. ., €3gDDTj V6<Tr TI'TLE OF THE | NVENTI ON ELECTRONI C DEVI CE W TH SERI AL ATA
| NTERFACE AND PONER SAVI NG METHOD FOR SERI AL ATA BUSES B THE
| NVENTION 5 The present invention relates to an electronﬂMWMWmmmmmm
serial ATA (AT Attachnent) interface, and nore particularly t,gan
el ectroni c device represented by a disk drive, and a power saving nethod
for serial ATA (SATA) buses, which are suitable for 10 reduc
power ~consunption of a serial ATA bus thaticonforns to the zmﬂmﬂmm@mmﬂmm
interface standards. As recited in "Serial ATA: H gh Speed
Attachnment" Revision 1.0a, Serial ATA Workgroup, Jan. 7, 2003 (HE®®mafter
referred to as "the prior 15 artrmogunent’ie Bband@Ersls for serial ATA
interfaces that are new interfaces for disk drives have been worked out.
Serial ATA int eEf.@cerodre 0EydCES WIMTHeSERIAS., aANVERITER HPIETH [HND adowlErvi ce,
represented by a hard disk drive, and a host (host system 20 represented
by a personal cSﬁﬁJNérMEEHODhEQRp@EBHALs@ﬂ%aBU@ES interfaces are simlar to
conventional ATA interfaces (i.e., parallel ATA interfaces). A periphera
devi ce having the serial int eBA@E@R@%@hOESTHEhéNHEHNQNdr| ve HDD) is
connect ed to 25 the host by a serial ATA bus. The serial ATA bus conprises:
a pair of°signal I|nE§QJﬁ%¢%%Q§(ﬁﬂﬁﬁﬁﬁ%ﬁ?tR?%?QﬁQfQQeﬁﬂ|%ﬂeQﬁﬁﬁ¢¥¢er

configured to transnl direction;_and anot her

pair of signal FFHéSSt P‘i’ét hafe S@&ﬁ%‘@ctp@@ t@ %&Q?éjﬁmtﬁ”ftf lerdta i aml i fi er

configured to trans Si 1. t.he .second .di r.ecti.on e., the direction
AT ek ahpemy RS S 6 iy

opposite 5 to the first directi éﬂﬁe conpatibility
with an ATA int ‘?‘cfe 3C8enlt d' % SCLEIH Y% S X& ?vaf%-lip‘éawﬁ{ a}r?eclkk{ﬁo a

serial ATA inter an ert a seri aI ace 1 nto

interface. Such gyt %refﬁ%@ @\@r@vqrs%n@\ Ib%s@%rfwm 0 Py i xarmpl e, an
LSI (bridge LSI) called a serial AT interface control circuit (serial ATA

bridge). 18 seri aledfFAngtelel 326 GOHIRuMtiGH bof S HMigdehdornidie HDD. In
the serial ATA interface standards, three 15 | ayers of different functions,

i.e., a physicalkthaayeonfarrsnkd ayer said ad ATANSpOdr faayerst aida e | ned.
The physical |ayer has a function for executing high-rate serial data
transm ssi on and recds immtithEe iphySenalall AEX: iHitgr Bedesd reeel akilzaldt a,
and transmts the data 20 to the link layer in accordance with an
interpretation Agsdititachimenshy Recwdls llcay dr. Gl ,s ¢ etitqputisl 7a Verkgtowtat a si gnal
to the link layer in response to a request therefrom The |link |ayer

suppl i es the phygincal’ /| &Pér3 wihelred nadigastrafe mgduto @ si'gresd .paier | i nk 25
| ayer al so supplies the transport layer with the data transmtted fromthe
physi cal 1Payer . e GOXEHS ) /1 S Jeeitfcorid EGHRiSs iAo figrtoprers ons

based on that are new interfaces for disk drives have been

worked out. Serial ATA interfaces are used as
interfaces between a peripheral device, represented
by a hard disk drive, and a host (host system)

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

A peripheral device having the serial interface
(such as a hard disk drive HDD) is connected to

25 the host by a serial ATA bus. The serial ATA bus

comprises: a pair of signal lines that are connected

to a differential amplifier configured to transmit



- 3. the ATA standards. Assum ng that the above-nentioned serial ATA
interface control circuit is used in an HDD, the role of the transport
| ayer corresponds to the role of the ATA signal output unit of a conven 5
tional host that utilizes an ATA connection. The serial ATA interface
control circuit is connected to the disk controller (HDC) of the HDD via an
ATA bus (or a bus conpliant wth the ATA bus) based on the ATA interface
standards. Accordingly, in the 10 conneeti @n between,the serial ATA
interface control circuit and HDC of the HDD, operations equivalent to
those stipulated in the ATA interface standards or conpatible with the
st andards are pefifpordedinThbe, ftihetsedimctAbA ;i niret facethas woipasf bility
with the 15 ATA standards concerning protocols such as |ogical commands.
However, a datassiggaal lipasalthelt datea csirgrealtiedhrtor essathdyy dii plgead | el ATA
interface nust be converted into a serial data signal. Because of this
conver si on, theCRbEategardd fillg sONTAIGUAEA it drfaaseniz0 siomald ircuit as
a host that issues commands to the HDC. The portjion of the HDD excl uding
the serial ATA FRFeFFEOBCGREREIE G ddi-te -(héh FHRGSTt 1T CIMRIP itE as a
"mai n HDD5uni t" oogﬁr ates in t.hecﬁarre manner as _.a conventional HDD

c 1

utilizing’an AT FedtFSh. B2 190s wiltth SUGh A" ABR /i ferisfye a
ti | ATA - .akl el o] that nnect i al ATA
Tttt aca contr SPipRrekid iy it B AR UGl SRS IR &

circuit board (PEBLoakelrhe sHDRTATNEN&HFRe 11 es}@-s b Sl ATA

interfaces, the wiring length of the ATA bus can ortened, and hence an

|ncrease in dat anteamster bakecomidh S &2 hand e nealdagdd mparal| el
ATA bus is used, can be expected. The serial ATA interface standards

stipulate a powarAsawicegreede disiee! gttt SRd /lorABANUSES:s dfe M) Indts @
power saving node that confornms to the 10 conventional ATA interface

(paral | el0ATA i byer ffacepxstnpidar ds. LHTIe (bddaigef IST)i ala AN blssdower savi ng
does not exist in the conventional ATA standards. The serial ATA interface
st andar ds st i puPRafe inliegd agewsc nratdgeremiuinndes: figrl $erA driAlkfe)i nt ex f aces,
i.e., "PHY 15 READY (IDLE)", "PARTIAL" and "SLUMBER'. The "PHY READY" node
i ndi cates a powEfIrdavi idhstaterifgaghicemtyeth aitrewditr dud tpyPHYded rii t) for
realizing the operation of a physical |ayer (PHY |ayer), and the main
phase-1 ocked |og§e( IBPIP)' circuit are operating, 20 thereby synchronizing the
interfacing states of the host ,and peripheral device. The "PARTIAL" node
and "SLUMBER' node i ndi ¢&fe 5§ AitEEiad% SRS 1 N 1% circui't
i's operaigng buEL th% interf.?&g sign is.n aneutral state. 25 The

di fferencd by defriiti 8F GethEds The v DR mbde &ndPhyg) Ra¥fdtre | i es

in the time reayl fed,f 9L %estAAL GG A0S NG e DY the ©

physical layer has a function for executing high-rate
serial data transmission and reception. The physical
layer interprets received data, and transmits the data

20 to the link layer in accordance with an interpretation
result. The physical layer also outputs a serial
data signal to the link layer in response to a request
therefrom. The link layer supplies the physical
layer with a request to output a signal. The link

25 layer also supplies the transport layer with the data
transmitted from the physical layer. The transport

layer performs conversion for operations based on



+ (IDLE)" node. More specifically, it is stipulated that the tinme required
for restoration fromthe "PARTIAL" node nust not exceed 10 ~s. On the other
hand, it is stipulated that the tinme required for 5 restoration fromthe
"SLUMBER' node nust not. exceed 10 ns. As long as the restoration tine and
interface power state conformto the standards, manufacturers can sel ect
the portion of a device, the power saving function of which should be
executed in the "PARTIAL" 10 node or "SELUMBER: node (i.e., can select the
circuit that should be turned off in the node). As described above, the
serial ATA interface standards have been worked out on the assunption that
they are conpat ichke At b tiahelaceryentriseali ATA LR strandasdise (hatad delg ATA
standards). Therefore, to realize the new i dea of power saving stipul ated
in the serial ATArsean@dAdsntier flaxenewedsarly dioquriayviide wsdwsin it h new
means for designating new power saving. However, such new neans may well
devi ate from t hd8D2Q &beventlicowd] tAFA tetaarsgends . lameant herrrddmopdovisi on of
new means to a host may significantly influence the entire system Shift to
a power saving CAPArpédferfs&iend)Astsdiodadorfidmytngintis tdfe aorvergri-onal ATA
interface_25 standards is realized basically under the control of a host.
As ATA poner saVvitRgrolest theteutilgragppy! Addd CosirErrei gfbdesThe or

exanpl e, are stipula t he ot her hand, shift to a power saving

@) -6
(serial ATA powd r%&bx?%‘&)“ TOGELERCE. COte OlpARTECAIT GrS oqrusEred node) for
a serial ATA b be .real | der cont ral ei t.her a host or
peri p|r1eral dev??gmﬁa %nlalﬁisclf))éecs:ﬁg{}geﬁ:t @@%p)o rkioth“et ﬁ{EDDpéWéar iy state of
the serial ATA busg Blbgmaft RS P qraﬂtbq\g_\ghcet.hel-l%\ﬁveoru%)t he above-nenti oned

prior art docunent describes nothing about a techni que Tor con roor}ling t he

serial ATA powekh$arTAY iskale aden sRAHIGHAT H%éd?HYHé%yijfhffHe .
associ ati ng the ATA power saving state with the serial® ATA power savi ng

state). 10 the sennaktAtA Seandandshd ke rintienfrace mevers Wb@trdihe ends
of the Serial ATA bus should not greatly differ fromthe interface

conver si on 15 stiipehatednidn HDGe ofomhentiDmalophbA tsitcandarfls «amal 1@l ATA
interface standards). Let us assunme that a host issues a command to a

peri pheral devi §8osken stthipstledse, iinn thise AdBn\ertterdiale ATArsiantiarads, the
paral | el ATA bus continues to be in the "BUSY" state until the 20 host
confirms that tReMpPEARLcon 1ddsitdieatsddnsla ndse agempenf cemdsl. Ohumy t hi nk
of performng interface conversion to set the serial ATA bus in the "BUSY"
state then. HowEREr SeERé i AFéntiots tdR aen & asr csama iiRidittvo v tdt dgie zed t hat

t he seri ATA s 25 not necessarily "BUSY" during the "BUSY" period
of the pgr%al | el Rﬁ%ﬁ%ag%a g‘P EREMAITE 1 1% & HOHOG et 1S3t e chadiRfe Gasli ng t he

fg;hg{,Aféfgffeg%mRSEE%ﬂ”E%o%%v%%ﬁ a é%éf%%%%ahnn%gg%wfgl(Haéfrial data

signal) processed by a parallel ATA interface must be
converted into a serial data signal. Because of this
conversion, the HDC regards the serial ATA interface

20 control circuit as a host that issues commands to the
HDC. The portion of the HDD excluding the serial ATA
interface control circuit (hereinafter referred to as
a "main HDD unit") operates in the same manner as a
conventional HDD utilizing an ATA connection.

25 In HDDs with serial ATA interfaces, a conven-

tional ATA bus (i.e., parallel ATA bus) that connects

a serial ATA interface control circuit to an HDC can



, to as the Frane Information Structure (FI'S). The serial ATA bus becones

actually "BUSY" during the FIS transm ssion/reception period and during the
5 processing period related thereto. In short, the "BUSY" state of the
paral | el ATA bus does not necessarily nean that the serial ATA bus is
"BUSY." BRI EF SUMVARY OF THE | NVENTI ON I n accordance with an enbodi nent of
the 10 invention, there is provided an el ectronic device conprising a
serial ATA interface and connected to anrotRer -el ectroni c devi ce through
that serial ATA bus. The el ectronic device conprises: a determ nation
device configured to determ ne whether imediate 15 transm ssion of data is
possi bl e when the datracshou @hlze driated tdiaddix e ahotiEs) ebectikeni C
device; a first node switching device configured to switch the serial ATA
bus froma non power Saeiredorede itro Hblspeditfh cepoiwelr ARYI gt emflecaden t he
imedi ate 20 transm ssion of the data fromthe electronic device is

determ ned to b&henpdésdingl deandh ©ff $heotrTd dictaah thratshdreteed, can be
prepared within a preset tinme; and a second node sw tching device
configured to sfPEcheNRE S&r LACIAPR UL 0 tHE TSI fHat ol s avi ng

node to the non _power savi node after preparations are nade for the
transni ssfon ofhgﬁge&gtéeﬁﬁgﬁg ﬁ%éanﬂ%ﬁ? (gﬂﬂlﬁf(ﬂﬁRQWa%ﬁWt%%es t he
g _ serial ATA E%%t%g t he specific power saving node. BRI EF DESCRI PTI ON
OF THE SEVERAL VI "THE DRAW NG The acconpanyi ng draw ngs, which are

i ncorporated in and %%Stéetﬂta%a?&&?rﬂnQ e sﬁggﬁégfﬁigg p%ﬂ‘g@ a5 trate

enbodi nents of the invention, ogether wt e genera eScription

gi ven above andpbye ek ngd rdRReIdipd AR Pl J e AIROGIE 5 & Vel bel ow

serve to explain the principles of the invention. FIG '17s a block diagram

showi ng a systemellhatislQ @RedySad iRy thaliesk Hird war{Adils 4 ageording to an
enbodi nent of the present invention. FIG 2 is a block diagram show ng the

mai n HDDLOni t 1todepinttiethaln AFAGinteaGe 3 Para IsEqUENCe iehar tace)
illustrating how the 15 states of signals on SATA bus 30 and the power

savi ng nodes of sSATWaldls .30 ThaTA daus olf3 ssnd AATATRUSOWRS movwe t neaving st case
where a host 20 issues a conmand (a read comrand) invol ving data transfer.
FIG 4 is a flofekgar natl [egdistatiin g hep ercatvienisl @ WA st 8K dat erTlaece
control circuit 12 perforns in the first case described above. FIG 5 is a

flowchart il ustr&titig AdPeraitieds afhisdte nelee dic cOridiHg to heed ipater

nodi fication and . . .
management modes for serial ATA interfaces, i.e., "PHY

15 READY (IDLE)"™, "PARTIAL" and "SLUMBER". The "PHY
READY" mode indicates a power saving 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,

20 thereby synchronizing the interfacing states of the
host and peripheral device. The "PARTIAL" mode and
"SLUMBER" mode indicate a power saving state in which
the PHY circuit is operating but the interface signal
is in a neutral state.

25 The difference by definition between the
"PARTIAL" mode and "SLUMBER" mode lies in the time

required for restoration therefrom to the "PHY READY



whi ¢h the SATA interface control circuit 12 perforns 25 in the first case

descri bed above. FIG 6 is a flowhart illustrating operations which are
according to the second nodification and _ g which the SATA interface
control circuit 12 perfornms in the first case described above. FIG 7 is a
sequence chart illustrating how the states of signals on SATA bus 30 and

the power saving 5 nodes of SATA bus 30, ATA bus 13 and ATA bus 23 are in a
second case where the host 20 issues a eonfand (a read conmmand) invol ving
data transfer and where it is necessary to send information on the type of
data transfer fromthe HDD 10 to the host 20 before the 10 designated data
transfer is perfopnEQ" hbGe.8 Mera fshewddrdalilly,usity ats ng igperatddns whi ch
the SATA interface control circuit 12 performs in the second case descri bed
above. FIG 9 itshatséeheendeechraquiideldugtoratiesyg draw itdre fiforsttdtees of signal s
on SATA bus 30 and the power saving nodes of SATA bus 30, ATA bus 13 and
ATA bus 23 are 8BABFdPRJ Modg muditlf neat iexrsiad tlfe bsecofth ddse addsanr i bed
above. FIG 10 is a flowhart illustrating operations 20 which the SATA
interface contrBPNEirédi &s18tgenlates é@@gr&hﬁJQ%mqtﬁ?QHkﬁGQ(iﬁﬁon in the
second case descri bed above. 11 s a sequence chart illustrating how

FI G
the stated of sFGREPEALACBATACBUS S0 "2 MERE A5 SRS of SATA

bus 30, ATA bus.13 and ATA.bus 23 are in t hi.r.d case where the host 20
i ssues a comman EJi ol v;‘%’\rslg 188gd5tsa%threar¥sef%ro.ratl-onlg;l“ﬁ éncﬁzlr}h:serafoal‘q%mhart

cheralLons uchobds SETA Shphiee eon el itde AT RAN
embodi ment in whhahsbheckneert ien tidraRR i£ddA & SHHELPABY RREF Y th a
hard di sk drive having
function of which should be executed in the "PARTIAL"
10 mode or "SLUMBER" mode (i.e., can select the circuilt
that should be turned off in the mode).
As described above, the serial ATA interface
standards have been worked out on the assumption
that they are compatible with the conventional ATA
15 standards (parallel ATA standards). Therefore, to
realize the new idea of power saving stipulated in the
serial ATA standards, it is necessary to provide a
host with new means for designating new power saving.
However, such new means may well deviate from the
20 conventional ATA standards. Further, the provision of
new means to a host may significantly influence the
entire system.
Shift to a power saving (ATA power saving)
state conforming to the conventional ATA interface
25 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



+ a serial ATA (SATA) interface will be described in detail wth reference to
t he acconpanying drawings. FIG 1 is a block diagramillustrating the
configu 10 ration of the system equi pped with the hard disk drive (HDD) 10,
according to the enbodi nent of the invention. As shewn, the HDD 10
conprises a main HDD unit 11 and SATA interface control circuit 12. The
main HDD unit 11 corresponds to a conventional HDD 15 for perform ng

paral l el data transfer using an ATA interface- The SATA interface control
circuit 12 is a SATA (serial ATA) bridge for peripheral devices. The SATA
interface control circuit 12 is connected to a host (host system 20 via a
SATA bus (seri althATAtbes) h2Q30.shilfe SATA igdwelf ans Gont b rLaT CArA 12 i's
used to performinterface conversion between an ATA interface and SATA
interface, and pswkar sediof,) fedeex@ng ., thd AYRPRISZEL'e ¢ Mt 'EPLARIBTR I r cui t
(LSI'). The SATA interface control circuit 12 has, in particular, a 25
function for cofPeeli dgram isestimdctATon busemta wike tiea 1SAIRA busd S0, theat o an
instruction suitable for an ATA bus 13 (ATA interface), and sending it to
the main - 1fonfsplumitt eftheita & hesATA e riphemal el . i sTtanmay

el ectroni:pr devi g)l%, %uch as .a personal conmputer, which uses the HDD 10 as
storage. The hoSf 3G°UGHST it€e SR URA N s PARE SAV I Sm@1ve F ks f ace

control circuit 22.. Th in hast unit 21 corresponds to a conventi onal

host for perforMnig3 a%g:zﬁausdgfrsré’"i &%fp&r% NS nt IPUTEEL The SATA
interface contr ci it P t, idge,,and is connected to the main
host unit 21 vi glhgn ak%%ela‘%%l}sl%(r%zﬁf%%ﬁl@pg&f% tgjuosc)u ,Sca(%edsc(%l]?%% HDD 10 vi a
t he SATA bus (seldtali ATALRNS) : TAJNterfacs colr cl it 22 is
formed of an LSI for n%e'r%f or m ﬁg%erﬁngﬁfq%e%cdornnvﬁr{si on JCk;'g{t%veene aénéﬁx%i
interface and aA3ATAoweirershateg ddea & he nSABAHINhErdAce Gl quii t 15 12
of the HDD 10. The SATA interface control circuit 22 has, in particular, a
functionlPor corfver tissgpcdmtiingt roiet iATR werir \Waarihe ARDUS 23, that 0 an
instruction suitable for the SATA bus 30 (SATA interface), and sending it
to the HDD 10 visgrtike BAPAdower3GavAhdgleta3ATA interface control circuits
12 and 22 have physical |ayer processing units 121 and 22| and
link/transport |ayer Ipr ddessianiainiATR Daraak §92, thespetce i faty. The
physical |ayer processing units 121 and 221 execute high-rate serial data
transfer 25 (tr&PHMeISiion rdcdie endsvict tthe SETA BUATI0.bye shosldine, the
data transfer rate is 1.5 Gops (gigabits per second). The physical |ayer
processi ng uni t §of2greatlyy diffen Irqmitdepriditeddfiare ckwivaxs $9om t he” SATA
bus 30, d trani:rrit the data to the link/transport |ayer processing units

122 and 232 in SCCHHRTES Wit 1 teh & ISR Hrdea | rEAldards eRreet vt y.
Further, the 5 si.cal _layer processjng units 121 and 2 transmt
respective seri %L} dd’?%eéﬂfg%ca ss%ar?d‘reaers(:ips Ase 150 rMEquest e gt He nost

l'i nk/transport I I Pro ' j t.s . 2 especti vely. _ The

| i nk/transport Il%égrespraoc%g)z@la% 3% s p}%pgl%gcaéz%ee\élccﬁ&i nc#rh elylas link 10

| ayer processing.a4ni t ie-hnn i?ter BRI VA" ARTROCRSH MG Lo MY L A & ot

shown. The respective I|i
ATA bus continues to be in the "BUSY" state until the

20 host confirms that the operation designated by the
command ends. One may think of performing interface
conversion to set the serial ATA bus in the "BUSY"
state then. However, the inventors of the present
invention recognized that the serial ATA bus was

25 not necessarily "BUSY" during the "BUSY" period of
the parallel ATA bus. For example, the information

exchange using the serial ATA bus is performed by use



. layer processing units of the link/transport |ayer processing units 122 and
222 supply the physical |ayer processing units 121 and 221 with requests to
out put 15 signals, in response to requests fromthe transport |ayer
processing units of the processing units |22 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 20
transmtted fromthe physical |ayer proees8ing units 121 and 221. The
transport |ayer processing units performinterface conversion between the
ATA interface and SATA interface. Buses, such as peripheral conponent
i nterconnect 250fPErhmkusesorganyain kife setin it ki AT A Diees, e adtrad may be
enpl oyed i nstead of the ATA buses 13 and 23. In this case, the SATA
interface controb eisrchiet §ri‘e Inftimaaner?Btarcthergpr Wisled iTha PCl
bridge. Further, it is sufficient if the SATA interface control circuits 12
and 22 ( SATA brE@gés) Rddebast estomss famrt ualdns MBGSHY dwdinecsiei ng seri al
ATA interface signals 5 to and fromthe SATA bus 30. FIG 2 is a block
di agram il | ust rggﬁnérﬁﬁén‘ééﬁﬂio@drr&qeéﬁl&fn e ipd Rebotwming 1@he The mai n

HDD unit 11 has a disk .11l as .a recaqrdin dium At_|east one surface of
the disk 111 i spﬁoF&?&rl&ﬁné’ef(}ogur‘:feg@&e&% tﬁﬁr@?%at al ShRfgretical |y

ded. A h inC head t I t di
Gur face of the dPSK TREY FAoSLS SHorkh Hetes WHore R He TP ot t 11
HDD 10) i ncl ud I o | faci:l it atd he, dr.aw of the 15
1£i gure. ) HIO\r/]vgvgr ﬁélc%ggséﬁg?gl ,Hl%%gxt #%S%l}l’ ftgl(r:eessaegr:‘lalflhgmldﬁpé&sl%ls ;er %ﬁg‘ag ©

recordi ng surfaces, which rmi%ﬂw%ppﬂ%%hﬁmf@gj in the exanple

of FIG 2, it is assuned that the main HDD unit 11 ( i ncludes a
single disk 111. Howevehcddrdied Rt Gmodd ekt tyr of ndi sks 111
stacked on each other. The disk 111 is spun at high speed by a spindle
motor (SPB) 1l3inThethead Lheres iusetdvd deehdrand et teh datdefi®dm and to
the disk 111. The head 112 is attached to the tip of an actuator 114. The
actuator 25 ll4chaprdsicicce cadiaipt’dA (VEMr ek afte cinedtosd 1t i s
driven by the VCM 115, thereby radially noving the head 112 over the disk
111. As a resul ehotherned¢ctroniq4 dewddes fusiudhordhtorserialk gtAtrack. The
SPM 113 and VCM 115 are powered by respective driving currents. (SPM current
and VCM cur r ent PUsuppllihed eflesrhrhist ¢t vdrdey 1ome 1iskss : Fhedetmrorinktien |1 C
116 supplies the 5 SPM 113 wth an SPM current designated by a CPU 130, and
suppl i es the VCHRYESSWCOR &4 T i Sttt sdadingn athab hie then Y80. The head

112 i ted to_a.head IC (head anplifier circuit) 117, The head |C 117
el udes 8 10 1 SABVAMBRCRCE FoP el WIS P ILH ] (i Gl B AL head

112, and a wite anplifier f convertj wite data into,a wite current.
The head I C 117%%%%8#]1&@%%&9{ otoar%\rﬁeea(f/nm%qeer I%e(c?teraod}lvﬁic%eewt%%’nnael ) |118.
The read/wite 1€, 118 -5 <5/ ; S jc}]efv-i r rmng

vari ous ki nds off sFi gnao f)er g?ég?}r%ﬁs%ﬁﬁ?s&%na olggﬁfro%dgi%é)tsavrle%%@ver si on of

a read signal, eneodicnd af Awd R datdm decedi ng iy read data,qetc, The
read/ wite IC 118 is connected to a hard disk controller T{HDC) 119. 20 The

HDC 119 has a disskpeentiel gowrat iseiifr) ey ndldr nth&atmanddansd er from and
to the disk 111. The HDC 119 includes an ATA interface. That is, the HDC
119 has af ATA itmbersirdcs icontafolt Heuntztiaort fon the ed Méatgr ek tdeanisad tt i ng
commands (such as read/ 25 wite comands) and data fromand to the host 20
Vi a is determined to be impossible and it is not predicted

that the data can be prepared within a preset time;

and a second mode switching device configured to

switch the serial ATA bus from the specific power

25 saving mode to the non power saving mode after prepa-

rations are made for the transmission of the data

where the first mode switching device switches the



. the.ATA bus 13. However, in the enbodi nent that includes the HDD 10 havi ng

a SATA interface, the HDC - 15 119 is connected to the SATA interface
control circuit 12 via the ATA bus 13, which differs from conventi onal
HDDs. The HDC 119 is connected to the host 20 via the SATA interface
control circuit 12 and SATA bus 30. 5 The HDC | 19 has a buffer control
function for control ling a buffer RAM 120. A part of the nenory area of
the buffer RAM |20 is used as a data buftfeB area for tenporarily storing
data transferred between the host 20 and the HDC 119 of the HDD 10. The HDC
119 manages 10 the information representing the correspondence between the
data stored in theiblf AeA BAN 120 tied sthee idiisk prodiess8si f(d oghcal
addresses) of the data. The HDC 119 includes a status register 119a used
for reporting thRREERtRESFRIRBIGIMDOTOTHE EREERASt V2EBWS1BFTHEECPEAWIGIG s a
main controller in the main HDD unit 11 (HDD 10). The CPU 130 includes a
fl ash ROM (FROV) 130&heTihe orOMMy30E i 28y imegri twibl ah reorevolratdteonenedy in
which a control programis stored in advance. Based on the stored control
20 program thellPBNE36C8SHILHTtS SadRrdl Oty wrasd fHOB tien, Anl oper ati on
of the system stgown inmgl 8 1 S}mai gl )é an operation of the HDD 10 t hereof)
will now Be des&FPBEJSTPEFEIENG b ThE dAYENMG e MY W Ie hegmisreh
execution result,Ls frgmthe HDD 10 .to the host 20. .In the ,
descri ptions be}'}(}\%v, ggggépénggs\ﬁrﬂpt&gnﬂg&é{e% a%f)vet et e \ﬁ#?étraeljt%
command - - 16 dbauolyesatd Lhansheha;(2hdng Gase yhere (g ommnd

er, a type ©

i nvol ves data trans and ta indicating th 5T Ot & Sranster is

sent from the HBRH1Q:hO the phaski2Q o icd i@ LheJata fransfer; and (3) the

case where 5 the command does not "i nvolve data transfer. (1) the case where

the command invol ves rdat.a 1t Hansf &1 A KRB Wh g be Jjved Wil
reference to the sequence chart of FIG 3 and the.flowhart of FIG 4 as to
how operafi ons amelpesf ar iraddwden ka dearaNdDD) i1V eledd1a idaf a-d ransf er
(e.g., aread conmand) is issued fromthe host 20. FIG 3 shows how a
signal ("Host Teihbedgnmehk tle thespre6eentarnisviens itom.t he SATA bus 30 and a
signal ("Host Rx" signal) the host 20 receives fromthe SATA bus 30 are
correlated to the 15F@&wer? daviand linsde slicig rSAT A sl r80, t T Andiirs HIIBD and  ATA
bus 23. FIG 4 illustrates operations which the SATA interface control
circuit 12 of tHBiHDBl1depértsAndn E&G.ud -assume that a read conmand

conform ng to the ATA sta%dar ds and addressed to the HDD 10 is 20 supplied
fromthe main host ufifC-2P dff PhéFWENR FG Gthd IABS WA 179 haw theat t he

d di d . dt i nst ts di t
(D) L1 it er G2 B3d°0aEATATG PBad ATAmARiFd o 21 SRFABSHS 2544 bcei ved
by the SATA int | i L 2 of .the h 0. .
oy he SATA T pgce soniesl 25 ohrows To.00 e Josk 20 T
circuit 22 convgris khe geumd Aot oF 868VeY ke a command (a read

command) involving data transfer.

FIG. 4 is a flowchart illustrating operations

20 which a SATA interface control circuit 12 performs
in the first case described above.

FIG. 5 is a flowchart illustrating operations
which are according to the first modification and
which the SATA interface control circuit 12 performs

25 in the first case described above.
FIG. 6 is a flowchart illustrating operations

which are according to the second modification and



, - 17 specific frame instruction structure (FI'S) based on the SATA
standards. The command fromthe ATA bus is converted into specific FIS 31
referred to as "Register-Host to Device FIS." The FIS 31 is a 5 sequence of
serial data. Information regarding the read command is contained in the FIS
31. The FIS ("Register-Host to Device FIS") 31 is transmtted to the HDD 10
by way of the SATA bus 30. The SATA interface control circuit 12 of the HDD
10 10 receives the FIS ("Regi ster-Host to Pevice FIS') 31 transmtted
thereto through the SATA bus 30. The link/transport |ayer processing unit
122 of the SATA interface control circuit 12 analyzes the received FIS 31
(Step S1). BasedhaBht Raecsarant nefe dthedFlcdnIkolt el ddniltd nk! tganspens | ayer
processing unit 122 determ nes whether a data read is commanded by the host
20 (Step S2). |finthhs ifsrshe caase detstoe ilbenk/alorcaresport | ayer processing unit
122 converts the received FIS 31 into a conmand (a read comrand in the
present enbodi ment) 28G&orf denmiangaananne ARt andarstsrataim themsohe it to
t he ATA bus 13 %St ep S3). The link/transport |ayer processing unit 122

det er ni nes whet RERtERe Cdafad IPedFe SNed By tHre r3égdi FRf PR eSPORE ng t o

the FIS 3 be ,i i Ly.25 jtted tqQ the host 20 (St S4). Thi
de'?er uri n%t fgﬂ nglﬁﬁngg’%bgkgéﬁguﬁggoﬁgﬂﬂ%&ﬂsr &%sp?di%t Aof%é?u%ﬁ%%g;%? nzg uni ![s
122 to i i : h 119 wheth - 18 .t : di d i

st or eg : Eq't“hreebégf érgﬁgglngéés‘lehgjthre%%sécﬁ i}os%%%n;los[s{@es ?eatf]e‘?l*?ﬁn gﬁadfaé gnl isn

t hi i t hat, _t j t] tii th
Lo Tl alion botaedtrHoCqEndinageRVing At LIS SR AN LIS, 1

addresses (| ogigal nadds@a$¢Sko EEnEPQHﬂdyﬁS%ﬁ%Q§R9{H:e@%ﬁﬁﬁ%&QEQ§§é£g uni t

122 retains a copy of this information, the inquiry descri bove need
not be perfornmedrahsgiegdertrakl Yhel Mooy der tio deansff xdatse fdamdhe HDD 10
to 10 the host 20 by way of the ATA bus 13, a specific FISreferred to as
"Data PaybDoad FH85igsatteelddathe tmamade rofi hyteasr afimddhie data whi ch can be
transferred by use of the "Data Payload FIS" is an integer nultiple of "4"
(the data is conprisédGof 8atid eastldwmlradytidsustlifatlivey edpeegt Asnd ong as
data of at |east four bytes is stored in the buffer RAM 120, the data can
be i medi at el y whag&nithiee§ATS tiind ehrdsice2 Gonteto lus iassuinte ThatetfrernddD 10 s
not ready to transmt to the host 20 the data requested by the 20 read
command correspéRdithR§ E6coRd cacs Wegmibest abavea-hi s case, the data
requested by the read_commuand has to be read out fromthe disk 111. This
operation includes afd&ek Dopér & iHAUENFR AR Fperit ot imhhreeekhe
operation.is an _gperatian for Vi ng head 112 25 to a target track on
Che di ski311. TREBRGF: © pérlgf‘iago o Fz‘% PP b3(]=9r (e BAH BERF  of
the disk 111 is t h 0S| of_ 1 fter,{he - 19
head 112 is m)vIenSa%% t% ?ire%'?’ g%‘g%tu%t r%e?(fk%%FAn bélesﬂgrﬁ;fa?% #Je’[%sg)elts a2n§d Wel t
operations requikecseyahak oMyl hisegands it sqv rrgé sle%%cﬁfc d|i-seconds.
In other words, this length of tine Is require efore the data 5 to be
transmtted (trassternped) sbsvier.epared. Before the data is prepared,
therefore, the SATA interface control circuit 12 need not conmunicate with
the host 20 through the SATAiRUSs 30.oWdhddte iISAIS ks 30y ispseitidnd he "I DLE
(PHY READY)" node (the non-power-save 10 state) in accordance with the
"BUSY" sgate of whiiehATAeb$aT23 ibefearfadeheddatrali sinetuinr eparnesk £dies power
is used in vain. The present enbodi ment perforns operations described bel ow
if the data reqaesbediby tloe theadols fdomteamth dor respadiorg tandde recei ved
FI'S 31 cannot be transmtted to the HDD 10. First of all, the
link/transport Hgperipescedsivieg unit 122 of the SATA interface control
circuit 12 predicts that the requested data cannot be prepared within a
preset 20 time TO. Bddéd di tifi & prastiaiqorchate 1t ransporiov ajyks
processing unit 122 transmts a "PARTIAL REQUEST" 32 to the SATA bus 30
(Step S5). The SPARFFACTREAUESTES §3 iS¢ 1fuPUsetly fgd HESERNBUSBOL GG t he

"PARTI AL, .node (the power ve state). aresult, t ATA bus 30 25 is

rel eased®Prom t &Sggﬁepgfiséﬁé & girorfegf‘ﬁ Fe nfb%%‘b’i é):h e

"PARTI AL" node. .Thereaf.ter,. the |i t.ranspor.t y.er processin - 20

unit 122 waits Tl]o;r %t %le%(;arr&aes% (‘SJr}?eor}ig tttlu% %l%esﬁcarééflilosnss&s & Contthnd
involving no data transfer.



made for transmtting the data requested by the read comrand correspondi ng
to the received FIS (Step S6). After the preparations for transmtting the
requested 5 data are conpleted, the link/transport |ayer proc essing unit
122 perfornms the operations described belowin order to transmt the data
by way of the SATA bus 30. That is, the link/transport |ayer processing
unit 122 transmts "I DLE REQUEST" 33 to the SATA 10 bus 30 to switch the
SATA bus 30 fromthe "PARTIAL" node to-the0IDLE" node (Step S7). As a
result, the SATA bus 30 is released fromthe operations performed by the
HDD 10 and set .in the "I DLE" node. Wether or not the preparations for the
transm ssion of the I¥3Greduestsecd datcsvdheare logerr sooinpletvedi cdancie HerzEr m ned
by detecting the generation of an interrupt indicating the data transfer
start. The inteintprfhsesapplitired, clocudtanpl @erfflrams hen HDE@ 1ot the
link/transport |ayer processing unit 122 of the SATA interface 20 control
circuit 12. TheCprAteApgptibadi §b@e’|¢er at ed when the requested data is read

out fromthe disk 111 and_stored i As | ong as the
requested data is stor eleF?rA%%DbBIf:?%?IP?KW?EZ@F ?H@ FHV@W&BN descri bed

above is Lnmmedi at el ener at ed 25 res to the read command, After
theVI i Ink/ ranslport Iy "%’Péiclérbelﬁr%ndrhﬁiﬁt pt%?%%s%mjtrb"heeé L1 JS%‘I%’FE][ES %0 back
to the "I DLE" g

p?ocega ng of g?gg S§y‘g%mere 8% %%n ktH‘;a[ %t%hﬂag{ﬁ% rtran ort | ayer

processing unit I%%rtlgqn%ws(stm d%%e(ff%%% %th) ,ba.MH erred
theretofromthe5 HDC 119 by way of the ATA bus 13, ost 0 by way
of the SATA bus4qd@aih we@ﬂ frieG efPle 34 ticefrald et doths 'ctnPaéwl | FIS" is

used for this transm ssion. After all data is transmte to the host 20,
the [ink/ transpeGt hayer apbaeRkSidiGqant 1122 setddfiimp tHe st hp- 20 of
the command (read command) execution result obtained in the HDD 10 (Step
S9). A specificrBkSod5ofetewrr ey sttemsequRegicst ari-thewime HardasisiFl S" is used
for this notification. In the present enbodi nent, the command executin
resul t obtai neddravehd HEDD 10,1zd®rstioredd nhehemtatinertegStgre 119a. In
Step S9, therefore, the contents of the status register 119a are set in the
FI'S 35 and trandmivengdong t s sbsown20 thehdibd HY resanpriilsed « ataigady on the
target track, no _seek operation is required, and the requested data 20 can
be prepared in HDEokpatatlilvengd SAdet interfage Condiny it the tinme
required for switching fromthe " PARTI AL node", it is not necessaril
efficient to sef "ehBIBATRD S 130 Lln GO o SPARASALLC Fo kN YRR A s }if}{P ni nd,

th IIttd th | owchart sh FI G 6 b
used, T 0P aci ng Phe EBEEPEVON ERdariak S CHE TR oA n A& 4

In FIGS. 5 and t hos r 2 are differ nt from
t hose shown in gpé%rilf are |ﬁlh%gt%ﬁgAeg%scﬁeffgrcgencce% rh1 eurrltatde1 ‘Iq:IaG 4
as wel |, when negessaiwrilkn thee Cffoxt%% Cﬁm Qfi L 5p

check is made to see whether or not the HDD I mre |ate y transmt t he
request ed data tarhhe nk@stra2@ RheRo¥eidduitthe HOR 10 Aty tyansm t the

requested data i mredi ately, the link/transport |ayer processing unit 122
predicts time Thosht Whicsh tshetkh)r equstied datrmrcande quepar exrA $hep) S11).
Time Tl can be predicted by calculating a seek tinme on the basis of the
posi ti on26f t he 30r.ackKhen SAMTAC h niteer flaead chbhit rcal priesantt yl2 acateskdangb t he
position of the target track to which the head 112 is to be noved. 15 Tine
T1 can be predi peeddraseter fdue seekarisien Afdtereqr edi ATMgintiewtdds the
link/transport |ayer processing unit 122 determ nes whether the predicted
tinme T1 is afteansr 8&8R tinke rtEqest gpdSiy) .famed wher € atheepamrdicat ed ti ne

Tl is after preset tine TO, 20 does the link/trasport |ayer processing unit
122 set a large-scale integrated circuit (LSI). The SATA

interface control circuit 12 has, in particular, a
25 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



+ the, SATA bus 30 in the "PARTIAL" node (Step S5). Were the predicted tine
Tl is not after time TO, the link/transport |ayer processing unit 122 waits
for the requested data to be prepared (Step S13). Wen the 25 requested
data has been prepared, the link/transport |ayer processing unit |22
transmts it to the host 20 by way of the SATA bus 30 by use of FIS 34
(Step S8). - 23 In the exanple of the flowhart of FIG 6, a check is
made to see whether or not the HDD 10 can i¥mediately transmt the
requested data to the host 20 (Step S4). If the HDD 10 cannot transmt the
5 requested data inmmedi ately, the link/transport |ayer processing unit 122
det ermi nes t hat HP® jugitthd 1t ivim Ithe ATy bwts B t he requested data has to be
prepared (T2 < TO (Steps S21 and S22). Only where the preparations for the
transm ssion of the rdguéstsdd 2D idatad clmirdel cotpriced afickrasi ae T2
(whimnmeans that no interrupt for starting the data transfger is
generat ed), doe®SEFFENRInCOMPASSEt WY Ysescddd fPRINit aDxseraghe SATA
bus 30 in the " |12ARTlhléL" de (Step S5). On the other hand, where the
preparations 1516 POSIn<Gl CORF 1958 rPedifddt d@Fatdn iy &2 b il 3 RER bef or e

time T2, the link/transport | ayer processi unj.t 122 transmts, the

requestedgdata tlgtfaﬁgaﬁ%stm%%ﬁ \éytcdlfﬁt f?%qSA%kleod%aJS’b S use bt £ s 34
(Step S8). (2) ere th Qrg;ﬁr] i.nval ves a transfer, 20 and
data indicati ngtcia%er%t%é’%g\gogf tg)ataaector%ans e?jﬂlasr?L %eon% ffo?mg%%ﬁwri% to the

host 20 prior teathe 18l y-t-Ansf8ls A AeSCH PO jyen ofpgase (2),
referring to the case where the conmand i nvolving data 25 transfer is a

read conmmand. TiseTdeserietfia@e Wdrt A @iven W t0p rief ef ensd: tior 14 sequence
chart of FIG 7, the flowhat of FIG 8, the sequence chart of G 9 -

24 and the floaokarts efonleGtetD.td nhd Gain vyt Unithe sare descATHt i ons
as those of FIG 3 are indicated by the sane reference nunerals as used in
FIG 3. A Fl GSkus0 (@adallelt A 2s s )deshr igntd drs t@se tHs el ©f vie Rie 4 are
i ndi cated by the sane reference nunerals as used in FIG 4. In the data
transfer using SAEASAPR Heer3gl dTdattweridor Mhe AR tintesfacet what
operations are needed by a data recipient. The instructions are sent from
the data sender &R T3 rfarid rZecils darmad wle agt Shpey frerfsnbreg ore
the data is actyally transmtted,, and the instructions include

i dentification oY AGFHEB i Pafdtean am Alfe stpraemamnds? a "PlO
75 tPanster ThoME nOTSE ey d<F O (D ot 1 e G GHORATGL pibgr anmed
nori 11 catbon of 12 Obn (R PP REty oA COERT £ B0 A brigbarutt

host 50 Data. iy Fasd Arseer e e Efe ik Tl R o0 of

data as a FIS fansRetiddiat,i e ihe doganl Hat as ! f;ihe é%ﬁl‘ééé)és@@la

transfer has to be notlfied, ei ther the technol ogy shown in and 8
25 or the techneliegy sshewdir FEStr andalQys ﬁpg%sxﬁbli%ﬂ&ﬁl@eafontm'

t echnol ogy used in the "PARTIA" node. In FIGS. 7-10, "DMA Setup FI'S" is
used as FIS 36 famd sending it to the HDD 10 via the SATA bus 30.
20 The SATA interface control circuits 12 and 22
have physical layer processing units 121 and 221 and
link/transport layer processing units 122 and 222,
resﬁectively. The physical layer processing units
121 and 221 execute high-rate serial data transfer
25 (transmission/reception) via the SATA bus 30. At this

time, the data transfer rate is 1.5 Gbps (gigabits

per second). The physical layer processing units 121



- 25 notification of the type of data transfer. In the sequence chart of
FIG 7 and the flowhart of FIG 8, step S10 (wherein a FIS ("DVA Set up
FIS') 36 is transmtted fromthe SATA interface control 5 circuit 12 to the
host 20) is executed inmdiately before Step S8 (wherein FIS ("Data Payl oad
FIS') 35 is transmtted). In the case showmn in FIGS. 7 and 8, the SATA
interface control ciorcuit 12 transmts "PARTI AL REQUEST" 32 to set the
SATA bus 30 in the 10 "PARTI AL" node (Stepk2 S1-through SS) inmediately
after a FIS ("Register-Host to Device FIS') 31 is received fromthe host 20
(this operation is perforned when the preparations for data transm ssion
have not yet beendnmadé) inlterdries rdedeatecdined aSmons have SATAIGS J0and 15
8 is simalr to the case illustrated in the sequence chart of FIG 3 and
the flowhart ofnA Grapsnmifgst Hdeselpiende difer tliofk AG@ngpand tdeef | onwchart
of FIG 10, Step S10' is executed (wherein a FIS ("DVA Setup FIS") 36 is
transmitted froRFPRESSATA RS 20 %t oln dgeandanee twithethest 20)

in response to t.h% receptiqon of a FI'S ("Register-Host to Device FIS") 31
(Steps Sl to S3)PMPAPEREAEASE I G5 FISES e Wi Y10, THetSamA theerface

trol i it . its "PARTI AL .REQUEST" { t SATA b 30
o o1, Shr et R EaoT . DATTLAG FERLEST %2 16t d e SATABUS 0 1
S10' (wh i I ' FI S" .S tra 1t t.hi ti i
510, uherel 1 S;ELSLLON Sehu PR, Sy et () s gamalbon |

been made). The repgr %Fhieorlsinilé/:ct‘i%tr{sﬁ}o%ct il%@%rgé%?osﬂi %%gs P f ormed

when "PIO Setup FIS" is used for the notification ¢ data 5
transfer. (3) thadcase,whespddia warmandyioes qot 4 ye: d%&feﬁransfer and
r

the host 20 is notified of only a comand execution result omthe HDD 10

I n connection wpirbceasasig( Whiand 102) anefaencahl O s d@de tothe way in
whi ch the "PARTIAL" node is controlled during the execution of a command

i nvol vi ngOdat a flegesf @roceswdver urtite a3yt tterarsdowt | e W i1G podss €apgbl e of
executing a command that does not involve data transfer. A notor actuation
command for 15 #&tat Whg chhersPmot] Bhefwrt.he THRD ke taivexampt e of such a
command. A description will therefore be given as to how operations are
performed when tRYSKoEOLESSIdgedind teomfaridia Haitn deza ot thviod ¥er dat a

transfer. The description wl|l be%ven referring to the 20 sequence chart
of FIG 11 and PREEESERaMISH FI%E and 2% SHPRASE e thtts keab el

conforming to processing units 121 and 221'with requests to output
15 signals, in respbnse to requests from the transport
layer processing units of the processing units 122 and
222. Further, the respective link layer processing
units of the processing units 122 and 222 supply the
respective transport layer processing units with data
20 transmitted from the physical layer processing units
121 and 221. The transport layer processing units
perform interface conversion between the ATA interface
and SATA interface.
Buses, such as peripheral component interconnect
25 (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



. the. ATA standards and addressed to the HDD 10 is supplied fromthe main
host unit 21 of the host 20 to the ATA bus 23, and that the command does
not involve 25 data transfer (a typical exanple of such a command is a

not or actuation comuand). The command on the ATA bus 23 is received by the
SATA interface control - 27 «circuit 22 of the host 20. The
link/transport |ayer processing unit 222 of the SATA interface control
circuit 22 converts the command it receivessinto a specific FIS
("Register-Host to Device FIS') 91. The 5 FIS ("Regi ster-Host to Device
FIS') 91 is transmtted to the HDD 10 by way of the SATA bus 30. The SATA
interface contrehdcRlcuenh b2 gpiroviecdDRnl@ redeibrdsidhe FhEHdRegi st er - Host
to Device FIS'") 91 transmtted thereto through the SATA bus 30. The 10
link/transport Fayérfficdessi i whiet SEIA dfntichd aSATAdmriter]f acier @oits ol
circuit 12 analyzes the received FIS 91 and determ nes whether the FIS 91
has been obtainia B?dcgﬁvé§§ﬂ6nbﬁﬁ§@@§ coavend tivatctdows frt irarod-ve data
transfer (Steps Sg% and 832 this is the 15 case, the |ink/transport

| ayer processin{ ﬁpglﬂﬁ‘ 6ﬁx?€r“'tvéntghe°'e|r€f@é| Ped PSS 49% ¢ ndand whi ch

conforns fo the ATA_st andar a ch es not involve data transfer
(Step S33§ The coﬁﬁéngrgg %zge%ggghb % ‘main HDD unit 11 of the HDD 10

and 20 executed by theJain ; IgD[c)i Ynid )%jdla% J%lrhe%tggc’{tl od btgh ween the tine

when the command i s reéecei ve and 't Sotified of
the command exegBhiraRuEgsibh ot %@eihala Culing uhat Gampng, the SATA

bus 30 need not be képt in the "IDLE" nopde the non- power-save state).

After step S33 descuhbed1abewe ias d@é@cclithd’ast he Add/ i ansROyit, | ayer
processing unit 122 transmts - "PARTI AL REQUEST" ™92 to the SATA bus

30 (Step S34). Bwi hgake bhnes,sutrrfacéAM Bue 0 skan 1he isety Irrédc%l"rPgARTl AL"
node by the HDD 19. Let us assune that the conmand execution resu

transnmtied to shefATA buswhich Ustaetslmddmeuﬂdﬂhhyrﬁaﬁdﬂdﬁd.llga of the
HDC 119 thereafter. In this case, the link/transport |ayer processing unit

| 22 deternines hRad tmegegrsdgt headdf lflRe oppomensd thas aendesh sncrtche host 20
can now be notified of the conmmand execution result (Step S35). 10 Based on
this deternlnatFSﬁor@héglﬁﬁ%ﬁﬁﬂ@n@éoﬁﬁeldyéﬁ-ﬁﬂdoes§1ﬁg Wnishok@2 & ransnits
"I DLE REQUEST" 93 to the SATA bus 30 to switch the SATA bus 30 fromthe
"PARTI AL" node £8S€h¥ ePfBLE'henﬁ@én( 8D&p us36) 1IAFHED tIfe SATA Usies 30 i s

swi tched back to_the " D% nggg 15 the hasis of the "I DLE REQUEST" 93,
the Iink/transp8PtYl 8)&r N5AGc vn%OGn;PCiéétéié@@té@@ﬂ@ﬁ?%&?ﬁ Qi &8 s

S oEsl L FORIRRCT LG SSERR AT LR o e e o
of the disk 111 serve as recording surfaces, which respective
heads oppose. Further, in the example of FIG. 2,
it is assumed that the main HDD unit 11 (HDD 10)
includes a single disk 111. However, it may include
20 a plurality of disks 111 stacked on each other.

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

25 114 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. As a result, the head



20 SATA bus 30, using a specific FIS 94 referred to as "Register-Device to
Host FIS." In the enbodi nent descri bed above, the SATA interface control
circuit 12 performs all control of setting the SATA bus 30 in the "PARTIAL"
node in 25 accordance with the way in which a command the host 20 issues to
the HDD 10 is executed. However, this control may be realized by permtting
ei ther the - 29 HDC 119 of the main HDD unit 11 or the CPU 130 to
control the SATA interface control circuitl42.- The enbodi nent descri bed
above is directed to a system equi pped with an HDD (hard di sk drive).
However, 5 the present invention is also applicable to a system equi pped
with a disk drivé2otheposhanonhke HbDa saclyeas tamait | e ik Idrd vend
magnet o-optical disk drive, etc. It is sufficient if only the disk drive
has a SATA int eVE¥ceélSFareheprered blye reseseritl vienvenitiiorwy Xunerdppl i cabl e
to a systen1equi§8ed with an external storage device other than disk
drives, such as{(a*Ma§HELPEtt apE Y&V carrepthisynpddehEnms |a nqtqs
sufficient if 08 y t he Exhgrnal gtora e device has a SATA interface. The
present inventi Bh*VETT aFt héf - 15 TREpMRERB driyex slfstlé'rﬁ SHARIGRP it an

el ectroni ¢ devi o] r th k drive, if a t el ectroni c device
has a SA |nte$ gcéﬁgAﬁanl8HasP d&gﬁfgﬁésdﬁﬁ&Qﬁéﬁqéigﬁ|§N§?%M%qoweadlIy
occur to those I he,ar Ther.e 2 e |nve inits

br oader aspectsgﬁg %gpppgﬁ%t% bc g%gp&gFﬁ' &qﬂ; %5%91 réﬁ?éggﬁié§lve
enbodi ments showp and @@gcqgged hereln Accordi ngly, various nodifications
may be made without departing fromthe spirit or scope of the general
inventive concept asTR2 dehkignad by & hemprpended £lainmand t haldq

equi val ents. - 30 WHAT IS CLAIMED IS: 1. An electronic device provided
with a serial AFApilhfeetacerandt¢onndct edhico hanet ey 16lediHOnidegeyvi ce

t hrough the serial ATA bus, the electronic 5 device conprising: a

det erm n&@i on deekdeawpififgeredotro athptlafyiimg whetdeer dimgredi atemd ransmi ssi on
of data is possible when the data should be transmtted to said anot her

el ectroni c devi Ebe head 31firendmede rdwiet empdd fdevi doceniivgurtechg o switch
the serial ATA bus froma non power saving node to a specific power saving
node when the i Wid8Faflater Ansm asivan tef clreegdt.a fThemheeel dGctTbriz devi ce
is determned to be inpossible and the data is predicted 15 as not being

pr epar ed mnthlncﬁnﬁﬁ€§§9 tPne; t8R4/¥rdéCod¢ redaRWride mdadeglde 118.
configured to s tch t serial__ATA bys fromthe specific power saving node
to the non powe §a5?ﬁ5?W6&§eagFe 18 &5a r§9ﬁ§ﬁ§'éFQQﬁiﬁ%andﬁW%ﬁ%n1ssion

of the dﬁga VVhe[jfgr performing various kinds of signal processing

such as analog-to-digital conversion of a read signal,
encoding of write data, decoding of read data, etc.
The read/write IC 118 is connected to a hard disk
controller (HDC) 119.

20 The HDC 119 has a disk control function for
controlling data transfer from and to the disk 111.
The HDC 119 includes an ATA interface. That is, the
HDC 119 has an ATA interface control function for
receiving and transmitting commands (such as read/

25 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



20 the first node switching device switches the serial ATA bus to the
specific power saving node. 2. The el ectronic device according to claim1,
wherein: standards of the serial ATA interface define two 25 power saving
nodes which differ fromeach other in restoration tinmes to the non power
saving node; and the first node sw tching device selects a power - 31
savi ng node having a shorter restoration tinme fromthe two power saving
nodes and uses the sel ected power saving ridde -as the specific power saving
node. 3. The el ectronic device according to claim1, 5 further conprising:
a data transm ssion device configured to transmt the data to said another
el ectronic devi&é9byswa¢nnbctbd ser itale APAMUStey flage oforet spect frauft ame
informa tion in a state where the serial ATA bus is set in the 10 non power
savi ng node, whéreivhawiee A& bmsedidat ehiicanshifSsinen fofon mordere fanal

possi bl e, the data transm ssion device transmts the data i mediately, and
when t he i medi 8P@str aAdfi §8Con 18f isheoamestes! it ithsodwHi £0 tHe dat a

transm ssi on device starts tr%nsn155|on of the data afterd§\ aratlons f or

transni ssi on of ¢ ﬁesagﬁalﬁéﬁé BEEN SRS Oan & it e ddn # Vb

d tch A b th d 20 Th
eFZL§$0ﬁ| geSf? @? rg%ﬁgﬁﬁg @Fi“ﬁ% e 3réFﬁ9W$H5§%éf qﬁé&FHH“HEV|cee
det i whet t t t he dat

Cosel bl o unont AhaO%, Biie e Ao © i Ao %‘%‘%Orﬁytarﬁa%' >

el ectronic deV|ggef59@E§§|@A@qu@er euggawgy MiLeq, gl where t first
frame information requests data and the ata transniSS|on evi ce
transmts requeskf@orarily storing data transferred between the host
20 and the HDC 119 of the HDD 10. The HDC 119 manages
10 the information representing the correspondence
between the data stored in the buffer RAM 120 and
the disk addresses (logical addresses) of the data.
The HDC 119 includes a status register 119a used for
reporting the state of the HDD 10 to the host 20.
15 The CPU 130.is a main controller in the main
HDD unit 11 (HDD 10). The CPU 130 includes a flash
ROM (FROM) 130a. The FROM 130a is a rewritable
nonvolatile memory in which a control program is
stored in advance. Based on the stored control
20 program, the CPU 130 controls each element in the
HDD 10.
An operation of the system shown in FIG. 1
(mainly an operation of the HDD 10 thereof) will now
be described, referring to the case where only a
25 command execution result is sent from the HDD 10 to
the host 20. In the descriptions below, reference

will be made to (1) the case where the command



data by use of a second frame information, which is the specific frane
information. 5. The el ectronic device according to claim4, 5 further
conprising: a transfer type notification device configured to transmt a
third frame information, used for notifica tion of a transfer type of the
data, to said another electronic device by way of the serial ATA bus before
10 the data transm ssion device transmts the data by use of the second
frame information, wherein the first node B&it€hi ng device switches the
serial ATA bus fromthe non power saving node to the specific power saving
node before the third frame 15 information is transmtted to said another
el ectroni ¢ devi éavoBveFBhaaglae dtraoni fie revie tdoc arad angriicare| hen dombamd her
conprising: a transfer type notification device configured to 20 transmt
a, third frame LAVOLYRS odtaudedrfsdremotarfd clattd dmafcat inansiert yype of
the data, to said another electronic device by way of the serial ATA bus,
wherein the fir&f fBde Swanetiedy ideierd sWareHewe tHRD skt itd WTA host f rom

t he non power saving node to 25 the specific power saving node after the
third frame inf Pn@gi%% it® tthendata ddare isdiid bt hbr Electaomi eheesi ce

and before the ta transnj ssion device - 33 transmts data by use of
the secon frang enFSFWEFE%ﬁ%ef Nle WV ot devidE Btording to clai m

4, further conpr/ising: execution.result notification device 5 configured
to notify said a(r%?)t %glre aélrg’esc r"vglr%rée %@vel cerory Jerkveog]u‘fel% FTERUHDY Why of
the serial ATA bus by uneofi g Rresal f nare, jAlormall oAl el a desigpat ed

operation i s executed, eret irst fra ormation is transm

from sai d anot helegl@neleeeizonl & device 3 aulda il ectdpili £ deyt cer@nd, t he
first frame information designates an operation that does not iInvolve data

transfer, whereian the Wow Spamede W taahl e Rk SMdichescdhgasgri al ATA
bus fromthe non power saving node to 15 the specific power saving node

bef ore sabd anotimemleliect dartac tdenister s(enaf.i,f ied«afd tdenexegution result
corresponding to the designated operation. 8. The el ectronic device
according to cl dismued fiucrherhecdmmt $ihg: FIG. 3 shows how a signal
("Host Tx" signal) the host 20 transmits to the SATA
bus 30 and a signal ("Host Rx" signal) the host 20
receives from the SATA bus 30. are correlated to the
15 ‘power saving modes of SATA bus 30, ATA bus 13 and ATA
bus 23. FIG. 4 illustrates operations which the SATA
interface control circuit 12 of the HDD 10 performs.
Let us assume that a read command conforming
to the ATA standards and addressed to the HDD 10 is
20 supplied from the main host unit 21 of the host 20 to
the ATA bus 23, and that the read command is a read
DMA command that instructs direct memory access (DMA)
transfer of read data. The read command on the ATA
bus 23 is received by the SATA interface control
25 éircuit 22 of the host 20. The link/transport layer

processing unit 222 of the SATA interface control

circuit 22 converts the command it receives into a



. 20 a prediction device configured to predict a tine required for making
preparations for transm ssion of the data where the determ nation device
determ nes that the imrediate transm ssion of the data is inpossible, 25
wherein the first node switching device switches the serial ATA bus from

t he non power saving node to the specific power saving node where the tine
- 34 predicated by the prediction device after the preset tine. 9. The

el ectroni c device according to claim1,-futiher conprising: 5 a nonitor
device configured to check whether preparations made for transmtting the
data have been conpl eted and continues this checking within a second tine,
whi ch i s shortespeltdrfiax fiinaste tiime: msed @s dtheupreset (FIe, bakede t he
determ nation device determnes 10 the i medi ate transm ssion of the data
i s inpossible, whetdien SATR fitragdamtie sViihte hiongnated i DeomsshieresTA hatist he
data cannot be prepared within the first tine and switches the serial ATA
bus from the norSp&GRENSIRAEChd i RS e Ipeti 3l crobrered avd ngs node, where
15 the preparati, for transmtting the data are not conpleted even after
el apse of the se%@ﬁ’&sttlerfe Hoff tfhé Q‘Fé%ﬁ rfohi ¢’ deWe e cdt dihigito claim 1,

wher ein he el ectrani c d vice s ap.exter stora e 20 deyjce conprising
a recordlég ned%% SRS h%ﬁﬁl:i A% (§§¥ A dF St %ﬂgeF%%tronlc

device is a _hOS b}%{ 1%5%% tﬁ%n@% aéheStEofgag?l dev'f f—%t erface

met hod, applied to an e roni c device aV|ng a serial

for saving pover(weanaured lypdihe. 5erd Al AT i ef] ace. tf%gmﬂfﬁ%ééo

devi ce being connecte to ano ectronlc eV|ce oug t he

serial ATA bus, thae Higy h@dbgpwy %ﬂ"'gzhéjeéz@fzmﬂuﬂ ether inmmediate
transm ssi on of data i s possiblé when the data should be transmitted to

sai d another el ectronife doVizxeintdWr &SIt dD ¢hecseEi 8 @E-AtIQESHbﬁom a
non power saving node to a specific power saving npde when the immediate

transm s$bDon of ltheedatirefs amet I 2| @RIt W SE S Dot efai nesvf o be
i npossi ble and the data is predicted as not being prepared within a preset
time. 31 transmitted thereto through the SATA bus 30. The.
link/transport layer processing unit 122 of the SATA
interface control circuit 12 analyzes the received FIS
31 (Step S1). Based on the content of the FIS 31, the
15 link/transport layer processing unit 122 determines
whether a data read is commanded by the host 20 (Step
S2). 1If this is the case, the link/transport layer
processing unit 122 converts the received FIS 31 into
a command (a read command in the present embodiment) -
20 conforming to the ATA standards, and transmit it to
the ATA bus 13 (Step S3).

The link/transport layer processing unit 122
determines whether the data requested by the read
command corresponding to the FIS 31 can be immediately

25 transmitted to the host 20 (Step S4). This deter-
mination is made by causing the link/transport layer

processing unit 122 to inquire to the HDC 119 whether



10 12. The nethod according to claim 11, further conprising: waiting for
conpl etion of preparations for trans m ssion of the data and then sw tching
the serial ATA bus back to the non power saving node, where the 15 seri al
ATA bus is switched to the specific power saving node; and waiting for the
serial ATA bus to be switched back to the non power saving node and then
trans mtting the data to said another el ectronic device by 20 way of the
serial ATA bus by use of a preset frame-inrf®ormation, where the serial ATA
bus is switched to the specific power saving node. 13. The nethod accordi ng
to claim 12, wherein: the electronic device becones ready for trans 25
mtting the dat ahtocsairdsaaoidierg elagct rienisz dded de, when wad £k anotier

el ectronic device transmts a first frane information to the electronic
device and the 120.36Thki rehsfomafer nfadringt itdre rdegueastinadat@; and the data
requested by the first frame information is transmtted by use of a second
frame infornmati 8h1lswhiaeh liss thiag phes DT rldrfe namfagramattiton. i 15 dzha tTieen et hod
according to claim 13, further conprising: transmtting a third frane

i nformation, us&BPFEFCRGLING CRE &R de @ tcandedwagpehst dafe datteced o sai d

th troni i f th ial 10 ATA bus, before the data
S transnttted By QS BPEERE SRtbrdCt A HiA Hik (T SHTA: A Ser | al
ATA bus i it h ifi [ de bef the third
frams i nf or mat i SACTE EFRsm Frod o 10ad ARBHREH ol e oM Ao s T ce. 15,

The nmethod accoydiiRg1He clai 3, fur r ri;sing: transmtting a third
frame information, useg ?gf&anmgtjsi fai chtpl o‘r%])fofcc(%g%t rl}ns er JLyopné 0 h‘? he data, to

said 20 anot her ; 84BeLR0RG HEHLE B MR Vg tRE SR 1l Albhed. Inci-
dentally, in order to transfer data from the HDD 10 to
10 the host 20 by way of the ATA bus 13, a specific FIS
referred to as "Data Payload FIS" is used. The number
of bytes of the data which can be transferred by use
of the "Data Payload FIS" is an integer multiple of
"4" (the data is comprised of at least four bytes).
15 Therefore, as long as data of at least four bytes
is stored in the buffer RAM 120, the data can be
immediately transmitted to the host 20.
Let us assume that the HDD 10 is not ready to
transmit to the host 20 the data requested by the
20 read command corresponding to the received FIS 31.
In this case, the data requested by the read command
has to be read out from the disk 111. This operation
includes a seek operation and a wait operation. The
seek operation is an operation for moving the head 112
25 to a target track on the disk 111. The wait operation
is required before the target sector of the disk 111

is rotated to the position of the head 112 after the



. bus, wherein the serial ATA bus is switched to the specific power saving
node after the third franme information is transmtted to said another
el ectronic 25 device and before the data is transnmtted by use of the
second franme information. 16. The nethod according to claim 13, further
37 conprising: notifying said another el ectronic device of an execution
result by way of the serial ATA bus by use of a preset frane information
after a designated 5 operation is executedl9where the first frane
information is transmtted fromsaid another electronic device to the
el ectronic device and the first frame information designates an operation
that does not i heakvél@atis tmoamsf erg tHE: whergdth tiheciserinh fdhebas, i s
switched to the specific power saving node before said another electronic
device is notifithe ekekhenske@itti eparmsldansore@sipondiene tal thel desi gnat ed
operation. .Al.A.LAA{F.AALANLANLASZA{ A{.A{ AL .A{ .A

. Ash3. A" { 3. AL3. ASGORUS §0A§I¢3feA§H3 IAns mf SMAUhD/bsﬂ@GEonwh AL oidr. A

A {3.ALh3. AL .AL . A { 9 AL R Ps)|#S"#
| wr thcAY] ca] cal c’Q]rgé]'ca e?] &%W&]%ﬂfcé]lc%ﬁ c]af] crae]%a]{%] ke atiea) dateal ca]

S/’?][ ng\:ﬂﬂ 5211?3] %f] %ﬁ %%]f‘él cl }]r(?a]sc%]rc%ﬁ%)a]lcsa]%‘aﬁf?:%’]%ca] cafe59%2] ca] ca]

V~
igégoa/«]&c%]( CR?]X??]( }gﬁi}]seﬁ?ilgct% ? %%%% aﬁ%%i Cac] Ca ca’]%c’a] cka(] csa]%%] Jc%‘i%aﬁ%%? cal ca] ca
]Ca]Ca]Ca]Ca]Cak%%k%%hc%hgékﬁﬂlQ§%?%%%§gfg%%%%?ﬁufcéi c ) R Rl 2 ++++%

H, v . [[/}xsnid calca ca] ca] ca ca] cajc
/44 1 DKO, 0&1w
T111005%0 25505351 444STG000s60) Xl 011 G ol ba) Lol Loy Cal Ca] 4] Ch] cal cal ca

] ca] ca] ca] ca] cajiealea] caja) qaivalrERma]'c gl calital i Gadwad cal $7~777789:
) =0=f =7>n>: ?i ??@ @\ABBGH3HkHH

| Q ~I11J}Rsni d_2lkpte] cajnc alccajrczincs od]tda]tdsd ceHUsy 't e aj £ af le@] med cal cal
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! JOJJKKKOLkLLM-NMEM MVIVNUN* OOO* PZPQ

ZQQQ' RTRRRRSTV} ®sigi d 37Pedalrealtdd] crltea]ica]red] o arsd wa] c ajloa | majer] £a] ca] ca)
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! VXXo] v] bbcd5dkdBePeghLhShh”
i dj | kkpl brmmmooP§§LsB&@idni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caj] ca] ca] ca] ca! @ @Qi@ GMXWXXX&YYZ

J{\{[}}}~~P~~~IS yT} P AR e e R o] erf vl tatea] ca] cal ca]
a)J ca] ca] ca] ca] cg}eca &%%Z]D%a] cal.ca] ca] ca] ca] ca] ca] ca! W\&Y] nDL~#Z{ RO} xsnid_Z

]]ca]ca]calcalc AP¢alda]tds] CHtea]eguasted & ddieajead cal ca] cal ¢
' [ bb2i
?Lgﬁ} gi]Z Lgﬂ:g]%c%]'%&?] 3 Eecsfjoclﬁ@a?] &4 cta]ecaﬁeéae]%vaﬁccal]%ﬁ?a]‘caal]rc%‘] ca]calca

LE\% ig]nfg] gﬂ gg%%g]tgg'}%g]ll ]e?:%t%:] c\% % ce%] ca] caJ] cat] caj] ca]] c’a] c}aﬁ ca] ca] ca] ca
] ca] ca] ca] ca] cahsakgakaalerldal 43ksa srodeadMng nit 2
a

[ >} xsnid_Z]]ca] ca] ca] ca] ca] ca] caJca] ca] cal ca] ca] C ] ca] caei ca] cal ca] ca]

ca] ca] ca] ca] ca] sarpalieakeahber] cahealoat Kircuils \143 @%’Hdi_czﬂs] G £2lay ca] cal ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca

] ca] cal 4mer AO<s régRplstZkix slaitd_&ahnealtc ajec alreql-aalt al ioa] i9alL 3l ke &xa] ca] ca] cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! & {E{;

kwA . : k: pPxsni dtZjrec@Pca] Galseal oal calicalealdialtdalsalwta] dalrel e tadsed cal ca

] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 5i: I DA_.: k: p}xsnid_Z]]ca]ca]ca]c

al ca]ca]ca)calc P&a}rc@]r@@]e@a]l@a] calida]léd] dajecarcid]ca ¢EAR Ird) GHE]CDBE]SIJH] caJc
a] ca] ca] ca] caPsf H*& 109608 S% 10908 ()-Y 910%3& Q Y s10%% ()- 10% O
0% ()-! @O%0& ( P418908he) SATA kus 30 ( tep S5) "PARTIAL REQUEST"

32 is for setting the SATA bus 30 in the "PARTIAL" mode
(the power save state). As a result, the SATA bus 30

25 is released from the operations performed by the HDD 10
and set in the "PARTIAL" mode.

Thereafter, the link/transport layer processing
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unit 122 waits for the completion of the preparations
made for transmitting the data requested by the read
command corresponding to the received FIS (Step S6).
After the preparations for transmitting the requested
5 data are completed, the link/transport layer proc-
essing unit 122 pérforms the operations described
below in order to transmit the data by way of the SATA
bus 30. That is, the link/transport layer processing
unit 122 transmits "IDLE REQUEST" 33 to the SATA
10 bus 30 to switch the SATA bus 30 from the "PARTIAL"
mode to the "IDLE" mode (Step S7). As a result, the
SATA bus 30 is released from the operations performed
by the HDD 10 and set in the "IDLE" mode. Whether
or not the preparations for the transmission of the
15 requested data have been completed can be determined
by detecting the generation of an interrupt indicating
the data transfer start. The interrupt is supplied,
for example, from the HDC 119 to the link/transport
layer processing unit 122 of the SATA interface
20 control circuit 12. The interruption is generated
when the requested data is read out from the disk
111 and stored in the buffer RAM 120. As long as the
requested data is stored in the buffer RAM 120, the
interrupt described above is immediately generated in
25 response to the read command.
After the link/transport layer processing unit

122 switches the SATA bus 30 back to the "IDLE" mode
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of step S8 is performed. In this Step, the link/
transport layer processing unit 122 transmits the
data (read data), which is trasferred thereto from the
5 HDC 119 by way of the ATA bus 13, to the host 20 by
way of the SATA bus 30. A specific FIS 34 referred to
as "Data Payload FIS" is used for this transmission.
After all data is transmited to the host 20, the link/
transport layer processing unit 122 notifies the host
10 20 of the command (read command) execution result
obtained in the HDD 10 (Step S9). A'specific FIS 35
referred to as "Register-Device to Host FIS" is used
for this notification. 1In the present embodiment,
the command executin result obtained in the HDD 10
15 is stored in the status register 11%9a. 1In Step S9,
therefore, the contents of the status register 119a
are set in the FIS 35 and transmitted to the host 20.
When the head 112 is already on the target track,
no seek operation is required, and the requested data
20 can be prepared in a comparatively short time. 1In
consideration of the time required for switching from
the "PARTIAL mode", it is not necessarily efficient
to set the SATA bus 30 in the "PARTIAL" mode. With
this in mind, the operations illustrated in the
25 flowchart shown in FIG. 5 or 6 may be used, replacing

the operation illustrated in the flowchart shown

in FIG. 4. 1In FIGS. 5 and 6, only those operations
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illustrated. Reference should be made to FIG. 4 as
well, when necessary.
In the example of the flowchart of FIG. 5, a
5 check is made to see whether or not the HDD 10 can
immediately transmit the requested data to the host
20 (Step S4). If the HDD 10 cannot transmit the
requested data immediately, the link/transport layer
processing unit 122 predicts time T1 in which the
10 requsted data can be prepared (Step S11). Time T1
can be predicted by calculating a seek time on the
basis of the position of the track on which the head
112 is presently located and the position of the
target track to which the head 112 is to be moved.
15 Time Tl can be predicted based on the seek time.
After predicting time T1l, the link/transport layer
processing unit 122 determines whether the predicted
time Tl is after preset time TO (Step S12). Only
where the predicated time Tl is after preset time TO,
20 does the link/trasport layer processing unit 122 set
the SATA bus 30 in the "PARTIAL" mode (Step S5).
Where the predicted time Tl is not after time TO, the
link/transport layer processing unit 122 waits for the
requested data to be prepared (Step S13). When the
25 requested data has been prepared, the link/transport

layer processing unit 122 transmits it to the host 20

by way of the SATA bus 30 by use of FIS 34 (Step S8).
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In the example of the flowchart éf FIG. 6, a

check is made to see whether or not the HDD 10 can
immediately transmit the requested data to the host
20 (Step S4). If the HDD 10 cannot transmit the

5 requested data immediately, the link/transport layer
processing unit 122 determines that T2 is the time
limit by which the requested data has to be prepared
(T2 < TO) (Steps SZl and S22). Only where the
preparations for the transmission of the requested

10 data cannot be completed after time T2 (whicn means
that no interrupt for starting the data transfger is
generated), does the link/trasport layer processing
unit 122 set the SATA bus 30 in the "PARTIAL" mode
(Step S5). On the other hand, where the preparations

15 for transmitting the requested data are completed
before time T2, the link/transport layer processing
unit 122 transmits the requested data to the host 20
by way of the SATA bus 30 by use of FIS 34 (Step S8).
(2) the case where the command involves data transfer,

20 and data indicating the type of data transfer is sent
from the HDD 10 to the host 20 prior to the data
transfer

A description will be given of case (2),

referring to the case where the command involving data

25 transfer is a read command. The description will be
given with reference to the sequence chart of FIG. 7,

the flowchat of FIG. 8, the sequence chart of FIG. 9,
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and the flowchart of FIG. 10. In FIGS. 7 and 9, the
same descriptions as those of FIG. 3 are indicated
by the same reference numerals as used in FIG. 3. In
FIGS. 10 and 11, the same descriptions as those of

5 FIG. 4 are indicated by the same reference numerals
as used in FIG. 4. 1In the data transfer using the
SATA bus 30, a data sender may have to instruct what
operations are needed by a data recipient. The
instructions are sent from the data sender to the

10 data recipient by use of a specific FIS before the
data is actually tranémitted, and the instructions
include identification of the type of data transfer.
In the SATA standards, a "PIO Setup FIS" and a "DMA
Setup FIS" are defined for notifying the type of data

15 transfer. The former FIS is used for the notifica-
tion of a programmed input/output (PIO) protocol,
and the latter FIS is used for the notification of a
DMA (first Party DMA) protocol. The PIO protocol
indicates the type of data transfer performed at the

20 initiative of the host 20.

"Data Payload FIS" may be transmitted before the
transmission of data as a FIS for notification of the
type of data. If the type of data transfer has to be
notified, either the technology shown in FIGS. 7 and 8

25 or the technology show in FIGS. 9 and 10 is applicable
to the control technology used in the "PARTIA" mode.

In FIGS. 7-10, "DMA Setup FIS" is used as FIS 36 for
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"10%&' ()-1'L In the sequence chart of FIG. 7 and the flowchart
of FIG. 8, step S10 (wherein a FIS ("DMA Setup FIS")
36 is transmitted from the SATA interface control
5 circuit 12 to the host 20) is executed immidiately
before Step S8 (wherein FIS ("Data Payload FIS") 35
1s transmitted). In the case shown in FIGS. 7 and 8,
the SATA interface control ciorcuit 12 transmits
"PARTIAL REQUEST" 32 to set the SATA bus 30 in the
10 "PARTIAL" mode (Steps S1 through S5) immediately after
a FIS ("Register-Host to Device FIS") 31 is received.
from the host 20 (this operation is performed when the
preparations for data transmission have not yet been
made). In this respect, the case shown in FIGS. 7 and
15 8 is simialr to the case illustrated in the sequence
chart of FIG. 3 and the flowchart of FIG. 4.
In the sequence chart of FIG. 9 and the flowchart
of FIG. 10, Step S10' is executed (wherein a FIS ("DMA
Setup FIS") 36 is transmitted from the SATA interface
20 control circuit 12 to the host 20) in response to the
reception of a FIS ("Register-Host to Device FIS") 31
(Steps S1 to S3). In the case shown in FIGS. 9 and
10, the SATA interface control circuit 12 transmits
"PARTIAL REQUEST" 32 to set the SATA bus 30 in
25 the "PARTIAL" mode (Step S5) immediately after the
execution of Step S10' (wherein a FIS ("DMA Setup

FIS") 36 is transmitted) (this operation is performed
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not yet been made). The operations illustrated in
FIGS. 7-10 are also performed when "PIO Setup FIS"
is used for the notification of the type of data
5 transfer.
(3) the case where the command does not involve data
transfer and the host 20 is notified of only a command
execution result from the HDD 10
In connection with cases (1) and (2), reference
10 was made to the way in which the "PARTIAL" mode is
controlled during the execution of a command involving
data transfer. However, the system shown in FIG. 1
is capable of executing a command that does not
involve data transfer. A motor actuation command for
15 actuating the SPM 113 of the HDD 10 is an example of
such a command. A description will therefore be given
as to how operations are performed when the host 20
issues a command that does not involve data transfer.
The description will be given, referring to the
20 sequence chart of FIG. 11 and the flowchart of
FIG. 12. Let us assume that a command conforming to
the ATA standards and addressed to the HDD 10 is
supplied from the main host unit 21 of the host 20 to
the ATA bus 23, and that the command does not involve
25 data transfer (a typical example of such a command is

a motor actuation command). The command on the ATA

bus 23 is received by the SATA interface control
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processing unit 222 of the SATA interface control
circuit 22 converts the command it receives into a
specific FIS ("Register-Host to Device FIS") 91. The
5 FIS ("Register-Host to Device FIS") 91 is transmitted
to the HDD 10 by way of the SATA bus 30.
The SATA interface control circuit 12 of the HDD
10 receives the FIS ("Register-Host to Device FIS")
91 transmitted thereto through the SATA bus 30. The
10 . link/transport layer processing unit 122 of the SATA
interface control circuit 12 analyzes the received FIS
91 and determines whether the FIS 91 has been obtained
by conversion from a command that does not involve
data transfer (Steps S31 and S32). 1If this is the
15 case, the link/transport layer processing unit 122
converts the received FIS 91 into a command which
conforms to the ATA standards and which does not
involve data transfer (Step S33). The command is
received by the main HDD unit 11 of the HDD 10 and
20 executed by the main HDD unit 11. During the period
between the time when the command is received and
the time when the host 20 is notified of the command
execution result obtained by executing that command,
the SATA bus 30 need not be kept in the "IDLE" mode
25 (the non-power-save state).

After step S33 described above i1s executed, the

link/transport layer processing unit 122 transmits
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"PARTIAL" mode by the HDD 19. Let us assume that the
command execution result transmitted to the ATA bus 13
5 is set in the status register 119a of the HDC 119
thereafter. 1In this case, the link/transport layer
processing unit 122 determines that the execution of
the command has ended and the host 20 can now be
notified of the command execution result (Step S35).
10 Based on this determination, the link/transport layer
processing unit 122 transmits "IDLE REQUEST" 93 to
the SATA bus 30 to switch the SATA bus 30 from the
"PARTIAL" mode to the "IDLE" mode (Step S36). After
the SATA bus 30 is switched back to the "IDLE" mode on
15 the basis of the "IDLE REQUEST" 93, the link/transport
layer processing unit 122 executes Step S37. In this
step, the link/transport layer processing unit 122
transmits the command execution result, indicated by
the status register 119%a, to the host by way of the
20 SATA bus 30, using a specific FIS 94 referred to as
"Register-Device to Host FIS."
In the embodiment described above, the SATA
interface control circuit 12 performs all control
of setting the SATA bus 30 in the "PARTIAL" mode in
25 accordance with the way in which a command the host

20 issues to the HDD 10 is executed. However, this

control may be realized by permitting either the
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HDC 119 of the main HDD unit 11 or the CPU 130 to

control the SATA interface control circuit 12.

The

embodiment described above is directed to a system

equipped with an HDD (hard disk drive).

However,

5 the present'invention is also applicable to a system

equipped with a disk drive other than the HDD,

such

as an optical disk drive, magneto-optical disk drive,

etc. It is sufficient if only the disk drive has a

SATA interface. Furthermore, the present invention

10 is applicable to a system equipped with an external

storage device other than disk drives,

magnetic tape device. In this case as well,

such as a

it is

sufficient if only the external storage device has

a SATA interface. The present invention is further

15 applicable to a system equipped with an electronic

device other than a disk drive, if only the electronic

device has a SATA interface.

Additional advantages and modifications will

readily occur to those skilled in the art.

Therefore,

20 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

spirit or scope of the general inventive concept as

25 defined by the appended claims and their equivalents.



» L310%& ()-!s- "10%& ()-1 )109%& ()-L~#dEMP10 10 10 | @O%& ()- @O%& () - |
4109 ()-Y Z109%&' ()-Y :10%&' ()-y mlO0%&' ()-#Z{ KRa?M?10 10! sL$" 10%&' () - |
10%' ()-M 109% ()-Mss!10% ()-1 ,10% ()-1 L10% ()-RG~?M?10 10
@10% ()- 310% ()- 1&10% ()-! s+s!10%& ()-!s+s!10%& () -
) 109%&' ()-' XYZ[ b~_@ 10F nlO%&' ()-F 10%& ()-y nlO%& ()- 10 10 10 :10%& ()-!
71109 () - h*bwx9~ @ 10
109& ()-",!'210%& ()-!",!110%& ()-!s!10%&'«)-30 ! HOYR&&' ()-L!!'10%& ()-Lk2}"?~ @
0 10 )Y109%&' ()-1 (:109%& ()-! " "f 109 ()-I!""f 10%& ()-1Y nmLO%& () -
10%& () -2i 9XdE~_@ 101 810%& ()-s 7310% ()- ~3S10%& () -
WHAT IS CLAIMED IS:

1. An electronic device provided with a serial
ATA interface and connected to another electronic
device through the serial ATA bus, the electronic

5 device comprising:

a determination device configured to determine
whether immediate transmission of data is possible
when the data should be transmitted to said another
electronic cdevice;

10 \ a first mode switching device configured to
switch the serial ATA bus from a non power saving mode
to a specific power saving mode when the immediate
transmission of the data from the electronic device is
determined to be impossible and the data is predicted

15 as not being prepared within a preset time; and

a second mode switching device configured to
switch the serial ATA bus from the specific power
saving mode to the non power saving mode after prepa-
rations are made for transmission of the data where

20 the first mode switching device switches the serial
ATA bus to the specific power saving mode.

2. The electronic device according to claim 1,
wherein:

standards of the serial ATA interface define two

25 power saving modes which differ from each other in

restoration times to the non power saving mode; and

the first mode switching device selects a power
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saving mode having a shorter restoration time from
the two power saving modes and uses the selected
power saving mode as the specific power saving mode.

3. The electronic device according to claim 1,

5 further comprising:

a data transmission device configured to transmit
the data to said another electronic device by way of
the serial ATA bus by use of a specific frame informa-
tion in a state where the serial ATA bus is set in the

10 non power saving mode, wherein

when the immediate transmission of the data is
possible, the data transmission device transmits the
data immediately, and

when the immediate transmission of the data

15 is impossible, the data transmission device starts
transmission of the data after preparations for
transmission of the data have been made and the second
mode switching device switches the serial ATA bus to
the non power saving mode.

20 4. The electronic device according to claim 3,
wherein:

the determination device determines whether
or not the immediate transmission of the data is
possible, when a first frame information is trans-

25 mitted to the electronic device from said another
electronic device and where the first frame

information requests data; and
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the data transmission device transmits requested
data by use of a second frame information, which is
the specific frame information.

5. The electronic device according to claim 4,

5 further comprising:

a transfer type notification device configured to
transmit a third frame information, used for notifica-
tion of a transfer type of the data, to said another
electronic device by way of the serial ATA bus before

10 the data transmission device transmits the data by use
of the second frame information,

wherein the first mode switching device switches
the serial ATA bus from the non power saving mode to
the specific power saving mode before the third frame

15 information is transmitted to said another electronic
device.

6. The electronic device according to claim 4,
further comprising:

a transfer type notification device configured to

20 transmit a third frame information, used for notifica-
tion of a transfer type of the data, to said another
electronic device by way of the serial ATA bus,

wherein the first mode switching device switches
the serial ATA bus from the non power saving mode to

25 the specific power saving mode after the third frame

information is transmitted to said another electronic

device and before the data transmission device
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transmits data by use of the second frame information.
7. The electronic device according to claim 4,
further comprising:
an execution result notification device
5 configured to notify said another electronic device
of an execution result by way of the serial ATA
bus by use of a preset frame information after a
designated operation is executed, where the first
frame information is transmitted from said another

10 electronic device to the electronic device and the
first frame information designates an operation that
does not involve data transfer,

wherein the first mode switching device switches
the serial ATA bus from the non power saving mode to

15 the specific power saving mode before said another

"electronic device is notified of the execution result
corresponding to the designated operation.

8. The electronic device according to claim 1,
further comprising:

20 a prediction device configured to predict a time
required for making preparations for transmission of
the data where the determination device determines
that the immediate transmission of the data is
impossible,

25 wherein the first mode switching device switches
the serial ATA bus from the non power saving mode

to the specific power saving mode where the time
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predicated by the prediction device after the preset
time.
9. The electronic device according to claim 1,
further comprising:

5 a monitor device configured to check whether
preparations made for transmitting the data have been
completed and continues this checking within a second
time, which is shorter than a first time used as the
preset time, where the determination device determines

10 the immediate transmission of the data is impossible,
wherein the first mode switching device assumes
that the data cannot be prepared within the first time
and switches the serial ATA bus from the non power
saving mode to the specific power saving mode, where
15 the preparations for transmitting the data are not
completed even after elapse of the second time.
10. The electronic device according to claim 1,

wherein:

. the electronic device is an external storage
20 device comprising a recording medium in which data is
recorded; and
said another electronic device is a host system
that uses the external storage device.
11. A method, applied to an electronic device
25 having a serial ATA interface, for saving power

consumed by the serial ATA interface, the electronic

device being connected to another electronic device
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through the serial ATA bus, the method comprising:
determining whether immediate transmission of
data is possible when the data should be transmitted
to said another electronic device; and
5 switching the serial ATA bus from a non power
saving mode to a specific power saving mode when the
immediate transmission of the data from the electronic
device is determined to be impossible and the data is
predicted as not being prepared within a preset time.
10 12, The method according to claim 11, further
comprising:
waiting for completion of preparations for trans-
mission of the data and then switching the serial
ATA bus back to the non power saving mode, where the
15 serial ATA bus is switched to the specific power
saving mode; and
waiting for the serial ATA bus to be switched
back to the non power saving mode and then trans-
mitting the data to said another electronic device by
20 way of the serial ATA bus by use of a preset frame
information, where the serial ATA bus is switched to
the specific power saving mode.
13. The method according to claim 12, wherein:
the electronic device becomes ready for trans-
25 mitting the data to said another electronic device

when said another electronic device transmits a first

frame information to the electronic device and the
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first frame information requests data; and
the data requested by the first frame information
is transmitted by use of a second frame information,
which is the preset frame information.
5 14. The method according to claim 13, further
comprising:
transmitting a third frame information, used
for notification of a transfer type of the data, to
said another electronic device by way of the serial
10 ATA bus, before the data is transmitted by use of
the second frame information,
wherein the serial ATA bus is switched to the
specific power saving mode before the third frame
information is transmitted to said another electronic
15 device.
15. The method according to claim 13, further
comprising:
transmitting a third frame information, used for
notification of a transfer type of the data, to said
20 another electronic device by way of the serial ATA
bus,
wherein the serial ATA bus is switched to the
specific power saving mode after the third frame
information is transmitted to said another electronic
25 device and before the data is transmitted by use of

the second frame information.

16. The method according to claim 13, further
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notifying said another electronic device of
an execution result by way of the serial ATA bus by
use of a preset frame information after a designated
5 operation is executed, where the first frame informa-

tion is transmitted from said another electronic

device to the electronic device and the first frame

information designates an operation that does not

involve data transfer,

10 wherein the serial ATA bus is switched to
the specific power saving mode before said another

electronic device is notified of the execution result

corresponding to the designated operation.



