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&L '| NCOVPATI BLE FI RMMARE RECOVERY FI ELD OF THE | NVENTI ON The
present invention pertains to disk type data storage devices and nore
particularly to a structure and techni que for accommodati ng repl acenent
assenblies, having different levels of firmvare partitions wthout,
operator intervention. BACKGROUND OF THE | NVENTI ON A di sk drive that must
function as a single entity wwth respect to the using systemis comonly
partitioned into two parts, a seal ed head-di sk assenbly including the
preci’'sion nmechani cal portions and sonme few el ectronic functions disposed

wi thin the enclosure and the. pr|n0|pal elegéronic control circuits which
are nounted outside the enclosure. Is also a regular practice to nake

t hese portions of the disk drive independently repl aceabl e so that danmage
or failure associated with one portion does not require replacenent of both
A further practice usehISR DRIVE INCOMPATEBE FIRMWARD RECGOVEREN the drive
firmvare. The code that must be continuously available and accessible at

hi gh speed is included in the flash menory in the control circuitry as

electrically y programmabl e read only nenory. O her
portions of tﬁﬁ?%@m& hat are less regularly and alternatively
used, are stored in the reserved area on the disk nedia and swapped into
and out of volatile random access nmenory (RAM. 2 The short design

cycl es and rap| d techm"Ebﬂngevmgmpﬂauaﬂtwitsk typpes data starege devicgstandnot

only in a raF}x'mre pa I'l]ar?y 2 | a Structite rod techn%ureo of %E(I:O%]I%bda untg 1%'13 Cc)erlmr:]nt

- assemblies, baving different levels of firmware partitions without, operator

intervention.

'BACKGROUND OF THE INVENTION

A disk drive that must function as a single entity with respect to the
using system is commonly partitioned into two parts, a sealed head-disk assembly
including the precision mechanical portions and some few electronic functions
d.isposcd within the enclosure and the principal electronic control circuits which are-
mounted outside the enclosure. It is also a regular practice to make these portions of
the disk drive independently replaceable so that damage or failure associated with one

portion does not require replacement of both

A further practice used in controlling the device is to partition the drive
firmware. The code that must be continuously available and accessible at high speed
is included in the flash memory in the controi circuitry as electrically erasable,
electrically programmable read only memory. Other portions of the control firmware,
that are less regularly and alternatively used; are stored in the reserved area on the

disk media and swapped into and out of volatile random access memory (RAM).



cont i'nuoug upgrades in current products to extend the conpetitive life.
Wth the drive firmvare partitioned between two field replaceable units
(FRUs), the controller hardware and the head-di sk encl osure, there nust be
assurance that the firmvare portions are conpatible and will function
together. Thus, if one of the field replaceable units is replaced, it is
possi bl ¢ that a disabling inconpatibility will occur. In this event either
the drive or the entire systemw Il fail 2o function until the difficulty

i s diagnosed and the drive made not only operative, but conpatible firmare
install ed. There has previously been a recognition and accommodati on of the
probl em occasi oned by t Theshes design ofcles e Rpid fekinitdirdagecassatihiet ivails diskhe
resol ution has been to disable the data wite functjion, but to allow data
to be read, ifrveeresiynetaalymn & it prqusncecoinese penduot infrody@igaschut alsg in
causes the dri.ys: | | SQF:4CRLr ect s
the conditi on,b&g?&u%t)uggpﬁﬁ%ﬁaﬁﬁg?érhg&styy?g%ﬁ?@e@g i éég&(# e%tgbggﬁfe?{ﬁq ﬁlg deive
probl em W t hfinmwaecpartitionddybeteeenctmioctield seplaceablg units (FRIUM), ahe icbntesller

equi pment nus ol ve bl.e such as deyi ce conpatibility w.thout user
ht efvent | on. bpgae AL e HERAIH SORESHE: e mun e Asayapcs Aty e
probl ems nmust nBRicheaR] ddRihatibledlwitlSRihcoiPlogiies Th& if b 6PREI fdi®N
occurred. SU RY OF THE'INVENTION In a drive incorporating the present

i nvte_nt ion, t hsﬁtp_ﬂa'icFaMam:aits 1] qsgiat:ttd;] iitois gedshible ket cliirahi'mgl ina{mpat'@liﬂywidm@m
ortion or a 1 on e | . e rv control l.er, el e ranl Cs..

D eet rical 1T bl Beot s Ine fike'Br Bl BrE Rt il a1 S R BRe 4Bl B ¢ e

RAM portion ogiffailtyl isidedpneed 4Rl t}bé dRVe fide hob bRlyshepdtiveNButtiokpatBl ArrhWatehe

reserved area, However, a copy of the ROM portion of the firmware is also
stored on t heingtaiRd.nglens hesipsevioushhberarasregoguitiomand bteonyhodationeofithe preblem

RAM - portion stor.ed he nedia..ln noral eration.. the rtiqn
Stored on t nedravipacd By It TEvare bt ndoRBadiy APRRAF nrRRTcThY Fimirion Hhs
portions or pgéenth!dsable the data write function, but to allow data to be read, if the read can be

accomplished successfully. However, this causes the drive to be at least partially

disabled until the user corrects the condition, or more likély, has the system serviced
to correct the problem. With nontechnicaily‘ oriented users, systems and auxiliary
equipment must soive problems such as devite compatibility without user intervention.
For the system and the drive to be user friétidly, such problems mﬁst be resolved

without user awareness that the condition occurred.

SUMMARY OF THE INVENTION
In a drive incorporating the present invention, the firnware is

partitioned between a read only memory (ROM) portion or partition stored in the drive

controller electronics in electrically erasable, electrically programmable read only

memory and the RAM portion or partition of the firmware is stored on the disk media

in the reserved area. However, a copy of the ROM portion of the firmware is also

stored on the disk media which is a version compatible with the firmware RAM
-portion stored on the media. In nommal operation, the ROM portion stored on the

media would never be accessed. Each of these firmware portions or partitions



3 containg an identifier that indicates the level of the firmare partition
and the levels of the other partitions with which it is conpatible. Wen
drive power is turned on, the spindle is accelerated to operating speed,
wher eupon the firmvare identifiers are checked for conpatibility. If
conpatibility exists, the start up sequence continues through the various
checks, "tests and verifications to achieve a ready state and enabl e data
read and wite conmands to-be executed. Bf the check of firmare
identifiers indicates the presence of inconpatible firmvare parts as a
result of the installation of an updated or different |evel replaceable
unit, the corpmainsian i@ehbffarrthatdndiodtes tie 1bvel Bfakefigh@aropdrtitiomend €fcleveld of
area of the disk nmedia.s reprogranmed intg the flash nenory. Nor nal
operation of Hehethar pyratioes Wﬁgr"é‘gﬁ‘bﬁ i CgmpRiERie.wi t hout operator intervention.
BRI EF DESCRI PTION OF THE DRAWNGS Fig. | is an expl oded schematic view of a
typical disk drive that incorporates the present invention. Fig. 21is a

bl ock di agram show ng tWhepdrive ppwer 8ltemed onathe spindieisrdceelefatédtd operating
card and di sk encl gpsure of tpe driv.& of Fi%p ﬁ il ystratin ,t.heulg_ata pat hs.
Fig. 3is a PPSEH WHSHURPR theciimwerg identifish, 4te shecked faecampatibiliy Mnce t hat

i ncl udes the hnuaiyilif exists, the start up sequence continues through the various checks, tests

and verifications to achieve a ready state and enable data read and write commands to

be executed.

If the check of firmware identifiers indicates the presence of
incompatible firmware parts as a result of the installation of an updated or different
level replaceable unit, the compatible ROM portion of the firmware stored in the
reserved area of the disk media is reprogrammed into the flash memory. Normal

operation of the drive is thereupon restored without operator intervention.

BRIEF DESCRIPTION OF THE DRAWINGS

——

Fig. 1 is an exploded schematic view of a typical disk drive that

incorporates the present invention.

Fig. 2 is a block diagram showing the principal electrical components of
the circuit card and disk enclosure of the drive of Fig. 1 illustrating the data paths.

Fig. 3 is a flow diagram including the portion of the start sequence that

includes the invention.



DETAI LED?DESCRI PTION Fig. | is an exploded view of a typical |arge capacity
hard di sk storage device 10 incorporating the present invention. Drive 10

i ncludes a pair of cast housing portions 12, 14 which encl ose and seal the
head di sk assenbly. As shown, four disks 16 are supported on a hub 17 and
secufed by a clanp 18 as a disk assenbly for rotation in unison. The hub 17
al'so ferns a portion of the spindle notor rotor assenbly with such spindle
not or bei ng positioned concentrically witsin the stack of disks 16. The

di sk stack and spindle notor assenbly is supported between the upper and

| ower wal |l portions of housing 12. The actuator assenbly 20 includes a cast
conb or E bl pyErAdt B DESCRIPIEONS a series of five arns 22 at one side and
a voice coil 23 at the opposite side. Attached to each arm 22 are one or
two | oad beam suspensions 25 that support at the distal end a transducer

carrying slider 26. Thg. 0 | S. te A VAe] i

not o%/ t%at I ncl udes a ?ﬁﬁg#g&nn[ %@%@{W%&@oﬁ‘%ﬁ@s&&%ﬁ‘ﬁoﬁ% %‘8‘%

that form a gdegoelddnéiporatinyKtieCpresdne ind@hién. CDirlve A9 incluBesa paipvE@astn t he

assenbl ed condi tion. Actuator assenbly 20 pivots about a shaft 28 upon

\gﬂi ?P |2 t8 i s bowsies periony 13, phmhicly enslas Piaf_éé‘?e@i(thf(éﬁ@ wkmegwly-sAﬁs@pﬁ[ne).
a is wer

wal | porti ontot G S e sipPorttd il BB T iand Ypcred BY Wiimb 12 0Bl AT

devi ce el ect fornotatiofnin Ginfsotj tThedfibdl Bilsa fisimai\pértios ofiehe spindld nhator fitee coi |

23 using a flex bl e 32. The head disk assenbly is sealed within th
housi ng port ﬁiﬁ%‘% with Sushy spipdle mator éalﬁgémﬁ%l?a?&/ eonsentnGally Wb ﬂ\ssstaq%eof

junction bet h ﬁ!@&a ﬁnp j | T Ol
term nat es a?ﬁgpég'nmts‘gr 4aéj | cﬁﬁigg(}tgg%é't #srgg%bllyh]g%ﬁégﬁégi sk ger?g'l% SS“SP gr
into a recesandBwenatall portipasiofihousing b21d The actnator @ssembly 20 andladesaecast t o t he

el ectronic circuit n card 30. Card 30, .sho sche ically, 1Is,munted on
the assenbl cEPRSH Eiblogk A YISt PEEsents 3 SEHELOLITYS 8RS 1 P, BRGNitle AROANOIEMh ch

reside outsi g 985t RRAGhs sEC AtRihEl todih lalth! 2206 GheRIHBALAS bélin At One

edge that connects the
suspensions 25 that support at the distal end a transducer carrying slider 26. The

actuator assembly 20 is rotated by a voice coil motor that includes a permanent
magnet and pole pieces within housing 12 that form a magnetic gap in which the
voice coil 23 is positioned in the assembled i:ox_xdition. Actuator assembly 20'pivots
about a shaft 28 upon which it is supported by a pair of bearings 30 (one of which is
visible). Shaft 28 is supported within housing portion 12 between the upper and lower
wall portions. Data signals are transmitted between the transducers and the device
electronics on circuit board 30 and power is delivered to voice coil 23 using a flex
cable 32. The head disk assembly is sealed within the housing portions 12 and 14 by
a malleable metal tape that overlies the junction between the assembled housing
portions. The flex cable 32 terminates at a connector 34 which extends from the head
disk enclosure into a recess 36 that is open at top and bottom to permit attachment to
the electronic circuits on card 30. Card 30, shown schematically, is mounted on the
assembled head disk enclosure, supports all the drive electronics which reside outside
the head disk enclosure, and includes a connector 38 at one edge that connects the

drive to the host system.



drive to'the host system 5 Fig. 2 is a schematic block di agram show ng
the principal data paths associated with the disk drive of Fig. 1 with the
conponents residing on the card 30 or included in the head disk enclosure
40. The user data noves along the two way path, using the bus segnents 39,
fromthe host systemvia the SCSI connector 41, through m croprocessor 42
and di sk controller/buffer manager 43 to dynam c random access nenory
(DRAM 44. From DRAM 44 and disk control | gr 43 data noves through control
logic 45 and the partial response digital filter (PRDF) data channel 46 to
the armelectronics (AE) 47 within the head disk enclosure 40. From arm

el ectroniccs 47 the encqqg_dqusaggcﬂeﬁt?%ibtl migg?%tﬁg%ﬁ\gt%g%%ﬂe%éqﬁ‘ag@gi sk

surface. To r'ead_data_f,romj[he di sk surface, ersed
to transmt aasogistedwithithe diskalriverof dig I withithe hompomgnis masiding ob e crd 3066r
ssor 42, .disk controller 43

I nterconnects_interface.processor, 51 I CL,Oproc ,

and servo prd%‘ggé%'% e%@gﬁﬁgﬁgn&l&&rﬁé& ;#RT%F‘E ﬁ“?l’ﬁ%‘f?slﬁm% e N %’ﬂéPP@’
random acces $isiiithe Yus 939, fforh (B¢ hddl 89 Reh AR ACHCS] BbrifectoR HIV tr6 G
with the stored data on the disk surface reserved area. In operating the

di sk drive, tnicraprensssordRIang diskscontotietbufferundnageedd tg dynamicaandmn aceess
initiate drive operat] o] ) i,5K spj-Rdl e sepbl,y. t o operating
rotational vé’?%lé‘?ry éﬁd I}ég@abw gg apﬁ dﬁﬂ‘e"‘%ﬂé‘g’@ﬁ/g% l;aergoy% #‘5%& he
SRAM 54. The chatre¥ogRe 45581l theaftiae réspOndehdgitd]ifitRr :%M idatal cHagfleli 48 b theO
parts, a first portion that is resident in flash 53 and a second part

that is stor @8Emeieofmesics §4E) ¢d within sheoheadifliskyenglosyerifi@. Eremasaelettronies 4bad
the SRAM 54 gf. sh@ROSHats ¥ Gritid ocihe AhtaFRAMEr B dI8EHRFce. To read data from

the disk surface, the above sequence is reversed to transmit data from the data surface

to the host system.

Another bus 50 interconnects interface processor 51, microprocessor 42,
disk controller 43 and servo processor 45 with one another and with flash ROM 53
and static random access memory (SRAM) 54. All of these components also
communicate with the stored data on the disk surface reserved area. In operating the
disk drive, the flash ROM 53 must contain Sufficient firmware code to initiate drive
operati‘ons, bring the disk spindle assembly to operating rotational velocity and read
data stored in the reserved area to load the SRAM 54. The firmware used the operate
the drive is partitioned into two parts, a first portion that is resident in flash ROM 53
and a second part that is stored on the reserved area of the disk media and read out to
load the SRAM 54 or swapped into and out of SRAM 54 as needed.

The reserved areas on the disk data storage surface contains massive
amounts of data associated with the drive function. In addition to the stored RAM
data used to load and swap dati into the RAM storage of the control circuitry, the
nonvolatile disk storage includes support data that identifies the drive, its history and
the level of technology it contains. Also included are extensive data and tables -

relating to the error history of each slider disk combination including with respect to



The 'resefved areas on the di sk data storage surface contains massive
anounts of data associated with the drive function. In addition to the
stored RAM data used to | oad and swap data into the RAM storage of the
control circuitry, the nonvolatile disk storage includes support data that
identifies the drive, its history and the |evel of technology it contains.
Al-so included are extensive data and tables relating to the error history
of each slider disk conbination includiég with respect to 6 each error,
the location, time (in power on hours of operation), type and source of
each, the level of recovery used (which may include 150 |evels) and the

nunber of r eteack enassthe lahation, winid (it Ppofver bh hddfy 6ff peratioi)typé ahl 8otk dfi S
stored redundant | ﬁé}@gsgure recovery. in the event of an unrecoverable

failure. Thustach.dRelexel ol F@avwwe%£‘§his§mysinslu%eslé9rle@§)m@ the numbenef ve
and avai | abl efrfi 285HARE aag}@b&l. qti?‘id&iﬂ’otggn%ﬂt YFnERARLs Mled m@namﬁﬁw

I nventi on addresses the probl em assocl at e presence o
nonconpat i bl es$ure meanveryciatbe dvént of ae unequioserabienfailure. aTluse reserveg |laneaedisk e

unit (FRU) that contains a |level or release aof.a fir re rtitj.on at is
ot comat i bISTRES 1 4 FROBERUAL e TFes G A Saarb b R el Be e i At <
may be causeq,gﬁl\,éﬁ;,gpl acenent of the electronics card with a card having

a

differing fl ROM software. The invention is also applicable if the head
di sk enclosure is replaced. In practicing the present invention, the disk

surface reserved area cgQntains, not onl he fl.r may second portian which
is read and | oaded int gﬂﬁﬂﬁﬁ%ﬁ?vﬁﬂ?‘)ﬁﬁ%ﬁsﬁ%ﬁfﬁg %"56389‘“8? t‘ﬁ’i@ ﬁ? nmar e
first porti Ofbr%hwoﬂ@éﬂ&}dﬁxﬁﬁlé Firffvaré Basté@ bl 1tBé FepRidenfedt of hiffeld fiptacehblehe
first portionis a level that is . .

unit (FRU) that contains a level or release of a firmware partition that is not

compatible with the other partition or partitions of the firmware. This may be caused

by replacement of the electronics card with a card having differing flash ROM

software. The invention is also applicable if the head disk enclosure is replaced.

In practicing the present invention, the disk surface reserved area
contains not only the firmware second portion which is read and loaded into
SRAM 54, but also inciudes a copy of the-firmware first portion which normally
resides in the flash ROM 53. This copy of the first portion is a level that is
cbmpétible with the firmware second portion, stored on and regularly accessed from
the disk. The disk reserved area first firmware portion copy is aoxmélly ne\-'er
accessed. In addition, each firmware partition contains an identifier which indicates
the level and release of the associated partition and the levels of the other, cooperating
firmware partitions with which it will function. This may be in the form of a byte of
data identifying the firmware level of the partition of which it forms a part and can
include additional data bytes identifying the level or levels of other firmware partitions
with which it will function correctly.

The flow chart of Fig. 3 illustrates the pertinent part of the start

sequence during which the present invention is employed. The start sequence begins



conpati bl*e with the firmmvare second portion, stored on and regularly
accessed fromthe disk. The disk reserved area first firmvare portion copy
is normal |y never accessed. In addition, each firmvare partition contains
an identifier which indicates the |level and rel ease of the associated
parti‘tion and the levels of the other, cooperating firmmvare partitions with
which it will function. This may be in the formof a byte of data
identifying the firmvare l-evel of the par¢ition of which it forns a part
and can include additional data bytes identifying the |evel or |evels of
other firmvare partitions wwth which it wll function correctly. The flow
chart of Fig. as3pdv+dru§wraé@§nw&1enﬁ{\1el rﬁﬂfal?%& spib up'Rqiditielis IMENRAGS duri ng

which the present invention is enployed e start "sequence begins 7 as

power is tur rasgelerate ﬂletdtdtsdmame)petamonalahtaymnﬂeréqmlw uWhee dheedisk i$ seadable,

initiated to s to an o ti.on ot vel o

When the di slﬁ?ﬁf’é@é@ cgﬁelx eélﬁﬁr‘lgs% ﬁ?ﬁ@f’%ﬁﬁg ttEf:e 1? ‘%Pg%E éjr% ‘B’
the RAM code dogifatibilitp. Norally,tdhiPafibiliep Wild be Fokdd dnd ﬂiersm{ Ul sequence will
compatibility will be found and the start up sequence will continue. If

i nconpat i bi | iooptipe. flfunqomaattbﬁgv is foundgpither fﬂereu arfeplacespent (of the eizenit cardr d

the. heac o SAOREARER, GhEUALIFH S AALE g e 5D il B PR C1
el ectrically sabmale, the ﬁdsﬁqhém@gISylspémgﬁﬁnﬁézi by eRshigaht plataidlly erdsabiROM

and reprogranm ng using the firmvare first portion copy in the reserved
area of the dlesicallyprogrammable iead caly memenyHERRAM) ﬁaégep@gmmgl&wmthgk

drlvetoareggx %lﬁjg =1010) C
i nterventi on by e ope"r!ﬁtq % & tlﬂ'?g%r* eﬁﬁ%%ﬁfﬁd{l@ Tﬁ‘?ft pr Ogé%“:?l ty be
unawar e t hat thérespomocomintiys xdlliraigl tha gliskadriliet to@nrehdyl statec UThe gdroblem is thereupon

corrected without any intervention by the operator or user. The user would in all

-~
had

probability be unaware that this normally disabling condition had occurred.

The invention can be used to overcome incompatibility problems
associated with any programmable function. For example, in addition to the drive
control code, the servo code may be contained in the flash ROM 53, whereby a
replacement circuit card with an aitered servo code will also be accommodated in a

manner transparent to the user.

While the invention has been particularly shown and describe;i with
reference to a preferred embodiment thereof, it will be understood by those skilled in
the art that various changes in form and details may be made therein without departing

from the spirit and scope of the inveation.



The Tnvention can be used to overcone inconpatibili ty—probl ems _associ ated

wi th any programmebl e function. For exanple, in addition to the drive”
control code, the servo code nmay be contained in thei mmlmkmmm r eby
a replacenment circuit card with an altered servo codel# l" r
acconmodated in a manner transparent to the user. Wile fhetinVertti en has
been particularly shown and described with reference to a preferred

enbodi ment thereof, it wild be understood by those skilled in the art that
various changes in formand details may be nmade therein w thout departing
fromthe spirit and scope of the invention. CLAI M5 What is clainmed is:
1. In a disk drive data storage devi ceoiepgsn firmware used to control
drive operation is partitioned into a first portion stored in the
controller electronics that- is subject to replacenent independent of the
head- di sk assgﬁ)l . H—DAgdarjd a second portion, which nust be conpatible
with said first 3ds ElYA K ored on the disk nedia with portions thereof
swapped into and out of volatile random access nenory (RAM as required
during drive operation, the inprovenent conprising: a copy of said firmare
first portion which is dtorednadishiddveldak stonstieadevice wheremy fiawarg used to

Compaty bl o Ll e R SR P R TR 35 Sl
3 ?!S cki frg glt ; ol | glec@brfi6d HHANisCsubet t Aipthchink Al TRE&peR 86N T thO hbdd2Bisk la8se@ibipn sai d

, (HDA) and a second portion, which must be compatible with said first portion, stored
on the disk media with portions thereof swapped into and out of volatile random
access memory (RAM) as required during drive operation, the improvement

comprising;

a copy of said firmware first portion which is stored on said disk media,
said copy being compatible with the said firmware second portion stored on said disk
media;

means for determining whether the said firmware first portion stored in
said controller electronics and said firmware second portion stored on said disk media

are compatible; and

means, responsive to a determination of incompatibility, for replacing
said firmware first portion stored in said controller electronics with said firmware first

portion copy stored on said disk media.

2. The disk drive data storage device of claim 1 further comprising
an identifier forming a part of each said firmware portion which indicates the technical
level of the firmware portion of which it forms a part, whereby a comparison of said

- identifiers are used to deterrine the compatibility of the firmware portions.

-



are ‘conpati ble; and neans, responsive to a determnination of

i nconpatibility, for replacing said firmware first portion Storfedggn said ~—
controller electronics with said firmvare first portion copy 1 :

di sk nmedia. 2. The disk drive data storage device of clai H“jnm HHﬂmﬂll"l
conprising an identifier formng a part of each said firnmnare*pofrti®en Whisch*

I ndi cates the technical |evel of the firmmvare portion of which it forns a
part, whereby a conparison of said identifi%rs are used to deternine the
conpatibility of the firmwvare portions. 9 3. The disk drive data
storage device of claim2 wherein each identifier further includes data

i ndi cating which other f3irmamg R §iR \$ats SRzt Heice Ifidiid P wHefeip @aéH On Of
which it fornms a part. 4. The di sk drive data storage device of claiml
further i ncl uitlentifiecfurthet inclides ditarigdicating whigh tifes firnwwage poriiong aréeompatible
conpatibility_o aid fir e figpst and second portions on each occasion

t hat power towf‘hetﬁﬁpf’%oq@\‘?ﬁ‘r‘:ﬂé%digoﬁsgrﬂimafter t he di sk nedi a has achi eved

a rotational velocity that permts reading data therefrom 5. A di sk

drive data storage device cogﬁgi sing. at | east one disk contained within a

di slk encl osur e; d: S]lf- dridve cdierdisk drivecdata stprags slevice mé ¢laim & furthes dncludipg k
cont rol o r cumerss o BN s el B, huecmiihe B cdmpaafbile UrSai¥ st B fts,

second parti tafiserbRd pdrtitis loRceath Bbcasicthat powey 10thd dévd isrtimmideod ardifter

partition, conpatible with said firmvare second partitjon, stored on said
di sk surf ace: the disk media has achieved a rotational velocity that permits reading data therefrom.

5. A disk drive data storage device comprising:
at least one disk contained within a disk enclosure;
disk drive control circuitry positioned outside said disk enclosure;

control firmware including a first partition resident in said control
circuitry and stored in erasable, programmable read only memory, a second partition
stored on the disk, and a copy of the firmware first partition, compatible with said

firmware second partition, stored on said disk surface;

means for determining if said firmware first partition, resident in said

control circuitry and said firmware second partition are compatible; and

means responsive to a determination of incompatibility, for replacing
said firmware first partition stored in said erasable, programmable read only memory
with the copy of said firmware first partition stored on said disk surface.



nmeans fof determining if said firmvare first partition, resident in said
control circuitry and said firmware second partition are conpatible; and
means responsive to a determination of inconpatibility, flor replacing said

firmvare first partition stored in said erasable, progra ﬂlm m '
menory with the copy of said firmvare first partition stm l ’”ﬂﬁ ]m l””"l
surface. 10 6. The disk drive data $torage device of ¢l afFm5 flurtsher

conprising identifiers that forma part bY each of said firmware
partitions, said identifiers indicating the status and technical |evel of

t he partition of which it forms a part, whereby a conparison wi th other
partition identifiers a t erh@hﬁfhx. fbmprisi

i nconpatibility. 7. ﬁ‘he di s cireld\?{glegﬁta st %gg\gc%ew ce of ¢ all'mrgpnsmg
wher ei n sai d idestifiers itheat $orat aq:artrufleadnaof@dlﬁﬂmxaré paritivus) seid idedmifiers i r nwar e

partitions wth. which the par it n of wi |l function
correctly. 8. mnlcang erﬁtﬁ}‘ga%‘% laleﬁ\?h&fég‘epﬂm)?%g% I’ivg\#’nﬁ formps apalissenl y
that is rotatg He.réw b ¥3mipARsdrtRfth %mi-r {tﬁmqa&ftaiek@m ifipibrhéifitd '€ DBehARt r O

firmvare that has fir partition residing i n erasable, progranmmble read
only nenory (Eﬁnﬁﬁb)htpmmmmpmlhhty sk encl osure, a second partition stored
on the disk surface, and a copy of a first partition, conpatible with said
second partition, also stored on said disk surface, an inconpatible

firmware recovery nethogl i nvpkegisRdride Rafalstothed &isd 8f Elain® GUFR&SIn said
conprising: spinning the disk assenbly to a rotational velocity that

pernmits stor ddentiftess also ancludskthe ddentification ofcothersfirmware partitions with which the
partition of which it forms a part will function correctly.

. 8. In a rigid disk data storage device having a disk assembly that is
rotated during the read and write 6peratjons and including control firmware that has a
first partition residing in erasable, programmable read only memory (EEPROM)
outside the disk enclosure, a second partition stored on the disk surface, and a copy of
a first partition, compatible with said secbnd partition, also stored on said disk surface,
an incompatible firmware recovery method invoked as a part of the start sequence

comprising:

spinning the disk assembly to a rotational velocity that permits stored

data on a disk surface to be read;

comparing said firmware first partition residing in EEPROM with said
firmware second partition stored on the disk surface to determine compatibility;

continuing with the start sequence if compatibility is found; and
erasing said EEPROM and reprogramming said EEPROM with the

firmware first partition copy stored on said disk surface if incompatibility is found,

following which the start sequence is continued.



conparinfg said firmvare first partition residing in EEPROM wi t h-said-_.._ _
firmvare second partition stored on the disk surface to det

conpatibility; continuing with the start sequence if conpat ﬂm[' ”'l””"l
found; and erasing said EEPROM and reprogranm ng said EE Pyl by M
firmvare first partition copy stored on said disk surface if

inconpatibility is found, follow ng which the start sequence is continued.

9. In the rigid disk data storage device of claim8 wherein each
firmvare partition includes an identifier,;jthe nmethod wherein the step of
conparing said firmvare first and second partitions conprises exam ning
said identifiers to determne firmvare conpatibility.

_ 9. In the rigid disk data storage device of claim 8 wherein each
firmware partition includes an identifier, the method wherein the step of comparing
said firmware first and second partitions comprises examining said identifiers to

determine firmware compatibility.



