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G ROU T, AND I NTERPAGE CONNECTI ceround NN
CI RCUI T, AND | NTERFACE CONNECTI NG METHOD BACKGROUN

THE I NVENTION 5 The present invention relates to a *159159%

di sk drive connectable to a host system and nore

particularly to a disk drive_toibe_connected to a

host systemvia an existing nemory interface circmmmmmmmmmmwm
that also serves as an input/output (10) seria

interface circuit, andTﬂ@L@nofnfﬁéffﬁ§Eﬁ@E§§cting *G00001*

nmet hod. I n general, disk drives represented by hard

di sk DAYSK/ &R IHDRINNEEI RIS b 3051 05 OPrM PP EA A HG6RY

for such electronic devices as personal conputers.

El ect rIdVTIER FAGE i CIRCULT | i AN DO NIRHFAL B ke Ol N RE@BI RG EMETHOD
call ed host 15 systens. In general, a host system and

di sk drive have t h8RCKGROPED: iOFe TWHEr SATVENT Joav al | el
interfaces such as AT Attachment (ATA) interfaces.

The di sk dheerasent riarenteion itelates toackudésk drive

regi sters. h% host system operates the registers in
t he rg&q&g able to & host system, and more particularly

to a disk drive to be connected to a host system via

an existing memory interface circuit that also serves
as an input/output (IO) serial interface circuit, and
.an interface connecting method.

In general, disk drives represented by hard disk
drives (HDDs) are used as storage apparatusés for such
electronic devices as personal computers. Electronic
devices utilizing such disk drives are called host
systems. 1In general, a host system and disk drive
have their respective versatile parallel interfaces
such as AT Attacﬁment (ATA) interfaces. The disk
drive has a register file that includes registers.

The host system operates the registers in the register
file, using a register operation command. By this
operation, the host system writes, to the register
file, a command (command code) and various parameters
necessary to execute the command. The host system
performs execution of a command and transmission/
reception of data by operating registers, i.e., by
accessing registers in the disk drive.

Serial interfaces called serial ATA interfaces



20 file, using a register operation command. By this
operation, the host systemwites, to the register
file, a command (conmand code) and vari ous paraneters
necessary to execute the command. The host system
perfornms execution of a command and transm ssion/ 25
reception of data by operating registers, i.e., by
accessing registers in the disk drive. Serial
interfaces called serial ATA interfaces 2 have
recently been devel oped as interfaces for increasing
the rhteeotedahalyr BeshedeRRIWRRIN &s NOHer & LMAN
di sk drive. The serial ATA interfaces (serial

i nt er fncespshagetprysiatal ofpeith catanete b bl dfairent host
fromthose of conventional ATA interfaces (i.e.,
paralPﬁPtﬁWAﬁnﬁtéﬁﬁacdglwﬁ palTald eleriiait &vTffades)erfaces
Accorg to _connect a host system to a disk drive
by a $8F é A?ntﬁﬁﬁépﬁaéehaVﬁ Phy sieeds sgrec itfdl qatdhdrde

respeé g¥e seﬁ ? interface 10 circuits for the
host Sy&t&hfRAd anl (e PBge ot F@F‘t"l‘?é’itloélr?]i Adifedditqy faces

nmb h t h t d
Sl oS A HEnBPy S aPd PRAULPEA SRCET 2 PASR eory Can
b th
i ﬁsg‘ﬁ?@%@? ﬁég‘*%a?arﬂfs?“&&g%nog{% %?ﬁs?ﬁti%ﬂ%atf GEe

hi gh-tate aesiahrtiyangfe t
menory card. Jpnr PatBQA%pg%rlquﬁXP g%t |ca |dn is

2003-080983shag poopesedda rbaphiicqye %%&1%ﬂaﬂTﬂuld%erface
di sk drive (data storing drive) of a |large capacity

10to bectoonitsefdorothbehost system and disk drive.
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Further, an increasing number of host systems
have come to incorporate card slots. A memory card
equipped with a flash memory can be mounted in a card
slot. With a memory card inserted in a card slot,

a host system can perform high-rate serial transfer of
data from and to the memory card. Jpn. Pat. Appln.
KOKAI Publication No. 2003-69931 has proposed a
technique for enabling a disk drive (data storing
drive) of a large capacity to be connected to the
memory interface circuit of a host system through_
a card slot formed in the host system. However, to
connect the disk drive to the memory interface circuit
of the host system, the disk drive must have a serial
interface circuit that conforms to the interface
standards for memory cards.

BRIEF SUMMARY OF THE INVENTION

In accordance with an embodiment of the
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20 nmenory interface circuit of a host systemthrough
a card slot formed in the host system However, to
connect the disk drive to the nmenory interface circuit
of the host system the disk drive nust have a seria
interface circuit that conforns to the interface 25
standards for nenory cards. BRI EF SUMMARY OF THE

I NVENTI ON I n accordance w th-an3enbodi nrent of the 3
invention, a disk drive used by a host systemis

provi ded. The host systemincludes a nenory interface

ci rcuiihvehitdbngl 20 ek efridte s IBY) d He¥d abstem is
circuit for connecting the host systemto an input/ 5

out puprgaided.cofiher o) taysteseriradlidderd atmoriheinterface
di sk drive conprises a disk control unit conformng to

a par SFFER1IEnWEACACc &l sendenvan@ma /oweuital nitrard wiizre
circuit connected to the disk control unit via the

par al F&FChitefPicEornREtdingk tdenthasit wHsteamdiudes irput/

a regis%ertfile,used tq hold a command code and

par anSPEPEE RIS EON IR It 2 BRFidgilttarfage The
inclu aqplural i of reaqist.er,s equi val ent, to )
regis?ggg FggngSPa &d 5S¢ %ﬂqéﬁ}ﬁﬁiﬂPqﬁﬁ\R?“formlng to
conf ogm h rad.l el interface, th oSt system_-

15 berng aasssa areerTack g A e iRl g Pace

the eegbater chhhectEhe Ry AUt ted a1 QﬁﬁtCiJicat“#ehe

is connectable to the menory interface circuit of
host pysttlelThaterFuabeQut Ae Il fRA]R JY Wit includes

utilizes a.protocol for the parallel interface to
a register file used to hold a command code and
parameters, and a main controller. The register file
includes a plurality of registers equivalent to
registers incorporated in an existing disk drive
conforming to the parallel interface, the host system
being accessible to the plurality of registers of the
register file. The input/output interface circuit is
connectable to the memory interface circuit of the
host system. The input/output interface circuit
utilizes a protocol for the parallel interface to
communicate with the disk control unit, and utilizes
a protocol for the serial interface to communicate
with the memory interface circuit of the host system.
The main controller controls the registers of the
register file in accordance with a series of register
control commands and acquires a command code and

parameters from the register file, when the host

system sends the series of register control commands



20 communicate with the disk control unit, and
utilizes a protocol for the serial interface to
communicate wth the nmenory interface circuit of the
host system The main controller controls the
registers of the register file in accordance with a
series of register 25 control conmands and acquires a
command code and paraneters krommthe register file,
when the host system sends the series of register
control commands 4 to the disk drive via the nenory

i nterftacehe rhii dfivd heldagte i) MG ARSI ATt of
of register control commands are transferred fromthe

i nput thet st iswstrdmacercd riis tsdrd dshe firsdg ey dontrol
unit. The 5 command code and paraneters are desi gnated
by théomg@mﬁ@samﬁ|ﬁ£§ﬁ§ﬁﬂrnﬁﬂnﬁndm(nhanmnhntfﬂutput
command code is to be executed in the disk drive, the

par aneNERE L 35ke Gidcaddartp ttdeetick eante dommirtd cdie
BRIEF DESCRI PTI OF THE SEVERAL VI EW6 OF THE DRAW NG
510 ThECTFRRH SR G H RATIFEEaHS e eadesivedtsst fedhe

T, S Bt e SRS Pl o cose
ith | th
i Hasegener dtoncy m B 0%E U0 Bgpocers

15 sehve hecesRlagiyn ttoh%x%rd%@ Rles c%fxmnta % 'c%\(:l%nt' on.

FIG 1 is a block diagramillustrati
conf i gBRBELF ODESERAPBYSKEHFWrih §E{7§RﬂLdV§i§w§f br‘eEﬁE'DBkAWING

10 according to an enbodi ment of the invention;
10is a view MThieustacainipag i rif ldflwid)s, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,
15 serve to explain the principles of the invention.
FIG. 1 is a block diagram illustrating the
configuration of a system with a hard disk drive (HDD)
10 according to an embodiment of the invention;
FIG. 2 is a view illustrating a structural
20 example of the register file 112b appearing in FIG. 1;
FIG. 3 is a flowchart useful in explaihing the
procedure of processing performed in the embodiment
for discriminating the type of a device connected to
the host 20 appearing in FIG. 1; and
25 FIGS. 4A to 4C are flowcharts useful in
explaining the procedure of processing performed in

the embodiment for reading data from the HDD 10.
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20 exanple of the register file 112b appearing in FIG

1; FIG 3 is a flowhart useful in explaining the
procedure of processing performed in the enbodi nent

for discrimnating the type of a device connected to

the host 20 appearing in FIG 1; and 25 FIGS. 4A to 4C
are flowcharts useful in explaining the procedure of
processing performed in the enmbadi rent for reading

data fromthe HDD 10. DETAI LED DESCRI PTI ON OF THE

I NVENTI ON An enbodi mnent in which the invention is

applied to a DPETAIAESK DESCORE PHION oF desc mNvedTiIoN

detail with reference to the acconpanyi ng draw ngs.

FIG 1 is 5m ¢nmkedingryramvhicsttid i hgvémeion is applied
configuration of a systemwith a hard disk drive (HDD) _
10 acdSr @ Apah ditste dnigwlivielt k¥ dercriihehtinmetiisl with
HDD 1Q _shown in _ Fl 1is, for exanple, a card-type
HDD of* Stivd ®iife T BECMRAIRGINEG v ingry | FE. 1 is

0.85-i_n . .10 The , 0 is, used, connected to a

host fo%q‘ﬂ?eQDrgolsatgrafb lﬁgg’i]ﬁ UED LN g Qe of
The hgs ' | gct j.c..device r S ed by a

per so%altsy%%népﬁt@&h eapglr I;cglraelstkerqvﬁjhvzﬂ , i Ie‘@ ﬁﬁﬁ%r,&ng to
etc. The Resio [ ; ry. int I{ cyi t .
21, card slot dglgﬂen.cltgrga%;] rrai%%r%]'l erﬁ%%gld stiown in
menor FIat ar fiace fyy @ildnAk SO @S % vhe MTIPIYE the same
interface for connecting the main controller 23 o

t he heiap20 ats0 aa SRy eAld) iderited 100 498 e GipD.

slot. The nenory card is, for exanple, a secure 20.

di gi t he( SDP Adndrsy usad). o wd i eIdAC20. The host
20 uses the HDD 10 as its storage. The host 20 is an
electronic device represented by a personal computer,

portable terminal, mobile phone, etc. The host 20

comprises a memory interface circuit 21, card slot 22

and main controller 23.

The memory interface circuit 21 serves as a
memory interface for connecting the main controller 23
of the host 20 to a memory card inserted in the card
slot. The memory card is, for example, a secure
digital (SD) memory card. The memory interface
circuit 21 can be connected to a card other than the
memory card. It is sufficient if the card conforms to
the electrical and mechanical specifications of the
memory interface. For example, the memory interface
circuit 21 is also connectable to an IO card with
an input/output (I0) device conforming to serial

interfaces. 1In other words, the memory interface
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circuit 21 can be connected to a card other than the
menory card. It is sufficient if the card.conforns to

the electrical and nechani cal specifications of the

menory interface. For exanple, the nenory interface 25
circuit 21 is also connectable to an 10 card with an

i nput/output (10) device conformng to seri al _ '
interfaces. In other words, the genmory interface 6
circuit 21 can be also used as a serial interface

circuit (10 serial interface circuit) to be connected

to theitBudeviteceanber ailke Leegehisak isRYEH1AGeTerHiRe
HDD (card-type HDD) 10 is one of 10 cards represented

5 by aiseuvdkte (IDgsealailnputeefapdt céaedit$DRO & Gonnected
Host systens that can use a nenory interface as a

seri atCi fber fQcdeyioesepndbrimingr taceprand Kmawrfaces. The
These, host systens include a host systemthat can use

a cardPBl éEaEent¥PAI HEDY 0 18DigeADRY OENTEr Facds aepl@sented

card sl ot conform,ng.,to_serial (SDIO serial)
i nt er PAcBsSCRHT$0dL e 16 BB PR PEENREELaS®I00 card) .

posume. her BSEhabY P RER oL 4t BRaninece RBoRmgRperface as
i ) i S i .ipterf , d, 15
that tnecFoet ShEeERrrE CoRnBBFAgL! bnEREE0RL, A28 tpdun.

the seréadk BBE€r§?$€%§éi%nélﬁééd?shggtc ngggi@%anan use

serial interfaces ost system control's transfe

of da&achrenms apd &@nfbﬁmiggd€¥i§9-m§ﬁ89%fkﬁggk¥ac%%8as

host systemcontrols data fransfer 1 n atcordance

10wi t h ancdfddevbtecennbrmingr e6r agriby opsrat segikhe
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interfaces. An IO card (IO device) connectable to
this host system generally has a register file.
Assume here that the host system uses the memory
interface as a serial (SDIO serial) interface, and
that the host system is connected to an IO device by
the serial interface (via a card slot conforming to
serial interfaces). The host system controls transfer
of data from and to the I0 device. Specifically,
the host system controls data transfer in accordance
with an IO device control program, by operating the
register file in the IO device. |

As mentioned above, when the host system controls
data transfer from and to the IO device, using the
serial interface, it must operate the fegister file.
The same can be said of the case where the host system
receives and transfers data from and to an HDD having

a parallel interface (parallel ATA interface). The
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register file in the 10 device. As nentioned above,

when the host systemcontrols data transfer from and

to the 10 device, using the serial interface, it nust
operate the register file. 25 The sane can be said of
the case where the host system receives and transfers
data fromand to an HDD having a parallel. interface
(parallel ATA interface). The -7 enbadi nent is
characterized in that utilizing this point, the HDD

10 i s made connectable to the nenory interface of the
host syridceiinht iie.chfbErdSiid@ iMEOREY uﬁiPiiﬁﬁ@ this
that is also used as a serial 5 interface (10 seri al

i nt er frode)t, Tree didDl K afs 2Rads ¢swtedOaliDeinto t Higs endmory
a card (menory card or 10 card) conformng to the

el ect riintAr fagrl afecHemiloedt spexidm c2@j ohse of ahmeexisting
menor y |nterface serial interface), so that the card
is comfRQLb| i tRr fare Heateri? 219 aisedeasiacserial.
Assurre ere that _the HDD (card- type HDD) 10 is

i nser th ﬁﬁfﬁ?% @&%&e%ﬂ%ﬁ e fagR) host system 20. A

connect or t.o e, el ectrical and nechanjca

speci fi cations O%Tllc?gﬂo’:rm#;rﬁls i 1S £ B2 eyt cBlﬁﬁE%t’éda card
to an rf bl e can

nmount eéil&l n the car Iot d‘_géf.e) cnofro mlgrf%/ ) ' P?ﬁ%rlcal
HDD 1Qiric ma@dhafi o 1C gk c L 4RE, tang&%berh

the menory interface circuit 21 o ys e

when i(tseird aQonnaerfhcd)o %&adrrhtcoc!‘rneecé@fdvi@ & hnectable
i nterface cable. 20 Further the card slot 22 is not

nt %rface

10al waysonethess@mmory interface circuit 21. Assume here that
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the HDD (card-type HDD) 10 is inserted in the card
slot 22 of the host system 20. A connector conforming
to the electrical and mechanical specifications of the
memory interface and connected to an IO device by an
interface cable can also be mounted in the card slot
22. Accordingly, even if the HDD 10 is not of a card
type, it can be connected to the memory interface
circuit 21 of the host system 20 when it is connected
to a card connector via an interface cable.
Further, the card slot 22 is not always necessary.
For instance, if the host systeh 20 is a portable
small-size electronic device such as a mobile phone,
the HDD 10 may be connected to the memory interface
circuit 21 by a cable or printed wiring in the casing
of the host system 20.

The main controller 23 controls each element of

the host system 20, and a peripheral device connected



For instance, if the host system 20 is a portable
smal | -si ze el ectronic device such as a nobil e phone,
the HDD 10 may be connected to the nenory interface
circuit 21 by a cable or printed wiring in the casing
25 of the host system 20. The main controller 23
controls each elenent of the host system 20, and a
peri pheral device connected te tige khost system 20.

When the main controller 23 is connected to the HDD
10 via the nenory interface circuit 21, it controls

t he HOD tBei hoatceyddrenme 20.t h WHerHMD« im0l cditOesld@Br 23 is
In this case, the main 5 controller 23 treats the HDD
10 ascapnppbedationghe HDEr dd) ivie parealnedodintiarfacace
(paral L el ATA interface). The HDD 10 conprises a nain
HDD uRLECEEt 2tmpdt/ 69@;’;1}101(510:)1'161 MR flid reigaanndarze

and congﬁctor Wni t 13. The main HDD unit ii is '
equiv5F t POHQ 1§°€6ﬁ9énH§9ﬂ£a“HuD3QntﬁkﬁfQﬂ%ﬁwm$he main

R e ke

5323”’?%2523 e fe5Ld o ik a2 Bl SR dptersace)
hard di sk ¢egt 1@l ﬁ'dD@or%ﬂ:' Se1312a nga%nTr}pr%;? fdl 111

mai nly includes nechani sectl ons | ncor por

t he Fﬁﬁpﬁﬂ/oﬁﬁpﬁtf|Q@||lntéﬂf%d@)%ﬂﬂadlﬁth2'HHd“BEh ctor
di sk (magnetic disk) 11la, head (nagnetic head) 111

and achifat ®8.11The mhendHDP uhllajns]gsegnﬁ@aqent to a
recordi ng nmedium for magnetically 20 recordi ng data.

10 The heanvéentbonaluldd forr ped fanthing ider(dted fdaya athnsfer
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to the disk 111a. The actuator
using a parallel interface (e.g., an ATA interface),

.i.e., an HDD having a parallel interface. The main
HDD unit 11 mainly comprises a hard disk assembly
(HDA) unit 111 and hard disk control (HDC) unit 112.

The HDA unit 111 mainly includes mechanical
sections incorporated in the HDD 10. Specifically,
the HDA unit 11 includes a disk (magnetic disk) 1l1l1la,
head (magnetic head) 111b and actuator 1llc. The disk
1lla is used as a recording medium for magnetically
recording data. The head 111b is used to read and
write data from and to the disk llla. The actuator
11lc supports the head 111b so that the head 111b is
radially movable over the disk llla. FIG. 1 does not
show a spindle motor for spinning the disk 1llla, voice
coil motor for driving the actuator 1lllc, etc.

The HDC unit 112 conforms to versatile parallel

interfaces. The parallel interface is, for example,
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111c supports the head 111b so that the head 111b is

radi ally novabl e over the disk 11la. FIG 1 does not

show a spindle notor for spinning the disk 11la, voice

25 coil nmotor for driving the actuator 111c, etc. The

HDC unit 112 conforns to versatile parallel

interfaces. The parallel interface is, for exanple, 9

an ATA interface (parallel ATA interface) w dely used
inthe field of HDDs. The HDC 112 incl udes electric

circuit sections. Specifically, the HDC unit 112

i ncl udes A3Ar dadewfiace dipentdllelll 2a0A riegistifeled)i wva dblidb used
5 and main controller 112c. The read/wite channe

112a PstResifddid prod@dsi.ng They i HDE fldr dxedutdesy electric
vari ous tgges of processing, such as

anal 0§+ 6% ditgSeAt 1086ny eSPesr fofcad 11, grvdle HAE eatiitng 12
data read fromthe disk 11la by the head 111b, .
encodMRGLEASRr Pt S3YHTite shardedodilig ofregdadedatidile 112b

Th ' L fil 112h is.f d of | it f

e gkl gt dorred ol s bl o
t her ei d ; ' . .

par bt er s LebaadPF SERERANG FY R CobmRARTEiRgn e ous

15 hOﬁypéﬁst”b%Qc%E%Hhﬁgssh%%pEQDa%glogQQggggégg%?ATA

(existing) HDDs conform™ng to parallel i"nter

i nt er tanes}sabaooiake sagh@di Shel chicli g cedudi-vahenly e

the register file 112b.gAssune #ﬁgtlegﬁh regfster om the
file diskheéltanbgnthendkadDd31bs &ocdRdnef of (eqiLet @bt a,
20 RO', R1I', R, --- Rm1l . The size of register Ro

10js 18n@idecedihyt of) readddahe.si ze of the registers
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R11, '
The register file 112b is formed of a plurality

of registers. The register file 112b is used to

write therein a command (command code) and various
parameters needed for executing the command, when the
host system 20 utilizes the HDD 10. Conventional
(existing) HDDs conforming to parallel interfaces (ATA
interfaces) also have a register file equivalent to
the register file 112b. Assume that each register
file of the conventional HDDs is formed of m registers
Ro's R1vy Rotvy ** Ryp-11. The size of register Rg: is
16 bits (2 bytes), and the size of the registers Ry,
Rov, ** Rp-1' 1is 8 bits (1 byte).

FIG. 2 shows a structure example of the register
file 112b. 1In this example, the register file 112b is
formed of m registers Rg, R1, R, ** Rp-1, to which
addresses n, n+2, n+3, **, n+m are assigned, respec-

tively. The roles of the registers Rg, R1, Ry,



R21, - RM11 is 8 bits (I byte) . FIG 2 shows a
structure exanple of the register file 112b. In this
exanple, the register file 112b is 25 fornmed of m
registers RO, Rl, R2, --- Rm1, to which addresses n,
n+2, n+3, ..., n+mare assigned, respec- tively. The
roles of the registers RO, RL, R2, - 10 Rm1l are

equi val ent to those of the registers-Rol, R11, R2',

Rm 1" of the conventional HDD. The size of the

register RO is 16 bits (2 bytes) like the register

Roy, a1 hersiequdfaldier regiciess &, th2, redisRds iRy,
8 bits (1 byte) like the registers Rl', R2', Rm1'.
Respedil 've Rgldr es's & -are cfssignednivernitienalegind.er $he size
Rol, RL', R2'", Rm1' . The addresses of the registers
RL,, RF thermegistentRyels olé Heitegi3tyt®d) akbke, tise

, M respectively. In the 10 enbodi nent, as

afore %0 Rblgdrad 6h ey, st ofthe registers R1, Ry,

assigned tao t regi sfers RO, Rl, R2, Rmil. B

virt uerg(e“’t)'fl t'm ?ﬁﬁ?%sél R Ynretite t'tkh’?e're‘i’fo‘%l‘?%%%e‘%l bf R2'.
the regigters Rl 1 relative to the . register

RO are ngfﬂ‘é'lté cgfargéseﬁgﬁ t § 5SS S5t aFﬁe%??Wé’%@Fé’r fhe
Rl', RgistRBsl HEl atdve to the register Rol. Jln this
case, tr?elsrmi N conhtrolder F%12’0 can™rledt Tth%eaddr}esses of
regi steeves MYi fer Rk ALl J N LRE _S3MRTBANGL (S ¢

the conventi onal _HDD]by recogni zi ﬁ‘gsit heeg% ress ntglfré

the regicitstrerRR iam ,2,t I8, off s, &@@E@%%mel%q ASn %he
apparent, the relative address of each of the

10r egi sesboRineartd Ra o rafartemed edddissds Zern+2, n+3,

(8]

**, n+m are assiéned to the registers Rp,  Rj, Ry,
Rm—i- By virtue of this address assignment, the’
addresses of the registers Ry, Ry, ** Rp-1 relative to
the register Rp are made to correspond to those of the
15 registers Ryr, Ror, - Rp-1 relative to the register
Ror. In this case, the main controller 112c can treat
the registers Rp, Ri, Ry, ** Ry-1 in the same manner
as in the conventional HDD by recognizing the address
n of the register Rg, i.e., the offset address n.
20 As 1is apparent, the relative address of each of the
registers Ry and Rgr as reference registers is zero.

A description will now be given of essential ones
of the registers Ry to Ry-7. The register Rq is, for
eéxample, a data register. The register Rp is used to

25 hold read data during reading and write data during
writing in units of 16 bits (2 bytes). The register

R} is an error register. When an error occurs during



A description will now be given of essential ones of

the registers RO to Rm1. The register RO is, for

exanple, a data register. The register RO is used to

25 hold read data during reading and wite data during
witing inunits of 16 bits (2 bytes). The register

Rl is an error register. Wien an error occurs during -

11 reading or witing, the regilgte~ Rl is used to

hold : detailed information concerning the error (error
information). The content of the register Rl becones

val i dreddangeorowrbtingRREhdesegibedr! ateis uBehdudednhd1ld
in status information held in each of the register

(st atdetpedgedt énforBahndnr eghséenifigl thenateoregester)
Rm2 is "1". The host system 20 recogni zes the

regi stBfoRMagion) r eadheegprtent dedli theedegdskeadRngbecomes
The register R2 is a sector_count register. 10 The
regisY% igpifsapseqres RoFdERRe dafBEibef satesysinefuded

dat b d, itten. The registers R3. R4, RS

and RbtaP BoFEPstAEQERBRASNT hFHG ARdeABl oF Ehegrpaister

| ogi z I st ti . .
o0kt o L0, 4 28001 SRRV ELE g onon
15 h b j Logl ' f mlLe,

1o ek esgeeiite akLoydgel yred oo (oL EiALS 8,

i ndi caégngrer Rpagsng §§§&0fe?ﬁs§e£a&SﬁicQEeaeeg'anaﬁng.

witing. More Specifically, e target LBA registers

R3, R4, RoThandelbsbekdrbits 4 t8cBotf Ebghtt 2egektkBA
[7-0]), bits 20 15 to 8 (second target LBA [15-8]),

10bits PRetvegbsteftRprist asget t&BAol 23t A6] humbBBe Bt Sectors
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27 to 24 (fourth
of data to be read or written. The registers R3, Ry,

Rg and Rg are first, second, third and fourth target
- logic-block-address (LBA) registers, respectively.
The target LBA registers R3, R4, Rz and Rg are used to
hold respective bits included in, for example, a 28-
bit target LBA (target logic-block-address) indicating
a leading sector as a target of reading or writing.
More specifically, the target LBA registers R3, R4, Rs
and Rg hold bits 7 to 0 (first target LBA [7-0]), bits
15 to 8 (second target LBA [15-8]), bifs 23 to 16
(third target LBA [23-16]), and bits 27 to 24 (fourth
target LBA [27-24]), respectively, included in the
28-BIT target LBA.
The register Rg is used as a command register for

holding a command code designated by the host system
20. The host system 20 recognizes the command

register Rg as a write register dedicated to writing.



target LBA [27-24]), respectively, included in the

28-BIT target LBA. The register R8 is used as a

command register for 25 holding a command code

desi gnated by the host system 20. The host system 20
recogni zes the command register R8 as a wite

regi ster dedicated to witing. - 12 The register R8

is also used as a status register2for hol ding

i nformati on concerning the status of the HDD 10 to be
reported to the host system 20. The host system 20

r ecogffiheesedis tstratRgs irsegilstceuded as a reat s negjiddr for
dedi cated to reading. In the enbodinent, after the

regi sheldi@g ¢nfoamadd om comvenmhimggitsteerstaans af the HDD
conmand code is witten to the register R8, the

regi stiér tR8 Bes rapordeed tico the st @vstest s The host
regi ster. status i.nformation held by the register

Th
10 (sPACTE™ i SEECPTRESSn HNFdES 3t Udatte Sldires Repias a read

ORQ i.t BSY and bit, ERR _The bit _
SnG o SESES e R AAES P TR N ndes e SBRT LRt
d

or noty sl = i.ng -t he executiaon of a co nd .
requiriﬁg gfaq%ﬁgﬁgFgrBSTﬁg @%F%%§§ Fh&qﬂﬁﬂégn}engter
whet handt Be ddbRaka £QdkeS 1@PG,Al SYhz !

(BSY = 0). The bit BSY is ser?tttt%g" (f'% ;Eﬂee?‘)e cs(}rrlre%anR '
code ihewregieherORgt he E@AkTheld RS #ad UhQ TRYISI®atus
R8 is switched froma comuand register to a status

regi sregisaed.keffheaktatis Whifiolrnialte oPPeedld By the register
desi gnated by the command code is 20 finished.

10Howevdstakhen regiegeest Rgod nddtaletsr ansfagfa reagedtobit DRQ,
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t he connand.re%uiring data transfer is issued
busy bit BSY and error bit ERR. The bit DRQ indicates

whether data transfer is possible (DRQ = 1) or not
(DRQ = 0) during the execution of a command requiring
data transfer. The bit BSY indicates whether the HDD
10 is operating (BSY = 1) or not (BSY = 0). The bit
BSY is set to "1" after a command code is written to
the register Rg and the register Rg is switched from a
command register to a status register, and kept at "1"
until the operation designated by the command code is
_finished. However, when a request for data transfer
based on the command requiring data transfer is issued
(DRQ = 1), the bit BSY is set to "O0". After the
content (status information) of the register Rg is
read, the register Rg is reset. The bit ERR indicates
whether an error has occurred during the execution of
the command supplied from the host system 20 (ERR =

1), or not (ERR = 0).



(DRQ = 1), the bit BSY is set to "0". After the

content (status information) of the register R8 is

read, the register R8 is reset. The bit ERR indicates

25 whether an error has occurred during the execution

of the command supplied fromthe host system 20 (ERR

= 1), or not (ERR =0). 13 The register Rm2 is used

as an alternate status registenl3for holding the sane
status information as the status register R8. The
alternate status register Rm2 differs fromthe

status reglbeereRdsitrert Rat o5 itshaskegiast @n Bht2irmtwistatus
reset even if its content is read. The alternate

st at u§ePe§Fsrefornnelidngr sbegniemed shatasr daf orggitsicer as
by the, host system 20. The register Rm2 is al so used

as a BB?iEEaEéﬁtFﬁglsFéﬁigeer Beoghttesnaie sbatjuse register
regi ster stem 20. The device contro

by. host 10
o Shar2 i SERe S O kan EBY: REAknS: eaLe PG g tmE

t t,_Si | int . upt, i
oY onal "For-PRECRBONIOE K87 BPF: RGCADaFHCT0 F GE oL compent

10

15

20

25

main ¢onteakl errndlag BRRLALTRLLEALSLRE AR oL on lhe

register file 15 112b in accordance Wi a sef

regi stecogRNEEQl ag0aRALS. | gph$t c Lol
perfornedgmhen g series o%zgggFé?eF§cgﬁFrg?%go§¥E§&§ 20.

sent Dyethegiboet Rysbems28158 LB&IHRE 404¥hvadeh®ontrol
menory interface circuit 21, reach the HDC unit 112

via thegiot@p reteghheedchicHi irife BegliBeehe®iySit@le host

control, the main controller 112c acquires a command

code gﬁ@tem 20. The device control register Rm-2 1s used
by the host system 20 when the system controls a reset
signal and interruption signal for the HDD 10.

Referring again to FIG.Il, the main controller

112c performs register control on the register file
112b in accordance with a series of register control
commands. This register control is performed when
a series of register control commands, sent by the
host system 20 to the HDD 10 via the memory interface
circuit 21, reach the HDC unit 112 via the IO
interface circuit 12. By the register control, the
main controller 112c acquires a command code and
parameters from the register file. The command code
and parameters are designated by the series of
register control commands. The command code is to be
executed in the HDD 10, the parameters are necessary
to execute the command code. Using these parameters,

the main controller 112c executes the command code.



paraneters fromthe register file. The command code

and paraneters are designated by the series of

regi ster control comands. The conmand code is to be

25 executed in the HDD 10, the paraneters are

necessary to execute the conmand code. Using these
paraneters, the main controller 112c executes the
command code. 14 The 10 interface circuit 12 is, for
exanple, an SDIO interface circuit. The 10 interface
circuit 12 is connected to the HDC unit 112 of the

main HDD Wrid TA iriteerdf 4@ aiuinter face. rdurdeip1e,
the 1O5 interface circuit 12 is connectable to the
menor @n iSPIEr flade riaceuidi r2iiaf, t IMhehast isysraac).circuit
The 10 interface circuit 12 utilizes the protocol for
par al 18| iisnconresdsad ¢ oc dmeumiDCate i t11 2t o WBG wmin HDD
112, and the protocol for serial interfaces to .10
comubfdat d iR eh@aradde)l ilmterfase .ci fouithex] dfhe IO
the ho%% m 20. The 10 interface circuit 12 has a
Sserial S%Ercﬁ Icélrcg&ﬁvétﬁsllén CORREETSHP 10t o diidge MEMRF,Y

into II dat ri ta transferred fromthe

host LotREeels  Hidaudd o o ?lm&ofsgcéya ol ler@ 10
and c d a a I lel-to- s
conve?gileg%;E EﬁgghgﬁﬁﬁgrﬁgoH§é§ﬁFﬁ§ t §TOEF) & a

paral bekadata Eh%@%&%%%%d %r%ghRﬂﬁlgggeu@HEhl%%e R _unit

10 interface circuit 12 is connecte are ster

uni quelee the kRei ptretbaee EBS Qe%Qa'lntl?lrtfe?ac?%
reglster Ris used to prestore i nformati on eVICG

-10i nf or gatmon) catecetinhngha #ewos§ interface circuit 21 of
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the host system 20. The IO interface circuit 12 has a
'serial—to-parallel conversion function for converting,
into parallel data, serial data transferred from the
host system 20 via the memory interface circuit 21
and connector unit 13, and has a parallel-to-serial
conversion function for converting, into serial daté,
parallel data transferred from the HDC unit 112.

The IO interface circuit 12 is connected to
a register R unique to the IO interface (DSIO
interface). The register R is used to prestore
information (deviée information) concerhing a device
(HDD 10 in this embodiment) that incorporates the IO
interface circuit 12. The device information held by
the register R contains the type of the device (HDD
10), and the offset address n (i.e., the address n of
the leading register Rp) of each register Rp to Rp-1

in the register file 112b.
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(HDD 10 in this enbodi nent) that incorporates the 10
interface circuit 12. The device information held by
the register R contains the type of the device (HDD 25
10), and the offset address n (i.e., the address n of
the |l eading register RO of each register ROto Rm1l
inthe register file 112b. 15 A description wll now
be given of the following operatgons perforned in the
above-descri bed enbodinent: (1) The operation of
determining the type of 5 a device (connected device)

connect ed 70 dduciigiiioh Witer{Ared il 24 e tA®l1owing
host system 20 via the card slot 22;" (2) The

oper aboper agfi oreadieny cdadedl firpHN @R -He sdpiddte host
system 20; and 10 (3) The operation of witing data to
t he HEPPPGimentithe host system 20 Re: (1)

Determ nati on of the type of a connected device:
Referring fil)stThe anes st ioue et tdedfermi@irgy thee tyige of
oper at i of determ ning the type of a connected

devi c& %%thl‘?g HEONNerdEedmdny 1de) asenged@d el thphaemory

of Cha IR tRERa A Y £ RSt SIB R (A o Ehe

systep,2Q 5§ gonnected to the device information 20
register R? F%ngfhe 10 interface circuit 12 of the

HDD 10 showm)i Arfd Gpel-atii roquirsétaqin% helds A8W GSe HDD 10
by the host system 20; and

(3) The operation of writing data to the HDD 10
by the host system 20

Re: (1) Determination of the type of a connected
device:

Referring first to the flowchart of FIG. 3, the
operation of determining the type of a connected |
device by the host system 20 will be described. The
interface circuit (conforming to the memory interface)
of the device mounted in the card slot 22 of the host
system 20 is connected to the device information
register R, like the IO interface circuit 12 of the
HDD 10 shown in FIG. 1. The registér R holds device
information concerning the device. 1If the device
has an interface circuit conforming to the memory
interface, the address of the register R is a
particular common address regardless of the type of
the device. Further, the memory interface has a

command (CMD) line. The main controller 23 of the
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i nformati on concerning the device. If the device has

an interface circuit conformng to the nenory

interface, the address of the register Ris a 25
particul ar conmon address regardl ess of the type of

the device. Further, the nmenory interface has a

command (CVD) line. The main controller 23 of the 16

host system 20 is configured to fi¢ able to operate,

via the CVMD line, each register 1n the device

connected to the nenory interface circuit 21.

Speci o) Iss a0 Gl WAy Hed N8 SIS HEN Gfar2te
the main controller 23 generdtes. a register cont Fol !
commavd a déve @D Mfiorgraidaeh read seerand ) Horqdwadh ng

the content (device information) of the device _

i nf or FENn@T treglyitst etheRniemdrive id@drdR comiadhgd to | he
menory interface circuit 21 (step S11). This command

10 i noP§ge< igaddmmang avo de tior trieadiofy thegirsistr dadttem 20,
and information for recognizing the device
inforﬁﬁ@iEﬁlnr§®H§F@ﬂlﬁra%3aqﬁaﬁﬁanyﬂzﬂxﬁﬂgi&;qx,chnrol
particul ar agdress (particular register address). The
par t i CAMRPNG dGR¥iSe-dadogTatiionaeaddcesmant) for reading
addre [ 15 j nput/Qutput space of_the host,
syst e%ﬁ ch\?,it%:églﬁ ?sdevgf i dHé&rf“&%&ﬁ@%r &§i e kViR
regi st I devi ¢ce-i nf or.mati on read
conna%§$oggﬁgﬁgbe§%ggg%?%e%wgﬁn%ggnPF&HQS'92?3%§E§9nt° the

to thﬁeﬁBﬁgrXnE%EQ%E@C%irEh&%ubﬁ %%t?%h%?ﬁglla his, command

transfer. 20 The nenory interface Ci I oF

information for recognizing the device information

register R as a reading target, e.g., the particular

address (particular register address). The particular

register address is an address (IO address) in the
input/output space of the host system 20, which is

assigned to the register R. The register control

command (device-information read command) generated by

the main controller 23 is sent to the memory interface

circuit 21 by parallel transfer.

The memory interface circuit 21 of the host
system 20 converts, into serial data (a serial
register control command), the register control
command (device-information read command) parallel-
transferred from the main controller 23. Affer that,
the memory interface circuit 21 transfers the serial

register control command to the device (in this

embodiment, the HDD 10) inserted in the card slot 22



regi ster control command), the register contro

command (device-informati on read command) paralle
transferred fromthe main controller. 23. After that,

25 the menory interface circuit 21 transfers the

serial register control conmand to the device (in

this enbodi nent, the HDD 10) inserted in the card sl ot

22 17 in accordance with the-prptocol for the nenory
interface (serial interface) (step S12). The nenory
interface (serial interface) uses the CMVMD (comrand)

line fior daansiaicofwitle QuMERho& Theo HeVh& enemory
inserted in the card slot 22 reads device information
from tind edfidwe (semraintirorer fag)st @tdd | 91 ACCOrMadCRemory
W th the register control commuand (device-information

r ead éé\’ﬁ%l—‘réﬁ)cet r eresfial dchtghffamegh Udes G [ EMB. (¢dmmand)
t he egPodinent in which the 10 device inserted in the

card st 4 $4ans f4pD o, thehecommaridte i nf or mat i on
5concerninge,li;l?e DD 10 js read from the register R by
the 10 int ertfacSGcuitsastgdiigp thp1gardhelekv?éereads

i nfor js Iy Qnver.ted into serial , data by the, 10

i nter ?%g)el%%’l rlg“uﬁlC r"f%l%egrtfé%i@@ Vit rimt ¢ R bkon

seri aly, o [ r.ansferr. by the.l I nterface

Ci rcuirte%iitzsactéoxst elqﬂgasc?’rosr%né%e] et\ﬂ %l'iehere(%f $F neeptrol
resporetmadd NRlevBHeSH8YF Y] q%,lgtga
(device-inforgaﬂfﬁ?ﬁﬂgifconﬁ%%%} S egﬁ§ﬁﬁgd%rF¥?ﬁfferred
host sywoerph2@hed loppdavines | NirOHRL i d Bt iRy ef ?19:; the

into parallel data by the nmenory interface circult

10and seervice tinserwied donthd l@ird?3lot 22 is the HDD 10, the
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device information concerning the HDD 10 is read from
the register R by the IO interface circuit 12 (step
S21). The device informatiqn is converted into serial
data by the IO interface circuit 12. The device
information as serial data is transferred by the IO
interface circuit 12 to the host system 20 via the CMD
line in response to the register control command
(device-information read command) (step S22). 1In the
host system 20, the device information is converted
into parallel data by the memory interface circuit 21
and sent to the main controller 23.

Upon receiving the device information, the main
controller 23 recognizes the device inserted in the
card slot 22, i.e., the device connected to the memory
interface circuit 21 (step S13). If it is determined
at step 514 that the device is an HDD (HDD 10),

the main controller 23 detects, from the device



Upon receiving the device information, the main
controller 23 recogni zes the device inserted in the
card slot 22, i.e., the device connected to the nenory
25 interface circuit 21 (step S13). If it is
determned at step S14 that the device is an HDD ( HDD

the main controller 23 detects, fromthe device -
i nformati on, the address n ofgthe | eading register
contained in the register file 112b of the HDD 10,

.e., the comon offset address n of each register RO
to Rmihfornbaiioed ithet Beldre@istrelof idie Wldu{isd efedister Ry
S15). Thereafter, the main controller 23 treats
(r ecogantednetthé nHbbel @ egd sare YHED Tha Vi IRp o patied DD 10,
interface (ATA interface) in accordance wth the
cont r &l €pr o§PEMCPBFMORDRS £ sHtusddrtes stai oL mrclol tegister Ry
23 controls data transfer fromand to the HDD 10 by 10
oper aFPnfmt-Be CPB§RINEA AN &hprZedistidre HO® 101 2b Rstep
(2)
5toth

di - b th t syst 20
T B2eGBbRLERT thE WA 18, 2% i dlty dhe S (4 ral 1el
host f ti it . fall i
nasun hg Ehac ot AT AT Bk in BGRA hE ML the
(ATA thﬁfﬁﬁcﬁkngthEBX'Hb@%.”mfﬁﬁf¥ngﬂéﬂﬂé¥h:%%ntroller

generates a regi ster control conmman

(sectpB- eoHBEoLEgHSEEl tWank® cGOEFRR)ardPt Mird s My by
20 nunber of sectors to the register R2 of the

R§§g'ng ﬁg datz fromthe HDD 10: Referring then
) oncRAPE S8 LRFESNEAMAS Y SO geh T G At

10regi sbperatihg thabrenékuded fiin & ha PG uinide Hb of 0.
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the HDD 10

Re: (2) Reading of data from the HDD 10:

Referring then to the flowchart of FIGS. 4A to
4C, the operation of reading data from the HDD 10 by
the host system 20 will be described. The main
controller 23 of the host system 20 functions in the
following manner, assuming that the HDD 10 has a
parallel interface (ATA interface). Firstly, the main
controller 23 generates a register control command
(sector-count-register write command) for writing the
number of sectors to the register Rp of the register
file 112b included in the HDC unit 112 of the HDD 10
(step S101). This command conforms to the standards
for parallel interfaces (ATA interfaces). The command
includes a command code (register control code) for
register control, an address (register address) in an
10 space assigned to the register to be controlled,

and a parameter to be written (set) to the register.
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(step 5101). This conmand confornms to the standards
for parallel interfaces (ATA interfaces). The command
i ncl udes a conmmand code (register control code) for 25
regi ster control, an address (register address) in an
10 space assigned to the register to be controlled,
and a paraneter to be witten (set) to the register.
19 If the register control command 4 s a sector-count-
register wite command as in the present case, the
regi ster address designates the sector count register

R2, and the pagaseker con®iredt @emaedUEPer sttt -

5 The register control command (sector-count-register

w i t eregiatiad) wgener abethalbyl ke ifRitheC pilelsenleicad?, ithe

paral l el -transferred to the nmenory interface circuit

21. ThHeY#BhRBryapddreskadesdignaties Zheo%eth@rh@$Mnt1&eg1ster

system 20 _converts, into serial data (a serial

regl sRar eBftEBP Eémﬁ&)’:r tihdicagiest dhecommoslr of sectors.
nnafg (sector-count-register wite conmand)

Sparal ?

tPahEFEFr EQNERS Pﬁ@mﬁ&ﬂn (86RtPEIcCOUNE3 regtsEer
nmenor %erface ircuit 2 gnsf rs the serial
&t

5
oot sV 5t Ee ok fERngY L iRa AL eth BV BBe1 5o Ta CORK TOMBT 23

I d | f h
ot er TacR L E A EP e bkt e Bl G eatbap - e enary |

interfaggygtreyit 21 uses the CVMD line for conmmand
transfer. 20 The 10 interface circuit 12 of the HDD

10 receivenet hemsefl ahte@Fatlellc 1GUMiN0L 1ICYFRAE host
system 20 converts, into serial data (a serial
register control command), the register control
command (sector-count-register write command)
parallel-transferred from the main controller 23.

The memory interface circuit 21 transfers the serial
register control command to the HDD 10 via the card
slot 22 in accordance with the protocol for the memory
interface (serial interface) (step S102). The memory
interface circuit 21 uses the CMD line for command
transfer.

The IO interface circuit 12 of the HDD 10
receives the seriél register control command
transferred through the CMD line, converts it into
a parallel register control command, and sends it to
the main controller 1126 of the main HDD unit 11 in
accordance with the protocol for parallel interfaces.

The main controller 112c receives the register

control command from the main controller 23 of the



transferred through the CMD line, converts it into a
paral l el register control command, and sends it to

the main controller 112c of the main HDD unit 11 in 25
accordance with the protocol for parallel interfaces.

The main controller 112c receives the register

control command fromthe main controller 23 of the 20

host system 20 via the 10 interfodce~circuit 12. The

main controller 112c recognizes as if the 10 interface
circuit 12 is a host conformng to parallel interfaces

(ATA hpser bgeesh 2Therief ahe, 10panteetaicw 8drichet512. The
regi ster control command fromthe 10 interface circuit

12, theinacfanteptdel] éd2tl2ecpgnfiaess asedifstee dontintlkerface
in accordance with the register control comuand (step

S201) C1FRYUsEhér Wwer @shostiecanifprmdngr bl prralle2d interfaces

per f or regi ster control unique to parallel 10
inter#gﬁéslgﬁfﬂgﬁﬁFéﬁfacggfrﬁgprﬁmiPPﬁQ Zepai-daBgeithe

' ' h d h [ [ h
® T ol SFBIPEPE 1095 HUSTGRARRH byoPhEbPoGPSlo SEaadregd rouLt
t aj pedy | ' I d. _Th :
ogi S5 Can FAEnCOURRRA sEEoaten RBPECFY REdTster control

sect of nCoUAbrH8ALS! G W khE QQQHEEQr apd+1-0¢! udgs . nihe
ting tHhe

regi ster address designa sector counter

regi stetef2s2enq .t henpaeaset gbrb9di eabi fdihhecRYIRE e
of sectors. Accordingly, at step 5201, by executing

the rep2stperfophsokegoBiaRdcbaeebOr ua®ylk- £6JpbskaNlel
20 wite command), the nunber of sectors is witten to
10the sketerfaoeat (ABHi sheerRacen)t forregistiay a parameter
contained in the command to the register in the
register file 112b designated by the register
address contained in the register control command.
The register control command executed here is the
15 sector-count-register write command, and includes
the register address designating the sector counter
register Rp, and the parameter indicating the number
of sectors. Accordingly, at step $201, by executing
the register control command (sector-count-register
20 write command), the nqmber of sectors is written
to the sector count register Ry in the register
file 112b.
In the same manner as the above, the main
controller 23 of the host system 20 sequentially
25 - generates the first to_fourth target-LBA-register

write commands (steps S103, S105, S107 and S109). The

first target-LBA-register write command is a register



file 112b. In the same manner as the above, the main
controller 23 of the host system 20 sequentially 25
generates the first to fourth target-LBA-register
wite commands (steps S103, S105, S107 and S109). The
first target-LBA-register wite command is a register
-. 21 control command for witing the first target LBA
[7-0] to the first target LBA rggister R3. The second
target-LBA-register wite conmand is a register

control command for witing the second target LBA 5.

[ 15- 8font riolle coemand FargeirikBAgr @@leSir@r s target LBA [7-0]
Simlarly, the third target-LBA-register wite ‘conmand

is a tegitbeeficst talrgeanmBad riql stweirt RAY t Meiel Rigdbnd
target LBA [23-16] to the third target LBA register

R5. FiPreet-lBRerkgdstiert argee- cBAnnagi dtseln weighes thd
command is a register control command for witing the

f our t FON&FQet CoBmapd7 f24] wrdtihg tber skcoadgshriges LBA
5regis&ggﬁ§§. Thg first to fourth target-LBA-register

wite n&8 BﬁtEFHOPQgFé?éﬁta&§5e§§éés§é§i%Mating

the regj R3,. R4, . RS and R6, respectively, and 15
parangggiggﬁzgrcgpﬁnﬁhﬁﬁg EQF@SF'E§A§rF?;GF?r[Y§J§F,Command
[23-1 n ] ctively. The menor .
inter?gcg g$%§5F§%ZTOég%§gn ngﬁédcgﬁ6eyfggﬁﬁg fihegthird

to foﬂéEBeEaLQQthﬁAlﬁ?gkétEﬁemﬁhﬁ§dcgg¥§§gsL?%é?f@ister

respective serial regiSter control coma

iEEyiggLalFMrthéB$f€h§ EB@rEﬁSHEEgQE— BRIRRAS sker Wb te

(steps S104, S106, S108 and 5110).

10 command is a register control command for writing the
fourth target LBA [27-24] to the fourth target LBA
register Rg. The first to fourth target-LBA-register
write commands contain register addresses designating
the registers R3, R4, Rg and Rg, respectively, and

15 parameters indicating the target LBAs [7-0], [15-8],
[23-16] and [27-24], respectively. The memory
interface circuit 21 sequentially converts the first
to fourth target-LBA-register write commands into
respective serial register control commands, and

20 sequentially transfers the resultant commands to
the HDD 10 (steps S104, S106, S108 and S110).

The main controller 112c of the HDD 10
sequentially receives the first to fourth target-LBA-
register write commands from the IO interface circuit

25 12 of the HDD 10. 1In accordance with the received

first to fourth target-LBA-register write commands

(register control commands), the main controller 112c¢
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The main controller 112c of the HDD 10 sequentially
receives the first to fourth target-LBA- register
wite conmands fromthe 10 interface circuit 25 12 of
the HDD 10. In accordance with the received first to
fourth target-LBA-register wite commands (register
control conmands), the main controller 112c 22
sequentially wites the target LBAs {7-0], [15-8],
[23-16] and [27-24] to the registers R3, R4, R5 and

respectively (steps S202, S203, S204 and S205).

As a msesulentithd y28ditle st ah@et abBAt] 282Q] [i75-odi SPErs s,
sively stored in the registers , R4, R5 and R6.
Subsed@entlley, aride [2Ai-2 4dordor alleerredd safertsh®3,h@sf, Ry and
system 20 generates a register control conmand

mied- FESPSICE ardivt & stemsaiB@)0 2f,01S 2013t iS2) 4 tand M8205) .
regi ster R8, a_command code (for designating, for 10
exanpP§, 3r E88dd)y thepe8okdtutadder e HIBZ-00 (ist ehisper-
S111) . .Thi;s command ,i ncl udes a regi ster address for

desi gfavehy F%@r@

GrhEn & Nee giegi St eRS, Rand Bd rc &K@t Re-

10 usi gt RUTPBARAIGN: T TARS ACTERR MRS (1Pt A

the regi.st ile~hl f H i_.n_accordance
w th ?%g%f? g%e#b2#0%??%rP%E%eFngngggféf@PRﬁ% (gommand

CO”“HQ@%mmbHdLQ:%i%QQQdQQEQE'c%%h%nﬁqngﬁqdﬁ?¥#%?g, to the
comran

desi gnates readi ng. The register contro

(comeegibeeirSRY, W cbim3AIeRdk I(FoRoRiRd tits 2y
a serial register control conmand by the nenory

10i nt er Baempter, ciebd2hgand ot banskeciedd ®yt RAHIDELA 0 (step
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S111). This command includes a register address for
designating the command register Rg, and a command
code. The command code is to be executed by the HDD
10 using the parameters that are already written to
the register file 112b of the HDD 10 in accordance
with the first to fourth target-LBA-register write
commands. In this embodiment, this command code
designates reading. The register control command
(command-register write command) is converted into

a serial register control command by the memory
interface circuit 21 and transferred to the HDD 10
(step S112).

The main controller 112c of the HDD 10 receives
the serial register control command (command-register
write command) from the IO interface circuit 12 of
the HDD 10. Subsequently, the main controller 112c

writes, to the register Rg, the command code (for
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(step S112). The main controller 112c of the HDD 10
receives the serial register control command
(command-regi ster 25 wite command) fromthe 10
interface circuit 12 of the HDD 10. Subsequently, the
main controller 112c wites, to the register R8, the
command code (for 23 designating reading) included in
the received command (step S206)3 As a result, the

main controller 112c determ nes that the host system

20 has issued a comuand to the HDD 10, and starts to
per f od@sdRyna tdpRy atdaii rRNC ANl NH® fher kO NPardi ¢88ecommand
witten in the command register R3, i.e., an

oper at(istrepr SQEst.ed Ay a tdesdiast st R0cdstePller 112¢
S207). In this enbodi ment, a data read operation is

st ar t d@termimeischddt £ heorhast spotBmR @ cha del ssabédr a

of sectors indicated by the 10 register R2 is read

iteh tére HRD dikk and stastarte nigeaforhean

position on the disk 11la designated hy the target ,
LBA [ PPSEP ti¥p&cSardin st ddie Fameang egpde efsigen in the
R4, R5 _and .. .As descrj bed above, nt
the HEOTT0R01 5 SR SHhEBaa % A PREFA o1 nEedgested by

bl [l el i nterf JA interf b
connostea el syiten UAIGHR s e Bk EEFR L TRRRGene
i nterback taCideell topelat ey RY fast&%?ﬂ%jt he, hﬂﬁcﬁ?’é&?@ corre-

if the 10 intérface circuit

cir cuisbbn&nig tRPHMRC Rshter td¥e JdA Jis byn @

i nterface.

in the enbodi ne

M ni mumsca

eaE8h! By the

i
a result, the host system 20 can

l0contr @legigtierg Ry is read from the portion of the disk 1lla,
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starting at the position on the disk 1lla designated
by_the target LBA [27-0] dispersively stored in the
registers R3, Rq, Rg and Rg. _

As described above, in the embodiment, the HDD 10
with the HDC unit 112 conforming to versatile parallel
interfaces (ATA interfaces) can be connected by a
serial interface to the existing memory interface
circuit 21 incorporated in the host system 20, if the
IO interface circuit 12 (minimum-scale circuit)
is connected to the HDD 10 by a parallel interface.

As a result, the host system 20 can control, using a
register control command, the HDD 10 connected thereto
by the memory interface circuit 21, in the same way

as when controlling an HDD having a generally used
parallel interface. 1In other words, the host system
20 can supply the HDD 10 with an operation command

(command code) and parameters necessary to execute the



regi ster control conmand, the HDD 10 connected thereto

by the nenory interface circuit 21, in the sane way

as when controlling an HDD having a generally used 25
parall el interface. In other words, the host system

20 can supply the HDD 10 with an operati on command
(command code) and paraneters necessary to execute the

24 command, via an existing senpgy +nterface.

Moreover, in the enbodinent, a relative address

included in the addresses (i.e., the relative address

and awrootfasel, vdddrees x iassignaterdreanitdéLfacs er Mreover,
to Rm1l of the 5 register file 112b is nade to

cor r esportiet @ndodsinmtritye a adslretsisve noddickesks i ind¢haded in the
addresses assigned to each register Rot to Rm 1l of

an exia§dingg siaED (doref-or iy nolatdsrs aaddrepairand ean offset
interfaces. This enables the host system 20 to issue

a co 56 )t RE SHSD D Tharikeradl $1F HBD B0 BxelRE the
Suher SHRRN " 401% VYLl G St et D agrenacive
by a rallel .i e Ainterface). _Accordi.ngl

> conpiiecd (A0S d Aty | MG 1o SEGE 18 dien

par al lpgly jisRir f C:escocgf'nb_sle- Lbsfdar?seﬁigtitl?%? ljfgl?ﬁocgéﬂ%rming to

programto be eXecute t he mai n"con

the heelrsatsliempdtalill NGle WL S PrAgi MandetdINele host
new y designs a disk control program they can

utili zgstem @@y tof idRSidONH AN TES! s AUBM ¢ dnd make
HDDs wi th conventional parallel interfaces, which 20

10r educehet HOD ilfe exetefd crhe reasmmared frortmewame procedure
desi gni ng the program

as in the case where the host system 20 is connected
to the HDD 10 by a parallel interface (ATA interface).
Accordingly, a control program designed for HDDs with
conventional parallel interfaces can be used as a disk

15 control program to be executed by the main controller
23 of the host system 20. Further, when a program
designer newly designs a disk control program, they
can utilize the way of designing a control program for
HDDs with conventional parallel interfaces, which

20 reduces the time and effort required for newly
designing the program.

The main controller 112c of the HDD 10 switches

the register Rg from the command register Rg to
the status register Rg when starting an operation

25 (data reading in this embodiment) corresponding to
the command code written to the register Rg.

Subsequently, the main controller 11l2c writes status
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The main controller 112c of the HDD 10 swtches the
register R8 fromthe command register R8 to the status

regi ster R8 when starting an operation 25 (data

reading in this enbodi nent) corresponding to the

conmand code witten to the register R9.

Subsequently, the main controller 112c wites status

25 information including a busgsbit BSY (BSY = 1) to

the status register R8 and alternate status register

Rm 2. Assunme here that read data is witten to the

data iefhehetit byclatangeadbnogy Bitt BBy YBBE®, =th¢ to the
main 5 controller 112c determ nes that data transfer
request@dubyrepeshest Rgyahdma2@ecantbespatciisr medister Ry-2.
thereby rewiting, to "0" and "1", respectively, the

busy h$suBSyhand thab regdedatbi isDROittehudedths daga
status information held in each of the status register |
10 Rere#tste¥reRoab® deheusepdgngt er ARnEhisatige,t foe main

HDD 10 exeCﬁies ths command-regi ster wite conqﬁnd,
the nePPCEBRLEBI LércodeberiiaeRosnatsylatamtsgnsier

generates a

ol s orratalsealhe. FhgBRsr rusE Fortaran Psr PREAGERGS:
15 Stakusebd! QLIRLLIRG( 1 91 HBO. GLLERAR e SLALUS vely, cne

register he regi St ér "cContro

CO””&&st(@iEeBQQtShaFQEHS'E%%b%%%rb&%a@RQOEE%ﬁ@heBSin the
converted into a serial register control command by

the needtys LAEEEMAESRI hell! iAleaahd ol @hef @ithedst @egister
the HDD 10 20 (step S114). The main controller 112c
of thegHAHM181lteeabteSstatus register Ry-».

After the HDD 10 executes the command-register
write command, the main controller 23 of the host
system 20 generates a register control command
(alternate-status-register read command) for reading
status information from the alternate status register
Rm-2 (step S113). The register control command
(alternate-status-register read command) is converted
into a serial register control command by the memory
interface circuit 21, and transferred to the HDD 10
(step S114).

The main controller 112c¢ of the HDD 10 receives
the register control cbmmand (alternate-status-
register read command) from the IO interface circuit
12 of the HDD 10. 1In accordance with this command,
the main controller 112c reads the status information

from the alternate status register Rp.p (step S208).

The main controller 112c sends the read.status



the register control command (alternate-status-

regi ster read command) fromthe 10 interface circuit
12 of the HDD 10. In accordance with this command, 25
the main controller 112c reads the status information
fromthe alternate status register Rm2 (step S208).
The nmain controller 112c sends the read status 26
information to the 10 interface zgrcuit 12. The 10
interface circuit 12 converts it into serial status
information, and sends the serial status information

t o t henfesmatisinemc2@ He 1L eItV TERaMdifr i prot ocle 10
5 for serial interface (step S209). The nmin

cont r dinter 28 eofcitrom itodt2 ystvernt20 itr efreres dexr itdle status
bits BSY and DRQ included in the status information,

t her e By fgamatiioni, n@nshetenats B3 selrimid stBROs- ihfestgrion
S115). The main controller 23 repeats 10 the execution

of sté&p SPE3hest Isvistams 20 M e rdanice BREh: theyRrotocol

=0 t 115), i.e., til the HDD 10 b
SEEI)EIQe tf8rééle?rg'|ai| d'é%tﬁrltfla?fr?sf(g;&elf%qﬁ?égg()ed. Uponecorres
fi ' hat BSY = = 0, th [
cont ol of BF ga s e G50 S dIo L FeEnR 20
t at ys- [ ' t.at
(510 Ut s eat oML d SR S v

The StalrdSma@QictH, el HeGah ¢ HEEIGh IS rd@tﬂi@@sfye rred ang
to the HDD 10 (step S117). As a result, 1n the HDD

10, spapus ionfetrpt isan g)s ras@d W0M A 238 repeats
register RS in the sane nanner as in the case of the
10al t er nhkee exeatutd one @IS tstfep &ad T atANd i(tStiep BAfY)rmed that
BSY = 1 and DRQ = 0 (step S115), i.e., until the HDD
10 becomes able to perform data transfer requested.
Upon confirming that BSY = 1 and DRQ = 0, the main
controller 23 generates a register control command
15 (status-register read command) for reading new status
information from the status register Rg (step S116).
The status-register read command is serial-transferred
to the HDD 10 (step S117). As a result, in the HDD
10, status information is read from the status
20 register Rg in the same manner as in the case of the
alternate-status-register read command (step S210).
This status information is converted into serial
status information by the IO interface circuit 21 and
transferred to the host system 20 (step S211). Thus,
25 the main controller 23 of the host system 20 acquires

the status information indicating the result of

execution performed in the HDD 10 in response to the
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This status information is converted into seria

status information by the 10 interface circuit 21 and
transferred to the host system 20 (step S211). Thus,

25 the main controller 23 of the host system 20

acquires the status information indicating the result

of execution perforned in the HDD 10 in response to

the - 27 read conmand that kas 23eer witten to the
register R8 in the HDD 10 in accordance with the
command-regi ster wite command. As descri bed above,

i n theeedbodmment], thahehbesbegyseitiencan abgUiregilsher Rg
result of execution 5 of a command in the HDD 10 in

the sanetpeod®Bulé® as acgotrhencaseiwhetéet bemasid-register
system 20 and HDD 10 are connected by a parall el

i nt er VaéEe( APAMRALer f Asefesafibedt Aover, hdnmihe embodiment,
controller 23 generates a register control comrand

(dat atR&gPefér S¥e58mc8fnEAR) aconirsr theadesyldars exeaution

he d | - f
S g Fe RCE IR R
5119
R e
Ser'anBﬁ@EE%arB&ng Erggigﬁel%gqué SYRTEMi AL e ce)

he 10 interface cir UIt e operatlon 0

witing therkeld @naRg. theadhdat @dn® r1ie 3t g"e@@r%tt%'s a
RO (step S212). This repetition is continued until

al | d&églbt@&Bcbﬁﬂ&éit%@mﬁﬁnﬁthﬁQétreﬁi%E%E‘%@a@r%ommand)
transferred to the host system 20. 20 Thus, in the

enbodfoentreaddhg taaasteobmbeheeedatbheegietle rs Ryt g2

and HDD 10 is perforned by seria
S118), and serial-transfers the data-register read
command to the HDD 10 (step S119). As a result, the
HDD 10 repeats the operation of reading read data from
the data register Ry and serial-transferring it to the
host system 20 via the IO interface circuit 12, and
the operation of writing the following read data to
the data register Ry (step S$212). This repetition is
continued until all data items requested by the host
system 20 are transferred to the host system 20.
Thus, in the embodiment, data transfer between the
host system 20 and HDD 10 is'performed by serial
transfer by connecting the system 20 and HDD iO by
a serial interface, thereby realizing data transfer of
a higher rate than in the case of connecting the host
system and HDD by a parallel interface.

On the other hand, when the main controller 23 of

the host system 20 receives all requested data items
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transfer by connecting the system 20 and HDD 10 by a
serial interface, thereby realizing data transfer of

a higher rate than in the case of connecting the host

25 system and HDD by a parallel interface. On the

ot her hand, when the main controller 23 of the host
system 20 receives all requested data itens - 28 from
the HDD 10 (step S120), it agai pgenerates an
alternate-status-regi ster read command (step S121).

The alternate-status-register read command is

converfiresh itHed HDS eI aseqyiSIAY) COMN I a GONGEMElr B¥es San
the nenory interface circuit 21 and transferred to

t he HBEDtHXnateeis Sy~ roln starestddd dommidred HRE: 4P, S121)
status information is read fromthe alternate status
regi stidre RhtErsttey SAt3)s ~rHvl steut ueddformeandnis

read fromthe register Rm2 is sent to the host system
10 20 QEVEF s Ant R ian iy 1%L D e BS ORI DREpImand by
included in the status informatjon sent fromthe HDD |

10, t FESESFOTbn AT ACO S igictife Hond yistas porred to

AR 5 A b S 10 o
I [l d

{ranarEls dnfhrma it s & Jed SO M SR A e ATRe Sfatus

repeat,s 4ihg Abgye- ”Fé’l:tépprbffdl tep ﬁg@]s anformatlon

confirmng that “B

cont r dldaRy 3ngansy &t@;&ﬁéﬁmgtfrlg%mtwltw@nﬁaga system
(status-regi ster read conmand) for again reading

10newest20st @uep igFlor)ati on fromthe
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Referring to bits BSY and DRQ included in the
status information sent from the HDD 10, the main
controller 23 of the host system 20 determines whether
BSY = 0 and DRQ = 0 (step S123). Until it is
confirmed that BSY = 0 and DRQ = 0 (step S123), i.e.,
until all requested data items are transferred from
the HDD 10, the main controller 23 repeats the above-
mentioned step S121. Upon confirming that BSY = 0 énd
DRQ = 0, the main controller 23 generates a register
control command (status-register read command) for
again reading newest status information from the
status register Rg (step S124), and.serial—transfers
the generated command to the HDD 10 (step S125).

The HDD 10, in turn, reads newest status information
from the status register Rg (step S215). The status
information is converted into serial status

information by the I0 interface circuit 12 and



status register R8 (step S124), and serial-transfers
the generated command to the HDD 10 (step S125). The
HDD 10, in turn, reads newest status information 25
fromthe status register R8 (step S215). The status
information is converted into serial status
information by the 10 interface circuit 12 and. 29
transferred to the host system 20 (step S216). Thus,
the main controller 23 of the host system 20 acquires

status information indicating the result of final data

readi Bgaby flelte edDRo1@hed hbfs ta yaitiedt 20 t( SRR igwlaided Thus,

in the status infornmation indicates occurrence of an

error theERRain tponttrb@ lemi 23ceft rold ¢lost3 Bfstdie JWHcquires

system 20 generates a regi ster control commuand

(er r ostaggyiss tiaf ormedd oooimaidp tiog rtéedinegudrr arf final data

informati on fromthe 10 error register Rl and
transféfsing oy the HOD 10.via the nenory interface
circuit 21._ The HDD 10, .in turn, reads error

S5inf or mat i on I POMEEHE feridr ERdgildtcdruderd imddhe Rt ise

r ead LnfornaELon t.o the host system 20. _ Thus, the
I

mai n ¢OAPFBP

e
error rrng executiron of "a coO

| &PT23NG CAREShOSCISTENSH 8F 5 GhFor (ERR
vaU'ﬁZdeEﬁgrmhﬁkoEg%E&% l'%db%ﬁ%#QQ¥%F§ﬁ§§€H§§§ﬁ§H1%q}

the S@@%e&%%%%d%r%fgigkgrlQ%n%%%ﬁ %H%ﬁd“%%g%ﬁr—register

system 20 and HDD re connected by a paralle

i nterracd cOMAandlerbaceaddPqRer P iWAdImE iUn d&idh the

to HDD 10: The operation of tHe host system 20 to

10witeedtaba register R; and transfers it to the HDD 10 via

the memory interface circuit 21. The HDD 10, in turn,

reads error information from the error register Ry,
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and sends the read information to the host system 20.
Thus, the main controller 23 of the host system 20
can acquire error information indicating details of
an error during execution of a command in the HDD 10,
in the same procedure as in the case where the host
system 20 and HDD 10 are connected by a parallel
interface (ATA interface).

Re: (3) Writing of data to HDD 10:

The operation of the host system 20 to write data
to the HDD 10 will be described briefly. Writing of
data to the HDD 10 by the host system 20 is performed
in the same procedure as in the case of reading data,
i.e., in the same procedure as illustrated in the
flowcharts of FIGS. 4A to 4C. Data writing differs

from data reading in the process corresponding to
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to the HDD 10 will be described briefly. Witing of
data to the HDD 10 by the host system 20 is perforned
in the sane procedure as in the case of readi ng data,
25 i.e., in the sane procedure as illustrated in the
flowmcharts of FIGS. 4A to 4C. Data witing differs
fromdata reading in the process corresponding to 30
step S118 in the flowhart of-FI4g 4B. Specifically,.
at step S118, the host system 20 supplies the HDD 10
with a register control conmand (data-register read

comuardkp ¢ 1seadi Rhe FABNIHAD) SatErdr B I hesglat arbeally,
register RO. In contrast, in the case of data

wWitiag, stle@ 54418 ,Syt$leeModd Sydre 0 heugdid 49 whé hHBD 10
regi ster control comuand (data-register wite comand)

for wwiitthng (ttergarssfear omg)r cdatcnmartche( diatta- regi ster read
RO at the process corresponding to step S118. In this

10 casenmmapsl)hdsir Hpscddma? O sadaol iugpl idsta hisreibr e data
wth data (wite data) of a size designated by the
nunmber €93 t&&cRers dét Gantastedinsttdre raseaHf W32

data is, stored.in units of twg bytes vja the data

regi st TRII i G ARG Y BAT A0 (FBP S PritRl akY with 2

dat o SERRENStn SN i BRI R F LT VT hes command)

0 P o Ry (ke o UL 990) Piuscer

desi gRat @d Rne PR QLo BAJ Ay HSRHSI VeI ¥8.  1In this

stored’in the registers R3, 2(§IR4, R95 and Reéé In the

abovecdesGr ithed ysrodyREn A& INESRIPplies the HDD 10 with
data (write data) of a size designated by the number
of sectors set in the register Rp. The write data is
stored in units of two bytes.via the data register Ry
into a'write buffer (not shown) provided in the main
HDD unit 11 of the HDD 10. The write data stored in
the write buffer is written to the disk 1lla in units
of sectors (e.g., in units of 512 bytes), starting at
the position on the disk 11la designated by the target
LBA [27-0] dispersively stored in the registers Rj,
R4, Rg and Rg.

In the above-~described embodiment, the present
invention is applied to a system with a hard disk
drive (HDD). However, the invention is also
applicable to systems equipped with other disk drives
such as magneto-optical disk drives. It is sufficient

if the systems are provided with a disk drive that

incorporates a disk control unit conforming to



invention is applied to a systemwi th a hard di sk

drive (HDD). However, the invention is also

applicable to systens equi pped with other disk drives

25 such as magneto-optical disk drives. It is

sufficient if the systens are provided wth a disk

drive that incorporates a disk control unit

conforming to - 31 versatile-paggallel interfaces.
Addi ti onal advantages and nodifications will readily
occur to those skilled in the art. Therefore, the

| nventieasdtl iid pdr0adar @asRactseds, Not linmted to 5

the specific details and representative enbodi nents

shown and dektirt hach herdiant rghdghydi FaEbOUSns will
nodi ficati ons may be nmade w thout departing fromthe

spi ri tregdidgopemfr thve tgersey adki nveit ivetleonasept asSherefore,
defined by the appended clains and their equivalents.

32 WHAhe SNUIEAtNED |i% its Amislerraspecsedi pynat hbsnited to
system the host systemincluding a nenory interface

ci r cuithSWRRGT 1l iso def@rivies and epresgntat kre gembodiments
circuit for connecting 5 the host systemto an )

i nput FgﬁtW&@r}gg\ﬂ%ggr&g}%ﬁmqﬁnw REFHRI it ¥ 3 BERUS

t he di Nolly .C rising: a disk control unit,

cont oF ATt AR B e MR GedTibing grom the

regi sty i & used, {0 J"fo't?ﬁ %e%%ml?lndir?&gr?tf@g con?ela&:tg.l as

paraneters, the register ncluding a plura

of regieHigey Uit \e/a?petrﬁlecf QO S SaAPCORPOF 3L &G b1 ents.

an existing disk dri

(8]



conformng to the parallel interface, the host system
bei ng accessible to the plurality of registers of the.
register file; and 15 an input/output interface
circuit connected to the disk control unit via the
paral l el interface, and connectable to the nenory
interface circuit of the host system the

i nput/output interface circuit 44ilizing a protoco
for the parallel interface to 20 comuni cate with the
di sk control unit, and utilizing a protocol for the

serial interface to conguprcagecrwrivgpt ke .menory
interface circuit of the host system and wherein the

di sk contral. um tdigiclditiose a1s@d by ORI | Sfstvdth Chthe host
controls the registers of the 25 register file in

accor ggstemiiinic laxdsierg es namamgiistterr f pmntaiddtcuwciamnidsh also
and acquires a command code and paraneters fromthe

regi SE€LVES| @s whaenied Hodterfa3® Glystwmh smmscdrrecting
series_of register control commands to the disk drive

Svi a t kBenbRs Siyrﬁt@(“’f e &l iyt /sfutpute dessitcss yrandiprming
and the series gaster control, comands are

t r ansf8r Ped Sk %Fﬁ\ﬁe/'o&%t ik A RIS

to the di t d., d
pgr arr:t e:r ?gbgcfggr de¥ L{:g’hc’a]t e“Hub (E ]gléjrr?ise%?anr%agﬁ%][]e?l
contr ang%?n@g?:%g%él& Q%&qwhg%g ngll kf,lesed to hold

execute ers

i et
10devi cenicnbei MRyt i20 IRAH1SHS, iyl S equivalent to
registers incorporated in an existing disk drive
conforming to the parallel interface, the host system
being accessible to the plurality of registers of the
register file; and
15 an input/output interface circuit connected to
the disk control unit via the parallel inﬁerface,
and connectable to the memory interface circuit of
the host system, the input/output interface circuit
utilizing a protocol for the parallel interface to
20 communicate with the disk control unit, and utilizing
a protocol for the serial interface to communicate
with the memory interface circuit of the host system,
and wherein the disk control unit includes a main
controller which controls the registers of the
25 register file in accordance with a series of register

control commands and acquires a command code and

parameters from the register file, when the host
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device information unique to the disk drive, the host
system bei ng accessible to the device information

register. 15 3. The disk drive according to claim 2,
wherein a comon particul ar address is assigned to

the device information register, and to a simlar

device information register incorporated in each of

i nput / out put devijces, regardlesg3of ~types of the 20

i nput/ out put devices. 4. The disk drive according to
claim3, wherein the input/output interface circuit

suppl sgstéheserder yhei bketitacefciregilbtedf cbh€rbostommands
systemw th device information held by the device

i nforbatthe diégksdeiye2fianthephgmboyainterface circuit of
devi ce-informati on read command i ncl uding the

part i ey ahoatidpEssemnwhandt hbe sapiesoafpueginterf geatrol
circuit receives the 34 device-information read
commer M RRRASt REChBERNSFSEERT Framt hBendABEY/PHLEREace
circuit, of .the host syste the device infornati

r egi stRFEHERRT aégFahﬁtﬁankpe EﬁéEpSPPFEBEaPnéBdrgE§.

5 5. I sk R ceording to claim wher ei an

adar s oBhe EnACBREERSTP L2, BePhl) BpalGRERe, Y ne
regi sieri &kl 8¢ EQ?iQggieggnbfb?gcgﬁﬁgﬁégnt%geonﬁmand code
common of fset addrfess and a relatrve addfess unique

to sapeliggchorBai 8keEuebdt HR EREI 8t 6k Hirige, 10n€ pik@meters

di sk drive according to claim5, wherein the device
i nf orpaingnnbetdshyyt be dretcaeei Bher 8Bin@Ad code.

2. The disk drive according to claim 1, further
comprising a device information register which holds
device information unique to the disk drive, the host
system being accessible to the device information
register.

3. The disk drive according to claim 2, wherein
a common particular address is assigned to the device
information register, and to a similar device
information register incorporated in each of
input/output devices, regardless of types of the
input/output devices.

4. The disk drive according to claim 3, wherein
the input/output interface circuit supplies the memory
interface circuit of the host system with device
information held by the device information register,
in reply to a device-information read command
including the particular address, when the

input/output interface circuit receives the
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regi ster includes the offset address. 7. The disk
drive according to claim5, wherein the relative
address assigned to said each register of 15 the
register file is identical to a relative address
assigned to each of the registers of the existing disk
drive conformng to the parallel interface. 8. The

di sk drive according to claimlzgwherein an address
is assigned to each of the registers of 20 the
register file, the address being represented by a

compyeofiteet nadednassoandeadr 8bahhi8 addmesfcUAbYdesystem
to said each register of the register file. 9. The

di sk diavehacmemdirggihecefFace 8irvhetebt thhehbekasiseem,
address assigned to said each register of 25 the
regi sthe flevecesindenmatabnt pegisekat bedéngddeesgnated by
assigned to each of the registers of the existing disk
drivet@®nParhiingles eddrpasal lel interface. 35 10.
The di sk drive accordlng to claiml1, wherein the
reglster fPre ITREI a6k dxiveapgsordgnst &p ﬂﬁﬁéﬁ Ro|@§ere1n

ommand .executi,on_ result includj an_error

i A

mhlchapna LE8S WePRELINGIROPRE CEPE raﬂaSSﬁrs of

h
i RS aEbE Fr e ERer e Eesd BRiRh PRprasented by
connegtbaﬁmaﬁtaegsgg 988 g6Lingy 8 g%ggtggévgdﬁgegs unique

host system equi p a menory I nter
circuté, shhe aa&aryegmggéiaee ghecubhigkae gen¥i.ng as

a serial interface circuit for conneCting
6. The disk drive according to claim 5, wherein
the device information held by the device information
register includes the offset address.

.7. The disk drive according to claim 5, wherein
the relative address assigned to said each register 6f
the register file is identical to a relative address
assigned to each of the registers of the existing disk
drive conforming to the parallel interface.

8. The disk drive according to claim 1, wherein
an address is assigned to each of the registers of
the register file, the address being represented by
a common offset address and a relative address unique
to said each register of the register file.

9. The disk drive according to claim 8, wherein
the relative address assigned to said each register of
the register file is identical to a relative address

assigned to each of the registers of the existing disk

drive conforming to the parallel interface.
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the host systemto an input/output device conform ng

to a serial interface, the disk drive including a disk
control unit conformng to a parallel interface, and

15 an input/output interface circuit connected to the

di sk control unit via the parallel interface and

connectable to the nenory interface circuit of the

host system the input/output-irms%rface circuit

utilizing a protocol for the parallel interface to 20
conmuni cate with the disk control unit, and utilizing

a protocol flor tie sHrslalddinterdaeardingamnugigLahel, wherein
with the menory interface circuit of the host system

t he i sher fregd stemddtliend nmdtulsies :conpri si ng: generating

a series of register control commands 25 conform ng

to the pard@ IS¥aGus &sHEEehywhd dhaipldsm repmeznd execution
i ncorporated.,in_the host system when the nmain

contr 5Ielsé‘ﬁta&@é’§é‘éjsmlghémdie§l€°&r oA e g f§eggrhether
interface circuit; transferring the series of register

cont r 8 SEERFRREFE S 't RRYi sk drive by the nenory

i nterface i rcuit %j Lh% host, .s Shf c%n accordanfe
. ah error re ster w Information
with 5 a prgltocol for % he Sert al ertade o atio

per f 06 idi¢a cliRALERALIANCE M Thgdransferred series

of regi ster control commands, a register operation on

a register 1fii| e Arsath e Rl BiREENMY Q4@ connecting
paraneters, when the series of register 10 contro

commaadslitskanisfierr @d &0 Hdit Giysitedtl iedRiiighed MANSHN 4 tieshory

to the disk control unit by the
interface circuit, the memory interface circuit also
serving as a serial interface circuit for connecting
the host system to an input/output device conforming
to a serial interface, the disk drive_including a disk
control unit conforming to a parallel interface; and
an input/output interface circuit connected to the
disk control unit via the parallel interface and
connectable to the memory interface circuit of the
host system, the input/output interface circuit
utilizing a protocol for the parallel interface to
communicate with the disk control unit, and utilizing
a protocol for the serial interface to communicate
with the memory interface circuit of the host systen,
the interface connecting method comprising:

generating a series of register control commands

conforming to the parallel interface, by a main

controller incorporated in the host system, when the

main controller accesses the disk drive via the memory
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i nput/output interface circuit of the disk drive in
accordance with a protocol for the parallel interface,
the register operation including witing a command 15
code and paraneters to the register file, the comand
code and paraneters being designated by the series of
regi ster control commands, the conmand code being to
be executed in the disk drive, Gle paraneters being
necessary to execute the command code, the register 20
file including a plurality of registers equivalent to
regi sieterfacerporatiet; i n an existing disk drive
conformng to the parallel interface, the host system
bei ng accetsabbéetoihbethkusakity of regiisttenrs cantided
register file; and 25 executing the command code using
t he papERRR@ssto the dbskaddivedbyahblepmeawetyeris tiegifiage
held in the register file. 37 12. The interface
connectF Ayt refhobibackorli aystem énaparerdanser ailkht he
di sk drive incLuges a?device i nformation register

whi ch® Bt A5° TR Yi t8%i her ABFFBh 1DRFEHEECES t he di sk

G, 2 BB LaCe OB LERTEh 1o LU Moo
dou!cfect sl obMELODLER ShaL By, LORTRLD CTULR)ee

devi cepepRPEshegnt 9 régfsaeét £3Yat 80LR2$8d h@R of Re command

device information rea
code and parameters, when the series of register

control commands transferred to the disk drive is
transmitted to the disk control unit by the
input/output interface circuit of the disk drive in
accordance with a protocol for the parallel interface,
the register operation including writing a command
code and parameters to the register file, the command
code and parameters being designated by the series of
register control commands, the command code being to
be executed in the disk drive, the parameters being
necessary to execute the command code, the register
file including a plurality of registers equivalent to
registers incorporated in an existing disk drive
conforming to the parallel interface, the host system
being accessible to the plurality of registers of the
register file; and

exXecuting the command code using the parameters,
the command code and parameters being held in the

register file.
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by the main controller of the host system the

determ ning including recognizing that the disk drive
conforms to the parallel. interface, when the device

15 information indicates that the device connected to
the host systemis the disk drive. 13. The interface
connecting nethod according to claim112, wherein an
address is assigned to each ef 3the-registers of the
register file, the address being 20 represented by a
common of fset address and a relative address unique

to said earh. rephst entotrabe eeghsteingf mkehoddactbeding to
i nterface connecting nmethod according to claim 13,

wher ed g ithel dew lver ¢ ini ot nart d bek het divbyiRSltubdesdavderice
information register includes the offset address. 15.
The iitferimatel @vnreetstrr nelthod hetdsdiayice s8focmatkien
13, wherein the relative address assigned to said

each YEJI4& &r° ofhe él segfste®/ file is identical to a

relative dress,_assigned to each of the K registers of
t he elx?/sti ed’r%‘fze’aﬂlg% CORRBFhtRY ’PGtP‘HQ fslglﬁgf‘-a | el

inteﬁﬂﬂ&ﬁising:

reading the device information from the device
information register by the main controller of the
host system; and

determining a type of a device connected to
the host system based on the device information read
by the main controller of the host system, the
determining including recognizing that the disk drive
conforms to the parallel interface, when the device
information indicates that the device connected to the
host system is the disk drive.

13. The interface connecting method according to
claim 12, wherein an address is assigned to each of
the registers of the register file, the address being
represented by a common offset address and a relative
address unique to said each register of the register
file.

14. The interface connecting method according
to claim 13, wherein the device info;mation held by
the device information register includes the offset
address.

15. The interface connecting method according to
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claim 13, wherein the relative address assigned to
said each register of the register file is identical
to a relative address assigned to each of the

registers of the existing disk drive conforming to the

parallel interface.



