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NG METHOD FOR SERI AL ATA BUSES BACKGROUND OF THE
nvention relates to an electronic device with a

ﬁmﬁﬁwﬁﬁwHHQMA) interface, and nore particularly to an

el ectroni c devi c&%'¥%presented by a disk drive, and a power savi ng nethod
ATA buses, which are suitable fior +educing 10 the power
consunption of a serial ATA bus that conforns to the serial interface ATA
As recited in "Serial ATA: H gh Speed Serialized AT Attachnent”
Revision 1.0a, Serial ATA Workgroupr odanye 7/in¢BQ3rokereinafter referred to

for ser

st andar

as "the prior

i al

ds.

15 art docunent"), standards for serial ATA interfaces that

are new i nterf aEECTRONIH SKEWICH e8I TIRAVSERERD ATOI KetE REACE S8ItD abowsTA
interfaces are used as interfaces between a peripheral device, represented
by a magnetic SHASKWAMBEE{OANDR IOBIAL hosa BYSE®n) 20 represented by a

per sonal

conput er .

conventi onal ATA

In this point, serial ATA interfaces are simlar to
i nt er f aces BACK&ROUPET 41H SIHEATAVENTEGNces). A peri pheral
device with a serial

ATA interface, such as a magnetic disk drive

(herei nafter referrethe Prosens daverDDPR, resatenntet ed edeathosichy a

In such an HDD, to secure conpatibility with an ATA
device with a serial AT atfachment {ATA) interface,

seri al

bus.

10

15

and more particularly to an electronic device

represented by a disk drive, and a power saving method

for serial ATA buses, which are suitable for reducing

the power consumption of a serial ATA bus that

conforms to the serial interface ATA standards.

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

art document"), standards for serial ATA interfaces

20

-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)
represented by a personal computer. In this point,

serial ATA interfaces are similar to conventional ATA

25

interfaces . (i.e., parallel ATA interfaces).

A peripheral device with a serial ATA interface,

such as a magnetic disk drive (hereinafter referred to

as an “HDD”), i1s 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
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«interface, it is necessary to convert an ATA interface X11111111121111 111
- 122120011 ~11~ *@00002* 2 into a serial ATA interface, and convert a
serial ATA interface into an ATA interface. Such interface conversion is
*performed by, for exanple, an LSl (bridge LSI) called a serial ATA bridge.
51n the serial ATA interface standards, three |layers of different :
functions, i.e., a physical layer, |inRk bayer and transport |ayer, are
defined. The physical |ayer has a function for executing high-rate serial
data transm ssion and reception. The physical 10 |ayer interprets received
data, and transmdcs & kerdatia A ithedidde | ayed ddhwaaeordange o tAran

interpretation result. The physical |ayer also outputs a serial data
signal to the liimdedfayer iinta espd¥e it ax faguestsudteriafteartacihe |ink | ayer
supplies the physical layer 15 with a request to output a signal. The |ink
| ayer al so suppinves silven tirsanspordrread/ dry wifidr tdreandaltes dm dishitted from
the physical layer. The transport |ayer perfornms conversion for operations
based on the Amxistiggnddilds.calslashiangahiatl tAR abovdgeent i oned 20 bridge
LSI is used in an HDD, the role of the transport |ayer corresponds to the
rol e of tthe ATA sigraltiutsriliahidThfintcohvent § aFedst Ehege utilizes
an ATA connection. The bridge LSI is connected to the disk controller
(HDC) of the Hd@xﬁgf of different functions, i.e., a physical layer,
link layer and transport layer, are defined. The
physical layer has a function for executing high-rate
serial data transmission and reception. The physical
10 layer interprets received data, and transmits the data
to the link layer in accordance with an interpretation
result. The physical layer also outputs a serial data
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 controller (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,



=25 an ATA bus (or a bus conpliant with the ATA bus) based on the ATA
interface standards. Accordingly, in the connection between the bridge LSI
and HDC of the HDD, - 3 operations equivalent to those stipulated in the
*ATA interface standards or conpatible with the standards are perforned.
In this case, the portion of the HDD excluding the bridge LSI (hereinafter
referred to as a5 "main HDD unit") regards the bridge LSI as an apparatus
(host) for issuing a command to the main HDD wunit. Accordingly, the main
HDD unit operates in the sane manner as a conventional HDD utilizing an
ATA connect i oppethus,orshe gariadlerATAd iresdace: hasl d:CompatidiATAY with

t he ATA standards concerning protocols such as |ogical commands. However,

a data signal iypendldel datralagidpnalr) qumoeesidele byl ah paral 4 edndadds
interface nmust be converted into a serial data signal. 15 The serial ATA

interface standaradestiqguest.e dn fdvier S8 ngtimpdeodi rected the SEPDal ATA
buses, as well as a power saving node that conforms to the conventional

ATA interface (arialdigld ADR dtigidaded)!l GrerrimrakteThe idaredftaers a2 ATA
bus power. saving 20 does not exist in the conventional ATA standards. The

serial APA i nt erfede THiATEdY d§95uIS &P e Povier! meshafenent nodes for
serial ATA interfaces, i,e., "P READY, (I DLE)", "PARTIAL" and. " SLUVBER'.
The " PHY READYZRR5t& i Ciidd %t %P9 @ command o the main HDD

unit. Accordingly, the main HDD unit operates in the
same manner as a conventional HDD utilizing an ATA
connection. Thus, the serial ATA interface has

10 compatibility with the ATA standards concerning
protocols such as logical commands. However, a data
signal (parallei data signal) processed by a parallel
ATA interface must be converted into a serial data
signal.

15 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,



-25 which both the circuit (PHY circuit) for realizing the operation of a
physi cal |ayer (PHY layer), and the nain phase-locked |oop (PLL) circuit
are operating, 4 thereby synchronizing the interfacing states of the: host
“and peripheral device. The "PARTIAL" node and "SLUMBER' node indicate a
state in which the PHY circuit is operating but the interface signal is in
5 a neutral state. The difference by defi Aitron between the "PARTIAL" node
and "SLUVBER' node lies in the time required for restoration therefromto
the "PHY READY (IDLE)" node. More specifically, it is stipulated 10 that
the tinme requi rtée ety rsgsichratiion rfg dhd hiert SFAREIAL s taxdes musStthwt exceed
10 us. On the other hand, it is stipulated that the tinme required for
restoration fr dwsthentSpdvBER: neodalaniste .notTrex CEFRT IAL 'hsnodes drohg as t he
restoration tine and interface 15 power state conformto the standards,
manuf acturers "SAWMEEREcmodse ipstitdadie of stadedviide whieh pdverPBavi ng
function of which should be executed in the "PARTIAL" node or " SLUVBER'
node (i.e., cafid@uedt itheramedding Riattshodl e B dursedna¥ f13 nit he node).
20 Shift to a power savin E,gtATA power saving) state conformng to the
convent i dnal A?Anieﬁlttéraf]aég Sandards is realized basically under the

control of a host. -A”}jéAch‘ ower savi ng des, . "l ", " STANDBY" and

"SLEEP" nodes, for e e?’rp]E\f,oearreencsfil Iﬁiﬁng HgPR Heetween the
"PARTIAL" mode and "SLUMBER" mode lies in the time
required for restoration therefrom to the "PHY READY
(IDLE) " mode. More specifically, it is stipulated

10 thaf the time required for restoration from the
"PARTIAL" mode must not exceed 10 pus. On the other
hand, it is stipulated that the time required for
réstoration from the "SLUMBER" mode must not exceed
10 ms. As long as the restoration time and interface

15 power state conform to the standards, manufacturers
can select the portion of a device, the power saving
function of which should be executed in the "PARTIAL"
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



:25 other hand, shift to a power saving (serial ATA power saving) node
(i.e., the "PARTIAL" or "SLUMBER' node) for serial ATA buses may be
reali zed under the control - 5 of either a host or peripheral device.
“However, the above-nentioned prior art document describes nothing about a
techni que for controlling the serial ATA power saving state (in
particular, a technique for 5 associating5the ATA power saving state with
the serial ATA power saving state). Assune here that a serial ATA
interface is used as the interface of an HDD, and the HDD is connected to
a host via a sefi ali tAEA busoslth drhipgerdaserdlt desrikf: negrssarayn, ahest at ed
above, to provide a serial ATA interface control circuit (serial ATA
bridge) for cabosrtimegta oty gntiiconar AT duntesrtf aikes pidyead |red t AT
interface) into a serial ATA interface. In this HDD, the operation of a
junction betweebotlie aségeicain AP 1 magrtfradd icunttted s ricli tATnd t he hard
di sk controller (HDC) of the HDD is identical to or conforns to that
stipul ated in PR&eEoRREFRTIdoFda IATA imtkaftdcall st armldrenigtoridithgl y, the
HDC recogni zes the serial ATA bridge as if it were a host itself that
i ssues 20 com@&FEEC I PHLS Inddis AR MRE GFeridtd o it MHd ot tionistlof t he
- HDD ot her than e serial ATA bridge  peripheral portions are simlar to

the conventi ondiT® &WET 57 HOSS SHd%F )serial ATA interfaces, a conventiona

ATA bus (i.e., parmﬂé%uﬁg7%§%§)tﬁggﬂa serial ATA interface is used

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) fdr
converting a conventional ATA interface (parallel ATA
interface) into a serial ATA interface. In this HDD,
the operation of a Jjunction 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



-25 connects a serial ATP interface control circuit to an HDC can be forned
on the printed circuit board (PCB) of the HDD. Therefore, in HDDs with
serial ATA 6 interfaces, 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 parallel ATA bus 1is used, can be expected. 5 The serial ATA
interface standards have been worked eut eon-the assunption that they are
conpatible wth the conventional ATA standards (parallel ATA standards).
Therefore, to realize the new idea of power saving stipulated in the

serial ATA standardsacky,i tthes wiatessarahdth pFovirte mriasts widrh yew means
for designating new power saving. However, such new neans my well ‘
devi ate from t k@&ocarvent,i emal WEPAstandardssasduit hrsa tthearpr o si on of new
means to a host may significantly influence the entire system 15 BRIEF
SUWARY OF THE rlaNMENHHAND 1irs dre mehiiadimeenti o ihes i paenlti«n, ATRoViRrs
consunption is reduced by effectively utilizing the power saving node for
serial ATA busés stsigsul &tagd Hen exectsxti al ATA standards. 20 I n accordance
wi th an enbodi nent of the invention, there is provided an el ectronic

device wWith a seridPA™RiMterfdte HeRA FCa Heteed s flrve deteeting i ssue

or reception of a}Predeternin%P command; a confirmation device for
confirm ng workKed out on the assumption that they are compatible

with the conventional ATA standards (parallel ATA
standards). Therefore, to realize the new idea of
power saving stipulated in the serial ATA standards,
10 it is necessary to provide a host with new means for
designating new power saving. However, such new means
may well deviate from the conventional ATA standards.
Further, the provision of new means to a host may
significantly influence the entire system.
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



-25 conpl etion of execution of the conmand detected by the detector; and a
controller for controlling shifting of the serial ATA interface to a power
savi ng node upon 7 confirmation of the conpletion of the execution by the
*confirmation device. In accordance with yet another enbodi nent of the
invention, there is provided a disk drive with a 5 serial ATA interface
connected to a host via a serial ATA bus. 7The di sk drive has a reporting
device for reporting, to the host, conpletion of execution of a comuand
sent fromthe host to the disk drive; and a controller for controlling

shift of the seidrodi A ikh idH effacei®]l & PONES F Savd Nekdmge; & tigy the
reporting device reports conpletion of execution of a preset comand. Yet

further enbodi nentfsiafattiven idereindd on relates to a method of saving power
of a serial ATA interface 15 enployed in an electronic device. The nethod
detects issue or rebepiorrddnee presket yeonamndhe comfibodbnentpd et i on of
execution of the detected command; and shifts the serial ATA interface to
a power savi ng tsdelnVgun @onfilrating ¢ hereoigt@td ohl ©f execatwbphof the 20
det ect ed command. Anot her enbodi ment of the invention pertains to a nethod
of perfofni ng iSftlerFadel oV siaie Fervented serd oI ianterieaceahnd a
paral l el ATA i@h%{n§ce. Thi s met hod neasures a preset tinme starting each
time

us. The disk drive has a reporting device for
reporting, to the host, completion of execution of
a command sent from the host to the disk drive; and
a controller for controlling shift of the serial ATA
10 interface to a power saving mode after the reporting
device reports completion of execution of a preset
command.
Yet further embodiments of the invention relates
to a method of saving power of a serial ATA interface
15 employed in an electronic device. The 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 is shifted tovan idle mode in
accordance with reception of a command which requires

interface conversion; and shifts the serial ATA



-25 the serial ATA interface is shifted to an idle node in accordance with
reception of a command which requires interface conversion; and shifts the
serial ATA8 interface fromthe idle node to a predeterm ned power saving
‘nmode if no further conmand has been sent after expiration of the preset
tinme. Yet another enbodinment of the invention involves 5 a nmethod 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 conpl etion of
execution of a command sent fromthe host to the disk drive; and controls

shifting of the;seeiahcATAR tRLerfacenbaearpoyer rsaxkagninde ghier the
reporting device reports conpletion of execution of a preset comand.

BRI EF DESCRI PTI &y Oy ThiEd SEVERAL. ¥l EWSe OF c diila PRAME NGH e Zhe saggogpanyi ng
drawi ngs, which are incorporated 15 in and constitute a part of the

speci fication, ékpusitadbe enbodénpnésecof tihe.i nvention, and together with
the general description given above and the detailed description of the
enbodi ments gi ven bekew, ansehee tnbexphann blietperi navehed oaf ithlkve livewent i on.
20 FIG 1 is a block diagramillustrating the configuration of a system
equi pped Wi t h aanmagheeficfodi skvingveoWvEbD)n18, dassoddiing twatanaenbodi nent
of the invention; FIG 2 is a block diagramillustrating a main HDD
serial ATA interface connected to a host via a serial
ATA bus. The method reports to the host completion of
execution of a command sent from the host to the disk
drive; and controls shifting of the serial ATA
10 interface to a power saving mode after the reporting
device reports completion of execution of a preset
command.
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
15 in and constitute a part of the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
detailed description of the embodiments given below,
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 1is a block diagram illustrating a main HDD
25 unit 11 incorporated in the HDD 10 appearing in

FIG. 1;

FIG. 3 1s a view illustrating shift of ATA power



.25 unit 11 incorporated in the HDD 10 appearing in FIG 1; FIG 3 is a view
illustrating shift of ATA power 9 saving nodes enployed in the enbodi nent;
FIG 4 is aviewillustrating the relationship between each ATA power
-saving node in FIG 3 and the turned-off state of each circuit of an HDD
main unit 5 11 in each ATA power saving node; FIG 5 is a view
illustrating exanples of tinmes required Bor-restoration, to a read/wite
node MO, from each ATA power saving node M to Mo in FIG 3; FIG 6 is a
viewillustrating the relationship 10 between each ATA power savi ng node
in FIG 3 and th€ingombesRoRetinld ySATAN S8id almAB)ndower savi ng node set
when the HDD 10 is in each ATA power saving node; FIG 7 is a flowhart
useful in explainingIgower iscaentwicdw pelrfuortnesd: ikencidererpa ti g imi t 11 of
the HDD 15 10 has received a command froma host 20; and FIG 8 is a view
illustrating shieftweeh SATA pdierowsavissy immpdes daplroyieds i B aambdilfe cati on
of the enbodi ment. DETAILED DESCRI PTI ON OF THE | NVENTI ON 20 An enbodi ment
i n which the ifvEredor fifs s&gdle ef aagha Systudm edfui PpetPhvinaiita Ureighet i ¢

di sk drive having a serial ATA (SATA) |nterface will be described in
detail wPth reﬂéréﬁc@aFé-9#@-&6&6#b§@¢%ﬂ? ings. FIG 1 is a block

diagramillustrating,_the configura
9 %TG. 5 1s gv1ew illustrating examples of times

required for restoration, to a read/write mode MO,
from each ATA power saving mode Ml to M5 in FIG. 3;
FIG. 6 is a view illustrating the relationship
10 between each ATA power saving mode in FIG..B and the
corresponding SATA (serial ATA) power saving mode set
when the HDD 10 is in each ATA power saving mode;
FIG. 7 1is a flowchart useful in explaining power
control performed 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



.25 tion of the system equi pped with the magnetic disk drive (HDD) 10,
according to the enbodi nent of the invention. As shown, the HDD 10
conprises a main 10 HDD unit 11 and SATA interface control circuit 12. The
‘main HDD unit 11 corresponds to a conventional HDD for perform ng parall el
data transfer using an ATA interface. The SATA interface control circuit
12 is 5 a SATA (serial ATA) bridge for-peropheral devices. The SATA
interface control circuit 12 is connected to a host (host systen) 20 via
an SATA bus (serial ATA bus) 30. The SATA interface control circuit 12 is

used to perfor mpmteriftace convesrsizon et weere atorid 10-imterd ace. and SATA
interface, and is fornmed of, for exanple, a large-scale integrated circuit
(LSI). The SATAd mi=enf #oD conitt dll cigetkdpdidddasy d ncqardnicided] HBD
function for converting an instruction, sent via the SATA bus 30, into an
i nstruction suifteablpe fforrmaim AR kbl Inis dB8t{ ATlrensafer face)g amdABending it
to the main HDD wunit 11 via the ATA bus 13. The host 20 is an electronic
devi ce, such asirdepeiastnal BonpiAals v chaasesontheo HBDL Q1 Es b2 okage. The
host 20 conprises a main host unit 21 and SATA 20 interface control circuit
22. The fai n hestSAN t (B i BYpdhdsdq® oeormemhoml #sicedr
performng parallel data transfer using an ATA interface. The SATA

i nterface cont r’dt® GALIANEX aCe FRISEE Dt i efeSulantl i &5 cormete@dt 8Ot he

main host unit azjhovslta &nosﬁ:-méystem) 20 via an SATA bus (serial ATA

bus) 30. The SATA interface control circuit 12 is
used to perform interface conversion between an ATA
10 interface and SATA interface, and is formed of, for
example, a large-scale integrated circuit (LSI). The
SATA interface control circuit 12 has, in particular,
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 wvia 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



-25 bus (parallel ATA bus) 23, and to the HDD 10 via the SATA bus (seri al
ATA bus) 30. The SATA interface control circuit 22 is formed of an LSl for
performng - 11 interface conversion between an ATA interface and an SATA
“interface, like the SATA interface control unit 12 of the HDD 10. The SATA
interface control circuit 22 has, in particular, a function for 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 physical liaytesr fiQCessiveg dinirdt SRle @nthR2irAanch tdi fkéd ransport | ayer
processing units 122 and 222, respectively. The physical |ayer processing

units 121 and a22kreprecutte dtfiagle,r atiksethal SKH adttansd®f control

(transm ssion/reception) via the SATA bus 30. At this 15 time, the data
transfer rate iwil 5 2GS thg galdl tl perThes egAtAl) in tTavef by staat rdayer
processing units 121 and 221 interpret data received fromthe SATA bus 30,
and transmts tdhigdstia 22 tdse limkyartahspbit, |ayBmcpragressing units 122
and 222 in accordance with the 20 interpretation results, respectively.
Further, >the (IS N%YEr IPrdcdssi R unt et 1242 ate SSATR rkath%n%
respectlve serlal data signals in response to requests fromth
Ilnk/transportH r2Thr G Uhi T 422! © abf 28 5%%%é%¥?v%@y ShHe

link/transport 1f%grface), and sending it to the HDD 10 via the SATA

bus 30.
The SATA interface control circuits 12 and 22

10 have physical layer processing units 121 and 221 and
link/transport layer processing units 122 and 222,
respectively. The physical layer processing units
121 and 221 execute high-rate serial data transfer
(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 requests
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



-25 processing units 122 and 222 each include a Iink |ayer processing unit
and transport |ayer processing unit, which are not shown. The respective
link layer 12 processing units of the link/transport |ayer processing

*units 122 and 222 supply the physical |ayer processing units 121 and 221
wWith requests to output signals, in response to requests fromthe
transport 5 layer processing units of theiproecessing units 122 and 222.
Further, the respective link |ayer processing units of the processing
units 122 and 222 supply the respective transport |ayer processing units

with data transidddsd 4 amide physicalidigyefapdmeessidgepnits 10 121 and
221. The transport |ayer processing units performinterface conversion
bet ween t he ATAiddderdiace urainds SATA drid e AaceipBlUseshe SHiels BSa perd pher al
conponent interconnect (PCl) buses, conpatible with the ATA buses 13 and
23 15 may be enplapesirnqistreidts of2 1 hendA T2 busietsh 13 anals 28. td mou st case,
the SATA interface control circuits 12 and 22 can be provided in a PCl
bridge. Furthersidnald,s iguffdsiarme ifo thel 88 | tenfhve tomsmirtircuits
12 and 22 (SATA bridges) have a function for 20 transmtting and receiving
serial APA int erdF¥Rie PEIGRTR S b fe bt e SIS HRg 30nitH G222 drd a

bl ock diagramillustrating the configuration of the main HDD unit 11. The
main  HDD unit 22¢ had W ik 19 4L P Ecbidli ny et Y@ processing

units of the processing units 122 and 222 supply the
respective transport layer processing units with data
transmitted from the physical layer processing units
10 121 and 221. The transport layer processing units
perform interface conversion between the ATA interface
and SATA interface.
Buses, such as peripheral component interconnect
(PCI) buses, compatible with the ATA buses 13 and 23
15 may be employed instead of the ATA buses 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 illustrating the
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 At | east one surface of the disk 111 is a recording surface on which
data is magnetically recorded. A head (magnetic head) 112 opposes the at

| east one 13 recording surface of the disk 111. FIG 2 shows a case where
*the main HDD unit 11 (HDD 10) includes only one head 112, for facilitating
the draw ng of the figure. However, in general, both surfaces of the 5

di sk 111 serve as recording surfaces, whith 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 111 stackediion eachrptdhess & Thesdi sk 111pi 6. spush@hs hi gh speed
by a spindle notor (SPM 113. The head 112 is used to read and wite data

fromand to the dissde bierdhendeadirl 120D sunat t Barhembd o1 ¢ heidd pu@és an
actuator 114. The actuator 114 has a voice coil motor (VCM 115. The
actuator 15 114rilsy dmevéredyy 1he MCM 184c1 I hex eliyg r dlde adltyw iy i o) thde head
112 over the disk 111. As a result, the head 112 is positioned on a target
track. The SPMfliiBizehd HOMVES ae govwerad byotlespecfaves dofvilmg currents
(SPM current and VCM current) supplied froma notor 20 driver 1C 116. The
motor driver | @S Kifppigiese tafe rSENT ARy wiehf age SPWikieh ereselest gnat ed by
a CPU 130, and supplies the VCM 115 with a VCM current designated by the
CPU 130. The hé’éﬁf“ﬁ?@%‘)%ﬂne@{]’e@%% aThelee | e PpRAy of FIG. 2,

it is assumed that the main HDD unit 11 (HDD 10)
includes a single disk 111. However, it may include
a plurality of disks 111 stacked on each other.

10 The disk 111 is spun at high speed by a spindle
motor (SPM) 113. The head 112 is used to read and
write data from and.to the disk 111. The head 112 1is
attached to the tip of an actuator 114. The actuator
114 has a voice coil motor (VCM) 115. The actuator

15 114 is driven by the VCM 115, thereby radially moving
the head 112 over the disk 111. As a result, the head
112 is positioned on a target track. The SPM 113 and
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



-25 amplifier circuit) 117. The head IC 117 includes a read anplifier for
anplifying a read signal read by the head 112, and a wite anplifier for
converting 14 wite data into a wite current. The head I1C 117 is
connected to a read/wite IC (read/wite channel) 118. The read/wite IC
118 is a signal processing device for perform ng various kinds of signal
processing such 5 as anal og-to-digital —conversion of a read signal,
encodi ng of wite data, decoding of read data, etc. The read/wite IC 118
is connected to a hard disk controller (HDC) 119. The HDC 119 has a di sk

control functiopfes 330acontsoklingcdatarteanst ernbr gauandct 9 the (di sk
111. The HDC 119 includes an ATA interface. That is, the HDC 119 has an

ATA interface cominettéanedi @nréed/wieeei vengrand,/WeansnthhhAg)§omrands
(such as read/wite commands) and data fromand to the host 20 15 via the

ATA bus 13. Hoveerread/whetenbodi menist hatighatl pdesesbenyDBe¥9chavi ng a
SATA interface, the HDC 119 is connected to the SATA interface control
circuit 12 vi afehepdTfobusnd3vanhdeh Hififler sff soonednpeatessahg EHBBs. The
HDC 119 is connected to the host 20 via the 20 SATA interface control
circuit 12 and SATMbLeg300-dihet#bC-¢ngehason baf fereadnsighafiuncti on for
controlling a buffer RAM 120. The HDC 119 includes a status register 119a
used for report3RgPEHRIsPhtBrbfe @nea HDReTOdiBIt AE hesd deta, etc.

The read/write IC 118 is connected to a hard disk
controller (HDC) 119.
The HDC 119 has a disk control function for
10 controlling data transfer from.and to the disk 111.
The HDC 119 includes an ATA interface. That is, the
HDC 119 has an ATA interface control function for
receiving and transmitting commands (such as
read/write commands) and data from and to the host 20
15 via the ATA bus 13. However, in the embodiment that
includes the HDD 10 having a SATA interface, the HDC
112 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



.25 A part of the menory area of the buffer RAM 120 is used as a data
buffer area for tenporarily storing data transferred between the host 20
and the HDC 119 - 15 of the HDD 10. Another part of the nmenory area of the
buffer RAM 120 is used as a flag storage area 120a for storing a flag F
described later, and as a command reception tine storage area 120b for
storing time 5 information indicating theitine at which a command has been
received. The area 120b is used as a ring buffer for storing tine
information indicating the points in tinme at which a predeterm ned nunber

of nost recent ocopm@Endsy haye %@@t}ﬁ@ﬁ% £d. 020 Jben&RY- 330k 8rMRLD
controller in the main HDD wunit 11 (HDD 10). The CPU 130 includes a

nonvol atile mBSDF Fef AM SO s t hadd pEeSkoresgascopLEO! apeRII DL €6r0., @
flash ROM as a programmuabl e nonvol atile nmenory). The CPU 130 control s each
el enent in the +Prihg 19 fmaccoddancebatit hatbe, candr @k pr ognaangr est or ed
in the nonvolatile nmenory. If the HDC 119 receives, from the host 20, a
particul ar commesckeporomesignatiogage power 183avi Agr mederiong thee ATA
interface (ATA power saving node), the CPU 130 sets the HDD 10 to the ATA
20 power savi nglivbelenaieseynat@dcdyintetkeoniameg. aWehickest cogmehd PTA power
saving node, the CPU 130 causes, via the HDC 119 and SATA bus 13, the SATA
interface contPdFRciecetyed2 tbheetraaspFAopbherssavafigambdBy PBEAEEd in

advance to the ATP. power savin de. .
for sEB%f%g timegig?ormatlon indicating the points in

time at which a predetermined number of most 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
memory (not shown) that prestores a control program
(e.g., a flash ROM as a programmable nonvolatile
memory) . The CPU 130 controls each element in the HDD

15 10 in accordance with the control program prestored in
the nonvolatile memory. If the HDC 119 receives, from
the host 20, a particular command for designating a
power saving mode for the ATA interface (ATA power
saving mode), the CPU 130 sets the HDD 10 to the ATA

20 power saving mode designated by the command. When
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.



.25 FIG 3 is aviewillustrating shift of ATA power
savi ng nodes that conformto the
enbodi nent .

savi ng nodes M

savi ng nodes (power
ATA interface standards) enployed in the

16 1In the enbodi ment, ATA power saving nodes include five
*nodes - ACTIVE IDLE MODE M, PERFORVMANCE | DLE MODE M2, LOWER- POER | DLE
MODE MB, STANDBY MODE M4 and SLEEP MODE Mb. In addition to the power

anot her ATA interface node for enabling a read/wite conmand to be

executed. The power consunption is

to 5 Mb, READ/ WRI TE MODE {ACT+ VE MODE) MO i s provided as

reduced in the order of the READ WRI TE

MODE MO, ACTI VEn Pl B iMlen tHEREORNVRINE | $A- MODRo MBs LAWY IEMER yDLE 10

MODE M3, STANDBY MODE M4 and SLEEP MODE Mb.

11), after a neatdaw- t2CTOPAT athidh MaRrande P ER/FERMAESCY W DLE NODETaNZ,
performed in the READ) WRITE MODE MO, the HDD 10 is shifted to the ACTIVE
MODE ML under tIH®VEFOrRGWHR of DIEheAB: CRJ 1ZTANDBY redDE i Mg dhe Jover
consunption of the HDD 10. If no further command has been sent fromthe

host 20 after MPO¥ étfet erli rediltian Tio el geswer oprvheg Bhid¢s Nb the

In the HDD 10 (main HDD unit

is

ACTIVE | DLE MODE M, the HDD 10 is autononously shifted to the PERFORVANCE

| DLE MODE M2 2681UndePRHER EontHUE of AGHEVECPIPEIRD ¥© ferphevideduze the
power consunption of the HDD 10. The Mdes M and M \
modes ar bi trar i33P dES ghdt e HRF T SraMfctUr eFRARFIRY # UFRRRIVEDRPANd has

been sent fromthe h
comma

10

15

20

25

égtto be executed. The power consumption is
reduced in the order of the READ/WRITE MODE MO, ACTIVE
IDLE MODE M1, PERFORMANCE IDLE MODE M2, LOW-POWER IDLE
MODE M3, STANDBY MODE M4 and SLEEP MODE MS5S.

In the HDD 10 (main HDD unit 11), after a
read/write operation commanded by a read/write command
is performed in the READ/WRITE MODE MO, the HDD 10 is
shifted to the ACTIVE MODE Ml under the control of the
CPU 130 for reducing the power consumption of the HDD
10. If no further command has been sent from the host
20 after a predetermined time Tl elapses from the
shift to the ACTIVE IDLE MODE M1, the HDD 10 is
autonomously shifted to the PERFORMANCE IDLE MODE M2
under the control of the CPU 130 to further reduce the
power consumption of the HDD 10. The Modes M1 and M2
are ATA power saving modes arbitrarily designated by
a manufacturer.

If no further command has been sent from the host
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

are ATA power saving



<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 PONER | DLE MODE M3 - 17 wunder the control of the CPU 130 to further
“reduce the power consunption of the HDD 10. The Mode MB corresponds to
"IDLE" in the ATA interface standards. Accordingly, if an idle command is
sent fromthe host 5 20 in the node M-or1%, -the ATA power savi ng node of
the HDD 10 is shifted to the LOWPONER |IDLE MODE M3 in accordance with the
command. Simlarly, if a standby command is sent fromthe host 20 in the
mde M, M or urdisr tthe AJdhpavero saviagermdesof & heo HOR A0 égushi fted 10
to the STANDBY MODE M4 in accordance with the command. Standby | mmedi ate
Command i s knowheasavdi nebrodumst andhys comaemnod Usi ngrhdisogonmand, the
time required for the shift to the standby node can be designated. Upon
i ssui ng the Stamdbyedpomeds ate "IBIEDhmand;h¢ heTAvdet esfabhe f$eanhdardse
STANDBY MODE M4 after the designated tine elapses. Further, if a sleep
command i s sentAdeurAim@l hosif 200 i ididhecompendlis $8nt MBron Wie hhet ATA
power saving node of the HDD 10 is shifted to the SLEEP MODE Mo in

accor dance mntﬁ”ih@lzﬁb%dW%%%dﬂlI@rdﬂ¥eaﬁﬂﬁw$?ﬁ BONRRNSE Y 5ng anede ro t he

host 20 in the node M,

t he ATA ower savi ng node of the

DD 101 6 shit O T e HEATH VI e MO M REEER daeE Mo ¥ hoin

command. FI G 4 sho t he rel ationshi beémeegiggfarfbdeif a standby

10

15

20

25

ccordance wilth the comman
command is sent from the host 20 in the mode M1, M2 or
M3, the ATA power saving mode of the HDD 10 is shifted
to the STANDBY MODE M4 in accordance with the command.
Standby Immediate Command is known as a kind of
standby command. Using this command, the time
required for the shift to the standby mode can be
designated. Upon issuing the Standby Immediate
Command, the mode is shifted to the STANDBY 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
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

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 MS5.

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



.25 MOto Msin FIG 3 and the turned-off state of each <circuit of the HDD
main unit 11 in each nbde MOto Mb. In the READ WRI TE MODE MO, power is
supplied to each 18 <circuit in the nain HDD unit 11 so that read and wite
~operations can be perforned sinultaneously in the main HDD unit 11. In
each of the ACTIVE |IDLE MODE M, PERFORMANCE | DLE MODE M2 and LOW POAER

| DLE MODE M3, 5 the supply of power to-parg of the circuits in the min
HDD unit 11 is halted. In the ACTIVE IDLE MODE M, the disk 111 is rotated
by the SPM 113 and the head 112 is positioned, by servo control, on a

certain track cfrdiie dirskhkl ka il Hote (RERFORVANCE HDL B MPE 1O Mt d he
disk 111 is rotated by the SPM 113 and the head 112 is positioned on an
arbitrary traclopsitdiouins senvdec gerfalrmdd 4 ien ItQNRQNER, | DL B ORI VB,

al t hough the disk 111 is rotated by the SPM 113, the head 112 is retracted
fromthe di sk HDD uikcidorldi-.nglin eEsh mof hieh AGKHNMEE DUH.EVMODEDEMM1 onl y t he
supply of power to part (i.e., a wite channel) of the read/wite IC 118
is halted. On tHRIGIRAENHandLE ¥ GHe MPERFORNANCE OWHIL E INIDEBIODE Nhe supply
of power to part (i.e.,. a VCM driver) of the notor driver IC 116 and part
of 20 thé read/Mi (ARG L TE iROWRA tted PaUF therthe it e 1 LONMPORER | DLE MODE
M3, the supply of. power t‘}?etpﬂéja of the nmotor driver 1C 116 is halted, and

the supply of ”t?d\/\erQQ) 4 d3 daliednd FeddrsvAGE Ve B iMODhal t ed.

The time requi rbﬁq utr};[ d”](e adi/swrlc;[teatecgeby the SPM 113 and the

head 112 is positioned, by servo control, on a certain
track of the disk 111. In the PERFORMANCE IDLE MODE
10 M2, the disk 111 is rotated by the SPM 113 and the
head 112 is positioned on an arbitrary track without
servo control. In the LOW-POWER IDLE MODE M3,
although the disk 111 is rotated by the SPM 113, the
head 112 is retracted from the disk 111. Accordingly,
15 in the ACTIVE IDLE MODE M1, only the supply of power
to part (i.e., a write channel) of the read/write IC
118 is halted. On the other hand, in the PERFORMANCE
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-mentiocned idle



-25 MOis restored (i.e., the restoration tinme required wuntil the

read/ wite operations becone able to be re-executed) differs between the
above-nmentioned idle 19 nodes. This restoration tine is set longer in the
-order of the ACTIVE |IDLE MODE M, PERFORMANCE | DLE MODE M2 and LOW PONER
| DLE MODE M3. The required power consunption is lower in the order of the
ACTIVE 5 | DLE MODE M, PERFORVANCE | DLE MORE M2 and LOW PONER | DLE MODE
MB. In other words, the longer the restoration tinme, the |ower the power
consunption. In the STANDBY MODE M4, the rotation of the SPM 113 is

stopped. In thidmde, 1Hie sdrHfi owernd 0i s 1 heoSPM 113, r@t or dri ver
| C 116, head IC 117, read/wite I C 118 and buffer RAM 120 i s hal t ed.

Accordi ngly, thedawerf conrs WQIivan IsLE QEeDE iMm f herRr ISTANDRY: MODEE M4 than in
the LOMPOAER | DLE MODE MB, whereas the restoration tine is longer in the
former 15 t han MODE R laatd érQW-HROWHER SUHBERMOMIDEIND, Tloaeredsirsdippl i ed only
to part (i.e., a reset processing circuit) of the HDC 119, the supply of
power to the @dv&aT ciarcinest iy nigs hedvwed. 1iRestoratden ¢f onnée &CTBIEEP MODE
Mb to the READ) WVRI TE MODE MO can be 20 realized only by a reset operation,
and the requir édPLE &Kt atli o PER FRRYANGE nbhE SERRE No 2hdt LOBuR®FRR f or
restoration fromthe STANDBY MODE MA. O the nodes MO to MsS, the power
consunption is M MRS A3 he 1SLEEP e i . the longer the

restoration time, the lower the power consumption.
In the STANDBY MODE M4, the rotation of the SPM

113 is stopped. In this mode, the supply of power to

10 the SPM 113, motor driver IC 116, head IC 117,
read/write IC 118 and buffer RAM 120 is halted.
Accordingly, the power consumption is lower in the
STANDBY MODE M4 than in the LOW-POWER IDLE MODE M3,
whereas the restoration time is longer in the former

15 than in the latter. In the SLEEP MODE M5, power is
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 M5.

25 FIG. 5 shows examples of times required for
restoration from each mode M1 to M5 to the read/write

mode MO. FIG. 6 shows the relationship between each



.25 FIG 5 shows exanples of times required for restoration fromeach node
M to Mo to the read/wite node MO FIG 6 shows the relationship between
each 20 node MO to Mo and the correspondi ng SATA power saving node set by
“the CPU 130 when the HDD 10 is in each nmpde MOto Ms. In the exanple of
FIG 6, when the ATA power saving node (ATA interface node) is the 5

READ WRI TE MODE MO, the SATA power savingzoode (SATA interface node) is
set to IDLE MODE ML1. Further, when the ATA power saving node is the
ACTIVE | DLE MODE M or PERFROVANCE | DLE MODE M2, the SATA power saving

node is set toRARTIMIL MOBDE Mk thawewerse Shdve@i hdesAPn RERRORMANGE 4 DLE
MODE M2 is set only after the ACTIVE |DLE MODE , the PARTI AL ML2 is

mai nt ai ned whemodehesctDB G Hes U f1E30 wioert hen PERFORMANGE 1 DLE MODE M2.
Further, when the ATA power saving node is the LO¥ POAER | DLE MODE M3,
STANDBY MODE Mincgte SICEER MODE Nby tTfe tdwearSATA POVEIG sa¥) nghedehdé s set to
SLUMBER MODE ML3. Referring nowto the flowhart of FIG 7, an operation
of the system gHEwWPAweFIGVihginddee(AHesoridethcashodg) aks arhexanpl e,
power control executed when the main HDD unit 11 of the HDD 10 has 20
recei vedSa comfedd/fFomit ROHoM0 20-hasThife prewer t haring Heodmi SABSt unit
21 of the host 20 has issued, to the ATA bus 23, an HDD di rected comrand
that confornms 0% HEARTAGH erFace stehd s MGl Mbhmantiemehe ATA bus

23 is received by the SATA iNterface Control. is the ACTIVE IDLE MODE
M1 or PERFROMANCE IDLE MODE M2, the SATA power saving
mode 1is set to PARTIAL MODE M12. However, since the

10 PERFORMANCE IDLE MODE M2 is set only after the ACTIVE
IDLE MODE M1, the PARTIAL MODE Ml2 is maintained when
the HDD 10 is shifted to the PERFORMANCE IDLE MODE M2.
Further, when fhe 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 20. The link/transport layer
processing unit 222 of the SATA interface control

circuilt 22 converts the received command into a



-25 circuit 22 of the host 20. The link/transport |ayer processing unit 222
of the SATA interface control «circuit 22 converts the received command
into a 21 comuand conform ng to the SATA interface standards (i.e., into
a command suitable for the SATA bus 30), and sends it to the SATA bus 30.
The conmmand on the SATA bus 30 is received by the SATA interface control 5
circuit 12 of the HDD 10. The link/transport 4ayer processing unit 122 of
the SATA interface control circuit 12 converts the received comand into a
command conformng to the ATA interface standards (i.e., into a conmand

suitabl e for themAbADUSNED)rnitY ard tsendTd it e ATA QUK k31 The
command on the ATA bus 13 is received by the HDC 119 incorporated in the

main HDD unit %11 .ef ,t hetkdDR tOmmEne HUG thlf e recogta entheSATH )i nterface
control circuit 12 as a host. The command received by the HDC 119 is 15
transferred toahke seRds13Q. tdpamer s@gizving t3te. carmanthnfnz0md tdre HHRC 119,
the CPU 130 stores, into the command reception tinme storage area 120b,
command r ecept S&TA s i3%f crsmatdcen veidhdic dthiendsATHe itri treer fatcanvi apit tdnle
command was received 20 (step SI). Subsequently, the CPU 130 determ nes
whet her fhe recéingdd tcdrmm@id tihe @ g0 .t hd'yy elsietk/ teormrdst (lstegr S2). The
preset commands indicate conmands related to power saving, such as an idle
command, st andByOSGmraRd aid Ssiieep odorfgn $ATA interface control

circuit 12 converts the received command intoc a
command conforming to the ATA interface standards
(i.e., into a command suitable for the ATA bus 13),
10 and sends 1t to the ATA bus 13. The command on the
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



-25 If the received command is one of the preset commands, the CPU 130
performs the following processing. Firstly, the CPU 130 interprets the -
22 received coomand and executes the operation indicated by the conmmand
“(step S3). Specifically, if the received command is an idle command, the
CPU 130 shifts the ATA power saving node of the HDD 10 to the 5 LOW POAER
| DLE MODE M3. Further, if the received- cpymand is a standby command, the
CPU 130 shifts the ATA power saving node of the HDD 10 to the STANDBY
MODE MA. If the received command is a sleep conmand, the CPU 130 shifts

the ATA power saddig/ddemifarddiennkd i k4 orfherRBRR MODE Mo idion

conpleting the execution of the conmand and confirm ng the conpletion, the
CPU 130 execut es; tencessiaigl forcaemsti ngidet Tiorgl e, onr ofhd he execution
of the command to the host 20 (step S4). 15 Specifically, the CPU 130 sets,
in the status negiesitwerd cbifend iresponsel statmsandydi et TR theo conpl et i on
of the execution of the command, and sends an interrupt signal to the ATA
bus 13. The SABAlifftertfrecdTPomavsr sV tndde readshe HEOzoM et sthof t he
status register 20 119a in response to the interrupt signal. Based on the
read contents GORTROWERatIlE-E ég?féﬁ ef3 1198 rther, Ahategdaiceedont rol
circuit 12 sends, to the host 20 via the SATA bus 30, a report of the
conpl etion of RTEGHANS (et gfonang r dehe CRIE B30 comnlhg the

ATA power saving mode of the HDD 10 to the STANDBY
MODE M4. If the received command is a sleep command,
the CPU 130 shifts the ATA power saving mode of the

10 HDD 10 to the SLEEP MODE MS5.

Upon completing the 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

20 119%9a in response to the interrupt signal. Based on
the read contents of the status register 119a, 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



- 25 execution conpletion report"), the report conformng to the SATA
interface standards. Upon receiving the conmand execution conpl etion
report fromthe SATA bus - 23 30, the SATA interface control circuit 22 of
“the host 20 sends an interrupt signal to the main host unit 21 via the
ATA bus 23. In response to the interrupt signal, the main host unit 21
recei ves the conmand 5 execution conpl-etixn report (i.e., a response

i ndi cating the conpletion of the command, which will hereinafter be
referred to as a "conmand conpl etion response”) fromthe SATA interface

control circui 3022thknshire embedifm@at cdrft he aemmnd senfs fuiemdhe 10
host 20 to the HDD 10 is one of the preset conmands, i.e., one of the

comrands rel at ed senpewen Savtientgupithe igoRU 130 tper ferins hoATA (pawer 1savi ng
node control on the SATA interface control circuit 12 (i.e., power contro
for the SATA buwsa3@he RAAL bius @ént r dln, riefspome ec anomand: Iimtesrramd dl e
command, standby conmmand or sleep command, the SATA power saving node is
shifted to thesSKHURBERTIhNODE iML3.054s vanirte | tredeheresertital ATkapalver savi ng
function stipulated in the serial ATA standards can be effectively
utilized®t o reg¥€EUtRENPERER ledri inpiereR,t 20 W-th & eseemsa i bility with

t he conventional ATA standards maintai ned. The control of the SATA power
savi ng node by e CaEpDIL3BS SORRHIENER By S&%diGrgmRysar tWhdwhamigrli miti ve

[ I r ing unit 122 (1ink
to the llnk/tr?@%%g%%ft%¥e%epr%%%i%e gé ;S a "égmmand 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.
The 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



-25 layer processing unit) of the SATA interface control circuit 12 via the
ATA bus 13. The particular primtive contains a signal pattern for
designating 24 a SATA power saving node that conforns to the SATA
“interface standards. The SATA interface control circuit 12 may include a
control register for SATA power saving node control. In this case, the
SATA bus 5 30 can be set to a target SATApower saving node by controlling
the control register by the CPU 130. For the reason stated bel ow, the
enbodi ment does not enploy a nechanismin which after the conpletion of a

command rel at ed, tATATARIL!s SAHNGd e aRAT tesh A0 {d - & ,t1i@f tefra command
conpl etion response), the SATA bus 30 is not imediately shifted to the

correspondi ng iSABA feewers tsaMidtgistoderhd fsAtre SATA buse Ibnsrshifted to
the SLUMBER MODE ML3 i mredi ately after the conpletion of the execution of a
command i s reparitredhit NP arad iifn@ udsponsetnsl caddgngréhef coOgAAEL i on of a
subsequent command nust be issued, a restoration tine of 10 ns at nmaxi num
i's required untidwetrhe avdsponsele bagunes. abl o tthbe caten nete AT Dties

words, according to the definition of the SLUMBER MODE ML3, 20 a period of
10 ms is Irequir¥dd can msxisAfmithen G SATR TAHUsOWBHr | $2 ¥ Esd oredk fyvm t he
SLUMBER MODE ML3 to the |IDLE MODE ML1. For exanple, assune that the host
20 issues, to ARENIED MY DSt oIt eF oY exemfY 130 st andby

i nmedi ate command, and then nonitors, hal tin
%br ghe reason stateé bglow, the embodiment does

not employ a mechanism in which after the completion
of a command related to ATA power saving is reported
10 (i.e., after a command completion response), the SATA
bus 30 is not immediately shifted to the corresponding
SATA power saving mode. If the SATA bus 30 is shifted
to the SLUMBER MODE M13 immediately after the
completion of the execution of a command is reported,
15 and 1f a response indicating the completion of a
subsequent command must be issued, a restoration time
of 10 ms at maximum 1s required until the response
becomes able to be returned. In other words,
according to the definition of the SLUMBER MODE M13,
20 a period of 10 ms is required at maximum when the SATA
bus 30 is restored from the SLUMBER MODE M13 to the
IDLE MODE M11l. For example, assume that the host 20
issues, to the HDD 10, a standby command, for example,
a standby immediate command, and then monitors halting
25 of the SPM 113 using a check power mode command. In
this case, i1if the SATA power saving mode is shifted to

the SLUMBER MODE M13 immediately after the completion



-25 of the SPM 113 using a check power node command. In this case, if the
SATA power saving node is shifted to the SLUMBER MODE ML3 i mmedi atel y
after the conpletion 25 of the execution of the standby inmedi ate conmand

“is reported (i.e., after a command conpl etion response), the speed of a
response indicating the conpletion of a subsequent check power nobde
command is inevitably 5 reduced. In light2sef this, in the enbodi nent, the
SATA bus 30 is not unconditionally shifted to the SLUVBER MODE ML3
i medi ately after a command conpletion response. This will now be

described in nyfe Wl adecutibrAssumhdieseaddd) 1meehoste 20Mhssuesi @ check
power node comrand to the HDD 10 i medi ately after the SATA bus 30 is

shifted to the rSiddvBER MADE 1,3 afmr thecomoapd etdanl ©f 1 dher exesntépn of a
standby i nmmedi ate command. In this case, when the check power node 15

command i s issugd dhuedSATA Dues3brse alneacky/t sy ftled cdmpldei G UWWBER MODE
ML3. To transmt a conmand from the host 20 to the HDC 119 of the HDD 10
via the SATA hBusBGedquernts qglecBsTaet oneestormname SATMdust801 Yo a
command transmttable state, i.e., the |DLE MODE 20 Ml1. That is, to
transmit 3t he ch&dagssver odel dhdorfand:ls helisAThe i erleedbeeneonthel circuit
22 of the host 20 executes a restoration procedure. As a result, the host
20 recogni zes tHHE PYestbrise T oM IPRAHDEP D I NdF i T oY Ehetldnpl etion of

h X i on : ;
the execution o, prr MODE M13 immediately after a command

completion response.
This will now be described in more detail.

10 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

15 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 is necessary to restore the SATA bus 30 to
a command transmittable state, i.e., the IDLE MODE

20 M11. That is, to transmit the check power mode
command, the SATA interface control circuit 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 completicon of the execution

25 of the check power mode command is delayed by the time
required for the restoration of the SATA bﬁs 30 to the

IDLE MODE M11.



- 25 of the check power node command is delayed by the time required for the
restoration of the SATA bus 30 to the |IDLE MODE ML1. 26 The command
(check power node conmand) issued fromthe host 20 reaches the HDD 10,

‘after the SATA bus 30 is restored fromthe SLUVMBER MODE ML3 (power saving
state) to the IDLE MODE ML1 in accordance with 5 the issue of the comand
to thereby make the host 20 and HDD 10 aggessible. At this time, the |ink/
transport |ayer processing unit 122 (transport |ayer processing unit) of
the SATA interface control circuit 12 is operated to transfer the command

to the HDC 119 10 ofrHhediRRrkD. (dhask phee caB@Od-dbassed) frosnthe host 20
reaches the HDC 119 of the HDD 10, delayed by the restoration tine of the

SATA bus 30. Hdwexerthe hesHiDQ0 Ik arothd emmgnize 4 hiee detigy . sBecause of
this, when the SATA power saving node 15 is controlled, the frequency of
reception of alteminds iresdalmad afmedn (SteEISMRERT MO LD MrEnd(p@cept | on
frequency is calculated froma sequence of, for exanple, a predeterm ned
nunber of comERy recedtaton td Mdpoi S MORE d4ltledi tbya cormdartce ecelpt i on
time 20 information stored in the command reception tinme storage area 120b
of the bdffer RAA iZFFueTd b famagid tie Wwnand tacepthonmet e2@al s or

t he hi ghest probable command reception interval can be used as the

connang recept iV HRQUEhAFCHF N dlsdduishdeleg, 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 1s controlled, the frequency of reception of a command
is calculated (step S7). The command reception
frequency is calculated from a sequence 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 presentltime,point may be used

instead of a sequence of a predetermined number of



- 25 command reception tinme points within a certain tine period around the
present tine,point may be used instead of a sequence of a predeterm ned
nunber of 27 - command reception tine points. Fromthe cal cul ated conmand
reception frequency (command reception interval), the CPU 130 determ nes
the tinme at which the SATA bus is shifted to the SATA 5 power savi ng node
determ ned by the currently received -—comiiand; and perfornms control so that
t he SATA power saving node is realized at the deternmined tinme (step S8).
Assume here that the cal cul ated conmand reception frequency, i.e., the
command r ecept iconniOdi reeeyalion $ike dointd.s case, if the HDC 119 has not
recei ved a subsequent conmand when Tc el apses, the CPU 130 causes the SATA
interface control cifirom tthE2 dad cuglhtfad tdvennBAA drrse 30 dro f ey SAKA power
saving node determned by the currently received command. As a 15 result,
control of shi flcomganke rSAFARHWS tio teheaSATA thpowstU sadfll ritp repdel raest er mi ned
by a command related to ATA power saving is delayed by Tc while a
subsequent cofmEnd 1S Béi WG iekedlce $ATN Us ok scade L gt tiosdie GATA
response i ndicating conpletion of the subsequent 20 command, if the host 20
has i ssuéd t hePSUESe§a¥ATd EGRTar® tErmiAies Qe hg Syrandrited §5iHesei ng
delayed. It is very possible that the host 20 will issue a check power
node command tSOf“H‘@%ﬁDDafﬁl élfatrgjr%rﬁ‘?e QI S gkt?otm%’?d Yeifatsdo ATA
power saving. saving mode is realized at the determined time

(step S8). Assume here that the calculated command
reception frequency, 1.e., the command reception
10 interval, is Tc. In 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

15 result, control of shifting the SATA bus to the SATA
power saving mode determined by a command related to
ATA power saving 1is delayed by Tc while a subsequent
command is being executed. In this case, the issue of
a response indicating completion of the subsequent

20 command, if the host 20 has issued the subsequent
command at this time, 1is 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.

25 Because of this, after the issue of a response
indicating the completion of a ébmmand related to ATA

power saving, the CPU 130 may confirm a halt of the’



- 25 Because of this, after the issue of a response indicating the
conpletion of a command related to ATA power saving, the CPU 130 may
confirma halt of the 28 SPM 113, and perforns control for shifting the

"SATA bus to the SLUVBER MODE ML3, a predetermned tine period after the
time of confirmation. This control can also prevent delay of the issue of
a response 5 indicating the conpletion of2@ subsequent comrand.
Alternatively, the shift to the SLUVMBER MODE ML3 rmay be perforned a
predetermned tine after the |atest reception of a command that does not

require restarpmofl 13he a8RMpkkForkdd g erdiodidrerndhi fegay dles $0fa 10
whet her a conmand fromthe host 20, related to ATA power saving, is a

st andby commanduer tsl eép canvEIR MAtie MATA poneida@tmi ddeins set to the
SLUMBER MODE ML3. However, depending upon the type of command or the
structure of tperSATA. dfrteer ftdee tdomt cdl @irftivinta tidril5 (Thhes capabidity of
restoring to the IDLE MODE MI1l), the SATA power saving node may be set to
the PARTIAL MOBE WIZof romvismitciilalny SATA Nrust e el reesteorethd®  the | DLE
MODE ML1 in a shorter period. In the enbodi ment, to reduce the power
consunp- 220 ti ¢RIGCAHEHDID L TEOMHE THOD 10 enpi s Furd tstqamstalre  as shown
in FIG 3, in which the ATA power saving node is autonomously shifted

bet ween the set*l5de&tLvVEdgar difes Shoft fa Conm PLRIRSR SHPHAE3 JBY rel at ed
to the ATA pO\g%r pseqrvfjor}%iedSpaeCpirfeic{:eq:lelr)édir{ergTetdiimaet ealiytear]c tt%re latest
reception of a command that does not require restart
of the SPM 113. 1In the embodiment, regardless of
10 whether a command from the host 20, related to ATA
power saving, 1s 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 M111),
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 1s 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



-25 read/wite processing is finished in the read/ wite node MO, the CPU
130 of the HDD 10 shifts the HDD 10 fromthe READWRI TE MODE MO to the
ACTIVE | DLE MODE 29 ML. Further, if no further command has been sent from
"the host 20 when a predetermned tine Tl el apses after the shift to the
ACTIVE | DLE MODE M, the CPU 130 shifts the HDD 10 fromthe ACTIVE | DLE
MODE ML to the 5 PERFORVANCE | DLE MODE- M229Similarly, if no further
command has been sent fromthe host 20 when a predetermned tine T2

el apses after the shift to the PERFORVMANCE | DLE MODE M2, the CPU 130

shifts the HDDMIL0 frgmHdle RERTORMANGEd DLE MR Mad Gddie LW POVER 10
| DLE MODE MB. It is advisable, for exanple, to dynamcally and

peri odi cal | y chargenddte 20 nesenlia andkddize hasesd onidder previpsiss ya feat i oned
command reception frequency (conmand reception interval). In the

enbodi ment, whermeABApowaro séha g Thiode IO SOPE N5, atiieonopwusiy perfor med
in the HDD 10 under the control of the CPU 130, SATA power savi hg nobde
shift is perforstedtisn SyndilomP windm ttHee AAEDHOROLBLE ATIDHOMEr tsavheg node
shift as shown in FIG 6. Specifically, during a shift fromthe READ WRI TE
MODE 20 MO t o REFE FREANGE | IDIE MIDE M2 - t helmsaTear bowek £ sawi figr thede i s
shifted fromthe |DLE MODE ML1 to the PARTIAL MODE ML2. Further, during a
shift fromthe REAYVE NI ELMDEME tioF Phet PERFCRVMENCE R PLE2 MODE M2, t he

SATA  pover Savplrnegderrtoedremilnse Ii%ealﬁedeiappstgse ;’é&;l’rl A‘é‘he shift to the

PERFORMANCE IDLE MODE M2, the CPU 130 shifts the HDD
10 from the PERFORMANCE IDLE MODE M2 to the LOW-POWER
10 IDLE MODE M3. It 1s advisable, for example, to
dynamically and periodically change the times T1 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 1is 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 1s shifted from the PARTIAL MODE M12 to the



-25 ML2. During a shift fromthe PERFORVANCE | DLE MODE M2 to the LOMPOAER
| DLE MODE MB, the SATA power saving node is shifted fromthe PARTI AL MODE
ML2 to the 30 SLUVBER MODE ML3. In the LOMPOANER | DLE MODE M3, the head
112 is retracted fromthe disk 111. Wien the HDD 10 is in the LON PONER

| DLE MODE M3, if the host 20 supplies the HDD 10 with a read/wite
command, the 5 tine required for restorat3on +o the READWRITE MODE MO is
relatively |l ong and exceeds 30 ns (see FIG 5). In this case, it is
effective to set the SATA bus 30 (SATA interface) to the SLUVBER MODE ML3
as in the enboditvBHER MODEOMIEY. t OIS U ESSI-ROWER CODSUIMpODOMM3 10 Aecess to

the HDD 10 by the host 20 is |liable to be often centralized or
decentral i zed. Heard eéxXianplse,rettteerteed sfeorcases wiiesle hol conmipend tlse rigoei ved
for a certain tine after a state, in which the command reception interval
is very short, ldonts nues.hd mQvhi ROWER cHslgy NQDE ¢1advi Sabhe Host the CPU 130
to estimate that the host 20 has finished execution of an application,
and to set the PP tiEsarrhRTANOWS e iy TRARIY Wil tohtemnane, povwer
consunption is reduced in a relatively short tinme. Further, in a case
where the commend G BRI orPh Mt 2 1501 dfat el SEMNGR BRE ¥R st ate
conti nues for ong tine,. i.e.,, where the HDD 10 js continuously accessed
for a long ti ni’ld it irse]g?siﬁ%eal@f elorf%rari‘ eewci%03¢d“§e Seh A% _p%Wa_r
saving rnode InIﬁM¥H¥Eth%é)r?%rf%“%f§%%%¥$éltgrgégot é ggﬂiuggé'?& IS
(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. 1In 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 1s relatively long. In both cases, the SATA

power saving mode is controlled in synchronism with

the ATA power saving mode.



-25 reduced is relatively long. In both cases, the SATA power saving node
is controlled in synchronismwith the ATA power saving node. 31 |In the
enbodi ment, the CPU 130 of the HDD 10 controls the SATA power savi ng 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 controgicif¥cuit 12 controls the SATA
power saving node. Assunme that the SATA interface control circuit 12 has
received a command fromthe host 20, whereby the SATA bus 30 is shifted

(restored) to the | DOLE MDD Mident f 119 Nnew cosmend has deem sent from
the host 20 when a predetermned tinme T4 el apses after the tine of the

shift to the | RontvddE Mbk JAT $AWAR G derfmg anodontticde cidcusdvilig per f or ns
control for shifting the SATA bus 30 fromthe IDLE MODE ML1 to the PARTI AL
MODE 15 ML2. Furttehegrowdrf afo trew SAdAmEnd has) bedivwendr f rom $AEA host 20
when the predetermned tinme T5 elapses after the time of the shift to the
PARTI AL MODE MiyternfipeeSATAtntlerdiaca idont? otari pewf orm 2t ipes formisrebnt r ol
for shifting the SATA bus 30 fromthe PARTIAL MODE M2 20 to the SLUMBER
MODE ML3.°> The SIIGVBER MDE MIS it ofcgiftd trRedvhier i ther FRTR coneintaée sent
fromthe host 20. The predetermned tines T4 and T5 nmay be neasured using

one or nore ti MEPETQY fe Tfebistur emettn eahd ) Fhih A PRIYEPeSTGRY to T5.

i | when ATA .
Alternative y’moé%.tixééime 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 TS5 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 T5 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 1s sent from the host 20. Also, the



-25 bus is shifted fromthe IDLE MODE ML1 to the PARTIAL MODE ML2, the
PARTI AL MODE ML2 may be continued until a new command is sent fromthe
host 20. Also, the 32 SATA bus may be directly shifted fromthe | DLE MODE
ML1 to the SLUVBER MODE ML3. Furthernore, the SATA power savi ng node
control function may be inparted fromthe SATA interface control circuit
12 to the HDC 5 119 of the HDD 10. |n tie2 erbodi nent, SATA power saving
node control (power saving of the SATA bus 30) is perforned under the
control of the HDD 10. For the SATA power saving node control, it is

necessary to negkenrboils Whe BATAiIIRdtnterdrace oMl g awnly Mbmf the HDD
10 and the SATA interface control circuit 22 of the host 20 support the

SATA power savimg modehEe SeUMBER MBRE M. cimoubidenbreghdh? ssupport the
SATA power saving function). If the SATA interface control circuit 22 15
does not suppopbwieire sEATAgpowele sawitng Invdenqttiken MRARHALMADRE adL2 or
SLUMBER MODE ML3), a shift to the SATA power saving node (the PARTI AL MODE
ML2 or SLUVBERIRIODEL SR TAs linfeadeids] eonluralhes idastirt ptd are el gl0C t he
fact that the SATA interface control 20 circuit 22 does not support the
SATA power savilng rddéhe $iDdqdidval ent to the expression that the host 20
does not support the SATA power, saving node. The nethod for recognj zi ng
whet her a SATA i nt erffadé cMIBHmend +r i 1A RPPRr 12 1Y FO9E g Shvi ng

mode i s (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 po&er saving mode
1s 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
.Cclrcult supports the SATA power saving mode is

25 stipulated in the SATA interface standards. The SATA
interface sfandards stipulate that from the mutual

operations of SATA interface control circuits



- 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 recognizable. Assume here that the host 20
connected 5 to the HDD 10 via the SATA- bus3 30- does not support the SLUMBER
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 instructiorbrinedtesued &r emmheddDD k0 4o thedosterkl 2be tdrer/SATA
interface control circuit 22 of the host 20 returns a response indicating
that the shift itna drifeceSIAIMBER IMDE AMLiX 4 sLd rpessidle.whdiissr whessd he host
20 does not support the SATA power saving node, if the HDD 10 issues, to

t he host 20, armiimstirasctsugpporda sSine tSATSA tmwdre SATApovwete Sis/i ng- node, the
host 20 always returns a response indicating that the shift to the SATA
power saving nogeEdmiizagdssi blfssuludienontiragl thof hdet SATApowertesavi ng
node in the host 20 by the HDD 10 fails. In other words, if the HDD 10 is
20 conneét ed, % tite HOATA hivd &30 ha SlalAdyts 20 tdngs dods surRoBuppert t he
SATA power saving node, it is useless for the HDD 10 to perform SATA power

savi ng nmode cortfBIBER BQDIuLE of e Ebovesais t9acedbidts mEht, if the

instruction to shift the SATA bus to the SLUMBER MODE
M13 (i.e., a primitive containing a pattern indicating
the instruction) 1s 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. 1In other words, if the HDD 10 is
20 connected, via the SATA bus 30, to a host 20 that does
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., 1f SATA power saving mode control has failed,



-25 host 20 returns a response indicating that a shift to a desi gnated SATA
power saving node is inpossible, i.e., if SATA power saving node control
has failed, - 34 the CPU 130 of the HDD 10 sets the flag F stored in the
"flag storage area 120a in the buffer RAM 120 (steps S9 and S10). If SATA
power saving node control becones necessary on anot her occasion, the CPU
130 5 refers to the state of the flag + t! determ ne whet her SATA power
saving is possible (steps S5 and S6). If the flag Fis set, the CPU 130
determ nes that SATA power saving is inpossible, and does not perform SATA
power saving muthe centnalo St epse SDmaNd SPts Aha kg esWiorahern t he SATA
interface control circuit 22 of the host 20 does not support the SATA
power saving rabee,f ltalge sefoaragy eSATA apdvildra siavitige rodef cor®ANI146  usel ess,
this useless control is prevented from being executed, thereby stabilizing
t he operation ofstelps S5 aSATAIRUs 30.f WAER brotve it e \HDDR I0 dandedrgsto 20
support the SATA power saving node, SATA power saving node control can be
execut ed under XEKETESN IS SETRIDhOThESIOTET IR Aeron i ntheheCBIDE 3, a shift
to the ATA power 20 savi n% node i s autonompusly perfornmed regardless of a

conmand, f r om tHd HSstt201S S%&@Ed Ao WA Poer! A HE TN HGISE to
set a SATA povx%@g\gon r.m)de. sui.tabl e fig{ t he curren# A%ﬁ V\{er Isfavi ng
node of the H PIFL 007 dpptspri t GGt rot 3 A
the flag F is set, the CPU 130 determines that SATA
power saving 1s 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 cf 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 1is 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 is 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



- 25 power saving node of the SATA bus 30 under the control of the HDD 10 in
synchronismw th the ATA power saving node of the HDD 10, than to perform
such control under 35 - the control of the host 20. The above-descri bed
“enbodinent is directed to a system equipped with an HDD (magnetic di sk
drive). However, the present invention is also applicable to 5 a system
equi pped with another type of disk drive,35such as an optical disk drive,
magnet o-optical disk drive, etc. It is sufficient if the disk drive has a
SATA interface. The present invention is further applicable to a system
equi pped with amecelegtron o flGdewoes otdher than disk drives, if only the
el ectronic device has a SATA interface. Additional advantages and

nodi fications will Treadidoveocmyctibddhosdoskihded in dhecardéd dderefore,
the invention in its broader aspects is not limted to 15 the specific
detail s and repr eyeftteat iewe: ignead vt ssn SHIWn(reagh elesc rd ed dreres )n.
Accordingly, various nodifications my be nmade w thout departing fromthe
spirit or scopéoofeviche dFéreerdlesanientivantcoicept akso el hiethible tie
appended clainms and their equivalents. 36 WHAT IS CLAIMED IS: 1. An

el ectronioc devidcSWHtE £BEMRAD APAD igicdrie e Wt f iyt & et ector for

detecting issue or reception of , , , ,
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, if 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 detalls 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.



-5 a predeterm ned command; a confirmation device for confirm ng conpletion
of execution of the command detected by the detector; and a controller for
controlling shifting of the 10 serial ATA interface to a power savi ng node
“upon confirmation of the conpletion of the execution by the confirmation
device. 2. The electronic device according to claim1, further conprising
a serial ATA interface control 15 circuit gennected to a serial ATA bus and
a parallel ATA bus, the serial ATA interface control circuit perform ng
interface conversion between said serial ATA interface and a parallel ATA

interface, the serial ATA interf caontrgl cjrcuit converting, 20 into an
instruction suitable for the paraﬁ%@ﬁ ﬁ%Aq;ﬁiﬂED S'nstruction transferred

via the serial ATA bus, nd sendi ng. the suitable ins ctio o the
paral l el ATA bus, th 'seg?a?f%\ r?%%%r ace~coh ?%Igcéégh%% g?%cluding a

device for shifti er i JA bus to 25 said power saving node for the
seri al ATAilneﬁ%égkgfg?éé%%gkagﬁégghﬁth control perforned by the

controller. 3. The e} egl{oni&r deyi CQe BESOL A NPss Qe Chal PrdepBionfyEt her
conprising a serial ATA interface control <circuit connected to a seri al

ATA bus ard a paf abt&det AN S, cdhars@si al ATA interface control circuit
performng interface conversion between said serial

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 said power saving mode for the serial ATA interface in
accordance with control performed by the controller.

3. The electronic device according to claim 1,



-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 node for the serial ATA interface in accordance with contro
performed by the controller. 4. The el ectronic device according to claiml1,
15 further conprising a serial ATA interface control circuit connected to

a serial ATA bus anqba peripher al one t ] tercon ect bus, the serial
ATA interface L 5o %S%ﬁﬁuﬁ |%ﬁ?ﬁf FOnaF LR t he
serial ATA |nterface to and fro t he serlal S he seri TA
interface controf® C|r%%| T'he telh% A Se@%%e‘$%rq% ?f?lé e S Sgilgl ATA

bus 10 a pover  saing, modg. for, the sel Al ATA, a@tcgéﬁ@f&'@léﬁgp{dance

with control per e control A disk drive wth a serial ATA

interface 25 connected,i0ya hostryid @omféioﬂée%en COMPY i $Lpga) a
reporting device for reporting, to the host, conpletion of execution of a

command sent fromi hehd8-rhostad® éfk@a]_déﬁkeﬂrzkfy@,m@@lr%@@ntmél er for
controlling shift of the serial ATA interface to a power saving node after
the reporting deyviitel reporistcomtetéon ofl exeeatii®nceiverting,
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 interface
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 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



-5 a preset command. 6. The disk drive according to claim5, wherein the
power saving node includes one of a slunber node and a partial node. 7.
The disk drive according to claimb5, wherein: 10 the preset conmand is a
sl eep command for designating a particular power saving node for an ATA
interface stipulated in ATA interface standards; and the controller shifts
the serial ATA interface to the slunber npgle after the reporting device
reports 15 conpletion of execution of the sleep command. 8. The disk drive
according to claim5, wherein: the preset conmand is one of a sleep
command, a standby command and an idle co nd, the sleep command, the

st andby conmmand te ﬁQﬁeﬁRﬁﬁhﬁ%ﬁd”?béﬂé i gnating respective particul ar

i d f id ATA ipterf | pul at ed. | TA interf
K andar ds: and the cont7aTer. ST {1 G- Che ot TAr AP fntbr PAE oot o

correspondi ng ongr fir$ e:rrﬂck%gﬂeée%g‘?@“@dsdé‘ple“%%&%téﬂemedEt erm ned by

the preset command, a I ng device reports conpletion of

execution of the preset, compand. 399 dhe dhskodrdy e accer ding,£o0 claim

5, wherein the controller includes a timng device for determn- ing a tine
required after the,reportidfgmsleyi ce reports conpletion of execution of the
preset command unti |

6. The disk drive according to claim 5, wherein

the power saving mode includes one of a slumber mode
and a partial mode.
7. The disk drive according to claim 5, wherein:
10 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
the slumber mode after the reporting device reports
15 completion of execution of the sleep command.
8. The disk drive according to claim 5, wherein:
the preset command is one of a sleep command,
a standby command and an idle command, the sleep
command, the standby command and the idle command
20 designating respective particular power saving modes
for said ATA interface stipulated in ATA interface
standards; and
the controller shifting the serial ATA interface
to a corresponding one cof the slumber mode and the
25 partial mode determined by the preset command, after
the reporting device reports completion of execution

of the preset command.



-5 the serial ATAinterface is shifted to the power saving node, the
controller controlling shifting of the serial ATA interface to the power
saving node after the reporting device reports the conpletion of
execution of the preset command. 10 10. The di sk drive according to claim
9, wherein the timng device determnes the tine froma frequency of
reception of the preset command sent fromsghe host. 11. The disk drive
according to claim 10, further conprising: 15 a nmenory for storing
reception time information indicating a tinme at which a command fromthe
host is received, ang a calc Iatlng device for calculﬁtlng the frequency

of reception of the conmehdef bﬁ¥a 19) 10201110 v l?%c%%t? 7 ne YRgheAte

i ndi cated by the rece t|o ornatlon store in_the menor 12 The
di'sk_dri ve accor%n%ﬂ “laff?ﬁsm? PR AT N B s

det erm ni ng whet { E&?QQE%% agﬁ%ﬁﬁ%g%fﬁiﬁ@ é%@f&éoPeg }

serial ATA |nter ase naresu cont

shifting the serigl, fgﬁ,mt@ff&@cﬁ@lé@ of hen PRI s SAVi fighimde;n g a
storing device for storlng flag information 1ndicating the determ nation

result of 4he detir mMoing geNi Leepfblbe is shifted to the power

saving mode, the controller controlling shifting of
the serial ATA interface to the power saving mode
after the reporting device reports the completion of
execution of the preset command.

10 10. The disk drive according to claim 9, wherein
the timing device determines the time from a frequency
of reception of the preset command sent from the host.

11. The disk drive according to claim 10,
further comprising:

15 a memory for storing reception time information
indicating a time at which a command from the host is
received; and

a calculating device for calculating the
frequency of reception of the command from a command

20 reception time sequence indicated by the reception
time information stored in the memory.

12. The disk drive according to claim 5, further
comprising:
a device for determining whether the host

25 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



-5 wherein the controller refers to the flag information before starting
the control of shifting the serial ATA interface to the power saving node,
and does not performthe control of shifting the serial ATA interface to
t he power saving node if the flag 10 information indicates that the host
does not support the power saving function of the serial ATA interface.
13. A nethod of saving power of a serial AJA interface enployed in an

el ectronic device, conprising: 15 detecting issue or reception of a preset
command; confirm ng conpletion of execution of the detected command; and
shifting the serial ATA interface to a power saving node upon confirm ng
the conpl eti on JfhRPRELIF O BINYFRY detect ed conmand. 14. A nethod for
saving power in a disk drive wth, a sgrial ATA in%grface conngcted to a

host via a serial ATA BuRIIRBmPrYLrhgt 255t hoPYi hytdt o't RE AbEY!
l eti f tion. of - t i i X
o0’ controll i ng SRt ied of T oSt | S PG DPRind Dl LEL R gl T

he” seri al t0 a power saving
node after the rﬁ%ygééng device reports conpletion of execution of a

preset command. An’ e ectronic device with a serial ATA interface
conprising; 5 nmeans fEredeifCth8JcbSEHE1 PEXT BEERELOPoOthe 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
10 information indicates that the host does not support
the power saving function of the serial ATA interface.
13. A method of saving power of a serial ATA
interface employed in an electronic device,
comprising:
15 detecting 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 mode upon confirming the completion of

20 execution of the detected command.

14. A method for saving power in a disk drive
with a serial ATA interface connected to a host via
a serial ATA bus, comprising:
25 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



- a predeterm ned command; neans for confirm ng conpletion of execution of
the command detected by the detecting neans; and neans for controlling
shifting of the serial ATA 10 interface to a power saving node upon
“confirmation of the conpletion of the execution by the confirmng neans.
16. A disk drive with a serial ATA interface connected to a host via a
serial ATA bus, conprising: 15 neans for geporting, to the host,

conpl eti on of execution of a command sent fromthe host to the disk drive;
and neans for controlling shift of the serial ATA interface to a power

savi ng node after the reporting 20 a reports coqplethy of executlon
of a preset co mfarfg POWEr saving mo ter the reporting dev

reports completion of execution of a preset command.
15. An electronic device with a serial ATA
interface comprising:
5 means for detecting issue or reception of
a predetermined command;
means for confirming completion of execution of
the command detected by the detecting means; and
means for controlling shifting of the serial ATA
10 interface to a power saving mcde upon confirmation of
the completion of the execution by the confirming
means.
16. A disk drive with a serial ATA interface
connected to a host via a serial ATA bus, comprising:
15 means for reporting, to the host, completion of
execution of a command sent from the host to the disk
drive; and
means for controlling shift of the serial ATA
interface to a power saving mode after the reporting
20 means reports completion of execution of a preset

command.



