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-1 TITLE OF THE | NVE&I'[I;I (F?\I RELEKI’/:?%I E/:E'?'EVI CE W TH

s AL ATA s maocerouno o Tre Twent o s SN
present invention relates to an electronic devi

with a serial AT attachment (ATA) interface, and ndt@"

particularly to an electronic dfvige represen;ed by a
di sk drive, and a power saving method for;serlammmmmmmmmmwm
buses, which are suitable for reducing 10 the po

consurmt on o1 2 Se1 ey BTAMe Wb BRLPT . L0 (o
AT st ReadySortal s SBT A SEATEIL BRUSLR poner
r ef esApeivg QresHOBNEORT ERTAE ATk dagugent”), standards

for serial ATA interfaces that are new interfaces for

di sk drives have beerkcr®ukebPOUEHE SBFVRYT ATA

interfaces are used as interfaces between a
peri pher alThdeptreeentephesanted bylatedBgnetanC edicskronic
drive, and a host (host system) 20 represented by a
per ségfal ceonptit er. seéniahi BTpathechmeati dATATAinterface,
interfaces are simlar to conventional ATA interfaces
(i.eandgeese |Rer ATAularéyf boesh. eAeperbpher devdeei ce
with a serial ATA interface, such as a magnetic disk
dri vEeRFRS P hadtley Reflépkedrive, 28ndsaanowebDspying method
connected to a host by a serial bus.
or serial ATA buges, 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
that are new interfaces for disk drives have been
worked out. Serial ATA interfaces are used as
ihterfaces 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
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”), is 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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In such an HDD, to secure conpatibility with an ATA
interface, it is necessary to convert an ATA interface
into a serial ATA interface, and convert a serial ATA
interface into an ATA interface. Such interface
conversion is perforned by, for exanple, an LSI
(bridge LSI) called a serial ATA bridge. 5 In
the-serial ATA interface standards, three |I|ayers of
different functions, i.e., a phyS|caI | ayer, link

d h h I
| ayernfdce SRR %ﬁkaﬁ%sigéﬁ??ﬁét GRIaEs %éﬁrﬁl ATA
C
ot S aPBILEoln0o SR AIRCRhL Dkl POV Tt 12
to. té@h%é?§l$ﬁyf§ égffgfﬁﬁgagﬁysf%Eh ?gmg e, @p LSI

i nterpretation ical

out pi 51 dg o5 gslmedsaggghm kg Liakgeaver in

response to a request therefrom Iayer

suppl i es thetpBysiteahll ayar inltarwalh %t@%ﬁ&%ﬁs;‘%hree
output a signal. The link layer also supplies the
transpeets |afedi fféhenberdataiohsansnett ed bhemithe layer,
physi cal |ayer. The transport |ayer perforns
conversk ok Yor apérataossobasédyen,t bhee AEAiskandarmis
Assum ng that the above-nentioned 20 bridge LSI is
usecPhyskgrHDR Ve hehadl @ BRnchéont fanspartutdyper high-rate
corresgonds to the role of the ATA signal output unit

of & M3 ehat rapsrisnaen abfl| reespihonTA The physical
connection. The bridge LS| is .connected to the disk
con{i%ﬁﬁﬁwl? XN OFS t ReCRbPSYi 92587 aANATArBOST(GE &he data

bust?o@%ézﬁlnk g&épeléqghggg&agggeglth 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
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
bridge LSI is used in an HDD, the role of the
transport layer corresponds to the role of the ATA
signal output unit of a conventional host that
utilizes an ATA connection. The bridge LSI is
connected to the disk contrdller (HDC) of the HDD via
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,
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"buses, as wel | as a power saving no

on the ATA interface standards. Accordingly, in the
connecti on between the bridge LSI and HDC of the HDD
operations equivalent to those stipulated in the ATA
interface standards or conpatible with the standards
are perfornmed. In this case, the portion of the HDD
excluding the bridge LSI (hereipafter referred to as a
5 "main HDD unit") regards the bridge LSl as an
apparatus (host) for issuing a . command to the main

un|tt ccordlng Y, hhg nabn HDD ynit operates_in
the °R&he hﬁﬂﬁe?qﬁé 41 EBhvERL FBRSF ﬁBBpH%PFﬁﬁlﬁﬁ &he ATA
ATA th I has
R e
pr°t998|%e§f a lo@hcfh gogg%gdsthe ﬁg% 1bn g%ﬁngDD

si gnal ara dat a 'si"gnal récesse

ATA ERpEerfiag EHétbp§d%enE§ﬁt k@&ﬁa?tég;?ggeQQEQ to as a

signal. 15 The serial ATA Thterface stan

sti puhaig HDDD@M@E”ﬁaEEQQrHEdEhQ'B%Eng %ngg%L%%OfEQ

to témparsoven(hess) AGA ipseihace cpanahbekoAtAe main HDD
interface) standards. The idea of serial ATA bus
powernsavi nc@Ordbeglppt thzi shihnHDbeuagaveptiranak ARAthe
standards. The serial ATA interface standards

st i ptdag enanheeeapopeconunageoral Hbbestfidizsegi ah ATA
|nterfaces i.e., "PHY READY (IDLE)" "PARTI AL" and

" SLUNBERECT pie- | THYUREADYE Ap8éalndTdatbsesfscat basn

25 whi ch b h, th it (PHY t) f |
Che CORGTERTOR-GT St bhyEheah thayFogPRISI BYBFF TmARE

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

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
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
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,
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“the

mai n phase-| ocked | oop (PLL) circuit are operating., 4
t hereby synchroni zing the interfacing states of the
host and peri pheral device. The "PARTIAL" node and
"SLUMBER' npde indicate a state in which the PHY
circuit is operating but the interface signal isin 5
a neutral state. The difference,by definition between
the "PARTIAL" node and "SLUNBEhﬂ node lies in the
time required for restoration therefromto the "PHY

READY, B de. . Mo ifically, it i _
A A S 08, DO ERECLELSRLLUL! 8 cos o ene
f . » t S

B T R
equiseditpr: 459k 0LALLEALE! OMLthe, BhUMRERL dRde ppst
not exceed - 10 ns. As long as the reStorafion tine and

i nt esf 06 15 poyeErat 8h§ BARf eRM aatga%?agagqam is, in

manuf acturers can seleCt the portion o evi ce,

powesr rsavtrgl Fteéion of which should be executed in

the "PARTI AL" node or "SLUMBER' node (i.e., can

sel ect theheidttierenhat bghdelfdnbeibur bedwekh ithet he

node) . 20 Shift to a power saving (ATA power saving)

st at ARLWE! miede t and hESEUMBERT | bndk ATAsi nhethacéime

standards is realized basically under the control of

a hdQ@IuiAL AT HovRstebat hgnnblesefrppLEL, theTARBEYREADY

and :é§E EP" des, for exanple, are stipulated. on _
( heétotand, MR PeeL Al pahel  sati h§ Fééprapted

ATA ,power,.savi n node, (i .e,, the "PARTI AL" or

gL £Qﬁxﬁﬁég requlged Ioér restoration from the
"PARTIAL" mode must not exceed 10 gs. On the other
hand, it is stipulated that the time required for
restoration from the "SLUMBER" mode must not exceed
10 ms. As long as the restoration time and interface
‘power state conform to the standards, manufacturers
can select the portion of a devicé, 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).

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
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
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for serial ATA buses may be realized under the contro

of either a host or peripheral device. However, the
above-nentioned prior art docunment describes nothing
about a technique for controlling the serial ATA power
saving state (in particular, a technique for 5

associ ating the ATA power savi state with the seria

ATA power saving state). Assu here that a serial ATA

interface is used as the interface of an HDD, and the
HDD i co necte host .vija a_serial ATA bus. In

t hi ° a%% ¢t ?ghﬁ%tn%EeE%ﬁ}Qheﬁéls?%Yé@eaboU@weyﬁrf the

?Lgré@?v%fiee%*%?%n ekt Coh eﬁ?%ﬁﬁéégcs%%é%eiosaapomng
A
|t o oee 4 PR ek Enirfor | RREERAF el o?asgf‘?ééi‘tf\?é
onLr |
and The: %2%%?%%%%%%%??'?*5%@%?* nGeppp.fie' fox

lden§$§6ﬁléﬁhﬂ%_ﬁﬁéﬁﬁf é@e£h§£v1§§'QH£@EeQétﬂ EH% serial

conventional ATA interface standards. Accordingly

t he AMRC poeOgé 2end her seej al  ATA bridge as | _f l t
were a host itself that issues 20 commands. Thi s neans

that the Bpewme i baseothdhea. sepoali pNE ohtkbe€adeDis used
ot her than the serial ATA bridge peripheral portions
ar e &1 Milarinterfeceonvemn i BPR) awmdeshe | HDPDDs wbhhected
serial ATA interfaces, a conventional ATA bus (i.e.,

par 19 & HOSE BUs) @ T Dal AFheets. a EerthisATAse, it is
interface control circuit to an HDC can be fornmed_on

t he PTGTRAF i rEi § E DA RRPD) t%fPWél@@D@ serial ATA

rial
There”é&f%aéé]co rgftga§gﬁi€ (serlal ATA bridge) for

converting a conventional ATA interface (parallel ATA
interface) into a serial ATA interface. In this HDD,
the operation of a junction between the serial ATA
interface control circuit énd 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
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
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
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interfaces, the wiring |l ength 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
is used, can be expected. The serial ATA interface
standards have been worked out on 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

t he seria%ﬂATA sfandards, 1 | S necessar

it t
pr oviideS B A9SE whEh WéﬁﬁﬁﬁagghFBP OHeEP@néFKnBSﬁeﬁﬁn be

| h ot . LI
ov, LT B8R 1 i6nnSl ot SATACEr ahBar LS. EAPEREF
th I S f. . »
Si T TEani Tyt T USRee TRe SATI 7S 45aRoRrRL Bk £ER bus

SUMMARY; §¥4 THE h NVENIL ON-+ L5 an enbodi ment of the

i nvention, power consunption is reduced by

ef fectiverjeusétizingrhhentpeWeteSathAdaMBdenhoe been
serial ATA buses stipulated in the serial ATA

st andaridsd Qbt .o ntiaecasdanpeivht Bhat enbodamentofbatible
the invention, there is provided an el ectronic device
Wt Wiklsethal ciTennt end AckRThavtagdardet ephoslfiel ATA
detecting issue or reception of a predeterm ned
conTRfRNdr@on{ i rimefohodevi te fealtoafthai ngw2ddea of
conpl etion of execution of the command detected by the
det RAGE FHE-BO contPelabedr br Ebat seriahghShi ftrngasts,
the serjal ATA interface to, a power saving node upon

u

confliT et i B OISR B%d%?%Y?@ﬁp%fh?ﬁE BXERuURPYNMBFNENECT

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. |
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.

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
compietion 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



10

15

20

25

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. The disk drive has a
reporting device for reporting, to the host,
conpl eti on of execution of co nd sent fromthe
host to the disk drive; and = controller f or
controlling shift of the serial ATA 10 interface to a
ower saving node after the re ortln devi ce reports
gonp? ?bﬁm%Fl%Qeeﬁtﬁgﬁ SPmBEﬁEéQQtO cohfafdecyétion by the

furt n f the invention relates to a
Q§50$9§%€#§§ %gngQOf a serial ATA interface 15

.emol oyed ip QECSESQBFQ”M&tﬂeye‘Eeanyf}% t*ﬂn%ddd S

I ssue or reception o COI’]

CO”D%@&'Pﬁv@ﬁtféﬁcuEhQPeoﬁs §909§Hgat8dd€%ﬁ”%Q4veaQﬂ h a

shifts the serial ATA interf ower savi ng no

upons€etd i raTNgihher e9aB! @bhﬁec%de%%%t her+of,ithe 2Qr541
det ect ed command. Anot her enbodi nent of the i nvention

pertaiAsot®. Tiee hedskf dperEOnAENE reporting device for
i nt erface-conversi on between serial ATA interface

and meparaliel PTAhateosaceconphisiort badereasities af
preset tinme starting each tine 25 the serial ATA

i nt e feRENaRd senk efireom Bhei dbetnbdethe daskodddwes and
with reception of a conmand which requires interface
conV%r%?% LR she¥tsorheosbingl shFAti afethacserieh ATA
the . de to a redet erm ned power _saving node if

no fidt %%gn QéehedhVsBAt MNafieepfter 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
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
detected command.

Another embodiment of the invention pertains to
a méthod of performing interface conversion between
a serial ATA interface and a parallel ATA interface.
This method measures a preset time starting each time
the serial ATA interface is shifted to an idle mode in
accordance with reception of a command which requires

interface conversion; and shifts the serial ATA
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expiration of the preset tine. Yet another enbodi nent
of the invention involves 5 a nethod for saving power
in adisk drive with a serial ATA interface connected
to a host via a serial ATA bus. The nethod reports to
the host conpletion of execution of a command sent
fromthe host to the disk dIiv§ and controls
shifting of the serial ATA 10 inhterface to a power
savi ng node after the reporting deV|ce reports

e AT Erler T LhOndl s U BUE B +18Y BRAUF KB DFHePOWer
acco awn are_jincqrpora ed 15 in
and %%ﬁ£¥?tu?e£a$%ag§ om@Fﬁe “specitica aSn SFPI BSPrafdter

enbogxﬁaf%@l@ﬁ bRerhpvepbLap, capd together with the

general description given above and the detailed

descr'ptlQQtOEnbBﬁe@”@ﬁgbﬂﬁﬁbﬁtgbYe@thhﬁWéntﬁ%hV§nR%lves
expl ain the principles of the invention. 20 FIG

a bl @ckethagr et i shushgapbrert he acamékgambbomeﬁ

system equi pped with a magnetic disk drive (HDD) 10,
accoselr hgl tATANi ptboaoentonfietbed tovenhben, vERGa 3derial
is a block diagramillustrating a main HDD 25 unit 11

I ncokPhriaged i hhe heeHDDd 10epppear togtha Rb&: &pmplEtidn of
is aviewillustrating shift of ATA power saving nodes

enpl e | For hef ewrbedithend : SEnG fyonsthevhewt to the disk
illust ratln the rel ationship, between each ATA power

savi %%de g@@yr%l%nah%ﬁglng of the serial ATA

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
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.

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

FIG. 2 is a block diagram illustrating a main HDD
unit 11 incorporated in the HDD 10 appearing in
FIG. 1;

FIG. 3 is a view illustrating shift of ATA power
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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 tines required for
restoration, to a read/ wite node MO, from each ATA
power saving node M to Mo in FIG 3; FIG 6 is a view
illustrating the relationship 0 between each ATA
power saving node in FIG 3 and®the corresponding
SATA (serial ATA) power saving node set when the HDD

10 is i h ATA [ de; FIG 7 i

1 oveHS S JERREH TROLRBPSI FnGhPORBPOSABRRESl
f d th in HOD unit 11 of H 15 10,

hac recol TLA o cOmmAnt-FFom AUAEAt0 Ad PR THorS b

[ i ' [ I SATA . ' d
oSS AL el ST BoHERE GRAERY U one
DETALLER PESERI AL QN OF I48, | MVENTL ON, 20, Ansgibadi geqh s
in which the invention is applie to a system

equippeth Widdh armgpGHEs dhskngriygehaving a serial
ATA (SATA) interface will be described in detail wth

referencer1®. theiacgoupanyi Dgudtawtngs. exbh@lel b¥ &imes
bl ock diagramillustrating the configura 25 tion of

t he my@tiomdegioppess ot ht t bwe, magnet readyskitdringg@e MO,
(HDD) 10, according to the enbodi nent of the

i nvédmdmreadis Alownwdehes#Dnh g Omodapises HSmahnFI@. 3;
HDD unit 11 and SATA interface control circuit 12. The
mai n HDD IkFt Q1igorrespendslustaatdngenbronal abbbnship

forhperforninglgarallel data transfer using an ATA
etween edch ATA power saving mode in FIG. 3 and the

corresponding SATA (serial ATA) power saving mode set
when the HDD 10 is in each ATA power saving mode;

FIG. 7 is a flowchart useful in explaining power
control performed when the main HDD unit 11 of the HDD
10 has received a command from a host 20; and

FIG. 8 1s a view illustrating shift of SATA power.
saving modes employed in a modification of the |
embodiment.

DETAILED DESCRIPTION OF THE INVENTION

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-
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
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interface. The SATA interface control circuit 12 is 5
a SATA (serial ATA) bridge for peripheral 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 perforn1interface-convgrsion bet ween an ATA 10
interface and SATA interface, Ad s forned of , for
exanple,. a large-scale integrated circuit (LSI). The
SATA.interface control circuit 12 has, in_particular,
a fﬁ%%ﬁi%%l oflc%ﬂ e?%?%glﬁﬁeFﬁ%??uEPPBﬁ?lSQHFCVPﬁ tRe

SAT 0, d ' [ [ ble f ATA

SATA U0, BBLO,AN RBCUELLon SuLt 8l ¢ Lo an ATAL,
HDD [ ' IThe_host 20.i

100 rapib el g AT Bus.dg, The DSt 20,6 g

uses; A e FDR 10 @ﬁeSéﬁfﬂgfng%gggcgoégnggofo??%%ﬁ?% 22 is

mai n host unit 21 and SATA i nterface con

Ci rcaui $ARR. (Jbei Mmi Arhpshrvaht 24r ﬁ@ﬂﬁﬁ@?@@sd&@iées.
conventional host for perforimng parallel data

tramsiersAmi noh edr Adde | bt FatecifbBeit SATA kntehhiae®ed to

control circuit 22 is a host bridge, and is connected
to theromt n(host syste]l ¥0avaa AMASREAbuss(pseaibel ATA
ATA bus) 23, and to the HDD 10 via the SATA bus
(serbzd) A buBhe IATA hinSATfacat ephicel contndk 12 is
circuit 22 is formed of an LSI for performng - 11

i nt % LT RRRRFRTH N B WERRe afOATAL § heer PateeandanaATA
SATA interface, |like the SATA interface control unit
12 ofMtHe 3D AR SPhED SATRe T hReef aged chfit Farmed 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
bus 13 (ATA interface), and sending it to the main HDD
unit 11 via the ATA bus 13.

The host 20 is an electronic device, such as
a personal computer, which uses the HDD 10 as storage.
The host 20 comprises a main host unit 21 and SATA
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
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
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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 |ayer processing units 121 and 221
and |ink/transport |ayer proc&gsing units 122 and
222, respectively. The physical |ayer processing

It 12 d 221 t I gh-rat l,al dat
L arG et g £y cHenT S5 o r SR BBEFBNS v At hBESATACBuEnd

30. j ' ' d f ' 1.
SRR ST LN RERE LN CTARS I
j j 2 221 - '

Pr OGBSt Nt nd 2oBNdo22 sk el 1 B LeopL el

linkéir@amspors hayerinPheeesshingrynkt $,422:80ds222 in
accordance with the 20 |nterpretaf|on results,

respesiveet yng Rt t hestrtbeionhysksaal viayehePERERSELBY30,
units 121 and 221 transmt respective serial, data

Si gniattso i an r Bsponsetionr equesbse FoemthBesATA bus 30 (SATA
l'ink/transport |ayer processing units 122 and 222,
respiecten@ige) Thendi skoidimamspor tol ager HBH pooeessthg SATA
units 122 and 222 each include a |link |ayer

prod®ssiHYy- unit and transport |ayer processing unit,

whi ch are not shown. The respective link |ayer - 12
processi ngPeNFAEA oiNERBLRFAKCPRERSPOFE CEHYES 12 and 22

rogessing units 122 and 222 supply the physical |ayer
P OCEast PG L 1oAY ShaP 555 4 RO, WRUGS! S5t 008t pat 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
time, the data trénsfer 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 ﬁnits 122 and 222 in accordance with the
interpretation results, respectively. Further, the
physical layer processing units 121 and 221 transmit
respective serial data signals in response to reéuests
from the link/transport layer proceséing units 122
and 222, respectively. The link/transport layer
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
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'signals, in response to requests fromthe transport 5

| ayer processing units of the processing 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
transmtted fromthe physical Hgye[ processing units
10 121 and 221. The transport F&ayer processing units
performinterface. conversion between the ATA

interface and SAIQ i nte %ac . E %es, such as
per it SEpdhet ?ﬁté et rgpepyrsuiey,erb
' i T, 3 5
COmREL LI E LN A DE Ao DUSE 213 08D o83 BRYsBEar taver
can AL 222 £8E0) BLERLSRe 1D Bcpue

r
can be provid her, S

ffd ifith j t l-E Ui
S 400 P AT e Lpdgatedt epbec it

transagd i pheo desls 1:8gehiNi B9 Ser Bk g}fécleets%tga%its 122 and
signals to and fromthe SATA bus 30. FIG 2is a bl ock

di agtm i | fwstliet j nghé heespootiger athenlalerhgrdiedsing
HDD unit 11. The main HDD unit 11 has a disk 111 as a

r ecordi gy eedihenp2&cdssipastnbhe 30Pf and AbR2t bepgilsk the
111 is a recording surface on which data is
magreesredtive etoanispioria hapdr (pagnessénbead)tsl®ith data
opposes the at |east one - 13 recording surface of

t he Wiaemyteq oy Shewshistase hWaA¥es phecmasAngDDnits
unit, 11 (ﬂED 10) includes only one head 112, for
faciidt Athfthe dhhfi ReepFPPRE 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
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
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.
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
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figure. However, in general, both surfaces of the 5

di sk 111 serve as recording surfaces, which respective
heads oppose. Further, in the exanple of FIG 2, it is
assunmed 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 o ger 10 The disk 111 is
spun at high speed by a spindl motor (SPM 113. The
head 112 is used to read and wite data fromand to
the disk 111. The_head 112 is attached to the tip of
an actTRf 29139 TRES aR E? dli& ?Eés aFVBi cé EBPWS

ML O T 3140 I el 18 B
RETR N ey e

Domf%%u?é( reg@g;g\t,éye ohi ¥ HQr&E”S?‘cﬁ é%@%&&ér%t

current supplled roma’ no rrver
116.4iTsie 1Dt Ok £k VEE fé%éﬂ§1§8p9hk§§cEQe W§E@k1}§spectlve
with an SPM current designated by a U 130 and

supphé®ss thwepdEM 11Bunihbra VEMBYr égahpﬂesmnat@d 2by
the CPU 130. The head 112 is connected to a head IC

‘(heatt 25 asphmédethatrtchetjpald7HDPhenheatdl| CHDH710)

includes a read anplifier for anplifying a read

si gngtcledels by sineléeddisk1P]llandHawerete ahphafi énclude
for converting - 14 wite data into a wite current.

The %é%ﬂdllr@llﬂy ¢5 divkmett bdstackedean/ aprrheotiger.
(read/write channeIL 118. The read/wite IC 118 is a
signal proeesdiff debit& 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 is
attached to the tip of an actuator 114. The actuator
114 has a voice coil motor (VCM) 115. The actuator
114 is driven by the VCM 115, thereby radially moving
the head 112 over the disk 111. 2As a result, the head
112 is positioned on a target track. The SPM 113 and
VCM ll5-afe powered by respective driving currents
(SPM current and VCM current) supplied froﬁ a motor
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
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
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for perform ng various kinds of signal processing such
5 as analog-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 di sk
controller (HDC) 119. The HDC 119 has a disk contro
function for 10 controlling dﬁta transfer fromand to
the disk 111. The HDC 119 incf-ddeS an ATA interface.
That is, the HDC 119 has an ATA interface contro
function f recei ving and transnittingﬁconnands

(such & #%Eﬁu%&??eac ThefdSYERRb Cdat ANfr BRAENACt 617 is

e ST T hat® TreTOROL L HE D! IBSHAUFRGeaCaRTRED) 110.
|t ertace e T g o LB R RrhPEaStlg aevice

whi ey didd e Srdf @QPY@@%!QD?%Z g%ﬂék%ng FEE?%%gihﬁ such

connected to the host 20 via Ain ace

contd =Dl artd Y&gH o121 @i SATAPESs30n ofhe HRGq1494has, a

buffer control function for controlling a buffer RAM

120 .eridwi R dA Wi 1ied uslesa A detaiusgr 66i sken difa,used.
for reporting the state of the HDD 10 to the host 20.

25 Ahparteasd/whietereldryl @res obnhbetbdf ter aRAM- @281 sks

used as a data buffer area for tenporarily storing

dat ganytasiley etHR@t wekh. t he host 20 and the HDC 119

15 of the HDD 10. Another part of the menory area of

the buf fete FERF 12b% i Bagseddaskacpnagosdt uagéianedor

120a for storing a flag F_describéd |later, and as a

co rolling 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
via the ATA bus 13. However, in the embodiment that
includes the HDD 10 having a SATA interface, the HDC
119 is connected to the SATA interface control circuit
12 via the ATA bus 13, which differs from conventional
HDDs. The HDC 119 is connected to the host 20 via the
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.

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
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reception tinme storage area 120b for storing tinme 5
information indicating the tine at which a conmand has
been received. The area 120b is used as a ring buffer
for storing tinme information indicating the points in
time at which a predeterm ned nunber of nobst recent
commands have been received. 1? The CPU 130 is a main
controller in the nain HDD P 11 (HDD 10). The CPU
130 includes a nonvolatile menory (not shown) that

preq&@r@ﬁ%aHﬁBniéol ﬁ ﬁeﬂ%F§)OfTﬁBEE%%£?§§ a%ga of the

pr ogranmabl & nonvol ati

Contg&%?efaﬁﬂﬂ *f@efé uQe&hgngEE Qgﬁ9t§ﬁga§8§%%?2§?Ps for

with the control program preéestore

MeNY o r1dg thffg§:ﬁlgeggffﬁggsla£59n]ahae Qogtcggma%d

partlcular command for designating

moderd @gpt n r a d
Thaer i nt e Hhe M E6LAGE 024 %2%&02 ¥t§%éﬁﬁszéfnﬁg

modei rdsirgied @d bya 1 bet cegmeRg. tménats\%itﬂgat esmﬁxﬁd has

power saving node, the CPU 130 causes, via the

119 meeh SATPe bosd 13, Thdea SATAL2 0ib et § ageed cast aOklng buffer
circuit 12 to set a SATA power saving node related in
advarfte 1 Heg ATigoiwfoseat hop nboéic26ifkyGth8 psiats in
view illustrating shift of ATA power saving nodes
(podk#‘%éV?ﬁﬁrﬁﬁﬁe% Rredetormbred t ourher afAnoatereaest

st andar ds eggﬁP ed in the enbodinent. 16 In the

enbddi Iﬂﬁﬂ% % RRED SERF RV eRddes i nclude five nodes

- ACTI V PERFORVMANCE | DLE MODE M,

LOVER- P o@?%l%a RAWRCBY MEDELRE ARdCBEERPin 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
10 in accordance with the control program prestored in
the nonvolatile memory. If the HDC 119 feceives, 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
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.

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.
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MODE Mb. In addition to the power saving nodes M to 5
Mo, READ/ WRI TE MODE (ACTIVE MODE) MO is provided as '
anot her ATA interface node for enabling a read/wite
conmand to be executed. The power consunption is
reduced in the order of the READ WRI TE MODE MO, ACTI VE

-1 DLE MODE ML, PERFORMANCE | DLE M2, LOW POAER | DLE

10 MODE M3, STANDBY MODE M4~ and®SLEEP MODE M. In the
HDD 10 (main HDD unit 11), after a. read/wite

operatign co nded ead/ wite conman IS ,
or 1 retr | S ROCRAADY VR AEE REDE ﬁ/b‘,’lflﬁem?f%ﬁ)slé?cigde five
shi f; ot I nd r

5 G050 For " f SAULTHY TRRE patir CEBRaCHpt Bn. oFE HBBE 2,
HDD 1, iR 1 borer f %Lﬁgﬁoﬁ}é’%f‘ds ﬂﬁngﬁeﬂoﬁﬁr‘mf L0 Lhgrp
host 20 after a predetermned tine Tl elapses from

t he M figs L O e T Ve, | DLE @Q{@Dm S
autononDuI\gI y s%#f?ﬁ%a-%%g?h%P%RF I\/%%IEEE?DtE I\/D%%ek/EMl to
20 wBlerrEA®/ wRNtE aoof {Aer BPt) MSOr | oMbuL khgtoteduEeas
the power consunption of the HDD 10. The Mdes M. and

M2 aatcetHATA JTAvet n Sewf e Mae@s 86 bi &nabilligdestgnarrdite
by a manufacturer. If no further command has been sent
fromamherbsto 26 &0eafited. a Phededteen aedstunpeid? is

el apses fromthe shift to the PERFORMANCE | DLE MODE

MR, HefBIGPD 1D thke eudencrdushy RBAP{@RITHE MABE MO, ACTIVE
LOMPONER I DLE MODE MB 17 under the control of the

cPU 136" MPRE N he r PERHREANGR oI BoeOBB W2 mptPBnPEWER IDLE

t he T MB__corresponds to "IDLE" in the
ATAM R 1o o GRS ee 4 SR8 58w obehEs.

In the HDD 10 (main HDD unit 11), after a.

fead/write operation commanded by a read/wfite command
is performed in the READ/WRITE MODE MO, the HDD 10 is
shifted to the ACTIVE MODE M1 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 predeterminéd 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
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Accordingly, if an idle command is sent fromthe host
520 in the node M or M, the ATA power savi ng node
of the HDD 10 is shifted to the LOMPOAER | DLE MODE
MB in accordance with the command. Simlarly, if a
standby comand is sent fromthe host 20 in the node
ML, M or M3, the ATA power S@é ng node of the HDD 10
is shifted 10 to.the STANDBY M4 in accordance
with the command. Standby | nmedi ate Conmand is knovvn

he I ‘?fféequ$$lté§9<?gy ErERE ey Bst ?ﬁéhggaﬁﬁsy feiice
W e Q%T“ep.%g%hf LLRY, B05, b ey TREeE
aftQﬂaﬁf@%ﬁ@ﬁd@n@5edlﬁ¥ﬁﬁ fﬁaeﬁﬁSATKuBEESEfFﬁE gtgndards.

sl eep conand 1s sent fromthe host 2

M, A&@br&@h%?¥“m1ft§§ AP POYRE-58VE BIsAREE FObnt BBe host
HDD 10 i s ted to the SLEEP MODE Mb I h accordance

Wi t lpd hien 26h&€and@adel | r ars caghur At R ﬁ@ﬂgﬁngabinéeﬁbde of
fromthe. host 20 in the node M, M, M, M or M,

t he HARA HOIDVED IssiV:slﬁ]:gftI@diet@ftm@eLblﬁ)DPd)QERSIDnEf MeOdEt M3 in
the READWRI TE MODE MO i n accordance with the _
conreedh rddrGe 4vsthiowshe heomedmad i onShinpl befiveenh feacBtandby
nmode 25 MOto Mb in FIG 3 and the turned=off state

of ewaHEand ricuident frem HODe nadet udPtinlthes madk MddeM2 or
MO to Mb. In the READ WRI TE MODE MO, ower is _
suppliredhe e Pewalg sayeainodn ehethai RDPDDOUASt shifted

20 hel. o8 AWLIILS, ohe/aions san e perioed

theS%EB&ﬁ%'f%m ggg%éh@bmmand is known as a kind of .
standby command. Using this command, the time
redquired 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
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PERFORMANCE | DLE MODE M2 and LOW POAER | DLE MODE MB,

5 the supply of power to part of the circuits in the
main HDD unit 11 is halted. In the ACTIVE | DLE MODE
M, the disk 111 is rotated by the SPM 113 and the
head 112 is positioned, by servo control, on a certain
track of the disk 111. In the ?FRFQRNANCE | DLE MODE 10
M2, the disk 111 is rotated by the SPM 113 and the
head 112 is positioned on an arbitrary track w t hout

I HGR Ehe- i Ee AP OB E L %Eﬁﬁ‘f%i%‘g ﬁig PR write
15 TRt ST VERT T REBEDRSAChEu thinelRRy hotEe main

poueiop &LPRLIs (o et i demnele ot hyor v,

t he RERFGRMONGE IbﬁtﬁMbﬁﬁfﬁﬁQan&hﬁoﬁUP@WEROEDEE“ﬁbnkoMB

part (i.e., a VCM driver) of the notor driver
and tes ts@bp 2P éh@péﬁ@ﬂ/wbl%@rtcbﬁlghéscbﬁbﬁfgs in the
Further, in the LOWPOAER , the supply of

powerairo HBDtuwft 1heisohertedi vernl €hdlbcrsvhakbed, MODE
and the supply of power to the head IC 117 and
readfw itlee I 44815 idatoedtedhieyt the SEmulnedaudtthe

the read/wite node 25 MOis restored (i.e., the
restQﬁ%ﬂ|¥#?t1%mp¢%hﬁ$¢%@d th|$erﬁ@ ceatifotiten a certain
operations becone _able to re-executed) differs

betvt\/'e‘??r\c]frféfatbl'b%edh%]ﬁtjr%%ed "Il 6 oERBHEE: ESIDLE MODE

SRR e 21 S5k LODgel, 0y e Shder, o Lhecr

LQN P%ﬁl?‘ﬁs Ivp[o)%El’éleonécheo:rrleal'“ar.J‘.é‘]oitrary 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 ffom the disk 111. Accordingly,
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
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
MO is restored (i.e., the restoration time required

until the read/write operations become able to be

re-executed) differs between the above-mentioned idle
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power consunption is lower in the order of the ACTIVE
5 IDLE MODE ML, PERFORVMANCE | DLE MODE M2 and LOW POAER
| DLE MODE M3. I n other words, the | onger the
restoration tine, the |ower the power consunption. In
the STANDBY MODE M4, the rotation of the SPM 113 is
stopped. In this node, the §upﬁly of power to 10 the
SPM 113, notor driver |IC 116, dad”I C 117, read/wite
IC 118 and buffer RAM 120 is halted. Accordingly, the
ower consunption' is lower in the, STANDBY MODE M4
Phaﬁn? *T he PERERC T BEECROPETRBLS #Rér 389€Ke in the

{he TATCbrOf | e oS EERT NEBERRE. onoPerOriRlE dare

onLXrie A5 4 P _PoreRcioBEchins! 19, CHEgUintlea

Ci r Gdvhr beb M@hat L 64 1 Resbrat RH”tBEOEMigg oP-ERE gc'TIVE
- D WRI TE Ze

Mb to the MODE MO can be real

onl yrinye aMoEsatl operrboRmaNendTbhe #eeki 18dand LoW-POWER
restoration tinme is alnost equal to that required for

r estIDLRE iMODE rosn t hen STANDBYwYERE, Mdhe Ol ohbe rmedes MO

to Mb, the power consunption is mninmmin the SLEEP
MODE: eV 0 28t #6416, t Bushotise exawpt eshof pbivaes coaguinpedon.
for restoration fromeach node ML to Mo to the

read/ writEn HineeSTANDEY QIOBEsHEws thke ro¢kdtioansifi ghe SPM
bet ween each-20 node MO to Mo and the corresponding

SATA Ipbviet SERPRRA- notle Skispyodne the $8DPWYenft Rewer to

i i >h node to Mb. In the exampl e of
e the 'S e oS Cartve 18118, 1R FaPhe S

read/write IC 118 and buffer RAM 120 is halted.
Accordingly, the poWe: 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
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
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.

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

mode MO. FIG. 6 shows the relationship between each
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ATA power saving node (ATA interface node) is the 5

READ WVRI TE MODE MO, the SATA power savi ng node (SATA
interface node) is set to | DLE 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 i s set to PARTI AL MODE NHZ However, since the 10
PERFORMANCE | DLE MODE M2 i s “sef? only after the ACTIVE

| DLE MODE ML, the PARTIAL MODE ML2 is maintai ned when

the HDD 10'is shifted to the PERFORVANCE | DLE MODE M2.
Fur there MAehotHe ATA FBReFCsHOFRENABAE PSATRhEOWOW Saving

POAER | DL SLEEP MODE MG,

15 tlﬂ%d%ASr?\’:\ Ve %eawg?ﬁﬁ?g FE gef"%ng:lgnglmch
Ref owchart _o

0per a<g|§nﬁg;£ 9252?8 Eﬁoaﬁamf Bl &f %1@‘ |/ pidhen the

I
okt R ouls! D0viA8. ABIEXRRAS: nRAMRLAEOREEE) | iy £he
20 fmﬁmﬂmrﬁcﬁﬁﬁﬁnﬁoffeﬂétﬁﬁﬂo bwd® s mB8ke (SATA
R mogel (-

that the main host unit 21 of th host I ssue

to imecAfdcdusods) ay EBP- dbr ept.edveprmand .t hatirther,
conforns to the ATA i nterface standards. The command

on ' tieen Ae hABA 28owerr e6eingdmbyet he SAEARCHUEES ACRE MODE
control 25 circuit 22 of the host 20. The

i NKM1 rensPORTROMANCE PDDEeMSDRgMANI th222ATh bbeeBAFAving
interface control <circuit 22 converts the received
conie@@e i e oSat 2o EBAREEAL MOBEOMiRng HowelNerSAFAnce the

interface standards &l.e., into a command suitable
for XFRFERENGHSIBDY MOBRJIM3ehdsset eBlvhefSATAtbesACTIVE

30. Eﬂﬁz%&ﬁﬁ?qglontﬁg PARTIAL MODE M12 is maintained when
the HDD 10 is shifted to the PERFORMANCE IDLE MODE M2.
Further, when the ATA power saving mode is the LOW-
POWER IDLE MODE M3, STANDBY MODE M4 or SLEEP MODE M5,
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
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
circuit 22 of the host 26. The link/transport layer
processing unit 222 of the SATA interface control

circuit 22 converts the received command into a
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SATA bus 30 is received by the SATA interface contro

5 circuit 12 of the HDD 10. The link/transport | ayer
processing unit 122 of the SATA interface contro
circuit 12 converts the received command into a
command conformng to the ATA interface standards
(i.e., into a command suitaQIezﬁor_the ATA bus 13), 10
and sends it to.the ATA bus 13" The conmand on the
ATA bus 13 is received by the HDC 119 incorporated in

T oCOUMITHLT (RE" SATALTA( BPf BRE CARK: Of CBFY BGFt *F2daras

T antt i og BT R SRR W bR R U g BALEBeand)

'f'““ﬁﬁ&“%éﬁéélﬁg’totpﬁecgkbisgu§t§5?3’E%Eteoﬁﬁgnd on the

command reception tine storage area 1 conmand

receqriomid Boi psoraBEL 08d bpdigat EAgat hRLELFBCR! control
whi ch the command was received 20 (step Sl)

Subseigtentt yi2 the €s) 280 det ermhaesinwherbgepbhe layer
recei ved command is one of the preset commands (step

S2) .pridree g Bset ucbtmbk2isof ndheasRTACHORMBRAS ceekbahedol o
power saving, such as an idle command, standby
commiret i 52 eepneentanthe 26etéivhe cemmbuddinbomand

. is one of the preset conmands, the CPU 130 perforns

t he F@MaW ngPn e oetrgi hg. tRerATRyinthsfapy $8ondards
interprets the 22 received conmand and executes the
oper &t i%m i HRIFRat eSCMBIRE hEU L bARRRAJLPEt EpeSATA bus 13),

?gﬁ%%%%?&%L SC¥{Jﬁ%gthée£$kvggsC?gvanghgscggmggheon 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
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
(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.
| If the received command is one of the preset
commands, the CPU 130 performs the following

processing. Firstly, the CPU 130 interprets the
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shifts the ATA power saving node of the HDD 10 to the
5 LOWPONER | DLE MODE M3. Further, if the received
command is a standby command, the CPU 130 shifts the
ATA power saving node of the HDD 10 to the, STANDBY
MODE MA. |f the received command is a sl eep conmand,
the CPU 130 shifts the ATA powelr, saving node of the 10
HDD 10 to the SLEEP MODE MG. ﬂ%&n conpl eting t he
execution of the command and confirmng the

conpletion, ,the CPU 130 executes ocessing for . .
reggF??ﬁbV?ﬂec8%ﬂﬁP8tFBﬂ SFeFHEeSeEg@uppﬁﬁ iomhgndicated

d host 2 $4).. 15 Specgifically, th
cpU T80°h8, &5 (SEebThe" - ogPeple T hrda, Y Yeihnse
“sets E8t s _

The Eermande ERd eBAGs ant eparr carmebl SR S d Fra

bus dRi rdher SATATANbEHERCEaGORYT ﬁbdeg%rfi%gltg i-hﬁm’ 830% 5 the

the contents of the status register

r esppoBepOWER heDL Rt BODEPY3ST gRak+hBased rornet he deBady
contents of the status register 119a, the SATA

i nt ecdrmcandohs r @l standbiyt cd@maadds thieochlve 1B0stshi2®s the
via the SATA bus 30, a report of the conpletion of a
comm&Pdl pdieeri pavirg mefler oédthe H®Dal'Ocawname ZFTANDBY
execution conpletion report”), the report conform ng

to tMeDISATA: i ntértheerstahttaddsomvpod fecei wilegp emmand,
command execution conpletion report fromthe SATA bus

- 23thgCPY heSSaTIAL FhEeEhacBRTBoRPIEE 6RVddict mRRleofoft Hde

host 0. sends an interrupt _signal to the nmai n host
unitHaﬁ l@i%@tﬁ%eAﬁ%FBBsMggg 1 ‘response to the

inte'rrthUpon 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).
Specifically, the CPU 130 sets, in the status register
119a, 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
119a in respénse 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
execution completion report"), the report conforming
to the SATA interface standards. Upon receiving the

command execution completion report from the SATA bus
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signal, the main host unit 21 receives the command 5
execution conpletion report (i.e., a response

i ndicating the conpletion of the conmand, which wll
herei nafter be referred to as a "command conpl eti on
response”) fromthe SATA interface control circuit 22.
In the enbodi nent, if the connggd sent fromthe 10
host 20 to the HDD 10 is one of~the preset conmmands,
i.e., one of the conmands related to power saving, the

CPU 0 f SATA avi ng npde control on the
SATA 1 'nt %ééggﬂ%oh? %Fgg$§2ﬁ$?¥%%g(??E??lﬁo%%rogoﬁb?oFOSt

. 30) . hi if th d
15 AN e bk oy Lo Bmaifiaé’gmﬂlt 21
j ' ' ' to the
gEU!\/B R’tkﬁ%o@%ﬁ%& R%?’:frélg\é%ggp?ﬁggsﬁl ‘gﬁq‘laAsrig%%)é ee
St ande i o Ganely PR S £ T Pr B! P ol comane

poVesx £ANSIBIt S 1 201 ¥ht Rephier copat | bl Ly uhth the
conventi onal ATA standards mai ntai ned. The control of

t he iSATApowey Sey i dgmpDeeidy ¢heth&Psbddnds Rebigvedll
by sending a particular primtive to the

| i nkfereinspbrer |y ere peocesdstmgasing t "d@@méhd nkoRbpletion

| ayer processing unit) of the SATA interface contro

ci r dfigPaEs/ila frem ATre bSATAZInTéefpaet contaol circuit 22.
primtive contains a signal pattern for designating 24

a SATA poWertRavemgodbEent hat £ cbhe ocasmandt pensATAOM the

i nterface standards. The SATA interface contro

ci r AT 2P ey Fhie IRl 10 chbhiteRt 9Egiike epreset spammands,

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
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,
with the compatibility with the conventional ATA
standards maintained.

Thé control of the SATA power saving mode by the
CPU 130 is achieved by sending a particular primitive
to the link/transport layer processing unit 122 (link
layer processing unit) of the SATA interface control
circuit 12 via the ATA bus 13. The particular

primitive contains a signal pattern for designating
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power saving node control. In this case, the SATA bus
5 30 can be set to a target SATA power savi ng node by
controlling the control register by the CPU 130. For

t he reason stated bel ow, the enbodi mrent does not
enpl oy a mechanismin which after the conpletion of a
connand rel ated to ATA power saﬁlng is reported 10
(i.e., after a command conpl eti"on response), the SATA
bus .30 is not immediately shifted to the

[ If t TA
30 15 R ol D AR R REbe N BoFRfiedat By Sk
afteﬂnﬁé?%é%ﬁ“% %ﬁ@?r&g th?hgxgﬁ¥£|ggtggfgcgogggggohs
reported, 15 an a responseé indica h

Comﬁﬁ¥dﬁﬂtCﬁzéma§up§@EH§Qt CQSH@PQl”Pég QEekS§BgdSA%A

restoration tinme s at maxi mum | requl

unt igowtde Jﬁsﬁ%&@od@e@@ﬁﬁﬁoﬂm eIﬁOtﬁﬁsresgéneehel BATA bus
ot her words, according to the definition of

SLUNBER MODEe M8, 20 a peried QATAOpmsetssaegng fddat by

maxi mum when the SATA bus 30 is restored fromthe

SLUVBER tWODE ML e ¢detrdé DLEedbEe My £he eranpbe,.

assunme that the host 20 issues, to the HDD 10, a

st andby ciovireie ferseRasphbed hesvwndbirei pmbddament does

connand and then nonitors halting 25 of the SPM 113

usi iPta Qﬂﬂ%ﬂ&rﬂnﬁﬁcmﬁﬁks%ohﬂnwﬂlchnaftﬁrstbaséompﬂetlon

t he TA power saving npde is shifted to the SLUVBER
Sfﬁfz %p it%erlyag%?? eFOtlh“éAcB%@ét%ﬁlgs igf reperted

exeq tion of..the stande |nned|fte conmmand

report'sd /(i 5L & t S PNARY iR @ Bh%?e??ﬁﬂopégbon§€? SATA
thepipeed qfs hJesHENse: 408 G0k 1B L8e SOPRLeEL 2R onding

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,
and if a response indicating the completion of a
subsequent command must be issued, a restoration time
of 10 ms at maximum is required until the response
becomes able to be returned. In other words,
according to the definition of the SLUMBER MODE M13,
a period of 10 ms is required at maximum when the SATA
bus 30 is restoréd from the SLUMBER MODE M13 to the

- IDLE MODE M1l. 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
of the SPM 113 using a check power mode command. 1In
this case, if the SATA power saving mode is shifted to

the SLUMBER MODE M13 immediately after the completion



10

15

20

25

a subsequent check power node command is inevitably 5
reduced. In light of this, in the enbodi nent, the
SATA bus 30 is not unconditionally shifted to the
SLUMBER MODE ML3 i nmedi ately after a command

conpl etion response. This will now be described in
nore detail. 10 Assune here ta%t the host 20 issues a
check power node conmand to thé HDD 10 i medi atel y
after the SATA bus 30 is shifted to the SLUVBER MODE

oS a0 s o 82 fhe' %Esﬁ?ﬁﬁmhﬁ?ezégﬁe%%%ﬁ%%é is
na.. e '

b TP ERSTTRE- K VBERE NP RS G, 2P T8 Pl re8Bhse)

conmeRd %PQ@E bPeahpskpdlskOi hAS EPEL19nal Lk l@?ﬁgﬁoof

via the SATA bus. 30, 1t 1's necessary™to restore

SATAg bt S8qtiont ackeARBAdwbFansAbt LaRhEnat dk€inkrv8tably
the | DLE MODE 20 ML1. at is, to transmt the check

poveredmded . comabdght hef SAEAs| niar theeemBBUABlnt, the
circuit 22 of the host 20 executes a restoration

pr ocBATA ebuAs3@ isesattuntbedhosdn20lyeehgiczds tbhahea
response from the HDD 10 indicating the conpletion of
t he &XEEBER MODE i3t hemefdéskepyweftande command is

del ayed by the tinme required for the restoration of

t he STALECOBOr¢BPPREE .| DLE MODE ML1. 26 The conmand

(check power node command) issued fromthe host 20
reaches t he*fDD'1d, nart BF ERECSAPRI Bismane sletadtlor ed

fro%é@fm§%£§%%t%3héggmg6 issues a check power

mode command to the HDD 10 immediately after the SATA
bus 30 is shifted to the SLUMBER MODE 13 upon the
completion of the execution of a standby immediate
command. In this case, when the check power mode
‘command is 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.é., the IDLE MODE
M11l. That is, to transmit the check power mode
command, the SATA interface control circﬁit 22 of

the host 20 executes a restoration pchedure. As a
result, the host 20 recognizes that a response from
the HDD 10 indicating the completion of the execution
of the check power modé command is delayed by the time
required for the restoration of the SATA bus 30 to the

IDLE MODE M11.
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saving state) to the IDLE MODE M| in accordance with
5 the issue of the command to thereby make the host 20
and HDD 10 accessible. 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 Lhez%onqand to the HDC 119
10 of the HDD 10. Thus, the comrand issued fromthe
host 20 reaches the HDC 119 of the HDD 10, del ayed by

h ti ti t SATA b 30. Ho ., th
HOC 110 LRAnGO PaROg E o8 thBoHEr g BeERINE g  tfgs
mhensLdie SH/hooNesosayl iy aodRe #Bp! £0600ELQ '%ﬁs 5hea

requency o receptl on O a conmman IS calculate

(step,s730 fher£opyRag E?Sﬁth@nS%{Jﬁgﬂﬂeﬁ?ﬁEi %13 (power

cal cul ated froma sequence of, for exanple,

pr edes i iy Neela PIThEs Ohe COBMBNUODECRRLI @A abbBRARALB! §ith
i ndi cated by command reception tine 20 infornmation

st ortgtee i s dhe ePNMTREdcHREEAHI 68 thBReb§t RERBEtABCROSE 20
120b of the buffer RAM 120. The average of the

comandl e ebt i aocéasibial s At théshtghest thpr abhakl/e
command reception interval can be used as the conmand

r eceptanmsrdreqleney. pFaceheingausadquéidée (bfak5pootmanger
reception tinme points within a certain tine period ,
ar oUNtPEPes bresent tt i af pBrnfARRyiBEctSage rabBtsad efircuit

a sequence of a predeterm ned nunber of 27  conmand
Fecept | th APHEA PR nES. CERBAT FRo LRSI EQTHARE ESmiERHDC 119

receptiqn. fusquency ofgomTRNd L8geRtion LLE YLl (L oq:

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
is controlled, the frequency of recepticon 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
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 reéeption interval can be used as the
command reception frequency. Further, a sequence of
command reception time points within a certain time
period around the present time point may be used

instead of a sequence of a predetermined number of
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the time at which the SATA bus is shifted to the SATA
5 power saving node determ ned by the currently
received command, and perforns control so that the
SATA power saving node is realized at the determ ned
time . (step S8). Assune here that the cal cul ated
command reception frequency, b.e.L the command
reception 10 interval, is Tc. P this case, if the HDC
119 has not received a subsequent command when Tc

el apses, the CPU 130 gauses thz SATA interface
cont FOPRRRY EFESREIPE TIRPF POERESSATA bus 30 to the

SATA pomegrgﬁvkgg §§§§u}%%%%r%%?$%€-nﬁkg%é§¥4§¥g4%§%Fncy

recei ved conman resul

t he %ﬁn!x’fﬂ% %gféﬁgéﬁﬁnﬁgﬁﬁ)Sa‘éhﬁg.c@%d%%e‘d]%rt@ggtﬁ%es

by a comman pOWér ‘saving i s del ay

by Tenuhilge aa8UhaeEHCPhe SRAFRBRASI §sPEHAG 1LY &dhe saTA
In this case, the issue of a response Indicating

compbeképnNs £F1ihfemsubsaguenini A8ACBMRAL, chufr rlh@ 1R0Steceived
20 has issued the subsequent command at this tine, is

pr eventiesind y osndepegrdenayedntrbll % tday ROSSISPIT® power
that the host 20 will issue a check power node command

to tdevHDD Modafierréhbizedsue aheadetrmrandedeltdtmed .t 0

ATA power saving. 25 Because of this, after the issue

of algeepohBe. iAdbenei hgrehshednphet icen cofl ad eclomremmhnd
related to ATA power saving, the CPU 130 may confirm

a hafeceptipe froguempyr 1i3€.andhpeerarmas e srcedt osy
shifting the SATA bus_to, the SLUMBER MODE ML3, a
pred%?%?ﬁY%ﬁd 17 nEC - pefPobilaft EASEhe it MBSfiPC 119 has not

Conf}égggéé@'aTgﬁgsggﬁéﬁgrcommand when Tc elapses, the CPU
130 causes the SATA interface control circuit 12 to
shift the SATA bus 30 to the SATA power saving mode
determined by the currently received command. As a
result, control of shifting the SATA bus to the SATA
power saving mode determined by a command related to
ATA power saving is delayed by Tc while a subsequent
command is being executed. In this case, the issue of -
a response indicating completion of the subsequent
command, 1if the host 20 has issued the subsequent |
command at this time, is prevented from being delayed.

It is very possible that the host 20 will issue
a check power mode command to the HDD 10 after the
issue of a command related to ATA power saving.
Because of this, after the issue of a response
indicating the completion of a command related to ATA

power saving, the CPU 130 may confirm a halt of the
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can al so prevent delay of the issue of a response 5

i ndicating the conpletion of a subsequent comand.
Al ternatively, the shift to the SLUMBER MODE ML3 may
be perforned a predetermned tine after the | atest
reception of a command that does not require restart
of the SPM 113. In the enbodi t, regardless of 10
whet her a conmmand fromthe host“20, related to ATA
power saving, is a standby command or sleep command,

s S i R e Ui O S er e
f 12
t“eefhag%z;;%;rz. rmﬁé‘%@% £ S eEN Rl fed Hind
PARFISAL B S oY i ﬁg%ﬁgéxﬁ%ﬁf OF. Sotni EBfero1
reStéHr?daltéb ﬁxf@vé%%é\% cgfgltﬁ@ A ShOriery pg%égl o%én

t he enbodi nent, to reduce t power consunp-

of tﬂﬂﬁﬂﬂi&ﬁﬂb EHE5é@%&ﬂé&f@@'@fsat§@b§ééﬂéﬁﬂr§omﬁ§nd
shown in FIG 3, in which the ATA power Saving node

i s auttonarnaistel ghi fiedshet veed the SEIMBORIESEDE M13 may
regardl ess of a command, fromthe host 20, related to

t he AT A goivemesihva ngreGpeetfiicad | yime notdeat ehy hitest
25 read/wite processing is finished in the read/wite
nmoder VP v CRU a 3torgfiandhet HOD d@eshndt sredrel HODréStart

fromthe READ)VWRI TE MODE MO to the ACTIVE | DLE MODE 29

M . FurtiHerSPM fllnb. f ukR heke conppmbnens, beesasdhessrom

e WA P o (RN VS PDLEMHORRS § 204 HES ke 3t ATA
power saving, 1is 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
(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-
tion of the HDD 10, the HDD 10 employs the structure
as shown in FIG. 3, in which the ATA power saving

- mode is autonomously shifted between the set modes,
regardless of a command, from the host 20, related to
the ATA power saving. Specifically, immediately after
read/write processing is finished in the read/write
mode MO, the CPU 130 of the HDD 10 shifts the HDD 10

from the READ/WRITE MODE MO to the ACTIVE IDLE MODE
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PARH ALf aFbe:

shifts the HDD 10 fromthe ACTIVE IDLE MODE ML to the
5 PERFORVANCE | DLE MODE M2. Simlarly, if no further
conmand 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 HDD
10 from the PERFORMANCE | DLE M2 to the LOW PONER
10 IDLE MODE M3. It is advisabl'e, for exanple, to
dynami cally and periodically change the tinmes T1 and

T2 d t.h ' I ti d d ti

ol A AT TR " e
nbaod| I ' de. 15 i ft i

cToNh ;. e A8 BOUELSRYL RO RIE plOre Lokt aceer

contiyd of 5 ther CPU d3ReT %AIEBE‘EMO%VMQE ppde ci?ilgilﬁto

is perfornmed in synchrony with the autononous

powesh Sewvd Neh&ogsp sho f £ras sReWACrAVE! ©p18. MODE M1 to the
Specifically,. during a shift fromthe READ WRI TE MODE

20 N2 RIORNMMNACTI MEE [ Nobbe MOPDE MiimtherSATAIROWBN further
saving node is shifted fromthe |IDLE MI to the

PARTd Aima MDD M2 erus éher frair thg Boshi b fhem the
ACTIVE |IDLE MODE ML to the PERFORMANCE | DLE MODE M,

t he BAetpowenedavimg TDdelapsani afaemedhenshhi€ét to the
PARTI AL MODE 25 ML2. During a shift fromthe

PERFRGRNIMEAN G EL MIDEIRPE Y3, t hhe LOWPOIERShDEESMODE HDD
, the SATA power ‘savin mode is shifted fromthe
R 205 F ORANGE EPLREERDROHE K23 Ehen Lol POER

LONEOIERARLEO0C D, the, head 117 L LeLrgeted,

ll]NJ?%gﬁiéé%iinggg;ygriééiégflgoékagge the times T1 and.
T2 based on the previously mentioned command reception
frequency (command reception interval).

In the embodiment, when ATA power saving mode
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
MO to the ACTIVE IDLE MODE M1, the SATA power saving
mode is shifted from the IDLE MODE M1l to the PARTIAL
MODE M12. Further, during a shift from fhe ACTIVE
IDLE MODE M1 to the PERFORMANCE IDLE MODE M2, the SATA
power saving mode is maintained in the PARTIAL MODE
M12. During a shift from the PERFORMANCE IDLE MODE M2
to the LOW-POWER IDLE MODE M3, the SATA power saving

" mode is shifted from the PARTIAL MODE M12 to the
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supplies the HDD 10 with a read/wite command, the 5
time required for restoration to the READ WRI TE MODE
MOis relatively Iong and exceeds 30 ns (see FIG b5).
In this case, it is effective to set the SATA bus 30
(SATA interface) to the SLUMBER MODE ML3 as in the
enbodi nent, in order to suppr esg power consunption. 10
Access to the HDD 10 by the host 20 is |liable to be
often centralized or decentralized. For exanple,

cor t 8RR ERCARE T3 o Snc A U B ERe LhAmeBE M3, the

reC@Héé&”l%@?févéétké ﬁg&yf§gﬁggh8;%9%%gﬁﬁgzegﬂphgi3he HDD

15 case, 1t is advisablre for f
t hat 1 g he< host _bEhREsh X [ of. .a
appl%%a??ogﬁ t%%dﬂ?ﬁ EgﬁtghgEhEDﬁgghaﬁgATAfpg%grhOSt ZQ

savi 8gppodesi fhuhiish tbeypewer €RSYUIRE AN cbimbaduced o
inarelatively short time. Further, in a case where

t he thmwaneq20reecepti postotgEYBh 8 tALARERS/WRITE MODE
long.and this state continues for a long tine, i.e.,
wherd0t he HEDatOvesy tongi anduskyecadeessenisf qggea Famg 5) .
time, it is advisable for the CPU 130 to set an ATA
powekn stilvisgcanee ih ishe€hethevei e sequithedsamhi bus 30
the power consunption is 25 reduced is relatively

| ong!SATAbbtheEhses) tPetSATALUMBRBr MORE| Md3nedeins the

controlled in sypchronismwth the ATA power saving
nodé?gﬁ%glm%n¥hel%n%ﬁﬁ?ﬁeﬁP,SPHEr€P@ P3Wesf CERE UMPD1PM -

controls B SATA. PO GBRYL U, IDIE (100 LALSAN, ¢
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
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
reception interval is relatively long.and this state
continues for a lbng 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
reduced is relatively long. In both cases, the SATA
power saving mode 1s controlled in synchronism with

the ATA power saving mode.
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interface control circuit 12 can performthis control.
5 FIG 8 shows shift of states when the SATA interface
control circuit 12 controls the SATA power saving
node. Assune that the SATA interface control circuit
12 has received a conmand fromthe host 20, whereby
the SATA bus 30 is shifted Lregéorgd) to the | DLE MODE
10 M1. If no new conmand has en sent fromthe host
20 when a predetermned tine T4 el apses after the

ti f h hift tq.th | th SATA
ilntmeer?aceE eBﬁ?L%WbBaF@ﬁSF ?%Eﬁeppgrﬁé Oc Bt 8@ figP 10

The SREEALE gt Sa ki oS0ty MRS, 1ORE R@'éﬁgoﬁﬁanaav;ng
has beetosent FoBLot Bepliosha2ojhen e Bredeer g
RARHﬁ¥QQ@$§gh@@mtréb9c§@€ﬁ1Fni§rEéﬁep%QEBE ltﬁé% thtrol.

12 perforns control for s ting t ATA rom

the fY@ﬂjéﬂsﬁgng&ﬁgfgoofOSEQ€e§LHN5§RtN@D§AWK31n{€%face
SLUVBER MODE ML3 is continued until a new command

sentcdiorol heihostt 29.cahcrpagdeherBAmﬁdpbW@28s£4la@d

T5 may be neasured wusing one or nore timers (tine
nmeaswaésentAseans) thad tAd gnyAbénequikckocdhtrol circuit
Al ternatively, when the SATA 25 bus is shifted from

t he 1DUIRVODECMM Ved oat hemPARE| ALomMODE Mb2L £Re whereby
PARTI AL MODE ML2 may be contlnued until a new command

i s st $2Bnbhne ?n%stsz@hlfkt:@@ (rRetgzedEAtA bhs ﬁ@;«E MODE
be direct shifted fromthe | DLE MODE l1toth

SLU NE%EINRSHGVUF?%%?HBrEaStH@eSA?ﬂPtpgﬁém §§§|ﬁ@St 20

modg ContgQéregggéfgfnggytggel ar&apses after the time of

the shift to the IDLE MODE M1ll, the SATA interface
control circuit 12 performs control for shifting the
SATA bus 30 from the IDLE MODE M1l to the PARTIAL MODE
'M12z. 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
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
bus is shifted from the IDLE MODE M1l to the PARTIAL
MODE M12, the PARTIAL MODE M12 may be continued until

a new command is sent from the host 20. Also, the
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fromthe SATA interface control circuit 12 to the HDC
5 119 of the HDD 10. In the enbodi nent, SATA power
savi ng node control (power saving of the SATA bus 30)
is perfornmed under the control of the HDD 10. For the
SATA power saving node control, it is necessary to
make both the SATA 10 interface_control circuit 12 of
the HDD 10 and the .SATA ifterfacé control circuit 22
of . the host 20 support the SATA power saving node

[ tqQ make the <circuits 12 and 22 support the

(S:AT%Wu%dW%dOGf%‘F?B%Y. ShiTPRE SATR FREeFPREeMODE
Savi ottt AR A ORBE® ML 2E GF LS ERBER NEBE SATA
ML3 hift. AT, ' d h .
PARFIAEVBE 11 Hr%e SONBER VEBRS 3] TE! RBodtrareed

I'n the, desed i piton, @&!ngcet!@g fagy thar,50e,5AIA he mpc
interface control 5% Circurt 22 does not support the

SATA povwer Svimgp nmpgle s equivalent to the
expression that the host 20 does not support the SATA

power savimgtR®denbdhenskt NOYATAOpoWEE0ERE hEI mMaRt RRntrol
a SATA interface control circuit supports the SATA

powefpsaant vty ¢S 2oe SSADNI ohed30n tLBepSAFArmed under
interface standards. The SATA interface standards

sti pulateortiadl foDnthdeibdit LAl Bper ahe0BATAf pSAEA saving
interface control circuits 33 connected by a SATA bus

(i n Bde gl ventit the SATAssanvekpavekeohrtbl the SATA

circuits 12 and 22), whether these circuits support
the'@#ﬁ§¥§ﬁﬁﬁHC%%R¥%b GhbHeulk 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
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. 1In the description
below, the fact that the SATA interface control
circuit 22 does not support the SATA power saving mode
is equivalent to the expression that the host 20 does
not support the SATA power saving mode. The method
for recognizing whether a SATA interface control |
circuit supports the SATA power saving mode is
stipulated in the SATA intérface standards. The SATA
interface standards stipulate that from the mutual

operations of SATA interface control circuits
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recogni zabl e. Assune here that the host 20 connected

5 to the HDD 10 via the SATA bus 30 does not support
the SLUMBER MODE ML3. In this case, each tinme an
instruction to shift the SATA bus to the SLUVBER MODE
ML3 (i.e., a primtive containing a pattern indicating
the instruction) is issued frogthe HDD 10 to the host
10 20, the SATA interface control circuit 22 of the
host 20 returns a response indicating that the shift

AL (R e
! | . ! 50, st bt
to SHTet Y et el Sohhrs 058 et ot ‘?ﬁ%{ﬁ%g'; thgse

' ol ! CE
fo ol Rt AL DGR (b 1) hO&PIL !
Contﬂéﬂogﬁ?ﬂzékﬁ@e SATA DNe T SAYI g, FDde, | ﬂo%PeZ @oéé%gggted

by the DD 10 fails. In other words, 1f the HDD 1

. 20 twontectigsh M) vt e A TR PAISH 39, 3¢ 0dde HO8Et 20upPatt the
does not support the SATA power saving node, it is

uselsasaBHrOMAlE MDD, 10I14 o:lpes f o s SATACHOEe S&Yi NY

node control. Because of the above, in the
enbadigtentgtidn tthe siZEfhotlte 20ATRthunsta tles p®LEMBER MODE
indicating that a shift to a desi gnated SATA power

savidig nbidee i s 8 npossithiee céneainifig SATPapoeen davingting
nmode control has failed, 34 the CPU 130 of the HDD 10

set SR FIEF I Ak ek | s WA f farp stlot aldfeD at @ata 2blae host
ngwt@r e/Sb f%g’{ﬁﬁ?ﬂﬁgﬂi%%ﬁ?ﬁﬁéqsée osntsrgolangigclgzt 55 oSfAT’f:Ahe 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
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
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 sa&ing mode
control.

Because of the above, in the embodiment, if the
host 20 returns a response indicating that a shift to
a designated SATA power saving mode is impossible,

i.e., if SATA power saving mode control has failed,
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beconmes necessary on anot her occasion, the CPU 130 5
refers to the state of the flag F to determ ne whet her
SATA power saving is possible (steps S5 and S6). |If
the flag F is set, the CPU 130 determ nes that SATA
power saving is inpossible, and does not perform SATA
power saving node control (§teg§ S7 and S8). As a 10
result, when the SATA interface“control. circuit 22 of
t he host 20 does not support the SATA power saving

voerne VG I R 573 265 RS £ 20t ?loﬁnicééﬁﬂgin
il . E
SIS Rt e ol i 15 CRE'ASEM okl Bary
h poyvey. i nopg '
Eoﬁégﬁ%éggn béugéigﬂgéd unag?ﬁ%ﬁ%@@%ﬁ:?%?YggggﬁggﬁggPtrol

20. Ydowsey nddbddier HRR, 10,4 éPi£§c£9i&H? 8 pBYet 3

20 saving node i s autononously performed regardl ess o

a coEmivt td aRd hecdasto20snd ef L @drt 0o AdAc BOMBhe whether

savi ng. Accordingly, to set a SATA power savi ng node

Sui tsaltire doorert hemwiltig eind  PJs {oVer ( seybHgs bodedobel he If
HDD 10, it is nore appropriate to control the SATA 25
powdihes fiagy Frode st t hehSATRU b330 3@e tedeinéhetheht 8ATA
of the HDD 10 in synchronismw th the ATA power saving
mod®opfer FaVHDY 1 I o ber fordh doeh voht perfonteBATA
35 the control of the host 20. The above-descri bed
embEFWFEN S FEL I FRAR IR I L s{SERRS eflii ppadSH th AR 2

HDDJQQ%IF?i¢£é¥S%%é“éﬁ%ﬁ'interface control circuit 22 of
the host 20 does not support the SATA power saving
mode, therefore SATA power saving mode control is
useless, this useless control is prevented from being
executed, thereby stabilizing the operation of the
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
saving mode is autonomously performed regardless of
a command, from the host 20, related to ATA power
saving. Accordingly, to set a SATA power saving mode
suitable for the current ATA power saving mode of the
HDD 10, it is more appropriate to control the SATA
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



. However,. the present invention is also applicable to
5 a system equi pped with another type of disk drive,
such as an optical disk drive, magneto-optical disk
drive, etc. It is sufficient if the disk drive has a
SATA interface. The present invention is further
applicable to a system equi pped-wi th an electronic 10
devi ce other than disk drives, If only the electronic
device has a SATA interface. Additional advantages and
nmodi f,i ' i L] cur to those skilled in
the1%%%§&#ﬁer%¥2é%,tg?ﬁgo?%vggtion in its broader

aspect s 18,00pb40148dct opda LiB.GRACRE! 5081 BbL3 A",
representative enbodi nents shown an escr I be

her &l sy AeGEI g Yed VR £ OUS HBHI {heghEPDS FRYKDErive) .
made wit hout departing fromthe spirit or scope of

t he ganeral, | fivens F & SONCEPEn8son de§i nedo bXp%\ElﬂA?cable to
appended cl ains and their equivalents. - 36 T1S
CLAIAVELY 4tSm leqlli isesd albi AT Aahditles £ atgpe 08t r @l ski et
for performng interface conversion between a seri al
ATA Bidintas fateopihical pai ok | @t ivA nagreftaceptical disk
conprising: a timng device for neasuring a preset

ti iy a9 ngldeld caubll aitent ak f eheadhski deivaehas
serial ATA interface is shifted to an idle node in
accor ddhde 1RFe R 3R ept T BFezerbni@vien thPehipefurEbsr
interface .10 conversion; and a shifting device for |
shi A GHE S ef? o RSN nt St tRRed f Vot AR PHPETARBREC

10 tO adeR;iecdeeto rhrrépe,&gr(l)vglrsk drives, if only the electronic

15

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
the specific details and representative embodiments
shown and described herein. Accordingly, wvarious
modifications may be made without departing from the
spirit or scope of the general inventive concept as

~ defined by the appended claims and their equivalents.
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saving node if no further command has been sent when
the timng device neasures the preset tinme. 15 2. The
serial ATA interface control circuit according to
claim1, wherein the predeterm ned power saving node
is one of a partial node and a slunber node. 3. The
serial ATA interface contrael ggcuwit 20 according to
claim1, wherein: the predeterm ned power saving node
is a partial node; 25 the timng device is started

even when the partialy éscﬁﬁf*g§¥& and the

shifting device shlfts e seria |nterface from
the partial node to a slunber node if no further
command has been recei ved when the timng 37 device

measures ghe nrgégaaqlﬂ@Afaﬁﬁbéfhbgecehtwgucglr%ui%'%br
to the partial node is perforned

per fios Af dgmi NG el haeer868VEbAI R i At WEEReBNSES kBl i ATAATA
interface and a parallel ATA 5 interface, conprising:

measimtepgfacer esetat paeaslalt Any eaebrihae, t Bempgesiak:
ATA interface is shifted to an idle node in

accor dance winhngedepticenfof mecesnming whpckseequines the
interface conversion; and 10 shifting the serial ATA

i nt e FRbRd f AoV Ehebe Hne shatkedocachr biweethienedrpohe”ATA

saV|q9 node if no .
interface is shifted to an idle mode in accordance

with reception of a command which requires interface
conversion; and

a shifting device for shifting the serial ATA
interface from the idle mode to a predetermined power
saving mode if no further command has been sent when
the timing device measures the preset time.

2. The serial ATA interface control circuit
according to claim 1, wherein the predetermined power
saving mode is one of a partial mode and a slumber
mode.

3. The serial ATA interface control circuit
according to claim 1, wherein:

the predetermined power saving mode is a partial
mode;

the timing device is started even when the
partial mode is assumed; and

the shifting device shifts the serial ATA
interface from the partial mode to a slumber mode if

no further command has been received when the timing
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further command has been sent after expiration of said
preset tine.

device measures the preset time from a time at which
a shift to the partial mode is performed.

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

measuring a preset time starting each time the
serial ATA interface is shifted to an idle mode in
accordance with reception of a command which requires
interface conversion; and

shifting the serial ATA interface from the idle
mode to a predetermined power saving mode if no
further command has been sent after expiration of said

preset time.



