+; 1234e3e(> (XXYL\\ _6_T>yf 1 ELECTRONI C DEVI CE W TH SERI AL ATA | NTERFACE.
AND POVNER SAVI NG METHOD FOR SERI AL ATA BUSES BACKGROUND OF T 5
The present invention relates to an electronic device with ajmmmmwmn
attachnment (ATA) interface, and nore particularly to an el ectronig flgg,vi ce
represented by a disk drive, and a power saving nmethod for serial ATA

ATA bus that conforms Lo the serial i nterface ATA standardo. NINAMHNAIRA
2

"Serial ATA: High Speed Serialized AT Attachnent” Revision 1.0a, 3gkdb
Wor kgroup, Jan. 7, 2003 (herei naftTur red erHRANwENSION he prior 15 art
docunent "), standards for serial ATA interfaces that are new interfaces for
di sk drives havE&lEECTRONAICKOEVACE. WIAH SHERAPA AT rINERT fale ANEePGER
interfaces between a peripheral device, represented by a magnetic disk
drive, and a hoS$AVIhGsMESYODe iOR2 GERIpIe St &VIBE a personal conputer. In
this point, serial ATA interfaces are simlar to conventional ATA
interfaces (i.e., parallel ATRACRERPTHPeSY. TAEpENVBNEEAN device with a
serial ATA interface, such as a magnetic disk drive (hereinafter referred
to 25 as an "HDD'), idcoffeddd ryerticht 1wlataerfalabrlestraykh an HDD,
to secure conpatjibility with an ATA interface, it is necessary to convert
an ATA i nterfacé"ie"‘li:eax’-ltﬁ1 3 76§ 12 s v Qttﬁf%m}erﬂter , %ﬁﬂﬁfe’rt a

serial ATA interface into _an.ATA interface. Such int.erface conversion is
per formed by, fc?rnde%é)r]?ﬁl ,aré-‘r%cLusllar( rité)geaml_§ a9 éiaésvelr Al ATA bri dge.

5 1In the serial i r.f t - r | ffe

functions, i.e. ,I%Eﬁ%glﬁggla%&a%e?{l%{ %%ﬁ\;ae?/eﬁa%adn?yﬁo}neg{)o%ﬁna{/g%thaor%_
defined. The phygj.calediayenrias addnGiion foe expGudng Aoh-daleiseri al
data transm ssion and reception. The physical 10 layer interprets retceived

data, andot ransmintes dowe rdaloh s thikeh |d il [eral meceidancg with an
interpretation result. The physical |ayer also outputs a serial data signal

to the link | ayefonforesSponstd ¢t rdquesie it iATMs teidddk. | ayer
supplies the physical |ayer
As recited in "Serial ATA: High Speed Serialized
AT Attachment" Revision 1.0a, Serial ATA Workgroup,
Jan. 7, 2003 (hereinafter referred to as "the prior

15 art document"), standards for sérial ATA interfaces
that are new interfaces for disk drives have been
worked out. Serial ATA interfaces are used as
interfaces between a peripheral device, represented by
a magnetic disk drive, and a host (host system)

20 represented by a personal computer. In this point,
serial ATA interfaces are similar to conventional ATA
interfaces (i.e., parallel ATA interfaces).

A peripheral device with a serial ATA interface(
such as a magnetic disk drive (hereinafter referred to

25 as an “HDD”), 1s connected to a host by a serial bus.

In such an HDD, to secure compatibility with an ATA

interface, it is necessary to convert an ATA interface



15 wi.th a request to output a signal. The link |ayer also supplies the
transport layer wth the data transmtted fromthe physical |ayer. The
transport |ayer performs conversion for operations based on the ATA
standards. Assum ng that the above-nmentioned 20 bridge LSI is used in an
HDD, the role of the transport |ayer corresponds to the role of the ATA
signal output unit of a conventional host phat utilizes an ATA connecti on.
The bridge LSI is connected to the disk controller (HDC) of the HDD via 25
an ATA bus (or a bus conpliant with the ATA bus) based on the ATA interface
st andar ds. Accotditaglay seiri athe Teonmeelrifer Hetareerdrie dir i-dge 11l andh HDC of
t he HDD, - 3 operations equivalent to those stipulated in the ATA

i nterface standandsrdaceonpdo line ATIA Hntteer fetcandardischarien tparfagrened. I n this
case, the portion of the HDD excluding the bridge LSI (hereinafter referred
to as a 5 "mai ncHADDedsiioN) lsegardrmies! i, dder Sixaaplan appdrsdt us (host)
for issuing a command to the main HDD unit. Accordingly, the main HDD unit
operates in the (areoraridy &8 1dedomy ertilodaADDRidds zi ng an ATA
connection.' Thus, the serial ATA interface has 10 conpatibility with the
ATA standards concer fithghsr ctedddls Afe i rde 1 g o tatsthanditrs . Ciitever, a

data si gnal (paral | el dat al ocessed by a parallel ATA interface
must be conver t &8 YERto° 3 géfflf%red‘%\:t&; nS.15 fre SeASILRA |1r?tyeerrf'ace

standards sti pull%& 3 | gf%rmée a\grréli ngr?fr%r rye%tlte%ertg é‘lrﬂaqldonaﬁ buses,

wel | as a power, “savin hat

interface (para | i rf s bus
power saving ZOH&lgsé}é-r%@t l% %I%%) tef%g%ﬁcve |onalé)%%%tq1n§rs1 Ards A-I'I'L%

serial ATA integ g@q%lsHQQQan:q% ShdiRuiate 4 RNer T aig.perr?glt Jdmdes for
serial ATA int ersf aces, i.e., n ! lDY (IﬂgLE) " PARTI ALY o SLUMBER" .

The "PHY1READY" 1ande llmleti@tr@&sarg@tﬁédﬁ d%&a\/)hlaqm Ratah dfie CivlidatPHY
circuit) for realizing the operation of a physical |ayer (PHY |ayer), and

the main phase-icockte laon (Bl dinv eWidoratsgcepeviadi g interprétdtheseby
synchroni zing the interfacing states of the host and peripheral device. The
"PARTI AL" npde ardul$LUVBER' pmycse daidileateer a lstcatomitiputwhiacsdrhian IPMta
signal to the link layer in response to a request
therefrom. The link layer supplies the physical layer
15 with a request to output a signal. The link layer
also supplies the transport layer with the data
transmitted from the physical layer. The transport
layer performs conversion for operations based on the
ATA standards. Assuming that the above-mentioned
20 bridge LSI is used in an HDD, the role of the
transport layer corresponds to the role of the ATA
signal output unit of a conventional host that
utilizes an ATA connection. The bridge LSI is
connected to the disk contrdller (HDC) of the HDD via
25 an ATA bus . (or a bus compliant with the ATA bus) based

on the ATA interface standards. Accordingly, in the

connection between the bridge LSI and HDC of the HDD,



scircuit is operating but the interface signal is in 5 a neutral state. The
difference by definition between the "PARTIAL" node and "SLUMBER' node |ies
inthe tine required for restoration therefromto the "PHY READY (IDLE)"
node. More specifically, it is stipulated 10 that the tinme required for
restoration fromthe "PARTIAL" node nust not exceed 10 ,us. On the other
hand, it is stipulated that the tinme regquiBed-for restoration fromthe
"SLUMBER' node nust not exceed 10 ns. As long as the restoration tine and
interface 15 power state conformto the standards, nmanufacturers can sel ect
the portion of apdewieenst beup@ueknsavtiondhbwrcisitamuafatei G shheuladrbe
executed in the "PARTIAL" node or "SLUMBER' node (i.e., can select the
circuit that shdantdriiaceusteddattisi rprt kemnpadap.l 2 thithie tstamdaowey savi ng
(ATA power saving) state conformng to the conventional ATA interface
standards is realezedrifagineal.l y Inndérist keseontthel pofr td cmostf. ths AD® power
savi ng nodes, "IDLE", "STANDBY" and "SLEEP" nodes, for exanple, are
stipulated. On eKe 128 1isghéhehRnd dosh et t@egep@mxﬁtqnnnaﬁy43&q|ug &TA power
savi ng) npde (i.e., the "PARTI AL" or "SLUMBER' npde) for serial ATA buses
may be redlized Bader HDRe Uadi(p olregardss ther bajidesr I8 hast a8 peri pheral

devi ce. However, the bove mentiqned .priqr art docunent descri bes nothlng
about a techniqﬁ@pﬁaﬁ B&ntPBPISnJOFhéS§€FPﬂ SAERTFARST T iﬁb

ticul tech f .t he ATA th
Phe. sorial ATA Boer SRGFRGIUrRIy. ReclRdEPE LRAT ZResA oAt AT aﬁ \(,amrface
d th f H H host
2 sorial ATA buSt i ERrS ToAte® TN ENT0 Botedll 3 aa ori 68 Adve. to

provide a serial.oAlAALEN f a6 ,GONtH %I AN et ltAII(A]sqrﬂ% |%;%r ?{dsdge) for

converting a conventional ATA inter ace par a ace) into a

serial ATA i ntecbap@tibl itikiys WHQB thi2e 2aRe AIne 1fs &driéGld iy bet ween t he
serial ATA 15 interface control circuit and the hard disk controller (HDC

of the HDD is i gebtoeall st gueh egnfleyt®allo doiedansts pulmiwed dr) thejata
conventional ATA interface standards. Accordingly, the HDC recogni zes the
serial ATA bridgeégasli f(patraidred aahestsiignedl)f privatedssglésy 20 peoratdreds. Thi s
nmeans that the operations of the portions of the HDD other than the serial
ATA bridge peri pAér ahtgarfieicensugite bsi wionare tted Hentocorv esstr ienlaldadrees. | n
HDDs with serial ATA interfaces, a conventional ATA bus (i.e., parallel ATA
bus) that 25 cofiAg®ed .a serial ATA interface control circuit to an HDC can

be formed on the printed circuit board (PCB) of the HDD. Therefore, in HDDs
with serital ATA The serial ATA interface standards stipulate a

power saving mode directed to serial ATA buses, as
well as a power saving mode that conforms to the
conventional ATA interface (parallel ATA interface)
standards. The idea of serial ATA bus power saving
20 does not exist in the conventional ATA standards.

The serial ATA interface standards stipulate
three power management modes for serial ATA
interfaces, i.e., "PHY READY (IDLE)", "PARTIAL" and
"SLUMBER". The "PHY READY" mode indicates a state in

25 which both the circuit (PHY circuit) for realizing the
operation of a physical layer (PHY layer), and the

main phase-locked loop (PLL) circuit are operating,



- 6 dnterfaces, the wiring length of the ATA bus can be shortened, and
hence an increase in data transfer rate, which is hard to realize if a
paral | el ATA bus is used, can be expected. 5 The serial ATA interface

st andards have been worked out on the assunption that they are conpatible
wi th the conventional ATA standards (parallel ATA standards). Therefore, to
realize the new i dea of power saving stipuBated in the serial ATA
standards, 10 it is necessary to provide a host with new neans for

desi gnati ng new power saving. However, such new neans nmay well deviate from
t he conventi onalthAFAbyt aytaihdon ikumichehe timg qarfeNdisicons teftrewmeanrs to a
host may significantly influence the entire system 15 BRI EF SUWRARY OF THE
| NVENTI ON | n anhesifodinge ipte rafohtelre li dearitdeon, ThewePARIISUTptriodie iasidr educed
by effectively utilizing t he power saving node for serial ATA buses
stipulated in t NELSHPER" NPAsstimdd@eds 226 Yateadaonddinde thiet PHYn enbodi nent
of the invention, there is provided an electronic device with a serial ATA

i nterface havi n§i&cdéitedtorrede tdéde &th ¢ hiss st egif acee sjangd ds dn
predet er m.ned conmand; confirmation device for confirmng 25 conpl etion
of execu?%on ofatﬁgugGﬁﬁaﬁ%a&@tected by the detector; and a controller for

coon S et 1o A B A s B he 1O 0
confirmati on dewi nd r d Ty t, anot her. e di_nent,_.of the
i nvention, there@gngégbigggkﬁgﬁggk%%ﬁﬁg%ﬁawt O%? §1§§?ﬁa FRﬁAqlﬁFérface

connected t0 a Bash:Ved 33l ATA IS ciHhe ik i s el t i ng

device for reporting, to the host, conpletion of execution a comuand

sent fromthe hqghrkg "t heddi sk eV @jpend i 00811 ald ars fari hantded | i ng
shift of the serial. ATA 10 interface to a power saving node after the

reportingodevi cehaepahles tdarplrelgudn«of fRrerddtdrafi oh Eesetcneomand . Yet
further enbodi ments of the invention relates to a nethod of saving power of
a serial ATA int'@aRaGALIS meniel ayed inotarxeleeet riani £ sdevbaeth&hetheirhod
detects issue or reception of a preset command; confirns conpletion of
execution .of thendetédt éd sonwaiditeandhshi fiths tthieneserdcpli v&DPA fiont er f ace to
a power saving node upon confirmng the conpletion of execution of the 20
det ect ed commandesAraeiéPhefrof iyt "SLRFER hvedd ewmgiemcdi mxaesda net hod
of perform ng interface _conversion between a serial ATA interface and a
paral | el ATA i ntdr Pce. APhil®NfeBFodhfedSites at inredding janel dndiatifaFeeach
time 25 e serial ATA.interface is.shifted to an jdle node in accordance
with rec Eu on SPYSTe Sihfted SRRLORTY &Quithés § s SRS e %hd shifts

the serial ATA interface fr.om-t i dl e .node .to a predeter.m ned
power savi.ng mod&™ eﬁlgc;%u&thﬁegmgézﬁ%ln&@ﬁfs eé’elnces’erﬁ eafng‘”{'erefﬁ\?léjtq on of

the preset timeynction of which should be executed in the "PARTTIAL"
mode or "SLUMBER" mode (i.e., can select the circuit
that should be turned off in the mode).

20 . Shift to a power saving (ATA power saving) state
conforming to the conventional ATA interface standards
is realized basically under the control of a host.

As ATA power saving modes, "IDLE", "STANDBY" and
"SLEEP" modes, for example, are stipulated. On the

25 other hand, shift to a power saving (serial‘ATA power

saving) mode (i.e., the "PARTIAL" or "SLUMBER" mode)

for serial ATA buses may be realized under the control



'Yet anot her enbodi nent of the invention involves 5 a nethod for saving
power in a disk drive with a serial ATA interface connected to a host via a
serial ATA bus. The nmethod reports to the host conpletion of execution of a
command sent fromthe host to the disk drive; and controls shifting of the
serial ATA 10 interface to a power saving node after the reporting device
reports conpletion of execution of a preset cemmuand . BRI EF DESCRI PTI ON OF
THE SEVERAL VI EWs OF THE DRAW NG The acconpanyi ng draw ngs, which are
incorporated 15 in and constitute a part of the specification, illustrate

enbodi nents of tiFe ditkei i:0hoANG 1t QE8LiRATe MM 1t idie-genef@leHascriyy i on
gi ven above and the detail ed description of the enbodi nents given bel ow,

serve to expl ai Bbolve-preintdigpess pofi drheudth\etuineht 284dGbds iotthidPck
diagramillustrating the configuration of a system equipped with a

nmagnetic di sk dﬁb@@t(HDDPdﬂml%mxdhmquﬂﬂrdﬂiﬂﬂdxﬂhdﬁﬁﬁrxﬁlUﬁE&Inventlon
FIG 2 is a block diagramillustrating a main HDD 25 unit 11 incorporated
in the HDD 10 apgegs rgvilmdisGate FEIGpaxtiisulad.ew itdaistiqtd npshift of
ATA power - 9 saving nodes eqployed in the enbodinent; FIG 4 is a view
i |1 ustratPng théSﬁél%ﬁtéﬁézhutéleo& \ﬁe@@%wwqocﬂm@rt%awrm thadesdmidl G 3
and the turned-qff state of each circuit of an HDD main unit 5 11 in each
ATA power saV|n&'ﬁo&@we¢IG?W§QQs%¥%ﬁ%hv|IIustrat|ng exanpl es of tines
required for restoration Ei /wite np fromeach ATA omer

savi ng node ML to NBATSnSqf‘} t 6 |sseralﬁcj]|eelwz§lltrb§?"? thgt ¥

rel ationship as the interface of an HDD, and the HDD is connected

to a host via a serial ATA bus. In this case, it is

10 necessary, as stated above, to provide a serial ATA
interface control circuit (serial ATA bridge) for
converting a conventional ATA interface (parallel ATA
interface) into a serial ATA interface. In this HDD,
the operation of a junction between the serial ATA

15 interface control circuit and the hard disk controller
(HDC) of the HDD is identical to or conforms to that
stipulated in the conventional ATA interface
standards. Accordingly, the HDC recognizes the serial
ATA bridge as if it were a host itself that issues

20 commands. This means that the operations of the
portions of the HDD other than the serial ATA bridge
peripheral portions are similar to the conventional
ones. In HDDs with serial ATA interfaces, a
conventional ATA bus (i.e., parallel ATA bus) that

25 connects a serial ATA interface control circuit to an
HDC can be formed on the printed circuit board (PCB)

of the HDD. Therefore, in HDDs with serial ATA



110 between each ATA power saving node in FIG 3 and the correspondi ng SATA
(serial ATA) power saving node set when the HDD 10 is in each ATA power
saving node; FIG 7 is a flowhart useful in explaining power control
performed when the main HDD unit 11 of the HDD 15 10 has received a command
froma host 20; and FIG 8 is a viewillustrating shift of SATA power
savi ng nodes enployed in a nodification-of 6t he enbodi nent. DETAI LED
DESCRI PTI ON OF THE | NVENTI ON 20 An enbodi ment in which the invention is
applied to a system equi pped with a nmagnetic disk drive having a serial ATA
(SATA) interfacenwelldfakesjestld hadiiny denaith Wit hHelherenms Qd ke
acconpanying drawings. FIG 1 is a block diagramillustrating the configura
25 tion of the shetrémneqyi pped hsintde tane inmrgrelsiec idi slatd itein(dHRR) 10,
according to the enbodi nent of the invention. As shown, the HDD 10

conpri ses a mai wate,- whAchHDBB traird b arec ISAFA iifnteefaacd. leAntATH haisr cui t

12. The main HDD unit 11 corresponds to a conventional HDD for performng
paral | el data tAgngBed,usiamgbgn eXPadtsder f ace. The SATA interface control
circuit 12 is 5 a SATA (serial ATA) bridge for peripheral devices. The SATA
i nterface>control ci ré\f Seiigls Addnhretieed acs $tosaydodtasy ey 20 via an
SATA bus (serial ATA bus) 30. The SATA interface control circuit 12 is used
to perform int elPE&ECEMFePti §RehESTEER t4RRATREE0 tThitve iite € FRp td ke

interf , d i d of, faor | e, | - | e i.nt d ci it
(LS. The SATA"IRCorf 2o S oEHRigrTay Gt SEARae ds o Bhal il 4% a funct | on
f ti I ti ' ia.the SATA b 30, int

nstruction sui capraeretTan RPRYFEORE 15 CAPA 1oR oYYl SRS Sdnding it
to the min HODURict Lhoikd Wi fTA s d3.nThediash 204 S laedroni ¢

devi ce, such as a personal “conmputer, uses the ordge. The

host 20 ¢onpriseg asMalelkei@sl Rt p2bvalik SATD A0 i HAE G QY rQdy Circuit
22. The main host unit 21 corresponds to a conventional host for perform ng

paral | el data tHaBsShRatUSigNGeaN pAWA L Ria&fiace. HEMR vRATA Jurrerdar enGaiy 1 ol
circuit 22 is a host bridge, and is connected to the main host unit 21 via

an ATA 25 bus (pavaWleéll ABAilde) f23m ame tooniviee tHD a0 Anza St SADS bus
(serial ATA bus) 30. The SATA interface control circuit 22 is formed of an
LSl for perfornfragther, the jprogrifsdon odhwnemsimemnzetireen arstATARy nt er f ace
and an SATA interface, |like the SATA interface control unit 12 of the HDD
10. The SATA i ngdghadd cesitlvolindilienice Thehgatine sarstiesul ar, a function

f or
15 BRIEF SUMMARY OF THE INVENTION

In an embodiment of the invention, power
consumption is reduced by effectively utilizing the
power saving mode for serial ATA buses stipulated in
the serial ATA standards.

20 - In accordance with an embodiment of the
invention, there is provided an electronic device
with a serial ATA interface having a detector for
detecting issue or reception of a predetermined
command; a confirmation device for confirming

25 completion of execution of the command detected by the
detector; and a controller for controlling shifting of

- the serial ATA interface to a power saving mode upon



'5 converting an instruction, sent via the SATA bus 30, into an instruction
suitable for the SATA bus 30 (SATA interface), and sending it to the HDD 10
via the SATA bus 30. The SATA interface control circuits 12 and 22 10 have
physi cal |ayer processing units 121 and 221 and link/transport |ayer
processing units 122 and 222, respectively. The physical |ayer processing
units 121 and 221 execute high-rate sertal 7data transfer

(transm ssion/reception) via the SATA bus 30. At this 15 time, the data
transfer rate is 1.5 Gops (gigabits per second). The physical |ayer
processi ng uni t sohZl ranad 1221 d Mtterepreimpaita drecel etk fa:amutieSARA thus 30,
and transmts the data to the link/transport |ayer processing units 122 and
222 i n accor dancemnitrimatther?@ldawitar.pret ati on results, respectively.

Further, the physical |ayer processing units 121 and 221 transmt
respective serial datla sigpraidaige nesigonset tangoBrestrsoddiomntheo £
l'ink/transport |ayer processing units 122 and 222, respectively. The

| i nk/transport [t&felBngicdesdihraidia 1ozidad 22 dach i Ividdr & | i nk

| ayer procgessing unit and transport |ayer processing unit, which are not

shown. The resp&Efitd Filhk indfartace coppeqpast dxicng it telafa t3prial
link/transport | ayer processin nits |22 and 222 suppl he, physi cal | ayer
processi ng uni téa%z%ugnd \ﬂqtsﬂ( édﬂ’é‘s g o’iﬁpﬁlﬁqtpjs‘}%rfgﬂ‘élcp‘% nF3esponse
to requests from .ransport_.5 lLayer processi.ng units of the processin
uni tsq122 and 255%&&%“%%% &S éléjypsgcdt R{Pé“ﬁ eﬁ%%ﬁfeér ed(r%%ue?sqrhgoﬁni ts 019
t he processing ‘énic.to%rr]n]agx%i %%ql@%a%?pcmfyfﬁt&ec r spcq,ﬁéi&/iesl{rcﬁr&s‘peo,r tarjld";lyer

te p a

processing units wt ata transm rom the physica yer’ processi ng

units 10 121 and 22hLt Tha & 3P Udnd@ver ff QGessd N Uid ssderdforna
i nterface conversion between the ATA interflace and SATA I nterface. Buses,

such as peri pheraltca@penat d HAIGOMLLIng REPde busass oumatdddei v th the
ATA buses 13 and 23 15 may be enpl oyed i nstead of the ATA buses 13 and 23.

In this case, thieviAERArepcerfsacempditrian & f ciidcutlidbrarsk 22 medsdte provi ded
in a PCl bridge. Further, it is sufficient if the 5ATA interface control
circuits 12 andc22m@8ATA bridges) have a function for 20 transmtting and
receiving serial ATA interface signals to and fromthe SATA bus 30. FIG 2
is a block diagram i Yafstiumtingy tdidoabinidngis a1f drheofinhentedm M uest 11,
The main HDD unit 11 has a disk 111 as a recording nmedium 25 At |east one
surface of the sk Tefhiog 9% seordihPongy ffe aorfaiah Alh alnterface
magneti cally recors‘%d.éﬁ,head (magneti c head). 112 opposes the at |east one
- 13 recordi ng ®TRPHEE e &dissiErAnic Fagice sh method detects

issue or reception of a preset command; confirms
completion of execution of the detected command; and
shifts the serial ATA interface to a power saving mode
upon confirming the completion of execution of the
20 detected command.
Another embodiment of the invention pertains to
a method of performing interface conversion between
a serial ATA interface and a parallel ATA interface.
This method measures a preset time starting each time
25 the serial ATA interface 1s shifted to an idle mode in
accordance with reception of a command which requires

interface conversion; and shifts the serial ATA



‘a case where the main HDD unit 11 (HDD 10) includes only one head 112, for

facilitating the drawing of the figure. However, in general, both surfaces
of the 5 disk 111 serve as recording surfaces, which respective heads
oppose. Further, in the exanple of FIG 2, it is assuned that the main HDD
unit 11 (HDD 10) includes a single disk 111. However, it may include a
plurality of disks 11l stacked on each ether.-10 The disk 111 is spun at

hi gh speed by a spindle notor (SPM 113. The head 112 is used to read and
wite data fromand to the disk 11 1. The head 112 is attached to the tip of
an actuator 114.inthke facteudtrom thé Has e meeica Lo lpritate iMEMd BwerThe

actuator 15 114 is driven by the VCM 115, thereby radially noving the head

112 over the di skvihy maAsiea irfeswl tfurtthe rheadundld) impasidri awd oftaet ar get
track. The SPM 113 and VCM 115 are powered by respective driving currents
(SPM current angxvCvaguionemt) tdgppiresetf tgmea notor 20 driver 1C 116. The
nmotor driver 1C 116 supplies the SPM|113 with an SPM current designated by
a CPU 130, and suppl i¥&E tame ey |erspagdiment oMt riertenfesdmyniteal 185 t he
CPU 130. The head 112 is connected to a head 1C (head 25 anplifier circuit)
117. The Read | & TEENORCIfodeS 3y ingadrosi®d it & disrk LK1V yid: & read signal
read by the head 112, a wite anmplifier for conyerting, - 14 wite
data into a wri t&LeaT gﬂ“% R THESE lcénf’ff:tieéjog@nr‘?eéoegtf t‘g’-aa F SfFMite 1C
(read/wite cha I | 8. e read/wite I.C 118 s si.gnal__pracessin

devi ce for perf%&% )r?éljs\iar iTo%sH\?i 2‘ s%fetpsﬂr&nsaljtoprt&eegﬁ % %ﬂ%‘ﬁ%%@ or

anal og-to-digital, Mk Si of, i di f ite d ,
decodi ng of rea% 3%1(;&2 élt ((:)&n'?heco?ng{éagl/qg\/rslseltr%n?é Oﬁg:%l%s Hg)gsntﬁetc#weﬂ(#% ocglzélﬁard

di sk control | er (90 Hhie TG L3 has.ca o sy eantroly fmetion for 10

controlling data transfer fromand to the disk 111. e HDC 119 includes an

ATA interbace. Thakrifsice e HDeIwkY hasyiany Abd ntardace,£odg o fipction

for receiving and transmtting commands (such as read/wite comands) and
data from and t detvieechasipo2® slzowipd ddieorADA kusdididlboweves prdsdthe

enbodi nent that includes the HDD 10 having a SATA interface, the HDC 119 is
connected to theo8aBAd.nterface control circuit 12 via the ATA bus 13,
which differs fromconventional HDDs. The HDC 119 is connected to the host
20 via the 20 SARALERt BEPGREPESANr OF EHECHEVERRLaNdEBATAFL THESORAFHAIGHDC
119 has a buffer control function for controlling a buffer RAM 120. The HDC
119 incl udes a stat ué”‘ree@cé%oé}pam%sc&ﬁwmg%fep?g?ltqfh@ﬁ%elfs@%\lﬂéomt@%e HDD
10 to the_host 20. 25 A part, of the nmenory area of the buffer RAM 120 is
used as a’data BOf fEF &P8S Ut &eEt 1F &6 iSREUdtiLat it erred bet ween

the host 20 andiﬁq%s@?%t%l%mbodiments of the invention, and together

. wilith the general description given above and the
detailed description of the embodiments given below,
serve to explain the principles of the invention.

20 FIG. 1 is a block diagram illustrating the
configuration of a system, equipped with a magnetic
disk drive (HDD) 10, according to an embodiment of the
invention;

FIG. 2 is a block diagram illustrating a main HDD

25 unit 11 incorporated in the HDD 10 appearing in
FIG. 1;

FIG. 3 is a view illustrating shift of ATA power



- 15. of the HDD 10. Another part of the nenory area of the buffer RAM 120
is used as a flag storage area 120a for storing a flag F described |ater,
and as a command reception time storage area 120b for storing tinme 5
information indicating the tinme at which a command has been received. The
area 120b is used as a ring buffer for storing tinme information indicating
the points in time at which a predeterm-ned ndunber .of nobst recent commands
have been received. 10 The CPU 130 is a main controller in the main HDD
unit 11 (HDD 10). The CPU 130 includes a nonvolatile nenory (not shown)
that prestores ga&en abdeE0gmToled dn the lashdREMnas a programmmabl e
nonvol atile nenory). The CPU 130 controls each elenent in the HDD 15 10 in
accordance with the ¢adt.rd ipr egranrewridstiortadtiimd henalad@itddshirenory. | f
the HDC 119 receives, fromthe host 20, a particular command for

desi gnating a pboetwesavicaghnmdd@ frowearhe aATAd moskef doe FIALA pamer thavi ng
node), the CPU 130 sets the HDD 10 to the ATA 20 power savi ng node

desi gnat ed by t kereesmedd. sWade o&t tdaed) g cATA pdwan $BH mg iwodeitt he CPU
130 causes, via_the HDC 119 and SATA bus 13, the SATA interface control
circuit 19 to sét aNSAPARDSIEr POAAT § aTid medeed i n advance to the ATA
power saving nmode. 25 FIG_3 is a viewlillustrating shift of ATA power
savi ng nodes (power $Aing nouds e %kﬁﬁ%ﬁ%ﬁﬁ%?qrﬁ¥#ﬂﬂi%%nQﬁ fdees

st andards) enpl o ed in ¢t enbodi he errbo t ATA
power saving no gullrlf(?ldu i |r\°r“«§%r‘?6cf‘gslon'Aéﬂ \?ErlelﬁL CRIVANCE

| DLE MODE M2, LGWER- PONER | ITQ_EOIMESI\C@, %{T%%?w%m@ﬁ{ EP ,I\/UDE MVb.

In addition to the power savi nodes "(ACTI VE
MODE) MO is provided @s; anpot; tger ATA rhtlelrljsqg%gmggﬁ
Y cons rrptlonls r&%uce%llnthe

read/ wite command to be execut ed e power

order of 1phe REAWRIEHE JMoE v, rV%a'\QLlﬂ% M, RIERFCRMMCEHDLE MODE
M2, LOW POAER | DLE 10 MODE M3, STANDBY MODE M and SLEEP MODE Mb. In the

HDD 10 (mai n HDQowtielspbhldindf tsaiTra. ( Jeaad IWVATZG QRAV iRV icmmieddy a
read/ wite command is perfornmed in the READ) WRI TE MODE M), the HDD 10 is
shifted to t he ABENVEhEOBBDMI Ourderir ke dommZolpofert i viimCRldd30 f or
reduci ng the power consunption of the HDD 10. If no further comrand has
been sent from the hd$iG.20 dft er fd praveterudebdl timee il &l eipseodwem t he
shift to the ACTIVE IDLE MODE ML, the HDD 10 is autononously shifted to the
PERFORMANCE |DLEom@gelN@erformed when the main HDD unit 11 of the HDD
15 10 has received a command from a host 20; and
FIG. 8 is a view illustrating shift of SATA power
saving modes employed in a modification of the
embodiment.
DETAILED DESCRIPTION OF THE INVENTION
20 An embodiment in which the invention is applied
to a system equipped with a magnetic disk drive having
a serial ATA (SATA) interface will be described in
detail with reference to the accompanying drawings.
FIG. 1 is a block diagram illustrating the configura-
25 tion of the system equipped with the magnetic disk
drive (HDD) 10, according to the embodiment of the

invention. As shown, the HDD 10 comprises a main



20 under the control of the CPU 130 to further reduce the power consunption
of the HDD 10. The Modes ML and M2 are ATA power saving nodes arbitrarily
designated by a manufacturer. If no further cormand has been sent fromthe
host 25 20 after a predetermned tine T2 el apses fromthe shift to the
PERFORMANCE | DLE MODE M2, the HDD 10 is autononously shifted to the

LOW POVER | DLE MODE MB - 17 under the cantrol of the CPU 130 to further
reduce the power consunption of the HDD 10. The Mode M3 corresponds to
"IDLE" in the ATA interface standards. Accordingly, if an idle conmand is

sent fromthe hash 5nd@ 1N Gher vade Mhier fM2e hRtARA ROWRIyiSaviong node of
the HDD 10 is shifted .to the LOMPOAER | DLE MODE M3 i n accordance with the

comrand. Si mi | armhy, miafi na HSOamMERAY oMt dsposery tfo emddigrdiasitor20l inpd he
node ML, M2 or M3, the ATA power saving node of the HDD 10 is shifted 10 to
t he STANDBY MODE o pier facodnda mea aliltel tdae o amaarste rStuanidtyy drmperii at e
Command is known as a kind of . standby command. Using this comrand, the
time required fdnterdashi.ft The 934 2Astiaridinf amsdecrdirdle desiwitatled.idUpon

i ssuing the Standby Imrediate 15 Conmmand, the node is shifted to the
STANDBY MPDE M4 a3afP8h tlkerdedi giddednidas diogpsesivhanderdevifces sl eep
command is sent fromthe host 20 in_the node M, M, M3 or M4, the ATA
power savi ng nodéc€of?The IABBTEE G SHitEd HiF e SIEERE MIEmedEgh to
accordance with the 20 command. .If a read/wite nd js sent fromthe
host 20 in the ﬁnggséﬂ,( ,tIﬁﬁsqﬂ?hmzqwilﬁlﬁ§'5¥§%ggaﬁ? éﬁ?ﬂﬁg'ﬁﬁﬁé of the
HDD 10 is shift t o .t.he D/ TE I\é()DEI\/Din ccardance wi t.h, the command.
FIG 4 shows th%gﬁélgbrongﬁép eg%%%§1%§(ﬁ?%ﬂ%ﬁﬁ%ﬁ§%ﬂ5%%§ i#?|ﬂ§3 3 and

t he turned=off e .af | r:cui f.t Bi N i i h node
e, Lurned ol Stabe oof gRagh Gl ol alcd DRI Mo 4o 8361
circuit hp the mgih HRRURIHg Ehiso ithaly fead angh wid 1€ i ¢ ong,.can be
performed simultaneously in the main HDD unit 11. In each of the ACTIVE

IDLE MODE ML, PEREERVIANCE 1Rk MdE M ianid J-xQWLROWER L DE MOb M3, 1% the

supply of power to part of the circuits in the main HDD unit 11 is halted.
I n the ACTI VE | BREAMIDE eMlfadehe oditdo 11 Ll dcsuintotiat ethdyy irheoHRM ddzand the

head 112 is positioned, by servo control, on a certain

a function for converting an instruction, sent via the
SATA bus 30, into an instruction suitable for an ATA

15 bus 13 (ATA interface), and sending it to the main HDD
unit 11 via the ATA bus 13.

The host 20 is an electronic device, such as

a personal computer, which uses the HDD 10 as storage.
The host 20 comprises a main host unit 21 and SATA

20 interface control circuit 22. The main host unit 21
corresponds to a conventional host for performing
parallel data transfer using an ATA interface. The
SATA interface control circuit 22 is a host bridge,
and is connected to the main host unit 21 via an ATA

25 bus (parallel ATA bus) 23, and to the HDD 10 via the
SATA bus (serial ATA bus) 30. The SATA interface

control circuit 22 is formed of an LSI for performing



‘track of the disk 111. In the PERFORVMANCE | DLE MODE 10 M2, the disk 111 is
rotated by the SPM 113 and the head 112 is positioned on an arbitrary track
wi t hout servo control. In the LO¥PONER | DLE MODE M3, al though the disk |11
is rotated by the SPM 113, the head 112 is retracted fromthe disk 111.
Accordingly, 15 in the ACTIVE IDLE MODE ML, only the supply of power to
part (i.e., a wite channel) of the read/wlte IC 118 is halted. On the

ot her hand, in the PERFORVANCE | DLE MODE M2, the supply of power to part
(i.e., a VCMdriver) of the notor driver IC 116 and part of 20 the

read/ wite | C 118ties fhdet ednvielistiber betivedhe atOMBRONER ddlle M MB, the
supply of power to part of the notor driver IC 116 is halted, and the
supply of power ahoSRR@ heddrif@ckl7 ldked rtéad SMTA e nteérfhdd sdrdrtedd. The
time required until the read/wite node 25 MOis restored (i.e., the
restoration timanigqdizr ed el HDDhd Or.eadher iSPE Pofertatrifans beodmelabl e to be
re-executed) differs between the above-nentioned idle - 19 nodes. This
restoration tinelirsudét 22omgsr il PRg técddrarof a HanaCHovE §O3LE MODE M
PERFORMANCE | DLE MODE M2 and LOMPOWER | DLE MODE MB. The required power
consunptien is F@%éfrertﬁntghémorlﬂ’értr@fcqlﬁél/A@ﬁWEVGai it Iﬁﬁﬁ@ I‘W}S PERFORMANCE
| DLE MODE M2 and LOW POJER | DL I.n ot her words | onger_ the
restoration timg? hélr’i d\ﬂértrtuﬁ lﬁ&\érul(,t&}?sl@r’rﬁﬂ orkn§ r?ptTI?é Al‘v’ﬂﬂBY(ﬁ@E%E M4,

the rotation of .the i_S, st opped Inth e .su ower
to 10 the SPM lfélte ace drla\%lr se&"%f@ iedd I%eﬁg}% read/ Vi p“?’eg %%8 and
buf fer RAM 120 shaly ted Accordi ngly, the power consunption is |ower in

t he STANDBY than in the LOMPOAER | DLE MODE MB, whereas the

restoration tine is |’Iq.‘f@e§A'I'PU Ml?exfﬂc@rco]r&xté‘larblfbdlh@s | pd tefy 3 the
SLEEP MODE M6, power is supplied only to part (i.e., a reset processing

circuit)ief thendhe gall%sﬂdéq S1 %}Ed%&qrngt e atherafd reu tahdei ng
hal t ed. Restoration omthe SL Mb to the READ) WRI TE MODE MO can be
20 realized onl )libx)k/&rfae&@ior@:pe_raa_,telro@ro@@i;shhﬁg nefus e r egidraddon time is
al nost equal to that required for restoration fromthe STANDBY MODE M4. O
t he nodes MO t o rBspeidid vedwer abreswiptsiaali 4 ayay muodas divey SirBERR MODE M.
25 FIG 5 shows exanples of tinmes required for restoration fromeach node
ML to Mb to thelZdadhriZ?d rmxdeWR hRIOB- 6 tshees itdle dadlattimarstiqr bet ween
each

(transmission/reception) via the SATA bus 30. At this

15 time, the data transfer rate is 1.5 Gbps (gigabits per
second). The physical layer processing units 121
and 221 interpret data received from the SATA bus 30,
and transmits the data to the link/transport layer
processing units 122 and 222 in accordance with the

20 interpretation results, respectively. Further, the
physical layer processing units 121 and 221 transmit
respective serial data signals in response to reéuests
from the link/transport layer proceséing units 122
and 222, respectively. The link/transport layer

25 processing units 122 and 222 each include a link layer
processing unit and transport layer processing unit,

which are not shown. The respective link layer



- 20, node MO to Mb and the correspondi ng SATA power saving node set by the
CPU 130 when the HDD 10 is in each node MOto Mb. In the exanple of FIG 6,
when t he ATA power saving node (ATA interface node) is the 5 READ WRI TE
MODE M), the SATA power saving node (SATA interface node) is set to |IDLE
MODE ML1. Further, when the ATA power saving node is the ACTIVE | DLE MODE
ML or PERFORMANCE | DLE MODE M2, the SATA power- saving nbde is set to

PARTI AL MODE ML2. However, since the 10 PERFORMANCE | DLE MODE M2 is set
only after the ACTIVE | DLE MODE ML, the PARTI AL MODE ML2 i s naintai ned when
the HDD 10 is shirbledstiaq e iPERHERVANCE iIHiRL/E d¥&: 1RWd:her, when the
ATA power saving node is the LONPOAER | DLE MODE , STANDBY MODE M4 or
SLEEP MODE Mb, brolchesSATAupAWSr 19aviaingl mede supsiet dhe FHIVBRR IMIRE dYL3.
Referring now to the flowhart of FIG 7, an operation of the system shown
in FIG 1 wll peodessringedniuas gl asdark 2dxanpihe,r gepwesrt < did raaltexecut ed
when the main HDD unit 11 of the HDD 10 has 20 received a command fromthe
host 20. Assune shgneélishatin e speinsehdst nafvests diramhebostraaGoras i ssued,
to the ATA bus 23, an HDD-directed command that conforns to the ATA

i nterfaceSstand3dRr¥Sr PHE CESHRNU UoH tshe TATAD Py B §ssinedblivied 132 taned SATA
interface contral 25 circuit 22 of the host 20. The link/transport | ayer
processi ng unit 222 of W& SSATANS FSREGE I0Ehtligtk aYas PreCThE ts the

recei ved conmmand _i.nto - 21 command canform.hg to the SATA interface
standards (i.e. ,unilrihsoo% FOPEH e SRR émfl(}rs t%r‘?@ %&’ﬂpﬁ\?ti}s Sé’iﬁpﬁ%n Sends it
to the SATA bus _30Q. The_co nd._on.t he SATA bus 30 is received.by,the SATA
interface cont rgl\oésge&t%ﬁéflﬁ {P}%'fsébfo%%e OO T 1ThRI Y asns“f)lg}kf Ciaa fer
processing unit f: [ I ]ﬁfs% nt.r [ i% : V. s the
recei ved comn&—%%ﬁtsgugtt%?rrﬁ%n cecﬁl)lltnefegr 1 ng&tqolt eergﬂﬂ I nétses:]’f%agﬁgﬂls%%ldar ds

(i.e., inpo a capmangsyiiabl efor ARRAIA bus dB)prdd s sandscdt to the
ATA bus 13. The command on the ATA bus 13 is received by the HDC 119

i ncor porated i ngeheora Andd? fid cbhwfrditg B Wln The HIG Lk &ecnani zes
the SATA interface control circuit 12 as a host. The command recei ved by

the HDC 119 is hnd saTsf dmted flaad.he CPU 130. Upon receiving the conmand
fromthe HDC 119, the CPU 130 stores, into the command reception tine
storage area 120b, c@vessl regdptaorpdrigherd bromtparenndicaeragniadetti me
at which the command was received 20 (step S1). Subsequently, the CPU 130
det er mi nes whet HEC I h&Usesei vsthredriried WisthortdofAThdugesel3 comreditls (st ep

S2) . The preset conmands (i ndicate comuands rel ated to power saving, such
as an i dl& commid, Pt &P Yeshridyfdeat off ddye doifhdrieses 13 and 23.

In this case, the SATA interface control circuits 12
and 22 can be provided in a PCI bridge. Further, it
is sufficient if the SATA interface control circuits
12 and 22 (SATA bridges) have a function for

20 transmitting and receiving serial ATA interface
signals to and from the SATA bus 30.

FIG. 2 is a block diagram illustratingvthe

configuration of the main HDD unit 11. The main
HDD unit 11 has a disk 111 as a recording medium.

25 At least one surface of the disk 111 is a recording
surface on which data is magnetically recorded.

A head (magnetic head) 112 opposes the at least one



25 | f the received command is one of the preset commands, the CPU 130
perfornms the follow ng processing. Firstly, the CPU 130 interprets the -
22 received coomand and executes the operation indicated by the command
(step S3). Specifically, if the received command is an idle conmmand, the
CPU 130 shifts the ATA power saving node of the HDD 10 to the 5 LOWM PO/ER

| DLE MODE M3. Further, if the received-commnd is a standby comuand, the
CPU 130 shifts the ATA power saving node of the HDD 10 to the STANDBY MODE
MA. If the received conmand is a sleep command, the CPU | 30 shifts the ATA
power savi ng nodeceofrdihg (AriiRRel0 ft @hiehal iSIKEER INODE IV, 2Uperdweonpl eti ng

t he execution of the conmand and confirmng the conpletion, the CPU 130
execut es processi ngskowheepoithiengatihe HO@Nuinattd dri afiDThda Ogx ecutlivaiesof t he
command to the host 20 (step S4). 15 Specifically, the CPU 130 sets, in the
stat us regi st er ohl9apne hespoidé,stfatrug aaidiidattiimgy tihe complietd @f dfhea he
execution of the comand, and sends an interrupt signal to the ATA bus 13.
The SATA interf &86U&6nt r ovevegui tnl Feneddd /t e tdomuetfiasest afheéhs at us
register 20 119a .in response to the interrupt signal. Based on the read
contents of theddfHt ddlr S§irYCe R S1 1ELOTHEISATA fignesrf ate dofiasheciiai t 12
sends, to the hpst 20 via the %ATA bus 30, e conpletion of a

t ft
command (her ei n3FREF PEPESFed Hrgeé"'é&nﬁz]ﬁg%g‘%@%clﬁ{]cm%o@pl etion
report"), the report conform ng _to.the SATA.interf.ac t r.ds. Upon
orelving the comia SRRl Oheto mhtomaan LY Gt AR " . 2a
30, the SATAI nt f t i it f ot \ : i t
e, SATA Nt o e con ol gl et 33 01 yhe. g, 20, sends,an Lo o rup

signal to the main host unit viat

interrupt signab, Sihe T8idy Restyiuns 13 1RGRINRS dhe LAMBHL,5 execution
conpletion report (i.e., a response indicating the conpletion of the

command, 19hi ch wi || heyeigiafit ar ibe J efifd et 10 @S SR SOMPIEL | on
response”) fromthe SATA interface control circuit 22. In the enbodi nent,

if the command metbrf r@PM)he 182 hasie 2He&d 1tive iHDRDISKY it aneadfaridie preset
commands, i.e., one of the commands related to power saving, the CPU 130
perfornms SATA pewertesahatag fnote atantooolthen ditsk SATA | ritey fresed claiit ricd
circuit 12 (i.e., power control for the SATA bus 30). In this control, if

t he command 15 i$tachiedl docdimeartdp stfardby ot 1ord sl 8 cortiaithr t he
SATA power savi n% mode is shifted to the SLUVMBER MODE ML3. As a result, the
serial ATA powet ldalizfg af WiedGeosostli patered @t Hel ser iHie At emdar ds can
be effectively utilized to reduce thgﬁjoower consunption, 20 with the

conpat i bitPi ty wilt tfe dmFdntVortdi® AT stlahddr s SR Mt feld-Y TRV St rol
par i cul ar pri mEPEvEEe EHe. Pe (Paneort Idyer 01 Geeuer i urie® S99 1 nk
22 BIeT 8Om0 T S ST ARG A0 Syt e
desi gnating VCM 115 are powered by respective driving currents
(SPM current and VCM current) supplied from a motor
20 driver IC 116. The motor driver IC 116 supplies the
SPM 113 with an SPM current designated by a CPU 130,
and supplies the VCM 115 with a VCM current designated |
by the CPU 130.
The head 112 is connected to a head IC (head
25 amplifier circuit) 117. The head IC 117 includes a

read amplifier for amplifying a read signal read by

the head 112, and a write amplifier for converting



- 24. a SATA power saving node that confornms to the SATA interface
standards. The SATA interface control circuit 12 may include a control

regi ster for SATA power saving node control. In this case, the SATA bus 5
30 can be set to a target SATA power saving node by controlling the control
regi ster by the CPU 130. For the reason stated bel ow, the enbodi nent does
not enploy a nmechanismin which after t-he ldonpl etion of a conmand rel ated
to ATA power saving is reported 10 (i.e., after a conmmand conpl etion
response), the SATA bus 30 is not immediately shifted to the correspondi ng
SATA power savi pgimedeatkf inhe SAWAiltes 3} resitshi fihed Headt he SLUVBER MODE
ML3 immedi ately after the conpletion of the execution of a command is
reported, 15 andonhegtedsponse rierdi/eatitry Itth € reapatiiten cbfanmedybsaguent
command nust be issued, a restoration tinme of 10 ns at maxinumis required
until the respoRbe Beegviwsidlsl &Ct 3 USe isettursiaihall wprodesrs inmg deviaecor di ng
to the definitign of the SLUVBER MODE ML3, 20 a period of 10 ns is required
at maxi mum when tPRe PSAFRATBES I3 3 Wiss kgl Orfomitome LSPUMBER SMDSE SMES: t 0

t he | DLE ML1. Fo& eKEHpIe,, siyne t hat .t he host 20 jssues, to the HDD
10, a standby cB8AmBRE For-CelaFpl-él SODVETAIPT Pfedi &€& CHHAd, and t hen
nmonitors haltin t SPM, 11 si ng,_a check power node co nd. In
this case, if t%gggﬁkgpg\%\ewrég i%& FsdBeCoant: Phd TEGY FE Ty U MODE ML3
i medi ately aft t l:et.i - 2 t cution _of t.he standby

i mredi at e conna% eiggﬁggggﬁgg ??.é}ﬁ é%tggggeggﬁégﬁ @0%‘rgtﬁﬁﬁﬁ%esponse),

the speed of a kgsRPRI8NAiERY I AY ot he conpl etion of a subsequent check
power node command is inevitably 5 reduced. In light of this, in the

enbodi ment, the SATAThS 13 13 NofaURCRAAK iQRAMN Shiddieidd ¢dhe SLUMBER
MODE ML3 i mmedi ately after a command conpl eti on response. This will now be

descri betloi n nocendebaillingldahss tranhece tham el Resttn20 disxuaes 1@ check
power node command to the HDD 10 i mredi ately after the SATA bus 30 is
shifted to the 3helMBER MOREib8lupes tane AdGnmphéteirdmcef. t M@ aexaeyt ittre of a
standby i nmmedi ate command. In this case, when the check power node 15
command is issuBBC LhE BAFAabuid T30 ingexlfeeadyogitiritledd une ttiloe SWUVBER MODE
ML3. To transmit a command fromthe host 20 to the HDC 119 of the HDD 10
via the SATA bu¥€381Vitd §nAeé&sssmy ttd ngesogmandse (SATA lgs 30 to a

command transmttahle state, i.e., the |DLE MODE 20 ML1. That is, to
transnit the chBEROPHREFCHEABIEHRFANANC: He teATACMn ok &0e thentosit & cui t

22 of the.host 20 execu restoratjon procedure. As_a result, the host
20 recogﬁ?zes t haf Egﬁeéggnggsfién1t EVABBT10 {PndCatiRg AR NtoRBadt i on of

e et Lo, aReEh bl ShEckopover e coruiad s delmtat Bt

119 is connected to the SATA interface control circuit
12 via the ATA bus 13, which differs from conventional
HDDs. The HDC 119 is connected to the host 20 via the

20 SATA interface control circuit 12 and SATA bus 30.
The HDC 119 has a buffer control function for
controlling a buffer RAM 120. The HDC 119 includes a
status register 119a used for reporting the state of
the HDD 10 to the host 20.

25 A part of the memory area of the buffer RAM 120
is used as a data buffer area for temporarily storing

data transferred between the host 20 and the HDC 119



- 26, The command (check power node conmand) issued fromthe host 20
reaches the HDD 10, after the SATA bus 30 is restored fromthe SLUVBER MODE
ML3 (power saving state) to the IDLE MODE ML1 in accordance with 5 the

i ssue of the command to thereby make the host 20 and HDD 10 accessible. At
this time, the link/ transport |layer processing unit 122 (transport |ayer
processing unit) of the SATA interface <ormgol-circuit 12 is operated to
transfer the conmand to the HDC 119 10 of the HDD 10. Thus, the conmand

i ssued fromthe host 20 reaches the HDC 119 of the HDD 10, del ayed by the
restoration timefofthieh@DBATA .buan3dhedowRmer oft hereHREbYS, Gannot # agrgni ze
the del ay. Because of this, when the SATA power saving node 15 is

control | ed, thebfufégueRay AR 0r dceptsicon aaf a2 fderTart riasyec alreid atoah (fdep
S7). The command reception frequency is calculated froma sequence of, for
exanpl e, a predéteringed rMlager ofescomimed ledeept izonl tdsre peimtand ndi cat ed
by command reception time 20 information stored in the command reception
time storage ar E&CEPGB OB tiRe IBlorageRaver20.2 0thdcavertagd ngf ttime command
reception_intervals or the highest probable command reception interval can
be used as the d8dR&EREtEeseftiddratlegudhey time atemhighs equammarst s
command receptign tinme points within a certain tine period around the
present tine po%ﬁ?nnﬁfcﬁévﬁged iT&i’ﬁ é‘zf(?aofl‘z&%sé@é‘r?@épéfs & prévetdrinbsted
nunber of - 2 C nd recepti.on ti poi nts.. Fram t cal cul at ed
conmand receptigﬁrf%gn%éﬁgy 68@nﬁ€%&ﬁd§§ﬁ%ﬁ<ﬁ¥4Hﬁ%5%ﬁ%553%tﬂ9kﬁﬁ§1%b
determ nes the ti; I h i hifted to the SATA 5 power
savi ng node detg%ﬁ?ngﬁ @@l%ﬁe%cﬁFgé%ﬁ%%€¥%%¥%§¥9§%m%£&P%%1 %%ﬁ%%rns

control so thatcbgﬁagégAh@Q@e%e%%y&@%dqy@a_is realized at the determ ned
time (step S8). Assune here that the cal culated conmand reception

frequencyg i.e., the eemmmnd rRcep i0mald id¥BIMAlLed Sl Chd Md {4 Sus@se, if
the HDC 119 has not received a subsequent comrand when Tc el apses, the CPU
130 causes the SATA ilnt edbace ogant mele omcuizto iAdiaddy 4 ddierSARA kus 30
to the SATA power saving node determ ned by the currently received conmand.
As a 15 resul t, meontyol(noft shiofvii) ng hialte pSABA IS t20 ddre: YSATArayein savi ng
node determ ned by a command rel ated to ATA power saving is delayed by Tc
whi | e a subsequésgt 9-commdndshs RO¥ ag ex@wigedmmiaip ltehiroroadetitle i ssue of a
response indicating conpletion of the subsequent 20 command, if the host 20
has issued the BgB8&Ylent TE6NFENd 130 Cioind roilge each rlememted 1t ridre BHhg

del ayed. ét is v§££ possi bl e that the host 20 wi|ll issue a check power node
conmand t38 the HPDIL02&FPEF2RE Widhe the &0o8dednd HosITaTe P i W b ovier

ing. 25 B f _thi aft t he i f i ndi cati th
ig\r/r:rc)!ngti onhO}? :ZgigpﬁﬁﬁafOP%i;g?&dibﬁmﬁ%A' Eﬁﬁgrt%?%ﬁéflpf%n?eﬁ%"ﬁ% L?ﬁ%@ )
confirma ha ; ~_and. perfo coptrol for shiftin
t he SATA bus togﬁﬁeﬂgfﬁwégR ﬁ[gﬁrﬁé%%%gﬁﬁ%f%;%¥%¥%gd %%ﬁ?ﬁﬁﬁ%Q%l%ftergthe
time of confirmgbleg. skbiifqCaBLEOlrccaRyal mgri%;c%@fadcgéo%qg% gdifel Ssue of a

response 5 indicating the conpletion of a subséequent

Al ternatively, theis ifnbd%@,tlf&%esb@%ﬁ@dvg@%swﬂ&mﬂ)eldo%é 061{@3%% ot
S

predetermned tine after the |atest reception of a command that
require pestart poletheaSkMgl kddel delshgremedipietihe r@gMaHESs Wen

—

setting the ATA power saving mode, the CPU 130 causes,
via the HDC 119 and SATA bus 13, the SATA interface
control circuit 12 to set a SATA power saving mode
related in advance to the ATA power saving mode.

25 FIG. 3 is a view illustrating shift of ATA power
saving modes (power saving modes that conform to the

ATA interface standards) employed in the embodiment.



+10 whether a command fromthe host 20, related to ATA power saving, is a
st andby conmand or sl eep command, the SATA power saving node is set to the
SLUMBER MODE ML3. However, dependi ng upon the type of command or the
structure of the SATA interface control circuit 12 15 (the capability of
restoring to the | DLE MODE ML11), the SATA power saving node may be set to
t he PARTI AL MODE ML2 from which the SATA hbus can be restored to the |IDLE
MODE ML1 in a shorter period. In the enbodinent, to reduce the power
consunp 20 tion of the HDD 10, the HDD 10 enpl oys the structure as shown in
FIG 3, in whichnt k@ cABARMMNTIVIATH MREIR Y SaaUNeRIE U rshidded hat ween
t he set nodes, regardless of a command, fromthe host 20, related to the
ATA power savi ngwd8geei RioTaiViey 1 Dumveminat elly #FReETORMANCEAd/DME MO 0CESSi Ng
is finished in the read/ wite node M), the CPU 130 of the HDD 10 shifts the
HDD 10 from t he IREAD-RRWER NMOUDE MODEOD M3he SAGNDEE MODE MADEnd -SIXEEP ML.
Further, if no further command has been sent fromthe host 20 when a
predet er m ned t M@PETHM S| agsesdafittdon e $thief trawet ve VACH WEdeBL FIIMADE ML,
the CPU 130 shifts the HDD 10 fromthe ACTIVE IDLE MODE ML to the 5
PERFORMANEE | DL ESWOBEAW WRSiTH MODEy  (AGTIVE MADEHe M drfimpi® Hatebesh sent
fromthe host 20 when a _predetermined tinme T2 el apses after the shift to

t he PERFORMANCE 2PSICE SHOBE AVE- R ted 2aGsumPse it e aHe NdDB HE /ot tife
PERFORMANCE | DLE I\/ODEdI\% to the L PQ/\EE 10 IDLE MODE MB. It is advisable,
for exanmple, to“®YHaMca ?fear‘?d‘eﬁ €5t caNSy PORSTg& AT &R 65 and T2

based h [ ly - [ d i

racept i on int or arete AN DR R Wt AT A A TG R alE AR ohi 11

|5 aut onomous! y 1pgff iR AR SR eI MieC DL T Horlpdilitk G 30
perfor th the au

SATA power saving node shift is med in synchrony w ononous
ATA powet gsavi ngiomedersshisfia@sys vowr My Bl SrrePefidd ¢ally, during a
shift fromthe READ WRI TE MODE 20 MO to the ACTIVE | DLE MODE ML, the SATA
power saving node is mhidHeddy Ao t (e irDEHDIMIE tMilh it 0 4 e PARTI AL MODE
ML2. Further, during a shift fromthe ACTIVE |IDLE MODE ML to the
PERFORVANCE | DLE AR e tolpe r3ATANp aweaimasaadn @ ynede d =81 fMd irfeali dreghdrid t he
PARTI AL MODE 25 ML2. During a shift fromthe PERFORMANCE | DLE MODE M2 to

t he LOW PONER | DSEpMIDErvRd time tBAT REPEWNRIR ISy MOPEDEs ithes MO € fisom t he
PARTI AL MODE ML2 to the - 30 SLUMBER MODE ML3. In the LOWPOAER | DLE
MODE M3, the he&#ifted $or dtyeadCad VIEr 8iADEh M 1divsider] thaNwmem it HOD e is in
the LOWPONER | DLE MODE M3, if the host 20 supplies the HDD 10 with a

read/ wite com&hd, e o1t inpslucdqe o Mo ere St ato athEIREAIINRI TE
MODE MO i s rel atli vel L%IJEJ ong ang&gxceeds 30 ns (%ee FIG 5). In this case, it
is effective to'det tte "SATABES3FOFRERTA iNAtTeesde)S Y ™SI MBER VODE

ML3 as in the enbodirent, in order t.0 s ress..power cons tign. 10 Access
Yo the HDD 10 by 0t fé Teos 50 <P rmimst SR8 ot aensiy O
decentral i zed. Egr X le, . t i E‘é‘*ﬂﬁre 1S received
for a certain tisrréfgf 'ftémr) tglest]%ﬁils/# ﬁD\?VnElccE the domﬂrgeng recertgtllszn i nterval

is very short, %%foin@msﬂén dHiss 1P 1CASSe IEEH MK EAD! 6 H gfoﬁﬁ%ﬁU 130

to estimate that the host 20 has finished execution of an application, and
to set the HDD L@dar ATA ROMITrcIAWMNGHEDEPY N3Nt £Ye ROWEFe GOAS UL | ON
is reduced in a relatively short tinme. Further, in a case where the conmand
20 reception inpemweal donsiugipatiiorelof terg.HENd d.hi STisd alriedMl nues BDr a
long tine, i.e., where the HDD 10 is continuously accessed for a long tineg,
it is advisabl eafrer Alide pORIdr]l 3 vticmgs etodss Al ipoveeri lsawd e groeed rowhi ch
the time required until the power consunption is 25 reduced is relatively

| ong. In both casegnufisetSAEA .power saving node is controlled in
synchronismw th the ATA power savi ng node. - 31 In the enbodi nent, the

CPU 130 of the HDD 1Ff no further command has been sent from the host
25 20 after a predetermined time T2 elapses from the

shift to the PERFORMANCE IDLE MODE M2, the HDD 10 is

autonomously shifted to the LOW-POWER IDLE MODE M3



controls the SATA power saving node (node for saving the power of the SATA
bus 30). However, the SATA interface control circuit 12 can performthis
control. 5 FIG 8 shows shift of states when the SATA interface contro
circuit 12 controls the SATA power saving node. Assune that the SATA
interface control circuit 12 has received a command fromthe host 20,
whereby the SATA bus 30 is shifted (restorled) to the |DLE MODE 10 ML1. |f
no new conmand has been sent fromthe host 20 when a predetermned tinme T4
el apses after the time of the shift to the IDLE MODE ML1, the SATA

i nterface contrahdeir ¢hiet cdRAtpenf e heontPuoll 3f0or os Hufrithrg trheeiuATA bus 30
fromthe |IDLE MODE ML1 to the PARTIAL MODE 15 ML2. Further, if no new
command has beethsepbwkrorohkenpaibn?@ fnttér HD® [roedetT@reniMeed M3me T5

el apses after the time of the shift to the PARTIAL MODE ML2, the 5ATA

i nterface contreobrecespontdsl2opédDdEns icoieoATRon ndleirffisiory sttemd@ATA .bus 30
fromthe PARTIAL MODE M2 20 to the SLUVBER MODE ML3. The SLUVBER MODE ML3
i s continued unPrkogdpaglyenidnan §ddentcommams He kestt Zxomidie host
predeterm ned tinmes T4 and T5 nmay be measured using one or nore tiners
(time measurenerf ABak&p Qﬁ@eTmlnﬁﬁ ¥e redbsl ATE POWER S&VHAY W& Afhen t he

SATA 25 b f f h he PARTI AL MODE ML2, th
PARTI AL lngl mg’ﬁaé‘%ﬂ 1@83&# ﬁgléé%:?ﬁt' Ehﬁe&votéqgr?:?&%& @@eﬁ@o% MﬁMtllﬁle Logt
20. Also, .the _- 32 . SATA tly, shifted fr, E MODE
M1 to the SLUVBERCRERECRL L LRy TR FRaaRel %éieﬁ'&agﬁwe " A

trol functi i £ he SAT | t 12
Co"the Hpe s 115°HRRRC 1sTRREG" Gy R D BestT Bd AkE Z%O%gtrwhga\];’?ng%un;)de
contr ol (power §aYi RYcORTENBORATADYS 0k RE haldTRbNEN, I g ot o of

the HDD 10. For the SATA power saving node control, it 1s necessary to nake

both theiBATA 100 Bher EAARDRYNMODE ST G T ok rfaridie HRR o and s SATA

|nterface control circuit 22 of the host 20 support the SATA power saving

mode (i.e., to sekadble Iakedats t2maacthd?2 ssupRor dhen SATA pver saving
function). '"If the SATA interface control circuit 22 15 does not support

t he SATA power sé&endyynodemgnke PARENAL tMIBE ddidhaord, SIHUMBERMEODE ML3), a
shift to the SATA power saving node (the PARTIAL MODE ML2 or SLUMBER MODE
ML3) is inpossiBeguirgdt Berdé&der ispilifon tseltdwe sttieedbacmadeatcarhdeSATA
interface control 20 circuit 22 does not support the 5ATA power saving node
i s equival ent t @efRgnakFressUBA™: AESUIRG oSt ﬁﬂﬁﬁﬁhﬁsﬁmﬁeigﬂﬁﬁwt t he SATA

power sav ng node The net hod for recogn|2|n whet her a SATA |nterface
control &Prcuit COBPABAY s thife MSATA 5o er & gﬁ>ﬁﬁﬁé339NDBY MODE M4

after the designated time elapses. Further, if a
sleep command is sent from the host 20 in the mode M1,
M2, M3 or M4, the ATA power saving mode of the HDD 10
is shifted to the SLEEP MODE M5 in accordance with the
20 command. If a read/write command is sent from the.
host 20 in the mode M1, M2, M3, M4 or M5, the ATA
power saving mode of the HDD 10 is shifted to the
READ/WRITE MODE MO in accordance with the command.
FIG. 4 shows the relationship between each mode
25 MO to M5 in FIG. 3 and the turned-off state of each
circuit of the HDD main unit 11 in each mode MO to M5.

In the READ/WRITE MODE MO, power is supplied to each



25 stipulated in the SATA interface standards. The SATA interface standards
stipulate that fromthe nutual operations of SATA interface control
circuits - 33 connected by a SATA bus (in the enbodi nent, the SATA
interface control circuits 12 and 22), whether these circuits support the
SATA power saving node is recogni zable. Assune here that the host 20
connected 5 to the HDD 10 via the SATA-busi 830 -does not support the SLUVBER
MODE ML3. In this case, each tinme an instruction to shift the SATA bus to
the SLUMBER MODE ML3 (i.e., a primtive containing a pattern indicating the
instruction) iscigsued fihomhehaaBDHDD W@ itthe 1hest t1Q t2@GeadhendAlAite
interface control circuit 22 of the host 20 returns a response indicating
that the shift tperbéiSbEVBER MEDEeMEdrived mpasdithineouBiys,inviére tdad nhost
20 does not support the SATA power saving node, if the HDD 10 issues, to
the host 20, anHPRstindttldn t dnskiefh 5 tthet RETSAFA IpaeMOPaV Mig node, the
host 20 always returns a response indicating that the shift to the SATA
power savi ng noEEREFORMANEESIIPLE. MPREs M2c amcr O0WoPOWER SATLE MOREr MSavi ng
mode in the host 20 by the HDD 10 fails. In other words, if the HDD 10 is
20 connecPed, vithet BEPBAYACKUSOREE £t Raxds2Ghensirgoddsndr fsport the

SATA power savi ng.node itJSmee%Sfm the HDD 10 to_perform SATA power
savi ng nmode conpgép. BBchidd Of tiRePROGEE - i 11t hdCeAGddiviedCLE MAFe 25

pover saving mole’i STEMBOSE Biid, 1 GSCAESRYA HRSWEPS Vi g ot Cont 1 o
has fail ed, - U f fl E ' h
f?Zg 2;o$age arQEQTZgggi%gtﬁéég&?PE%QEAgggfé98§f%%gkgélén fb%%ﬁ%%' k?At ©

power savi ng mode e@nbirok HREEQRRS 1AGCES S YN pi %%L?%\_’Idﬂﬁe cPU
130 5 refers to the state of the flag F to determ ne et her SATA power

saving isopossi ke ¢nkeps skS1and i86)othft ch®yf ka@ fsrivs 196t .arddhaHePU 130
determ nes that SATA power saving is inpossible, and does not perform SATA

power saving nodeadontrolis(poeptiShedndnSeh A®id rkdy eswldk wiieibdthe SATA
interface control circuit 22 of the host 20 does not support the SATA power
savi ng node, theeefror eoSATALpowEn she APWRFIHNEROMDIA MCDRUSHE,ess, this

usel ess control is prevented from being executed, thereby stabilizing the
operation of theltbogalAtbesd3ck Widn ilsotde teliedHDY ThearsdMdsit3,2G:support

t he SATA power savin% mode, SATA power saving node control can be executed
under the contrBpragf liRelBosetzactrenwdven the WHekHBd 110, Aecshidingly t he
ATA power 20 savi ng, npde_is autononous performed regardl ess of a
command, 1Prom t A8 g8§tA§5Fvﬁeﬁ§P§de@EA#y'pGWéN'§§ﬁ FYPPACE STHIRRYI8E to set

a SATA power sayin de.suitable for the current. ATA power, savi ng node of
the HDD 10, it %8 %ng zﬁpFoprﬁaVElgg oRtmEL )t Ik §LﬁA?ﬁ? Sert%Sai ng node

O e SATA bus 39 IURL1118 OB sholb NS VERLED 0 SHISAN AL D the
35 IDLE MODE M2, the supply of power to part (i.e., a VCM
driver) of the motor driver IC 116 and part of
20 the read/write IC 118 is halted. Further, in the
LOW-POWER IDLE MODE M3, the supply of power to part of
the motor driver IC 116 is halted, and the supply of
power to the head IC 117 and read/write IC 118 is
halted. The time required until the read/write mode
25 MO is restored (i.e., the restoration time required

until the read/write operations become able to be

re-executed) differs between the above—mentioned idle



‘the control of the host 20. The above-descri bed enbodinent is directed to a
system equi pped with an HDD (magnetic disk drive). However, the present
invention is also applicable to 5 a system equi pped with anot her type of

di sk drive, such as an optical disk drive, nagneto-optical disk drive, etc.
It is sufficient if the disk drive has a SATA interface. The present
invention is further applicable to a systam equi pped with an electronic 10
device other than disk drives, if only the el ectronic device has a SATA
interface. Additional advantages and nodifications will readily occur to
those skilled ifctbe.artrhikheeshoratibhe timeents gatl Nonle brigade aspects
is not-limted to 15 the specific details and representative enbodi nents
shown and descrbhedrherfeithe AcCavdi ngiy, ModE ouS PERFrOREGARNCENSDIEY be nmade
wi t hout departing fromthe spirit or scope of the general inventive concept
as defined by tHMéeDappended COAHPOWERI IDAE MO®FuMBal elThe. requid@d WHAT | S
CLAIMED I'S: 1. An electronic device with a serial ATA interface conprising:
a detector for dewest crgsiugplidonr lsedepeironnofthe argleadetietiiendd Tdoiand; a
confirmation device for confirmng conpletion of execution of the command
det ected By theI@éﬁeMPQE;M&mdPERé%ﬁNﬁgEEeﬂEﬂékN@E@t“@lB@ﬁgLﬂ%ﬂﬂQWﬂ@-of t he

10 serial ATA interface to_a power saving node upon confirmation of the

conpl etion of tREMEXEOLE ¥R by Ih & tESHET MOFESI ot Pdeicdger2 tithe el ectronic

device according to claim1, .further conprising a serial ATA.,nterface
control 15 circhF%85ﬁ%é8Pe51F@’at§§riQg%ﬁTihﬁu§O§ﬁJ &P SHONATA bus,
the serial ATA interface,co I reul rf.Qqrmng interf co si on
bet ween said seri al &%ﬁ%ﬁh gﬁ?g@gﬁ%%gﬁg$6§§aﬁi§ Eé%§q¥W%f$§§%¥3¥%e seri al

aTA interface conslgls Shbpill CORKRIH;Mnceld | B AN IO S abl e

for the parallel "ATA bus, “an instruction transferre e-serial ATA

bus, and;gendi ngnkehepsuiihabl &oltigt I4GhIan 1o ke pRLA )l 1A bus, the
serial ATA interface control circuit including a device for shifting the

serial ATA bus teadywgaitd pever ssawd®urads fram tihre serinlitABA interface in
accordance wth control perforned by the controller. 3. The electronic

devi ce accor di ngctordiaigmyl, the pdher dionRinetdpy 1S N@wersdm alheATA
interface control circuit connected to a serial ATA bus and a parallel ATA
bus, the serial SERKDBYt ¥OD&C &4c drintamolinc itheu i HOWGCWRRT INg.H MODE #e
conversi on between said serial 5 ATA interface and a parallel ATA
interface, the wberghsAtAe mestoged ioonttisle disr dwngegoriveriiendodmsn an
instruction suitable for the serial ATA bus, an instruction transferred via

t he paralPel ATADBi#s 1hakdesdrdited -t hdns dicaBIEER 300 M on RyYethel Seri al

supplied only to part (i.e., a reset processing
circuit) of the HDC 119, the supply of power to the
other circuits being halted. Restoration from the
SLEEP MODE M5 to the READ/WRITE MODE MO can be

20 realized only by a reset operation, and the required
restoration time is almost equal to that required for
restoration from the STANDBY MODE M4. Of the modes MO
to M5, the power consumption is minimum in the SLEEP
MODE MS5.

25 FIG. 5 shows examples of times required for
restoration from each mode M1l to M5 to the read/write

mode MO. FIG. 6 shows the relationship between each



10 ATA bus, the serial ATA interface control circuit including a device for
shifting the serial ATA bus to a power saving node for the serial ATA
interface in accordance with control performed by the controller. 4. The

el ectroni c device according to claim1, 15 further conprising a serial ATA
interface control circuit connected to a serial ATA bus and a peri pheral
conponent interconnect bus, the serial -ATAg nterface control circuit
sending and receiving signals for the serial ATA interface to and fromthe
serial ATA bus, 20 the serial ATA interface control circuit including a

device for shifgbag e tsemisalanATANRUS o o pRRWAM oS AATRY fsQfvitre
serial ATA interface in accordance with control performed by the

controller. 5. Acgerisalt AlAthet ePllacscomerolthed mow tLof ars 2% Reidor m ng
interface conversion between a serial ATA interface and a parallel ATA
interface, conpmosieny0 &ot M3i.ng Itevrihee elkampiwasifr iFIE .a Qr ededn tihee, the -
38 timng device being started each tine the serial ATA interface is
shifted to an i dTé poderi waydogr dadee WTEh indeepiacen mofded cdemtared whi ch
requires interface conversion; and 5 a shifting device for shifting the
serial ATA int eREADEVRAGHE MRPE ¥0s rbde ST Pa ponedetserifinge dhostanelSAEY i ng
node if no further conmand has been sent when the tim ng device neasures
the preset timelPEerfRESsEBONS) APASiSHt dof dd8Ec RhEoMidir cfiurtfeaccor di ng

to claimb5, wherein e predet erm ned ,power savi ng node is one of a partial
ode and o S| nbEETSaE. A% PRaede iR R &Y S g It ok

according to clgi,m5, [ L 5} m. ned r saving node is a
partial node; t éL PirmP\r@%%lgg)\%ngEi sItDE‘%aE{O?%ei%n Wer?%% p[?é{?eﬁ a%vr‘?&% is
assuned; and th i fit d i%§§§q5&t i al int e from
the partial nnd@O?%_égs%%§b§$ nmode | %%k#ﬁr_%%r é%ﬁ%@h fhégjggiﬁgF%ceived
when the;bi M ng pRRORMARRES UTEE MIPEPMESEls tddTe d e TR A lem? a

shift to the partial node is performed. 8. A disk drive wth a serial ATA
interface 25 connegt edpioma ,hesle YrrTa2SEMAE AIA BUS m LRI ird NGihéh

reporting device for reporting, to the host, conpletion of execution of a
command sent freomet BBD 10 is shifted to the PERFORMANCE IDLE MODE M2.
Further, when the ATA power saving mode is the LOW-
POWER IDLE MODE M3, STANDBY MODE M4 or SLEEP MODE M5,
15 the SATA power saving mode is set to SLUMBER MODE M13.
Referring now to the flowchart of FIG. 7,

- an operation of the system shown in FIG. 1 will be
described, using, as an example, power control
executed when the main HDD unit 11 of the HDD 10 has

20 received a command from the host 20. Assume here that
the main host unit 21 of the host 20 has issued, to
the ATA bus 23, an HDD-directed command that conforms
to the ATA interface standards. The command on the
ATA bus 23 is received by the SATA interface control

25 circuit 22 of the host 26. The link/transport layer
processing unit 222 of the SATA interface control

circuit 22 converts the received command into a



- 39 host to the disk drive; and a controller for controlling shift of the
serial ATA interface to a power saving node after the reporting device
reports conpletion of execution of 5 a preset command. 9. The disk drive
according to claim8, wherein the power saving node includes one of a

sl unmber node and a partial node. 10. The disk drive according to claim8

10 wherein: the preset command is a sleep2tonrand for designating a
particul ar power saving node for an ATA interface stipulated in ATA
interface standards; and the controller shifts the serial ATA interface to

15 the slunber godRanfit esnEbemiggotdi tederTECihEPOFhEeCOOphabi-aB Of
execution of the sleep command. 11. The di sk drive according to claimS8,
wherein: the preéset.combodai sommaendf saishbép €ormahd, SR0AabstaBfdby command
and an idle conmand, the sleep command, the standby command and the idle
conmand desi gnashAgseedpetti ve phet BBURabupoder s@uengommded bor thai d ATA
interface stipulated in ATA interface standards; and 25 the controller
shifting the sePPER ATA PRt &Ff sE€eived bwrtbgpshaﬁngnéﬁéféﬂetﬁ@n§r9#ber
node and the partial node determ ned t he preset command, after - 40
the reporting devreBiEepdres EBRPHEDI & ﬁ ofTéﬁeéﬁﬂkéﬁrépspﬁétp#é§§F conmand.
12. The di sk drive accordlng % gg 'Ehgh wher ghe controll er includes a
timng device fBFOGEFRFRFNUBLENg<4 Pi Fegftt ean PEERCENECPERBIti ng devi ce
reports conpletion_of e cut Lon ?f ;B 8 reset onnand antll the serial ATA
savtn

interface is shifff&dto hgoﬁgﬁé Shodds tﬁgmg8ﬁ r 6P8r Scontrol i ng
shifting of the.sgiial A A@ﬁﬁb?h?h%?gglEﬂet %ADQW% %g%'nggggggrég after the

reportl ng devi cé reports on o execu 1 on Of reset command.

13. The disk driyeg aCC@E@b“Q EBmbAHMs k2 BN ehR EH% hbﬁ!%&sd§%'ce
determ nes the tlne roma frequency of reception of the preset connand

sent 15 foom thgnhostndd4itThe €dhekadni ¥esageor dirhg tem&hadmeh3 thlurt her
conpri si ng:
ATA bus 13 is received by the HDC 119 incorporated
in the main HDD unit 11 of the HDD 10. The HDC 119
recognizes the SATA interface control circuit 12 as
a host. The command received by the HDC 119 is
15 transferred to the CPU 130.
Upon receiving the command from the HDC 119,
the CPU 130 stores, into the command reception time
storage area 120b, command reception time information
indicating the time at which the command was received
20 (step S1). Subsequently, the CPU 130 determines
whether the received command is one of the preset
commands (step S2). The preset commands indicate
commands related to power saving, such as an idle
command, standby command and sleep command.
25 If the received command is one of the preset

commands, the CPU 130 performs the following

processing. Firstly, the CPU 130 interprets the



»a menory for storing reception time information indicating a tinme at which
a command fromthe host is 20 received; and a cal cul ating device for

cal culating the frequency of reception of the command froma command
reception tinme sequence indicated by the reception tine information stored
in the menory. 25 15. The disk drive according to claim@8, further
conprising: a device for determ ning whet her the host - 41 supports a
power saving function of the serial ATA interface, based on a result of
control, by the controller, of shifting the serial ATA interface to the

power saving nodeceafddScamfhhi Baddexkearhbar thkobbRGakliag iiRbeLARLION
indicating the determnation result of the determ ning device, and wherein

the controller pefens tomhhadfl(8gecbnEan nat spacheiene 15t antfi reet he contr ol
of shifting 10 the serial ATA interface to the power saving node, and does
not performthereoatwvell obmmhntit isgahhédier calmARA,i nher C&Ue 130 t he power
saving node if the flag information indicates that the host does not
support the powehifawi hef Bidt poweof seiéngermiogle ATAthet @DDaded. tosthe A
met hod of saving power of a serial ATA interface enployed in an electronic
devi ce, conpri shkAY-PABERCLIPRE MOPEeMar r Evaphicsn of &her deseiyedmand;
confirm ng conpletion of execution of the 20 detected command; and shifting
the serial ATA FATBRREcESt8 stppRey §8WragdmodbeulSsy dotf istdifng the
conpl etion of execution of the detecte mrand. b?. A _net hod of perform ng
interface conve%gﬁoﬁoﬁgrbEFMéQH qoggr P I%%?AHFE¥& f £Ce TR S ANRR] | el ATA
i nterface, conpylskLhg, nmeasuring_a preset time starting.each tinme. the -
42 serial ATA YRPErFdce 1S ERFTFEA°CE%En ARG Rode iin “Aecs: GEREETAL b
reception of a ¢ g wahchkequl hhterface conversion and ifting
the serial ATA ?ngg??ace Prgn%tﬁg Fgﬁehg n%gg%to%%'g?éﬁg?£¥h?heé§bomer
saving npde if pgpfupt her reamimpgphagpheer sent after expiration of said
preset tinme. 18. A method for saving power in a disk drive with a serial
ATA interface connect@ént @odpl@¥ting &he execution of the command and
confirming the completion, the CPU 130 executes
processing for reporting the completion of the
execution of the command to the host 20 (step S4).
15 Specifically, the CPU 130 sets, in the status register
11%a, a response status indicating the completion of
the execution of the command, and sends an interrupt
signal to the ATA bus 13. The SATA interface control
circuit 12 reads the contents of the status register
20 119a in response to the interrupt signal. Based on
the read contents of the status register 119%a, the
SATA interface control circuit 12 sends, to the host
20 via the SATA bus 30, a report of the completion of
a command (hereinafter referred to as a "command
25 execution completion report"), the report conforming

to the SATA interface standards. Upon receiving the

command execution completion report from the SATA bus



10 a.serial ATA bus, conprising: reporting, to the host, conpletion of
execution of a command sent fromthe host to the disk drive; and
controlling shifting of the serial ATA interface to a power saving node
after the reporting device 15 reports conpl etion of execution of a preset
command. 19. An electronic device with a serial ATA interface conprising:
nmeans for detecting issue or reception-of 2@ predeterm ned conmand 20 neans
for confirm ng conpletion of execution of the command detected by the
detecting neans; and means for controlling shifting of the serial ATA

interface to a poyetnsavhng fpderypes eentipbmatiepuek bhe gompkehber of the
execution by the confirmng 25 neans. 20. A disk drive with a serial ATA

interface connegbedeh@saahoshteiraduptseipyabhl ATA hue, medApPhbsitngnit 2143
means for reporting, to the host, conpletion of execution of a command sent
fromthe host tovidhehdi 8kAdbugek3andInearspbasecant tbhkl ingeshiubtt of the
serial ATA 5 interface to a power  saving node after the reporting neans
reports conpl et oanal, exbeunedn bbss pneseflcomeeides the command
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ca]ca]ca]ca]ca]éﬁFéé?EéP@aFéé]EQP@éF éPBaPéaFé&]@&F@éF@a]@ @%]@&F&a]c alcT

ajc alc al & Xerelnafter be referred to as a "command completion
response") from the SATA interface control circuit 22.
In the embodiment, if the command sent from the
10 host 20 to the HDD 10 is one of the preset commands,
i.e., one of the commands related to power saving, the
CPU 130 performs SATA power saving mode control on the
SATA interface control circuit 12 (i.e., power control
for the SATA bus 30). In this control, if the command
15 is an idle command, standby command or sleep command,
the SATA power saving mode is shifted to the SLUMBER
MODE M13. As a result, the serial ATA power saving
function stipulated in the serial ATA standards can be
effectively utilized to reduce the power consumption,
20 with the compatibility with the conventional ATA
standards maintained.
Thé control of the SATA power saving mode by the
CPU 130 is achieved by sending a particular primitive
to the link/transport layer processing unit 122 (link
25 layer processing unit) of the SATA interface control
circuit 12 via the ATA bus 13. The particular

primitive contains a signal pattern for designating
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25 of the SPM 113 using a check power mode command. In
this case, if the SATA power saving mode is shifted to

the SLUMBER MODE M13 immediately after the completion
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of the execution of the standby immediate command is
reported (i.e., after a command completion response),
the speed of a response indicating the completion of
a subsequent check power mode command is inevitably
reduced. In light of this, in the embodiment, the
SATA bus 30 is not unconditionally shifted to the
SLUMBER MODE M13 immediately after a command
completion response.

This will now be described in more detail.
Assume here that the host 20 issues a check power
mode command to the HDD 10 immediately after the SATA
bus 30 is shifted to the SLUMBER MODE 13 upon the
completion of the execution of a standby immediate
command. In this case, when the check power mode
command 1s issued, the SATA bus 30 is already shifted
to the SLUMBER MODE M13. To transmit a command from
the host 20 to the HDC 119 of the HDD 10 via the SATA
bus 30, it i1s necessary to restore the SATA bus 30 to
a command transmittable state, i.e., the IDLE MODE
M1l1l. That is, to transmit the check power mode
command, the SATA interface control circﬁit 22 of
the host 20 executes a restoration procedure. As a
result, the host 20 recognizes that a response from
the HDD 10 indicating the completion of the execution
of the check power mode command is delayed by the time
required for the restoration of the SATA bus 30 to the

IDLE MODE M11.
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&10%& ()-&10%& Epving state) to the IDLE MODE M1l in accordance with
5 the issue of the command to thereby make the host 20
and HDD 10 accessible. At this time, the link/
transport layer processing unit 122 (transport layer
processing unit) of the SATA interface control circuit
12 is operated to transfer the command to the HDC 119
10 of the HDD 10. Thus, the command issued from the host
20 reaches the HDC 119 of the HDD 10, delayed by the -
restoration time of the SATA bus 30. However, the HDC .
119 cannot recognize the delay.
Because of this, when the SATA power saving mode
15 is controlled, the frequency of reception of a command
is calculated (step S7). The command reception
frequency 1s calculated from absequence of, for
example, a predetermined number of command reception
time points indicated by command reception time
20 information stored in the command reception time
storage area 120b of the buffer RAM 120. The average
of the command reception intervals or the highest
probable command reception interval can be used as the
command reception frequency. Further, a sequence of
25 command reception time points within a certain time

period around the present time point may be used

instead of a sequence of a predetermined number of
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command reception time points.

From the calculated command reception frequency
(command reception interval), the CPU 130 determines
the time at which the SATA bus is shifted to the SATA
power saving mode determined by the currently received
command, and performs control so that the SATA power
saving mode is realized at the determined time
(step S8). Assume here that the calculated command
reception frequency, i.e., the command reception
interval, is Tc. 1In this case, if the HDC 119 has not
received a subsequent command when Tc elapses, the CPU
130 causes the SATA interface control circuit 12 to
shift the SATA bus 30 to the SATA power saving mode
determined by the currently received command. As a
result, control of shifting the SATA bus to the SATA
power saving mode determined by a command related to

ATA power saving is delayed by Tc while a subsequent

command is being executed. In this case, the issue of

a response indicating completion of the subsequent
command, if the host 20 has issued the subsequent
command at this time, is prevented from being delayed.
It is very possible that the host 20 will issue
a check power mode command to the HDD 10 after the
issue of a command related to ATA power saving.
Because of this, after the issue of a response
indicating the completion of a command related to ATA

power saving, the CPU 130 may confirm a halt of the
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period after the time of confirmation. This control
can also prevent delay of the issue of a response
5 indicating the completion of a subsequent command.

- Alternatively, the shift to the SLUMBER MODE M13 may
be performed a predetermined time after the latest
reception of a command that does not require restart
of the SPM 113. In the embodiment, regardless of

10 " whether a command from the host 20, related to ATA
power saving, is a standby command or sleep command,
the SATA'power saving mode is set to the SLUMBER MODE
M13. However, depending upon the type of command or
the structure of the SATA interface control circuit 12

15 (the capability of restoring to the IDLE MODE Mlll),
the SATA power saving mode may be set to the PARTIAL
MODE M12 from which the SATA bus can be restored to
the IDLE MODE M1l in a shorter period.

In the embodiment, to reduce the power consump-

20 tion of the HDD 10, the HDD 10 employs the structure
as shown in FIG. 3, in which the ATA power saving
mode is autonomously shifted between the set modes,
regardless of a command, from the host 20, related to
the ATA power saving. Specifically, immediately after

25 read/write processing is finished in the read/write

mode MO, the CPU 130 of the HDD 10 shifts the HDD 10

from the READ/WRITE MODE MO to the ACTIVE IDLE MODE
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M1l. Further, if no further command has been sent from
the host 20 when a predetermined time Tl elapses after
the shift to the ACTIVE IDLE MODE M1, the CPU 130
shifts the HDD 10 from the ACTIVE IDLE MODE M1 to the
5 PERFORMANCE IDLE MODE M2. Similarly, if no further
command has been sent from the host 20 when a
predetermined time T2 elapses after the shift to the
PERFORMANCE IDLE MODE M2, the CPU 130 shifts the HDD
10 from the PERFORMANCE IDLE MODE M2 to the LOW-PCWER
10 IDLE MODE M3. It is advisable, for example, to
dynamically and periodically change the times Tl and
T2 based on the previously mentioned command reception
frequency (command reception interval).
In the embodiment, when ATA power saving mode
15 shift is autonomously performed in the HDD 10 under
the control of the CPU 130, SATA power saving mode
shift is performed in synchrony with the autonomous
ATA power saving mode shift as shown in FIG. 6.
Specifically, during a shift from the READ/WRITE MODE
20 MO to the ACTIVE IDLE MODE M1, the SATA power saving
mode is shifted from the IDLE MODE M1l to the PARTIAL
MODE M12., Further, during a shift from the ACTIVE
IDLE MODE M1 to the PERFORMANCE IDLE MODE M2, the SATA
power saving mode is maintained in the PARTIAL MODE
25 M12. During a shift from the PERFORMANCE IDLE MODE M2
to the LOW-POWER IDLE MODE M3, the SATA power saving

mode is shifted from the PARTIAL MODE M12 to the
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head 112 is retracted from the disk 111. When the HDD
10 is in the LOW-POWER IDLE MODE M3, if the host 20
supplies the HDD 10 with a read/write command, the
5 time required for restoration to the READ/WRITE MODE
MO is relatively long and exceeds 30 ms (see FIG. 5).
In this case, it is effective to set the SATA bus 30
(SATA interface) to the SLUMBER MODE M13 as in the
embodiment, in order to suppress power consumption.
10 Access to the HDD 10 by the host 20 is liable to
be often centralized or decentralized. For example,
there is a case where no command is received for a
certain time after a state, in which the command
reception interval is very short, continues. In this
15 case, it is advisable for the CPU 130 to estimate that
the host 20 has finished execution of an application,
and to set the HDD to an ATA power saving mode in
which the power consumption is reduced in a relatively
short time. Further, in a case where the command
20 reception interval is relatively long.and this state
continues for a long time, i.e., where the HDD 10 is
continuously accessed for a long time, it is advisable
for the CPU 130 to set an ATA power saving mode in
which the time required until the power consumption is
25 reduced is relatively long. In both cases, the SATA

power saving mode ‘is controlled in synchronism with

the ATA power saving mode.
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the power of the SATA bus 30). However, the SATA
interface control circuit 12 can perform this control.
5 FIG. 8 shows shift of states when the SATA interface
control circuit 12 controls the SATA power saving
mode. Assume that the SATA interface control circuit
12 has received a command from the host 20, whereby
the SATA bus 30 is shifted (restored) to the IDLE MODE
10 M1l. If no new command has been sent from the host 20
when a predetermined time T4 elapses after the time of
the shift to the IDLE MODE M11l, the SATA interface
control circuit 12 performs control for shifting the
SATA bus 30 from the IDLE MODE M1l to the PARTIAL MODE
15 M12. Further, if no new command has been sent from
the host 20 when the predetermined time T5 elapses
after the time of the shift to the PARTIAL MODE M12,
the SATA interface control circuit 12 performs control
for shifting the SATA bus 30 from the PARTIAL MODE M12
20 to the SLUMBER MODE M13. The SLUMBER MODE M13 is |
continued until a new command is sent‘from the host
20. The predetermined times T4 and TS5 may be measured
using one or more timers (time measurement means) and
T4 may be equal to T5. Alternatively, when the SATA
25 bus is shifted from the IDLE MODE M1l to the PARTIAL
MODE M12, the PARTIAL MODE M12 may be continued until

a new command is sent from the host 20. Also, the
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SATA bus may be directly shifted from the IDLE MODE
M1l to the SLUMBER MODE M13. Furthermore, the SATA
power saving mode control function may be imparted
from the SATA interface control circuit 12 to the HDC
5 119 of the HDD 10.
In the embodiment, SATA power saving mode control
(power saving of the SATA bus 30) is performed under
the control of the HDD 10. For the SATA power saving
mode control, it is necessary to make both the SATA
10 interface control circuit 12 of the HDD 10 and the
. SATA interface control circuit 22 of the host 20
support the SATA power saving mode (i.e., to make the
circuits 12 and 22 support the SATA power saving
function). " If the SATA interface control circuit 22
15 does not support the SATA power saving mode (the
PARTIAL MODE M12 or SLUMBER MODE M13), a shift to the
SATA power saving mode (the PARTIAL MODE M12 or
SLUMBER MODE M13) is impossible. In the description
below, the fact that the SATA interface control
20 circuit 22 does not support the SATA power saving mode
is equivalent to the expression that the host 20 does
not support the SATA power saving mode. The method
for recognizing whether a SATA interface control
circuit supports the SATA power saving mode 1is
25 stipulated in the SATA intérface standards. The SATA

interface standards stipulate that from the mutual

operations of SATA interface control circuits
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interface control circuité 12 and 22), whether these
circuits support the SATA power saving mode 1is
recognizable. Assume here that the host 20 connected
5 to the HDD 10 via the SATA bus 30 does not support the
SLUMBER MODE M13. In this case, each time an
instruction to shift the SATA bus to the SLUMBER MODE
M13 (i.e., a primitive containing a pattern indicating
the instruction) is issued from the HDD 10 to the host
10 20, the SATA interface control circuit 22 of the host
20 returns a response indicating that the shift to the
SLUMBER MODE M13 is impossible. Thus, when the host
20 does not support the SATA power saving mode, if the
HDD 10 issues, to the host 20, an instruction to shift
15 to the SATA power saving mode, the host 20 always
returns a response indicating that the shift to the
SATA power saving mode is impossible. Thus, control
of the SATA power saving mode in the host 20 by the
HDD 10 fails. In other words, if the HDD 10 is
20 connected, via the SATA bus 30, to a host 20 that dces
not support the SATA power saving mode, it is useless
for the HDD 10 to perform SATA power saving mode
control.
Because of the above, in the embodiment, if the
25 host 20 returns a response indicating that a shift to

a designated SATA power saving mode is impossible,

i.e., if SATA power saving mode control has failed,
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the flag storage area 120a in the buffer RAM 120
(steps S9 and S10). If SATA power saving mode control
becomes necessary on another occasion, the CPU 130
5 refers tQ the state of the flag F to determine whether
SATA power saving is possible (steps S5 and S6). If
the flag F is set, the CPU 130 determines that SATA
power saving is impossible, and does not perform SATA
power saving mode control (steps S7 and S8). As a
10 result, when the SATA interface control circuit 22 of
the host 20 does not support the SATA power saving
mode, therefore SATA power saving mode control is
useless, this useless control is prevented from being
executed, thereby stabilizing the operation of the
15 | SATA bus 30.
When both the HDD 10 and host 20 support the SATA
power saving mode, SATA power saving mode control can
be executed under the control of the host 20.
However, in the HDD 10, a shift to the ATA power
20 saving mode is autonomously performed regardless of
a command, from the host 20, related to ATA power
saving. Accordingly, to set a SATA power saving mode
suitable for the current ATA power saving mode of the
HDD 10, it i1s more appropriate to control the SATA
25 power saving mode of the SATA bus 30 under the control
of the HDD 10 in synchronism with the ATA power saving

mode of the HDD 10, than to perform such control under
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The above-described embodiment is directed to
a syétem equipped with an HDD (magnetic disk drive).
However, the present invention is also applicable to

5 a system equipped with another type of disk drive,
such as an optical disk drive, magneto-optical disk
drive, etc. It is sufficient if the disk drive has
a SATA interface. The present invention is further
applicable to a system equipped with an electronic

10 device other than disk drives, 1f only the electronic
device has a SATA interface.

Additional advantages and modifications will
readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to

15 the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

spirit or scope of the general inventive concept as

~defined by the appended claims and their equivalents.
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1. An electronic device with a serial ATA
interface comprising:

a detector for detecting issue or reception of

5 a predetermined command;

a confirmation device for confirming completion
of execution of the command detected by the detector;
and

a controller for controlling shifting of the

10 serial ATA interface to a power saving mode upon
confirmation of the completion of the execution by the
confirmation device.

2. The electronic device according to claim 1,
further comprising a serial ATA interface control

15 circuit connected to a serial ATA bus and a parallel
ATA bus, the serial ATA interface control circuit
performing interface conversion between said serial
ATA interface and a parallel ATA interface, the
serial ATA interface control circuit converting,

20 into an instruction suitable for the parallel ATA bus,
an instruction transferred via the serial ATA bus,
and sending the suitable instruction to the parallel
ATA bus, the serial ATA interface control circuit
including a device for shifting the serial ATA bus to

25 sald power saving mode for the serial ATA interface in

accordance with control performed by the controller.

3. The electronic device according to claim 1,
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further comprising a serial ATA interface control

circuit connected to a serial ATA bus and a parallel
ATA bus, the serial ATA interface control circuit
performing interface conversion between said serial
5 ATA interface and a parallel ATA interface, the
serial ATA interface control circuit converting,
into an instruction suitable for the serial ATA bus,
an instruction transferred via the parallel ATA bus,
and sending the suitable instruction to the serial
10 ATA bus, the serial ATA interface control circuit
including a device for shifting the serial ATA bus to
a power saving mode for the serial ATA interface in
accordance With control performed by the controller.
4., The electronic device according to claim 1,
15 further comprising a serial ATA interface control
circuit connected to a serial ATA bus and a peripheral
component interconnect bus, the serial ATA interféce
control ‘circuit sending and receiving signals for the
serial ATA interface to and from the serial ATA bus,
20 the serial ATA interface control circuit including
a device for shifting the serial ATA bus to a power
saving mode for the serial ATA interface in accordance
with control performed by the controller.
5. A serial ATA interface control circuit for
25 performing interface conversion between a serial ATA
interface and a parallel ATA interface, comprising:

a timing device for measuring a preset time, the
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with reception of a command which requires interface
conversion; and
5 a shifting device for shifting the serial ATA
interface from the idle mode to a predetermined power
saving mode if no further command has been sent when
the timing device measures the preset time.
6. The serial ATA interface control circuit
10 according to claim 5, wherein the predetermined power
saving mode is one of a partial mode and a slumber
mode.
7. The serial ATA interface control circuit
according to claim 5, wherein:
15 the predetermined power saving mode is a partial
mode;
the timing device is started even when the
partial mode is assumed; and
the shifting device shifts the serial ATA
20 interface from the partial mode to a slumber mode if
no further command has been received when the timing
device measures the preset time from a time at which
a shift to the partial mode is performed.
8. A disk drive with a serial ATA interface
25 connected to a host via a serial ATA bus, comprising:
a reporting device for reporting, to the host,

completion of execution of a command sent from the
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host to the disk drive; and

a controller for controlling shift of the serial
ATA interface to a power saving mode after the
reporting device reports completion of execution of

5 a preset command.

9. The disk drive according to claim 8, wherein
the power saving mode includes one of a slumber mode
and a partial mode.

10. The disk drive according to claim 8,

10 wherein:

the preset command is a sleep command for
designating a particular power saving mode for an ATA
interface stipulated in ATA interface standards; and

the controller shifts the serial ATA interface to -

15 the slumber mode after the reporting device reports
completion of execution of the sleep command.

11. The disk drive according to claim 8,
wherein:

the preset command is one of a sleep command,

20 a standby command and an idle command, the sleép
command, the standby command and the idle command
designating respective particular power saving modes
for said ATA interface stipulated in ATA interface
standards; and

25 the controller shifting the serial ATA interface

to a corresponding one of the slumber mode and the

partial mode determined by the preset command, after
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the reporting device reports completion of execution
of the preset command.
12. The disk drive according to claim 8, wherein
the controller includes a timing device for determin-
5 ing a time required after the reporting device reports
- completion of execution of the preset command until
the serial ATA interface is shifted to the power
saving mode, the controller controlling shifting of
the sefial ATA interface to the power saving mode
10 after the reporting device.reports the completion of
execution of the preset command.
13. The disk drive according to claim 12,
wherein the timing device determines the time from
a frequency of reception of the preset command sent
15 from the host.
14. The disk drive according to claim 13,
further comprising:
a memory for storing reception time information
indicating a time at which a command from the host is
20 received; and
a calculating device for calculating the
frequency of reception of the command from a command
reception time sequence indicated by the reception
time information stored in the memory.
25 15. The disk drive according to claim 8, further
comprising:

a device for determining whether the host
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supports a power saving function of the serial ATA
interface, based on a result of control, by the
controllexr, of shifting the serial ATA interface to
the power saving mode; and

a storing device for storing flag information

indicating the determination result of the determining

device, and

wherein the controller refers to the flag
information before starting the control of shifting
the serial ATA interface to the power saving mode, and
does not perform the control of shifting the serial
ATA interface to the power saving mode if the flag
information indicates that the host does not support
the power saving function of the serial ATA interface.

16. A method of saving power of a serial ATA
interface employed in an electronic device,
comprising:

detécting issue or reception of a preset command;

confirming completion of execution of the
detected command; and

shifting the serial ATA interface to a power
saving mdde upon confirming the completion of
execution of the detected command.

17. A method of performing interface conversion
between a serial ATA interface and a parallel ATA
interface, comprising:

measuring a preset time starting each time the
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serial ATA interface is shifted to an idle mode in
accordance with reception of a command which requires
interface conversion; and
shifting the serial ATA interface from the idle
5 mode to a predetermined power saving mode if no
further command has been sent after expiration of said
preset time.
18. A method for saving power in a disk drive
with a serial ATA interface connected to a host via
10 a serial ATA bus, comprising:
reporting, to the host, completion of execution
of a command sent from the host to the disk drive; and
controlling shifting of the serial ATA interface
to a power saving mode after the reporting device
15 reports completion of execution of a preset command.
19. An electronic device with a serial ATA
interface comprising:
means for detecting issue or reception of
a predetermined command;
20 means for confirming completion of execution of
the command detected by the detecting means; and
means for controlling shifting of the serial ATA
interface to a power séving mode upon confirmation of
the completion of the execution by the confirming
25 means.

20. A disk drive with a serial ATA interface

connected to a host via a serial ATA bus, comprising:
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execution of a command sent from the host to the disk
drive; and
means for controlling shift of the serial ATA
5 interface to a power saving mode after the reporting

means reports completion of execution of a preset

command.



