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,]7_e3e*6j 6T METHOD AND APPARATUS FOR REWRI TI NG PROGRAM EXECUTED I N
“Bt SK DRI VE BACKGROUND OF THE | NVENTI ON 5 The present inventio a
di sk drive conprising a disk nmediumon which data is recordedmwkﬁ m” Emm
particular, to a nethod and apparatus favorably used to rewri

executed in the disk drive. A disk drive conprises a disk medi um®#i5%hi ch
10 data is recorded. The disk drive is LyphcaLIy connected to em
that utilizes this drive. The host systemi's electronic equipﬁ@ E m ‘ﬂm m%g
the disk drive as auxiliary storage (nmass storage) and repres

personal conputer. The disk drivy exec S i processes i WéP@Yi ng
recordi ng of data on the disk neﬁf}% a@% %ﬁgdpﬁg‘é%ﬁ@gta fromthe nmedium

These processes aye il aanked i@l s G DSQYLARE ikl ok

drive to executéa predeternined program progr IS program 20
i s generally stoyq igy@gnonvol atile nmenmory provided in the disk drive.
There has been a grow ng demand for a disk drive that can rewite the

program stored in the nonvol aghlgcReIRDY orRet@NtINENe TéN Ves thus use a
rewitable 25 nonvolatile nmenory to store the program (refer to, for

exampl e, Fpn. Pat. Appd.pK@IMt Publdroed don-MNoat 29060 992903k SHithe a
nonvol atile nenory is, for y ! - 2 exanple, a flash ROM (Read Only

Menory). | n geneyodprilsdneewl idis i heedinagramwiiitedd e the revsrded) e

nonvol atile nenory in the disk drive, the host system executes the
procedur e descridred ibelpmrt i Harst ,td ke nediod yeaid mppdcat es tavonaelyl t o
transfer a new programto the disk drive. Subsequently, the host system
execut es a commased dovrheawy ittee gprromparan rexsfeieddin chaadidkideivee to

t he nonvol atile nenory. That is, inmediately after transferring the 10 new
programto be rewi tt%rfilt%‘: tHel W SFORRY 1EES thed holstmed s YR ES t he

programtaq the nonvolatile ne y. . Thus,, the programstored jin the

nonvol at % me 3 slscﬁéeﬁ&d{éto t HSh & d{)‘?la‘fﬁg 5 EWJSC%t]aY e, the host
system executes a _co nd.to reactivate the .15 rewitten program_That is,
the host systemT8EGT VAt &€ thd it iT% ecseynétecé}ﬁaﬁl ﬁﬁ’e’dl%%ee? yﬁéjf eC?rJt‘ﬁee' progr am
has been rewit . Y. it \r - i 4 latile
menory in the ditlg% &F%vtzgﬁigtteln{s%\égeceelgeséa%rglog%@ﬁ%{fs ﬂjtrhhlegllfe%qﬂ%ﬁvl\?ng

condi tion: whil¢the QR B i5:,08i NG ewd L4 &N, (Iﬁ{% hosir SySt efpaccesses

the disk drive only for the purpose of rewiting t program However, if

the host systemiepra RSNy OHIHRInal heorgaiiist er genedad it Ydhade a
mul titasking 25 function of concurrently executing a plurality of tasks

(programap. |t iekadAitgsy ot ilony eMddesdde Magidin@td@skding hef data
nonvol atile nmenory in the disk
on the disk medium and reading of data from the
medium. These processes are implemented by allowing a
CPU provided in the disk drive to execute a
predetermined program {(control program). This program
20 is generally stored in a nonvolatile memory provided
in the disk drive.

There has been a growing demand for a disk drive
that can rewrite the program stored in the nonvolatile
memory. Recent disk drives thus use a rewritable

25 nonvolatile memory to store the program (refer to, for

example, Jpn. Pat. Appln. KOKAI Publication

No. 2000-99270). Such a nonvolatile memory is, for



- 3 drive in the environnent in which a plurality of tasks are
concdurrently executed. In the prior art, the nethod described below is thus
used to reactivate the entire systemafter the 5 programhas been rewitten
and to prevent the host system from accessing the disk drive while the
programis being rewitten. First, a floppy disk is provided in which a
boot program and an application programfor,rewiting the programare
stored. The boot program 10 has the m ni num required boot function. The
application programis conpatible with the architecture of the host system

hi . This fl sk ig i | | ed, i fl di sk
i ive i n the hostorebafin? | hes ROl afhS44:5phd HREOTH) ol em execut es the
licati t fl di sk ite t . inth
nonvol at 16 hertory | o EHECRPERCE! Foet BUEOFH, hGct PR BB VR Abact! LS |
procedure. HoweveLyl bt ahoye: depeCiRetbegyEntianal o20qtechni ahe. the

programrewriting procedure i s disadvan y conpli cat ed. er, the

host system having: s@émvﬁé%@eérfﬂ%tﬁfééﬂéﬁéreUHéE?PtE‘RQ&OBE@SQ.With a

programrewiting appl1cation program characteristic o e system In

particul ars the @i skt 25c1 i Neshasy bt dheskOchees HSe8mhanéii ebdsrahbeert han
personal conputers, such as nass storage for a car navigation apparatus and

mass storage foraafew progdamatdli thei §Lak §AWeappatnbseguedbal, i shet he host
systemutilizing the disk drive is not necessarily a host system conputer
(host conput er) .hdat tdestenasxoustas chi ¢emmanéstarerappl tkd pooghemhost
system Thus, 5 the above problemis nmarked. Furthernore, with the above
descri bed conventramafereehniquiehetdibskndrivesyst thennenvbeatédeti vat ed
imedi ately after the program has been rewitten. It is thus difficult to
run the programmnenelyy it That abpl | Henedhabebyrahften bhabsieruipdopbeati ng
system Accordingly, with the conventional technique, the programrewiting

appl i catilh progt@lin PEOS@E ut e dP%ist ATt heSR | bpphhai g%sﬁﬂd%T’%h ERe Dboot
DrO0TaM 1 o1 0 S A0C L L oM. LY 00 O Lhe RPEL LR SR 3 Hotever
i sk drive uti | HEIhY o WobE bt e FhEeh Gebafed: B O ABRREE e
or caent i nvent i R ThorE” | % BN OG0 & progy o PARE i g nerhadsor e o
rewriting a progednisd OF esh i SOVt T 4 €command to reactivate the
15 rewritten program. That is, the host system
reactivates the entire system immediately after the
program has been rewritten.
To safely rewrite the program stored in the
nonvolatile memory in the disk drive, it is necessary
20 to establish the following condition: while the
program is being rewritten, the host system accesses
the disk drive only for the purpose of rewriting the
program. However, if the host system is a personal
computer, the computer generally has a multitasking
25 function of concurrently executing a plurality of

tasks (programs). It is dangerous to rewrite the

program stored in the nonvolatile memory in the disk



,menory in a disk drive in which control including that 25 of accesses to a
"di sk' mediumis executed according to the program This nmethod conprises
witing a program specified by a programtransfer command for transfer
f - 5 of a programto the di sk medi um upon receiving the programtransfer
command from a host system and executing an activating process to activate
the disk drive according to the programstoyed in the 5 nonvol atile nenory
when the disk drive is powered on. The executing an activating process
includes rewiting the programstored in the nonvolatile nenory using t he

programwitten in, the di sk nedlun1acco dlng to f he

command. 10 BRIIéli—‘r %%ﬁ/ Cgi#ﬁ?%lh)i ?@\I ?’ﬁgs

acconpanyi ng dr ated in and constitute a part of
%Q?ﬁ?ﬁéﬁ% {hé‘%f é£'& P&fl

t he specification, esen y pief erred enbodi nents of the

| nventi on, and toget heg whihylher agper tndeRcehBhi 08s15;BbNeReaBRvEand « he

detail ed descrlptlon i ment s “grven serve to explain the

principles of thehoveatyon, Flletivd e atﬂ%Oéﬁtﬂtégéﬁgtéﬁoéﬁ’f’@@rathe
configuration of a hard disk drive according to an enbodi nent of the 20

present irmyenti giodtdm Had Sodelli AR 6AOWMRG 88 SXaPhe PheBPsef a CPU
address space; FIG 3 is a flowhart illustrating a process procedure
execut ed by a noswdoem pfogh addddss Indrl €he 2312k EGoe WAL 28dtH8 paregram
flowcharts illustrating a process procedure executed by that part of a main
program 43 in FIi& Reishy chewxkCiers aFieset prdHieggy disk6isupoovpdesdr - on
FIG 5 is a flowhart illustrating a process procedure executed by a nmain
program rewite ¥ouwhieh 42 bootri@ogran & a6 aephictbhehaprogremstenting
a process procedure executed by an idle |oop contained in the main program
43 in FIG 2; an?éIeWﬂFJG?lI?gl%h%l RTQUEHAr2T ¢ | FERY¥eAt i nha %‘P%Ee@@%?@’@edure
execut ed (y ac rocessi ng rout|$$i10 conta|ned |n the mai n program

43 in FIG BESER BT | CREEE 9P P NvERTTR SRt

application program is compatible with the

architecture of the host system (computer
architecture). This floppy disk is installed in a
floppy disk drive in the host system. 1In this state,

15 the host system executes the application program on
the floppy disk to rewrite the program stored in the
nonvolatile memory in the disk drive according to the
above described procedure.

However, in the above described conventional

20 technique, the program rewriting procedure is
disadvantageously complicated. Further, the host
system, having any of various architectures, must be
provided with a program rewriting application program
characteristic of the system. In particular, the disk

25 drive has hitherto been used in fields other than
personal computers, such as mass storage for a car

navigation apparatus and mass storage for an



Description will be given of an enbodi nent in which the present invention
"is applied to a hard disk drive (magnetic disk drive). FIG 1 is a block 15
di agram showi ng a configuration of a hard disk drive (hereinafter referred

to as an "HDD') according to an enbodi ment of the present invention. In
FIG |, a disk (magnetic disk nediun) 11 has two di sk surfaces: a top
surface and a bottom surface. At |east one pf 20 two di sk surfaces of the
disk 11, e.g., both disk surfaces constitutée recording surfaces on which
data is magnetically recorded. Heads (nagnetic head) 12 are arranged so as

t d to_t [ di f f the disk 11. Th
hoads 12 are. 25 BUBACTGLREFLe (BU) aSPRAFAEUAr ok IRBR v 11 COaPR o 825 drhg)
cont i gurati on | noPHe £ 0o Rugnps 8T 85apE0N3, LBR BEUESRATL Y & WS ¢

d. Ho | f di ' . Th
Gok 10 i 5 1ot at YOS EORPLESR (AoSk® chhelRe- 12, SFarERey naptar R or red

to as an ' SP'V")-aEéﬁ*ﬂt@T:tﬁr_EEea?@aﬁﬁpi%ehst%t tAehed k0 <33 tagl Va5,
(carriage) 14 as a head noving nmechanism The head 12 i S noved in the

radial dirgctiontpt tBBvd pkobleasikhfazkkdator 14 is rotationally noved.
The head 12 is thus positioned on a target track. The actuator 14 has a

voice coil 10 notor (Ppettheahbee,r afiehr ethel @abavea de¥dWibelb acting as a
driving source for the actuator 14. The actuator 14 is driven by the VCM
15. The SPM 13 aadnthetVehWel5tarknduueenthy eespeet systdm wusdg oerrents
(SPM current and VCM current) supplied by a notor driver 1C 15 (Integrated
Circuit) 16. Thersstbivdtedeimnedlgtedycefpesetihef pongreh pasndeeni ves t he
SPM 13 and the VCM 15 under the control of a CPU 17. The notor driver |IC 16
suppl i es the SPMEeBritERNan SPMLeuERBAt diREigHdtintooruphitbs PE¥OYEEEI fied by
the CPU 17 in order to,rotate 20 the SPM 13 within a predeterm ned range of
rotation sPeeds. TRWELREBINARRAILERAERENSPRPIEABt QP edi PRAAPREY OPerating

pr edet er mi nedrange of speeds iscalleda "ste rotational state"("rated
ot ati onal St at o § 7S TRB" hoRGrOBRL 0BT CiBPe BFI FBE"PRG LOGR 15 SR PH S oucM 25
current the a”““@he°£r$@£8ﬂ E§w§9%gh5iSBpEXcE@?ogPBr%%ram is executed
using the floppy disk on which the boot program is
stored and without relying on the operating system.

15 However, all recent host systems utilizing a disk
drive do not have a floppy disk drive. It is
therefore difficult to rewrite the program executed on
the disk drive utilized by a host system that does not
have a floppy disk drive.

20 BRIEF SUMMARY OF THE INVENTION

According to one embodiment of the present
invention, there is provided a program rewriting
method of rewriting a program stored in a nonvolatile
memory in a disk drive in which control including that

25 of accesses to a disk medium is executed according to
the program. This method comprises writing a program

specified by a program transfer command for transfer



in order to position the head 12 at a target position on the disk 11. f -
8 The CPU 17 is a main controller for the HDD 1. The CPU 17 executes the
control of the elenments of the HDD 1 other than the notor driver IC 16 and
the control of the notor driver ICin a tinme division 5 manner. The CPU 17
is connected to a CPU bus (CPU BUS) 18. A flash ROM (hereinafter referred
to as an "FROM') 19, a RAM (hereinafter_jef§r[§d to as a "CPU RAM') 20, a
di sk controller (hereinafter referred to as an "HDC) 21, and a gate array
22 are connected to 10 the CPU bus 18. The FROM 19 is a rewitable

nonvol atile nenory. The FROM 19 ﬁﬁorgs Ero rans to be executed ? t he CPU
17. A storage ardh dfPTRE EhLERARES00F &K BRATHE, UPSP BRARPYERIsEBRe

{equired to contiEISTHE FEBCe Trecind: EPm o AERE RV RNt nrg o the cru
bus 18 but al 50.é>9e+ﬁ1€ix‘g€t§nariﬁcégi’x{%@%nﬁoéfé‘géé‘%LES A&Ex‘}atﬁgg?é gutier RAM

25. The HDC 21 is also nnec m?2 via a system

interface 3. Thedzpv@%écéyéiﬁaﬂg?i@h@lﬁf&j%ﬁles@ey{aa@ﬂ? thEilizing the HDD

1 and is represented by a person conputefr. Control registers (HDC

regi ster and gatgodd Byt Bl méRsdy fwheh hensDEi 2t @pdveat e gowaredZon.
respectively, are assigned to an area in the address 25 space of the CPU
17. The CPU 17 crié rexsctihendi¥h 2dcoivabengapeoaesayir@lbdeexeeutiogng read
or a wite using this area. The HDC 21 has an interface control -9
function, a di sktkhemrojrdmnstoned Dmdtle bndheolabileohehongt usehng Thke HDC
21 uses the interface control function to control reception of comrands
(read/ wite and mtd@ramompalice) inabikéedied hyditme SchosdirgstentReand t he

data transfer between the host
program transfer command.

10 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate presently preferred embodiments of the
invention, and together with the general description
15 given above and the detailed description of the
embodiments given below, serve to explain the
principles of the invention.
FIG. 1 is a block diagram showing a configuration
of a hard disk drive according to an embodiment of the
20 present invention;
FIG. 2 is a diagram showing an example of map of
a CPU address space;
FIG. 3 is a flowchart illustrating a process
procedure executed by a monitor program 41 in FIG. 2;
25 FIGS. 4A and 4B are flowcharts illustrating a
process procedure executed by that part of a main

program 43 in FIG. 2 which executes a reset process



,system 2 and the HDC 21. The HDC 21 uses the disk control function to
‘control the data transfer between the disk 11 and the HDC 21. The HDC 21
uses the buffer control function to control the buffer RAM 25. 10 The head
12 is connected to the head I C (head anplifier circuit) 23. The head IC 23
has a read anplifier (not shown) that anplifies read signals read by the
head 12 and a wite anplifier (not shown) tgat_converts wite data into a
wite current. The head I1C 15 23 is connected to the read/wite IC

(read/ wite channel). The read/wite |1 C 24 executes various signal
processes. These_ signal processes include an A/D (Anal og-to-Digital)
converting proceggo opowgﬁaOQVgnals, a process of encoding wite data, and
a 20 process of decodi read _dat a. t H . n read _command
provi ded by the host 53%fe§1§5i§ Al 8%% T ISh o G
accessed which ig.Ladi e hysi ca d re i

| ogi cal address 62%???2 %§QFH?SBZ§§C§N#323.b?%%%%R& g%%ggg %%U%gg's a
data signal recopdedni prEhi g,area on the disk 11. The head IC 23 then
anplifies the signal (read signal) read by the t I - 10 head 12. The
read/witesl C 24 subj ggks the sagplelbiedagitdnall uis® AR ngony ¢Sy and then
decodes the converted signal. The HDC 21 processes the 'data decoded by the

read/ wite | C 24praeeandengxtoucedt bol ah sidgeahscbr ednthengat enanhay 22.
Thus, data (read data) to be transferred to the host systemis generated.

This data is stomedni probeabufiBelnRAMG252andntthen transferred to the host
system 2. On the other hand, when a wite conmmand fromthe 10 host system 2
is executed, data (w FE&-.ddt ap &r faowehpgd tid lulsé rabEnl abproltesisost syst em
2 is stored in the buffer RAM 25. The HDC 21 transfers the wite data
stored in the buPFerefANe28xegutnd P¥ad/ fPmmanpfcrracasesngi Kgutdneont r ol

signals f 8n1the 15 gate arra¥ 22. The wite data transferred by the
read/wite?l C 24CPRtELEBHed™ FRE BALBJRIOUFPRe4dalh FdGtrdnsnitted to the

head 12 via the head IC %ﬁﬂﬁgﬁﬁb 5&§%£§@9I&§ g{i$§ﬁ {£5%ﬁ%{5§ data in an

area on

Description will be given of an embodiment in
which the present invention is applied to a hard disk
drive (magnetic disk drive). FIG. 1 is a block

15 diagram showing a configuration of a hard disk drive
(hereinafter referred to as an “HDD”) according to an
embodiment of the present invention. 1In FIG. 1, a
disk (magnetic disk medium) 11 has two disk surfaces:
a top surface and a bottom surface. At least one of

20 two disk surfaces of the disk 11, e.g., both disk
surfaces constitute recording surfaces on which data
is magnetically recorded. Heads (magnetic head) 12
are arranged so as to correspond to the respective
recording surfaces of the disk 11. The heads 12 are

25 used to write data in the disk medium 11 (data
recording) and read data from the disk medium 11 (data

reproduction). 1In the configuration in FIG. 1, an HDD



,the disk 11 indicated by a physical address 20 corresponding to a | ogical
“addrk&ss specified by the above conmand. FIG 2 shows an exanple of a CPU
address space nmap. The CPU address space map shows the correspondences

bet ween vari ous devices connected to the 25 CPU bus 18 and areas in the CPU
address space 30 to which these devices are assigned. In the exanple in
FIG 2, the FROM 19 and the CPU- RAM 20 are @assigned to A - 11 areas 31
and 32 of the CPU address space 30, respectively. Further, the control

regi sters (HDC register and gate array register) for the HDC 21 and gate

22 tivel i gned .t 33_5 34_0f the CPU
addr ess. space 30° 5%@5%%&?%5@?%32%&1%’hiiE%%sl%swﬁgﬁeceﬁ%ae*fﬁ%m & from

and transmt out Pﬁ?a%ﬁt§hgfed§§¥%?ffhﬂgkp% gg?égggsggtgggoﬁﬁP{hat_used

for nmenory acce é area 0 which 10

the FROM 19 is assignefe agskowhhg diyided agt ﬁlghmgg!egarb " 90T e o1,

a main program area 52, a paraneter area iItor progr t hat

runs on the CPU {ddré8 $l§9f§£'néﬁté?er€?8k£8& PHOgEaghargamby., AREBhNoRT OGram
rewite routine 42 and a main program 15 43 which run on t e CPU 17 are

stored in ghe netie PhOFASM 2r €8 SPtadhednBbNapr gt agtbeW theriagb) ne442 is
used to access the FROM 19. In the present enbodi nent, the main program

rewite routine 42 acn@n@ammeSnghmeﬁnanlpmogranb4BeaMhen ibemowea 28
program43 is rewitten, the main programrewite routine 42 is also
rewitten. Howevene taeéiahidipeogiam oéwthéedisktihead?2theesentiabetoid a
rewwite is not necessarily different fromthe main programrewite routine
42 present afterishectabionellyonevedherThe headi 12 iequbss Pbajtidnedheck
code 45, and checksum 46, described |ater, are also stored in the main
program area 52.0R dparafeeertseek4y Theszeteaten 14 has. alYOlﬁﬁecﬁélaneter
area 53. ﬂme paranet er set 47 ar anet ers_and Eudes setting

a se
i nformati on pPRHRE ef %?ﬁ%ﬂn§tE?¥oﬁ%%%¥r?a eCRDBS 12 ar XCV aGpiNdi zati on
data used by theég{g)&r1v1ng source for the actuator 14. The actuator

14 is driven by the VCM 15. The SPM 13 and the VCM 15
are driven by respective driving currents (SPM current
and VCM current) supplied by a motor driver IC

15 (Integrated Circuit) 16. The motor driver IC 16 is
composed of one chip and drives the SPM 13 and the VCM
15 under the control of a CPU 17. The motor driver IC
16 supplies the SPM 13 with an SPM current the amount
of which is specified by the CPU 17 in order to rotate

20 the SPM 13 within a predetermined range of rotation
speeds. A state in which the SPM 13 rotates within
the predetermined range of speeds is called a “steady
rotational state” (“rated rotational state”). The
motor driver IC 16 supplies the VCM 15 with a VCM

25 current the amount of which is specified by the CPU 17
in order to position the head 12 at a target position

on the disk 11.



5 The nonitor program 4l is provided separately fromthe main programto
'|nplenent only the m ninmumrequired input and output for the HDD 1. The

m ni mum requi red i nput and out put correspond to receiving the main program
fromthe host system 2 according to a 10 particul ar command fromthe host
system 2 for rewiting of the main programand then witing the main
programin the main programarea 52. The_regwriting of the main program
according to the nonitor program4l is carried out without utilizing the
disk 15 11 only if the rewiting of the nmain program according to the main

o i Ty, The FDD 1 (OPG ER adn el M R e srodim 38 HHE et ed by
the host system g,byqising.Lie, woui Lot RLAULAM 41 %%&e\éei%mtn[ 18 478

program 43 is nof présen € marn program i §tused to conttol

entire HOD 1. ThHﬁDCQ”BEHEr'Eﬁh%d%ﬁetHEtEQ”hEﬁbleI%Cﬁ%s%%% k4 the d'5k 11.

Specifically, the main progra I's used to control, for exanple,

predet er mi ned haEQH’%ESlZéfCQHEOH@EB% akibhe HeDil  Thehaydwars sgonponents
are, for exanple, 1Cs. The include the nmotor driver IC 16, the head IC

23, and thg readhwhhte.! CTBé- ciFtJe17 is- cdlnedled RoOAr @PU4Buiss (alpge used
for head positioning control executed to position the head 12 at a target
position on the BUsk 1&. Thefrash ROMgraBré3nasteur re€e ruged too aisntaer pr et
and execute conmands 5 transmitted by the host system 2. A function can be
added to the HDDIFBOMdh &Ri sti RAMf Uhetrerdnafarrbeeifeprededobysr ew™iCPURg t he
mai n program The area 32 of the CPU address space 30, to which the CPU RAM
20 is assigned, RéMrbuéﬁbyadﬁvﬁﬂeéonﬁr@léexo(bﬁaﬁaga§§¢¢ngeéﬁéae@1thn area
for a status savi ng managenent flag 62, and a variable area 63. The
vari abl e area 63a§saﬁa|H89 )udéd BBAsRoPetearraBYed2apsearrhgechech&ononi tor
m 43, However, the variahle area 63 may be

41 d
5;ggrig]a§02ntehgg?aF§U ro?iﬁ]stgpﬁggRQMeaglFstﬁer§WGF§6? €ontents of the
FROM 19 del et ed b t t ent f th ROM 19
are delesgg, ?tePgnvﬂg8§§}éfﬁeﬁggyzgdbgﬁtEﬁpﬁ ﬁ??ggoﬁégwggpaﬁgpfetga g in
he FROM 19. 20 h d
the L9 &?%@uﬁ% geE359896 9t Ek8@%?§05§eén8 gﬁ gBBiﬁAMan

4B, description en of "an opera on pe FI G

1 upon power-on é@nlepﬁgaal e, p%BEoéﬁﬁﬂpQQons@BE@abaéﬁbbK%%'ngd BLYG 3 is
a flowhart illustrating a process procedure

the CPU 17. The gate array 22 dgenerates signals

15 required to control the HDD 1.
The HDC 21 is connected not only to the CPU bus

18 but also to the gate array 22, a read/write IC 24,
and a buffer RAM 25. The HDC 21 is also connected to
a host system 2 via a host system interface 3. The

20 host system 2 is electronic equipment utilizing the
HDD 1 and is represented by a personal computer.
Control registers (HDC register and gate array
register) for the HDC 21 and gate array 22,
respectively, are assigned to an area in the address

25 space of the CPU 17. The CPU 17 controls the HDC 21
or the gate array 22 by executing a read or a write

using this area. The HDC 21 has an interface control



25 executed by the nonitor program4l. FIGS. 4A and 4B are flowcharts
'|IIu§trat|ng a process procedure executed by a part of the main program 43
whi ch r - 14 executes a reset process upon power-on. When the HDD 1 is
powered on, the CPU 17 initializes the hardware in the HDD 1 and then
starts executing the nonitor program4l at step 101. The CPU 17 first
clears 5 (resets) the status saving nanageq;nt_flag 62, arranged in the
CPU- RAM 20 (step 102). The status savi ng nanhagenent flag 62 will be
referenced by the main program 43 later. After clearing the status saving
managenent flag 62 he CPU 17 executes.t ni mum i nj ti Iization
process required??%ct§%EUt% %hé nﬁﬂ?%B?l EBﬁFgﬁPﬁl FQE; &H§?
Subsequently, th 7 ads t he C o] a he main
Eotrbl el & 9§?ﬁe Cﬁﬂs EDE Jde égeg LhE %ﬁg7kge%

program area 52. Accordi ng eck code™4 &r mi nes

whether or not thenvabldeREBIdf pOBOARYAT LBCBEEIBAl oMcbiifiaALn progr am

area 52 (step 104 descri ove I's present in the

nai n prOgra”‘are@régd/ﬁGEQéde8|MthéPecéﬂﬁﬁkdg9d€réﬁsfér9€heb9dtﬁE the same
time when the main 20 program 43 is deleted for a rewite. A value for the

check codes45 ispobersexaaml 2, afhFERE. dhicat tthasead pbtivBed ¥akUBokRI cates
that this value is hexadecimal. After the above deletion, the status is

changed to the osgstiescei sed bﬁéOMDCOZMDdaTBetHECCBQCKSBE echded4skto a
particul ar value (for exanple, 01234H). Wth this status, a new nain
program 43 i s weohenol nfahet immnntprognanvar ehe5datandrahsitert heaweenf i r ned
r - 15 that this nmain program 43 can be executed correctly. Thus, at the
above step 104, thejdigktetntnédthealiDEngdlaai Bhpr BYFaRil48ses phesent
provi ded that the check code 45 has the particul ar val ue %01234 . In 5
this case, the nmPRffeF peobFak GuneEipRhes Fenthelndhf bR §eanﬁzg €St ep
105). On the other hangF hf t he_check code 45 has | ue dlff re t from

S

the partitQl ar one, 8eflel i hEJCPRRECERE ﬁﬁlﬁgﬁr §Admi%3 ¢

In th he CPU 17 | f "
Eégiggi gaggighf?ﬁﬁibf1§550%ﬁcg+BéfgﬁerSFﬁsmﬁ?ﬂgnﬁg E? 5§r83? ﬁlttgis
different froma £€9§£mgﬂ?£ gHOW?PdFRg#g§%§11?5§ﬁe9§§?n9% oﬁ?%n?%%d

described later .y, %5tHQEhQ28'19raB&O r@?lé% L hE@Eér”?hoE”EManPO%EEtO”
entry (step 101) but al so partlcu ar cold s
converts write data into a wrlte current. The head IC
15 23 is connected to the read/write IC (read/write
channel). The read/write IC 24 executes various
signal processes. These signal processes include an
A/D (Analog-to-Digital) converting process for read
signals, a process of encoding write data, and a
20 process of decoding read data.

In the HDD 1, when a read command provided by the
host system 2 is executed, an area on the disk 11 is
accessed which is indicated by a physical address
corresponding to a logical address specified by this

25 command. Thus, the head 12 reads a data signal

recorded in this area on the disk 11. The head IC 23

then amplifies the signal (read signal) read by the



,entry, described |l ater (step 111). The nonitor program 4l is configured so
“that"if it is executed using the cold start entry (step 111), control is 20
transferred to step 103 after the status saving managenent flag 62 has been
set in the CPU-RAM 20. In this case, operations simlar to those perforned
upon power-on are performed except for the operation of the status saving
managenent flag 62 25 Here, it is assupedthat the nonitor program4l
branches to the nmain program 43 (step 105) That is it is assuned that
control is transferred to the main , I - 16 program43 (step 201). In

(s case. Uhe CRUAT precles. anylaLiLel Laot) on et aceas aecarding g (he
izt on of sach SeOU O R AREI Quglihle HEOLand,of the var cblc

and status savi ng, A& &1 diydde. CRHEAME0 Arg 00Look tiRLiagd, Further,

the CPU 17 does not ange the statuses 10 of "signa Ines (Interface

signals) in the &&sadéd%@mﬂ@tféémﬁtami@m@ﬁna@@ofgfﬁ%ntae@o@yréhe host
system 2 provided that the status saving managenent flag 62 is set. The

host system int esf@cel S fi15om f e eyti®| £xrap 2TA | THES f ag&ta Theedi@st system
interface 3 15 contains a BSY (Busy) signal, DASP (Device Active Slave
Present) signal date) acdBESETtsaggdrrédtt@l tlye ldet BSYstemnds a si gnal
uni que to the host systeminterface 3. That is, the BSY is a particular bit
(BSY bit) in a sjateratet)i stBriwmdata cah Heoreddid rione 20ufher HOBM12%i a t he
host systeminterface 3 by the host system 2. In the present enbodi nent,
for sinplificatiard dfherhetgrastieprednto tike shastussysdémat ed by the BSY bit
is treated as the status of a particular interface signal indicative of the
BSY in 25 the host syd®efhe eehernckand, TWeeBSY VhdFeateumendt TraR BRGi ce
(in this _case, the HDD %2 cgynected to t@e gost steminterface 3 cannot
S oSt

recei ve arfy conﬁﬁﬁﬂ% SYsS FrOE e H ?E?e_ E%tQh%a%ﬁkP is a signal
used by the JoVEESORNSELEd SiGIo% OB IS IAGB AL 1L 02,
I's a slave. This;&nobifil cald L FAL DEnF ! edrplitylly AE1EMALL PGr L NEnDASP
write data stored in the buffer RAM 25 to the
read/write IC 24 according to control signals from the
15 gate array 22. The write data transferred by the
read/write IC 24 is encoded. The encoded write data
is transmitted to the head 12 via the head IC 23.
Thus, the head 12 writes the write data in an area on
the disk 11 indicated by a physical address
20 corresponding to a logical address specified by the
above command.
FIG. 2 shows an example of a CPU address space
map. The CPU address space map shows the corre-
spondences between various devices connected to the
25 CPU bus 18 and areas in the CPU address space 30 to
which these devices are assigned. 1In the example in

FIG. 2, the FROM 19 and the CPU-RAM 20 are assigned to



signal. The DASP signal also remains active after a command has been
‘received and before the command ends, when the host system 2 accesses the
di sk. The RESET is a signal used to reset the device (HDD 1) connected 10
to the host systeminterface 3. The RESET signal (reset signal) is set to
be active by the host system 2 when, for exanple, the host system2 is
powered on. After finishing the initialeaIiPn_process (step 202), the CPU
17 determ nes whether or not the check 15 code 45 in the nmain program area
52 matches the particular value (01234H) (step 203). If the check code 45

does not match th ar ti.cul ar _val .th U 17 deternm nes that the check
code 45 has an iﬁ%&grsectl \?Q%Ug\é Ioﬁe&hﬁegzpﬁlﬂﬂéretsﬁe S@ﬁ?eléaodetern‘i nes that
the 20 valid nuai is fr, t he .mai-n _pr.agr.am ar 2 and
that the main pr%&rgg%%é%eéglé hg?%nigl[%trbeéc(r?i@cor%]ltgto yergel t|etrtsen. this

case, the CPU 17r%@qg§ggr§nhh§a%gn%& aﬁt%fﬁﬁ%&e leod @R 23hcostitutes a

part of operation of rewiting the mai program  Thn contrast, i he
check code 45 mai@hes athaypant i ¢l ctakiay,t he CRU I GRIPGRedS 4 Si£p 204
to check the valgg for thg st at us géving nghageﬁéﬁt én- 18 %%i§§ 62. |If

t he statuss5savi ngnaasagererthel C2g 634dRassN@pakeeBselred tGRAd 14/, proceeds
to step 205 to performa normal activating operation. At step 205, the CPU

17 5 waits for tMaubpstheysSPEMI2 tancheakitviee ihgsels FronalandRESEhwignal )
in the host systeminterface 3. Then, once the reset signal is cleared, the
CPU 17 starts anoatbiutat tngtbpeeaticvnces astingatthet samnsPMeldods taap t2R6) .
This activating operation is perforned by 10 controlling the notor driver
IC 16. In this cH§ed oEemeRPHYaROGASSES.tine is required before the SPM 13

reaches the steady rotational state. Thus, after starting the activating
operation, the CPU 17 [pfo@&&ds 3tlo Ofthéhge P Us peidrerr iinassut3 Onaitid mdrifady t he

steady 15.protati gnal te .to be reached. ,Consequently, several steps
starting ﬁéth stgge26§5grige}506§€agESﬁchﬁeﬁPPah%Wtﬁ1WH§e€r6@é§saof

activating the SPM 13, At _step 207, t CPU 17 determ nes whether each of
the devices connécte OFoﬁfﬂgrﬁgs?rgﬁsEgﬁ1Fn 8rfabE 9528 P§eﬁs§§'a§n fast er

Che HDD 1 1 s usch SeraC ST aub ohewi Co, A RBALDL1 P BREFlar'ds RS BABS Bfghal |

the HDD 1 is used as a s evice, t rvatés

in the host systenki abgriaces3si d nekLk h r [ of the
presence of the HDD 1. 25 Inscgﬁ?fggt?hikﬁfhgbhg O% ?ggﬁg%ﬁugegzagﬁé sl ave

device, the CPU A7mdeheptogthf sbatUseOkoliRenPARP LA4t BemBest peYhgt-am
interface 3 to check whether or not
15 43 which run on the CPU 17 are stored in the main
program area 52. The main program rewrite routine 42
is used to access the FROM 19. 1In the present
embodiment, the main program rewrite routine 42
accompanies the main program 43. When the main
20 program 43 is rewritten, the main program rewrite
routine 42 is also rewritten. However, the main
program rewrite routine 42 present before a rewrite is
not necessarily different from the main program
rewrite routine 42 present after the rewrite.
25 Further, a rewrite request flag 44, check code 45, and

checksum 46, described later, are also stored in the

main program area 52. A parameter set 47 is stored in



," f - 19 any slave device is present. Then, the CPU 17 determ nes whet her
each of the devices connected to the host systenllnterface 3 is used as a
master or a slave. 5 Now, description will be given of operations perforned
if it is determ ned at the above step 204 that the status savi ng managenent
flag 62 has been set. First, the status saving managenent flag 62 is not
set imediately after power-on. That is. t{g 10 status saving managenent
flag 62 is set if a reset operation is internally performed again after the
status of the HDD 1 has been established. In this case, the status of the

HDD 1 i ncl udes tghe @gﬁet%o:%ra\slgs Isi;]}? ;Ea]?&g%tt_&e [ %ai:;d gts%;%é S of

the 15 signal |ifes 59 de i ed by

the host system Tat}ea?t?etgézguaf %t%@éﬁngufﬂf@%éﬁf . Thus, if

t he status saving nagerre een Set 3is

execut ed i nst ead,fq S EAS 205. gé:b@oo?nsd@@%@%gollmrvaﬂo@;ep 221, an

operation is perforned to activate the SPM 13 as in the case wth the above

step 206. This agdiMetddthapedatd AlsdS 15 afiedapb thout waiting for clearing
the reset signal in the host systeminterface 3. Further, in the present 25

enbodi nents, t he nmast eThormeh fver Seto$t @b USL NUSt pbeviétai sleldarébexsyquent ly,
the processing corresponding to step 207 is not executed. The statures of

t he HDD - 20 fronottiey nshian dreyrasttes ionp kémeret setl wtiEteisuat fnurest or ed
by re-setting the contents previously saved to the status saving area 61.
The statuses of ndwiHRDl lingut rasst arebult Sieptldd 3D WhernThdemopimeti on of
activating the SPM 13 is started at step 221, the CPU executes a

sel f - di agnosi s prastdseeq sinapitggyd Oﬂf»@@‘elqem%@?ﬁm stprereatving| s
checks on the FROM 19, the CPU- RAM 20, and the buffer RAM 25. The process
of checking t he TRAVPIPHET {41 Y DHEDI2 AFIASH $drd t he mai n

program giea o2 11 SSSkSUAS £ LSO IS L oo Lle 0o aestored 1 the
fllag 41 and chegl, A48 40, FIUANEGD 'Shd fEanfald SHELE ol e 10§ the
main program in the main program area 52. The
rewriting of the main program according to the monitor
program 41 is carried out without utilizing the disk
15 11 only if the rewriting of the main program according
to the main program rewrite routine 42 and the main
program 43 is not carried out normally. The HDD 1
(CPU 17) can rewrite the main program as instructed by
the host system 2, by using the monitor program 41
20 even if the main program 43 is not present.
The main program 43 is used to control the entire
HDD 1. This control includes the control of accesses
to the disk 11. Specifically, the main program 43 is
used to control, for example, predetermined hardware
25 components of the HDD 1. The hardware components are,
for example, ICs. The ICs include the motor driver IC

16, the head IC 23, and the read/write IC 24. The



.15 main programarea 52, are not involved in the calculation of the
"checksum 46. Further, in checking the CPU-RAM 20, it is necessary to avoid
destroyi ng the status saving nmanagenent flag 62 and the contents of the
status saving area 61. 20 After conpleting the self-diagnosis process at
step 208, the CPU 17 waits for the SPM 13 to reach the steady rotational
state (step 209). Once the SPM 13 reaches the steady rotational state, the
CPU 17 determ nes fromthe status (value) of the rewite 25 request flag 44
whet her or not the rewiting of the main program has been requested (step

(CREFFH), the otr s BECUFARA3 Phaf ' he s o CPFnOeaR PRS- FAPR Bogr am has
not been request gy t bl scqesg. (LhEoCPU1 3L brAnghes 49 sten 21ip of der

to execute nornma rvatiron. I'n contrast, rewite reque flag 44
has a status dif rgm JoLii ghi zegpang, ihh 7 4detgrm nes that
the rewiting ofﬁgﬁge%%ﬁngpr%gga%?has Eéen rgqﬁgéte Fggga%hﬁs cgse, the CPU

17 executes a NMBFArLHOPr ABLHEWD EhBQrPEQEe§ﬁdSE§éEh'Eg wohhagbep 251. The
main 10 programrewiting process will be described later. At step 211, the

CPU 17 first reafsahbfisystiepydaha nhesordegdten bthe di sknttiohocaxepudte
normal activation. The system data includes a defect sector |ist and
informati on set bydédetboshesybbenv?. aithexistdafeftinsedbar chkhsbeshows a

| ist of defect sectors present on the disk 11. The CPU 17 allows the

st atuses of the HDPrdved beftreerithegsybeemnint progadmirom the di sk 11.
Then, the CPU 17 determ nes whether or not the status saving nmanagenent
flag 62 has been 20 s@&hej argappedefethene8Uapddrefsst kpaCRU3RAMERO whdicdp
212). If the status saving managenent flag 62 has been set, the CPU all ows
the statuses of Ehe ¢Eﬁrﬁg¥o29e¥ﬁe@?s%ﬁ@egon%énF@uéhthélgﬁéﬁds1§§9iﬁg ar ea
61 of the CPU-F%%%%g éste . 213). Tth is, the CPU 17 25 restores the
statuses ¥! the 4S 232 BHEP QT ED Phe #Badre9sfem Bafh25Hd ER% BEntents of

LR S A
variable area 63 is mainly used to store variables
appearing in the monitor program 41 and the main
program 43. However, the variable area 63 may be used

15 as a temporary program storage area if the storage
contents of the FROM 19 are deleted. This is because
if the storage contents of the FROM 19 are deleted, it
is impossible to read data from the FROM or write data
in the FROM 19.

20 Now, with reference to the flowcharts in FIGS. 3,
4A, and 4B, description will be given of an operation
performed by the HDD 1 in FIG. 1 upon power-on (an
operation performed upon normal activation). FIG. 3
is a flowchart illustrating a process procedure

25 executed by the monitor program 41. FIGS. 4A and 4B

are flowcharts illustrating a process procedure

executed by a part of the main program 43 which



‘saV|ng area 61. Then, the CPU 17 executes a reset ending process (step
"214)! The reset endlng process sets the status 5 of predeterm ned signal
lines in the host systeminterface 3 and the control registers for the HDC
21 and gate array 22 to predeterm ned values. Further, an interruption by
the host system?2 is permtted. The reset ending process enables the HDD 1
(HDC 21) to 10 receive a command fromthe st _systeminterface 3. Thus,
the CPU 17 clears the status saving nmanagenent flag 62 (step 215) and uses
the BSY signal in the host systen1interface 3 to clear the busy status of
the HDD 1 (step 216%3ut t 17 enters the idle Io 15 %e it for
a command (step 217 ?ﬁeakfﬁﬁf nEFﬂFSFﬁsuPHQ Bﬁgﬁrspgtus &'ﬁtgﬁy af ter
power - on and bef or at | eagr 2 wi. t h
et onte to thleﬁ ME§ é& 85 E@ gpﬁ g% %ﬁa%Eaiﬁ%Bs %ﬁe ﬁgWgwagﬁven of

escrlptlo
a command proceS§n29thﬁﬁBt @dam{ Ehen BatbNektturing e fokd Bl | ononart
illustrating a process procedure execute by t | oop onmand wai t

loop) in the ”H'ﬁr8g99ﬁ3514§t Et& Tois aTBEO@@ba&b EHEH%tEQEhQQ a process

procedure executed by a command processing routine in 25 the main program

43. As prewiousl yrdeses) beHe snaeutheatengt mphagemenexetdlyedaypon power on
according to the main programis conpleted, the HDD 1 enters the - 23

idle |loop (step 2t¥angdlieinobheoCPUSREAMUS0t nanepelned.t oTheeptd4@ls In t he
idle I oop starting with step 401, the HDD 1 can receive a conmand fromthe
host system 2. |mavhegidéragenpntpfidgt 62nvhéd beocessesnard byexbeut ed at
respective tinme intervals before the host system 2 issues a command. In
this case, the phretRtRravned ppoteters | Aéradecheprovesshef statilmg powver to
the HDD 1 and the sel f-diagnosis process. Wien the control is transferred
to step 401 in lﬁaYh%glﬂﬁﬁag%%%nttﬁea€P€217tBBt§PHsla expeBRteal Gee(step

402). The, CPU 17 then deter omthe tiner val ye whet her or not any
process is°to bemeQe%ﬁTeﬂnfﬂl?ﬁ?§a£e?PoBr?§?§E HeeyLiree SAyeppeuEesthe to

and returns to Steb 885 BPaotah FhetSteB RBY)r ocntbBeBuREeTE. bEhERERR: od 1 n

t hi d, th d t |t t
s02 The Cel 17e%§§%%%ssSf%%ﬁ%@%%ﬁi%ar??%gpmn%%§H§£8r§n BecRALAT 0 Ster

program area 52. According to the check code 45, the
CPU 17 determines whether or not the valid main

15 program 43 is present in the main program area 52
(step 104).

As described above, the check code 45 is present
in the main program area 52. Accordingly, the check
code 45 is deleted at the same time when the main

20 program 43 is deleted for a rewrite. A value for the
check code 45 is, for example, OFFFFH. H at the end
of this value indicates that this value is
hexadecimal. After the above deletion, the status is
changed to the one described below to update the check

25 code 45 to a particular value (for example, 01234H).
With this status, a new main program 43 is written in

the main program area 52, and it is then confirmed



step 402. 20 The idle loop is used to wait for a command fromthe host

" syst'em 2. Thus, even if the idle |loop is executing processing, it is
necessary to respond to a command fromthe host system 2. Accordingly, in

t he present enbodi nent, the HDC 21, upon receiving a 25 command fromthe
host system 2, requests the CPU 17 to execute an interrupting process. In
response to this request, the CPU 17 su§peggs the process being r - 24
executed, and imedi ately sets the HDD 1 t0 have the busy status. Then, the
CPU 17 causes the programto branch fromthe idle |loop to the conmmand

rocessing routine shoawn in FIG_7. Thaj_is on recejving a 5 command

Prom the Bost - syt B it HEqdr e bopsee S cete e pr GeEesrhoY - the cPU
17 executes an interrfgting ﬁrggess?to tr gsf 5 thg contro# tg.st p 501 in
t he command processing Youtfnet*ou? %‘éetﬁ Ro hd Br?}ﬁeg% ﬁﬁ Foati ne, the

Lo det ormine. t he Typel 1 "Th" dorearal (b1 one auo= 653 5oV 18 nchBb P8 Slemn

2 has issued a r@{&wr&%@mw@gf CONPRNG, { 81 8Pa POL) (01584 PV 17
proceeds to step 503. On the ot erﬁ%%nd, It the ho%t 15(syste1£na32 hars1 i ssued

a main program wWite Camnchd %ﬁ(ﬁ‘ﬁi:&g-r]-épré P 1y B 06 dSo t EnSt 8P R12.
I f the host system has issued a command different fromthe nmain program

transfer comuanh@gidie 4R (A EM W ide Cloamdtider tiendPU 4 7tpe oceeds to
step 521 to execute 20 that command. In this case, it is assuned that the
CPU 17 proceeds dhlecit epod®d 3 Hrhd? 1a tva exe cdi £f er ool diié erent from t he
main programwite conmand. In this case, after finishing this command, the
CPU 17 transfer patsi@piar gne,o st ejs 5D8teminedptsdg, thdan2bn GPLbg7am
executes a command endi ng process. The command endi ng process includes
setting val ues 9 thaomresentegi strerthiprcagey Hie PUnl/ gereensray 22,

- 25 respectively, and clearing the busy status. After executinf%the

command éfdi ng FEEERRE Yaled dMPRL P hridife HeR 1 P ¥ HREQHFF | bdpeRghF ) (SR ep
509). Now, it f t i ted 5 - i th
(DD L 1n FIG 1 SHITE B G SR VIR ot AT ERERE oL nes 1 PORERER &4 n i Gs.
o, 4 48, O ang 1 VELA, A% d N Sl OYBIAT G, F) G by LG S a

fl owmchart showi ng a process proce e execu the mai hprogramrewite

routi ne 42, i of dr5 GORE A0 4y CPUBMMAD BELOT Sodie (1 Tl oy esen

enbodi nent, the rewriting € nmain programhas two nai
of the main program 43, described later.

15 The monitor program 41 includes not only a power-
on entry (step 101) but alsc a particular cold start
entry, described later (step 111). The monitor
program 41 is configured so that if it is executed
using the cold start entry (step 111), control is

20 transferred to step 103 after the status saving
management flag 62 has been set in the CPU-RAM 20. 1In
this case, operations similar to those performed upon
power-on are performed except for the operation of the
status saving management flag 62.

25 Here, it is assumed that the monitor program 41
branches to the main program 43 (step 105). That is,

it is assumed that control is transferred to the main



‘features A first feature is that a main programtransferred by the host
"system?2 is witten to the disk 11 according to the main program transfer
15 command, provided by the host system 2. Witing of the main programto
the disk 11 is carried out simlarly to a normal data transfer (data wite)
fromthe host system A second feature is that next tine the HDD 1 is
powered on, the main programwitten to_ZOIEhe_disk 11 is read and then
witten in the main programarea 52 of the"FROM 19. It is assuned that the
host systemissues a main programtransfer command to the HDD 1. This main

f d h . Then,
Phe’r ecei ved comEma ehaft <! 6Be i bress %Stﬁggpéée{eguﬁ%tgﬁw bed w th
eference to Cheflateerty LnfLRL 1. Lo1eR S03)ecEl LsborkinhSeo 1020

det er m ned mhether or “nhot rans er connan

received (step r@@} ran g?y en received
as in this exam!c-:ﬁ?éi'22 ¢§o§§§@fﬁﬁ an ers {he %%ﬁ%r ﬁ 092%93§%§§ 5 At step
503, data (main program ;s é%@ylﬂbﬁlgﬁi ?ﬂréﬁ‘ éééﬂsﬁéﬁt%ﬂ“a“d IS
received by the 'HDC 21 and t en stored in th RAM 25 t he CPU

17 determdes, ofedde ﬂaﬁléfcﬁhefﬂmnexag@aeoftbﬁecaéﬁyéﬁiéoarea theos
checksum whether or not the data 10 stored in the buffer RAM 25 is the

correct (valid) tiwe Cpu<rRpamspecidwedeby the seabtuprogranytnanafenesdonmand
(step 504). If the data stored in the buffer RAM 25 is not the valid main
program the CPUNHg s&l sarah raitiss atasing areal 6k indtbat CRé-BRAM 20
"abnormality" 15 (step 513). Thus, the CPU 17 aborts the processing of the
recei ved commaneXeraiot probrbad 1 zechsf er connand) (step 508). The CPU 17
then enters the idle | oop (ste 509% On the other hand, if the data
stored in the 20 buff%urt@mm25 the %&|daeﬁanﬁtp¢bgnaﬁ1tbﬁestpgu§¢s

provi des such contro] as wjtes the data (majn to the disk 11
(step 50§) TherPt t?%9Q§iJ%Fn%%télqmﬁfﬁ%ﬁ@|§%g?£ gs%“f?%% DAST sE¥FEEMI n

th 52 of the FROM tep 506) . Bef t he. 25 dat
(i 1 pr ogr o) UG RH TR {hSTE CretAtE 250 gw%fee}a? AER0GF SRYSHSM: he

rewrite request f1ag dfad@scht ALl 268t (L @58 Ing Chal Qe REAEPE £ag CEEFFH At

is set. The host system intexrface 3 is, for example,
an ATA interface. The host system interface 3

15 contains a BSY (Busy) signal, DASP (Device Active
Slave Present) signal, and a RESET signal. Actually,
the BSY is not a signal unique to the host system
interface 3. That is, the BSY is a particular bit
(BSY bit) in a status register which can be read from

20 the HDD 1 via the host system interface 3 by the host
system 2. In the present embodiment, for
simplification of the description, the status
indicated by the BSY bit is treated as the status of a
particular interface signal indicative of the BSY in

25 the host system interface 3. The BSY indicates that
the device (in this case, the HDD 1) connected to the

host system interface 3 cannot receive any commands



- 27 step 302. If the rewite request flag 44 is set at OFFFFH, this neans
“that' the rewiting of the nain program has not been requested. The CPU 17
thus wites the main programto the disk 11 and then sets 5 the rewite
request flag 44 to a value other than OFFFFH at the above step 506. Thus,
the rewite request flag 44 transfers to a status indicating that the
rewiting of the main program has been £qu?st§d. After executing step 506,
the CPU 17 sets the end 10 status to indicate "normal" (step 507). The CPU
17 thus ends processing the received command nornmally (main program
transfer commuand st 08). Then, the U 1l7 enters the idle |logp (step
500) - 11 19 AeouiAT (iR KRG Ay SHE (4 o 1oPPE et 5 pOsEie bUBpry -t he
host system 2 (and the HDD 1) is_.interrupted and subsequently_recoyered. In
(his case. 1 he QHG (PG (OMICETE Vit | iE auir b Toneatabht s ST hL

& "hover ed on (Sten 20 5 E 1 e S 2 o REHEY 1Bhe IR0t ana 201
to 209 as in thegaseuiddyids aplalind @erfa ned dud 1ge heppog mal

activation acconpanyi nhg power-on, previously descri en at step 210,

the CPU 1% ref engioes ddteisil aldty i dder{&die Bﬁ%@@ivﬂﬁ%%@%}&%

determne fromthis status whether or not the rewiting of e main program
has been requestgndin t hehCapsoisifianIed S&hdved i ocitbeareyride -

28 request flag 44 has been initialized to OFFFFH. In this case, it is
determ ned t hat ddwenareivlids ngeeaf rdveineed iddrafobastinotcdieesnd eguest ed.
The control is transferred to step 211. On the other hand, in this 5

exanpl e, the rewtdare theglestt fdwafem hacctsseslytibeetisket bErauRESEhe
previously described nmain programtransfer conmmand has been executed. |f
the HDD 1 is povier eéd ronad tufied siatkeselh Hperdeviee i Eerioremanedmied is
different fromthat perforned for the normal 10 activation, as descri bed

bel ow. FilOst, attq HEQRAE steFononterfiaceiet er MR REHE $HEdbw i ting of

the mai n program has been requested. In this case, the CPUY 17 branches to
step 251 in orde &Y e%rqqagﬂtﬁﬁ mfh 1 fff A4 LY R %%?t?%ﬁt@ﬁ t he

i 15 52 of the F A 251, she CPU 17 i d
Cuch Contr ol as 4 SA HS Tt oG A 9T ert Yo The L PTICERE Then

such control as reads €

stores it in the varighle arga 63,08 {he pwqgfglg%gggg?a%goégig ggﬁg?ethe

variable area 63 is used as a tenpd%ary program t he
mai n programis Agihng fiRAEHY oM (s dhsindd wite 188 F Yo PT1Q0€SEh dBYh &ex

executed owing to a read error. In such a case, nmuch tinme is required to
read theimai n praagieams Therchd e ireWidd g frdde52 matches the
particular value (01234H) (step 203). 1If the check
code 45 does not match the particular value, the CPU
17 determines that the check code 45 has an incorrect
value. In other words, the CPU 17 determines that the
20 valid main program 43 is absent from the main program
area 52 and that the main program 43 thus has not been
completely rewritten. In this case, the CPU 17
transfers the control to step 231. Step 231
constitutes a part of operation of rewriting the main
25 program. In contrast, if the check code 45 matches

the particular value, the CPU 17 proceeds to step 204

to check the value for the status saving management



.25 main program 43, stored in the main program area 52, may be delayed to
“prol'ong the total activation tinme. Thus, the present enbodi ment neasures
the tine - 29 (duration) required fromthe power-on of the HDD 1 until
the main programis conpletely read out. If the nmeasured duration exceeds a
predetermned tine (specified tine), the main program43 is not 5
rewitten. The CPU 17 thus conpares the_duigtign of conplete reading of the
main programwth the specified tinme (step 252). If the duration of

conpl ete readi ng exceeds the specified time, the CPU 17 transfers the
control to step:£f£ éri S i s because 10 the CPU 17 perfornms an operation
simlar to that peﬁ%ornbd if the rewiting of the main program has not been

request ed (that is,a??%ogﬁéfgéé%h§i§g¢fg t%ﬁﬁ%ﬁém@ﬁff9i$§d6£°ﬁi§h§ogor”al

activation). Thus, oug erewitin € maln program I'S del ayed

at 15 least tillpddie Naxt HQWRIpPN7 tﬁ%&g@ﬁs& G dyp o £ BSe PEGMEN €d

fromincreasing uselessly. It 1s also possible to use a tiner that counts a
specified tine afd@ialPoel At ddweratadd. ofat e @f, thee @M 17
program . The use of this timer enables the control 20 to be transferred to
step 211 i the waits Faxgriaa ifodtots el & ety ¢Bedh Otlie evedetafld esnd he
timer has counted the specified tinme. If the main programis conpletely
read out within (HESEDpexidriadd tinrethd e 4GP st aelet e mBscavh®t heTheat, 25 not
the main programread fromthe disk 11 and then stored in the buffer RAM 25
is normal (stepmsy el xEHL Sidraldeteraiertedn Tan GRU nitlestarts zamg,

for - 30 exanple, the calculation of the checksum |f the main program
stored in the b@EFEVFAMP DT 3iogralto tarticrare 7the ovdeds3 t tsterep 256. In
contrast, if the main programstored in the buffer RAM 25 is_abnormal, the
5 CPU 17 transf &%®)t-he 1ot it i i oPerathi it det R msedudnt |y perform

an operation simlar ta that perfaqrned, for t ormal _activation. If the

CPU has brooceed&?qatorosjt gzgéfe imtoqct%ndr]bll"éerf %C Rjoé'or W i%sS 19S% td stop
driving the SPM in 10 or to. rewit he. i rogram.43. riving
of the SPM 13 i sc]egrtanphiﬁled"l Irboélglgirjsoefo lZn\rllgr tJhsg Itr%at nlrrlgerdc:gkg%%qr@ ﬁ'hse rseﬁie]t?en, a

he st i | . J
orecl ude the SPHES S1d T UGMOT5 11 O el 5T ol | B> Even ‘then the GPU

preclude the SPM 13 and t el ng contro _
15 17 causes thesddiidg e 23MvhY ity RpSioppad, dhe M 1B waskddues

rotating because of inertia. Much tinme is thus required before the
rotational speedoftidercsRMskRy earhes thqrtedel e i etby alie. s tlhusy

i mredi ately after causing the driving of the SPM 13 to 20 be stopped at
step 256,15 he CRUthkitararisfsrase e Gentredclend St epridbequerittiont seardraig f or
the rotational speed of the SPM 13 to reach the predetermined value. At
step 257, the CReprp chitazitiaa hi tdursten 130 s arstenasesed smnatranesy of
the HDD 1. The CPU_17 then .
with the process of activating the SPM 13,
At step 207, the CPU 17 determines whether each
of the devices connected to the host system interface
20 3 is used as a master or a slave, as described below.
One of the devices is the HDD 1. First, if the HDD 1
is used as a slave device, the CPU 17 activates the
DASP signal in the host system interface 3 in order to
notify the master device of the presence of the HDD 1.
25 In contrast, if the HDD 1 is not used as a slave
device, the CPU 17 detects the status of the DASP in

the host system interface 3 to check whether or not



25 saves information (status information) indicative of the set statuses
obtained to the status saving area 61, provided in the CPU-RAM 20. The
processi ng at - 31 step 257 is executed to restore the current set
statuses after the control has been transferred to a new program 43 as a
result of the changing of the nmain program 43 stored in the FROM 19 to this
new program 5 Then, the CPU 17 copies the in programrewite routine 42,
saved to the main programarea 52 of the F 19, to the variable area 63
of the CPU-RAM 20 (step 258). The reason why this process is executed wll
be described below. Frst, .to.rewite the in_ 10 prpgram43, .the main
programrewite FH0tS aevizc,ie%‘i:%hl%x%E‘fﬁ%%g?heT?%Wi ggﬁg&ﬁslyequi red.
However, while t i 43 | el pg j | e, FROM 19
&‘ﬁ%&é’é Q%S‘E‘i}l%éé ééclzﬂ? oF tﬂg"‘é&iSQ% &Qﬁn%{?%é& 455

i s inaccessible. I's case, nain programrewite rou cannot

be run on the F ) i ese di t rrangenent
is a‘Sm ied in m@:%]]*?%&‘l%%gy%’? %’E%é% 1%,% hgg@rr(gi %gﬁgoﬁ?iﬁ??e% fo

routine 42 is rugn on the CPU-RAM 20. Thus, at the above step 258, the namin
programrewite routine 42 is copied fromthe nmain programarea 52 of 20
the FROM 19 to the Yalﬁb\ﬂl)'&e@éﬁgpﬁﬁo@fwlbf 6BUy M 285 dperB®RiBnBr ogram
rewwite routine 42 is configured to run on the variable area 63 of the
CPU- RAM 20 t o caoretfdemed nif niprogréen ¢ emthéd ngt ptesesisoeadstdgn2bsanch to
the start of the main program43. 25 After conpletely copying the main
programrewite ftlout i thee 42tdioud hea CRWY Ridh 2Periash epf PHG) 62 t hes Chekd 7
branches to a particular address in the variable area - 32 63 of the
CPU- RAM 20. The THU 17Fi¥gals ctheestaties nsa wipy opprrageront t 8lagub? nks 42
being copied to the variable area 63 of the CPU-RAM 20 to run on the CPU
RAM 20 (step 259)QTt THRE OPWadi g tefkY tBEL PP F~B1 pr offrakn 43, aklkerding to
the main programrewite routine 42 as described pelow. The FROM 19 is
charact eri%ed i P 3SRV ARPIEEMRR Wl 139 t bentF St hel EROVEREt new dat a
cannot be additignally. witten in thﬁfrea Ln_which the first 10 data is
being witten. THETTFSEOR HE® R BETHF sp%lFt%rrP‘r%%ta%%”ae? teH Hifore new

data can be wi tgtgaaptdg 5%"’&1 _r%j‘zrm{%s%eg%gri%{%ﬂ%é&pg fhe l,g_:%]trol to

the main programrewite routine etes all data on the

AU N pr ogr am ar 6% 82 ofnd her FRQM I8 145 (55571 302)1.JU Serlel £1 g6ep0j.-onl y

the main program 43 but also the main programrewlite routine 42, e
rewite request dilag Aot tdestlecdndodes 40 1a060 t ies Bheskssin e Then, the
CPU 17 sequentially wites the nmain programstored in the buffer RAM 25 in
the mai n 1220 progriamalr €airbeds afn tites FR(GM 19y 4 sdre pi BOS) fadde3 progd agn t hus
stored is the new main program43. At this tine, the main programrewite
routine mode specified by the host system 2. These statuses

[l
)

(set statuses) must be retained. Thus, if the status
saving management flag 62 has been set, step 221 or
213 is executed instead of steps 205 to 207, described

20 later. At step 221, an operation is performed to
activate the SPM 13 as in the case with the above step
206. This activating operation is started without
waiting for clearing the reset signal in the host
system interface 3. Further, in the present

25 embodiment, the master or slave set status must be
retained. Consequently, the processing corresponding

to step 207 is not executed. The statuses of the HDD



acconpanying the main programis also witten in the main programarea 52
‘as the main programrewite 25 routine 42. It is assuned that the new main
program 43 has been conpletely witten nornmally (step 304). In this - 33
case, the CPU 17 branches the main programrewite routine 42 to the start
(step 201) of the main program43 (step 305). On the other hand, if the new
mai n program 43 has not been witten nocmablyy (step 304), 5 the CPU 17
determ nes that the new main program43 is |nvaI|d In this case, the CPU
17 branches the main progran1reMW|te routine 42 to a particular cold start

entry (step 311), aHe@hga%ngé ggg % égﬁg&ghaly 10 written

normal |y and then e co r ol TAnsterred Pn 5Fogran143

(step 201), an ip %&t@ é&'ﬂgi négggﬁﬁhha @ﬁscaaﬁ@eggﬁag] gg%ﬁggﬁe%%dt he

previ ously descri ranc e nonrtor pr nmail n

program 43 (stept@0e Jhhtud! LoWengherda G@'t'@hbzéEhgﬂsgg g&chnaeghpon
(each 1C) of the HDD 1 and of the variable area 63 of the CPU RAM 20. Then,

the CPU 17 exam nesré heestegkdcoees#spi n18he main program area 52 (sep
203). In this stage, the check code 45 has not been witten yet. That is,

the check 20 code 45 Wkestthé bpetr&8ibni bfabktzedastiagerhknspl s3case, the
CPU 17 branches to step 231. As descri bed above, in the present enbodi nent,
while the main psiogribed 48t i stéei 291 f ethét CBU, ekbeuteset pedEedsapadkiien
shown in the flowharts in 25 FIGS. 4A and 4B is executed a nunber of timnes
using different m%@¢$SSTh@t¢pth@8progTbﬁ1selﬁcduagnoSishproeesB process
portion, notably the branching - conditions are preferably conmmon to

the new main pr ofr&hdss @ﬂ@%ksb@%nﬁh¢n5R@% 59 eptR81CPYHRAMPRO] 7andst s
ol Todi agnosi s Pt eet Criy KaY 45 t nike cHERGren &t PRBCHIBai bOSI J*B¥ecr | bed
it er rupiton to he rRERS etlulr BLERGER Srefrerotl Fof EhrottRe for
executing a Commgxoa%fﬁg g9, copREthdex i FELdLrdEESLAINGS L pAL Ne
data stored in the main program area 52 is stored in
the area 52. However, the rewrite request flag 41 and
check code 45, contained in the data stored in the
15 main program area 52, are not involved in the
calculation of the checksum 46. Further, in checking
the CPU-RAM 20, it is necessary to avoid destroying
the status saving management flag 62 and the contents
of the status saving area 61.
20 After completing the self-diagnosis process at
step 208, the CPU 17 waits for the SPM 13 to reach the
steady rotational state (step 209). Once the SPM 13
reaches the steady rotational state, the CPU 17
determines from the status (value) of the rewrite
25 request flag 44 whether or not the rewriting of the

main program has been requested (step 210). If the

rewrite request flag 44 has an initialized status



the tests at step 231 whether the new main program 43 operates normally
"(step 232). If the new nmain program 43 operates nornmally, the CPU 17
determ nes that the main program 43 has been witten correctly. In this 15
case, the CPU 17 wites the check code 45 of the particular value (01234H)
in the main program 52 (step 233). Once step 233 has been executed, the
operation of witing the new main program 43 is conpleted normally. Then,
to check whether or not the operation 20 of witing the new main program 43
is conpleted normally, the CPU 17 executes the nonitor program4l fromits
head (step 234). (fipwe , i{or 1 S t ach _to the
power-on entry (gtep %%gﬁ %%% @g@t 2 %%%%gﬁggéngggg Eggdrgpggggg%tPE (step

25 111). This i s:pecpuos Shesiathisesnot bbensianabstiaes i theshost

systeminterface 3 cannot anged e main programis i ng

rewitten and begcadise the GPy ihepsghcgtatusestep the HPD.Egsaved at the
above step 257 nust be restored according to the new main program 43. After

branching to theegottsStstmEnt 4yt{sd€pod. 111, cobherskY, 17£f thet sets the
status saving managenent flag 62, arranged in the CPU-RAM 20 (step 112).
Then, the 3CPU 17rexertk esequesthi fladii 44 nigapr acesatst épfE63enasfiromt he case
with the previously described operation perfornmed upon power-on (step 10
101). Thi s oper athenimifizlszé¢d ome hathpefPOr hidddepenmingaethatekheafter)
power-on in that the initializing process (step 103) is not executed after
the status savi niewishapeent theguein npsogean hescbeent epauesfedut ahter
the status saving nanagenent flag 62 has 15 been set (step 112). After
executing the iﬂ%%4%1¢%$%g e Yste%eqnsys enBaepUPI?988Per ni nes

whet her or not the correct check code 45 has_?een mwiégin in the main
program area 52 {{ep-i%%)Progethi StHoF HRd of 1R netePhe Lheck80m@dBe 45 of

LEig‘r’SH}iavééfﬁﬁégoﬁl%?irc%&%f%§&%€$ B S RECoBhERBRd bRE - cxccute
_ _ _ Hies Ty StEp- 1
executing an i i1 al 15T ng o oabse A (Shap 205) TErnG tBh [9Cugteres

whet her or not ther£ordestaLhesk crdegfsxhas, begneyetbtennbpphie main
program area 52 as in the case with the above step 104 - 36 (step 203).

Also as with thegboversdep 1e dystemdeiesmnetudbat at herebeckeeede 45 of
the correct value (01234H) has been witten in the main programarea 52. In

this case, the QPl&tl7ard ancfremmd ol aii epe20dyt bhd Heser syseemhet heTher not
t he status savi ng managenent
15 defect sector list shows a list of defect sectors
present on the disk 11. The CPU 17 allows the
statuses of the HDD 1 to reflect the system data read
from the disk 11. Then, the CPU 17 determines whether
or not the status saving management flag 62 has been
20 set in a predetermined area of the CPU-RAM 20 (step
212). If the status saving management flag 62 has
been set, the CPU allows the statuses of the HDD 1 to
reflect the contents of the status saving area 61 of
the CPU-RAM 20 (step 213). That is, the CPU 17
25 restores the statuses of the HDD 1 according to the

read system data and the contents of the status saving

area 61l. In this case, the contents set at step 211



flag 62 has been set. Step 204 is executed during the main program 43

“ branching fromthe nonitor program4l. In this case, the nonitor program 41l
starts with the cold start 10 entry (step 111). At step 112, follow ng the
cold start entry (step 111), the status saving nanagenent flag 62 is set.
Accordingly, it is determned at step 204 that the status saving nanagenent
flag 62 has been set. If the status savingppanagenent flag 62 has been 15
set, the CPU 17 branches to step 221 so as to prevent changes in the naster
or slave set status and in the statuses of the signal lines in the host

out only the actianiren v PR erTEh obfe, SenfbiRer Y FhE"ERET D exocut os

a sel f-di agnosi sq pFogessrdst 208) as in the case with the normal
activation. Theﬁ? ond% t% S§£413 reaches the steady rotational state (step

209), the CPU 17 detefgipestheofphe7vakbeutes hheekewW khaihgdpeskellsag 44
whet her 25 or not the rewiting of the main program has beenrequested

(step 210). In thiseaseq) t herhlel ets68 epeinyi proBesEoLEed BheskeRtd@2 has
cl eared the - 37 rewite request flag 44. The CPU 17 thus determ nes

that the reewitic pfeddicermlmedropgral hasnaot iheeher Rgeessgdtemhen, the
CPU 17 reads the systemdata recorded on the disk 11 and allows the
statuses of the ntdEfdce o3 rafid echetdostdal arégispelilfoastha HPE 2ase with
the normal activation. Then, the CPU 17 determ nes whether or not the
status savi ng nmeardecdrir dtbay 622 hte beedetermigedpvalas.| nFuktbetase, the
status savi ng managenent flag 10 62 has been set. The CPU 17 thus reads the
status infornati®dh SRERFYRCIPR BY athe RS ngYFRARgentAt PAFBATESd¢step 257)

before the main programis rewitten. It then allows fhe current at uses
of the HDD 1 to Thf EaTet rndbho REPGRES SRAbhES HEERLHPHLcAHDH BY) (K8 15

the DD 140 1t hoC$TEeehCBRMETS TRELHEIR B oor ShTFEnr SUEREEERS Baring
L oS! LL09, DEARES S TEatO 0158 ok, SLER L1, IR R8EREH: 0 (e
L0 L0, E10, % oS FESPRUAIEASE SOATBlapciiuionglnal o engomERt I
loop (step 217) d@stem interface 3 to clear the busy status of the HDD
1 (step 216). Then, the CPU 17 enters the idle loop
15 to wait for a command (step 217). The HDD 1 maintains
the busy status immediately after power-on and before
the busy status is cleared at step 215.
Now, with reference to the flowcharts in FIGS. 6
and 7, description will be given of a command process
20 executed by the HDD 1 in FIG. 1. FIG. 6 is a
flowchart illustrating a process procedure executed by
the idle loop (command wait loop) in the main program
43, FIG. 7 is a flowchart illustrating a process
procedure executed by a command processing routine in
25 the main program 43. As previously described, once

the reset process executed upon power-on according to

the main program is completed, the HDD 1 enters the



.conpl ete the activating process after power-on, 25 including the rewiting
“of the main program 43. In the present enbodi nent, the HDDL mai ntains the
busy status after power-on and before step 216 in the - 38 new nain
program 43 is executed to clear the busy status, as well as while the main
programis being rewitten and reactivated. Thus, the host system 2 sinply
recogni zes that the tinme required to acLin?e % the HDD 1 upon power-on has
i ncreased. Furthernore, in the present enbodi nent, the master or slave set
status, set by the processing at step 207 according to the unchanged nain
program 43, and o] t es t l.ar st.ar th
statuses 10 pres%ﬁ?eb%Pgée%gﬁgﬁrg&??fe.?%ﬁaggpgggﬁnlghghggeggéaaggéﬁﬁ nt,

the master or s|gyesegp §0alUSTANGALNGRLNEEOSCL (ALAlELS 0 LheyHRRL are

simlar to those present during the normal "activation. “Thuds, in the present
embodi ment, the gR&NHPDOYr agh4BecEanvbealaofifiwhiyt FeBmMhBOUbsRf kS&liend the
operation of the host system 2. As described above, in the presént

embodi nent, the 2ewInitgeoidlbelovpp pregeasrinsnedr predeegbsagra part of
the activating process performed upon 20 power-on. Further, in the present
enbodi nent$ the exéoupedgatinrespeatsvebtimewinteenaby batdsiregthleehbest
system 2 to issue a particular command (nmain programwite conmand) to the
HDD 1 after the $%$heprdgiasnes aastemmgnduandn 26iw thseef €hence to FI GS.
4B, 5, and 7, description will be given below of the rewiting of the main
program accor di ngredetpEniped progeancar ineledamandrocess30f Favdng it is
assuned that the host system 2 has issued a main programtransfer conmmand
to the HDD 1. | rPeWes taskhet Bl rhi angr bheafirl fafsREROESMBRECEER -t he

command processing roytine, is executed to wite to 5 the disk 11 the new
mai n progran1transferwéﬁnb§h?h80ﬂg§?is§§tgﬁ???f?FrP§ tar ehep 49durBd t hat

o1 0gr am W L coTBri S 1 i Rane] cbbi VERIB) t AeCHBG 21 1R 1APEPease,

program wite comrand, whi ¢ en recelve e

the CPU LT 10 defosim nomd apyt e H06n 2d:b851 £GE1 KEMly( BROTRLACD! QETAD

wite command, in the command processing routine ihn

CPU 17 then branghesnd® St eo2odn{eptbdedy £ONEAI Bédekéc&{iédr%e%ﬂ%ocess
portion of the main program43. After 15 branching to step 253, the CPU 17

rewite the mairpgriogd apgéido s4o3ed i nfthey MBiHcOE01aNtarea &2eastkq the
case with the rewiting of the main programcarried out upon power-on

(steps 254 to 25 aridi 80det oB05)he TOEM, L DNeLethee FBLNL B PPEBEE43 (E8ep
conpletely 20 rewitten, the busy status is cleared to allow a conmand to
be recei viéd. In 4M)s amthneetusventd fstée 482 n pIongcantisst, if no
processes are to be executed in this period, the CPU
17 executes nothing and transfers the control to step
402. The CPU 17 repeats a process starting with
step 402,
20 The idle loop is used to wait for a command from
the host system 2. Thus, even if the idle loop is
executing processing, it is necessary to respond to a
command from the host system 2. Accordingly, in the
present embodiment, the HDC 21, upon receiving a
25 command from the host system 2, requests the CPU 17 to

execute an interrupting process. 1In response to this

request, the CPU 17 suspends the process being



.rewritten according to the main programwite conmand, the host system 2

" sinmply recognizes that it has 25 executed the single main programwite
command. Also in this case, after the nain program 43 has been rewitten,
the set statuses of the HDD 1 are restored - 40 to those present before
the rewiting. Thus, the main program43 can be rewitten w thout affecting
t he subsequent operations of the host_systfem 2. In the above descri bed
enbodi ment, the main programtransfer 5 command and the main programwite
command are provided separately. However, a single command (mai n program

cormar rately. _ i
To-achi eve 1 niateq ity Hid Sl ols BB D hactall o (2 ep 10
253) rather thHaLeXAGHING e PONIANG AT ORI 05LSSL ShERPOR) cbn the

main programtra conmand” pr'ocessi ng routine. nner, in the

present enbodiggelan Ifydha HP d1d sy o Al %ﬁﬂas%% @f&@ésﬁﬁﬁﬂd | ssued

by 15 the host system 2, e program (‘new progra I ed i's

command is wWiddgidd disertOR Fr1d h 1 hi sricase; s t hgod ocessiptng o the
program transfer comand ends wi thout rewiting the main program 43 stored

in the BROM 1&omitehdref donpridgy a3 dyiettamvra twleinl ¢isting 281 & heosew $r ogr am
already witten to the disk 11 next tinme the HDD 1 is powered on. The
rewiting of theeawiinmpmogramstihg,s e OB | Caldyecares emh out as a part of
the activating process executed when the HDD 1 is powered on. This enables
the mai n progriahesIuntomel PPdass Ho RRGM A nfthdecHDDrdl too betepw i tten
regardl ess of the architecture of the host system 2. Further, to rewite
the main progrdh 43 thfe qpeutan IraResigrg roulgiineonly to execute a
program transfer command. Consequentl|ly, no conplicated procedures are
requi red. The presdiTEhodiHerAnRant tPERCeF | Joreiret eLRReCRY obf am

accordiing to an instruction from ost 5 system 2 havi of various
archité@tures?qQ?%Wﬁ§%nﬁR%9dggi#ﬁggéﬂemﬁxﬁqﬁﬁﬁﬁéq*ﬁ§$ﬁ%ggﬁﬁg%ﬁvention i's
applied to a r j [iV (lg]@. wever, the present invention is also
applicabl e torilgjlsgckCE rsll%vegns 2| ﬁ:ogeneerea mlsuechtenaes tn%f)gene %-tgb i%%wln%rilésk 10 drives

appl | o di'Sic ™ stion' “opti ¢ 0 dri ve
o i the di K Rod O adi Y ondl® Advant See Thd i T Lt Brer |

data in the di t'i‘'ona ications w ||

readi |y 0CCUT s hRsRy Sl I8t d b Remidng ThAr&S o) 1 hend nvetipn in its
broader aspects is not" limted to 15 the specific details and
represent ati vgpreyeedisTay Step 503. On the other hand, if the host
15 system 2 has issued a main program write command (step
511), the CPU 17 proceeds to step 512. 1If the host
system has issued a command different from the main
program transfer command or the main program write
command, the CPU 17 proceeds to step 521 to execute
20 that command. In this case, it is assumed that the
CPU 17 proceeds to step 503 or 521 to execute a
command different from the main program write command.
In this case, after finishing this command, the CPU 17
transfers the control to step 508. At step 508, the
25 CPU 17 executes a command ending process. The command

ending process includes setting values for the control

registers for the HDC 21 and gate array 22,



shown and described herein. Accordingly, various nodifications may be nmade
‘wi thout departing fromthe spirit or scope of the general inventive concept
as defined by the appended clains and their equival ents. - 42 WHAT IS
CLAIMED IS: 1. A nmethod of rewiting a programstored in a nonvolatile
menory in a disk drive in which control including that of accesses to a
disk mediumis 5 executed in accordance_w b the program the nethod
conprising: witing a program specified by a programtransfer command for
transfer of a program to the disk medi um upon receiving the program

{ranster command,fEgae; 40, (094,35 el AT RCENLLNG AR Bt gty pr ocess

to activate the dis rive fh accordance ogram st or i'n the

nonvol ati | e memogycuhienntnendi skniihieehdiAgMREEL.a8, the execuying an

activating process including 15 rewiting t program store n the

nonvol atile menopyanéh88 £BEtREOYAAR) Whbbt 8BakiA f(Beegl Skoyedi um according
to the programtransfer conmand. 2. The nmethod according to claim1,

further conprising sembwgr@wtarc&dér e ithe magqueplrolgragh 2&ddcideeRtugys t hat
the program stored in the nonvolatile nmenory nmust be rewitten, in the
nonvol ati |® nenopywen-ancbndaheeHdbdt b theFwsi.t ingiofl beedpseghidedt withe
di sk nmedium and wherein the programstored in the nonvolatile 25 nenory is
rewitten if thereééredncewtot eheeflewthktig iis FEGS.N3t hédAnokdRol &, i ked
menory. 3. The nethod according to claim1l, wherein the
7 as well as the flowchart in FIG. 5. FIG. 5 is a
flowchart showing a process procedure executed by the
main program rewrite routine 42, which is copied to
10 the CPU-RAM 20 before use. In the present embodiment,
the rewriting of the main program has two main
features. A first feature is that a main program
transferred by the host system 2 is written to the
disk 11 according to the main program transfer
15 command, provided by the host system 2. Writing of
the main program to the disk 11 is carried out
similarly to a normal data transfer (data write) from
the host system. A second feature is that next time
the HDD 1 is powered on, the main program written to
20 the disk 11 is read and then written in the main
program area 52 of the FROM 19.

It is assumed that the host system issues a main
program transfer command to the HDD 1. This main
program transfer command is received by the HDC 21 in

25 the HDD 1. Then, the received command starts to be

processed as previously described with reference to

the flowchart in FIG. 7 (step 501). First, it is



- 43, executing an activating process includes conparing a duration of
‘conpl ete reading of the programwitten to the disk nediumin accordance
with the programtransfer command, with a predetermned tinme; and 5 the
rewiting of the programis hindered if the duration exceeds the
predetermned tine, and in the executing an activating process, the
activating process is continued by assum ngthat a programused to rewite
t he program has not been witten to the 10 di sk nedium 4. The net hod
according to claiml, wherein the executing an activating process includes

iti th d.th it chi t ti f
obt ai ned af ter tRE-FEM I TR nGACHRAT 15t R abPEvAETRg pPacals FEPEEAY nued in
accordance, W Lh SamAR RLOOH AL, OPLAL0GGAN LEL,! Bo} W Il Ble BagBhe TEL O
according to clarm4, "wherein e éexecufrng an activating process i ncl udes

rewiting the pr?ﬂé@f&ﬁ“ﬁréﬂ@?ef08%#§§Bg285??BF%H$§@§$&9E895@”&%0tBQEai”Ed

after the rewiting operates norna eterm ned that the new

program obt ai nede i1} hent ebist | N0+ PRREALBS BHE”Bbhiroiggoa§E$Ea%b@9

process is continued in accordance with the new program 6. e met hod

according 30 cl ahtn dtephB08) Ndhbe execht pREgaANACED¥ALFAgdPHYCEEs mAGhudes:
rewiting the programand confirmng that the new - 44 program obtai ned
after the rew i tpnggomer it assfier nabhyandndsi tectivedcbyf thaedDChatl the new
program obtained after the rewiting operates normally, witing 5
particul ar i nforbeenontopved hennbheobaffér RBMDRY,. t ibennf btheaCPON17
indicating that the new programis normal; and wherein if the particul ar
information is wi¢teEpinesi hennbheobasisechenbey, ekhBPacti ¢heing process is
10 continued in accordance with the new program obtai ned after the
rewiting. 7. ThedhethdbleRcof dihg coeekaii eWwhetihekeprcBapr tBEngata

det erm nihg whet her the, particul i nf or ion 15 has been witt to the
nonvolati#@ merof YO $% cB?%é?%g%ﬁft%A%ng%n?Fo%hBrGGFEﬁFFnégﬁiﬁggnt of the

programto be r%%giﬁt§¥5g9§9 specified by the main program transfer

command (step 504). If the data stored in the buffer
RAM 25 is not the valid main program, the CPU 17 sets
an end status to a value indicative of “abnormality”

15 (step 513). Thus, the CPU 17 aborts the processing of
the received command (main program transfer command)
(step 508). The CPU 17 then enters the idle loop
(step 509).

On the other hand, if the data stored in the

20 buffer RAM 25 is the valid main program, the CPU 17
provides such control as writes the data (main
program) to the disk 11 (step 505). Then, the CPU 17
sets the rewrite request flag 44, stored in the main
program area 52 of the FROM 19 (step 506). Before the

25 data (main program) stored in the buffer RAM 25 is
written in the disk 11, the rewrite request flag 44

was initialized (reset) to, for example, OFFFFH at



iIf it is determined that the particular information has not been witten to
‘the nonvol atile 20 nenory, continuing execution of the nonitor program

i nstead of execution of the new program obtained after the rewiting. 8.
The net hod according to claim7, wherein the nonitor programincludes a
command wait |loop to wait 25 for a command fromthe host systemif it is
determ ned that the particular informtiony,has_not been witten to the
nonvol atil e nmenory. - 45 9. The nmethod according to claim8, wherein the
nmonitor programincludes a processing routine operating if a particular

comand 1o 1 ew i{e.} hgoyai iy progiap s £ eeLysdeUELDg Fhe; coumRNgpwai t

l oop, to 5 rewite the programstore e nonvolatrl & nenory using a

program speci f i egpPyri Ner SOSMEEGh s 10nad h@hgewwfi@ﬁﬁgrgknahgomghﬁi m 1,

wherein the executing an activating process Includes? saving status

i nfor mat i on i ndigadden Had S @tnSerd Or Ofubbeedi Skrdei ypyal 7t bakspoi nt of
time, before the programis rewitten after the programhas been rewitten,

executing an iniyiitégifige PIOTESSrod4® Bo NEBE 8YSkem i ghgr fRER BAELBt ai ns
the sane status as that present before the 15 programis rewitten, the
host syst ém i nt eti@csewoinectéqoedthef hogt 48ysd ean antlué hetHesktHahve
together, the status of the host systeminterface containing a busy status
set when the di SkFtFiieat stippweraede ositerand020 aThes, t beepregrabehas been
rewitten, restoring a status of the disk drive in accordance with the
stat us i nf or mat i 03AERSedt g ot trRnpFeE? abe i@ PeakEustdpdicating that

the rewriting of the main program has been requested.
After executing step 506, the CPU 17 sets the end

10 status to indicate “normal” (step 507). The CPU 17
thus ends processing the received command normally
(main program transfer command) (step 508). Then, the
CPU 17 enters the idle loop (step 509).

It is assumed that during the idle loop, the

15 power supply to the host system 2 (and the HDD 1) is
interrupted and subsequently recovered. In this case,
the CPU 17 starts an activating operation associated
with rewriting of the main program 43 as described
below. First, when the HDD 1 is powered on (step

20 101), the CPU 17 executes steps 102 to 105 and 201 to
209 as in the case with the operation performed during
the normal activation accompanying power-on,
previously described. Then at step 210, the CPU 17
references the status of the rewrite request flag 44

25 to determine from this status whether or not the
rewriting of the main program has been requested.

In the case of the normal activation, the rewrite



11. The nethod according to claim 10, wherein the executing an activating
"process includes clearing the 25 busy status after the status of the disk
drive has been restored. 12. The method according to claim1, wherein the
- 46 programis also rewitten if the host system provides the disk drive
with a programwite command specifying witing of a program when the
program speci fied by the programtransfer egmmand has been witten to the
disk 5 medium 13. The nethod according to claim1, further conprising
stopping a spindle not or which rotates the di sk nediumwhen the programis

rewitten. Pé%ﬁgéPoﬁlﬁgcgﬁthQ %8e8'§k§k1alﬁQ8deE% b?gF%% Pragram

stored in the nonv tile nory contalns a programrewl routine to

rewite the progiaiy d3sehernekhgd achohdhngnte Eh@'?b%%atwﬂétg%
conpri sing copying the programrewite roufine to a menory he program

is rewitten, angaif whegein hhs ﬁb@gb@ahssreaaesvcedt herpanvghatphe jemory
is rewitten in accordance with the programrewite routine copied to the

nmenory. 16. A diskadsf¥eréd wbi shepopiiol bDACkHdi BEnbRahaal,a¢aesses to a
di sk mediumis executed in accordance 20 with a program t he pr ogram bei ng

stored is & nonvekample, meheryewtbeedrefudstvelagnpri AkBgalieady been
witing a programspecified by a programtransfer command for transfer of a
program to the sieskbereaisen tpenprecvioushy thecpibgdametnapgbgtad5 command
froma host system and neans for executing an activating process to
transfer command has been executed. If the HDD 1 is
powered on in this state, an operation is performed
which is different from that performed for the normal
10 activation, as described below. First, at the above
step 210, it is determined that the rewriting of the
main program has been requested. 1In this case, the
CPU 17 branches to step 251 in order to rewrite the
main program 43 currently written in the main program
15 area 52 of the FROM 19. At step 251, the CPU 17
provides such control as reads the main program
written to the disk 11 and then stores it in the
variable area 63 of the buffer RAM 25. 1In this case,
the variable area 63 is used as a temporary program
20 storage area.
While the main program is being read from the
disk 11, a retry process may be executed owing to a
read error. In such a case, much time is required to
read the main program. Then, the rewriting of the
25 main program 43, stored in the main program area 52,

may be delayed to prolong the total activation time.

Thus, the present embodiment measures the time



,activate the disk drive in accordance with the program - 47 stored in
“the nonvol atile nenory when the disk drive is powered on, the neans for
executing the activating process including rewiting the programstored in
t he nonvol atile nmenory using the programwitten to the 5 disk nediumin
accordance with the programtransfer command . 17. The di sk drive accordi ng
to claim 16, wherein the neans for executi the activating process

i ncl udes neans for rewiting the program and then 10 switching to execution
of a new program obtained after the rewiting; and the nmeans for executing
the activating process. continues the.actiyvatin rocess.acgcorging.to the
nem/program(ﬂnziékﬁfgﬁ? r HEEE if%%%.tq% H%Wg%h%nd?gkgg?iggﬂa&cording
to claim16, wh it cufi [ I n rocess

i ncl udes: neans rgérﬁsaé\}?eng%s at%ﬁéqﬁ%@r%ﬁ%ﬁgrﬁ%‘?@gt%[%%ao(?ug'stg?ugh%f t he

di sk drive at thal, QlgH @frdii SO-DEI0TE LPEADEOBLARLES.TRU I tlen; means

for executing an initializing process a e program has been rewitten,

the initializing Jyacestedal Nk exXechlt ath Wi hLogriRsizsysteptinterface
mai ntai ns the sanme status as that present before the 25 programis

rewitten,s the hasirisysdiem imTierdmeel Tormest éngod hes hesé Syshempandrt he
di sk drive together; and - 48

complete reading of the main program with the
specified time (step 252). If the duration of
complete reading exceeds the specified time, the CPU
17 transfers the control to step 211. This is because

10 the CPU 17 performs an operation similar to that
performed if the rewriting of the main program has not
been requested (that is, an operation similar to that
performed for the normal activation). Thus, although
the rewriting of the main program 43 is delayed at

15 least till the next power-on, the processing time can
be prevented from increasing uselessly. It is also
possible to use a timer that counts a specified time
after power-on (or the start of reading of the main
program). The use of this timer enables the control

20 to be transferred to step 211 if the main program is
not completely read out even after the timer has
counted the specified time.

If the main program is completely read out within

the specified time, the CPU 17 determines whether or

25 not the main program read from the disk 11 and then

stored in the buffer RAM 25 is normal (steps 254 and

255). This determination can be made utilizing, for



,means for restoring, after the program has been rewitten, a status of the
"disk drive in accordance with the status information saved before the
programis rewitten. .A . A
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step 257 is executed to restore the current set
statuses after the control has been transferred to a
new program 43 as a result of the changing of the main
program 43 stored in the FROM 19 to this new program.
5 Then, the CPU 17 copies the main program rewrite
routine 42, saved to the main program area 52 of the
FROM 19, to the wvariable area 63 of the CPU~-RAM 20
(step 258). The reason why this process 1s executed
will be described below. First, to rewrite the main
10 program 43, the main program rewrite routine 42, which
executes the rewriting, is required. However, while
the main program 43 is being rewritten, the entire
FROM 19 is inaccessible. In this case, the main
program rewrite routine 42 cannot be run on the FROM
15 19, Thus, in the present embodiment, an arrangement
is applied in which in place of the FROM 19, the main
program rewrite routine 42 is run on the CPU-RAM 20.
Thus, at the above step 258, the main program rewrite
routine 42 is copied from the main program area 52 of
20 the FROM 19 to the variable area 63 of the CPU-RAM 20.
The main program rewrite routine 42 is configured to
run on the variable area 63 of the CPU-RAM 20 to
complete a main program rewriting process and then
branch to the start of the main program 43.
25 After completely copying the main program rewrite
routine 42 to the CPU-RAM 20 (step 258), the CPU 17

branches to a particular address in the variable area
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63 of the CPU-RAM 20. The CPU 17 thus causes the main
program rewrite routine 42 being copied to the
variable area 63 of the CPU-RAM 20 to run on the CPU-
RAM 20 (step 259). The CPU 17 rewrites the main

5 program 43 according to the main program rewrite
routine 42 as described below.

The FROM 19 is characterized in that while data
is being written in the FROM 19, new data cannot be
additionally written in the area in which the first

10 data is being written. That is, the data in this area
must be deleted before new data can be written in this
area. Thus, after transferring the control to the
main program rewrite routine 42, the CPU 17 deletes
all data on the main program area 52 of the FROM 19

15 (step 302). This deletes not only the main program 43
but also the main program rewrite routine 42, the
rewrite request flag 44, the check code 45, and the
checksum 46. Then, the CPU 17 sequentially writes the
main program stored in the buffer RAM 25 in the main

20 program area 52 of the FROM 19 (step 303). The
program thus stored is the new main program 43. At
this time, the main program rewrite routine
accompanying the main program is also written in the
main program area 52 as the main program rewrite

25 routine 42.

It is assumed that the new main program 43 has

been completely written normally (step 304). 1In this
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I<I:I>I@pFIulIVL@agéy\%ggﬁé%&)17F5ranches the main program rewrite
routine 42 to the start (step 201) of the main program
43 (step 305). On the other hand, if the new main
program 43 has not been written normally (step 304),

5 the CPU 17 determines that the new main program 43 is
invalid. 1In this case, the CPU 17 branches the main
program rewrite routine 42 to a particular cold start
entry (step 311).

Once the new main program 43 is completely

10 written normally and then the control is transferred
to the new main program 43 (step 201), an initializing
process is executed as in the case with the previously
described branching of the monitor program 41 to the
main program 43 (step 202). This allows the

15 initialization of each section (each IC) of the HDD 1
and of the variable area 63 of the CPU-RAM 20. Then,
the CPU 17 examines the check code 45 in the main
program area 52 (sep 203). In this stage, the check
code 45 has not been written yet. That is, the check

20 code 45 is still in its initialized state. 1In this
case, the CPU 17 branches to step 231.

As described above, in the present embodiment,
while the main program 43 is being rewritten, the
reset process portion shown in the flowcharts in

25 FIGS. 4A and 4B is executed a number of times using
different paths. Thus, the program structure of the

reset process portion, notably the branching
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| L1'10% PR&fel) planching to step 231, the CPU 17 tests

operations of the new main program 43. The executed
tests include a self-diagnosis process similar to that
executed at the previously described step 208. The
tests also include a process of causing a command
interruption to be falsely issued to check whether or
not a routine for executing a command operates
correctly. The CPU 17 determines from the results of
the tests at step 231 whether the new main program 43
operates normally (step 232). If the new main program
43 operates normally, the CPU 17 determines that the
main program 43 has been written correctly. In this
case, the CPU 17 writes the check code 45 of the
particular value (01234H) in the main program 52 (step
233). Once step 233 has been executed, the operation
of writing the new main program 43 is completed
normally. Then, to check whether or not the operation
of writing the new main program 43 is completed
normally, the CPU 17 executes the monitor program 41
from its head (step 234). However, the monitor
program 41 does not branch to the power-on entry (step
101) but to the above described cold start entry (step
111). This is because the statuses of the signal
lines in the host system interface 3 cannot be changed

while the main program is being rewritten and because
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5 111), the CPU 17 first sets the status saving
management flag 62, arranged in the CPU-RAM 20 (step
112). Then, the CPU 17 executes an initializing
process (step 103) as in the case with the previously
described operation performed upon power-on (step
10 101). This operation differs from that performed upon
(immediately after) power-on in that the initializing
process (step 103) is not executed after the status
saving management flag 62 has been reset (step 102)
but after the status saving management flag 62 has
15 been set (step 112).
After executing the initializing process (step
103), the CPU 17 determines whether or not the correct
check code 45 has been written in the main program
area 52 (step 104). At this point of time, the check
20 code 45 of the correct value (01234H) written at the
previous step 233 is in the main program area 52. In
this case, the CPU 17 branches to step 105 to execute
the new main program 43 again from its head (step
201). Then, after executing an initializing process
25 (step 202), the CPU 17 determines whether or not the
correct check code 45 has been written in the main

program area 52 as in the case with the above step 104

F
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In this case, the CPU 17 branches to step 204 to
5 determine whether or not the status saving management
flag 62 has been set.

Step 204 is executed during the main program 43
branching from the monitor program 41. 1In this case,
the monitor program 41 starts with the cold start

10 entry (step 111). At step 112, following the cold
start entry (step 111), the status saving management
flag 62 is set. Accordingly, it is determined at step
204 that the status saving management flag 62 has been
set. If the status saving management flag 62 has been

15 set, the CPU 17 branches to step 221 so as to prevent
changes in the master or slave set status and in the
statuses of the signal lines in the host system
interface 3 as previously described. At step 221, the
CPU 17 carries out only the activation of the SPM 13.

20 Subsequently, the CPU 17 executes a self-diagnosis
process (step 208) as in the case with the normal
activation. Then, once the SPM 13 reaches the steady
rotational state (step 209), the CPU 17 determines
from the value for the rewrite request flag 44 whether

25 or not the rewriting of the main program has been
requested (step 210). 1In this case, the deleting

operation performed at step 302 has cleared the
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requested, Then, the CPU 17 reads the system data

recorded on the disk 11 and allows the statuses of the
5 HDD 1 to reflect this data (step 211) as in the case
with the normal activation.
Then, the CPU 17 determines whether or not the
status saving management flag 62 has been set (step
212). In this case, the status saving management flag

10 62 has been set. The CPU 17 thus reads the status
information saved to the status saving management area
61 (step 257) before the main program is rewritten.

It then allows the current statuses of the HDD 1 to
reflect the set statuses of the HDD 1 indicated by the

15 status information (step 213). That is, the CPU 17
restores the statuses of the HDD 1 to those present
before the main program is rewritten. During this
restoring process, the contents set at step 211 may be
changed to the contents restored at step 213.

20 Subsequently, the CPU 17 executes steps 214 to 216 as
in the case with the normal activation to allow a
command to be received from the host system 2. The
CPU 17 then branches to the idle loop (step 217) to
complete the activating process after power-on,

25 including the rewriting of the main program 43.

In the present embodiment, the HDD1 maintains the

busy status after power-on and before step 216 in the
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FF+"10%"'"': & ()-&Em$ly recognizes that the time required to activate
5 the HDD 1 upon power-on has increased. Furthermore,
in the present embodiment, the master or slave set
status, set by the processing at step 207 according to
the unchanged main program 43, and the other set
statuses of the HDD 1 are restored to the statuses
10 present before the rewrite. That is, in the present
embodiment, the master or slave set status and the
other set statuses of the HDD 1 are similar to those
present during the normal activation. Thus, in the
present embodiment, the main program 43 can be
15 rewritten without affecting the operation of the host
system 2.
As described above, in the present embodiment,
the rewriting of the main program is carried out as a
part of the activating process performed upon
20 power-on. Further, in the present embodiment, the
main program can also be rewritten by causing the host
system 2 to issue a particular command (main program
write command) to the HDD 1 after the main program
transfer command.
25 With reference to FIGS. 4B, 5, and 7, description
will be given below of the rewriting of the main

program according to the main program write command.
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main program transfer command, the host system 2
issues a main program write command, which is then
received by the HDC 21. 1In this case, the CPU 17
10 determines that the HDC 21 has received the main
program write command, in the command processing
routine in FIG. 8 (step 511). The CPU 17 then
branches to step 253 (entry A) contained in the reset
process portion of the main program 43. After
15 branching to step 253, the CPU 17 rewrite the main
program 43 stored in the main program area 52 as in
the case with the rewriting of the main program
carried out upon power-on (steps 254 to 259 and 301 to
305). Then, once the main program 43 is completely
20 rewritten, the busy status is cleared to allow a
command to be received.

In this manner, even if the main program is
rewritten according to the main program write command,
the host system 2 simply recognizes that it has

25 executed the single main program write command. Also
in this case, after the main program 43 has been

rewritten, the set statuses of the HDD 1 are restored
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above described embodiment, the main program transfer
5 command and the main program write command are

provided separately. However, a single command (main
program transfer command) can continuously transfer
and rewrite the main program. To achieve this, for
example, the CPU 17 may branch to the entry A (step

10 253) rather than executing the command ending process
(step 508) in the main program transfer command
processing routine.

In this manner, in the present embodiment, if the

HDD 1 receives a program transfer command issued by

15 the host system 2, the program (new program) specified
by this command is written in the HDD 1. In this
case, the processing for the program transfer command
ends without rewriting the main program 43 stored in
the FROM 19. The main program 43 is rewritten using

20 the new program already written to the disk 11 next
time the HDD 1 is powered on. The rewriting of the
main program 43 is automatically carried out as a part
of the activating process executed when the HDD 1 is
powered on. This enables the main program 43 stored

25 in the FROM 19 of the HDD 1 to be rewritten regardless
of the architecture of the host system 2. Further, to

rewrite the main program 43, the host system 2 has
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In the above described embodiment, the present
invention is applied to a hard disk drive (HDD).
However, the present invention is also applicable to
disk drives in general such as magneto-optical disk
10 drives which use a disk medium as a recording medium
and which use a head to write data in the disk medium.
Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
15 the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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including that of accesses to a disk medium is
5 executed in accordance with the program, the method
comprising:
writing a program specified by a program transfer
command for transfer of a program, to the disk medium
upon receiving the program transfer command from a
10 host system; and
executing an activating process to activate the
disk drive in accordance with the program stored in
the nonvolatile memory when the disk drive is powered
on, the executing an activating process including
15 rewriting the program stored in the nonvolatile memory
using the program written to the disk medium according
to the program transfer command.
2. The method according to claim 1, further
comprising setting a valid rewrite request flag
20 indicating that the program stored in the nonvolatile
memory must be rewritten, in the nonvolatile memory in
accordance with the writing of the program to the disk
medium; and
wherein the program stored in the nonvolatile
25 memory is rewritten if the valid rewrite request flag
is set in the nonvolatile memory.

3. The method according to claim 1, wherein the
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the dlSk medium in accordance with the program
transfer command, with a predetermined time; and

the rewriting of the program is hindered if the
duration exceeds the predetermined time, and in the
executing an activating process, the activating
process is continued by assuming that a program used
to rewrite the program has not been written to the
disk medium.

4. The method according to claim 1, wherein the
executing an activating process includes rewriting the
program and then switching to execution of a new
program obtained after the rewriting; and

the activating process is continued in accordance
with the new program obtained after the rewriting.

5. The method according to claim 4, wherein the
exXecuting an activating process includes rewriting the
program and then confirming that the new program
obtained after the rewriting operates normally, and

if it is determined that the new program obtained
after the rewriting operates normally, the activating
process is continued in accordance with the new
program.

6. The method according to claim 4, wherein the
executing an activating process includes:

rewriting the program and confirming that the new
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if it is confirmed that the new program obtained
after the rewriting operates normally, writing
5 particular information to the nonvolatile memory, the
information indicating that the new program is normal;
and
wherein if the particular information is written
to the nonvolatile memory, the activating process is
10 continued in accordance with the new program obtained
after the rewriting.
7. The method according to claim 6, further
comprising:
determining whether the particular information
15 has been written to the nonvolatile memory, in
accordance with a monitor program independent of the
program to be rewritten; and
if it is determined that the particular
information has not been written to the nonvolatile
20 memory, continuing execution of the monitor program
instead of execution of the new program obtained after
the rewriting.
8. The method according to claim 7, wherein the
monitor program includes a command wait loop to wait
25 for a command from the host system if it is determined
that the particular information has not been written

to the nonvolatile memory.
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operating if a particular command to rewrite the main

program is received during the command wait loop, to
5 rewrite the program stored in the nonvolatile memory
using a program specified by the command.
10. The method according to claim 1, wherein the
executing an activating process includes:
saving status information indicative of a status
10 of the disk drive at that point of time, before the
program is rewritten;
after the program has been rewritten, executing
an initializing process while a host system interface
maintains the same status as that present before the
15 program is rewritten, the host system interface
connecting the host system and the disk drive
together, the status of the host system interface
containing a busy status set when the disk drive is
powered on; and
20 after the program has been rewritten, restoring a
status of the disk drive in accordance with the status
information saved before the program is rewritten.
11. The method according to claim 10, wherein the
executing an activating process includes clearing the
25 busy status after the status of the disk drive has
been restored.

12. The method according to claim 1, wherein the
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program transfer command has been written to the disk
5 medium.

13. The method according to claim 1, further
comprising stopping a spindle motor which rotates the
disk medium when the program is rewritten.

14. The method according to claim 1, wherein the

10 program stored in the nonvolatile memory contains a
program rewrite routine to rewrite the program.

15. The method according to claim 14, further
comprising copying the program rewrite routine to a
memory when the program is rewritten, and

15 wherein the program stored in the nonvolatile
memory is rewritten in accordance with the program
rewrite routine copied to the memory.

16. A disk drive in which control including that
of accesses to a disk medium is executed in accordance

20 with a program, the program being stored is a
nonvolatile memory, the disk drive comprising:
means for writing a program specified by a
program transfer command for transfer of a program, to
the disk medium upon receiving the program transfer
25 command from a host system; and
means for executing an activating process to

activate the disk drive in accordance with the program
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nonvolatile memory using the program written to the
5 disk medium in accordance with the program transfer
command.

17. The disk drive according to claim 16, wherein
the means for executing the activating process
includes means for rewriting the program and then

10 switching to execution of a new program obtained after
the rewriting; and

the means for executing the activating process
continues the activating process according to the new
program obtained after the rewriting.

15 18. The disk drive according to claim 16, wherein
the means for executing the activating process
includes:

means for saving status information indicative of
a status of the disk drive at that point of time,
20 before the program is rewritten:;
means for executing an initializing process after
the program has been rewritten, the initializing
process being executed while a host system interface
maintains the same status as that present before the

25 program is rewritten, the host system interface

connecting the host system and the disk drive

together; and
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means for restoring, after the program has been
rewritten, a status of the disk drive in accordance
with the status information saved before the program

is rewritten.



