordi ng #ecomidingaket boe aspect of the present inventioen, fromthe
vi ewpoi nt of the parent hard disk drive, there is provided a hard disk
drive conprihangy:igdrrsckdesh andwrd ek idriadapoeprilsing:connected to an
unfini shed hard di sk drive (baby hard disk drive)' where servo information
is not witten toTrgcegsizisgompagsnansreéopgsisinggthabrtiie anabg @bskh this
unfinished hard disk drive wites by itself servo information to its own
di sk: receidiiHP s B haxd disk drivguds: whdeband for 8 the program
fromthe unfii:ﬂgg{fgg di sk drive; and supplying neans, according to the

request co nspection process has not yet been completed;
command transmitting means, based on the recognition
of the recognizing means, for transmitting a command
requesting a growth program to a parenf hard disk drive;
growth-program receiving means, based on the
recognition of the recognizing means, for receiving from
the connected parent hard disk drive as a result of the
request command transmitted by the command transmitting
means the grpwth program required to perform the |
optimization/inspection process by the baby hard disk drive
itself; and |
execution means, based on the growth program
received by this growth-program receiving means, for
executing the own optimization/inspection process, and
- thereby allowing the baby hard disk drive to grow up into a
parent hard disk drive.
[0010]
Here, the hard disk drive may characteristically
further comprise a storing means for storing in a memory

(on a hard disk, or the like) the growth program executed



recei ved by the receiving nmeans, for supplying the programstored in the
storing neans. to the unfinished hard disk drive. The hard disk drive is
characterized in that this programincludes a function of executing

opti-m zation/inspection processing, and that the parent hard disk drive
further conprises an execution nmeans for executing part of the

optim zation/inspection processing of tHe unfini shed hard disk drive. -

[ 0014] According to further aspect of the present invention, there is
provi ded a hard-di sk-drive optim zation nethod whereby-.using a first hard
di sk drive (parent hard disk drive) where optim zation processing has

al ready bedy divisl exedutilon arlangi.zaln ofhps 06€66] NGhés £Xeswiegbdor a
. second hard disk drive (baby hard disk drive) where the optim zation

processi ng hieasl ddisky éiriveednc ehicat ad, ophtmhandidhgindpbyeiont hFbéakkon
met hod conprising the steps of recognizing by the second hard disk drive
itsel f thathashaodeyerdbeend compliettedvesi soanbatdddienkradaeveri foWeheh t he
optim zation processi hg has not yet been conpl eted; issuing, based on the
. recogni ti olhando dilsk dnive campgrisingi skedstoeiagcmeuans] £RisrBaHEsti ng
information used for optim zation; supplying the information used for
opti ni zat i ddskndirdvei @si acpadedti harfiediskstrhaedcdhsprdfexgbl§r om t he
first hard disk drive to the second hard di sk drive; executing, based on
t he suppl i 64PPANothet bebyubeadf diskplihireawibh, thar goawtki pasgpampr ocesses
by the second hard disk drive itself so that the second hard disk drive
grows up i AtOTEA &Pt theze§ondnd wpshsdrilre;addition, the parent hard
disk drive may characteristically execute part of the
optimization/inspection process to be executed by the
execution means. In this case, the execution means can
excellently reduce the amount of processing of the
optimization/inspection process to be executed by the baby
hard disk drive itself with the support of the MPU included
in the parent hard disk drive. It should be noted that the
above-mentioned term "“connected" includes a state in which
irrespective of a wired connection or a radio connection,
some communication such as an exchange of a command can be

executed.

foo11]

According to another aspect of the present invention,
there is provided a hard disk drive comprising:

a ROM for storing a basic pfogram that receives a
growth program for performing self-optimization; and

a MPU that receives the growth program according to

the basic program stored in the ROM, and that performs the

self-optimization by the received growth program.



after the second hard disk drive conpletes the optim zation processing,
supplying the information used for optimzation fromthe second hard di sk
drive to a third hard disk drive in which the optim zation processi ng has
.nhot yet been conpleted. In this connection, the above-nentioned "conpletion
of the optim zation processing"” does not nerely indicate that the

optim zation processing is conpletely cdhpleted. As long as the second hard
disk drive is in a state of being able to supply the information used for
optim zation to the third hard disk drive that is a new baby hard di sk
drive, there is ng¥$;oblen1 [ 0015] Here, the hard-disk-drive optimzation
met hod i s charact fad the besdc Prooramr giered GsetheéoROMpiLhoiladtioa,
which is supplied fromthe first hard disk drive, includes a growth program
by whi ch t HREERT Hardheskiag whather @ nodudasormatdon lspedd fak to
optim zatiq rocesses by itself. In addition, this information includes a
test code p Bk i kve s fhaFed 4R @ predeleredved, melmery, or

har d- di sk-dri ve optim zation nmethod is characterized in that the first hard
di sk drive %ﬁﬁ%&%w% SaFVpAmf agmatdenodsi wirdstieon tpr thessileg,whi ch t he

second hard 'sﬁfgﬁlve shoul d execute by itself.wL0016] According to stil
a further é%%%é% LY, recagnizingn g statendrewhdchr optdmdzation of
har d- di sk-dqnri.Vv actuyi,n thod for manufacturing a second hard di sk
drive by ug{eheoﬁ’a?‘? fgr’é?‘ #ﬁid%d:@ﬁ i B@swAPEnYRAsPaPReREYEbEmAd. In
manuf act ur hard- disk-drive nyfacturing nethod conprising the
processes %fﬁdi?]él}%ndg tgleclg%@e(ﬁelc(?ﬁng%ﬁ%egﬁst R¥nf statenargordirgdtpve and t he
second har i Ve, | ying informati on, by which the second hard

s> badfilc ?go%#%%

disk drive wites ser r‘rmation to a disk of the second hard
[0012]

| Additionally, the basic program stored in this ROM
includes a function of transmitting a command requesting a
growth program to a parent hard disk drive fo be connected.
Moreover, after the optimization processing ends, the MPU
stores the growth program in a predetermined memory area,
for instance, on the magnetic disk, or the like.
[0013]

According to still another aspect of the present
invention, from the viewpoint of the parent hard disk drive,
there is provided a hard disk drive comprising:

connection means that is adapted to be connected to
an unfinishéd hard disk drive (baby hard disk drive)  where
servo information is not written to a disk;

storing means for storing a program by which this
unfinished hard disk drive writes by itself servo

information to its own disk;

recelving means for receiving a request command for



di sk, fromthe first hard disk drive to the second hard di sk drive;
according to the supplied information, witing servo information to the

di sk by the second hard disk drive itself ; supplying information, by which
the second hard disk drive perfornms inspection by itself, fromthe first
hard di sk drive to the second hard disk drive; and 11 according to the
supplied information, performng inspectgion on the second hard disk drive
by itself. [0017] In addition, the present invention can be treated as a
program executed by a conmputer (MPU) that is built into a hard disk drive.
In this case, this programallows the conputer to inplenent the functions
of recogni ARy BECIC &M AL o rtheliwiE iiished theaid ailmkt drisehalandhard di sk
drive is a hard disk drive in which an optim zation/inspection process has
not yet been conpF¥PPdYinggmesnsngacparddngntohtber eequaiti commanat her hard
di sk drive (parent_hard disk drive) to transmt to the baby hard disk drive
a growt h prcfiediahdry ithe aqagedstingomeans .ofiemguppdying the program

optim zation/inspection process on the baby hard disk drive by itself; and
recei vi ng, %’%ﬁi{) tHhes stogiag meang dwt ther sgfdmished hard disk

drive.

The hard disk drive is characterized in that this
program includes a function of executing
optimization/inspection processing, and that the parent
hard disk drive further comprises an execution means for
executing part of the optimization/inspection processing of
the unfinished hard disk drive.

[0014]

According to further aspect of the present invention,
there is provided a hard-disk-drive optimization method
whereby. using a first hard disk drive {(parent hard disk
drive) where optimization processihg has already beeﬁ
completed, the optimization processing is executed for a
second hard disk drive (baby hard disk drive) where the
optimization processing has not yet been completed, the
hard-disk-drive optimization method comprising the steps
of:

recogniiing by the second hard disk drive itself
that the second hard disk drive is a hard disk drive in
which the optimization processing has not yet been

completed;

issuing, based on the recognition, to the first hard



supplied fromthe another hard disk drive. [0018] Here, in the function of
recogni zing by a hard disk drive itself that an optim zation/inspection
process to be perfornmed on the hard disk drive has not yet been conpl eted,
such recognition can be made by, for instance, checking whether or not
information specific to the hard disk drive is stored, or checking whet her
or not servo information is witten to agdi sk. 12" [0019] According to
yet anot her aspect of the present invention, there is provided a program
allowing a conputer built into a parent hard disk drive to inplenent the
functions of receiving, fromanother hard disk drive (baby hard disk drive)
where an opfigkzdrive/ ancpmoandnfor oregesesttngoinFeimdErsn GOsdd ofSe. a
request for a growh program by which the another hard di sk drive executes
the optiniz@Ptgmiﬁﬂtbention process by itself; reading out the growh
program stored in a nmenory; and supplying the another hard disk drive with
the read growth prtpRévingidihe defidomatiforpartedifoh@®ptimization,

optim zation/inspection process of the another hard disk drive is executed,
it is possi¥rECRols uirabtudedplientre £ifsinchaxd dfsk etkioieg fen agRsInt of

processing in the another hard disk drive. [0020] On the other hand, a
progr am acchtBfhgherd dtsk @stye tovkhe secend dvard dokpwmiveiui It into a
hard di sk drive to inplenent the functions of:

executing, based on the supplied information used
for optimization, various kinds of processes by the second
hard disk drive itself so that the second hard disk drive
grows up into an optimized hard disk drivé; and

after the second hard disk drive completes the
optimization processing, supplying the information used for
6ptimization from the second hard disk drive to a third
hard disk drive in which the optimization processing has
not yet been completed.

AIn this connection, the above-mentioned "completion
of the optimization processing" does not merely indicate
that the optimization processing is completely completed.

As long as the second hard disk drive is in a state of
being able to supply the information used for optimization
tp the third hard disk drive that is a new baby hard disk

drive, there is no problem.
[0015]

Here, the hard-disk-drive optimization method is
characterized in that the information used for optimization,
which is supplied from the first hard disk drive, includes

a growth program by which the second hard disk drive



witing servo information to its own disk by use of information exported
from anot her hard disk drive; and executing by itself an inspection process
by use of the information exported fromthe another hard di sk drive. 13
[0021] It should be noted that other than the case where the prograns are
provided in a state in which they are stored beforehand in a ROM or the

li ke, a node in which the programis prgpided fromoutside through a given
storage nedi um or network can al so be considered. [0022] (Mde for Carrying
out the Invention] A preferred enbodi nent to which the present invention is
applied will hereinafter be described in detail with reference to the

acconmpanyi ngkek e $ ovar fods ﬂiﬂd%E%ﬁﬂﬁg%iﬂiéaﬂfﬁﬂdé#$€ﬁ$§ag_%%bgig@#%'is

configuration of a hard disk drive (H 10 to I's e trren

appl i ed. THen headheliork, denye dirHRMIGPIddiuddd |OWdE: Bamonetic disk 11
that is a storage nediumfor storing data; a spinéﬁe notor I2 for rotating

t he magnet ipogkedsdd by fRQNeids: haah B dkogrigadi ng/ witing data fromto
the magnetic disk 11; an actuator 14 that is a driving mechani smof the

magnetic head 13; Mot@owerQi ¢@eCBikraraiek-A¥EVE 35+iRi g€ | ryying
force that noves the nmagnetic head 13 to a givenﬁloca%?oggﬁsm% eogc%%ator

14. [0023] cHerdutraritiek i itieatlGHe A rda harl0G1R% a&fivaees:geu%ggbyni tin
whi ch the magnetic head 13 perforns a seek operation on the magnetic-di sk

11 rot at ed ftrebldt ipeart f tite syp triodie aBonr pk%ce%@dnignwmtzﬁhth@esgaaﬁat ic
head 13 14 remains at a given track (location) to wite data to the
magnet i ¢ dilkekrd Aigk tdriveadidatla wxddte by tihteerEgneti c di sk 11. Wil e one
or nore magnetic disks 11 are placed as the need arises, one magnetic disk
11 is provildés illustrated in Fig. 1 by way of exanple. Wen the hard
disk drive 10 is operating, the magnetic disk 11 is driven to rotate around
the spindl e shaftAgForRdngpitadptikdt ar fuprthen aspect hef trepredent t he hard
disk drive 10 is not operating, the magnetic disk 11 stops rotating (at -
rest). Two TGP hddprer dsprovdidedap haedrddsk-dndivef the actuator 14
and act res ect'vq$%:on t he top and bottom surfaces of the magnetic disk
11. The t %Péb‘i?é‘m NG, e thed, fiore mapad agiuging) ar sacond hagdediskdi sk 11.

drive by use of a first hard disk drive which has already
been manufactured, the hard-disk-drive manufacturing method
comprising the processes of:

making a connection between the first hard disk
drive and the second hard disk driVe;

supplying information, by which the second hard disk
drive writes servo information to a disk of the second hard
disk, from the first hard disk drive to the second hard
disk drive;

according to the supplied information, writing servo
information to the disk by the second hard disk drive
1tself;

supplying information, by which the second hard disk
drive performs inspection by itself, from the first hard

disk drive to the second hard disk drive; and



[ 0024] The hard disk drive 10 conprises, as a control portion, a voice coil
notor (VCM driver 16, a digital-toanal og converter (DAC) 17, a read/wite
channel 18, and a hard disk controller (HDC) 19. The voice coil nmotor (VCM
driver 16 drives the voice coil notor (VCM 15. The digital-to-anal og
converter {DAC) 17 controls a driving electric current of the voice coil
notor (VCM 15 and perforns its feed forward control. The read/wite
channel 18 perforns code nodul ati on of di,?a to be witten and then outputs
the data to a head anplifier, and detects data from an output signal of the
head anplifier and then perforns code denodul ati on. The hard di sk

controller (HDC) Htcorfidgind itaRrs R dA i@ HoRa@ A5t N rd. disk drive
10. [0025] Moreover, the hard disk $€(glr%’ip\(’j}e 10 furtherﬂggﬁp ie?gg,q‘mg'g@t he

control porinspectid®lbf Miss OsEBOEEI5dFd A )arire Zp%f an EEPROM
(Electrically Erasable and Programmabl e ROM 22, and a (‘Dynami ¢ RAM)
23. The MPU@OALZ}o Processing Unit) 20 perforns the total control of the
hard di sk drive 10, including positioning control of the nmagnetic head 13,
interface control In mdditiongt ithe pieésenit! 1AgenefiogachnPek gggg?gdng, and
defect control. The ROM 21 stores ROM codes as a basic programtor
executing basprogramtexsmsutdd the aardnplitde AMPE Yhat'he BFRRMinto a
(Electrically Erasable and Programmble ROM 22 is a nenory where (?ata can
be rewittemet &dkslsatriafaerward by el ectrical operation, and stores
paraneters specific to the hard disk drive 10. The DRAM (Dynam c RAM 23
tenporarily storednatpdsgcasetotbéseprograd hylowe YRY @Bmptberresul t of
operation, and the like. Incidentally, when assenbly of nechanical parts
has just bedPlemgntettde funstdgnemafs not stored in this EEPROM 22. After -
the hard disk drive grows up by cloning itself and consequently an

opti ni zati On/ i nsp&EFPIR1EABIPY anbabyphandedésk dptvefitsébrttieatii sk are

stored in the EEP 2 0026] The actuator 14 is driven by the voice coil-
mot or (vuvptr}fsE‘{arPa}i ﬂras‘-%cé}'lﬁ'tsr“ol rdyepyls: fe bord dd skndzdye thewhith an
digital -to- qp‘_ajl nver.ter AC) 17 and the voice coil motor (VCM driver
16, AL 1 he GhamRAtI G ’\ﬂﬁﬁeig?&,&“t STREESS Reshhoth¥etehaew Fompdntadel 18,
whi ch . perforns d .ng and iti operatiops, converts data to be
written, which isgtgggrﬁg?hgbgédgﬁgﬁf 3nhg€f‘sc’6%?@%£t’t‘?ﬁo@ﬂwHm‘dw, into
a witing gialgliglee sl uerent ). and th upplies the witing signal
to the magnetic head (i(g[{ajl%é@or |ng)dELOSit %5 \X/%rgt i%ﬂgegF‘BgF'aFctEUFP@ng?b?(he
magneti ¢ heafd Jiwik (@9 vehq 0 g iLCc.disk 11. t he ot her
hand, at the time of data read |?1’(}1:El Pkgsfgl;‘d?\ff\i/%ztt égcﬁSﬁHiFe%fBanerts a
readi ng si geAlfcdraliedt the owtifAlkhti6adihspaLihg kS ghskpdl,ipLo
digital data, and then outputs the di gi taP dat anygggﬁégﬁog{’ lé%?rplﬂ?%}(

t hrough t hdaddCdi%k |drA®27bly 1tsedF;dasari bed above, the HDC 19 has
functions as an interface of the hard disk drive 10. One of the functions
is to receive therdaedvingbebasedten, thiansaqidet, f4 apdar Iasdgreaput er,
and also transnmt the data to the read/wite channel 18. In addition,

anot her i s SUPPLAgAs Firom fhber eadtierahantli dhisksdriaasnitted fromthe

read/ wite channel 18, to the host conputer. Further, the HDC 19 has a
function ofl %9 &dsmitti ng the data to the MPU 20 in response to an
instruction co d fromthe host conputer. Here, in this enbodinent, as a
substitute for thiSTRostchhaputerction tofe rreepizingihive tona sdisk i s a

baby HDD, g.pare HDD | 17 connected to the hard disk drive 10 as
anot her ha?&%esgttaFE?et%F 8RqoPtimfzakirn/ dnsregtior REO¢es® o ke a

PeC e Copt AL e e R e B, diok e 10, St e
[ t I TQ. b i fi besi d the f ti f
Lo o | SRR =ARAgH RS cH BeRa Ry PR Fue B CShadedanet o ©
d, i : | j d,,the hard disk drj 10 h
commenc, Wnskndssocomentheaebby PLIEILES: of "pta el M o

function of comunicating wt &d.
is stored, or checking whether or not servo informatlion is

written to a disk.



[0028] The ROM 21 previously stores a programfor executing basic
functions. The basic functions include: (1) a function of judging that the
hard disk drive itself is a baby; (2) a function of being able to transmt
(send) a command; and (3) a function of being able to receive a program 1In
this case, the "baby" indicates a state in which a HDD is only nechanically
assenbled into a unit. In other words, {4 ' indicates a clean HDD before
testing, in which knowhow required as a HDD is not yet provided. To be
nore specific, the baby indicates a state in which a process of

optim zation/inspection is not conpleted; that is to say, a verification

t est of_funEQQ%%?reliability is not perforned. Here, the verification test
of function/reliability is 18 based on a pretest and a long-run test in
whi ch servo i nf or AGosifing o wedn aantherehbpecenvs ehevFrbguﬁtki nds of
servo systens and channel systens are optim zed. It should be noted that

t he "opti nilAenkHiems fereteonts muxnsl dedbta mroarann aalﬂ!ibm.rn/d &S @R -

[0029] Fig.. 2is a diagramillustrating the optim zation/inspection process
of the har Pk it a mRrerte hand Miskt iduiven tohdmpdeimene téevi ce- specific
information_is first perforned on the hard disk drive 10 that has been -
nechanicaH%PQﬁiﬁﬂﬁﬂe&f’and then the inspection is perforned before the
manuf acturing of the hard disk drive 10 as a product is conpl et ed.

Accordi ngly, the GREELERSIofEampaBethernhatdndbsk céntveletieabypshara

manuf act uri od .of .the hard disk drive 10. Fig. 2 illustrates a state
in which a‘ﬁ%&‘ & vhiehes ate e tiEdAatA oa/daspect DD Browhsshhas a fir st

hard di sk dri,v 0.and a bahy HDD 52 which is a second hard disk drive 10
by use of gloé:ag'leit bgen, ¢ HW}]ied:ﬁB:[jtiaoﬁeH&‘eﬁéaﬁ§roﬁ areythoptognent byn, )

i nstead of (ale) e e 53, is .also_possible. Incidentally, once the

baby HDD 53H§ﬁ§%ﬁ%gé %%35§§b§ﬁ6dh&&a ngEVGrPV§°TGe§r§RG up, the baby HDD

52 as a pap@t YRRl [ roation to a third hard disk drive 10 which is-

a baby. [00?%? %%i?ﬁzib§§§° nSQrP?eESHgﬁ gﬁﬁFEfé only assenbl ed as
reading out the growth program stored in a memory;

and

supplying the another hard disk drive with the read
growth pfogram.

Additionally, if part of the optimization/inspection
process of the another hard disk drive is executed, it is
possible to further implement a function of reducing the
amount of processing in the another hard disk drive.
[0020]

On the other hand, a program according to the
present invention allows a computer built into a hard disk
drive to implement the functions of:

writing servo information to its own disk by use of
information exported from another hard disk drive; and

executing by itself an inspection process by use of

the information exported from the another hard disk drive.



descri bed above. If the baby HDD 52 is expressed in other words; it is an
unfinished hard disk drive. On the other hand, the parent HDD 51 is a
grown-up hard disk drive 10 where its own optim zation/inspection process
is already conpleted and thereby nmuch know how i s already provided. Thus,
if the parent HDD 5| is expressed in other words, it is a finished hard

di sk drive. However, it is not always regguired that the

optim zation/inspection process be conpletely finished. The parent HDD 51
have only to grow up to such an extent that it can transmt a growth
programto the baby HDD 52 to help cloning. This parent HDD 51 stores sone
parameters U@PLe to itself in the EEPROM 22 shown in Fig. 1. The
parameters includes, for instance) track density (tpi, track per inch), and
wite current and I &haukd dre notiech tivet etheltedhant kher eaget Wesaf a head
and a disk. Further, the magnetic disk 11 stores in a given area a growh
program by Ve cPregmeams byrepr&elged fin e dteteonln WizaiH AHdyERet i on
process by itself using mcrocodes and other codes. (0031] In this

enbodi ment , SECFRGy hedpeshand sinia ROM,0 dhetheorckkE,S 0 mddiRY AlrORIFEHL

manuf acture, and application of the hard disk drive 10. This new proposal
real i zes t Hehe @FEFHY IRrovided (fyon e tidiae panmenighHED fjen t sel f
extracts an el ectrical 20 design drawi ng including both its own hardware
and sof t var®:oYage (Al g RefwonkDra Jaave beequmrstisieiried .desi gn dr awi ng
t o anot her [I)#ﬁaby HDD 52); and (3) the HDD (baby HDD 52) to which the
design.drewdaﬁf exported nmakes itself according to the design draw ng.
Thi s means, ?p?% i% called i.n the biological world, DNA transplantation.

" Furthernore, fedRE CPERYAGIoPus Ebe, InMaRtienio say, reproduction
(organic birth) of a HQD. %8?32% As descri bed above, there are, for
exanpl e, the fol | OwWPRG-SHEEF PRPRLIMEREStEr Whikgh obhe nPFeseY/ i nspect i on

" uhi o comRriidl 3% RIGESRG Mt RERatned ey bpcfenetanadcnanne ' syst oms
are opti M ZRkasANGieh) eeHiHde Vo Thle Uddolbak§lihf' G IngheSt Process on
Fig. 1 is a block diagram illustrating a main
configuration of a hard disk drive (HDD) 10 to which this
embodiment is applied. The hard disk drive 10 compriseé
the following: a magnetic disk 11 that is a storage medium
for storing data; a spindle motor 12 for rotating the
magnetic disk 11; a magnetic head 13 for reading/writing
data from/to the magnetic disk 11; an actuator 14 that is a
driving mechanism of the magnetic head 13; and a voice coii
motor (VCM) 15 for generating driving force that moves the
magnetic head 13 to a given location by the actuator 14.
[0023]
The hard disk drive 10 is a data storing and
reproducing unit in which the magnetic head 13 performs a

seek operation on the magnetic disk 11 rotated and driven

by the spindle motor 12, and in which the magnetic head 13



basis of a long-run test. Each of the processes is executed according to
information (code information, etc.) inported fromthe parent HDD 51.

[ 0033] Next, a HDD reproduction method (optim zation nethod) to which this
enbodi ment is applied will be descri bed. 21 Fig. 3 is a flowhart
illustrating processing executed in the MPU 20 of the parent HDD 51 that is
the first hard disk drive 10. To begin with, a bus connection is nmade, by
use of the cable 53, between the parent I#DD 51 and the baby HDD 52 that is
t he second hard disk drive 10. 'Then, in the parent HDD 51, the processing
is started by switching the power supply on. The parent HDD 51 is first

subj ect ed tremaims &t aditgive’ €ELSIE Todst £oh ﬁ%%&é*ﬂ far comand
fromthe baby HDD 52 (step 102). Upo(n]g?ecei pt)lo a grow Eh:[S)ar otgor a%er equest

conmand r eaeagwelt {¢ o glel bady +HPE-&La PV Gheck " step
103), the parent HDD 51 calls a growth program fééﬁn%eﬁ%gaglr@%]ﬂtﬁ( sk 11,

and then tramski15. (9ald o%e e MPr@VnAgREedLA t y 2, Lhrough
an |1/0O bus of the cable 53 (step 104). Sgbsequeﬁ? 3? gg ?%g Rggggngges,

the MPU 20 themsad patde®f dndGid g0 idm'sa@tlilorlsorglf&ﬁ ' nd/ or
functional verification processing in the baby HDD 52 (s?eerpagf%S). After

that) usualibtusEssied) irs RPCUL asiy (Wt £l MRampand tﬂﬁ@f{[ @ﬁep{%gi:gssi ng
e

ends. Incidentally, the processing perforned in parall by the parent HDD

51 and t he Gy MOS0 nld fopextatinkf)S thid mdametassraagd 1i1n 1del@islehat er .
[0034] Fig. 4 is a flowhart illustrating processing executed in the MPU 20

of the babytHBPBte lanound tithe sydordlehathft 9€ dhe/&pldalknmbierf ihst
| ace, the baby HDD 52 judges whether or not this HDD itself is a baby HDD
p Y J uages ;
22 that ha®1 dde ddhendenhi odidny thes dratridediskndrdivet her i@r nget this HDD-
itself is a clean HDD (step 201). Although the judgnents can be nade by
several netdRsFEtingey Myggieddld yiskdd 1by tolpec otg tinet et eesegt the
baby HDD S%Thas i nformation to be included in a grown-up HDD. This
WO magnetic heads 13 are held at the front end of the
actuator 14 and act respectively on the top and bottom
surfaces of the magnetic disk 11. The two magnetic heads
13 write/read data to/from the magnetic disk 11.
[0024]
The hard disk drive 10 comprises, as a control
portion, a voice coil motor (VCM) driver 16, a digital-to-
analog converter (DAC) 17, a read/write channel 18, and a
hard disk controller (HDC) 19. The voice colil motor (VCM)
driver 16 drives the voice coil motor (VCM) 15. The
digital-to-analog converter (DAC) 17 controls a driving
electric current of the voice coil motor (VCM) 15 and
performs its feed forward control. The read/write channel
18 performs code modulation of data to be written and then
outputs the data to a head amplifier, and detects data from
an output signal of the head amplifier and then performs

code demodulation. The hard disk controller (HDC) 19



checking function is executed by reading ROM codes fromthe ROM 21 where
basic functions of the hard disk drive 10 are stored. [0035] A first nethod
of judgnment nade in this step 201 could concei vably check whether or not

t he EEPROM 22 whi ch stores device,-specific information is enpty (all 0).

If the EEPROM 22 is judged to be enpty (null), this HDD can be recogni zed
as a baby. Once the HDD grows up, severqg paraneters uni que to each drive
are already stored in the EEPROM 22, whi'ch will therefore never result in

m sj udgnent as to whether the HDD is a baby or not. In addition, a second
met hod coul d concei vably check whether or not servo information is witten
on a surfackumdtides nmgrei i Dn€dstkadel .off ftHd mtagw@qg,tqg no servo
information is witten, this HDD can be recogni zed as a éBy.'Chce t he HDD
grows up, sEe@25]nformation is already witten to the magnetic disk 11.
Therefore, if this is checked, m sjudgnment as to whether or not the HDD is
a baby will never Moceover],0&36] haidt BLskNMaraes, 10f fhbthar! ' t hat
the HDD is 23 not a baby in step 201, ‘usual s%grfhﬁghﬁg gg@%ﬁ%égg(step
207), and samsiipieron irals URIT oIS $6 IMEY |(MIRRF BrodassialR 203k )bghor g the
processing ends. Tf it is recognized that the HDD is a baby in’step 201,
request corBAMh®Wwhiaoh BERROM t(E 1 cirdWdl 1§ Giadaner a(ﬁho@iragriaﬁlmgFigsm tted
to the parent HDD 51 (step 202). The request command is a Speclal comrmand
that the pd¥@hk 240D &1 caRAME(Dynamids RAGHCRIBNEdTREOMBY [MEcPaby HDD 52~is
required to. have beforehand a function of issuing a command. It is

‘desi rabl e tBEacasfing Aindtf)agd Ipegiforime dhecrtottalt kenkaby BBEDth2 gArghe
sending side instead of the parent HDD 51 on the receiving side. [0037]
Next, the Bk g3V 10cdnpdaiding goswth oplogr gontirodugli the [/ 0 bus
(cable 53) (step ,203). This growh program. is transferred fromthe parent
HDD 51 to féRQQﬁﬂif H@Bd523as%PﬂeBﬁAcﬁepenﬁﬁhéniiedtiﬁhézae¢ehvaddgromﬁh
programis t orark%y st?{ed i.n the DRAM 23 of the baby HDD 52 that is the
second har d"%@ﬁ‘g&ri e ®fFh Rerdphepal LSke ppd defpesidsonhrodyr ovHe progr am

stored in M, 23, a hen executes the program (step 204). To be nore
speci fi Ic Hﬁ’?‘o?gi? Sttr?é"e@xggﬁ’{ |C8ﬁe51)‘(atgﬁé SPS\M’hBEngﬂa Othxﬁab%'imD 52
ivel ). i wt . | st . Vari
U e of pbasaze ot ohl e0tRl RaRhoRiRR' D238 L. oot R RO Gent

ki nds of prograns, m crocodes, r R sent out

fromthe pE(liz.q@ct_'i’@a%.gghr%@&b&%ngndugggﬂ?gtg{ngg%g Lﬁ&gﬁ e%gi :gse 9 3{@@%{ |h ﬁ

baby HDD 52 receives t next program

whi ch a Mghefred QMRERRahAbeeSefrh EREA] f baby, to an adul t
stepwi se. As a matter of coursee,r it .HSB% %gggégséﬁ%‘?‘f’%‘f oY i gure the baby

HDD 52 i n sUektaicalnebeastton! CaRiEYEtaLdsIhaPhile PLLIT e

begi nning. [0038] The execution of the grgw%h pr%gralrgn; SCI(:EO%%}%?egmfn this -
manner, andardudiakl defiveheopr oTies SERAM NAh AN REMY (a3 QRIHJYZaL1Qn, test,
and inspection are achi eved, ending the cloning (step 205). I‘:’Aait thllgnti nme,

i n prepar asitemesor psogmamgta par eréciunefubyr ehé MBPYPRG! fROCLEAM ¢
information to the next baby (third hard disk drive 10), for instance, the
baby HDD 52fseee&stine.gapdt khpr bgkem i Incidertedl 1y eseiote G stead 19l og di sk)
specially reserved in the magnetic disk 11 (step 206) before the series of
processi ng™PEPagi6RLhPaRES. hps THFt been, completedesa useogtam nes nict n

" performance_of hhg HEE’ and the like, are also stored. The above descri bes
the case wAEPESEhdNgEBhEREEFBGMad? s At dhean handhaldisk drdvea grbwshe
magnetic djsk, 11 that is r However, if a sufficient nenory area is
ensur ed inlugt 8# ﬁ%°P?189p?§ag§g$a¥§ FengedeenbiyiMe to store the growth
programin i r uch_as the EEPROM 22. [0039] Next, the

" execution S?tgﬁielfzgﬁgx%égﬁgﬁsﬁiﬁ’%e@é‘i’%ﬁﬂ PRO%t RALRELANS SReHdtid | ed. The

rowk h progbahisagRShEL UbEG-h $8VERE! paMOgf am. and these subprograms

[0026]

The actuator 14 is driven by the voice coil motor

(VCM) 15 that is controlled by the MPU 20 through the



25 have the follow ng functions: (1) recognition of the HDD itself; (2)
optim zation of paraneters; and (3) verification-of

performance/reliability. Education corresponding to each of the functions
is executed stepw se. [0040] To begin with, in the subprogramfor

recogni zing the HDD itself shown in item (1), a nodel of the baby HDD 52 is
recogni zed from anong sone nodel s. For ﬁﬁanple, by checking a pre-anplifier
signal, the followi ng contents are recoghi zed: the nunber of the magnetic
heads 13; the nunber of disks; and the like. Judging from i ndividual
~differences in nmechani cal and physical properties, such as properties of

t he nmagnet i @1 dgweeal 160 2awh1de dRghstiar Asic) 17 P Hd o ide idsel T are

recogni zed. [0041] A programrequired to wite servo Information Is out put

fromthe paiersr HITIPL, Aokt Nes Sank Fhe 23a@es£( ha%lauet'hcemhg%t tgodes) as
t hose possessed by the parent HDD 51 are exported. In the subprogram for

opti mi zi ng weyaMBIELS, SHOWeddywilte RHdhnMl tigg i1 e PETddthy BN and
magneti c recording are executed. In accordance with the properties o

nmechani cal psading uaid agritibn gregpetatidiend denvaets NGatRIStHE ﬁffﬁté&;
vari ous kinds of paraneters are determ ned. 26 [0042] Subsequently, a

program f orwhdszh 48 nigraest ot e ciraanch MY t8dnigutdn thie ¥HdPRpe? and
various kinds of conmand groups are sent fromthe parent HDD 51 at any

tinme, and t¥en Xreo verwritchig eilgfalpdedlectrice/duiidedit)l,i anashaen in item
(3) is executed. As a result, the inspection process of -

per f or mancefurRiiss |they wiltiotaldhgradhitey dthe magndanicahlead iif3 .t he
paranmeters to be verified do not reach designed val ues expected at the

begi nni ng, #@eRding o theridtiad e Leedirige cfugimesric e thiet magnaltde possi bl €
to decrease the performance to sone degree by review ng the designed

val ues.” Forheathnnl drifias the datd thp dheqmagretis ddgki 1dd a@natbesi gned
value, if only a_capacity of 30 GHz is obtained because of the performance -

of the magrfdtier 13t Jhe Heng 10f date gesiddmdandbehaepddwrite perf or ned

again with the capacjty of 30 GHz. In this nmanner, according to this
enbodi nent ctht?é'ﬂ%ﬁ?sgui r%”b"pﬁ’i AatheaTAngs Sdamadn (slssdsdc supgeat)y started
froma baby_ stat it..0s possihle to easily. performthe redesign and the
retest in )eg':cecaoc?1 anoéde tHe MRS & r‘%ﬁfaﬂi‘ei to fd9ded HSB.ta['OGEg] tRert . the

- processing i | 1 f Fi 3 1 be described i tail in

whi ch the par gntd%%éslrhigg%u %ét%artto %fhet ﬁl\egns?tur?%f“ipg e5pftP‘ﬁP?§ i gﬁe
processi ng gyrd/1@y. the function verification processing in the baby HDD 27
52. . '

© [0027] ..

As described above, the HDC 19 has functions as an
interface of the hard disk drive 10. One of the functions
is to receive the data to be written, transmitted frém the
host computer, and also transmit the data to the read/write
channel 18. In addition, another is to transmit the read
data, which is transmitted from the read/write channel 18,
to the host computer. Further, the HDC 19 has a function
of transmitting the data to the MPU 20 in response to an
instruction command from the host computer. Here, in this
embodiment, as a subétitute for this host computer, if the

hard disk drive 10 itself is a baby HDD, a parent HDD is



As descri bed above, the MPU 20 of the baby HDD 52 perforns operation during
t he cl oning. However, even if the function of the MPU 20 .is inproved,
perform ng the processing only by the MPU 20 of the baby HDD 52 will |ead
to an increased |load of the MPU 20. If a reduction in |oad of the MPU 20 in
the baby HDD 52 is tried for this reason, a range of the operation is
limted, leading to insufficient optimaation. As a result, properties and
reliability of the finished hard disk drive 10 becone poor. In addition, to
make up for this, if the hard disk drive 10 which is the baby HDD 52 is
equi pped with a powerful MPU 20, an increase in cost cannot be -avoided. It
is not desiGUHIeCtA R uFhe hand diskhalrlivarkd fag arvther pead didkhe
functional enhancenent that is not directly related to the use of a

cust oner . 146 0 + ARQOALE | the hard bk mive t10 sltmedf dm ias pealengd by
perforninglﬁﬁigllg$Ifrocessing bet ween the baby HDD 52 and the parent HDD
51 in such thaltth HPR Hes mannactemb a1 ansthen hexdaldd sKDAT32eparf,or m

the grow h pr.oocessing. 004§£H$bre specifically, in this enbodi ment, the
"function d%ﬁ"fﬁ%tti k%?r‘if’g k gl viefe 100 fe] @xampler.i Al cammandpiegr ant
possessed b he ent HDD 51 is exported to the clean baby HDD 52 which
has dust b lt?éb%% éhd arghowidy aragran iis sentoamdd recetiredbabyo HDD 52

according to the 28 prograns. At the sane tine, sone batch processing
parts among t I‘fboroepegrpaﬁq%tﬁ%gbr g?ﬁsid&rse thes faapatd onh efp seadinaDbask wifer e t he
mpr overenCAte B GFIRASANS Sidda GO SeCBLRIPE, oarPaddrEaReo! FET
by DD 55 R it VAl CoheRRei 3Gl g tag, chnpy Bogdsi ng.
funct 1 ons. 50 SR 80, B o, Hinced 8o B MR RS Rt wihflnkRag 1 <

extended, @tHRIMNGHaFOESK ¥F-1FQr 160 i;sk drive 10 as the next baby of
t he baby HDD 52 can be starte&gbépoggggggggp'for cl oning processing of the

baby HDD 5%oot2ggl f ends. To be nore specific, because. the respective
cloning tests for a parent and a baby can be perfornmed in parallel, this
can al so be appl i eHet ROBPRLI FREVLOSS1YPEONFEE P OAMNGEAY t rqe
extent. [0046] Thus, in thi Lenbod rreﬂ)é, S b r howéﬁp{)ofs&slreseg‘e%"t@“&]e
par ent HDDbB&iics fenpdaiond .t oTh@ebhahy HM:6LogoM¥esi @bt o the parent HDD
51, and thus the baby HDD 52 can execute by itself the .
opti ni zati A)i Bsfaocitdenpofcdadgingchhas whit hagdofiser gpivef DEg8iEon so as
to grow up. In the above-nentioned description, mainly the case where the
baby HDD 538i & Ra@R¥factured is taken as the exanple. However, 29 if such
an idea is fuyrther extended, for instance, the follow ng node can al so be
concei ved: (27t 8r TUREtAQPeRE bebngiabie| tigt tramamat fsend) caecommande, the
knOMFhOMIi% ﬁxported at the custonmer's site, and then instead of using the
par ent HDD BE the baby HDD 52 is used as the hard disk drive 10 of the

cust oner. reqgver. for _ex |l e, the follow ng nobde can al so be enpl oyed:
if the harzg&igk% PF&%OTOO?ggéﬁﬂﬁeépéﬂ t8 EeﬁggYﬁe?sBﬁ%$r%%nputer), t he

baby HDD 52 is di¢ec C ct tg t.he, PC .and then ysing .a comunication
function of the PfCI? tllﬁ%%v(g%%]vgi sﬁ?errpg??b , ja’h%iacaa vt IF §itSg idmwibd checei ved

froma congeabpdikOof®yVRbcRhn2cAEiYOL s EHE e dS1 A0S Arﬁﬁgg?tin[%gﬁg
words, i1t indicates a clean HDD before testing, in which
know-how required as a HDD is not yet provided. To be more
specific( the baby indicates a state in which a pfocess of
optimization/inspection is not completed; that is to say, a
verification test of function/reliability is not performed.

Here, the verification test of function/reliability is



[Effects of the Invention] As described above, according to the present

I nvention, on the basis of information obtained froma hard disk drive
whose optim zation/inspection has al ready been performed, a new hard di sk
drive can performthe optimzation/inspection by itself. [Brief Description
of the Drawings] [Fig. 1] Fig. 1 is a block diagramillustrating a main
~configuration of a hard disk drive (HDDygto which an enbodi nent is applied.
[Fig. 2] Fig. 2 is a diagramillustrating an 30 optim zation/inspection
process of the hard disk drive. [Fig. 3] Fig. 3 is a flowhart illustrating
processi ng executed by a MPU of a parent HDD that is a first hard disk
drive. [Fi Pasfd mny.a pratest vt mriong-mut rasinglpminkasisagwexecut ed by a
MPU of a baby HDD that is a second hard disk drive. [Explanation of

Ref er ence Nd#\?f‘d‘!%‘]i% is widditendiand draefificdBmts difl varidagnaings @esk, 12
... Spindle notor, ... Magnetic head, 14 (.. Actuator, 15 ... Voice coi
mot or ( VOMPESTV® sYsWﬁ:@%lqhm qmwnSdlanﬂeropt]ﬂnized Di ptt shotidganal og
converter % DAC Read/wite channel., 19 ... Hard disk controller
(HDC) , 20 télP ‘thepdigptimizatipmyRomMpezdion” BiRAks 51 ... Parent

HDD, 52 "“oﬁ%@&ization?and/oEaTAZpection".
[0029]

Fig. 2 is a diagram illustrating the
optimization/inspection process of the hard disk drive 10.
The optimization on the basis of device-specific
information is first performed on the hard disk drive 10
that has been mechanically assembled, and then the
inspection is pérformed before the manufacturing of the
hard disk drive 10 as a product is completed. Accordingly,
the undermentioned processing can be considered as a
manufacturiﬁg method of the hard disk drive 10. Fig. 2
illustrates a state in which a bus connection is made
between a parent HDD 51 which is a first hard disk dfive 10
and a baby HDD 52 which is a second hard disk drive 10 by
use of a cable 53.

A configuration by means of a radio connection,
instead of using the cable 53, is also possible.
Incidentally, once the baby HDD 52 which is the second hard
disk drive 10 grows up, the baby HDD 52 as a parent
supplies information to a third hard disk drive 10 which is
a baby.

[0030]



Fig. 116 VCMdriver 12 Spindle notor 18 Read/wite channel To another
ﬁéD o? a host conputer Fig. 2 51 Parent HDD 52 Baby HDD 53 Cable Fig. 3
Power on 5101 Start up S102 Wait for a command. S103 Receive a request
command for a growth program S104 Transmt the growth program S105
~ Execute part of function optimzation/function verification processing of
the baby HDD. 5106 Execute usual processigng. End Fig. 4 S201 Is a HDD
recogni zed as~a baby HDD? S202 Transmit a command requesting a growh
program for executing cloning processing.

The baby HDD 52 is a HDD that is only assembled as
descrlbed above. If the baby HDD 52 is expressed in other
words, it is an unfinished hard disk drive. On the other
hand, the parent HDD 51 ig a grown-up hard disk drive 10
where its own optimization/inspection process is already

"~ completed and thereby much know-how i1s already provided.
Thus, if the parent HDD 51 is expressed in other words, it
is a finished hard disk drive. However, it is not always
required that the optimization/inspection process be
completeiy finished. The parent HDD 51 have only to grow
up to such an extent that it can transmit a growth program
to the baby HDD 52 to help cloning. This parent HDD 51
stores some parameters uniqué to itself in the EEPROM 22
shown in Fig. 1. The parameters includes, for instance,
track density (tpi, track per inch), and write current and
bias current which are matched with properties of a head
and a disk. Further, the magnetic disk 11 stores in a
given area a growth program by which the baby HDD 52
-performs the optimization/inspection process by itself
using microcodes and other codes.

[0031]

In this embodiment, a new proposal is given to the
concepts of development, manufacture, and application of
the hard disk drive 10.

This hew proposal realizes the following functions:

(1) the HDD (parent HDD 51) itself extracts an electrical



32 S203 Receive the growh program S204 Execute the growth program S205
Finish the growh programto conplete the cloning processing. S206 Store
the gromh programin preparation for the next cloning. End S207 Usual

start up S208 Usual processing End 33 Mainms. 1~ A hard disk drive
conprising: recognizing neans used for recogni zing that an

optim zation/inspection process to be p&@forned on the hard di sk device has
not yet been conpl eted; grow h-program récei vi ng neans, based on the
recognition of the recogni zing neans, for receiving froma parent hard disk
drive connected to the hard disk drive a growh program necessary for

perform ng ddw fiptdrawiaid AT IHYERP A 0 tQﬁ r i sk drive
itself; and execution magans, based on t e%?m%%ﬁr ogra% %@ ei ved by the
gr owm h- progyofawae: . €_.1ving tnean.s , for executing the

optim zation/inspection process on the hard disk drive itself. A hard disk

drive accor(@)ng:Hed HBIAI (Paker tUHDIES 100 BienS 'eXPoTPTRAY tdr@%?@ﬁ} %i%:a%ngeans,

based on the recognition of the recogni zing ans, for ftr

command r eciee Hniothelth @Dy QMaby HRY 3%)L0 ghlge parent hard di sk drive. 34
3" A hard disk drive according to claimZ, further conprising storing neans

for storind3)n theméipdr Y babg HDDMS2 )POIWATCE @hid! AdsBYn! Bga%_ﬁgu&ison means;
wherein, if the hard disk drive is thereafter
exported makes 1tself according to the design drawing.

This means, what is called in the biological world,
DNA transplantation. Furthermore, it means cloning of a
_HDD, that is to say, reproduction (organic birth) of a HDD.
[0032]

As described above, there are, for example, the
following specific examples of the optimization/inspection
process:

(1) a writing process of servo information:
(2) a pretest process in which coefficients of various
kinds of servo systems and channel systems are optimized;

and

(3) a function/reliability verification test process on the
basis of a long-run test.

Each of the processes 1s executed according to
information (code information,'etc.) imported from the
parent HDD 51.

[0033]

Next, a HDD reproduction method (optimization

method) to which this embodiment is applied will be
described.



connected to another hard disk drive in which the optim zation/inspection
process has not yet been conpleted, the growh programstored in the
storing neans is supplied to the another hard disk drive. 4. A hard disk
drive according to claiml, wherein: the parent hard disk drive takes
charge of a predeterm ned part of the optim zation/inspection process to be
executed by the execution neans. A hard 2t sk drive conprising: a ROMfor
storing a basic programthat receives a growh program for perforning
self-optim zation; and a MPU for receiving the growh program according to
the basic programstored in the ROM and performng the self-optim zation
by the received gidg.h Irisgrarfildichartand Misteatrling procisdiing to claim 5,

wherein: the basic programstored in the ROM i ncludes a function of
recogni zi neexeécutedelmative MRX 20 iof tlte i parerst SHBD i 51 WHEHH {6 he
.self-optimzation has not yet been 35 performed; and the MPU recogni zes

its own stafirsiedund nlsl ditveaslc Moo®edTn with,har Sudi Sondeiceon

according to claim5, wherein: the basic programstored in the ROM I ncl udes

a function ¥ madmshY tusyy of cimraoable BESbetwddie e Wdrent HDD 51
and the baby HDD 52 that is the second hard disk drive 10.
‘Then, in the parent HDD 51, the processing is started by
switching the power supply on. The parent HDD 51 is first
subjected to usual start-up processing (step 101) and waits
for a command from the baby HDD 52 (step 102). Upon
receipt of a growth-program request command received from
the baby HDD 52 connected the parent HDD 51 (step 103), the
parent HDD 51 calls a growth program from the magnetic disk
11, and then transmits (supplies) the growth program to the
baby HDD 52 through an I/O bus of the cable 53 (step 104).
Subsequently, as the need arises, the MPU 20 executes part
of funbtiqn optimizafion processing and/or functional
verification processing in the baby HDD 52 (step 105).
After that, usual processing is executed (step 106), and
then the processing ends. Incidentally, the processing
performed in parallel by the parent ﬁDD 51 and the baby HDD
52 in the step 105 will be described in detail later.
[0034]

Fig. 4 is a flowchart i1llustrating processing

executed in the MPU 20 of the baby HDD 52 that is thé

second hard disk drive 10. In the first place, the baby

HDD 52 judges whether or not this HDD itself is a baby HDD



programto a parent hard disk drive to be connected. 8. A hard disk drive
according to claim5, wherein: after the optim zation ends, the MPU-stores
the gromh programa.n a predeterm ned nenory. 9. A hard disk drive
conpri sing: connection neans adapted to be connected to an unfini shed hard
di sk drive where servo information is not witten to a disk; storing neans
for storing a program by which the unfinmpshed hard disk drive wites servo
information to the disk; and supplying nmeans for supplying the unfinished
hard disk drive with the programstored in the storing neans. 10. A hard
di sk drive according to claim9, further conprising: receiving neans for
recei vi ng &iadgdas Tusihdieen erechazsl aad yprasgemb e mante whigftharslad har d
di sk drive; wherein _the supplying neans supplies the programon the basis
of the req rié@@ih%d-%w (HeanedDDyi(mrepe@0d) .11A18hbaglH di sk
drive according to claim9, wherein: said programincludes a function of
executing UAgMeRtS SafebE order dive Ssiviega lams thiodshartthesi aledr i ve
further ingludes _execution nmeans for executing part of the '
optim zati g’ﬂﬁﬁﬁéﬂé@’t fsylep Py ehsickd nen wihied hent jom siodd ther Hatiys HDOr isge.

has information to be included in a grown-up HDD. This

checking function is executed by reading ROM dodes from the

ROM 21 where basic functions of the hard disk drive 10 are

stored.

[0035]

A first method of judgment made iﬁ this step 201
could conceivably check whether or not the EEPROM 22 which
stores device-specific information is empty (éll 0). If

'the EEPROM 22 is judged to be empty (null), this HDD can be
recognized as a baby. Once the HDD grows up, several
parameters unique to each drive are already stored in the
‘EEPROM 22, which will therefore never result in misjudgment
as to whether the HDD is a baby or not. In addition, a
second method could conceivably check whether or not servo
information is written on a surface of the magnetic disk 11.
If it can be judged that no servo information is written,
this HDD can be recognized as a baby. Once the HDD grows
up, servo informatibn is already written to the magnetic
disk 11. Therefore, if this is checked, misjudgment as to
whether or not the HDD is a baby will never occur.

[0036]

In this manner, 1f it is recognized that the HDD is



12. A hard-disk-drive optimzation nethod, using a first hard disk drive
where optim zation processing has already been conpleted, for executing the
optim zation processing on a second hard disk drive where the optim zation
processi ng has not yet been conpleted, said nmethod conprising the steps of:
supplying information used for optim zation, which is included in the first
hard disk drive, fromthe first hard diskK drive to the second hard di sk
drive; and allowi ng, according to the supplied information used for

optim zation, the second hard disk drive to execute various kinds of
processes so as to grow up into an optim zed hard di sk drive. 37 13. A
har d- di sk- d*?Ye® PRP¥i 3Bt 8EAP 20 hoduavadr stayttupclai exdcutédr { Besp

conpri si ng &ﬁ*stgﬁs of ; recogni zing by the second hard disk drive itself
that the opé 7 ARG S PP BeeueR hly  wshal pprocesetingnis hexeesond gtdp di sk
drive has 2;6 yet been conpleted; and issuing, according to the
recognition 8) chehere the uREecegsime emder netfi dit use ddorgndpiddrithaid on to
the first rf¥Ciéﬁif drive. 14. A hard-di sk-drive optim zation nethod
accordi ng to'%l 49 aihabheln HkeR i 20hg 2 hregquept ofommdn® rwhten second
hard di sk drive has conpleted the optim zation processing, supplying the

i nfor mat i on- TRERF $Hr2 FHTHFD REQFFAR FRX Heleribieg dl s archrdmskt thd Vieo tihet

third hard djsk .dri ' i ch the optimzation processing has not yet been
conpl et ed. HFEHR t’fﬁ”ﬁ#s TR AP Dbt | TheaTiegient: sommandoddi agspecdladi m 12,

wherel Nt NGt "B LA Fhi'eit WD L Ban Naontity. As described
ébove, the baby HDD 52 is required to have beforehand a
function of issuing a command. It ié desirable that this
interface logic be given to the baby HDD 52 on the sending
side instead of the parent HDD 51 on the receiving side.
[0037]

Next, the baby HDD 52 receives the growth program
through the I/0 bus (cable 53) (step 203). This growth
Program is transferred from the parent HDD 51 to the baby
HDD 52 as if DNA were inherited. The received growth
program is temporarily stored in the DRAM 23 of the baby
HDD 52 that is the second hard disk drive 10. After that,
the MPU 20 reads the growth program stored in the DRAM 23,
and then executes the program (step 204). To be more
specific, through the execution of the growth Program, the
baby HDD 52 grows up successively. This growth program has
several stages. Various kinds of programs, microcodes, and
various kinds of commands are sent out from the parent HDD
51 at any time. Upon end of predetermined steps, the baby

HDD 52 receives the next program. This is similar to a



supplied fromthe first hard disk drive, includes a growh program by whic
the second hard di sk drive executes various kinds of optimzation '
processes. 16. A hard-di sk-drive optim zation method according to o~a~m 15,
wher ei n: 38 the information used for optim zation, which is supplied from
the first hard disk drive, includes a test code possessed by the first hard
di sk drive. 17. A hard-disk-drive opti mzation nethod according to claim
12, wherein: the first hard disk drive executes part of the optim zation
processing to be executed by the second hard disk drive. 18. A

har d- di sk-drive manufacturing nethod for manufacturing a second hard di sk
drive by usease infyhichharwaui ek arwomamhrabségsaalégefingetsvel from
manuf act ured, said nmethod conprising the steps of: making a connection
bet ul een the Pab¥ttoaan aduktdstepwhsel. t he second hard di sk drive;
supplying information, by which the second hard disk drive wites servo
information to a disla gfattter st @eidser,d idi sis idlsl fposfgivmd ke first hard
disk drive to the second hard disk drive; and according to the supplied

i nf or mat | onCORELIGURY tive baby HDIH2 nin i much oa thentbskadyrd heasecand har d
disk drive itself. 19. A hard-disk-drive manufacturing method according to
claim18, f¥t}HSFovthpregrams hEren cise dieginning.

[0038]

The execution of the growth programs is completed in
this manner, and thus all of the processes including export,
optimization, test, and inspection afe achieved, ending the
cloning (step 205). At this time, in preparation for

'becoming a parent in future to export function information
to the next.baby (third hard disk drive 10), for instance,
the baby HDD 52 stores the growth program in an area
(reserved area of a disk) specially reserved in the
magnetic disk 11 (step 206) before the series of processing
for growth ends. In this area, microcodes used to maintain
performance of the HDD, and the like, are also stored. The
above describes the case where the growth program is stored
in a specific area of the magnetic disk 11 that is a memory.
However, 1f a sdfficient memory area is ensured in storing
the program, it is glso possible to store the growth
program in a different memory such as the EEPROM 22.

[0039]

Next, the execution of the growth program described

in step 204 will be detailed. The growth program is

constituted of several subprograms, and these subprograms



39 supplying information, by which the second hard di sk drive perforns

I nspection on the second hard disk itself, fromthe first hard disk drive
to the second hard disk drive; and according to the supplied informtion,
- perform ng the inspection on the second hard disk drive by itself. 20. A
program allowing a conputer built into a hard disk drive to inplenent the
functions of: recogni zing that an optimsgation/inspection process to be
performed on the hard di sk drive has not yet been conpleted; requesting,
based on the recognition, another hard disk drive to supply a growth
programthat is required to perform the optim zation/inspecti.on process by

the hard didvdlrine fdlRIWinpEI&CRing Ng, based on the request, the growth
program supplied fromsaid another hard disk drive. 21. A program accordi ng

to clai m2Q,1 whescignitivh roFCatE 2Hp1o fegedtd .on recogni zes that the
optim zation/inspection process to be performed on the hard di sk device has

not yet bedrR )coptiatiehtion O gdrdmaereaidieagdr not information specific to
the hard disk drive is stored, or by checking whether or not servo
“information(3)s weriftievattionn off YerdForanderrdidiab 149y ce.

Education corresponding to each of the functions is
executed stepwise.

[0040] )

To begin with, in the subprogram for recognizing the
HDD itself shown in item (1), a model of the baby HDD 52 is
recognized from among some models. For example, by
checking a pre-amplifier signal, the following contents are
recognized: the number of the magnetic heads 13; the number
of disks; and the like. Judging from individual
differences in mechanical and physical pProperties, such as
properties of the magnetic head 13 and the magnetic disk 11,
properties of itself are recognized.

[0041]

A program required to write servo information is
output from the parent HDD 51, and the same microcodes
(including test codes) as those possessed by the parent HDD
51 are exported. In the subprogram for optimizing
parameters, shown in (2), both writing of servo information
and magnetic recording are executed. In accordance with
the properties of mechanical parts such as the magnetic
head 13 and the magnetic disk 11, various kinds of

parameters are determined.



40 22. A programallow ng a conputer built into a hard disk drive to

I npl enment the functions of: receiving, fromanother hard disk drive in

whi ch a optim zation/inspection process has not yet been conpleted, a
request for a growh program by which the another hard di sk drive executes
the optim zation/inspection process~by itself ; reading out the growth
program stored in a nenory; and supplyipg the another hard disk drive with
the read growh program 23. p, program according to claim22, further

i mpl enenting the function of: executing a part of the _
optim zation/inspection process of the another hard disk drive. 24. A
program al | bdd4@)] a conputer built into a hard disk drive to inplenent the
functions of: witing servo information to a disk of the hard disk drive by

use of informatioBubseaulend 1,0l PR g??g%h%&dVngE 5bV$e Bgmg?%%utlng an

I nspection process on the hard disk by use of the orna

exported framd trel tatot histry hiat el Yaudf iIBD 52 and various ki Qf .
CALS. AT Y. A A As2. A{. AI{YAsEALEAA EAR(L2. A {  As A ARY & A

5. AF2. Al & ATODIRNEL AT AP 2k Aleh tAEAmA(the AU @ HYP. BﬁA%tA‘%r@YLEi\ﬁléA‘&
. A9E. A2r =vE F

and then the verification of performance/reliability shown
in item (3) is executed. As a result, the inspection
process of performance/reliability is totally achieved.
Incidentally, i1f the parameters to be verified do not reach
designed values expected at the beginning, resulting in
unexpectedly poor performance, it is also possible to
decrease the performance to some degree by reviewing the
designed values. For example, when a capacity of 40 GHz is
required as a designed value, if only a capacity of 30 GHz
1s obtained because of the performance of the magnetic head
13, or .the like, the design and the test are performed
again with the capacity of 30 GHz. 1In this manner,
according to this embodimeht, because the
optimization/inspection process is totally started from a
baby state, it is possible to easily perform the redesign
and thé retest in accordance with the performance of the
own HDD.
[0043]

Next, the processing described in step 105 of Fig. 3
will be described in detall in which the parent HDD 51

executes part of the function optimization processing

and/or the function verification processing in the baby HDD
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programs. At the same time, some batch Processing parts
among the operatipn groups are passed to the parent HDD 51
where the MPU 20 of the parent HDD 51 performs the batch
processing. This enables improvement in performance of
operation. For example, a function of FFT (Fast Fourier
Transform) usually performed to optimize the function of
the baby HDD 52, and the like, can usually be handled by
batch processing. Accordingly, it 1s desirable that the
parent HDD takes charge of the functions.

[0045] |

It should be noted that if this way of thinking is
extended, cioning processing for the hard disk drive 10 as
the next baby of the baby HDD 52 can be started before a
test for cloning processing of the baby HDD 52 itself ends.
To be more specific, because. the respective cloning tests
for a parent and a baby can be performed in parallel, this
can also be applied to applications improving productivity
to a large extent.

[0046]

Thus, in this embodiment, the know-how possessed by
the parent HDD 51 is exported to the baby HDD 52 connected
to the parent HDD 51, and thus the baby HDD 52 can execute
by itself the optimization/inspection process, such as
writing of servo information so as to grow up. In the

above-mentioned description, mainly the case where the baby

HDD 52 is manufactured is taken as the example. However,
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if such an idea is further extended, for instance, the
following mode can also'be conceived: after the parent HDD
51 1s installed at a customer's site, the know-how is
exported at the customer's site, and then instead of using.
the parent HDD 51, the baby HDD 52 is used as the hard disk
drive 10 of the customer. Moreover, for example, the
following mode can also be employed: if the hard disk drive
10 is connected to a PC (personal computer), the baby HDD
52 is directly connected to the PC, and then using a
communication function of the PC, know-how is imported, and.
a growth program is received from a connected-to server of
a hetwork such as the Internet.

[0047]

'[Effects of the Invention]

As described above, according to the present
invention, on the basis of information obtained from a hard
disk drive whose optimization/inspection has already been
performed, a new hard disk drive can perform the
optimization/inspeqtion by itself.

[Brief Description of the Drawings]
[Fig. 1]
Fig. 1 is a block diagram illustrating a main
- configuration of a hard disk drive (HDD) to which an
embodiment is applied.
[Fig. 2]

Fig. 2 is a diagram 1llustrating an
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optimization/inspection process of the hard disk drive.

[Fig. 3]

Fig. 3 is a flowchart illustrating processing

executed by a MPU of a parent HDD that is a first hard disk

drive.

[Flg. 4]

Fig. 4 is a flowchart illustrating processing

- executed by a MPU of a baby HDD that is a second hard disk

drive.

[Explanation of Reference Numerals]

10 .. Hard disk drive (HDD), 11 .. Magnetic disk, 12 ..

Spindle motor, 13 .. Magnetic head, 14 .. Actuator,

15 ..

Voice coil motoxr (VCM), 16 .. Voice coil motor (VCM) driver,

17 .. Digital-to-analog converter (DAC), 18 .. Read/write

channel, 19 .. Hard disk controller (HDC), 20 .. MPU, 21 ..

ROM, 22 .. EEPROM, 23 .. DRAM, 51 .. Parent HDD, 52 ..

53 .. Cable

Baby HDD,
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16 VCM driver
12 Spindle motor
18 Read/write channel

To another HDD or a host computer

Fig. 2
51 Parent HDD
52 Baby HDD

53 Cable

Fig. 3

Power on

5101 Start up

S102 Wait for a command.

S103 Receive a request command for a growth program.
5104 Transmit the growth program.

S105 Execute part of function optimization/function
verification processing of the baby HDD.

S106 Execute usual processing.

End

Fig. 4
S201 Is a HDD recognized as a baby HDD?
$202 Transmit a command requesting a growth program for

executing cloning processing.



10%m& ()-7 10%m& ()-S610%m& ()-410%& ()- 4<4pd4wdd444aBnbC
10Z109%&' ()-!'10%& ()- 'n@&10% . & ()- 10%&' ()-F10%&' ()-33
109 () - FA+5F5x555" 6dEMC 10ZyYmlO%&' ()- f 109K ()-310%& ()- yMLOY% () -
109 ()-910% ()- "66!7L7S77888dE:/ 10 1090! 10%& () -G SY. mLO%& () -
f,109%& ()-*-109%& ()-f(10%& ()- & !10%& ()-8888889nmDzoxY:/
103109%& ()-109%& ()-G g 109 ()-Z109%& () »3&10%& ()-L310%&' () -
10z999Q z:: . dE:/ 1010%&'()-8,10%&'()-49% 0% () -
f#109& ()-sF10%& ()-Fyl0%& ()-3:::*;;<B<dE/ 10Y/S 10%& ()- ,. 109% ()-
| &10%&' () -, $10%&' ()-4"@O% ()-S Y109%&' ()- B<g<<<=A=B=C=D=dYNC 10 10 10
10Fs9 109%&'s@o3 7§§6&@bé)tBéBgQ&ﬁiﬁ)pr§§§gﬁ&f()-3Y110%&f()-D:GtN::w¢A>>dEYNC
10

5204 Execute the growth program.

5205 Finish the growth program to complete the cloning
processing.

5206 Store the growth program in preparation for the next
cloning.

End

S207 Usual start up

5208 Usual proqessing

End
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Claims.

l. A hard disk drive comprising:

recognizing means used for recognizing that an
optimization/inspection process to be performed on the hard
disk dev;ce has not yet.been completed;

growth-program receiving meaﬁs, based on the
.recognition of the recognizing means, for receiving from a
parent hard disk drive connected to the hard disk drive a
growth program necessary for performing the
optimization/inspection process on the hard disk drive
itself; and

execution means, based on the growth program
i‘ecgive.d by the growth-program receiving means, for

executing the optimization/inspection bProcess on the hard

disk drive itself.

2. A hard disk drive according to claim 1, further

comprising command transmitting means, based on the
recognition of the recognizing means, for transmitting a

command requesting the growth program to the parent hard

disk drive.
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comprising storing means for storing in a memory the growth
'-Drogram executed by the execution means;
wherein, if the hard disk drive is thereafter
connected to another hard disk drive in which the
optimization/inspection process has not yet been completed,
the growth program stored in the storing means is supplied

to the another hard disk drive.

4. A hard disk drive according to claim 1, wherein:
the parent hard disk drive takes charge of a
predetermined part of the optimization/inspection Process

to be executed by the execution means.,

3. A hard disk drive comprising:
a ROM for storing a basic Program that receives a
growth program for performing self-optimization; and
a MPU for receiving the growth Program according to
the basic program stored in the ROM, and performing the

self-optimization by the received growth program.

6. A hard disk drive according to claim 5, wherein:
the basic program stored in the ROM includes a
function of recognizing that the hard disk drive is in a

state in which the self-optimization has not yet been
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he MPU recognizes its own state according to the basic

program.

7. A hard disk drive according to claim 5, wherein:
the basic program stored in the ROM includes a
function of transmitting a command requesting the growth

program to a parent hard disk drive to be connected.

8. A hard disk drive according to claim 5, wherein:
after the optimization ends, the MPU-stores the

growth program in a predetermined memory.

9. A hard disk drive comprising:

connection means adapted to be connected to an
unfinished hard disk drive where servo information is not
written to a disk;

storing means for storing a program by which the
‘unfinished hard disk drive writes servo information to the
disk; and

supplying means for supplying the unfinished hard

disk drive with the program stored in the storing means.

10. A hard disk drive according to claim 9, further
comprising:

receilving means for receiving a request command for
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the program from the unfinished hard disk drive;
wherein the supplying means supplies the program on

the basis of the request command received by the receiving

means.

11. A hard disk drive according to claim 9, wherein:

said program includes a function of executing
optimization/inspection processing, and the hard disk drive
further includes execution means for executing part of the

optimization/inspection processing on the unfinished hard

disk drive.

12- A hard-disk-drive optimization method, using a first
hard disk drive where optimization processing has already
been completed, for executing the optimization processing
on a second hard disk drive where the optimization
processihg has not yet been completed, said method
comprising the steps of:

supplying information used for optimization, which
is included in the first hard disk drive, from the first
hard disk drive to the second hard disk drive; and

allowing, according to the supplied information used
for optimization, the-second hard disk drive to execute
various kinds of processes so as to grow up into an

optimized hard disk drive.
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13. A hard-disk-drive optimization method according to
claim 12, further comprising the steps of:
recognizing by the second hard disk drive itself
that the optimization processing to be performed on the
second hard disk drive has not yet been completed; and
issuing, according to the recognition, a command
requestihg the information used for optimization to the
first hard disk drive.
14. A hard-disk-drive optimization method according to
claim 12, further comprising the step of:
after the second hard disk drive has completed the
optimization processing, supplying the information used for
optimization from the second hard disgk drive to a third
hard disk drive in which the optimization processing has

not yet been completed.

15. A hard-disk-drive optimization method according to
claim 12, wherein:

~ the information used for optimization, which is
supplied from the first hard disk drive, includes a growth
program by which the second hard disk drive executes

various kinds of optimization processes.

16. A hard-disk-drive optimization method according to

claim 15, wherein:
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includes a test code possessed by the first hard disk drive.

17. A hard-disk-drive optimization method according to claim 12, wherein:
the first hard disk drive executes part of the optimization processing to be
executed by the second hard disk drive.

18. A bard-disk-drive manufacturing method for manufacturing a second hard disk drive
by use of a first hard disk drive which has already been manufactured, said method
comprising the steps of:

making a connection between the first hard disk drive and the second hard disk
drive;

supplying information, by which the second hard disk drive writes servo
information to a disk of the second hard disk itself, from the first hard disk
drive to the second hard disk drive; and

according to the supplied information, writing the servo information to the disk
by the second hard disk drive itself.

19. A hard-disk-drive manufacturing method according to claim 18, further comprising the

steps of:
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| drive performs inspection on the second hard disk 1tself,

from the fifst hard disk drive to the second hard disk

drive; and

according to the supplied information, performing

the inspection on the second hard disk drive by itself.

20. A program allowing a computer built into a hard disk

drive to implement the functions of:

recognizing that an optimization/inspection Process
_to be performed on the hard disk drive has not yet been
completed;

requesting, based on the recognition, another hard
disk drive to supply a growth program that is required to
perform. the optimization/inspection process by the hard
disk drive itself; and

receiving, based on the request, the growth program

supplied from said another hard disk drive.

21. A program according to claim 20, wherein:

the recognizing function recognizes that the
optimization/inspection process to be performed on the hard
disk device has not yet been completed, by checking whether
or not information specific to the hard disk drive is
stored, or by checking whether or not servo information is

written to a disk of the hard disk device.
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optimization/inspection process has not yet been completed,
a request for a growth program by which the another hard
disk drive executes the optimization/inspection process by
ltself;
reading out the growth program stored in a memory;
and

supplying the another hard disk drive with the read

growth program.

23. program according to claim 22, further
implementing the function of:
executing a part of the optimization/inspection

process of the another hard disk drive.

24. A program alloﬁing a computer built into a hard disk
drive to implement the functions of:
writing servo information to a disk of the hard disk
drive by use of information exported from another hard disk
drive; and
executing an inspection process on the hard disk
drive by use of the information exported from the another

hard disk drive.



