2 1 OCT 2003 -1.CAPACI TY TUNI NG I N THE PRODUCTI ON  PROCESS OF STORAGQ ﬂ)l&i Zﬂﬂ‘
DRI VES FI ELD. OF “THE | NVENTI ON The present invention relates general.l y to P

~disc drive data‘storage 15 systens. Mre particul arly, the present .
““invention rel ates. to configuring a disc drive to its nost. swtable
“capacity. BACKGROUND OF THE I'NVENTI ON A typn cal - disc drive data storage

system can include nul tiple magnetic discs nmounted for rotation on-a hub

- or spindle. A spindle notor causes the discs 20 to spin and the surface

of the discs to pass under respective head gi nbal assenblies (HGAs). The
HGAs carry transducers which wite information to, and read information
fromthe disc surfaces. An actuator mechani sm noves the HGAs fromtrack
to track across surfaces of the discs under control of electronic 25
circuitry. Read and wite operations are perforned through a transducer
which is carried on a slider body. Theg.slider and transducer are
sonetinmes collectively referred to as a head, and typically a single head
is associated with eackﬁé{i% sc surface. The heads are selectivel y noved
under the control of efARAGH ¥ TUNING INTHEPRODUSHION nultipl e
circular, concentric dat BROGERS OFSTORAGE MISEIMRIVES di sc  surface by an
actuator device. Each stider bodyincludes an-air-bearing surface 30

(ABS). As the disc rotates thﬁE(l'DS&Edﬁﬁgﬁ\N Iié&eat_h t he ABS, which

develops a [lifting force whitehCauses tiete o lift and fly several

m croi nches above Tﬁkﬁpre@nﬁﬁv@ﬁtfd‘n%ﬁtesggnéfﬁlﬁft‘éttﬁicﬁﬁtvetdéw&&’a $roduction
process of disc drives utilizes a fixed sequence of tests to determ ne |f
a disc drisve SY§tem§péé<Pré particylagly; the present iryeation redates togonlguringra disgapaci t y.

If it does, i passed drive. If it does not, then it
is deened a fa| ‘at‘tar“?"vs{é&g‘%h éﬁ& ive is diagnosed to

A typical disc drive data storage system can include multiple magnetic
discs mounted for rotation on a hub or spindle. A spindle motor causes the discs
20 to spin and the surface of the discs to pass under respective head gimbal
assemblies (HGAs). The HGAs carry transducers which write information to,
and read information from the disc surfaces. An actuator mechanism moves the
HGAs from track to track across surfaces of the discs under control of electronic
circuitry. Read and write operations are performed through a transducer which is
25  carried on a slider body. The slider and transducer are sometimes collectively
referred to as a head, and typically a single head is associated with each disc
surface. The heads are selectively moved under the control of electronic circuitry

to any one of multiple circular, concentric data tracks on the corresponding disc

surface by an actuator device. Each slider body includes an air bearing surface
30  (ABS). As the disc rotates the disc drags air beneath the ABS, which develops a
lifting force which causes the head to lift and fly several microinches above the

disc surface.




'5 déternine the probable cause of failure and the rework needed. Thi@ 1 OCT 2003
process is relatively inefficient. The task of reworking is very tine
consunm ng and costly. It will physically involve operators doing the job.
Oten, rework yields are poor, primarily because there is no fixed rule

as to a cause of a failure. The physical rework also neans that a certain
anount of production floor area and 10 resources have to be used and

al l ocated for the process. Thus, there ®s a need to include in the

production process a way to predict the capacity the drive is able to

take and hence confingiitedypil bidhoikARAEkIdor (HIBHREARROL | Ayant i on
oblens and o %

provides a solution to this and other pr ers ot her
advant ages oveéequehee qfitésts toaleterming ifldAvAIRY e GFcapitife bRNMEdIRgE¢ The present

i nvention relates.to conf.iguring a,djsc ive. to I.ts st jtabl e
capacity. One SB?%%C&l'g%ﬁett 52 ARRETY gg{a‘iqes’ﬂﬁ%ﬁFiCS?ﬁl‘ﬁege‘{?Paéﬁ Vteo%la met hod
of configuri riglods Hotsthesl ftiiy/@emd d FiRd [dFiRd sldthe GARAR dldshdse@to t he disc drive
is 20 determined and the disc drive is configured based on the data

transfer éapagiermng thepiobable canssdifaiism anslthe reavopk pecded. Thispiocessis
configuring t K- YolMa P21 ' V. ' A t 0 pacity
of the disc d?‘?{‘}‘g‘} alg gf C}oéﬁt' t%%%gggtcgﬁe‘?%ﬁglg?&gatgg &ﬁs%ﬁ%farnta %gs@?sc

drive. 25 | n anwilhghysealipdivobetoperatoes dicihg therjains Ofen,acewatk yieldy ates
determned for_a gl ur.@llli)tg of . head/ dtLé%% sgrface conbi n?t_i' ons_jn the disc
drive and t he PaPs &P ‘éseé}&ﬂf ReTIRCsauske @ﬂt‘bﬁ_c?‘ﬁéogﬁ 3lure. o The er
capabilities ?ﬁ%fﬁ@él eGSR M sQIrSans Wal €& taif ARBhRRS I'gl%uptli(‘;h flodriidd\Bld

enbodi ment, | he data transfer capability of the disc drive 30 is bel ow
a first tHPesmhesodrces havesp be gessand\allo¢atechor thesuroenss.f Bous, teredn ainadder i or

neadl 0 ¢ S RRENRTRLIRI M SrS ST AN IE el b °
i ncreased. |f toaké eid hdnad corifigeredetoahat capacity.

The present invention provides a solution to this and other problems
and offers other advantages over the prior art.

15 SUMMARY OF THE INVENTION

The present invention relates to configuring a disc drive to its most
suitable capacity. ;

One embodiment of the present invention is directed to a method of
configuring a disc drive. A data transfer capability of the disc drive is

20  determined and the disc drive is configured based on the data transfer
capability.

In one embodiment of the present invention, configuring the disc drive
involves adjusting the data storage capacity of the disc drive based on the data
transfer capability of the disc drive.

25 In another embodiment, the data transfer capability is determined for a
plurality of head/disc surface combinations in the disc drive and the disc drive
is configured based on the data transfer capabilities of each head/disc surface
combination. |

In a further embodiment, if the data transfer capability of the disc drive

30 is below a first threshold, the bit density of the disc surface of an inferior

head/disc surface combination is reduced and the bit density of the disc surface



‘transfer capability of the disc drive remains below the first threzhflqm 2003
it is determned how many, if any, of the head/disc surface conbi flatiOhs
have a data transfer capability below a second threshold. If one of the
head/ di sc 5 surface conbi nati ons have a data transfer capability bel ow the
second threshold, the head of said head/disc surface conbination is

di sabled. If two or nore of the head/di,sc surface conbinati ons have a

data transfer capability belowthe sec’ghd threshold, the bit density of

the entire disc drive is reduced. Another enbodi nent of the present

invention is difaagttechda@/dascRugaieddinbifiitich & intiRastaV I eféBit, ihe dagadabl e by
a conputer systemand that tangi bly enbodies a program of instructions

execut abl e by transfes eanghility okifig disgdriye romginsohelevy theelirpighiresholdohisi guri ng a
disc drive. P t d iy 4 Eiﬁl?ﬁ i S, measured
for each head/LH ?%@ﬂée&rhggé@&%%ﬁh?ﬁtg%h%{d@g ungf‘t ?%xé\ﬂ%?tfo?vﬁgatf% density
of the respectdatetraisfet capabiliag bslowdwenoml thrdshalb] & dis ofitheteeadfdisei gur at i on
schene is selected based on the error rate data. xt _the gelected drive
confi gur at i*on Sgbfﬁ%en%’mt_gn*}t‘r?ﬂfg et .“W?ﬁﬁépag’%ﬁﬁ%ﬂ‘?é‘?wfl e program
storage devi Canre3ifd18Ghé NEhdDIIMUHREY/Bisc Sirki¢e c6RBihEsH RidifABleac eR® | nvol ves
selecting the schene fromnultiple drive configuration schenes. In one of

t he drive confdrguaeraof the headidise surfach sombinationsdwrie p dgtadfangfgecapabiditsur f ace of

one head/ di sc ,surface conhj nati S, heduc nd.. t Ef . i of the
di sc surface oqe %h eﬁ@?oﬂgi%ﬁ%kgghes ¥ F%rggy?gtr%ieﬁg{e’l&c})ﬁc (iB?s‘}e 1?%@?‘8%%%.

Anot her of the dri vensiidifenfbotnton®bf the pessest inveneby esdittictedhd apgogrita  head of
a .particular head/di s¢ surface conpination. Athird tEri ve .configuration

scheme i nvil vestorpgridryigeghatieraadableRng compyer P %tt_ﬁ‘?gé@ydri ve. 25
BRI EF DESCRI P (i 4fds aﬂ?ﬁ%\f\viﬂﬁcﬁérg%gc Hlét{y@‘thlé'ctgh uilk aaamef a disc

drive according to an ustrative I ment” of present 1 nvention.
FIG 2 is a flpnhanatmahodhbhonfigminga diac tripe. Gossantftd the thethod,lre 30
production of vt}gtre?reg& esr?or%tie\{se %éas%ire'd or %;l’ll- h%e?cgdq‘lsg surface combination as a
function of the bit density of the respective disc surfaces. Then a suitable
15  drive configuration scheme is selected based on the error rate data. Next the
selected drive configuration scheme is implemented.

In one embodiment of the program storage device, selecting a suitable
drive configuration scheme involves selecting the scheme from multiple drive
configuration schemes. In one of the drive configuration schemes, the bit

20  density of the disc surface of one head/disc surface combination is reduced and
the bit density of the disc surface of another head/disc surface combination is
increased. Another of the drive configuration schemes involves disabling the
head of a particular head/disc surface combination. ' A third drive
configuration scheme involves reducing the bit density of the entire disc drive. '

25

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a disc drive according to an illustrative

embodiment of the present invention.

FIG. 2 is a flowchart showing a prior art process flow for the

30  production of hard disc drives.



FIG 3 is a flowhart showi ng a process flow for the production of prrgt]' 2003,
disc drives according to an illustrative enbodi nent of the present

invention. FIG 4 is a graph of error rate vs. bit density for a

hypot hetical disc drive. 5 FIG 5 is a block diagramdenonstrating a

capacity tuning process according to an illustrative enbodi nent of the
present invention. FIG 6 is s flowhart showi ng an exenplary process flow
for the production of hard disc drives™according to an illustrative

enbodi mrent of the present invention. 10 DE 8 I LED DESCRIPTION 01 T QA
EMBODI MEN T Fi gur e glgi $i ' | ' > | to the
present invention. %% 2ésaadﬂ?(%‘€%ﬁrltgh?ﬂ%%l%gécegér ﬁ%qé%tégpg(ﬁugﬁ&gé&aﬁgmry 14,
di sc stack aslsenlivgs d@prding teandlusieteathhodifenined theprdsenh arventior20. Dri ve
controller 12 is 15 typicall m croprocessor. or digital.c uter, and is
coupl ed to a host ?}@t‘gfﬁa%mﬁl‘bﬁfﬁrﬁ’éf%géﬁ-g"tc‘f?ﬁﬁyo OFépgﬂ%ﬁ?tbcagg‘g?e data on,
and retrieve dgka from disc stack 16. Menory 14 can be any of a variety

of well known data storage devices capable of storing data for use by
control l er512. Al s&IGneifr§lodudiagram; deslonsieatingA(capeityi tAaing orpcess di f f er ent

types of MeTOLY KL GoS GRS S RARN ¥y IR ifMbgand vol aile or

non-vol atil e randonfaccess neno I ati ve enbodi nent,
menory 14 stores tFGf 6 israilovechprt ahowingian gxempldryiprocads floe foother ol [ er 12 in

order to inplenent the_capacity tuning, aspects of .the resent. i nvention.
D sc stack asPEMBEYOn Bl Hak AisEadvSFRRIPBEsR an R Ha Fipediment of the
present invention.

10

invention. Disc drive 10 includes drive controller 12, memory 14, disc stack
assembly 16, actuator assembly 18 and read channel 20. Drive controller 12 is
15  typically a microprocessor or digital computer, and is coupled to a host system
which instructs controller 12 to store data on, and retrieve data from, disc stack
16.
Memory 14 can be any of a variety of well known data storage devices
capable of storing data for use by controller 12. Also, memory 14 can include a
20 combination of different types of memory devices such as read only memory
(ROM) and volatile or non-volatile random access memory (RAM). In an
illustrative embodiment, memory 14 stores the firmware programming used by
drive controller 12 in order to implement the capacity tuning aspects of the
present invention. Disc stack assembly 16 includes spindle 26 which supports
25  multiple coaxially arranged discs 30, 32 and 34. The discs are mounted for
rotation with spindle 26 about axis of rotation 28. Each of the discs has a first
surface and a second surface. First disc 30 has first surface 36 and second
surface 38. Second disc 32 has first surface 40 and second surface 42. Third
disc 34 has first surface 44 and second surface 46. All of surfaces 36, 38, 40, 42,
30 44 and 46 include concentric tracks for receiving and storing data in the form of

flux reversals encoded on the tracks. A group of tracks which include one track



"25 multiple coaxially arranged discs 30, 32 and 34. The discs are iﬁﬂ
for rotation with spindle 26 about axis of rotation 28. Each of tﬂzug NM3
has a first surface and a second surface. First disc 30 has first surface

36 and second surface 38. Second disc 32 has first surface 40 and second
surface 42. Third disc 34 has first surface 44 and second surface 46. A

of surfaces 36, 38, 40, 42, 30 44 and 42 i ncl ude concentric tracks for
receiving and storing data in the form™@f flux reversals encoded on the
tracks. A group of tracks which include one track 2 1 OCT 2003 -5 on each

of surfaces 3Q,e3& 0 kaﬁffacﬁg 36,58 264246 Yi'ﬂl%r @h&elﬁgﬁtlfh trre[cﬁ‘}llfﬂffe%{nhg‘yels group is

| ocated a conmobn ra I st’ante from e | nner di aneter
correspondi ng loqatesl(a oapmm/mmalrdwtmceé@nﬁhhs nnesdirméter ofdbe t@reagoraingy| i nder .

Act uat or asser&b 3{1 h ﬁl udes actu 48 suiolg%rtl ng nmultiple actuator 5
arns 50. Each %GFYReT W3OS SPHES: 53° ge oIy S Tpl ed to at | east one head

assenbly 52. Each bhemehterasRmbly1Hidcluds ddeigkr A8 hipportdg amltiglé agudtbexur e arm
rigidly coupled to actuator arm50 at a first end, and to a suspension or

gi nbal “at Sa @EBLMY Bash of weiuater aswe AQ isgigidly counled tamhleag onphesd to a sl i der
whi ch support and H5
above the corr%e%poggél ?gﬂgédsaég%brlfg%g{cmagﬁbgﬁcfg&r’Dﬁg@ adr?égrlnlr{mbearl ng)
surface, whi clmguﬂylcdn@lakiaptteaiofamdetyifmenwandtdmswmpﬁnbrgmhﬂstc surface
or sliding in pseudo- go_ﬂt act or, direct con V\“ EHLF ectlve di sc
surface, depefddfif§eGh be Sspausion isa i Wil FOUP tBﬁ 1AGE X %(fHP

typically i nC'dHflﬁh%adig 'éeaﬂafhézﬁ@fiﬂﬂﬂqu@rI% q{MtPPS)taBWHé’E&fesﬁ&fd'idged by a
slider. As shown, da heads HO, Hl, H2, 'H3, H4 and H5 are supported 15

adj acent rlespelcsmswéawedt‘adssl@prhhsgn als bedrmgsuras, WB@h carobe afapted forand 46.
Toget her, a asso i sc f.or g\,hat wll be

referred to h yg}%ovggggresﬁ%%éff g’ls‘ééurgﬁﬁ?%resgg“@oﬁ‘g 1 §ﬁa“|96%ﬁrexarrpl e, head

HO and di sc subhtagteviifthe ERpsetivé disCsudfade, rdeﬂv@dhxgc’uﬂ/tlﬁb peeticildrfapglecationrbi nat i on.
Actuator 48 is rotatably nmounted with respect to dis¢s 30, 32 and 34. 20

Actuator 48 tsrledatp Veqdrm’l&%ﬂé@n‘éu% |aé%adétﬁnﬁd“\ﬁﬁ 204 ajvite frapsduceiicpiied magnet
to produce tRe SEHECTAMRowR It RAdYT0, 351 ¥ A8, ¥Band 5 aelsHpidieq 48 rotates,

it noves the
15 adjacent respective medias or disc surfaces 36, 38, 40, 42, 44 and 46. Together, a

data head and its associated disc surface form what will be referred to herein as a
head/disc surface combination. For example, head HO and disc surface 36
constitute a single head/disc surface combination.

Actuator 48 is rotatably mounted with respect to discs 30, 32 and 34.

20  Actuator 48 typically includes a voice coil which interacts with a magnet to
produce the selective rotation of actuator 48. As actuator 48 rotates, it moves the
transducers coupled to the head assemblies either radially inward or radially
outward on the discs. In this way, actuator 48 positions the transducers on the
various heads over a desired track (and cylinder) on the corresponding discs. In

25 an alternative embodiment, actuator 48 is a linear actuator.

Read channel 20 is electrically coupled to each of heads HO, H1, H2, H3,
H4 and HS and carries signals read by various heads from their corresponding
disc surfaces to a host system which has instructed disc drive 10 to retrieve the
data. Also, read channel 20 can carry servo signals read by one or more of the

30 heads from a servo data track. As is known in the art, the servo position

information can be provided to drive controller 12 and used to control actuator



‘transducers coupled to the head assenblies either radially inward f)r
radially outward on the discs. In this way, actuator 48 positions t1hQ€T 2003
transducers on the various heads over a desired track (and cylinder) on

the corresponding discs. In 25 an alternative enbodi nent, actuator 48 is a

| i near actuator. Read channel 20 is electrically coupled to each of heads
HO, Hl, H2, H3, H4 and H5 and carries signals read by various heads from
their corresponding disc surfaces to a host system which has instructed
disc drive 10 to retrieve the data. Al so, read channel 20 can carry servo
signal s read Riseaiy 08 1 BRARvOheal PBsiticting16R4 8 dESiRACHIRRE VReddRhandel aCk. As

is known in the art, the servo position information can be provided to

drive cont r ol |28rcan 2lse inglude ether eorapnments,| forexamptecamptifiers@ad fited3foassenbl y 18

to achieve head pasitigni %bggﬁrigﬁaldesi red cylinder. Read channel 20 can

al so include other c%%’pone exanple anplifiers and filters, for

condi tioning the r&iG. Dakdwsthgmdical pliéx arPprobeysslotvior thepredictiph opr art
process flaow for %h roduction of 5 hard disc drives. At servo witer

.ne .
100, the sérvdeph Foiivess ASPIP atgils, theaervpppisraas wrikgrRRato th pr et est
102 a reserve i [ } : 1 firmvare
code. At ser V(%)% ?ggiﬁmfg%s?q%ﬂaﬁge%g?\?g aS;r g%t“??s gﬁ?ﬁ%&%‘%ﬂ&gﬁ%&?ﬁ&ﬁ% drive.
At read/ write foustommg fiddyarelveds. eAidenra teet 104] rdsygsoeattos aamappatad  so

that the read/ w, te.paraneters wil.l timzed faor the read/wifte

Signal o 10 Aot EoR TG e s 4B% 1S Gle pih s I i ibted ¢
captured. At |sgGhat@AHeXFisitelgfaméBR wilDeldpimPiedtifbiethd edaamirife@dnaRl € used to
decide the pass/fail status of the drive. Passed drives are tTorwarded to
the next V&ri fAtigfachiest Kepnyldefectivamperelatagsertors aie pandidredr Atlagken out for
failure anal ysi e ki oL | L me
consum ng and%gglggi Pgl 6ﬁ%qg{[/alé?]l%ﬁﬁges?égg#?%éFﬁ%?@@%ﬁﬁgg%%%gf@f%%tlh%]g t he
job. Oten, refithekdririec Pdssed ke vesate forimaniet Ity tHeeertnsei fichtboreleveld 18p fi xed

rule as to a cause,. of failure. The physical K rework al means that a
cortain amountBE BIGHARYAGHE B PP PP PG B Ry DM Esecd and
al I ocated for Jrh&yRkREaS Sery infe coRsHRRRSNE cBRIC E6Will prRMchBy idvBRePr 0duct i on

of a hard disc drive
15  operators doing the job. Often, rework yields are bad primarily because there

is no fixed rule as to a cause of a failure. The physical rework also means that
a certain amount of production floor area and resources have to be used and
allocated for the process.
FIG. 3 shows a process flow for the production of a hard disc drive
20  according to an illustrative embodiment of the present invention. The
production method shown in FIG. 3 utilizes capacity tuning to minimize or
~eradicate the need to perform failure analysis and rework on failed drives. In
FIG. 3, like elements to FIG. 2 are similarly numbered. Capacity tuning 116
auto configures the disc drives to a suitable capacity size. In another words, in
25  anillustrative embodiment, capacity tuning 116 is simply a module integrated
in the process to predict the quality of a disc drive before the defect test phase
108 (which typically takes more than 8 hours) and then configure the disc
drive to its most suitable capacity. Therefore, capacity tuning 116 not only
cuts down tremendous usage of manpower, time and resources, it can also

30  bring up the yield for the production of drives. In addition, the number of



20 according to an illustrative embodi ment of the present invention.t @¢ 2003
production nmethod shown in FIG 3 utilizes capacity tuning to m ninmze or
eradicate the need to performfailure analysis and rework on failed

drives. In FIG 3, like elenments to FIG 2 are simlarly nunbered.
Capacity tuning 116 auto configures the disc drives to a suitable
capacity size. In another words, in 25 an illustrative enbodi nent,

capacity tuning 116 is sinply a nodule ihtegrated in the process to
predict the quality of a disc drive before the defect test phase 108

(whi ch typi Cal&%e&%‘?ﬁe B%etrg\%}k?d Qfﬂ.\l{ﬁéﬁe ﬂ)lé hﬁencgtl q‘tljé?/ﬁlil(h; efgiﬁsﬁot

drive to its npst suita e capaci cap
only cuts dovueedrfmmmdspnosesgdw,fasnMimmﬂblddkntHSand resources, it can

al so 30 bring up th ield for the, producti rives. In addltlon t he
nunber of 2 1 2@ @F ‘Pﬁtg? ‘ﬁ%@’d‘st‘@p EIGP@Rg’P%‘Qd)W? fatBe negl i gi bl e.
Hence, there rf?éhsfé@ﬁ:aﬁh%ﬂﬁy oPBRYafiis litad/AWe skriRieQBRDMatidfls indfhe 4RI Cat ed at
bl ock 118. Capacity tuni ng nmet hodol ogy is inplenmented based on the data

transfer cdpabitivet yn an illusativerancheditherddthel idate transferepalititynifredtcadidisci n t he
disc 5 drive. gurfa@ L1l.u rag iy tran capablllty

of a head/disc sur‘foéltl:t(’aln%t r’i’b%a&tg%gs%ﬂ’av%?gatw &81 1§5epa?sie{}t§3§¥ the whol e, is

represent ed bychahterietiad et rats ive.EKBPI. ECBPY (KiRt Bits/Bor I lis 2 HBRurd Ki 1 0 Bits
Per Inch) is a nepasure . of the bit density of the disc surface and is used
as a neasure d¥f theit desifyof Gie diggurfageand 1&§§ﬁd@ﬁédn§aéur& o thecpmepust ok ur f ace

combi nati on. T&?aﬁfé%%xgﬁ@&ﬁavﬁead)éﬁet uxjfgce%ﬂ"fb kigh! Fhe € ﬁjra{%\g' gﬁ f-quality

head/ di sc surface conbination wl ve a Shal gradient as
conpared ti® a dhamterlqtmbﬁetMgh@eqﬂalitystmad/drsbaméacecconﬂnmabnmu tehdits nmeans

that higher-quality ad/ di.sc surface I nat i t ake nore capacity
of data rate t ﬁalsgﬁﬁ?r sfﬁéélﬂ?ttaﬁ CﬂI@B?fFﬁ%%gP glgy h&%‘%‘?ﬁ?ﬂr Bfis. FIG 4 is
a represent atigsgbfdiioh. Talsandshs HEBRY h&l @Iallmﬁeamc shEfadyydibIRdtions! _
head/ di sc surface conbinations. In 4, x-axis 200 represents the bit

density i n KBmanigks morgppacityef d@p r@g éwnéowwal@htydiead/dtse surfpcet he  exanpl e
o FL &, beadhhthghe 5 RPRBHRD: oS REPLER TRY L% .
15 hypothetical head/disc surface combinations. In FIG. 4, x-axis 200 represents
the bit density in KBPI and y-axis 202 represents the error rate. In the
example of FIG. 4, head/disc surface combination 1 is the weakest head/disc
surface combination of the four. That is to say that head/disc surface
combination 1 has the lowest data transfer capability of the four. According to
20  an illustrative embodiment of the present invention, based on this error rate vs.
KBPI characteristic, which is determined as part of the capacity tuning
process, we can determine the quality of each head/disc surface combination
and configure the bit density of each head/disc surface combination, and the
capacity of the disc drive as a whole, accordingly.
25 FIG. 5 is a block diagram demonstrating a capacity tuning process
according to an illustrative embodiment of the present invention. Capacity
tuning 300 comprises three modules, namely error rate testing engine 302,
capacity decision making engine 304, and capacity configuration engine 306.
Error rate testing engine 302 performs a write/read testing process on the
30 drive. In an illustrative embodiment, this write/read testing determines the

data transfer capability of each individual head/disc surface combination in the



‘conbination 1 has the |l owest data transfer capability of the four. 2 ¥QCT 2003
According to 20 an illustrative enbodi nent of the present invention;y based
on this error rate vs. KBPlI characteristic, which is determ ned as part

of the capacity tuning process, we can determ ne the quality of each

head/ di sc surface conbi nation and configure the bit density of each

head/ di sc surface conbination, and the capacity of the disc drive as a

whol e, accordingly. 25 FIG 5 is a bl oc#-di agram denonstrating a capacity
tuning process according to an illustrative enbodi ment of the present

i nvention. Capgagi i i thr nodul es, ..n Ly error rate
testing engi ngﬁ%oézr?{/e a%gggg?td?& ec?sq?éhﬁlﬁgﬁkilﬂasgaﬁg%%m@&ﬁte 5‘%‘5 %&éb‘dci ty

confi gur at i on cenigidroait 80 6ach Head/disc satfetcombinagor BigicneraBite-sBREfkA AR 2
wite/read testin ocess,on . the 30 drive. In an illustrative enbodi nent,
this witelreddft g@{%’&‘ﬁﬁe ﬁ*&?@rtm@s nppynal gpgrating datgsragg paintpabthei t y of each

i ndi vi dual headhdlise srich J6RDHRANGA At ORI ih e&oﬁ/g?@% -8 disc drive
and of the disc drive as a whole. Illustratively, the wité/read test is

carried ouf ohaaetaristicasychiasshat shdvercim HEnH) foatachrofahe lsadéliselsupfaes sel ect ed

dat t Leh. ar. [ h t 1 nal ti d t i nt
of  the neads arogvutifng kIR b e PRl FE Pl oo ve.

KBPI 5 char actserfacetdombirsitioh isconipagdd wil®whpiritafrealtsdto dermapaheipf t he
head/ di sc surface. conbinations. This error rate vs, KBPI characteristic

for each headfdfidies- dlysiradvelydhnsrrasiaisiysi KBRbehsaciatistip iscommpred teal results
to determ ne GLR@irhr rafdi. KIBM SharhbtbiSic B 4 ¥&ihdhal £id29 1 ryl;ﬁ{?lﬁt?otrfto%/f . KBPI
characteristic is conpared to an error rate vs. KBPlI characteristic for a
nom nal héad Based ethibelquilgieatofrl) thel@adidme durfacetchmbinatibng, cgmchy all the

head/ di sc surface conbination apagi t deci si on_maki.ng engi ne 304 then
deci des a sui figcﬂflgn r}ggfifﬁﬁ’te?gﬁ%%eglﬁgﬁ’g\éﬁ 6S‘Bf§"lbfeaf‘}9ﬁﬁg‘ér&tl?‘bsct Bedp be drive.
In an illustrapplid tetiRodid@ife. Th AR iIfusAh®yd MRRAmEH hefeald te@nf i guration
schenes that are available to be applied in the capacity configuration

engi ne 306. THHTareK sanfigguafiensscheraes thpt asp penilaple tabgapplisddn & adppoiyul at i on
310 and de-fr @Wﬁio%]e%gine 306. The three modules are variable BPI 308, head
15 depopulation 310 and de-frequency 312.

-

According to an illustrative embodiment of the present invention, if
capacity decision making module 304 determines that the data transfer
capability of the disc drive is above a predetermined threshold, no further
capacity configuration is performed and the drive is configured at its present

20 capacity. In an illustrative embodiment, this threshold corresponds to a
desired error rate at the target data storage capacity of the disc drive. If the
data transfer capability of the disc drive is below the predetermined threshold,
variable BPI scheme 308 is considered to check if the desired data transfer
capability of the disc drive can be achieved. In an illustrative embodiment,

25  capacity decision making module 304 predicts whether variable BPI scheme
308 will raise the data transfer capability of the disc drive to the predetermined
threshold and, if not, variable BPI scheme 308 is bypassed. In an alternative
embodiment, variable BPI scheme 308 is performed without first predicting
whether variable BPI scheme 308 will raise the data transfer capability among

30 the heads of the disc drive to the predetermined threshold.



‘According to an illustrative enbodi ment of the present invention, if2 {1 OCT 2003
capacity deci sion nmaki ng nodul e 304 determ nes that the data transfer
capability of the disc drive is above a predeterm ned threshold, no
further capacity configuration is perforned and the drive is configured
at its present 20 capacity. In an illustrative enbodinment, this threshold
corresponds to a desired error rate at the target data storage capacity
of the disc drive. If the data transfef’capability of the disc drive is
bel ow t he predeterm ned threshold, variable BPI schene 308 is considered
to check if the desyLedidBpR(Hiks ngelsd&eﬁ 308302 b9 Wkhfellifere can be
achieved. In an illustrati ve e , capacl ty CI Sronoma ng

modul e 304 pr ediiterate adressiike haads withbet aBRlally chwnging tBO 8verall targeledse the dat a

transfer capability o sc drive to t determ t hreshol d and,
if not, var Pab‘f 22 %ﬁ’ tfsacci\'bvr?eql cﬁgmg%g% glev% d&F’{lganFa‘W%/@ te,
enbodi ment, vaid akk BltB@ﬁSl@CMkf‘H}ﬁd/ﬂﬁc wéc@rcmlﬂ&hbﬁwfd ihéreaingfhgdi cti ng

whet her variable BPI schene 308 will raise the data transfer capability
anong 30 tHe hésaiEtoet gaed haa@élseisurfe@etc@mbm@nm@séo mainéain therasighmedld. - 9
Vari able BPI ( ) nge t he
data rate acrot?éatltﬁ %tg‘?%]tggggfé dnt%g #ﬁg%nﬁgﬁl%égg #%98 %ée)cragfﬁntarget ed
capacity of a aie taken tdrbnsaresthhtqmdmaad/hec agfucevadbinytisredvitlinegbé he dat a
rate, i.e., ensi t of k head/ di sc urfa j nati ons and

i ncreasi ng the 5‘5’?55 (G fm ?nsﬁtﬁéﬂt elass g %ag"tﬁ? %P&gﬁ?ons so as to

mai ntain the ofur@tdedmbihicis. A id ﬁ{ﬂu&fatltvg%m‘ﬂf)&‘{r?ent hArig¥le BPLUStrati ve

enbodi nent, speci al 8recaut|ons are taken to ensure that good head/disc
surface colfbi reshton3 WSInotHSﬂdVd@ntbwmbﬂr@igeQﬂh@dMIf%ﬁe for the |oss

1wt rat i ve HOBHTTGNE * osPubihe nisbory bl RERLOSonREe rarBRest o «ne

nunber of goockhbaad/dﬁws.CAamﬁbﬁaﬁy 1t(éﬁ6ﬁlt1lba'fnb&ﬂ%dtSaﬂlﬂﬁ§BPh§dheﬁ1|&608U”ber of
bad head/di sc surface conbinations in the disc drive. Additionally, it

shoul d be not ednieRerforRedey e dpve syamdhenghobe dita frapderrapalgliveef thh t he
drive even tho %dg Qﬁ]‘g% eh?iﬁ%f%\gc{sh&ﬂpﬁ@eb%g&?{lﬁgeﬁlﬁﬁcmgrtl’xVe i's above the

required thres ol ere enhanci
15  performance of the drive. Variable BPI technology is thoroughly described in

U.S. Patent Application 08/857,519, entitled “VARIABLE BITS PER INCH
RECORDING,” filed on May 16, 1997, and assigned to the same assignee as
the present invention.
According to an illustrative embodiment of the present invention, if

20  variable BPI scheme 308 cannot raise the data transfer capability of the disc
drive above the predetermined threshold, head depopulation scheme 310 is
considered by capacity decision making module 304 to determine if the
desired data transfer capability of the disc drive can be achieved. Head
depopulation 310 is a methodology in which the head of a very weak head/disc

25  surface combination is disabled so as to enable the drive to meet the next
lower capacity configuration with the remaining good head/disc surface
combinations. According to an illustrative embodiment, a given head is
disabled if the data transfer capability of the associated head/disc surface
combination measured by error rate testing module 302 falls below a

30  predetermined threshold. In an illustrative embodiment, head depopulation

scheme 310 can also be used in conjunction with variable BPI scheme 308 to



15 performance of the drive. Variable BPI technology is thoroughly 2 1 OCT 2003

described in U S Patent Application 08/ 857,519, entitled "VARI ABLE BITS
PER INCH RECORDING " filed on May 16, 1997, and assigned to the sane
assignee as the present invention. According to an illustrative

enbodi mrent of the present invention, if 20 variable BPI schene 308 cannot
rai se the data transfer capability of the disc drive above the

predet erm ned threshol d, head depopul ati®n scheme 310 is consi dered by
capacity decision making nodule 304 to determine if the desired data

transfer capabji;:i f ' ' ' epopul ati on
310 is a net h%g%!e%%gl/lgisﬁ&lgg?ﬁéhﬁfﬂgﬁlh\égﬁqg‘?elg&e%gp p\%gxggn ﬁﬂeé':%%&tg%ﬁ%S surface
conbi nati on i ofdiiseshl ed so as to enable the drive to neet the next | ower

capacity configuration. wth.the repaini ood head/ di sc surface

conbi nations. Acco H%&%Hat&ﬁ q‘?qoﬁé’?‘?n_éf’?&@%éﬁﬁ@dpﬁ%‘@?’ dvgnahlabhtad i s

di sabl ed if tBegdad Redd ®PshBLtidENrbdekits Hildis a@ioRcd gl afaiaagiisli sc
surface conbination neasured by error rate testing nodule 302 falls bel ow

a 30 predefer Hones capaaiiyheicl as pnominal Panasity, aleifiequendysdherand ]2 isead

depopul ation . .al he used in,GOR} ti wi.t.h variabl e BPI
schene 308 to@ggﬁ{agghelﬁéb&éﬁﬁ%gidgﬁégggbaggqgtryo%ﬁe ?‘?}yénﬁea)ﬁgpgkgpﬁ 1b’&ci ty
poi nt in the samedinii, d¢-freguestyis¢bdne 312 i8implehi¢aied alicd ehedipadiagent of the

present invention, if variable BPl 308 and head depopul atign 310
processes fai aege than Que VeRyey dreaddiseipyrface gamlination t Jpcheconditigniis y,  such

s fart : ) s _ !
as a noni nal GaRAGHtely dbeettd ﬁgﬁ%@%?ﬁg%@ﬁ@}@sdrﬁcb B&hﬁ@g@&@ﬁasbav capacity

deci si on nmaki ng nodul'e 304. r ustrative odi ment ,
de-frequeney detadrapsfed Gapakilitynjolventhat ¢tk prbdatertimeddhreskolt asferredbtoe t han one

k head/ di sc. sur f mbination. S ditian,i.
T st at i vel ok PR G danRG Shempdlt Brdeny 32 o nat i on nas

a 10 data tramlﬁfdoc@gamtIr&donﬁgm@ﬂaemaﬁmismjmedqawémag@atytﬁzﬁﬁwI d
referred to above with respect to depopul ation scheme 310. De-frequency

312 is a net deerssngthe Hate ratedenfthebit densitheacross all @r mostefithedrive.a | over
capacity point by Depending on the size of the disc drive (e.g., 1, 2, 3, or 4 heads),

15  capacity tuning module 300 will automatically configure each individual disc
drive to a suitable capacity.. In an illustrative embodiment, capacity tuning
module 300 configures the disc drive to one of a plurality of discrete capacity
points. For example, capacity tuning module 300 might configure the disc
drive to a capacity point of one gigabyte (1G) 316, two gigabytes (2G) 318,

20  three gigabytes (3G) 320, or four gigabytes (4G) 322 by adopting a suitable
configuration scheme.

FIG. 6 illustrates an example of a process flow for a four-head disc
drive. In this example, the normal targeted capacity size of the disc drive is
four gigabytes of user storage space. The result of error rate vs. KBPI test 402

25  from the error rate testing engine 302 is input into the capacity decision
making module 304 for processing. Ifit is determined at module 404 that the
disc drive can support four gigabytes of data on four head/disc surface
combinations, then the disc drive will be configured as normal targeted 4G
capacity, as indicated at block 406. In an alternative embodiment, variable

30  BPI scheme 308 can be performed on the drive, to improve the performance of

the drive, even though the drive would be able to support 4G of capacity



‘decreasing the data rate, i.e., the bit density, across all or nost ar 10 2003

drive. Depending on the size of the disc drive (e.qg., 1, 2, 3, or 4
heads), 15 capacity tuning nodule 300 will automatically configure each

i ndi vidual disc drive to a suitable capacity. In an illustrative

enbodi ment, capacity tuning nodule 300 configures the disc drive to one
of a plurality of discrete capacity points. For exanple, capacity tuning
nodul e 300 mi ght configure the disc drile to a capacity point of one
gigabyte (1 G 316, two gigabytes (2G 318, 20 three gigabytes (3G 320,
or four gigab § N f ration schene.
FIG 6 illust ?ﬂgflg)su( g%ag%p%hgﬂggb%r%é%séy# {lﬁ‘bé no{cé?ﬂt %@&oxﬂt@gd di sc
drive. In thi Sloemalrﬁ;Slgnmemt@f#Gmf&latacarfgat Mdtzhsmrtwye &nfingifonkhe di sc

drive is four er,. qgtora The result of error rate

vs. KBPI test 8@191 %ﬁf%}?ﬂ@ il gg&?& Ei’ﬁ@k Hiihg disc dave ¢an benput into
the capacity dekagddrd mééﬁﬂ‘le'lﬁlgm&qjthkgbt&p&pﬁ&fy, B RARARUAImokifite!dos! $f

determ ned at nodule 404 that the disc drive can support four gigabytes

of data on3f oG]iie W%P%ﬂaﬁléy §mbmleve<bmnmmabms$ﬂt fobeme BO8,dhadridrisve wil |

be configured g a dic d at bl ock 406.
In an al ternatl ve oodlagﬁwgtg)rl? gbﬁlﬁ gﬁ ﬁlesﬁﬁesﬁ@ gégelg e perforned
on the drive, sumahlamnueeffdmv@er[dughIﬂf&ﬁtﬂﬁev@fthe falieet Gipavigy, tetedaphdigugh t he
drive would be able t rt 4}5 i acity -11 w thout varlable BPI
schene 308. | ?lﬁlgndﬁ“’g‘&"ﬂgg&@ P4 Wi cheg Fﬁ%ﬁﬁeéf?%ﬁoﬁth%he%%ﬁur@%%l gnnent
of 4G of dat ac@ﬁbfﬁﬁbnﬂ@@éfycﬂaacaﬁﬁﬁlﬁﬁg@aﬁﬁ 49312 Off$his js I%ﬁh@PJt?e {HE! schene

308 will be considered to ¢check if the disc drive can vaged to neet
t he ori gi nél tcaﬁegéleedte@ﬁh@ﬁ)@ptﬂﬁlom@hcmd|3d&nsatbph:tyeduddllséoldﬂﬁ head oBthehe

& %0 conti o HERUES RS KERpRR R i onFeirg 44 st Eiemh sokhie 308 18

not  suitabl ecagicitpoh tigf ﬁhﬁe“etrbﬁ‘l@mﬁ'%o%lﬁh h%&i/éx@@htﬁ?a%e thabindfiGat acapacity,
t hen capacity _ decision makin ule 304 will check to see if one of the

head/ di sc sur FBREN atkaskidhdt irb%ﬂlvgtraﬁ’éﬁyn@aélmeas hepdiflengpulation schsthel e 412.

hopl oved to qrng i Rstd' hass wiil Siidbie Bpt GRGAY B8 1O RRERHE 310 19

15  original 4G of data rate on the three head/disc surface combinations if

possible. Finally, if there is more than one very weak head/disc surface
combination found in the disc drive, then de-frequency scheme 312 is used to
squeeze 3G of data rate from the four head/disc surface combinations, as
indicated at block 416.

20 According to an illustrative embodiment, the capacity tuning process
300 of the present invention is implemented as computer software. Thus error
rate testing module 302, capacity decision making module 304, variable BPI
module 308, head depopulation module 310, and de-frequency module 312 are
all implemented as software. These software modules are stored on a program

25  storage device, such as memory 14, readable by a computer system such as
drive controller 12. The software is executable by the computer system such
as drive controller 12.

The capacity tuning process of the present invention offers many
advantages over the prior art. It provides a manufacturing process capable of

30  automatically configuring each drive to its maximum capacity. It also allows

the implementation of a reworkless production line. This process is also



~bad "head/ di sc surface conbination and configure the disc drive to a23b0CT 2003
data capacity on the three remai ni ng good head/ di sc surface conbi nati ons,

as shown at bock 414. In an illustrative enbodi ment, head depopul ati on
schene 310 nmay be used in conjunction with variable BPI scheme 308 to
achieve the 15 original 4G of data rate on the three head/disc surface
conbinations if possible. Finally, if { ere is nore than one very weak
head/ di sc surface conbination found iiA*4he disc drive, then de-frequency
schenme 312 is used to squeeze 3G of data rate fromthe four head/disc

surface conbi %ﬁ%&b@é@ﬁ prducind ¥l &P or Abddi 91%&%@/ of’ %%V@g%gﬁ‘lg%lg $ an

illTustrative enbodi nent, the capacity tuning process e present

invention is ipigdustiemlinel Aslditionplly, die mphdityaneing Procsssaran predetedinnet est i ng
i.LV. i Si. i I 4 i abl ¢ BPI I

nead depopul sttt RSATH PavD) oL decRre fidinls rsuPe s tbersrereaty

i npl enent ed asmpﬂfvﬁwgemeyierm@ﬁﬁegﬂ)fcémeamedakliﬁgagfe@t 8daPbLRAWIK Bogll 09r am 25

storage device, such as nenory 14, readable by a conputer system such as

drive contfol | er 130 syR@agspPRiemeodimeesafdha pbtcat inyentinn is dirpaiedto sy st em
such as drive,&4n 6@0&1?%1&%%&1 diBEaSRPRE] hgda%a%@%r B%p%%ﬁﬁ? oPhheldie Present

i nvention offers many ages over t riror ar provi des a

manuf act ur i ng dpived @ ssdataprirdeandfthe @6c drineoktais comfiguredioastd gritienfateeach drive
to its maximum capacity.. It also allows the inplenmentation of a reworkless
product i on Iiﬁrgpsa@%‘?aga liBcess is also 2 1 OCT 2003 -12 capabl e of

produci ng a vari et ¥n ghe &MBGimet ofthd FF8RenY in9bntflnl H&ﬁi&hﬁiﬁgﬁ{&ﬁsé&m
g pr

production line. Additionally, the capacity tuning Céss can
predet er nilfe 1PHevadyssiadiusiieg hadateistoyagsicapaattyiof éheodisaodrive Hbaded et t est

process, ther L HBEOVi .he, yiel.d of the process and al so
saving a grea’?p%l%ag{&%#k%ga arrg@“ééé’gpgd[é.“ﬁ%}%ﬁ%ry, one enbodi nent of the
present invention isaghthe@hbddingens thew@dth aansdér capatfilityus détamsinel fog adr i ve 10.

A data transfer capahility of the disc .drive 10 is determ ned and the
di sc drive 10P[ al&?@ﬁﬂ’iﬁﬁ‘/‘é& %‘éfté%c%ﬁblflﬁ@na&tﬁle disc drive 10 and the disc

drive 10 is configured based on the data transfer capabilities of each head/disc
15  surface combination.
In a further embodiment, if the data transfer capability of the disc drive
10 is below a first threshold, the bit density of the disc surface 36, 38, 40, 42,
44, 46 of a first head/disc surface combination is reduced and the bit density of
the disc surface 36, 38, 40, 42, 44, 46 of a second head/disc surface
20  combination is increased. If] after that, the data transfer capability of the disc
drive 10 remains below the first threshold, it is determined how many, if any,
of the head/disc surface combinations have a data transfer capability below a
second threshold. If one of the head/disc surface combinations have a data
transfer capability below the second threshold, the head HO, H1, H2, H3, H4,
25  HS5 of said head/disc surface combination is disabled. If two or more of the
head/disc surface combinations have a data transfer capability below the
second threshold, the bit density of the entire disc drive 10 is reduced.
Another embodiment of the present invention is directed to a program
storage device 14 that is readable by a computer system 12 and that tangibly
30  embodies a program of instructions executable by the computer system 12 to

perform a method of configuring a disc drive 10. Pursuant to the method, a
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‘transfer capability. In one enbodi nent of the present invention, Z' 0CT 2003
configuring the disc drive 10 10 involves adjusting the data storag

capacity of the disc drive 10 based on the data transfer capability of

the disc drive 10. In another enbodi nent, the data transfer capability is
determned for a plurality of head/disc surface conbinations in the disc
drive 10 and the disc drive 10 is configured based on the data transfer
capabilities of each head/disc 15 surfﬁgé conbination. In a further

enbodi ment, if the data transfer capability of the disc drive 10 is bel ow

first th i 8. 40, 42,
3, 46 of & 11100 peraretreeiE Rt AR pa RS et o dbipalinathe b

density of t hisnetiancofshe bitdensdg, ofﬂ& respctivitisolehrfadds 3, 38, 40papud, head/ di sc

surface 20 conpj nat i LS.l ncr after. that, the data transfer
capabi l ity of the % “?nble?i“"%? tﬁ“F WBFH@%%‘FSW?E@L?%‘?#@P thegrerated, it is

det er m ned hovmmnNextltﬁe iiéted @fvekb@ﬁé@&iﬂr@cﬁ&n@l&ﬁfrﬁﬁ@n&@éﬁm hations have a
data transfer capahbhility below a second threshold. If one of the

head/ di sc Surface cOPBFSmbPdmenhakihe aragzam storagarieviee 1é,aqghabtmg &y bel ow t he
second thr es“%ﬁabl%'&ﬁv@@@}ﬁ'ggﬁtlgﬁ%ﬁeﬁ?e1nb€’lve4_gdéleca§ E? et hfimnead/ di sc

surface conbination 1s dis nor e o e88%di sc surface

conbi nati ons Havlipk ctta/tea:onﬁgmsticmschapadollhlohyob&xleQMivé benﬁgiﬁaﬁﬁhd t hreshol d,

the bit densi ts\é of the.en c drl v 1 duced. Anot her enbodi nent
p e%ﬁo@%é

of the present™Hl&h e&’r\t‘iegﬂ ? ’&CF‘H 42 A 4t v ce 14 t hat

i s readabl e byhead/aREREIARI c%ﬁﬁ,hﬁﬁb&?s @@&eaaﬁ& tHeARA kY o@tﬂe 5&@
program of instructions executable by the conputer syst em to performa

met hod of @onfiby é$,|49g4%» 44, 46 ofiariother head/der sufine corpbinhomis titmwehsed - 13

wite/read err ach he d/d surf ce i nation
as a functi on‘lgexi;)(i‘tfi ﬂt) q%gﬁgﬁgurat&n ﬁcﬁngs lgﬁ‘éc\,’ﬁ éf&a &Wgéhesa‘lfﬁafig@gg 36, 38,
40, 42, 44, 4@H1 Hmm H@Hﬁbﬁblpandulavnemid Gifadd bbiRSEITEA tisrasel ect ed

based on the efror e . dat Next the sel ected drive configuration
scheme is i rrpl‘%Wﬁﬁf”é’gg“@lq"rﬁcg?fEe BYYBbES Frdueing the bibdsnsiy phtke snbieadite devi ce

14, sel ecting &ve 10.

15 It is to be understood that even though numerous characteristics and
advantages of various embodiments of the present invention have been set
forth in the foregoing description, together with details of the structure and
function of various embodiments of the invention, this disclosure is illustrative
only, and changes may be made in details, especially in matters of structure

20  and arrangement of parts within the brinciples of the present invention to the
full extent indicated by the broad general meaning of the terms in which the
appended claims are expressed. For example, while the capacity tuning
software of the present invention is described as being stored in memory 14,
separate from drive controller 12, the capacity tuning software may also be

25  integrated within drive controller 12 without departing from the scope and

spirit of the present invention. Other modifications can also be made.



sui table drive configuration scheme involves selecting the schene froh(Q(T 2003
multiple drive configuration schenes. In one of the drive configuration
schenmes, the bit density of the disc surface 36, 38, 40, 42, 44, 46 of one
head/ di sc surface conbination is reduced and the bit density of the disc
surface to 36, 38, 40, 42, 44, 46 of another head/disc surface conbination
is increased. Another of the drive configuration schenes involves

di sabling the head HO, Hl, H2, H3, H4, H5 of a particular head/disc
surface conmbination. Athird drive configuration schene involves reducing
the bit density of the entire disc drivé’lo. 15 It is to be understood

t hat even though numerous characteristics and advantages of various
enbodi ment s ofWHAT ISrGISEIMEDII8eNt i on have been set forth in the foregoing
description, together with details of the structure and function of
various enbodilment §* Bethpsef confienringa dise drive,fogprisingrsteps of'i | | ustrati ve

only, and changes (@Y bgc@RARi m&%e&ﬁs?ercsgla%@ﬁg%k{%diél@%}g of

structure 20 and arrangenment of parts wthi principles t he present
invention to the Wl eonfeguring thti disct drivelbasedhen the datd tigasfer edpabitiani ng of
the terns %n whi ch the appended clains are expressed. For exanple, while
the capacity tuning software of the present invention is described as

bei ng stored pn MEMBE helttbd of SRIAN AN IRréih BN GEUNME sgzgr(t)f &Jdlﬁ{seé-gt\l}'uﬁ

capacity tuningksoftmare may al so be 25 integrat wi thi'n drive controller
12 wit hout dep&piisiRjage wnpqitycofdeopec dnne baped on thefdatatmnpiercapabilitnvent i on.
QG her nodifications can also be made. 2 1 OCT 2003 -14 WHAT IS CLAIMED | S:
1. A nethod of configuring a disc drive, conprising steps of: (a)

det er mi ni ng a3dat aThe artfodrof ctujralli whergin the difedrifiesontprisssed plandity b
configuring the disc.drjve based on the data transfer capability. 5 2. The
met hod of I@I af‘?‘?pg"%@?asn?aegﬁé?@?ﬁf‘i"ﬁﬁadsﬁnéﬁwtﬁ)da@dﬁﬁp? gg%PI&Bﬁlﬁ%P¥ W@C. a data
storage capackirfacel, ahll ¥ ndtchfcHiighind Q88 tb) ABmpRSesdfidaBlihg #RS{Lr L£apabi lity.

particular head/disc surface combination if the data transfer capability of the

particular head/disc surface combination is below a prescribed threshold.

15 4. The method of claim 2 wherein the disc drive comprises a plurality of
read/write heads, each adapted to read and write data to one of a plurality of disc
surfaces, and wherein configuring step (b) comprises reducing a bit density of a
disc surface of at least one head/disc surface combination if the data transfer
capability of two or more head/disc surface combinations is below a prescribed

20  threshold.

5. The method of claim 4 wherein configuring step (b) comprises reducing
the bit density of all of the disc surfaces if the data transfer capability of two or
more head/disc surface combinations is below a prescribed threshold.

25
6. The method of claim 2 wherein the disc drive is categorized into one of a
plurality of discrete data storage capacity levels and wherein configuring step
(b) comprises configuring the disc drive to have a data storage capacity

corresponding to its most suitable data storage capacity level.



3. The nethod of claim2 wherein the disc drive conprises a plurali t% 1Of0CT 00
10 read/ wite heads, each adapted to read and wite data to one of a ‘
plurality of disc surfaces, and wherein configuring step (b) conprises
di sabling a head of a particular head/disc surface conbination if the
data transfer capability of the particular head/disc surface conbination
is below a prescribed threshold. 15 4. The nethod of claim2 wherein the
disc drive conprises a plurality of read/wite heads, each adapted to
read and wite data to one of a plurality of disc surfaces, and wherein
configuring step (b) conprises reduci ng‘lg‘ bit density of a disc surface
of at |east one head/disc surface conbination if the data transfer
capability of two or nore head/di sc surface conbinations is below a
prescribed 20 threshold. 5. The method of claim4 wherein configuring
step (b) conpfi ses Thetethodopf cldie lbiherdaniss diyc dfiveedompefsed hpludilitg o ur f aces
if the data transfer .capability of two or, nore head/disc, suyrface,
conbi nati ons f%aqfs)ngtS\;&eﬁ‘g‘p?aé’b@pgﬂfg%totrﬁ?de%‘f"at.e dgtp tg ong-pfa H%‘F‘HE& Ogglsﬁl aim 2

wherei n the disggacds,iave “}h‘ére@lﬁﬂaa%ihﬁl@@mebflﬁpcoﬂ?ﬁis@d( delernfthip @ldafairRfsresli SCTete
data stor age capacity level s and wherein configuring step (b) conprises

configuring t REPaRilEY ofip plurality ofkspd/discsurfacesqonrbanpsiona jretbe disc deive prd pondi ng
to it t j i Y . thod of
cFal m 1 wher ot eftiL EopftBlfing b5 WY SORBRAE ol ine ke afive PRBAPRIEC Do

each adapt ed tatateasfercapabititiesoftbatiah¢ad/disvesutfhceecaphbinationt y of di sc

surfaces, and wherein determning step (a) conprises determ ning a data
transfer capability of a plurality of head/disc surface conbinations in

the disc drive andThyhRuRdNHFERRLI7OMIEE céﬁiﬁ%r{n?%s{e@%?édrﬁ&%e&@ﬂ&lﬂ%i ng the

disc drive based on the data transfer capabi s of each head/ disc
surface cddbi A&Eadbef a Brst gad/disstshifaceofombiindtion if thh dateitransfenéapgbilityngf st ep (b)
conprises disahlin .a _head of .a f.irst, head/di s f conmbi nation if
the data trans efl%rsc eﬁé@fsﬁs §g°8f°° bﬁéaf“f’P Fssqe?%%‘ﬁafeﬁ?lg%e%;{[llfeg@c’gg‘ conbi nati on
is below a prescribed threshold. 9. The nethod of claim8 wherein ‘

configuring step (tHl further conprises ) )
9. e method of claim 8 wherein configuring step (b) further comprises

increasing a bit density of a disc surface of a second head/disc surface

15  combination.

10.  The method of claim 7 wherein configuring step (b) comprises reducing

a bit density of at least one head/disc surface combination if the data transfer

capability of two or more head/disc surface combinations is below a prescribed
20  threshold.

11.  The method of claim 7 wherein configuring step (b) comprises reducing
the bit density of all of the disc surfaces if the data transfer capability of two or
more head/disc surface combinations is below a prescribed threshold.
25
12.  The method of claim 7 wherein configuring step (b) comprises steps of:
(b)(i) if the data transfer capability of the disc drive is below a first
threshold, reducing a bit density of the disc surface of a first



“increasing a bit density of a disc surface of a second head/di sc surateQCT 2003
15 conbi nation. 10. The nethod of claim 7 wherein configuring step (b)
conprises reducing a bit density of at |east one head/disc surface
conbination if the data transfer capability of two or nore head/disc
surface conbinations is below a prescribed 20 threshold. 11. The net hod
of claim?7 wherein configuring step (b) conprises reducing the bit
density of all of the disc surfaces if the data transfer capability of two
or nore head/disc surface conbi nations %s bel ow a prescribed threshol d.
25 12. The method of claim 7 wherein coh Tguring step (b) conprises steps
of: (b)(i) if the data transfer capability of the disc drive is below a
first threshold, reduci pghdali t irst -16
head/ di sc surface conbinati oﬁa %ﬁfg@?idéé%ggo#gﬁgugdﬁa%d%%ql@&&sg; ﬁtehfe di sc
surface of a second headvs@lﬁwéacsﬁfﬁa@@ndbmﬂ/dlaaswfape (:cb;t)lbmat)onf after

reduci ng and incre g the data, tr bility of the
di sc drive remai nsaﬁgpolfséfﬁg %I r's apﬂtmcgehag 1§ Stepggggtti?rqﬁ?% ﬁ%w many, if
any, of the head/disc scaphbitiey 60D dizadiiof fenktinschetovd eedirkt tARshaA, capability

bel ow a second threshold; (b)(iii) if one of the head/disc surface
conbi nati ohs have a dat & F%Wé‘gé‘Pw@%fﬁ’alfqnb'{‘&ftb%h%ﬂ/qlﬂes%fé%nd t hreshol d,

disabling the head of Sglhindfrifaid £iae naliLAGEARIHCR! b ond N (b) (i V)

if two or nore of the he I'sc surface conbi na ave ata transfer
capability bel ow t he sethmestioldhr eshol d, redu0| ng a bit density - of the

entire disc drive. .13. Th th aim.12 fur i Si ng steps,
prior to reducing g’ﬁgn)lgﬁﬂ? 8§t§?ﬁ cpsu(r fF?m%lf’am(nS;h(’ a?tgg'i fjIf”hg P
whet her reduci ng and i nedpaBisity6l&w @i deborld threshdll, dl?dbﬁﬁg the head of said

10 head/disc surface combination; and

(b)(iv) if two or more of the head/disc surface combinations have
a data transfer capability below the second threshold, reducing a

bit density of the entire disc drive.

15 13.  The method of claim 12 further comprising steps, prior to reducing and
increasing step (b)(i) of:

(b)(v) predicting whether reducing and increasing step (b)(i) will raise
the data transfer capability of the disc drive to the first threshold;
and

20 (b)(v1) if it is predicted in predicting step (b)(v) that reducing and
increasing step (b)(i) will not raise the data transfer capability of
the disc drive to the first threshold, bypassing reducing and
increasing step (b)(i).

25 14.  The method of claim 12 wherein the disc drive is categorized into one of
a plurality of discrete data storage capacity levels, the plurality of discrete data
storage capacity levels including a nominal level, and wherein disabling step
(b)(iii) causes the disc drive to be categorized at a data storage capacity level

that is below the nominal level.



" the data transfer capability of the disc drive to the first thresho<q OCT 2003
and 20 (b)(vi) if it is predicted in predicting step (b)(v) that reducing ™

and increasing step (b)(i) will not raise the data transfer capability of

the disc drive to the first threshold, bypassing reducing and increasing

step (b)(i). 25 14. The nethod of claim 12 wherein the disc drive is

categorized into one of a plurality of discrete data storage capacity

| evel s, the plurality of discrete data storage capacity |evels including

a nom nal |evel, and wherein disabling éep (b)(iii) causes the disc

drive to be categorized at a data storéz ' capacity level that is bel ow

the nomnal level. 2 1 OCT 2Q03- -17 15. The nethod of claim 12 wherein

the disc drive is categorized into one of a plurality of discrete data

storage capacity levels, the plurality of discrete data storage capacity

| evel s incl udihg aThomehed Oﬁéf;en,umrmm&wehw drive is¢ategosizepintd big of )

causes the di i t I . rage,.capacity | evel

that s bel ot PREALESS e G ROE! Ao e P RERET IS AT |

di sabl i ng st esgtofag} capacjty lavelsheoludingp homéml level asbwhétginaedidingleasi ty of the

di sc surface g;.af Iea§$ ne of the head/disc surface 10 conbi nati ons.

17. The met hotP)dY) @usisitha gisqidyeiobercaeerizsd ap dola sisageapyalilsed i nto one

of a plural it Ribeiveksbmigddiaest Orage capacity levels, the plurality of
di screte data storage capacity |evels including a nomnal |evel, and

wherein increasing a bit 15 density of the disc surface of at |east one of

cat egor zed alot he HOMPRRE o suur 12 perei? BRatilG e B et R Prsstuani e by

a conput er syhicaasingaditlefsityestibelistguréacp bOat18dmt oiic dthE hervdissursecut abl e
by the conputer systemto 20 performa nmethod of configuring a disc drive
havi ng a g&)ur%ﬂm@?atéﬁnsr ead/wite heads, each adapted to read and wite
data to one of a plurality of disc surfaces,

17.  The method of claim 16 wherein the disc drive is categorized into one of
a plurality of discrete data storage capacity levels, the plurality of discrete data
storage capacity levels including a nominal level, and wherein increasing a bit

15  density of the disc surface of at least one of the head/disc surface combinations

allows the disc drive to be categorized at the nominal level.

18. A program storage device readable by a computer system tangibly
embodying a program of instructions executable by the computer system to
20  perform a method of configuring a disc drive having a plurality of read/write
heads, each adapted to read and write data to one of a plurality of disc surfaces,
the method comprising steps of: ‘ ;
(a) measuring a write/read error rate of each head/disc surface
combination as a function of a bit density of the respective disc
25 surfaces;
(b) selecting a suitable drive configuration scheme based on the error
rate data determined in measuring step (a); and
(c) implementing the drive configuration scheme selected in

selecting step (b).



of each head/disc surface conbination as a function of a bit densi

the respective disc surfaces; (b) selecting a suitable drive
configuration schene based on the error rate data determ ned in measuring
step (a); and (c) inplenenting the drive configuration schene selected in
selecting step (b). 2 1 0 C1 19. The program storage device of claim18
wherein selecting step (b) of the nethod conprises selecting a suitable
drive configuration schenme froma pIurquty of drive configuration
schenes conprising: reducing a bit densigy of the disc surface of a first
head/ di sc surface conbination and increasing a bit density of the disc
surface of a second head/di sc surface conbi nation; disabling the head of a
particul ar head/disc surface conbjnation; and 10 (iii) reducing a bit
density of thdent ilhe Pepasam giorage deyige ofickging 48 ahieredn sadepting stendb) ef thé ural ity

of read/write R Scuornﬁg'%gss ;?e‘fl%ﬁhg%gﬁi?abﬁee&gve%qggﬁ fi6n gc%tef?le% 089 ge of a

plurality of neans for guring isc drive to
a sui tabl e datpurslitgrofideve eqeigutafion Betstks @omplisingtat a transfer capability of

t he head/ disc surface conpi natians. . AClI TY TUNI NG | N. THE PRODUCTI ON
PROCESS OF° STORAGE( |scf%f\‘}§§ bAE%FPé}A)_Cf%A‘g% FEvResef eduptdead/dissc drive
production process aut ogRiteabhbifAbh kit intalilg a Bitendly Hthe disc

surface of a second head/disc surface combination;

“the nethod conprising steps of: 25 (a) neasuring a wite/read error 4 at
nmp g p (a) g Zﬂﬁ”ﬂ%

(i)  disabling the head of a particular head/disc surface combination;
and

10 (ili))  reducing a bit density of the entire disc drive.

20. A disc drive comprising:
a plurality of read/write heads, each adapted to read and write data to one
of a plurality of disc surfaces; and
15 means for configuring the disc drive to a suitable data storage capacity

based on the data transfer capability of the head/disc surface combinations.



to a suitable capacity based upon the data transfer capability of 2§EWW¥ 7003
the head/disc surface conmbinations in the drive. The error rate o ac

of the head/disc surface combinations is determned as a function of the

bit density of the disc surface. Based on the data transfer capability of

t he head/di sc surface conbinations, one of three drive configuration
schenes is selected. A variable BPlI (bits per inch) schene reduces the

data rate of a weak head/di sc surface conbination while increasing the

data rate of a strong head/di sc surface 9corrbination. If the drive

contai ns one very weak head/di sc surfacﬂ “conbi nation, a head depopul ation
schene di sables the very weak head. |If the drive contains two or nore very

weak heads, a de-frequerCAPACIEVErUNINGGN THE PRODIAITIORPACi ty of the

drive. FIG 3 PROCESS OF STORAGE DISC DRIVES
AB.SIRACJ_QF_IHEDISQLQS_U@
5 A disc drive production process automatically configures the disc drive

to a suitable capacity based upon the data transfer capability of each of the
head/disc surface combinations in the drive. The error rate of each of the
head/disc surface combinations is determined as a function of the bit density of
the disc surface. Based on the data transfer capability of the head/disc surface

10 combinations, one of three drive configuration schemes is selected. A variable
BPI (bits per inch) scheme reduces the data rate of a weak head/disc surface
combination while increasing the data rate of a strong head/disc surface
combination. If the drive contains one very weak head/disc surface
combination, a head depopulation scheme disables the very weak head. If the

15 drive contains two or more very Weak heads, a de-frequency scheme reduces the

overall capacity of the drive.

FIG. 3





