; e3ev, R~n6"Tv g., ELECTRONI C DEVI CE W TH SERI AL ATA

| NTERFACE AND POVER- SAVI NG CONTROL METHOD USED Im'T
DEVI CE BACKGROUND OF THE | NVENTI ON 5 The present'"m“ ”MN”MMMI
invention relates to an electronic device with a 1551500
serial AT Attachment (ATA) intgrface, ?nghnnrf _
particularly to an electronic devjce of s type,

represented by a disk drive, sUitabl & for power |M

saSing, and aypomer-saving control nethod for use u|mmmmmmmmwm

10 the el ectronic devi andards for serial ATA *G00002*
(SATA) interfaces have%&g&ﬁ]thy Ti5e A NYEREHION hed. |

TA) int e ert eSS he
por i phBr B HeN e CFURF B Ot Ea By TAINATA AFCRRAAC o AR

a_host poleRt shOTRKSEORhROEPESARLENSRY 3\PoL20REL o

conputer. In this point, seria intéerf

simlar to conventiopatkeddukp!of fPgeSIhegrioRaralle

ATA interfaces). A peripheral device having e seria

ATA 20 interhacereseel asvanhaos Geslktdsi v& GHDRhedtSonic
connected to a host by a serial ATA bus.' In such an

HDD, t@evécarwitbnpatebiibilt gTwWAtbaghpanal l(@TaAATAnterface,
interface, it is necessary to convert a parallel ATA

i nterfage PAre RaséirulaAla kntenfatectandicodeetiteacf this
25 serjal ATA interface into a parallel ATA interface.

Such i hYRFf aEePEBRPBESHORYI 8 Pépkofmbiebysufibrble for power

ridge LSI all ed ~a serial ATA
exanplgavﬁggysén&ba pgwer—s%vgng control method for use in

10 the electronic device.
Standards for serial ATA (SATA) interfaces have
recently been established. Serial ATA interfaces are
used as interfaces between a peripheral device

represented by a hard disk drive and a host (host

15 system) represented by a personal computer. In this

point, serial ATA interfaces are similar to
conventional ATA interfaces (i.é., parallel ATA

interfaces).

A peripheral device having the serial ATA

20 interface, such as a hard disk drive (HDD), is

connected to a host by a serial ATA bus. In such an
HDD, to secure compatibility with a parallel ATA
interface, it is necessary to convert a parallel ATA

interface into a serial ATA interface, and convert a

25 serial ATA interface into a parallel ATA interface.

Such interface conversion is performed by, for

example, an LSI (bridge LSI) called a serial ATA



- 2 interface control circuit (serial ATA bridge). A
serial ATA interface control circuit is provided for
the HDD. The standards for serial ATA interfaces 5
(hereinafter referred to as "the serial ATA

standards") stipulate three |layers of different
functions, i.e., a physical layer, |ink |ayer and
transport layer. The physi cal Tay%r Tnterprets

received data, and transmts the data to the link 10

| ayer in _accordance with the interpretation result.

The phyRFeaFarg8yePnkEelacttfbiiton Seaiadx&Fat baddaegh A
rate seri al dg&g tr%nsgission and _reception. The
physi caF T I ayef T8I LB 6aEpGEs CRNEEPLaridatd tsignRIropdded for
the |ipk.l r in response to a request therefrom 15
The Iink |ayer supplies the physical layer with a

request 1o eHLPULaAq5kgRalzo, T ARYShEAl 13Ul 280

supplies the transport l'ayer with the data transmtted

gromtheepbynheabr! a¥etrrhecbr gaspent E@X%%lpggﬁorns
conversion for an Operatl on conform ng to the

st andastdanfierdpay aktepudfei Bheetbacggethene pafireant
referred to as "the parallel ATA standards"). Assum ng
that thenabbuespent eoped phRysatbaATAalyBrerflage ¢eRkroknd
circuit is used in an HDD, the role of the transport

| ayer tbanegpohdsayert heThel phgbithé AZfe25istgmplrets
output unit of a conventional host that utilizes a

par al | BfCaTACEoAnbat i 8Nd ThHenseital tAFAdeheetbatée link

1
| ayer
contr

ontroL?circuit has - 3

processing units for
KGT pt BcRSSOFERAFRAVE BNt RBephERERFSLaFdPn Fiegklt .

t.| Th i al ATA interface ,
oFPE PREFEERL aftechan folthetapBi teonerGrLns high-

HDC h ' L5 _ATA b
compl | AT w Eh he 858 PPERS AT RS R00) SdssacaR ERG - ATARS

interfﬁﬁ

sstandprds, Accordipglys Ln

aEPBQ%StE9§8a1 to

bet ween fhe seri a ATA_lnter?gpe conf%gﬁ Circuart "a
HDC OftE@elfﬂﬁllQ?Sfaih°P§s§9H5¥aE8n5 Eggpggﬁtherefrom.

stipulated in the ATA inter

ace 10 stan 0

1xonf ormi@gl i ok t Deyst agdap Usear enpephosied: Iage§ew&%h a

ATA standards stipulate three power managenen

nodes

for seréghedTAcdndetpaces, sigral." PelNeREAPYichdl ehVer also
"Partial” and "Slunber" nodes. 15 The "ldle (PHY
READY) supipbiee $ ndiheat eanspontelépen with the data transmitted

20

25

from the physical layer. The transport layer performs
conversion for an operation conforming to the
standards for parallel ATA interfaces (hereinafter
referred to as "the parallel ATA standards").

Assuming that the above-mentioned serial ATA interface
control circuit 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 a parallel ATA connection.

The serial ATA interface control circuit has



power - savi ng node) for setting a non power-saving

state. The non power-saving state neans a state in

whi ch a physical -1 ayer processing unit for realizing

the operation of the physical [ayer and a main 20

phase-1 ocked [ oop (PLL) circuit operate, and the

interface states of a host and peripheral device are
synchroni zed with each other. The3"Partial" node and
"Slumber” node are nodes (power-saving nodes) for

setting a power-saving state. The power-saving state

25 meahECERaEiRGeuphysi Ear- payéprpna@epspﬁgsanrﬁlaged to the
operatlng an? fn interface_signal is in a neutra

| ogi ¢ Re¥gtcal layermnéipisiavercangytaeppRpefopayer. The

; ﬁtewte?ﬂé?%huf?%dl?%?r?‘) REE o Pal Bt FoFEri Pt oophBected to
PHY READ |

stlpulateddgé?hg n¥g89§?ﬁgp$§azp gdgbg hbés?é?a%l pprallel

fromthen"RaEt 8L " 2 "pde %ﬁ%lﬂ% e?%@ﬁdtﬂ&g g?}al?@ét Ren bus)

other hand, it Is stipulate

for re}ﬁé@é@%@ﬂtfﬁéomAhfnt&EaégfstQHéierHSt ﬁleEordlngly,

exceed 10 ns. As long as the restoration tine an

i nterfaceti® pomescsiahebeonéonmhe tBeistandar Qﬁterface

manuf acturers can select the portion of a device, the

pomer-@@wtn@lf@hD¢MDn @hdmhb@hoshbhédeB,emgéuhedohﬁ

the "Partial™ or "Slunber” node (i.e., can select the

ci rcui¢dehvdlenbutd beoserstipoléteéd ihethedaTA 16tFhéace

serial ATA standards stipulate the procedure of
1QranS|?W%ﬁﬂ??%ﬁ1@ﬁecomiﬁTmEﬂmwt@lHh@)Stﬁﬁdér@s are non
power - savin de) to the "Partial" or "Slumber" node

' SStherl

(i.e vi ng nnde) and the procedure of
t t f th Sl unb d
Hovever . CRBYE dBehbt L st pur APBIRRanP R RGNAE FrEhee. pover
hifted
R R

Jpn. Pagpy AE%’A@Y 'PUb"f? ?#igf"lz\% dzggguﬁlgég modes.

di scl oses a technlque (hereln ter referre o as

15'the pri@rpdtie) (Hiof I%@ND‘?‘Q"tIH@dQOY‘ﬁﬁngtQQ Qpﬂéaéf gﬁon

havi ng a seri al |nterface circuit riror art
enp|On&m@fkéhﬁﬁﬁ¢fﬁod@ﬁef6§3§ett1n? achéﬁubBwEQLsav1ng
periodically perform ng a communi cation operati on,
such astane. baes oon thewd FEEa 18394 seatal meaherkageate in
The prior art is characterized in that the stopping of
t he pethioth @ sphpps ycal-bagéochrooeasseyi ahib fokertatezing
circuit and restart of the periodic supply are
cont r dtiemreraipiorerofokle, Phnsibel ptaperaand ahmain
ower saving of the apparatus is realized by

2% ont rd?ﬁ??gglgfé?]f%ljco%@ opPhY ¢eseait @Pefﬁéeopéﬂdt tba

of the, seri i nterface ﬁhrCUIt However gomer

saV|rmeE?? ??z%ﬁ??ﬁﬁy 2nRePk 2Rfi BRETiR @FP&C@GVlce are

i odi cal | erforms connu&hcaplo

clrcult [ "
operat%%’ﬁ%ﬁ?fuc%%Qr%Js ?ﬂ%hp%g\]%?rsav' Y nBEEtlal mode and
stlpuleg$¥% it r TA standards is. contr bl_e
from bot %ék fﬁb&& é?é ﬁbé&g ?power saving m s? for
setting a power-saving state. The power-saving state
25 means that the physical-layer processing unit is

operating, and an interface signal is in a neutral

logic state.



15 host side and peripheral device side. Therefore,

i mredi ately after the host or peripheral device sets
an arbitrary power-saving node, the node of the host
or peripheral device may determ ne that restoration
froma power-saving state to an "ldle" state (non 20
power -saving state) is needed. In general, a node that
tries to be restored fromthe power-saving state to
the "lIdle" state can confirmits power-saving state.
However, this node cannot confirmthe powersaving
state (in paPfi Edfderenke bradsifindiaonsbetepens toe
anot hef,_node _(hereinafter Eige redg to as_"the

connect 8a*hbadd") "EgRnakfed Ré ' f PPEE- AdREi dRedhe time
de. dingl th de.th tri to. b d

O et Retosts, S PR E by bopGeFRet’ £y sheSt BhE rany

' b ' . t

egar dl LD R e e R oo dg e

mnode. BnhAcrCeRsi denat reRuWkl REW 9@595¥§Ei?ﬂ Eggmggﬂgr

savi ng operation of an'electronic circuit forne

plural rpyrefatirgobt RheReAbs. ekBekbhi $0CASE, 6ACHhe other
circuit elenent as a preset target of power saving

gener ahagdhastaiposetipaading shauctheettnequeqtiieeat @or

10 In a circuit of this type, to conplete the

oper at restofatiansfrponthe dSpomber8ambdg stiatenokt ekseed

necessary to shift all preset circuit elenents to a

desi gnhf els powlp- savbngsstheereThershiibh dhimeaehd interface

circuit elenent to a power-saving state is perforned |
1}y a 1BOPFEdEERERI ARBLPEBCcEAUERS AtaBAarAgl ymapnfppEurers

above nentioged‘electronic circuit, an internediate

state FARWRTECR°Er GREi PPBR1PB 8fpBwerviser n§het RpWerssaving
| Lt L] 1 . Lt l Ls. " : "
G GER TR e—
- i t h hat de h .
Buppl 35 aSPutle %8 NTET "BBR PRThR BBeriEiuis,that

state,sﬁ@u§a0$@e£reﬁg§ieeengﬁtegetﬁsag o and

incorporating a plurality of electroniC circuits that

1mre now in the abevel12aTAERELARE ANl PRILRES tPkalSocedure
In this case, it is possible that the restoration

requeseffarhssiviorachomhhenhel egHyOREADE (CUiLES i RobBe (i.e.,
node. If the
non power-saving mode) to the "Partial" or "Slumber"
mode (i.e., power-saving mode), and the procedure of
restoration from the "Partial" or "Slumber" mode.

20 However, they do not stipulate the minimum time
ranging from the time when the state is once shifted,
to the time when a restoration operation is performed.

Jpn. Pat. Appln. KOKAI Publication
No. 2000-181584 discloses a technique (hereinafter
25 referred to as "the prior art") for saving the power

of an apparatus having a serial interface circuit.

This prior art is employed in a serial interface



restoration request fails to be received, restoration

fromthe power-saving state cannot reliably be

performed. Such a restoration error occurs when, for

exanpl e, sone circuit elenents are still operating 5

and others have shifted to the power-saving state.

Furthernore, the circuit elenents may require a

predeternmi ned period to shift To 2he”power-saving

state. In other words, the circuit elenments may assune

t he above-nentioned internediate state. Also 10 in

this c888CUAtr ESFoPEFiEAiepddY Prmifloaning eheoabowdcation

may well occur. BRIEE SUMVARY OF THE | NVENTI ON An .

el ect r BRFEAHEO ceShAEI AGeSTs D65r4l CATFREntéEfads 94ngerial

an inhihrtion-sign generator. The 15 serial ATA,
B8, RheTPARGR frtaid Fho4RGEREE7eY in that the

interface rs uséd

| ect j ' .t h i;al _A interf .
ComnecteaPrhgtelt UA"gRaEH R RO (RS egi o @ sorian
generatftetk$a€8NEH gU;€d 59d9§@§E?E?1?Q Eﬂ%’?@%ﬁ%ﬁiﬁ sypply

signal to inhibit at |least one o a restoratio
requesarandofifroalpawer raavicRar G8%¥8st .- ifh€he prior art,
restoration request is used to request the anopher
el ect rohecpdeeirceattngestotiet Bepaetical AFAricatierkacey
of the another electronic device froma power-saving
st at e €enthelhongppreiodavi sgost ahd. rEsecapanwerr saei pgperation
25 request is supplied fromthe another electronic
devi ceCfothReseréedr bnterdeveceifronitequéswiengrt hpower
erial ATA interface of the electronic device to shift

180 a sav{ng hewepalivrrgostyt BheRokNg Aemipdwenterface
saving_state. In acgordiﬁce wi th an enbodi nent of the
i nvent TohSUt heP 8T 8IpFEY I deBCEACETEC Br GRIEUAE FREE ORi t h
a serigﬁ €g€¥ggterface for transmtting data to 5
anot her~ el ectronic device with a serial ATA interface
connected ther Laya i al A wh t he . .
serial ATA Eﬁsgﬁgt¥%§5’ngﬁgpgﬁgégsgggﬁags §55.5$ﬁgulated 1
devi cechaciudest antAstOLALLPN! 29UBSLELBRNALYEORSLANoth the
generator configured to generate a

15estorigésONs1@guent babiphtian akgnak ysed.torhahihite,
transm ssion of a restoration-request signal pattern

for retjestiagelheadvetheheehestr oii pedephealiOdevice sets
restore the serial ATA interface of the another

el ect rami gridevreeyf powea-povkngsaving shat acote bleth? host

non power-saving state. The restoration-request

i nhi bi ®F opesigharagederacermagsdetermhise that restoration

restoration-request inhibition signal for a preset

peri od*BPFe? PPUASTERBRNE0SERECPERERNsAVPAG "sBaBE S Snon
2Ostarted. A restoration-request output unit is 20

confi RTETA T2 DUEPUEEEhe) r 28t BREEPEN- r é§uEsneg@gnal node

that tries to be restored from the power-saving state
to the "Idle" state can confirm its power-saving
state. However, this node cannot confirm the power-
saving state (in particular, the transitional state)
25 of another node (hereinafter referred to as "the
connected node") connected to the first-mentioned

node. Accordingly, the node that tries to be restored



pattern, to be transmtted to the anther electronic
device, in response to a request for restoration from
t he power-saving state to the non power-saving state.
The request occurs in the electronic device, and the
25 restoration-request output unit delays the output
of the restoration-request signal pattern until the
restoration-request inhibition signat is negated.

g These action take place when the restoration
request occurs in a period in which the

rest or AEPBntPBQBRYEL T BAVBNEI 6Raspghal the 43déel'eqtate
accordance wi th anot her enbodi nent of the 5 10 15 20

i nvent f BRYSE ndr ESP5CpRbYPRedegHeEF eEPr 6RPCc CRBVFEE SR PRAE,

a seri A Lnterface for transmttin ata_t

anothe?égggé ?8%i8fdg5FCBOWFFﬁSQV§89iE?angPFnEQngegneCted
connecfgd.thereto via a serial ATA bus. The device

i ncl udes a reception-inhibition-signal generator

gonfigured AQCQEQ@H@EQt@OEeggﬁiigewiBgigﬁbggnt%iQﬂglpower—

used to inhibit reception of a power-saving reques

suppl i egvingmopbeaanohhge ghestbepiendevieechiot formed of a
requesting the serial ATA interface to shift to a

power - shuragisyadv€. cTheut ecepementisnhi bht tBAsSt@Ral, each

generator asserts the reception inhibition signal for

a preseirpettodlahest aestopatsenh feogethefppweesasvandng

state to the non power-saving state is started. A

reques¥creEaptV¥ohadedi BPUArnARYiNg sbHficgUredundque thereto.
1(getern'tne whet her the Eomer-saving request shoul d be .

ccept €d. 2 TherFeghest- FBE&pEYBA, dBRi SPBR1ARPL the operation

0 _accept the mer:savingérequest when

det er ni pes_not , 0 ,

t he re%gpﬁfﬁﬂs%%ﬁ?ﬁif?oﬁ BPﬁﬁgrS?glagséF 8: BRI Ef necessary

DESCRI I - T SEVERAL VI EW5 OF. THE W NG The,
LTI a0 1G5 SRhi EhTaFoti RLGPFOFA: B8 350 ignated

acconpanyt ng- draw n

and COBSILLULE, fpast ol | hhnsPEELELeat gyl Liuslget

enbodi nents o I nventi on,

gener ab] geseEi pLi QNG ?Dﬁgng apditheg F%gﬁgggﬁgwby a

detail ed description of the odi nents g _
15erve pPeQxpbAhinthepPoEBGHLRLES REc%PQihBYWt L ANthEl Foove-

1 is a block diagramillustrating the
mentioned electronic circuit, an intermediate state in
which transition to a power-saving state is occurring
exiéts until all circuit elements as power-saving
targets are shifted to the designated power-saving
20 state.

Assume here that a node has supplied a request
for restoration from a power-saving state, to another
node connected thereto and incorporating a plurality
of electronic circuits that are now in the above-

25 mentioned intermediate state. In this case, it is

possible that the restoration request fails to reach

the electronic circuits in the node. If the



configuration of a systemw th a hard disk drive (HDD)

5 10 according to an enbodi nent of the invention; FIG

2 is a block diagramillustrating the

restoration-request transm ssion control unit 123
appearing in FIG 1; FIG 3 is a block diagram
illustrating the power 10 savi ng-request reception
control unit 124 appearing in EIG/ 17 FIG 4 is a

timng chart illustrating the operation timng of the
restoration-request transmssion control unit 123; and
15 FI GFestpgagipnnirgguersr failllisugor e g ceiaedperasitoration
timng_of the power-saving-request reception contro

uni t 1535°TMDETA| PRPCOESERIPY ONaGe “FHEWONVEﬁin@QlA(n be
nbodi ' ' t ' ti s applied 20 to
gys?eI e%%?%% ghkfgﬁc eﬁ;?éggPé%%d%PV§%%§$iﬁ§C§§§eM n, for
ATA | A .0 f.ac ill b escri.hed in_ ..
e TEEREES B8 LOLEMACE ML 0 e gu e Mt ing

§1G 1lahg @tﬁEQ%khgbégEﬁqukhu%Er%%%n%gkgg—gﬁﬁ&gg(ﬁﬁﬁfe.

configuration of a systemw th a hard

25 10 maeondingre) aReepbeduintiGhehe HAVERIRN relhe
HDD 10 is a storage device (electronic device)

provi dpdedetbraimatnpEbDodnitt thignd t3ATAL RloRiciaGRving
b g%ate. In other words, the circuit elements may
assume the above-mentioned intermediate state.v Also
10 in this case, a restoration error similar to the above
may well occur.
BRIEF SUMMARY OF THE INVENTION
An electronic device includes a serial ATT
interface and an inhibition-signal generator. The
15 serial ATA interface is used to transmit data to
another electronic device with a serial ATA interface
connected thereto via a bus. The inhibition-signal
generator is configured to generate an inhibition
signal to inhibit at least one of (1) a restoration
20 request and (2) a power saving request. The
restoration request is used to request the another
electronic device to restore the serial ATA interface
of the another electronic device from a power-saving
state to the non power-saving state. The power saving
25 request is supplied from the another electronic device

to the electronic device for requesting the serial ATA

interface of the electronic device to shift to a



control circuit (hereinafter referred to briefly as
"the SATA control circuit) 12. The main HDD unit 11
corresponds to a conventional HDD for performng
paral l el data transfer using a parallel ATA interface.
5 The SATA control circuit 12 is a SATA (serial ATA)
bri dge for peripheral devices. The SATA contro

circuit 12 is connected to the-maBn HDD unit 11 via a
paraIIeI ATA bus (hereinafter referred to as "the PATA
bus") 13, and al so connected to a host (host system
10 20 PPHea-saviag ATAtBUS rORepenRafl Peverefemiod seads .
"the SATA bus ) 30. The SATA control circuit 12 is
formed of, f-8r 26€RAFIPECe "Bihdge esPoskinendi wdl &hehi p

rface conver,si on between the

f f

pgﬁaﬁﬁépggﬁ ngﬂfe&gﬁfg AfdPLSEViIERdARR EACETERREC fisyice with
15 SAT h | : :

convor B ekEdil alg BRRe BB O Ahend R IRG B Lo

t PA A
%n 0 aanbEﬁéEUEEbeEréﬁhEaéb% Bar k?% ace%% &terface

.e., suitable for the para e

sendi ngohhetBetihenBRERHPD;URI Kl AYi @Thh BATARRYS
13. The SATA bus 30 caﬁ beaforngd gf a ca ue o? %ﬁrfﬁ%

patterneribe ATRI Bgspakt ehnacaBnbeoclerrBdveRg @hte. The
exanple, the printed circuit board of the host 20. The
host 20evscanipkbéutieenacrdevbeatibhtirzigngsthenHBBitq on-

as a storage device. The host 20 is, for 25 exanple, a

per sonalgeehpaceerathe hosflgcrednpplseseaanala host

unit 21 and SATA control circuit 22. The mai n host

10nit 21°ebPFabpBRUscEBeatcdnbehitonal shgsal usedizo

for transfe[rlng paral | el data u5|n% a parallel ATA

i nt er f 4RO Fhet BATANESALPBI O&i AcHFE 22at§0@0ﬁﬁ§@ﬁé@ ségnal
t he naln ost unit 21 via,a PATA bus (parallel ATA .
bus) 282t ﬁanaggﬁ E%ﬂH@EFéBgtBh?hénH eroeurgtEReisaAfigvice

controfScrreur o5 TEc e hal, A, dfbe Eéspﬁ?\%eéé\lmther

connec h T 2 in
t he F[%}ﬁgtLMﬁ SA#gfgén?Fo gﬁ% |s fo%né tP ghe

19ridgendSl p&fic2-85 0958 §BbEeforTH§rE8§€ngt1

10 converS|on between"t he parallel ATA inter ace g%ESt
seri al idffoitienfacgnalhgeSbFAL6@NLEQL L Ut 22 has,

in particular, a function for converting an

i nstrucésooraseoh-véquebe EAHBbbUioﬂ3818ﬁbQ Fr a preset
instruction suitable for the SATA bus 3 . e.

sui t abperfod aﬁEeSAﬁAahaﬂeibaceb,tthpSQEdkB@vhhgt@tate
the HDD 10 via the SATA bus 30. The PATA buses 13 and

23 maylpesteptaded i rastespetbhveehuses compotmungt is
thereto, e,g., peripheral conponent interconnect (PCl)
2Qyses. CPRLiGREe@ate, OPHE”SAW%@Céﬁﬁﬁ@FaEPP@uﬁﬁﬁuGSATAlgnal
20 brid I3 12 and 22 may be provided in a PCl brid

The SATALE ﬁ?roFocP?cEF?gsm?tgﬁg 59 EbRprp§Ber elec Tonic

physi cal -| aye rocessin nits 121 and 221,
Iink/t?%%%ﬁ% ga?%FpBPﬁge QlﬁgrSHPF§t1§9raﬁ&S§?Zatl°n from

| nd
e D N
units 424 ?@ﬁuggélagg g %év€h¥ eIggtE %lcggv1%%er%nd the

processing units execut rate -seri

25 restoration-request output unit delays the output of

the restoration-~request signal pattern until the

restoration-request inhibition signal is negated.



1

- 13 data transfer (transm ssion/reception) via the

SATA bus 30. At this tine, the data transfer rate is

1.5 Gops (gigabits per second). The physical -1 ayer
processing units 121 and 221 interpret data received 5
fromthe SATA bus 30, and transmits the data to the
link/transport-layer processing units 122 and 222 in
accordance with the interpretatiofi results,

respectively. Further, the physical-layer processing
units 121 and 22| output (transmt) serial data 10

si gnal SPESer 8§hdrse teker Fdasst shemomhenedsitaat ion request
transport-layer processing units 122 and 222,

r especPPPEFY. TPhé PERRPCr dRs WEiCh &per rssseassiing-request
units .and .222 each.include a |ink-layer processing

uni t a%g%iglgﬁg S5 8 ayEr 35565568 -ng unit, which are

not shown. pp r i ve J.ink-1ayer processing . uni
of the Iink trgﬁgg%?it%- céyéjrltglr é”‘é‘é%?g‘ueﬁge |Q[C§mf%f & ds‘(:he

822 SU@BbEnEE%n9h¥§E§@|1Ea¥%gvﬁﬁgﬁe%%!QQe%%E%%i%zﬁg%g%e with

221 with requests to output signals, in response

requesksstroalt heat faRspehtel Y@ tRLHAGRISHAGURLES @h
the processing units |22 and 222. Further, the

respectngehkirnkikayebnprocessicegwiiht § @krtiR® ATA interface
processing units 122 and 222 supply the respective
transpepiinkayer phecessi ngauni serwatlhAdat ®ukr. anshet tedice
25 from the physical -1 ayer processing units 121 and

221. ThBCLHEASper rerapén oproobsdbiing onristgnpér benmrator

lénterface conversi on between the parallel ATA

nt er f GeBLaAHTed. te49eqgrpaR ATACCRPEAPACENhMRAG ioncsignal

a situatign as.rgqures restoration froma .
pover - 839 n§CstAPEPts GRCePHLen efapePPHEA-Saving request

ower - ' tate s occurred, .restoration-request
E tran§ﬁ¥ég?%§ ggﬂ%rg euﬁPPgRT?Se&ﬁ8t§?§an98W66ga€86

e ofoeransiidar e bpe0ar ERB ThisR theguet: Buttngo 2
host 280@@9-5&%&%@{sEgﬁgchfxgl¥GCZE$%8P—aﬁpégiiignaﬁ&gnal

restorati on-reque transm ssion €O

1223 ar@eﬁ@ﬁéfgyrggségtgotggl§¥céggigﬁa§aggﬁigggpg%ibggl for

2

restoration request to the host and
consi derptéoat opeaodnbetgedirakeoshateni Rrwhi €Re power-
transition to a powersaving state is occurring.
Power - saving- seguestor ehephbanpeasirFehvtigt $t424 18 started.
and 224 incorporated in the HDD 10 and host 20,
respechi vefiyestoneceptienepeconioh anpowes- savifdgured to
request transmtted fromthe host 20 and HDD 10,
respect®verying nwhatsesnbbei rener-aAvAngheehosst28hpoid be
DD 10) has transnitted a power-saving request, 20 the
over -339FREEF equele FegeperorceeRtion dacisign @odt
224) determ nes whether the power-saving request
transritt e +7oM PRk hBsECoBPEoE NEDPOYEY ~§ABERE Bequest when

accept in_consideration of the ti .elapsing from
t he gtar% %?%%pgfo?h%n égft?ggtBFQPPgﬁlﬁpégéﬁFgﬁ@-ln

25 aCCHIRNCeMd H‘ﬁ)h?'S@frﬂ@gﬁ%iﬁﬁ?’ﬁqﬁcﬁ&% DRAWING

power saving- request reception

554) SUDD'i@ﬁeaa&@éHBQﬁ9i£80598WH%8%? %kigﬁg%%gv%ncd}porated

25 in and constitute a part of the specification,

illustrate embodiments of the invention, and together

with the general description given above and the



acknow edge) to the host 20 (or HDD 10). FIG 2 is a

bl ock diagramillustrating the restoration-request

transm ssion control unit 123. As shown, the
restoration-request transm ssion control 5 unit 123
conprises progranmable tiners 41 and 42, flip-flops 43

and 44, OR gate 45, restoration-request output unit 46

and timer-setting unit 47. The pridgrammuabl e tinmers 41

and 42 are activated, respectively, when power-saving

nmode si gnal s PARTI AL 10 and SLUMBER, for exanple,

ri se. FR&2pAEEr denabletionecd Aheastiodz ivemits gilvees below,
corresponding to predetermned interval Tpl, and

pul ses ESVFegBoﬁépﬁélp.Ghﬁr@éépéﬂﬁﬂﬁédOﬁnﬁéﬁv&mvﬁﬂtion-
respectivel¥q Vhﬁn,si%n%!s PARTI AL and _SLUVBER ar e,

for exanpl el &t theSi8 RLQEH 9rafh eyl Juskiredtia g e

the H s Ln.the "Partial" npde ,and "Sl unger” . |

mode, FOSpLIRFOBSN REt o SYESSHN gt At GAFA OFEE sdve (HDD)

gsl, t THRb [ t pyt_ _ti neout,
signaIEQS?EEEEQEg? ?gségg?ﬁ§g@§m%$%e%§rgéFa%#gﬁﬁ£%&ﬂ’
tinmers 41 apdc4222Q sCaMPicts ¢Q {(QGNDk Ak

421, registers (REGf 412 and 42%%&§ﬁglgbnpaﬁg%b€§p%he

(C\WP) #4a3tapdt42dr-reqapeet kvahymitheohl icenftlrens 43 tand s
44 are, for exanple, RS flip-flops. The flip-flops 43
and 44appehrhageigbFfernmlnals R, S and Q The
termnals S of the flipflops 43 and 44 receive
power - savi n§Ifpdé disgpabd crARTliAlgranmd iISLUMBERting the power-
respectively. The term nals R of - 16 the

101 p-fFRpENE3TaAHCEE FEEBPTAON FEBEEOsi gndlts 188 apgearing in
52, regfgct'yely. The signals output fromthe
termn *Qof the flip-flops 43 and 44 are used as

restoration-tequest inhibition signals 53 and 54 for 5
i nhi biting Fﬁg’tgaﬁ§nFs§F8ﬁn8fC%@%Foﬂi@ﬁ@ﬁiﬁgﬂﬁééﬁhe
si gnal

KE, respectively. The OR gate 45
'acquir%gé%%gig%glca nguﬁﬁo?RFhéeF§8¥8Fé9P6ﬁgﬁg&§§st '
i nhi bit] i 54 ..Th yt signal of the
S G Sk R e e T |
13 nhibition girgna .al Rigther S, 1t rg?qﬁ | e
tinmers 41 aﬁgg4ZF ??iS-?ﬁ§%§%4§W§%g ii12%§qéag§ e %3
consti bpié ea®i RSt OMBhHOBLT €HHEPbIBRLBEYIAB=3LGRlst reception
generator 48 for generating restoration-réquest
i nhi bi toobrsigoait552415 The restoration-request
out put unit 46 outputs restoration-request signa
patt ern COMWAKEDETA Hotdrdie$ el M ION 0CE UTHENTRVERTION
restoration request 5~ in the HDD 10. Restoration
request 56 PAdEBRPEsMERSt inewhdcht tbe fingmnthHen is applied
ower-saving state to the "ldle" 20 state is needed.
2Rest orBR i BnSYeEERseI4iBRaF pathernheownikEki sirdve having a
particul ar_si | ,pattern used to request a node
connec?%ﬂl?g gﬂg EgaF?n(ﬁﬁF§ ¢nsertere) hodd Lodve

to b d f t he, - savi tate to. th ,
0 0% EE LAt AT, POV BB PRt ! S oy
20 et Ly Bg3s PerBil Y L Topoh et gt oT 00 g e

[ est orgbl o eauestnl BBI BT Lgpes! gogh 85,10 tdqif,?(pl?trive (HDD)

enbodi ment, "t storation-requéest 0

2dni t 460 i abEBEa st hect EANSALSSLERBNRf of R invention. The
restoration-request signal pattern E whi e
restormmmpner@gu@sgtbfagélaé9mcélgeaéc%§oh§ca%%%&k%q
(restoration-request inhibition period). 5 1In
accor danceiaed hwathi 8ena $at HDDgua@eMaNd sheoRATRON nterface
exanpl e, the host 20, the tinmer-setting unit 47 sets a



timer val ue, designated by the command, in the one of

the registers 412 and 422 of the progranmable tiners

41 and 42 that is designated by the conmmand. The 10
restoration-request transm ssion control unit 223 has

the same configuration as the restoration-request

transm ssion control unit 123 shown in FIG 2. FIG 3

is a block diagramillustrating tiHe power

savi ng-request reception control unit 124. As shown 15

in FIG 3, the power-saving-request reception contro

unit 198NEERPr FeESUBEodhamrabRé teirmsededregndosRriefly as

flip-fl, d 64, OR gate 65, | |

reageskgg%ogg@%Qﬁ&@EF?#oﬁ%gﬁSﬂt661§nd fhgeradst HDRgunit 11
it 6 Th ble ti 'S 6 2 ,

g?{iya SafegaggégLﬁg??v859Y5§EE§HP%S?§5g295ﬁ5§5é95@ﬂaﬁ

star ampl e, rise. .

progra%%%%?gé%iég?g g%agﬁ%ggzgéégﬁtapﬁﬁgsgleI RTA interface.

sorrespaedbﬂgAteoHE%Qﬁt%&%Eg%@ EQFQEVQ!SXQ%’(§%$§§1 ATA)

pul ses corresponding to predeterm ned interval

respecbrvaby. £3e Pestphathongeperati onTakakhral 9aak 43

indicates the start tinme of restoration froma

power - savcngtstat és(tBankcakd sbatsyr mAithgphPanticah’ via a

node to the "1dle" - 18 state, while

restorpgrahlepeRrdhi bnsst{Arteshgfiakr72eifadiredt € tBe"the PATA

start tine of restoration froma powersaving state

(" Sl unBes”) stdt epnfinatRe tshumsbeed hode hosthdhvkdl eystem)

tate. After measuring interval Tp2 and 5 Ts2, the
1@rogra%9&5?% fi ABFs26128AdPB2 dhepetneffesuresegnadsto as

73 and, 74 tiyely, Th ble tiners 61 _
and 62" hAbeSRRE Siie) stPuct G s S REMpFoAr SAREHLE 12 is
ti 4 in FIG 2, although FIG 3 d ,
ot oW TRent 105 ShesFITBLPT opsoR3dRALBH BFen FoRoLe chip

I Lp- i | S of
P for B5gk FLPa T haPsn 108abe" ALAGLR: DRl ptbEeon, che
start ééﬂgﬁiél7AT§ggng§5f%§ép39&!gsk alTﬂ%ﬁtgﬁgﬁg Eé?g The

of the flip-flops receive timeou al's

1:nd 74satR eeseecti Vel ¥asThens ; pu |
termnals Q of the flip??fopg %ggg%%ugﬁgéré Eggg&%gﬁ for

receptéonvenbibytioni sbgrakeidh, apdn¥6yviar thahsRirhi Bgs 30,
the reception of a power-saving request, respectively.
The ORigab eaBbimsguucesohheul ogbtal feuntht PAeA28us 13
reception inhibition signals 75 and 76. The out put
si gnal (bfet hesOR gaie 66ri shaspdrasle&cRPhi dnterface), and
inhibition signal 77. In other words, the programm
sending it to the main HDD unit 11 via the PATA bus
20 13. The SATA bus 30 can be formed of a cable or
wiring pattern. The wiring pattern can be formed on,
for example, the printed circuit board of the host 20.
The host 20 is an electronic device utilizing the
HDD 10 as a storage device. The host 20 is, for
25 example, a personal computer. The host 20 comprises a

main host unit 21 and SATA control circuit 22. The

main host unit 21 corresponds to a conventional host



ble timers 61 and 62, flip-flops 63 and 64 and OR gate

65 constitute a reception-inhibition-signal generator

25 68 for generating reception inhibition signal 77.

The request-reception-decision unit 66 determ nes

whet her a power-savi ng request froma node connect ed

- 19 to the HDD 10 (in this case, the host 20) shoul d

be accepted. In this enbodi nment, % the
requestreception-decision unit 66 accepts a

power - savi ng request fromthe host 20 while reception

i nhi bi £PBENt52884REF1INY Paraddedt éata Lusiaguenpagallel ATA

negatlve Enomded to_the host 20. |In accordance
with atPFefasért 5 ecGRTANGONESMLt IFd LIkt 26, isheonnected

i .
uror CEPRE HELh, REsRCLin ! RISl oL KRR PR (Bhadigel AT
10 in the)op 6%nhh21%89' LS 2k %get%ro% Egﬁ&a the SATA

tinmers 61 an t hat eS| gnate

§s al spupossgkbhait Rah bhe) t@@er %%tBF%%ru%bEd%7 e sara

made to performti ner value setting

progr asvRbkelt tiersi6loand s63. hé@tTB%1H%%05E0% ehThhSus

enmbodi mnent will now be described by mainly describing

t he opeoaheonsoof tiyhe.r estikeathensprequeshtirbanseiirssli®N 12 in

control unit 123 and power-savi ng-request reception

cont r otheniibD124, i hbkuba@iAi nohheoSATArcantr gk disr Edirined of a

12 of the HDD 10. 20 Firstly, the operation of the

restorridger E§lest eranspilesicbmnpcdotr plerdoirtniba3 initlelrface

&2 described referring to the timng chart of FIG 4.
sune“PRYeréhapr PREVEATAtBEnPRsR1dRACAIA intefrfeke and

roed an operation for transition from

HDD 10 has geg%g

t he "Iﬁ?ﬁ“a 5 a%@t?HSﬁCEomth§a§ﬁﬁé seateplt glrrgdt 22
I | t at t at

$EZ”EA StontrBREELPRbRE iaesﬁﬁeﬁeﬁg“ﬁhgs%éé?%s%aﬁgean

for %9ru8§ Bpleseﬂgogl%egﬁéx %&éu §a5%%ﬁén§§$%%

request ron1t e host via 0

cont rolnstEGUtLodZsal 90PET EBLIERENBARRELAL) AR Vtﬁge'% A

receives, fromthe main HDD unit

15Part|§ult@@ﬂ§ Fggquest tATReihearsaLbkledaha LREHY tlt to

20. The "Partial" node request is a power-saving

requesthe | RDENYOCASE, tb@tBAThebSAT&OCOHTh@|P@Th@%h%e%213 and

of the HDD 10 and the SATA control circuit 22 of the

host 283 peayobe mepbpeedt wonhf eespeaniivei busks tthafb@ming

"Partial" state. As a result, the HDD 10 and host 20

are swikehedofrenyt hep2tridpberabdeomponket” Pateiralhnect (PCI)

node. However, it should be noted that the tine

requi reesey- eath BRisheagprctihe SREAempstasl circuits (SATA

&omersaV|ng targets to finish its transition to the 15
Part i df *94e 5t eldi #Per32pBetebR PHeMideHe it pcECH bridge.

el enents be uded in_the phyS|caI-Ia er
processi ng Eﬁgtggﬁé SHBtFPﬁkF%Féﬁéﬁért2I§¢€r22 Comprlse

|ng; Unjt,122 of the SATA
Ot nor SbTIEE At iRy PEarepayee [PaEesdrigan P2Ea1 20

- and "P%A&Y@Péﬁg 5r£a¥§ge9r8?§§ggg9nunltﬁtlnéaésunee§@2,

|nterms|ate St eiln ey ares

Part'ﬁést§f§{foﬁDPEG?e§@V£99n§ﬁﬁgglonTE%n%%§§ gﬁgt%e123 and

said of the physical-layer processing

23 i nk/ tz2Rs5pohd - bayet - 9£9§§§3k@QuH§ttr%%%g@&okh%o%%@%l units

25 control circuit 22. Therefore, if such a situation

aﬁ reqﬂ$4e&ndGSZQIaEQQpe&t@ﬂblbe 'Paet bak/sighate sher
the "ldle - 21

processing units 121 and 221 execute high-rate serial



state has occurred i Mmedi ately after transition to the
"Partial" state is started, it is possible that
restoration fromthe "Partial" state to the "ldle"

state cannot reliably be executed. In light of this, 5
the followi ng mechanismis enployed to delay the

transm ssion of restoration-request signal pattern
COMMKE unti |l predeterm ned |ﬁteﬂ@bI‘Tp1 el apses from

the start of transition to the "Partial" state.

Firstly, assune that at tine tl1l, the SATA control 10
circui Hat2 FEeBpPYES étrﬁﬁﬁmﬂéﬁloﬁﬁéécﬁeéue§t i@ the SATA

tarts, t t th Par t tat At thi

R R R B e el e 1

hi gh | [ .

D 9] 9408 B Boat] ettt rroves

1> of bbecaceghamAbLe t?ﬁegnéle%S%gg' bEef fRta Tertivea

to zero, and starts counting rn accor

si gnal u e oanFu e ower.- i.n
nnge sF§%§|tg§R%?§E Fggagofhékﬁlgﬁaﬁgngg %ﬁ Ao the

flip-flopkABrasspett- m@?é@bprggeggﬁr‘@' gAak sodbputy nfyr B
the termnal Qof the flip-flop 43, i.e
rest or ahi @ncoedaest Wmhhbtheomnsegp&Etéﬁlthré%&@&bed
Restoration-request inhibition signal 53 is input to
one teFafpaftovelfie ORughher45chZhphgshenltényenabrotessing
the OR gate 45 is sug lied with 25 restoration-request
|nh|b|tpbﬁ531§%a@ne4 gﬁaPUFEHhegétedsmAcaosdmmgﬂydathe
1 gat e, 45 uts, as restoration-request inhibition
i gnal Sgna Ss @né?Spons?ztocéﬁﬁé§§6ﬁdfﬁ@mt@h?hélgkéte
of restoration-request inhibition signal 53. That is,
restor%f?%ﬁp?EEuggyeFnﬂFBF?FBhnglﬁﬁé S562¢sagdselled
at ti The egister 412 in the progranmabl e tiner
41 5 ﬂ%e%ée ter%%r Tpl to be neasured by the count er
411 of the g Interva
PLO iﬁlmpkgn%b%{: aggcopagﬁ&gs hun.fl%P 122 and

by the tiner-setting un

exanpl £22 ac 4 EEL nSELLL N dyLro b

Thus, the reglstgéfﬁlé %aﬁgﬁgag 4R : EEB?ggrQEé ﬁgltlﬁnd
19t nertid@thyﬁdrtaslé?éﬁrﬁ!%cgﬁ’e1n§rh§n9‘eunt\lﬁﬁcﬂlére n(of shown.

increments its count value each time clock signal

ri ses.THdereoppat avor 1 #1B-T Fﬁo&é@s!ﬁbuﬁnQEstBQ the

counter 411 with interval Tp d by the register

412. |¥inkétvahspeoof- lmeezopnbeeSéiﬂglaneqeah220aﬁa 222

interval Tpl, i.e., if the counter 411 has neasured

i nt er v&IPHRY , thdeplpapanht baydt3passestsngi nedts 122 and 221

signal 51. When ti meout signal 51 is asserted, the

countétlghlr%q@%%t%oﬁﬁt@%@puV%ehgnaheoutnsrgﬁabnse it

asserted, the flip-flop 20 43 is reset. As a result,
29estcw%ﬁ?%ﬁ??%qﬁ%%? t%ﬁubt%?%ﬁ0§tghayesspéappgﬁ1ﬁgonnlts of

the t I f,the f| 43 ted, We
ost or BT OREPERTRLAS | W bF 108 gnan'%% 253 F4*higa cabs

biti
neoat SR LR Ptk ol e Sﬂ?étgétaaamﬁsrsﬁutge

i nhi bi I d L t3

ol ot (st 5! wpbel 21 220RAECo 20 LLBB ol dppotive

i nt erV@‘]’faJ ort Iafg’ u%&@?s?ﬁ&i%n%@%d ltCHefiﬁta transmitted

restoration- reques ors

. 25CCUr renge @ﬁer§ﬁ§§{§§199a§§9u§§écé§s1H Oﬂngﬁéeﬁbh”gnd 221.

t he occurrence of restoration request

rest orgié ofr4espest D&W@ﬂtpﬂdﬂtéséﬁnﬁ gﬁmf:sr ﬁErfBEf&mlnterface
the state of restoration-request i bition signal 55,

whet hezorav e esian abe oneceqtiest pasal bBLbATRdinAssdERe and

here that restoration request 56 has been issued at

time t2 within the period in which restoration-request
inhibition signal 55 is asserted, 10 as is shown in

FIG 4. In this case, the restorationrequest output

unit 46 does not i mredi ately out put

restoration- request S|gnal pattern COMMKE even if it

I e o, e r



Then, the physical-layer processing unit 121 and
link/transport-|layer processing unit 122, included in
t he SATA control circuit 12 of the HDD 10, execute 25
restoration fromthe "Partial" state to the "ldle"
state. On the other hand, the physical-Iayer
processing unit 221 and,link/transport-I|ayer - 24
processing unit 222, includedin the -SATA contro
circuit 22 of the host 20, al so execute restoration
fromthe "Partial" state to the "ldle" state in

accor d&fcdaki PR dsiterdiicen- request signal pattern 5
COWJAKE recei ved. As descri bed above,
restorationyﬁﬁﬁhé%F*bFgﬁwtﬁﬂﬁ#Qﬂwﬁqxﬁmmﬂgqﬁsrestoration

transn%%%gp fromthe SATA control circuyit 12 of the
HDD 10 t6 t RePRESE ~28 Vdf e e tPar PTp L deomsitizde (non

L P A3 S rucion-requen

Interv I'nC

Ent er med] ; [ t start of, . .

ransi T on s rRe  parer et “EeRec 185 e 2R snopreorated in

transi thenapbnibhenanbedicneat, bl %%%?%el?l 33861t @he time

for exanple, 5 ~s that is sufficient for 15 conpleglng

the trafsttboemtiestbe oPast kaktoshatien TRiSeREESNtSe nhost

restoration fromthe power-saving state to the non

power - 88ving BDat &0fr orsbechgveaguestrad ebstbeahash-2@quest

during the period in which the host 20 is expected to

assunetEABSTABELABIFanerstatieibef 628 the 2Q3campl ebhndigured
1$f tra sitifn to the power-saving state. Even if

est or aPi OR1FEqEBSt t58nFBipssaBdOBY thike rEBDOTEtion request

innedigteLg a%ter éhe start of transition to the

“Partiaf" “8Fat8Str 8¥t 8Pdt BR £Pomifheopewderaaiingof an

The. hotte50 SR PR BT AEBF ot PTHLEAnC HARER CLRE hose Paver-

Accor di oy TR FoLT B6CBERTRR pr ovented from faili ng

the i nter medl At SEato0 ASTA PEOAFE L RAPH RO HDD tics 124
"o lato to the «rarerararedcHPup POk T8 pRAGhPRE Zara

bus 30résp@et {06 Iy flaken €LANUREEEbE 9B USENg ATA, ;
bus 30. In the SATA control circ%it ?2, thebe@e§ 38ving

powver -seyiagt 10rd5sR0t Pedstabesthé hberpbysksal nbayen,

processing unit 121 and |ink/transport-|ayer

procesttIReEhi vellP? can beisoahbodbdenThewréar ehei host 20

the conpletion of transition to the power-saving state

("Part i "HRP at @) hastheaSATAL teAt aobowereaavitd canuest,
2¢m confirmed, restoration fromthe "Partial" state to

he "I'dle" PGt eSHEy " PeretartedrepephtosATANEoAlr ohit 124
circui{ 1%¥§ffore resforation-request inhibition
si gnal ' 55 helRE eI RS t e ther FRetBPHEroRaVéqUesequest

etk T
ot S R SN UL LESL LR R EAESR1 1390 o
above-dgsddped OPRRLaLE 0% 1ast restoration operation. In
25 accordance with the determination‘result, the power-

saving-request reception control unit 124 (or 224)

supplies a response (acknowledge or negative



are performed when a restoration request occurs in the

HDD 10 i mmedi ately after transition to the "Partial"

state is started. However, it is apparent that the

restoration-request transm ssion control unit 123

perfornms operations simlar to the above-descri bed

ones al so when a restoration request occurs in the HDD

10 imediately after transition tl® thre "Sl unber" state

- 26 is started. In this case, however, the

transm ssion_of a restoration request is inhibited

Wi t hi naFEPQWSQQ‘Féltaf fefe PretseAar t(osf HDPaAdilti on to

t he "Slumeguftgt& Inkﬁgll Tsl is set in ,

consi der ati 6A%0f %t FE 8 PHPE NEdREre™s ddtd stasgilng ftem

t he st capsition to . the "Slunber" state to . the

end of§%%58%?g%§EfF8ﬁPeF% ERFESBABSdPRe Ot Rl et 123,  As

Tsl is to % AN for completing the

transi??ganfotﬁﬁeﬁk%ﬁaﬁggébﬁs?§§5?g$s%rg%fﬂﬁfs%ﬁpcﬁop§r°l

sleter miagd 1937 EOfpLSd! biebenfifable el 99 ang 42,

bet ween the tines required r restoration ftrom fhe

"Partialfpantopsl upbgnd stat es hgs" | dka} Bn-

Furthernv?e, i? t he reIatignshi%aggtggéngkﬁgoa%%a%a request

and hosttp0tisnbdppoesi ardt oiibe-abevengt hait 47. The

restoration-request 15 transm ssion control unit 223

of thePhogrampapéef bimsrepétatndng2sihmel acttioathe,

above-descri bed ones. Referring nowto the timng

chart B¢SEeet1Bely, debeni peven-aplinpemgieenighatlse PARTIAL
lﬁperation of the pomer-savin?-request reception

cont r ARG rUNBER oo PRCEUEBBELIREN FheeSATAheoREPErammable

circuitilg of ihe HQ? 10. Firstly, assunme that a
request " FoFS r &5t P At T OnCPIBM PHESePafPFAPSPERdiBY tO

- ' . he,"ldl e" '
of the TRl eI b PatvEr BOLT AR hatiBes 160 FgppORding
exaﬁphﬁpﬁéﬂ%%gééfmiﬁg e%gi?Egglzési?ségégég 3v§$99eshhen

in the H means tha ecomes’n _
OperEﬁéﬁéﬁ&ié“ﬁ%?@ﬂﬁL3Qn@f§EﬁM§ﬁ§ g?@P'?BEOQXQE le, at the
restoration. For exanple, en it Is - 27 ne@eséary

130 transgh tlehad B, usheg 1hei SATA @H§t39heaHbBSF@r§E' ®8 the
request occurs. In this case, the SATA control circuit
12 of 'theertHDO "l Gnsdardsd rest ongs F onmedel tﬁébée@fﬂi@ély.
del ayi ng the restorati on operation by the 5 host 20 in
t he aboiteedeseasbethgroceduvel The pOWeTs$aving pREGrammable
("Partial" or "Slunber" node) can be controlled by
bot h tHeeHDD 4D 2l hdseutout Thenebot esighails posanbl 62,
that the host 20 issues a power-saving request after
the SAGSRRYGILLI rcihe noodpamhabhe HDODe16 4farns 42

oothe operation of restoration for data transm ssion,
and beTOHE TR LIPERTT s5BR i 41 berndr fdd, FAJLALSEs (REG)
case, .EEQQ? 5@5 control circuit 12 of the_ HDD 10
i mredi ‘atel 3 e @t PRHEPRRT2EANT n§CHBHuSSE, 2PAe423,
rest or.atd J ion is interrupted and 15 wasted. To
avoid%ﬁﬁé§E¢¥§%ﬁ%'enbodinent, no power saving request
i s accept edpy scrib ow.until _a
preact per i o ol ARen Prom § nebde aft Top (e exaftple, R
rest orALIIE RS Al Ik £ 1% COPLALT 281 Q0404 BEch have

internmedi ate state in which transition to
25 terminals R, S and Q. The terminals S of the flip-

flops 43 and 44 receive power-saving mode signals

PARTIAL and SLUMBER, respectively. The terminals R of



20 power-saving state is occurring. This preset period
corresponds to interval Tp2 shown in FIG 5 in the
case of restoration fromthe "Partial" state. Assune
here that the SATA control circuit 12 of the HDD 10
has started restoration fromthe "Partial" 25 state to
the "Idle" state. At this tinme, restoration operation
start signal 71 becones high for ¥ predeterni ned
peri od as shown in, for exanple, FIG 5. - 28 The
progranmabl e tinmer 61 resets its count value to zero

i n accoGaddd Puiftershd 3 eadi id adgeioe rdeteondt isdgnals 51
oper at i_on ggart si%pal 71, and starts to neasure tinme.

5 \When 2PEst6r atieSR Ghergtlivon 0§ Sigingdd orthu dirarhéhe
hi gh | " flip-flop 63 is.seta As a result, the
ngnal%ég 6&%H%r8n9&h§hfef 1@5%l@p§f4§h€“ﬂ i44- AtSp Uegd as
i.e., i i-nhi hi ti.an .Si l..75, .s_asserted.
Recept?%%%?%ﬁ?gfbi%ﬁ%giSﬁaﬁ%9g%ﬁ§lpﬁpﬁﬁgpgif er fgaPd for

30 of HhﬁigBtgﬁb?tg%-t}%%s%ﬁg%ﬁohe%@'ngég}QHT%ﬂg3qquest

gate 65 is supplied with reception inhibition signa
76 thatipsanegatedrnAcommdikagl YesbhetRgat.e &pe o gate 45
out puts, as reception inhibition signal 77, a S|gn§
corr espondimgst ehtheogtiabe el egephkoristiriithiodn rEuest
signal 75. That is, reception inhibition signal 77 is
assert éghabitime signaTke Spr agriafwabl ehki MRLpGE signal of
nmeasures interval Tp2 preset therein by the.
ti mer - §Bft PRgJahkpet 4671sApsed Benirshitngathenreasuestent

1$f intervab_TEZ, the 20 programmabl e tiner 61 asserts

i meout "Bt GhEEC?3519Ra1sPEps LPnetheastirasent thahen
ti meou assertgdé1 the flip-flop
n

' | 73 15, fl 63 |
reset.giébggﬁggﬁg?t%fgséﬁtﬁ Pﬂhﬂﬁv;ﬁéﬁp§¢éﬁ§ﬁ_%§ and 44
noont e VPR 85 T e BBRs i ek PoR FERCEF gRaPys Ry est-

t > Teeh D : ST |
nogat e M AEEERLRRELLAR L8RS For ReBeRRsine

si gnal rddtbsapedat edqabst 1 1 i5gh
foll ows time til, atthfchlgﬁgﬁéﬁhgg %éagégngéd, by

linterval TpZheOrebheratheh-kaRdestNButput unit 46 outputs
request-reception-decision unit 66 nonitors a

pover - savtogat eouestqpsresifnarnpgeaBhh COAWRKE) 1Hrom

the host 20, e.g., primtive
accordance with occurrence of restoration request 56
in the HDD 10. Restoration request 56 indicates that
restoration from the power-saving state to the "Idle"

20 state is needed. Restoration-request signal pattern

COMWAKE is a particular signal pattern used to request

a node connected to the HDD 10 (in this case, the host

20), to be restored from the power-saving state to the

"Idle" state. The restoration-request output unit 46

25 determines the output time of restoration-request

signal pattern COMWAKE in accordance with restoration-

request inhibition signal 55. In this embodiment, the



"PVREQ P" or primitive "PMREQ S". Prinmitive "PVREQ P"

IS a power-saving request for designating the

"Partial" node, and primtive "PMREQ S" is a

power savi ng request for designating the "Slunber”

node. 10 Upon detecting a power-saving request, the

request -recepti on-decision unit 66 confirnms, fromthe
state of reception inhibition sighal 77, whether

reception of a power-saving request is inhibited.

Assunme here that the host 20 has transmtted primtive

15 " PVRESLOT a4l iy vRe AUES tWiHinvta Yreirti dicb iimhatiidts the
recept%on i nhi bition signal 77 is asserted, as is

shown i"foRSEL 19, Afpiré sterat ion 1ragyside gignal pattern
primtij " EQ-.F", the request-reception-decision

uni t GE&&V{“E%F §Rids: sepha TP HRGUSRE PINARGET ofs signal 55
20 negat.i W fqr .informng.that reception |

of the Boner eauing T es et s DR en Beriod)
primtirye s cRMREQNR: kS +innhi Bis _Primtive "P g

IS transnittedggrgﬁl?ﬁghp%y§#ﬁ§¥I%%ﬁgﬂ%%éggg§th%qu’ for

121 toekhaphest t2@ Woatt @ ,SATA RUHeILsed? :
descri bed above, in the enbodinent,gwhék tﬁ@ﬁgﬁ$ﬁt 17 sets a

controtimercublud? dbstb@atiol B $ha! o@D atd ¥he one of
fromthe power-saving state to the "ldl e" - 30
state thenrpewetesavidig shat dpland itteedirai@laymable timers
thereafter it receives a request for a power-saving
stat e, 4t 288e42nshascésprieshgnpower byatineg coamzest. The
1@romthe host 20 within interval Tp2 after the start 5
f the'FEEPEAREPBALTEPERELI 6HanABlgsiesulcontiied SATA 223 has
controhpcircuit 12 of the HDD 10 is free fromthe
probl ef't h8E™Er SRBFEPYRaEdOPhESp&her reationg tdrara sigsiest

agai n med.before restoration_fromthe power
savinggg%é?él?gl?ﬂeCHBErﬁzmﬁpgga FAg S8CHNe 1ns FIG - 2.
conpl eted a t he SATA 0 ,i.s used., .l.n ot her, words,
the SATA ci ?ggi'tgl 5 § B?E’S’%f FoRIERD 6#&&13&5‘3&&@% 6d“e power-
t he exist e CL.I Lnternedigte
state relgﬁgdr?gu%gge?ggééFggﬁ §é§§?8ﬁnaPﬁF ﬂﬁg'SA%ﬁ shown
1$OntroinCFI@U'B,1€h@fpbhérEgghiggl§eﬁﬂggke§e%%§tq%%tcontrol
20 to performa restoration operation in accordance
Wi th theiabb¥e- oenpi086d gebayafinkBILOkak@R BEAUSSE 62,
(restoration-request signal pattern COWAKE) when the
host 20lig-fibopsn6anandstapl eRsyate €8¢ kegqaest-reception-
power -savi ng operation. 20 Further, even if the SATA
cont r gte@} seomt un Rt r eGeandst amponertsdngngnieqddst The
fromthe host 20 i mediately after a restoration
oper atPergTamBseat ¢ cllimorsdat aandah@nissi entivhtean
5 ccomplish data transm ssion regardl ess of the
@ower-%%%ﬁ%@tjr%ﬁhléstwh% behEPrabinpreperehéogATAart signals
contro} cir %% 1% is free. fromthe problemthat
i medi at 6137 aff er LPT SXaPPLer eEidfati BAS Programmable

timers 61 and 62 count pulses corresponding to
predetermined interval Tp2, and pulses corresponding
to predetermined interval Ts2, respectively.

25 Restoration-operation start signal 71 indicates the
start time of restoration from a power-saving state

("Partial" state) in the "Partial" mode to the "Idle"



fromthe power-saving state ("Partial"” state) to the

- 31 "ldle" state, it receives another power-saving
request and again shifts to the power-saving state
("Partial" state), and then restarts restoration from

the powersaving state to the "lIdle" state. 51t is

assuned that the above-described operations are

per formed when a power-savi ng Ted¥est- occurs in the

host 20 inmediately after restoration fromthe

"Partial" state to the "ldle" state is started in the

HDD 10StpGRevEhilet restoppadientopkabtibe poset Bignal 72
savi ng-request reception control unit |24 performns
operatFBﬁéchﬁﬁlEPetétﬁﬁé sBBfeodesesitbed ténas falosoa power-
when a gomer-sgving mggue t gccurs in the host 20

i medi 8t &F)9aPtarer dstoPEPRSn FEEMEY hd 1 Shent Sl umbesy'e mode

|2 Lhesol ghe”vstale, Lo SLart ag. L LIS L0 L0, Lo Sy e
§ equestshy OghLhe, 9steRpis FOLOLTRY WLLNG LILELNal ineoye

Ts2 after the star € restoration.

enbodigﬁghal§523>aﬁﬁzﬂ4$hE@QpE§tQ@E§§U?n%ﬂefgggbﬁggmﬁgle

difference in definition between the tines r

for resimeasi o0 bhamebhaavBakhikakamand e rab¥iReL" 25 the .
states to the "lIdle" state. Furthernore, if the

rel atipnshipmbebheeninbe KDDa%@ andshesh 28 FSG. 2, although
opposite to the above, power-saving-request reception
controfl@ni 8 geasohothehhwsthaf.perforns operations 25
simlar to the above-descri bed ones. The enbodi nent

1Qescri bed abBgefisprdfiepsedst 8nd &¥seam, . gui ppadplicth RS
an HDD £harg di sk driveé. . - _32 However, the
present L1RAVEROPSBN i §hal s8rapprieadl eft bha &pépeflops 63 and
equippgg with ,a disk drive other than HDDs, such as an
optical” df Sk H¥FvESShRBREt 8RopPrEaF lanskRtartveigepds 71 and

It i ffici 1 f_the disk [ h 5 i al__ATA

it erf Gk, “SHEF LEBHY | nbBht FORNL8AEar RnBf EpB FaaBréLops
t t [ W th. t | . st d

ovher Tharr i ok Grrvele siiRofs' L AHanE: TaRipe e ive.

1i?oﬁgg€e%%%?%g§%£§!g’gtéig?gﬁgigighggﬁtiErgﬂetﬁét%gggknals Q
of the flip-flops 63 and 64 are used as reception
inhibition signals 75 and 76 for inhibiting the
reception of a power-saving request, respectively.

The OR gate 65 acquires the logical sum of the

20 reception inhibition signals 75 and 76. The output
signal of'the OR gate 65 is used as reception
inhibition signal 77. 1In other words, the programma-
ble timers 61 and 62, flip-flops 63 and 64 and OR gate
65 constitute a reception-inhibition-signal generator

25 68 for generating reception inhibition signal 77.

The request-reception-decision unit 66 determines

whether a power-saving request from a node connected



10 ATA interface. The present invention is yet further
applicable to a system equi pped with an electronic

device other than a disk drive, if the electronic

device has a serial ATA interface. Additiona

advant ages and nodifications will 15 readily occur to
those skilled in the art. Therefore, the invention in

its broader aspects is not linfitedto the specific
details and representati ve enbodi nents shown and
described herein. Accordingly, various nodifications

may be “Rad@Snwiiiodt départilsy dassm tihe 2@wpial)t sdrould be
scope qf th eneral .inventive concept as defined by

the apfend&Y St ai M dhd St KECHGENFal dift $he reqg@st-

VHAT | DI1S: .1.. An el.ectronic device _
conpr i ?ie%fgltgggerdl% TSAPR YT 08 @ XSRS fs AW edatsa Wag
anot hek..gl.getr eni i ' a.serial ATA interface |

5 connegﬁed the?gﬁbq$¥a%§sghgg gw&ifnreceptlon inhibition
bnhi bi tiigRasi gnali s0eReL3tRL CQRf t enerate an

i nhi bition signal used to ifhibi tr.%g%%!glesa%t _g‘oe & 'S 1)

in a fackhowasegen tehiteld $ais@ iphi birt, %@c%!r%i;é%lce' With a

asserted for a first preset 10 period of ti

transntéskonset tangesbamahbdofrbaquast hois@naly, Pakhkerl ne -
for requesting said another electronic device to

rest or @ethengennak ATAskmserflake ahesaiitheanslh@ing unit 47
el ectronic_device froma power-saving state to the non
power - SAvFRg- stat 8, tamgr( 2plim deségontedady thei Bommand,

i ch sai? i nhibition signal is asserted for a second
preset 1 Pef'8d°BF PEnkhearpedabeirenosf thepowersavitagle timers
requesg- s | Led_from said anot her el ectronic device
f or reéﬁe%ﬁ?nggtEéageFFageﬁ#ﬁpPEFQrP&céhéfC§@ménd- It is

el ectroni i o.shift, to_a power-saving state 20 '
fron1ag£%ﬁ g%égs%%vFﬁaks%g?eFlﬁngﬁﬁtEFQStg&ﬁ?c47 is made

devi cet Lied. | | ai her conprising: an
out put ﬁﬁ?%ﬁﬁ%%fi53@35 ?%E%%t%§%£5n9eg?5rgb?oﬁgPQEBQQFble
signaltpadtere; fQqbgpxtransmtted 25 to said anther

el ectronic device, in response to a request for
1ﬁest0ratlOnTﬁéOﬂhﬁc@9$ﬁro§a¥h99eﬁﬁahgmégtawqeﬁhnow be
n e

power - savi ng state, the request occurring I
described by mainly describing the operations of the
restoration-request transmission control unit 123 and
power-saving-request reception control unit 124
included in the SATA control circuit 12 of the HDD 10.
20 Firstly, the operation of the restoration-request
transmission control unit 123 will be described.
referring to the timing chart of FIG. 4. Assume here
that the SATA control circuit 12 of the HDD 10 has
performed an operation for transition from the "Idle"
25 state (non power-saving state) to, for example, the

"Partial" state as a power-saving state. The SATA

control circuit 12 performs the operation, for



- 34 electronic device, the output unit delaying the

output of the restoration-request signal pattern until

the inhibition signal is negated, when the restoration
request occurs in said first preset period of time in

5 which the inhibition signal is asserted. 3. The

el ectronic device according to claim2, wherein said

i nhi bition-signal generator incles:~a timer which

starts nmeasurenent of the first preset period of tine

when transition to the power 10 §aving state is

st art e§*28Rd €a PPPB;FP@GlWén@easé?&ﬂﬂ%@%?%mﬂﬂq|HﬁﬂQ&3t from
the power-saving.state i s started, thereby asserting

t he PnﬁﬁﬁigPSE gﬁ&ni#? 5%5At uﬁe3peseﬁhﬁhé@ﬂﬁNFQQi?9ﬂ
finish Sur, t of the first preset period o

15t mesre ik %%ggfgﬁﬁ%Pﬁgsiﬁ%FMQHﬁﬁ? Oghafheny 1t

fhe el 86Leedes, devhae (AeCaLdNgpho glidl M3 sherely 10, &
the tinmer is a programmble tiner, a™tinmer Vva

whi ch C@Qr@@aietmBH@”E@q@%%%C%o?%%eEQ%%shﬁﬁﬁgdjto the host
inhibit signal generator, the timer value .

i ndi cagdng ahéo“barﬁﬁagurQ@dge&bquSQ:igh%_gd%gggyy¢ing mode
devi ce according to claim?2, wherein in said first

case:
st at e,
state
and

10

15

20

25

whgnethe pdneengacvhsg,Sbatd iksed SARA dodtrol circuit

a first period corresponding to the "Partial”
13 o6 tbedHA® fReahir shepsasat cpetired ofi ddut®; 22 of
the host 20 perform an operation for transition to the
"Partial" state. As a result, the HDD 10 and host 20
are switched from the "Idle" mode to the "Partial"
mode. However, it should be noted that the time
required by each of the circuit elements as power-
saving targets to finish its transition to the
"Partial” state differs between them, the circuit
elements being included in the physical-layer
processing unit 121 and link/transpért—layer
processing unit 122 of the SATA control circuit 12.
In other words, the physical-layer processing unit 121
and link/transport-layer processing unit 122 assume an
intermediate state in which they are shifting to the
"Partial" state (power-saving state). The same can be
said of the physical-layer processing unit 221 and
link/transport-layer processing unit 222 of the SATA
control circuit 22.

Therefore, if such a situation as requires

restoration from the "Partial" state to the "Idle"



when the power-saving state is a "Slunber" state, a
second period corresponding to the "Slunber" state -
35 is used as the first preset period of tinme. 6. The

el ectroni c device according to claimb5, wherein the

i nhi bition-signal generator includes: a first tinmer

whi ch starts nmeasurenent of the 5 first period when
transition to the "Partial" staté&lis started; a second
timer which starts neasurenent of the second period

when tr n%ition to the "Slunber" state is started; 10

a firsﬁ%ﬁl@phﬁﬁoGqgﬁq&?@uﬂmMHﬁﬁﬁqﬂ%MnﬂﬂﬁanwHnanﬂktion to the
"Partiab" tagg i% ztanted, t hereby asserting a first
signal , “and o bé “PeSet SMTERAHRE f ittstl &t iDess e $Hhed

t he ne . of A he first, period,, thereby negatin .
Hmﬂ%%%%#f%g&n%Wiﬁﬁ%M m@e

tranSi%Egﬂet%ahﬂ%tn§qug%ﬁy P a%%e%%t%%art%%héhgﬁﬁgg% this,

asserting a second signa and to0 be reset

secondtheneb1fbnii shemeha nTRas UeBRRY gf { nd
peri od, thereby negating Fhe segon %SP ﬁa ?%aﬁgﬁ%g gﬁe

OR gat erahbsnhsadgui bES raskegheabnseiy@ksthe inkhst pattern
signal and the second signal, and outputs the |ogica
sum asCOMBAKBhubitilopretgnalrmifedThatelreelr RiC cd@Wse® from
according to claim®6, wherein; 25 the first tiner
conpri §BS &terkspfptognantabhetti e, "@atitder "value eqf
whi ch can be set from a device external to said
i nhi bi tion §t-g§RAILYgeResaner thelleat i@ tili meheva@lAT® control
@f t he firsttﬁiggrannable tinmer indicating the first

S

eri od“tb°he GPEBLVERAd2t hBagEéahd mpAer redwpsitsead
an borSaPEPTERTACtEIPEelS EREer RAFELE L Sanaarani At shis
Signaltﬂﬁ@?rﬁéﬁér-ggging mode signal PARTIAL assumes the
high level as shown, for example, in FIG. 4. When
signal PARTIAL is at the high level, the counter 411
15 of the programmable timer 41 resets its count value to
zero, and starts counting in accordance with clock
signal CLK inppt thereto.
Further, when power-saving mode signal PARTIAL is
at the high level, the flip-flop 43 is set, whereby
20 the signal output from the terminal Q of the flip-flop
43, i.e., restoration-request inhibition signal 53, is
asserted. Restoration-request inhibition signal 53 is
input to one terminal of the OR gate 45. The other
terminal of the OR gate 45 is supplied with
25 restoration-request inhibition signal 54 that is

negated. Accordingly, the OR gate 45 outputs, as

restoration~request inhibition signal 55, a signal



timer value of the second programmbl e tiner

i ndi cating the second period to be neasured. 8. The

el ectronic device as recited in claim1 further _

conprising a decision unit configured to 10 determ ne

whet her the power-saving request should be accepted,

the decision unit determning not to accept the

power - savi ng request when the Trﬁﬁ%ntTpn signal is

asserted during said second preset period of time. 9.

The el ectronic device according to claim38, 15 wherein

the i nfOBEESERISgRalt ydher At@te md l,np@stowttumef;eqduest

whi ch starts measurenment of the second preset perio

of time) ﬁtﬁggt&ﬁﬂﬁ4L1#%onﬂ¥ﬁgiﬁéheﬁ@ﬁ%ﬂiﬁ%ﬁ?Qﬂﬁ?quest

to the, r-savin tate is started; an a

fli p-fIlggﬁtbg%\égnsesthmgh%rseésoﬁﬁtsiecfr?eﬂ&ﬁ thée tl.
wer - savi ng st tQ & r-saving state is

Po Gh3l 3l ls%eﬂq%lr%)r}_rp.oc < Bﬁ)iolgoﬁ?qtgrradﬁaer ,tjé?ﬁjr 41

started, thereby dasserting the in

50 be hesel wheasibe hTetdf i shes Lhe aRAslenent, of 411

the second preset period of tine, thereby negating
25 i nhblfi thenpsoghammatlk {H&eQ|QQLrOQhQEQ%%UP§gg &S set by

according to claim9, wherein the timer conpri
progr abrebkémeirmeettang und? 4071 er avtlotela@lc aiiGh, Cay
be set froma device external to said inhibition
si gnal egamelay op, tinertisret ivngl werimadidc dtriong the host 20.
to_be_%ﬁgggr%gep%gb?gfer 412 can hold an arbitrary value
10 (timer value) as interval Tpl. The counter 411
increments its count value each time clock signal CLK
rises. The comparator 413 compares the value of the
counter 411 with interval Tpl held by the register
412. If the value of the counter 411 is equal to
15 interval Tpl, i.e., if the counter 411 has measured
iﬁterval Tpl, the comparator 413 asserts timeout
signal 51. When timeout signal 51 is asserted, the
counter 411 stops counting.

When timeout signal 51 is asserted, the flip-flop
20 43 is reset. As a result, restoration-request
inhibition signal 53 output from the terminal Q of the
flip-flop 43 is negated. When restoration-request
inhibition signal 53 is negated, restoration-request
inhibition signal 55 is also negated. As shown in
25 FIG. 4, restoration-request inhibition signal 55 is

negated at time t3, which follows time tl, at which

signal 55 is asserted, by interval Tpl.



11. The el ectronic device according to claim8, 5

wherein: when the power-saving state is a "Partial”

state, a first period corresponding to the "Partial"”

state is used as the second preset period of tine; and

when the power-saving state is a "Slunber” state, 10 a
second period corresponding to the "Slunber" state is

used as the second preset periodZ¥ time. 12. The

el ectronic device according to claim8, wherein the

i nhi bition signal generator includes: a first tinmer

whi ch st art§mrr§§§u10éﬁ*@|¥t hend,hé hes rfelsrtsxraﬁe.rqmﬂ:amst output
restorati en fromthe "Partial” state to the non

power - gg%lné6sW8PétP§ssF§@t@&Cu§r§@€§n@ftWﬁéﬁqnﬂuy¢n request

f. th d d when .
Testor &t on? F?%ﬁ%ﬁéwépmﬁ-‘?ggpﬁtr%'fe%get RE ﬁ@ﬁtlorattlon
t 20 a firs [ op .to
Do oot TuhiRFoaPer sRoR FERR ERS -RaEar osrRie OB

§he nogopewehsSavi-Bg %B@tgtb S%%fksgto& RLERY 1o quest
en the

asserting a first si gnal, be rese

first thEblthhsbﬁénhme5393§H6€H§9taoEe%Q%E%Eﬁ%% fequest is
period, thereby negating the first si gna

flip-fiopibbtbe. senswhes hegbotBhLOReEEGMERGN request 56
"Slunber" state to the non power-saving state is

start edastheerbysassdratngimeseeondtaiignahe pedib@ in- which
38 Dbe reset when the second tiner finishes the
restoration-request inhibition signal 55 is asserted,
10 as is shown in FIG. 4. 1In this case, the restoration-
request output unit 46 does not immediately output
restoration-request signal pattern COMWAKE even if it
detects restoration request 56, but waits for
restoration-request inhibition signal 55 being
15 negated. At time t3 at which restoration-request
inhibition signal 55 is‘negated, the restoration-
request output unit 46 outputs restoration-request
signal pattern COMWAKE in response to restoration
request 56. Restoration-request signal pattern
20 COMWAKE is sent by the physical-layer processing unit
121 to the host 20 via the SATA bus 30.

Then, the physical-layer processing unit 121 and
link/transport-layer processing unit 122, included in
the SATA control circuit 12 of the HDD 10, execute
25 restoration from the "Partial" state to the "Idle"

state. On the other hand, the physical-layer

processing unit 221 and link/transport-layer



measur enent of the second period, thereby negating the
second signal; and an OR gate which acquires a | ogica
sum of the 5 first signal and the second signal, and
outputs the logical sumas the inhibition signal. 13.
The el ectronic device according to claim 12, wherein;
the first timer conprises a first programmable 10
timer, a timer val ue of mhich'taﬁ“ﬁe'set froma device
external to said inhibition signal generator, the

timer value of the first progranmable tinmer indicating
the fi PSCCFESIET L& e Zfeas dmedudecd inhéhee SHIA tdomerol
is a second.%r ra le timer, 15 a timer val ue of

whi ch Eaf“beé sg ngﬁm d&vitc & lexPdERalexesuda gestoration

I nhi bi ti | I tor, .the ti I f th
Second pragr AaTREFe Crter SAGFCHE 1o e decoRt 56 1
to be measubEfceliyich TRLAQL QF LONLIOLIING PONST it orn

saving in an 20 el ectronic devic

snterfaoRwaREMRPELEL Gy asserting an inhibition signa
in at least one of: (1) in a first case in which

transition Re ded2rPOERI a3AVeNJ [ t (g [
the serial ATA interface owaﬂergﬁggsﬁg%ﬁ? g@?%SF Fﬁgnal
i nhi bi pabhesng0aMwh&ENng susednkaiitABUDiFk ol @RSMEEFINOR ont rol
of a - 39 restoration-request signal pattern for
reques€inguahotl Repfekbet HODI ¢ 0devi caewhbBta29ekifak rATAterval
interface to restore the serial ATA interface of said
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power - savi ng state,

15 completing the transition to the "Partial" state.

This prevents restoration from the power-saving state
to the non power-saving state from being requested of
the host 20 during the period in which the host 20 is

expected to assume the intermediate state before the

20 completion of transition to the power-saving state.

Even if restoration request 56 is issued by the HDD 10
immediately after the start of transition to the
"Partial" state, restoration from the power-saving

state to the non power-saving state is requested of

25 the host 20 after interval Tpl (in which the host is

expected to assume the intermediate state) elapses.

Accordingly, the host 20 can be prevented from failing



15 power-saving request being supplied fromsaid

anot her el ectronic device connected to the electronic
device via the serial ATA bus. 15. The nethod as

recited in claim14 further conprising, in the first

case: 20 a) negating the inhibition signal for a first
preset period of tine after transition to the

powersaving state is started; andY) del ayi ng out put

of the restoration-request signal pattern until the
inhibition signal is negated, 25 when a restoration

r equestCo&EGRS Ven as died thirest opr eseriepér bedaofset iafe tite

whi ch the inhibition signal is asserted. - 40 16.

The ne%H28r5886P&Fn§tﬁ6€claﬁﬁlf4FeﬁWéﬁei&OﬁMu§$3|ﬂ@D 10 and
power - Lng,state is.a “Partial” state, a first
periodﬁgékrggpSRSiﬁsiﬁabéﬁereﬁgFPifFOHSFQFei3§rﬁéé& astate
one of +th 7 nd nd_preset peri.ods .of tine;

and whin The peudessSREEISRRERRY ARt Sl Ramhtlmn

8 secopdspeni opdi-ng "ol r'", st a

is used asggnggoﬁe?ﬁg§ﬁi?gkgaﬁg%ggggﬁg§ﬁ%gggflﬁ r%g s SATA
of timeusl®ol7. The nethod as recited in claim14

further conprising, in the second case: a) negating

the inhi bi t TantakgBArAl eond reecend RIiesab PeHOGRfer-saving
time after transition to the non power-saving state is
startedtabnd ¢5 bhedphagpinglelbpetr efotBesing unit 121 and
restoration-request signal pattern until the

i nhi bi tiBk/srgnapors-hagaredronkeniagr estiar abi2oran be

equest occurs in said second preset period of tine in
e

i ch tRRL+AREB: ti BRese§ALR, i $fasber cepl20i08. ofntransition
el ectroni ¢, device conB[ising: a serial ATA interface
for traAshi®tPRgcHaFavindanbeher (BPestiani'c sdatiedein the

W th ial ATA interface connected thereto via a _
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started in the SATA control circuit 12 before

15 restoration-request inhibition signal 55 is negated.

Further, if restoration request 56 is issued where
restoration-request inhibition signal 55 is negated,
the restoration-request output unit 46 immediately

outputs restoration-request signal pattern COMWAKE.

20 It is assumed that the above-described operations

are performed when a restoration request occurs in the
HDD 10 immediately after transition to the "Partial"
state is started. However, it is apparent that the

restoration-request transmission control unit 123

25 performs operations similar to the above-described

ones also when a restoration request occurs in the HDD

10 immediately after transition to the "Slumber" state



of (1) a restoration request and (2) a power saving
request, said restoration request requesting said -

41 another electronic device to restore the seria

ATA interface of said another electronic device froma
power - savi ng state to the non power-saving state, and

sai d power saving request being s(gplied fromsaid 5

anot her el ectronic device to sai &%l ectronic device

for requesting the serial ATA interface of said

el ectronic device to shift to a power-saving state

from alfoAtpshed. sa¥nnghésaraserghoveyesl egheoirensmission
device as recited in claim18 10 further conpri sing:

an out Bt 2uRPELEEAL§Hr 6§ M SSutBudngibited within interval

rest or at requ [ | pattern, to be transmtte
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request occurs Iin a first peri O

whi ch Eﬁﬁnbﬂﬁhghtk@ntﬁbgn@huhﬁeQSS%E%%@ t%othgh%nd of the
electronic device as recited in claim18 20 further

conpri sikagsiaidaci siiantunist ca@dtiigened totdetenmme is set

whet her the power-saving request should be accepted,

t he detbsmomalnkt sdétfectentngorotcoind lacdent thike tpewition to
the "Slumber" state. Tsl > Tpl, which is determined

10 from the difference in definition between the times

required for restoration from the "Partial" and

"Slumber" states to the "Idle" state. Furthermore,

if the relationship between the HDD 10 and host 20

is opposite to the above, the restoration-request

15 transmission control unit 223 of the host 20 performs

operations similar to the above-described ones.
Referring now to the timing chart of FIG. 5, a

description will be given of the operation of the

power-saving-request reception control unit 124

20 included in the SATA control circuit 12 of the HDD 10.

Firstly, assume that a request for restoration from

the "Partial”" state (power-saving state) to the "Idle"

state occurs in one of the HDD 10 and host 20, i.e.,

in the HDD 10, for example. The occurrence of the

25 restoration request in the HDD 10 means that it

becomes necessary to operate the SATA bus 30 after the

completion of restoration. For example, when it is



savi ng request when the power saving request occurs 25
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inhibition signal is asserted. .A
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20 power-saving state is occurring. This preset period
corresponds to interval Tp2 shown in FIG. 5 in the
case of restoration from the "Partial" state.

Assume here that the SATA control circuit 12 of

the HDD 10 has started restoration from the "Partial"
25 state to the "Idle" state. At this time, restoration

operation start signal 71 becomes high for a

predetermined period as shown in, for example, FIG. 5.
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restoration operation start signal 71, and starts to
measure time.

5 , When restoration operation start signal 71 is at
the high level, the flip-flop 63 is set. As a result,
the signal output from the terminal Q of the flip~-flop
63, i.e., reception inhibition'signal 75, 1s asserted.
Reception inhibition signal 75 is input to a terminal

10 of the OR gate 65. The other terminal of the OR gate
65 is supplied with reception inhibition signal 76
that is negatéd. Accordingly, the OR gate 85 outputs,
as reception inhibition signal 77, a signal
corresponding to the state of reception inhibition

15 signal 75. That is, reception inhibition signal 77 is
asserted at time tll.

The programmable timer 61 measures interval Tp2
preset therein by the timer-setting unit 67. After
finishing the measurement of interval Tp2, the

20 programmable timer 61 asserts timeout signal 73, and
stops time measurement. When timeout signal 73 is
asserted, the flip-flop 63 is reset. As a result,
reception inhibition signal 75 output from the
terminal Q of the flip-flop 63 is negated. When

25 reception inhibition signal 75 is negated, reception
inhibition signal 77 is also negated. As shown in

FIG. 5, reception inhibition signal 77 is negated at
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On the other hand, the request-reception-decision
unit 66 monitors a power-saving request (power
management request) from the host 20, e.g., primitive
"PMREQ_ P" or primitive "PMREQ S". Primitive "PMREQ P"
is a power-saving request for designating the
"Partial" mode, and primitive "PMREQ S" is a power-
saving request for designating the "Slumber" mode.

Upon detecting a power-saving request, the
request-reception-decision unit 66 confirms, from the
state of reception inhibition signal 77, whether
reception of a power-saving request is inhibited.
Assume here that the host 20 has transmitted primitive
"PMREQ P" at time tl12 within a period in which
reception inhibition signal.77 is asserted, as is
shown in FIG. 5. 1In this case, in response to
primitive "PMREQ P", the request-reception-decision
unit 66 outputs, for example, primitive "PMNACK" as a
negative acknowledge for informing that reception of
the power-saving request designated by the primitive
"PMREQ P" is inhibited. Primitive "PMNACK" is
transmitted from the physical-layer processing unit
121 to the host 20 via the SATA bus 30.

As described above, in the embodiment, when the
SATA control circuit 12 of the HDD 10 starts

restoration from the power-saving state to the "Idle"
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from the host 20 within interval Tp2 after the start

5 of the restoration operation. As a result, the SATA
control circuit 12 of the HDD 10 is free from the
problem that transition to the power-saving state is
again performed before restoration from the power-
saving state to the non power—saving state is

10 completed and the SATA bus 30 is used. 1In other
words, the SATA circuit 12 is free from the problem
due to the existence of the above-described
intermediate state related to pbwer saving.
Accordingly, the SATA control circuit 12 of the HDD 10

15 enables the host 20 to perform a restoration operation
in accordance with the above-mentioned delayed
restoration request (restoration-request signal
pattern COMWAKE) when the host 20 is not in an
unstable state due to a power-saving opefation.

20 Further, even if the SATA control circuit 12 receives
a power-saving request from the host 20 immediately
after a restoration operation is started for data
transmission, it can accomplish data transmission
regardless of the power-saving request. In other

25 words, the SATA control circuit 12 is free from the
problem that immediately after it starts restoration

from the power-saving state ("Partial" state) to the
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and again shifts to the power-saving state ("Partial"
state), and then restarts restoration from the power-
saving state to the "Idle" state.

It is assumed that the above-described operations
are performed when a power-saving request occurs in
the host 20 immediately after restoration from the
"Partial" state to the "Idle" state is started in the
HDD 10. However, it is apparent that the power-
saving-request reception control unit 124 performs
operations similar to the above-described ones also
when a power-saving request occurs in the host 20
immediately after restoration from the "Slumber" state
to the "Idle" state is started in the HDD 10. 1In this
case, however, the reception of a power-saving request
from the host 20 is inhibited within interval Ts2
after the start of the restoration. 1In this
embodiment, Ts2 > Tp2, which is determined from the
difference in definition between the times required
for restoration from the "Partial" and "Slumber"
stafes to the "Idle" state. Furthermore, if the
relationship between the HDD 10 and host 20 is
opposite to the above, power-saving-request reception
control unit 224 of the host 20 performs operations
similar to the above-described ones.

The embodiment described above is directed to a

system equipped with an HDD (hard disk drive).
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further applicable to a system equipped with an

external storage device other than disk drives, such
as a magnetic tape drive. In this case as well, it is

sufficient if the external storage device has a serial

10 ATA interface. The present invention is yet further

applicable to a system equipped with an electronic
device other than a disk drive, if the electronic
device has a serial ATA interface.

Additional advantages and modifications will

15 readily occur to those skilled in the art. Therefore,

the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various

modifications may be made without departing from the

20 spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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10G least one of (1) in a first case in which said

inhibition signal is asserted for a first preset

10 period of time, transmission of a restoration-request

signal pattern for requesting said another electronic
device to restore the serial ATA interface of said
another electronic device from a power-saving state to

the non power-saving state, and (2) in a second case

15 in which said inhibition signal is asserted for a

second preset period of time, a reception of a power-
saving request supplied from said another electronic
device for requesting the serial ATA interface of said

electronic device to shift to a power-saving state

20 from a non power saving state.

2. The electronic device as recited in claim 1
further comprising:
an output unit configured to output a

restoration-request signal pattern, to be transmitted

25 to said anther electronic device, in response to a

request for restoration from a power-saving state to a

non power-saving state, the request occurring in the
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a timer which starts measurement of the first
preset period of time when transition to the power-
10 saving state is started; and

a flip-flop to be set when transition to the
power-saving state is started, thereby asserting the
inhibition signal, and to be reset when the timer
finishes the measurement of the first preset period of
15 time, thereby negating the inhibition signal.

4. The electronic device according to claim 3,
wherein the timer is a programmable timer, a timer
value of which can be set from a device external to
said inhibit signal generator, the timer value
20 indicating a to~be-measured period.

5. The electronic device according to claim 2,
wherein in said first case:

when the power-saving state is a "Partial" state,
a first period corresponding to the "Partial" state is
25 used as the first preset period of time; and

when the power-saving state is a "Slumber" state,

a second period corresponding to the "Slumber" state
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second period when transition to the "Slumber" state
is started;

10 a first flip-flop to be set when transition to
the "Partial" state is started, thereby asserting a
first signal, and to be reset when the first timer
finishes the measurement of the first period, thereby
negating the first signal;

15 a second flip-flop to be set when transition to
the "Slumber" state is started, thereby asserting a
second signal, and to be reset when the second timer
finishes the measurement of the second period, théreby
negating the second signal; and

20 an OR gate which acquires a logical sum of the
first signal and the second signal, and outputs the
logical sum as the inhibition signéi.

7. The electronic device according to claim 6,
wherein;

25 the first timer comprises a first programmable

timer, a timer value of which can be set from a device

external to said inhibition signal generator, the
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indicating the second period to be measured.

8. The electronic device as recited in claim 1
further comprising a decision unit configured to
determine whether the power-saving request should be
accepted, the decision unit determining not to accept
the power-saving request when the inhibition signal is
asserted during said second preset period of time.

9. The electronic device according to claim 8,
wherein the inhibition-signal generator includes:

a timer which starts measurement of the second
preset period of time when restoration from the power-
saving state to thé non powér—saving state is started;
and

a flip-flop to be set when restoration from the
power-saving state to the non power-saving state is
started, thereby asserting the inhibition signal, and
to be reset when the timer finishes the measurement of
the second preset period of time, thereby negating the
inhibition signal.

10. The electronic device according to claim 9,

wherein the timer comprises a programmable timer, a
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to said inhibition signal generator, the timer value
indicating a to-be-measured period.

11. The electronic device according to claim 8,
wherein:

when the power-saving state is a "Partial" state,
a first period corresponding to the "Partial" state is
used as the second preset period of time; and

when the power-saving state is a "Slumber" state,
a second period Corresponding to the "Slumber" state
is used as the second preset period of time.

12. The electronic device according to claim 8,
wherein the inhibition signal generator includes:

a first timer which starts measurement of the
first period when restoration from the "Partial" state
to the non power-saving state is started;

a second timer which starts measurement of the
second period when restoration from the "Slumber”
state to the non power-saving state is started;

a first flip-flop to be set when restoration from
the "Partial" state to the non power-saving state is
sfarted, thereby asserting a first signal, and to be
reset when the first timer finishes the measurement of
the first period, thereby negating the first signal;

a second flip-flop to be set when restoration
from the "Slumber" state to the non power-saving state

is started, thereby asserting a second signal, and to
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be reset when the second timer finishes the
measurement of the second period, thereby negating the
second signal; and

an OR gate which acquires a logical sum of the
first signal and the second signal, and outputs the
logical sum as the inhibition signal.

13. The electronic device according to claim 12,
wherein;

the first timer comprises a first programmable
timer, a timer value of which can be set from a device
external to said inhibition signal generator, the
timer value of the first programmable timer indicating
the first period to be measured; and

the second timer is a second progfammable timer,
a timer value of which can be set from a device
external to said inhibition signal generator, the
timer value of the second programmable timer
indicating the second period to be measured.

14. A method of controlling power saving in an
electronic device with a serial ATA interface,
comprising:

asserting an inhibition signal in at least one
of: |

(1) in a first case in which transition to a
power-saving state is started in the serial ATA
interface of the electronic device, the inhibition

signal being used to inhibit transmission of a
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10 started in the serial ATA interface of said electronic
device, the inhibition signal being used to inhibit
reception of a power-saving request for requesting
transition of the serial ATA interface of said
electronic device to the power-saving state, the

15 power-saving request being supplied from said another
electronic device connected to the electronic device
via the serial ATA bus.

15. The method as recited in claim 14 further
comprising, in the first case:

20 a) negating the inhibition signal for a first
preset period of time after transition to the power-
saving state is started; and

b) delaying output of the restoration-request
signal pattern until the inhibition signal is negated,

25 when a restoration request occurs in said first preset

period of time in which the inhibition signal is

asserted.
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. The method as recited in claim 14 further

comprising, in the second case:
a) negating the inhibition signal for a second
preset period of time after transition to the non

power-saving state 1s started; and

15 b) delaying output of the restoration-request

signal pattern until the inhibition signal is negated,
when a restoration request occurs in said second
preset period of time in which the inhibition signal

is asserted.

20 18. An electronic device comprising:

a serial ATA interface for transmitting data to
another electronic device with a serial ATA interface
connected thereto via a bus, and:

an inhibition-signal generator configured to

25 generate an inhibition signal to inhibit at least one

of (1) a restoration request and (2) a power saving

request, said restoration request requesting said
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another electronic device to restore the serial ATA
interface of said another electronic device from a
power-saving state to the non power-saving state, and
said power saving request being supplied from said
another electronic device to said electronic device
for requesting the serial ATA interface of said
electronic device to shift to a power-saving state
from a non power saving state.

19. The electronic device as recited in claim 18
further comprising:

an output unit configured to output a
restoration-request signal pattern, to be transmitted
to said anther electronic device, in response to said
restoration request; the output unit delaying the
output of the restoration-request signal pattern until
the inhibition signal is negated, when the restoration
request occurs in a first preset period of time in
which the inhibition signal is asserted.

20. The electronic device as recited in claim 18
further comprising:

a decision unit configured to determine whether
the power-saving request should be accepted, the
decision unit determining not to accept the power-
saving request when the power saving request occurs
during a second preset period of time in which the

inhibition signal is asserted.



