; e3evMsHHI KdKM6: MTMITd@ , . , . DRIVE USI NG EXTENDED COVMAND BACKGROUND OF
THE I NVENTION 5 The present invention generally relates to the field of a

di sk drive, particularly to access control using extended rea i
comands \\man usual read/wite comands. In recent year ﬂ’l[mw@@#mmmﬂm
drive\m\m by 10 a hard disk drive has been used as a s
appar N.hi ch not only conputer data but also sound or i mage*lyiena
(referred'q%”generically as AV data) are stored. Different from conputer
data, the AV data is continuous streamdata. Therefore, the disk drive is
15 requested to maintain, for exanple, an arbitrary transfer rate in
accordance with a data anount ofITkEg€¥ FHE JOVHNT LA her than correctness
of data in access processing of the AV data. To maintain the transfer rate,
the di sk drive MERIED (AN GWPPARRIVRCEOD AGGESS SPYSESH 0F Wi DHSK a | i m ¢ ed
time set by the host system_ Mbdreover, in _an access to the AV data, a
sequent i al readﬂﬁ%YﬁéU%%ﬁﬁa@¥%%NP§DrEQM¥3§H whi ch conprises: continuously
recording the data into 25 sequentially continuing addresses on a disk
recordi ng nediun1(hereinafteﬁ&ﬁ§Q§Q t%Féﬁ#%I NEIQNSK) or continuously
reproducing the data_fromthe gisk. - 2 Fron1gﬁ§hab ve- descrihed
backgrourtd, separ at efyefPhFT & hs bRl PEAGPWIFREE 1 %;ﬁﬁﬂ S ons of a
type of extendegd copmppd (éfgg'é%fvgogﬁggggcgﬁékﬁg 2 é%a%%%”%%%t&%ﬁ a

stream ng commeh ave Dbeen udré rive proceésses thée AV

command haVi”9-&bfﬂ@eéﬁ%éﬁ&%§”feé&?ﬂ%ﬁﬁ@OEHRﬂQnGQdBtB%rtQ%a%ﬁ%%ha&fad/“”ite

command from a personal conputer or ost system such as a digita

tel evision apparaddlsarite i Somgsessary to interpose a mcrocontroller 10
(CPU) of the drive in order to handle the AV command to which the conmmand

code different fromihersdsunat yeadsyr bt diekmiwitel $eplreseaited by
Additionally, for the disk drive in recent years, the interposition of the
CPU as d40mai n coriaxd | @tslfdtiheedhavebban hsed 45 mi sitpirage, appdratus
automati c and hi gh-speed read/wite access system by a disk controller

(HDC) has been usedhidhengt ockebyi ngmphitehedexaehdédadsmmentdsdswech as the AV
command causes a drop of access speed as 20 conpared with the usual

read/ wite comEfREDréeersirgfepeeduse greetberildYi AfePN¥osada) Adrg8escri bed

cbove, IO SPeet pLOcet P LN B oyl LILLROLL) U hos e edred 11 the
AV geomand 20 oy Uandlen o datnadre notl 2906, LhE AULTRUGR0L e
. THE OWENT] O 08 koS OGBS LBNBBh 0Nk kRS 2 Ok
transfer rate in accordance with a data amount of
images and sounds rather than correctness of data in
access processing of the AV data. To maintain the
transfer rate, the disk drive needs to complete the
20 access processing within a limited time set by the
host system.
Moreover, in an access to the AV data, a
sequential read/write operation is required which
comprises: continuously recording the data into
25 sequentially continuing addresses on a disk recording

medium (hereinafter referred to simply as a disk);

or continuously reproducing the data from the disk.



access using an extended conmand (or a specific 5 command) . |In accordance
with one aspect of the present invention, there is provided a disk drive

whi ch executes a read/wite access in response to a command issued froma
host system and whi ch executes a high 10 speed read/wite access in
response to extended or specific commands such as an AV comrand ot her than
usual read/wite conmmands. The disk drive conprises: a read/wite nmechani sm
whi ch executes a read/wite operation of data™with 15 respect to a disk

medi umy and a controller to execute a control related to the read/wite
operation in accordance with a command i ssued froma host system to judge
whet her or not the c8¥RBEndhies apovegidassidddahFFhErewrdy wieparabedmnd, and

to control the 20 read/wite nmechanismsimlar|ly as a usual read/ wite

command, when t REOPuBghEHe Lr £8aLY Wirddicc SOFRAE” SRR ¥ ICH RNt e
command. AdditionEI obj ect s ang dvant ages of the .invention wll_ be set
forth in the de@cFYBEi 8A GKCERYS FSFW@%Q;(éﬁfq%FﬁﬁﬂqOWﬁqqd%é: bus from

t he description rned by practice of the i,nvention. The

of..may be l.e
obj ects and advﬁﬂté&eggwap e%or- a4s¥:irﬁ\?gﬁtnigoﬁ:owrbc§ S 2% Bnd obt ai ned
by means pof the_ipstruynmentali tii. oghi natJ t oi nted t
by means 1 UhesbistEUTenLAL! HiS Ad GOUDAIS ML tEl g ol e oo
accompanying drgu,ags, a'hbel A1e REAPAALLd Idbndhith s Rld I G PATt Of
the specification, 1Flustrate enbodinents of the i1nvention, and together

wi th the genera}sdg3CrbRbY ARGV eBmARAE fadh Ehedaidid rddgscidpidon of
t he enbodi nents given below, 10 serve to explain the principles of the

invention. FIG alhbstashkeek @uafr a® sheMigiGad cIsdvildildronpgYaratdisk drive
according to an enbodi nent of the present invention; FIG 2 is a block

di agram showi ng a mailt par heafeskary dicsk ndmmpadd e maicamorcbmigrd bl éhe
present enbodi nent;

10 (CPU) of the drive in order to handle the AV command
to which the command code different from the usual
read/write command is allocated. Additionally, for
the disk drive in recent years, the interposition of
the CPU as a main controller of the drive has been

15 minimized, and an automatic and high-speed read/write
access system by a disk controller (HDC) has been
used.

The processing of the extended commands such
as the AV command causes a drop of access speed as

20 compared with the usual read/write command processing,
because the CPU is interposed. As described above,
high-speed processing within a limited time has been
required in the access to the AV data. Therefore,
when simply extended commands such as the AV command

25 for handing AV data are newly added, the automatic and

high-speed read/write access system cannot be applied.



FIG 3 is a block diagram showing a main part of a host interface bl ock
according to the present enbodinent; FIG 4 is a flowhart show ng a
procedure of 20 a command processing according to the present enbodi nent;

FI GS. 5A and 5B are explanatory views of a pre-read operation according to
a first nodification exanple 25 FIG 6 is a flowhart show ng the procedure
of the pre-read operation; FIG 7 is an explanatory view of a dynam c
change - 5 of an extended command according to a second nodification
exanple; and FIG 8 is a flowhart showi ng a procedure concerning the
dynam ¢ change of the extended command. 5 DETAI LED DESCRI PTI ON OF THE

| NVENTI ON An enbodi ment of tBfelEft eSBRAR NNt TR IWWYENBEONescri bed

hereinafter with reference to the drawings. (Constitution of Disk Drive) As
shown in FIG 1, a dPf$kofjiard PE Jha mF SR elSeViRRehdddt frek® RagVade

mechani sm for accessing disks.1 as recardin di.a and recording. or

repr oduci ng dat & Sﬁs:kegﬁéF{?eWIh& e ll\ﬁﬁstg‘ gﬁrﬁﬁa’n??‘? u%%ﬁff/r%% € host
system 18. The host system 18 is digital apparatus such as_a personal
compater and di GECHF St B abson SR Gt el b kGl o
plurality50f dié%ﬁpgﬁﬁ attached to a spindle nmotor (SPM 2 and rotated. The
disk 1 includes™a argé'nunber of data tracks having concentric circle

h : d h dat gt ' j Vi [ it f t . 20
shapes, and eac at gt ry ellé%n(yewhg% I(:&Lée)a%l%& ag)§ %h@ pfjé‘éé‘n ectors

In an access operation, a (magnet | erein records data in

data sector unitgyehteaa) @dakd el HaCKHroFidRPILOHICHS dihsrdal df om each data
sector. The head 3 includes a read head 30 for perform ng data reproduction

(read operati onpxeaited5ad rebid/eriead aZtdsy Perdfeyyginge dad a restfaidg
(wite operation). The head 3 is nmounted on an actuator 5 including - 6

a voice coil notesuedClikod aThesacisyattem areXedlitds exsaekeOpertatdlon of
nmoving the head 3 in a radial direction on the disk 1 by the driving force
of the VIOM 4. 5spendt oeadvinrértel @ esensim mesgrbrine it exrtanded SPM and VCM
drivers supplies driving currents to the SPM 2 and VCM 4. The notor driver
IC 6 is control FREChfla cPumppdsTisalchPgsi@n fValxumeald ke dran

usual read/write commands.
The disk drive comprises: a read/write mechanism
which executes a read/write operation of data with
15 respect to a disk medium; and a controller to execute
a control related to the read/write operation in
accordance with a command issued from a host system,
to judge whether or not the command is a registered
specific read/write command, and to control the
20 read/write mechanism similarly as a usual read/write
command, when the judgment result indicates the
specific read/write command.
Additional objects and advantages of the
invention will be set forth in the description which
25 follows, and in part will be obvious from the
description, or may be learned by practice of the

invention. The objects and advantages of the



controller, and is a main controller of the drive, 10 which executes a
control operation by a programstored in a ROM12. A RAM 11l is used as a
wor ki ng menory in the control operation of the CPU 10. Furthernore, the
disk drive 17 includes: a read/wite (R'W channel 13; a head anplifier 15
(preanplifier) 1C 14; a disk controller (HDC) 15 including a buffer menory
(buffer RAM and a gate array 16. The R'Wchannel 13 is a read/wite signal
processing circuit. The R/'Wchannel 13 Fepﬂodﬁces 20 (decodes) ori gi nal
recording data froma read signal read by the read head 30 via the head
anplifier IC 14, and sends the reproduced data (digital read data) to the
HDC 15. Mor eoveinvens iRNWIEYaleelr eBd iizesckiangh atiainertly fmeans hel HI: 15,
encodes the data into 25 predeterm ned recordi ng data, and sends the data
to the head anpipetéErneatedities REsd caimateronT RartehlrfesYa read 7
_anplifier for anplifyin he read signal fromthe read head 30, and a
wite anplifieergBtégnQEgt%ﬁ&eﬁﬁéféﬁgbded data fromthe R Wchannel 13

- opr oauti ng- ser R HRE DESARERELPFA0E AR PEIPERY SrER Pan g s Gor a
[ | s, d the Like. if.ut] f. Disk | | The HDGC 1
const 1t ut s ar iE;Sr_ he awc(q%ﬁ“%saﬁieyt#@ i i Rk = < D?%%ﬁ
ransior of roadiwirTe COACAL RS PDETE Fas b 1) St SO inct § on by an
automatic and hi ghjpeed tdakarldnehe’s WA Hd MYt 1 WOl ¥elend g Ofnd he 15

CPU 10 is mnimal, and by a processor input/output (PIC@ transftfer node in

which the CPU 1Qith ktR¥Oh¢e@dralhaeldoeiby ith tdiedH esfitfe eqtpdin@nt
i ncludes: a host interface block (host IF) 20; a buffer interface bl ock

(buffer IF) 21; dathuiitdr deseaiytibnf ofr tRaMentitidi2terstns E3Gdl dekl &3, and a
disk interface block (disk IF) 24. Furthernore, the HDC 15 includes: a CPU
i nterfackObl ockse€EPY itnt exbdasn 2he @rRiblcigdcsclatkhyeneradrori@6; and a
servo interface block (servo IF) 27. The disk IF 24 and servo |IF 27 are
interfaces 25 connectd® .ol dsdisslolpai diiagmasn dlsdwing 2a ¢engbhbietianl to

the R/ Wchannel 13, and controls the transfer of read/wite data (user
data) UD with of a disk drive according to an embodiment of the

present invention;
FIG. 2 is a block diagram showing a main part of
15 a disk controller according to the present embodiment;

FIG. 3 is a block diagram showing a main part of
a host interface block according to the present
embodiment;

FIG. 4 is a flowchart showing a procedure of

20 a command processing according to the present
embodiment;

FIGS. 5A and 5B are explanatory views of a
pre-read operation according to a first modification
example;

25 FIG. 6 is a flowchart showing the procedure of
the pre-read operation;

FIG. 7 is an explanatory view of a dynamic change



_ g _respect to the disk 1. The servo IF 27 is connected to the servo
controller included in the gate array 16, and inputs servo data SD
reproduced fromthe disk 1. The CPU interface 25 exchanges the commands and
5 various types of control information with the CPU 10. The PLL and cl ock
generator 26 generates a clock pul se necessary for the operation of the HDC
15, or executes a PLL operation for extracting a clock signal fromthe read
data. 10 The buffer IF 21 is connected fo the host |IF 20 and disk |IF 24,
and executes read/wite access control of the buffer RAM 22, or read/wite
cache control. The buffer RAM 22 is a buffer nenory in which the read and
wite data are afcamulextendehdaimend ertdohsnastdsaasprendead buf fer
related to a read cache. The ECC bl ock 23 is a block for executing error
correction (EECOnogiddesdiing exampla/e@lHata. As shown in FIG 3, the host
| F 20 of the present enbodi nent includes: a register group 3 for exanpl e,
20 according to the @ﬁ@rrﬁeﬂ?zﬁxﬁ%ﬁ%ﬁﬂ%ﬁ% S%Q%bﬂﬂaﬂdpfﬂﬁaﬁﬁﬁﬁ | ogi ¢ bl ock

djud t trol Th t 30
e ot S e Ml A6k, e Fhfenidhrt St

d 2 i st 300 a8 d/writ
conmand i Ssued from the ﬁ%@?ﬁ&@t BRSEBTRTG A B s cd BNl | e command
(specific read/urite an eibea SUIMBNMY rel AhedLocthe Bresent, eppogLment

command code set in fhe comrdn grster y a conimand copy

register 31. A 3QGLOH HQUNAL TRGHIShey 30 NotdS.Abe wnPeL 3g%a&z£ fer

sectors. 5 The transfer sector nu er "Set in t%§s register

copi ed by a copy regi&tdist3&uthld e e bhevEpgi ster group 30 |ncludes
a sector nunber register 302 for setting a CHS address a cylinder register
303; and a head nunbeys ragival eim IrS04., Mrédyerdritie 129o8t €hegroup

i ncludes: a device (drive) nunber register 305; an error register 306; a
feature Legi st epr@@eéntarthe dsitmeetniis hraggiss ey BBl sief @y accesespogséislost he
read/ wite command fromthe host system 18, the host IF 20 converts a
physi cal 15 addilegs &FecprCHR A MmbdEss qnsyteprdingael serrodupingedalato a
| ogi ¢ address (LBA address), and sets the address into an LBA address

regi ster 33. ThéPHDESPSNSed H’e nepsl é(ﬁ%)‘rte%sCQI@“%c%ﬁ%l@%eft?@&d?v@F‘?%‘e
access to the data with resp to the ﬂrsk 1. 20 Ad rtronf , the cont rol

g

bl ock 35 of theSHSEE™M E820 ik | i otk 331942 P52 Wt her

or not the LBA add%ess setrfég LBA a dress %&ster 33%15 mnthrn a
maxi mum LBA address 6F &nFa éﬁb dl % g ?%glc 34 is

goPnggo% {n§5tgugﬁgﬁ%g-§gﬂa§ﬁ_ o?zag%§§§¥%€ﬁgﬁp éﬁﬁgg¥%i%egrdggaﬂ Esusua
read/wite comppd GRERARA to a spindle motor (SPM) 2 and rotated.

The disk 1 includes a large number of data tracks

having concentric circle shapes, and each data track

is divided into a plurality of data sectors.

20 In an access operation, a head (magnetic head
herein) 3 records data in data sector units of each
data track, or reproduces the data from each data
sector. The head 3 includes a read head 30 for
performing data reproduction (read operation), and

25 a write head 31 for performing data recording (write
operation).

The head 3 is mounted on an actuator 5 including



- 10 host system 18. The comrand judgnment |ogic 34 includes registers 340,
341 in which the extended read and wite command codes are set/registered
bef orehand. The conmand judgnment | ogic 34 conpares the command 5 code set
in the conmand copy register 31 with the command codes registered in the
regi sters 340, 341, and judges whether or not the codes agree with each

ot her. Wien the extended read/wite command i ssued fromthe host system 18
is a pre-registered valid 10 conmmand, the Comtand j udgnment | ogic 34 judges
the read/wite command to be usual and starts up the control block 35. As
descri bed above, the control block 35 conmmunicates with the buffer IF 21
and with the di 8kVvedcercpd lyimpliate BifMerdd F Pie a@Euaiketub esxesntes|
processing for executing a series of read/wite accesses with respect to
the read/wite @off&kdOPEt@tdent il MBI 3516 saded hiRtaj tAGHBAL | ogic
350 related to read and wite caches, .and judges whether 20 or _not the
addr ess desi gnafidd S5y 108 %Wltsé‘ éoﬁﬁén%l“? sg’fb@}%‘ﬂeﬁ%ﬂc? 8 nit

j udgnment tabl e. %Regﬂ/VVite Access) A processing procedure of the
read/write conmiR§ JF% He present enbodi nent will be described 25

h i naf i nl i f . I . I Vi
he. commid | ssuetl 1 Pt roeves 1q ¢ QETEHBearky 1ieeqBabfifhe sk

drive 17 starts i j ESRONSE; h dr (s S1).
The host IF 20 g?M{ %@%Wl?lﬁg{egs tidebﬂcommng c%%é&f(?%%p_t e h%éta‘s?%stem 18
in the command 3piegi Sk R¥0.4 andHAHNSr S8t SvdPer€ode; & Nebher§9P¥d
register 31. Here, in the present enbodinent, it is assuned that the host

system 18 i ssuegyt ke cext anded TRAEERPNMMRNGE CGOY § & SPONTE A da tRi &Ae- AV command
in order to 10 reproduce the AV data recorded on the disk 1. The command

judgnent | ogi c 3énexedliees iathentiis iacatdion quroceskiday of the dsiuad,

read/ wite conmand and extended read/wite command (step S2). Here, the
ext endedlPead cwhmimhd eixecasswed .colf: rilerafarat 1 atheb ¥ oammnaig ¥ amigsemt edl ogi ¢
34 conpares the code of the extended read command set in the copy register
31 with the conding E&¥e 1get iPn RAYE YledgistuseB A forwe i RY dReAQTY hih

ext ended read command, and judges whether or not the codes agree with each
other 20 (step 5BF. CPRdredmeaF i®dhert thyic®B9§udges that the extended

read conmand i ssued from.the host stem.18.is different fromthe command
code set/registered <¥%£QﬁﬁﬂﬂfeﬂrF i l%%s%le%eIﬂoé?ci?dﬁﬁ'stops the 25

access operatiog,r%g%/kgﬁg%nqRy&gxggﬁﬁggyﬁtfgp]giﬁg%é;%ﬁb££§%é§ step $4).

In short, even if the'arbitrar conmand I'S 1Ssued ot her

ber or ehakt. ¢ he FDETTE dade mor enafuts THe: i aceaerng of tFE L%t ende
, processing of the extended
command . 5 WheAnthed@xigerdes fead neammnd hssted {40M and a gate
array 16.
The R/W channel 13 is a read/write signal
processing circuit. The R/W channel 13 reproduces
20 (decodes) original recording data from a read sighal
read by the read head 30 via the head amplifier IC 14,
and sends the reproduced data (digital read data) to
the HDC 15. Moreover, the R/W channel 13 receives
write data from the HDC 15, encodes the data into
25 predetermined recording data, and sends the data to

the head amplifier IC 14.

The head amplifier IC 14 includes a read



the host system 18 agrees with the command code set/regi stered beforehand,
t he command judgnent |ogic 34 judges the read command to be usual and
starts up the control block 35 (YES of step S4, YES of step S5). 10 Here,
when the extended command i ssued fromthe host system 18 agrees with the
code of the extended wite command set/regi stered beforehand, the host IF
20 shifts to the processing of the usual w.ite conmand (NO of step S5, S9).
15 In the control block 35, as with the"prace§sing of the usual read
command, the hit judgnent |ogic 350 judges whether or not the address (LBA
address) designated with the extended read command is registered in the
table for hit |eaghddierstfey spplifyitwatthe repd siyralk ebompehratieordby a
read cache nmethod, it is judged whether or not the data (AV data) required
by the host sysheaf180ysaiec@ninrated s i urfr Fovrenting ke case of a

hit, the hit judgnment | ogic 350 instruc the buffer |F 21 to perform 25 an
automatic data ?%Sﬁgleélr d%‘?és%f’msttz'ﬁ §Ef,ws§f)§nnﬁ'ﬂatl:f SRR W FRE I F 21

reads out the data (A da# ). required %y Q?e.h st . system 18 fromthe buffer
RAM 22, - 13 CHRESPLansfBPs SENE GHAN o § HITHENST 2 AP Hhe host | F 20

t f t he dat i t { d t he_. host t
6ot hg ot hop DSk ERe R orh s SO HE AT R (iR YR
data, the |ogic.j i LE . ’ | sk f S6,
98) ¥ that 190" crRBEERITeT Y Rytharlgith AR BatE ¢ N & oo

not exist in thepRuffer RAM 22, the read operation is executed with respect
to the disk 1. 10 Concretely, the CPU 10 is involved, and the required data

read out fromthe di slicohddn e Jreack heiagk AbntsrdIpdsferred to the disk IF
24 via the RRWchannel 13. The disk IF 24 once accunul ates the required

data in the buffer RAMe2Z2Dd 4 5 heruififtertdd &b it eSidxsequetit | yhet he buffer
| F 21 reads out the required data fromthe buffer RAM 22, and transfers the
data to the hostiriFe207 Anddboet Ises taivovid, @subrmiawiwas tttes present

enbodi ment, when the extended read/wite command 20 different fromthe
usual read/ writ&eagimaAdel sorsened framd tirehatte sugtaridB confrand is a

val id conmand code set/registered beforehand, the command i s processed as
the usual read/ GPREECLEMraRES TeRe St Fedd/Mid tepdafd® i s Tht Hifvot XS and an

automati c and hi gh-speed 25 read/ w.ite access system.can be applied as with
t he usual read/ﬁﬁB?%acgﬁﬁﬁﬁégrP%$H95h%ﬂI | %%)‘%5@@$59c?9$23%ﬂr6ata, -

14 high-speed grogessing WLNLRGA WAL 60 LA S SRAULRL, . Wendhe

ext ended command®such "as t he onmran i'ng data T's newy

added, aptomati epgndohiighnIpesd 1! CaHIMIY & FACRITIYLCETA LKA be
realized by the nethod of the present
(PIO) transfer mode in which the CPU 10 is involved.
The HDC 15 of the present embodiment includes: a
host interface block (host IF) 20; a buffer interface
block (buffer IF) 21; a buffer memory (buffer RAM) 22;
20 an ECC block 23; and a disk interface block (disk IF)
24, Furthermore, the HDC 15 includes: a CPU interface
block (CPU interface) 25; a PLL and clock generator
26; and a servo interface block (serveo IF) 27.
The disk IF 24 and servo IF 27 are interfaces
25 connected on a disk 1 side. The disk IF 24 is

connected to the R/W channel 13, and controls the

transfer of read/write data (user data) UD with



enbodi nrent as with the usual read/wite command. (First Mdification
Exanple) FIGS. 5A, 5B and 6 are diagrans related to a first nodification
exanpl e of the present enbodinment. 10 In the nodification exanple, the HDC
15 includes not only comand judgnent |logic 34 but also registers 50, 51
which indicate a valid range of pre-read data in the read cache nethod (see
FIGS. 5A, 5B). The HDC 15 usually accesses _the required data 15 froma

desi gnated range on the disk 1 (designafedgdafa sector nunber) in response
to the read command, and subsequently accesses the data for a predeterm ned
nunber of data sectors continued in the designated range (pre-read
operation). TherBePeef tP Zhexdigkcdnul fibes 8918 PriE r%gon%a@@m@fg@%er with
the required data in the buffer R AM 22. Thereby, when the next read
command i s issuEf, thReSErECr 8 tdstd s lacdmAnchtidy, ththPatreraiore the hit

ratio in the hit judgnent | ogic 350 increases. 25 The nodification exanple
wi Il concretel y2Be agEBFFbEG%WQr@P §f§gnrQQ§QﬂQc%%:§ﬁHW$h?1 3K B, it s

d that the - 15 disk ' d | h |
"ead command | ssued FRBmEHe RIS 10 & 18 UITTHE Xt EnOaa #eda Hitmand
AV d . { dat 3 i i al
acoessod Toget hEFURPTR SYPRE PEafoRLTety SR ol oo e Rorha oh 10 di sk
1, and stored 'ﬁhfehﬁﬁguéﬁﬁrc M2 2 2Bl 02126 g'é‘?{eers%@e;sr :J‘gééﬂ(}aeéslge@%se tSB’

it is assuned that t ata for data sectors SO to he

pre-read data, apdegkargd f;kj)@_ the Bylehvar iRMA2 ¢l 1Bt the, dhedxdants for

the host IF 20, the command judgnent logic 34 identifies the read conmand

fromthe host system &getatbeneirbheexithiedtsvry o eadHoBmEyh0rFidie wd ended
read command (AV command) . In the nodification exanple, for exanple, the

15 buffer I F 21lreatisdatwal id range as the pre-read data in either the
register for the AV command 50 or the register for the usual read command
51 in ackt@rdance wit Fhehbufifegndit Zlesid tcayngdized dreihe jhekpiehf 2®gi c 34
after conpletion of the pre-read operation (YES of 20 step S13). Here, as
shown in FIG 58nhdj gipk 585 dffe 0 SR XEIRa Ha F S/ @ HRC GRS GRERL 53 i 5

detected as error. data 52 b¥ the ECC block 23 in the range of the pre-read
data. Wen the RéstDgybREAFTgRAlsdes Ofe T&AKNTIT S &AF - (AV

commnd) e ML B B L AR M P I P g e 1
16 and write data are accumulated, and also functions as
15 a pre-read buffer related to a read cache. The ECC
block 23 is a block for executing error correction
(ECC) processing of the read data.
As shown in FIG. 3, the host IF 20 of the present
embodiment includes: a register group 30, for example,
20 according to the ATA interface standard; a command
judgment logic block (command judgment logic) 34; and
a control block 35.
The register group 30 can be accessed by the host
system 18 and the CPU 10 in the drive. A command
25 register 300 holds various command codes such as a

read/write command issued from the host system 18 and

an extended read/write command (specific read/write



hand, when the host system 18 issues the normal read conmand, the buffer IF
sets a valid range VRL as the pre-read data in the register for the read
command 51 (NO of step S14, S16). 5 In short, according to the nodification
exanple, the valid range of the pre-read data necessary for the read cache
function can be changed in accordance with the usual read command or

ext ended read command such as the AV commgd fromthe host system 18. 10
Concretely, the data accessed in accordance€ with the usual read conmand is
conputer data, and the like, and it is necessary to exclude the error data
52 fromthe pre-read data. On the other hand, even when the stream data
such as the AV §8MEaNGR| Jd< task & ridte Brepant soboddreRbnce®i SOHIIBA to
continuity of the data because of |little influence or, reproduction quality.
Therefore, for Fﬁéiepls@-tréé’dtj‘ﬁ&cﬁ‘g‘@d“ FHS ¥ Chche FOREEFoRY the valid

range i s preferably changed in accordance with the type of the command from
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nodi fication exanple relates to a ¢ processrng net hod for
realizing a content, 1REOIRGHIQN R ddirtigy i csslynam cal |y changes the
abovedescri bed extended read/wite comrand 1n response to a request from

the host system 18 armghHhndad), &H@rﬁé%: B+ Yo Pb@bi Bbt iREL88sst 0at he data
recorded on the disk (e. g., AV contents). The comrand processi ng net hod of

t he nodi ficati ogeexarphemiddd reancrmirel 30 befglesedt bty hereinaid@ress) r st,

it is assunmed that the extended 10 read conmand with a CP function (code
XXh) is set/regiasigldddesf oreghartbrassy exteraddteacadutiosrmanegtoteri n t he
register 340 included in the comand judgnment logic 34 in the HDC 15. As
shown i nlflI GS. 8048, Maeepystr,sydteemers dtaxuasr b thecbxdended dewntceonmand
with the CP function &code XXh) (step S21). On receiving the conmand from
t he host system(8§ivehe nHpEers T HE MO drav AT UeRESS Var i P84 of the
ext ended read co nd wwth the CP function and reads/accesses e command
s The usual 205 CAA S Sk LA Go st ib A h Ve { S AL B8 - O
receiving the data (AV._data) required t.he extended.read co nd with the
G funct Yon. the. hosCydt A T e 1 0% AW Bt ERdeaPela Cefhand
with the CP fungt,.0 t 182 r AL S . s the
| ast one byte ( ﬁ) ﬂg%%t% rté%a%l%l dt gt)hree%g)lg\ﬁdlegbyétﬁceg}??érrs?ya%:gge%%gla%@itahe

command ggde of ;aqrawsexlendetiy eadiceBnd, Widkr, -hddd, t&ec£Exfunction
(see FIG 7). In response to the request fromthe host system 18, the HDC

15 changes the eximpede] read QuyiaNcdndey XXIBA seldregs st eded $&td he

regi ster 390 to the extended read command with the 5 CP function (YYh)

(step S33). As shewaddmeBlsGinto tame UBFstadBrgtssmdyistsares3d he The HDC
15 uses the LBA address to execute the read/write
access to the data with respect to the disk 1.

20 Additionally, the control block 35 of the host IF 20
includes a check block 351 for judging whether or not
the LBA address set in the LBA address register 33 is
within a maximum LBA address of an allowable range.

The command judgment logic 34 is a block for
25 judging, for example, the extended read/write command

corresponding to the AV command for accessing the AV

data besides the usual read/write command from the



extended read command with the CP function (code YYh) (step S24). On

recei ving the conmand fromthe host system 18, the HDC 15 of the disk drive
17 judges the 10 validity of the extended read command with the CP function
and reads/accesses the conmand as the usual read command as descri bed above
(steps S34, S35). Thereafter, on receiving the data (AV data) required by
the extended read command with the CP 15 fﬁgctlon, the host system 18
simlarly generates a third extended read nmand with the CP function
(Zzh) (see FIG 7). In response to the request fromthe host system 18, the

HDC 15 changes the extended read conmand code, (YYh) set/registered in the
regi ster 390 20D ta sydkedktldhded o &PTEHRANHIFRIRE neOTRCf dficti on (Zzh) .

This processing.is._repeated until the hast. system 18 reads/accesses all the
equi red data ( 4PERE 0850 B ST ord Khuo i betls ABOVET HeR o Bl FGIES FHel
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realized so that only the specific can access the drive. As

descri bed abovecohhghe ¢ RQWIRER i thStUFUS &PPas G US3 4D, whi ch an
automati c and hi gh-speed read/w’ite access systemcan be applied to

extended comandsdsyelliqas aheANLOBRMbIOMIRS ddbds therasual tlegsemd/ wite
command. Therefore, for exanple, when the extended commands such as the AV

command for handltheg .t hethAY daiea eartenuvad \retijad: i et @smhded ahsshégh- speed
read/ wite access can be realized. Additional advantages and nodifications
wi Il 15 readi | y fooouthieo hiosds e ysitidn d@ iis theormetrediwrefed eyalhéd i nvention
inits broader aspects is not limted to the specific details and
representftive eppm@ngenttdessommandd Jdeemarded aekeidd edeedi Haey, various
nodi fications may be made wi t hout departing fromthe 20 spirit or scope of
the general invERBAETLSScEMBRYN Red UiPah e bippeirrfes iR F&e and t heir
equi val ent s. - 22 &%%ﬁT S CLAIMED IS 1. A disk drive conprising: a
read/ write mech&APSHPRPHR & Ecut es a read/ write operation of data with

respect to a disk 5 g{ésdid.lergc1_,aﬁ)dedaaooq;erolt_h%ee%1 éoon,grﬁ?etgt%foé}gnggol related to
Wi nd i

said read/wite operation i accordance a Cco sued from a host
UYL bonagaEh it Mol in RIE b St el ed eeralie
simlar ygy to gpusuyak ikeatomdirrcomrand,, whaD dhecitlgneditrol
processing for executing a series of read/write
accesses with respect to the read/write command.
The control block 35 includes hit judgment logic 350
related to read and write caches, and judges whether
20 or not the address designated by the read/write
command is registered in a hit judgment table.
(Read/Write Access)
A processing procedure of the read/write command
of the present embodiment will be described
25 hereinafter mainly with reference to a flowchart of

FIG. 4.

On receiving the command issued from the host



result indicates said specific read/wite command. 2. A disk drive
according to claiml1l, wherein said controller includes a conmand
registration unit 15 which registers the specific read/ wite comuand
different fromthe usual read/wite command. 3. A disk drive according to
claim1l, wherein said specific read/ wite command i ncl udes an extended
command set separately fromthe usual read/wite 20 command indicating a
usual read/wite operation, and said controtler executes the control in
accordance with said extended conmand, different fromthe control by said
usual read/wite conmand, when the controller_ receives the unregistered
ext ended comuan8YgbeRr dfvsdhg WESt sy siferhhey diglyidkivr i Ve sea®BEding to
claim1l1, wherein said controller includes: - 21 an access control unit
whi ch control s 3aF@2PéXd/ eI PECREShAR SRSAPIRS drldhe SFIFARAI d usual

read/ wite command; a _command regi stration unit which reqgisters the 5
speci fic read/ wFtEPCE nd;Tg‘ﬁngl%étcgrﬁr%?dﬂ cfd’f?erﬁDcﬁrﬁsﬁe%E%lcg%n%?e a

conmand recei ved from.sai hgst system wi,th the s ific . read/wite command
e 3out b o

registered by sEPHREBMERES &GO% MRS Y SniTYS 1Y Utgh® wHt Her™ Bt Pot t he
L0 commnds 20T EEotktleoath oL i Pe N W SBig arcers fgrgrel U
the register 31.

Here, in the present embodiment, it is assumed
that the host system 18 issues the extended read
command corresponding to the AV command in order to

10 reproduce the AV data recorded on the disk 1.

The command judgment logic 34 executes
identification processing of the usual read/write
command and extended read/write command (step S2).
Here, the extended read command is assumed.

15 Therefore, the command judgment logic 34 compares the
code of the extended read command set in the copy
register 31 with the command code set in the register
340 for registering the extended read command, and
judges whether or not the codes agree with each other

20 (step S4).

The command judgment logic 34 judges that the
extended read command issued from the host system 18
is different from the command code set/registered
beforehand. 1In this case, the host IF 20 stops the

25 access operation, and informs the host system 18 of
this (NO of step S4).

In short, even if the arbitrary extended command



judgment result indicates agreenent. 5. A disk drive according to claim1,
wherein 15 said controller prohibits the read/wite operation by said

read/ wite nmechani sm when the conmand i ssued fromthe host systemis
different fromeither said usual read/wite command or the registered
specific read/wite command. 20 6. A disk drive according to claiml1,
wherein said controller includes: a first gister in which a command code
i ssued fromthe host systemis set; and a {igiéter for registration in

whi ch a command 25 code indicating said specific read/ wite command is
registered. 7. A disk drive according to claim1, wherein - 22 said host
syst em dynani calBy i1§84€dk sitdredpddiam gzhr%é%ﬂ%]i t e R MEhER bSOBNPRAdRRer i ned

procedure. 8. A disk drjive conprising: a read/ w.ite nmechani sm whjch
executes a 5 reﬁ&FﬁPﬁ@@<59QWQQQM?Qﬁf£Eﬁ%§WGE rQﬁéﬁiﬁhQ%ﬁa. rekHledttm a

read cache nechgni sm whi ch executes a pre-read operation of pre-reading the
data fromthe dagﬁsnﬁﬁﬁuﬁﬁﬁf &%Fééﬁ%ﬁ§§§9m%é%§$:?n%ﬁﬁﬁ%@%%nulating t he
data 10 in a buffer nory; and a controller which controls the read
operation by th&FBEGAtrite mechani smin accordance with a read command

i ssued froma host systems whersidhaal & &00t Lol shql #dogsqvbeLyer the 15

command iS either a registered specific fead conmand or a usual read

command, and ingdheahgs ta Al rlaen%%&fest hei t ScH&achififd A acsgaul ated in

sai d buffer nenory by said pre-read operation in accordance wth the
judgnent result 5e20r@qiA tEdH0®FHo MRS GHY rAmiaid &) igiedlf | V&g i ch
conprises a read/wite nechanismto execute a read/wite operation of data

W th respect to3a duslkyesednenreztl contiiid dld &e s oNtdd Stadcseas/ wite
mechani smin accordance with a conmand i ssued from 25 a host system the

met hod conpri si hge cetdirvilng ltdek CEMERS IS uEtkd roin SEER dibss t ey s3Bm

10 Here, when the extended command issued from the host
system 18 agrees with the code of the extended write
command set/registered beforehand, the host IF 20
shifts to the processing of the usual write command
(NO of step S5, S9).

15 In the control block 35, as with the processing
of the usual read command, the hit judgment logic 350
judges whether or not the address (LBA address)
designated with the extended read command is
registered in the table for hit judgment (step S6).

20 That is, by a pre-read operation by a read cache
method, it is judged whether or not the data (AV data)
required by the host system 18 is accumulated in the
buffer RAM 22. In the case of a hit, the hit judgment
logic 350 instructs the buffer IF 21 to perform

25 an automatic data transfer (YES of step S6, S7).

That is, the buffer IF 21 reads out the data (AV data)

required by the host system 18 from the buffer RAM 22,



23 judgi ng whet her or not said received conmand is a usual read/wite
command or a specific read/wite conmand regi stered beforehand; and
controlling said read/ wite mechanismin a 5 simlar way to said usual

read/ wite command, when the conmand is judged to be said specific

read/ wite command registered beforehand as said judgnent result. 10. A

nmet hod according to claim9, further conprjsing: 10 controlling said

read/ wite nechanismso as to prohibit thelfead/wite operation, when said
command is different fromsaid usual read/wite command and is not included
in said specific read/wite conmand regi stered beforehand as said '{udbgrrent
resul t. 15 1.1. apdnéthRed feccartdiendate daitthe hast ther2Q@onpFeihgst I
executing control in accordance with an extended conmmand, when said comand
i s the extended28ofnrand f@irst dhendatdohaiirad Ry Hradwrerdedorfd®d and
not ~0 included in said specific read/wite conmand registered beforehand
as sai d j udgmenfOr@Eenct .tolg%eAmthéé,%r](ﬁ ng to claim9, further

conpri sing: executing a pre-read eratign to pre-read the 2 ata fromthe
di sk medi um by said Doadhf e RS &%E@Té?%e?ﬁef‘a%% ina
buf fer nepory; [;udai ng . whet her t ead.,co nd. receiyv from - 24

t he host g?stemglgg gote ern%tthg%htsﬁcae :%ézrc?’cgcnq%n@a Tt rtla&slagcgﬁi ¥ ead

comand r egi st eped,befonghand2udd ndicating adali &Lanags ofsgpe pre-read

data accumul ated i'n said buffer nmenory by said pre-rea operation in
accordance W thrhhe jjudonenl-o €3l ldata (AV data) required b

.AYa@bA&q.AQL.A@&Q.AQ{ébAQ{L.A&L.A&L.ASh.AS{r.ASL.AS_.A&hL.A&QF%&HT?%FhL.A{
. A99. AL{ . AU. A. AshsPed_1AFldoes not exist in the buffer RAM 22, the
read operation is executed with respect to the disk 1.
10 Concretely, the CPU 10 is involved, and the
required data read out from the disk 1 by the read
head 30 is transferred to the disk IF 24 via the R/W
channel 13. The disk IF 24 once accumulates the
required data in the buffer RAM 22 via the buffer IF
15 21. Subsequently, the buffer IF 21 reads out the
required data from the buffer RAM 22, and transfers
the data to the host IF 20.
As described above, according to the present
embodiment, when the extended read/write command
20 different from the usual read/write command is issued,
and when the extended command is a valid command code
set/registered beforehand, the command is processed as
the usual read/write command. Therefore, the CPU 10
is not involved, and an automatic and high-speed
25 read/write access system can be applied as with the
usual read/write command.

Particularly, for access to the AV data,
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10% & () - 10@6& Glbsequently accesses the data for a predetermlned
number of data sectors continued in the designated
range (pre-read operation). The buffer IF 21
20 accumulates the pre-read data together with the
required data in the buffer RAM 22. Thereby, when
the next read command is issued, the pre-read data is
accumulated, and therefore the hit ratio in the hit
judgment logic 350 increases.
25 The modification example will concretely be

described hereinafter.

First, as shown in FIG. 6, it is assumed that the
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disk access is executed in response to the usual read
command issued from the host system 18 or the extended
read command (AV command) (step S11). Therefore, the
pre-read data is sequentially accessed together with
the read data required by the command on the disk 1,
and stored in the buffer RAM 22 (step S12).

Here, as shown in FIG. 5B, it is assumed that
the data for data sectors SO to S6 are accessed as
the pre-read data, and stored in the buffer RAM 22.

On the other hand, for the host IF 20, the command
judgment logic 34 identifies the read command from

the host system 18 to be either the usual read command
or the extended read command (AV command) .

In the modification example, for example, the
buffer IF 21 sets a valid range as the pre-read data
in either the register for the AV command 50 or the
register for the usual read command 51 in accordance
with the judgment result of the command judgment logic
34 after completion of the pre-read operation (YES of
step S13). Here, as shown in FIG. 5B, it is assumed
that the read data of the data sector S3 is detected
as error data 52 by the ECC block 23 in the range of
the pre~read data.

When the host system 18 issues the extended read
command (AV command), the buffer IF 21 sets a valid
range VR2 as the pre-read data in the register for the

AV command 50 (YES of step S14, S15). On the other
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command, the buffer IF sets a valid range VRl as the
pre-read data in the register for the read command 51
(NO of step S14, S16).
5 In short, according to the modification example,
the valid range of the pre-read data necessary for
the read cache function can be changed in accordance
with the usual read command or extended read command
such as the AV command from the host system 18.
10 Concretely, the data accessed in accordance with the
usual read command is computer data, and the like,
and it 1s necessary to exclude the error data 52 from
the pre-read data. On the other hand, even when the
stream data such as the AV data includes the error
15 data 52, preference is given to continuity of the data
because of little influence or reproduction quality.
Therefore, for the pre-read data used as the read
cache function, the valid range is preferably changed
in accordance with the type of the command from the
20 host system. In the method of the modification
example, the valid range of the pre-read data can be
changed in accordance with the type of the read
command.
(Second Modification Example)
25 FIGS. 7, 8 are diagrams relating to a second

modification example of the present embodiment.

The modification example relates to a command
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(CP) function which dynamically changes the above-
described extended read/write command in response to
a request from the host system 18 and which can

5 particularly prohibit access to the data recorded on
the disk (e.g., AV contents).

The command processing method of the modification
example will concretely be described hereinafter.

First, it is assumed that the extended

10 read command with a CP function (code XXh) is
set/registered beforehand as an extended read command
code in the register 340 included in the command
judgment logic 34 in the HDC 15.

As shown in FIGS. 7, 8, the host system 18 issues

15 the extended read command with the CP function (code
XXh) (step S21). On receiving the command from the
host system 18, the HDC 15 of the disk drive 17 judges
validity of the extended read command with the CP
function and reads/accesses the command as the usual

20 read command as described above (steps S31, S32).

On receiving the data (AV data) required by the
extended read command with the CP function, the host
system 18 generates a second extended read command
with the CP function (steps S22, S23).

25 Here, the host system 18 uses the last one byte

(YYh) of the read data received by the first access as

the command code of a new extended read command with



A 10% & ()-9F" 10%& ()--! 9F"
1 . F& ()--19F" 1096 " & ()--((D)))" *** "
e dove (): 210w () e 10 - st a0 S T
++V, a?1 10! 'L "109%& ()-F !]3"10%CC& ()-a! x3"109%?& ()
: ! -ac

109%& ()-10%& ()- 10 10V,,,]-[.3/°
109 ()-!$9@ " 10%& ()-1L ! lgg)/&./ (;‘_"AFJﬁ!’-’l‘l:ngio&loz/L@'(Q.Fg 9@ " 109%& ()-!9@

*/00000011r S10! L3!' 10%&' () - 3"

. . IL3! -3"109%& ()-y!3"109 , .

109%& () - y: MRRE () - 0 -

()-1S22F334) 4wJ3r S10! ! <903"10% "~ & )%é)- SI 9(@3 [ ?]l_(])-oo/eg{‘:&( §2 I 91@0| igcyé.ol() 9|69

1 10%b& ()-! 9@! 10%& () -! .
y10% ()- 10 10 103 ()-1L3! 10988& ()-)A444444445{\: 01 1<l 10%H& ()-m

- 100" ., .
£ 10% ()| 59031 9= 3 000:a0%81G) BooosPIast ST o Frove - @
8d99999993{\3cﬂéqﬁégt"ﬂﬁﬁﬂﬂ%h@)h@qb@@yﬁﬁég{ f)iﬁelﬁ%@Hﬁb(Ehﬁhges
the extended read command code (XXh) set/registered in
the register 340 to the extended read command with the
5 cp function (YYh) (step $33).
As shown in FIG. 7, the host system 18 issues the
extended read command with the CP function (code YYh)
(step S24) . on receiving the command from the host
system 18, the HDC 15 of the disk drive 17 judges the
10 validity of the extended read command with the CP
function and reads/accesses the command as the usual
read command as described above (steps 834, S35).
Thereafter, on receiving the data (AV data)
required by the extended read command with the CP
15 function, the host system 18 similarly generates a
third extended read command with the CP function (ZZh)
(see FIG. 7). In response O the request from the
host system 18, the HDC 15 changes the extended read
command code (YYh) set/registered in the register 340
20 to a new extended read command with the cp function
(zzZh) . This processing is repeated until the host
system 18 reads/accesses all the required data
(steps 526, S36) .
As described above, according to the method of
25 the modification example, for example, the host system

18 dynamically changes the extended read command with

the content protection (cp) function and can thereby
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In other words, 'in the disk drive accessible from

a plurality of host systems, the read access with the

CP function can be realized so that only the specific

5 host system can access the drive.

As described above, there can be provided a disk
storage apparatus in which an automatic and high-speed
read/write access system can be applied to extended
commands such as an AV command other than the usual

10 read/write command. Therefore, for example, when the
extended commands such as the AV command for handling
the AV data are newly added, automatic and high-speed
read/write access can be realized.

Additional advantages and modifications will

15 readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

20 spirit or scope of the general inventive concept as

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

a read/write mechanism which executes a

read/write operation of data with respect to a disk

5 medium; and

a controller to execute control related to said

read/write operation in accordance with a command

issued from a host system, to judge whether or not the

command is a registered specific read/write command,

10 and to control said read/write mechanism in a similar

way to a usual read/write command, when the judgment

result indicates said specific read/write command.

2. A disk drive according to claim 1, wherein

said controller includes a command registration unit

15 which registers the specific read/write command

different from the usual read/write command.

3. A disk drive according to claim 1, wherein

said specific read/write command includes an extended

command set separately from the usual read/write

20 command indicating a usual read/write operation, and

sald controller executes the control in

accordance with said extended command, different from

the control by said usual read/write command, when the

controller receives the unregistered extended command

25 from said host system.

4. A disk drive according to claim 1, wherein

said controller includes:
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an access control unit which controls said
read/write mechanism in accordance with said usual
read/write command;

a command registration unit which registers the
specific read/write command; and

a command judgment unit to compare a command
received from said host system with the specific
read/write command registered by said command
registration unit, to judge whether or not the
commands agree with each other, and to instruct said
access control unit to execute a control similar to
that of said usual read/write command, when the
judgment result indicates agreement.

5. A disk drive according to claim 1, wherein
said controller prohibits the read/write operation by
said read/write mechanism, when the command issued
from the host system is different from either said
usual read/write command or the registered specific
read/write command.

6. A disk drive according to claim 1, wherein
said controller includes:

a first register in which a command code issued
from the host system is set; and

a register for registration in which a command
code indicating said specific read/write command is
registered.

7. A disk drive according to claim 1, wherein
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said host system dynamically sets said specific
read/write command by a predetermined procedure.

8. A disk drive comprising:

a read/write mechanism which executes a

5 read/write operation of data with respect to a disk
medium;

a read cache mechanism which executes a pre-read
operation of pre-~reading the data from the disk medium
by said read/write mechanism and accumulating the data

10 in a buffer memory; and

a controller which controls the read operation by
the read/write mechanism in accordance with a read
command issued from a host system,

wherein said controller judges whether the

15 command is either a registered specific read command
or a usual read command, and indicates a valid range
of the pre-read data accumulated in said buffer memory
by said pre-read operation in accordance with the
judgment result.

20 9. A method of access control for a disk drive
which comprises a read/write mechanism to execute a
read/write operation of data with respect to a disk
medium, and a controller to control said read/write
mechanism in accordance with a command issued from

25 a host system, the method comprising:

receiving the command issued from said host

system;
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and indicating a valid range of the pre-read data
accumulated in said buffer memory by said pre-read

5 operation in accordance with the judgment result.



