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system and a nethod that can set a plurality of different data transfer
rates just like a signal sending systtemand a signal sending nethod

conform ng to, for exanple, the ATA (AT Attachnent) interface a{mmwm"mmmMm
i to be sent froma signal output device to a signal recei
via a signal sending line at a predeterm ned data transfer rate. Bagkgsound

si gnal

art A signal

eci

sendi ng system that can set a pl urality of different data
transfer rates and enables a signal. lcaQe sent froma ~,~ signal output

device to a signal receiving devicé via a Ny gnal sendl ng line m ““ \“
predeterm ned data transfer rate is enployed, for exanple, as \m\

sendi ng system anong such peri pheral

devi ces as a host system a hak@ssti sk

drive (HDD)qpiand & GRRON/ERENVS 4 N a conputer system There are the ATA
interface, the SCSI (Small Conputer SystemlInterface), etc. for the

interface standards used between a signal output device and a signal
recei vi ng deigral (BEPhEedeHimdstdsiare fiafd! per phetWitedevindedpthada signal
sendi ng sysfemssdegcsihedlabove. OF those standard interfaces, the ATA
interface, which provides a variety of interfaces fromthe Iegacy ATA
interface to the Utra ATA/66 interface, includes a r 2 - 5 MC 200

pl urallty of different interface standards to cope wth various

Detailed Description of the Invention:

Field of the invention

The present invention relates to a system and a method that can
set a plurality of different data transfer rates just like a
signal sending system and a signal sending method conforming
to, for example, the ATA (AT Attachment) interface and enables
a signal to be sent from a signal output device to a signal
receiving device wvia a signal sending line at a predetermined
data transfer rate.

Background art

A signal sending system that can set a plurality of different
data transfer rates and enables a signal to be sent from a
signal output device to a signal receiving device via a signal
sending line at a predetermined data transfer rate is employed,
for example, as a signal sending system among such peripheral
devices as a host system, a hard disk drive (HDD), and a CD-ROM
drive in a computer system.

There are the ATA interface, the SCSI (Small Computer System
Interface), etc. for the interface standards used between a
signal output device and a signal receiving device (between a
host system and peripheral devices) in a signal sending system
as described above. 0f those standard interfaces, the ATA
interface, which provides a variety of interfaces from the
legacy ATA interface to the Ultra ATA/66 interface, includes a



da'fta t ransf er procedures (signal sending procedures) and various maxi mum
data transfer rates. There are also two types of sending cables (flat

cabl es) used for the connection between those output and recei \_ﬁ%gh/ﬁ[@\/im
Figure 2 lists up those ATA interfaces., In Figure 2, the | egacy ATA
interface supports all the data transfer rates (modes 0 to 9) inthe PIO
data transfer node and all the data transfer rates (nbdes 0 to 2) in the
mul ti-word DVA data transfer node. The Utra ATA/ 33 interface supports data
‘transfer rates up to 33.3[MB/s](node 2) of the Utra DVA data transfer node
while it enables the | egacy ATA interface to keep its conpatibility with

hi gher-r gnki g d Ot& fAGeS ﬁg?e-gu%@a%T@tgg Lpperface supparts data
transfer ,rates, Up to 66.6 s](rode 9) "o fRe Ut %avﬁféﬂg?er mode
whi | e itd%ﬁ%bl Egg"t‘%j'g%l tpr‘;cﬁf‘ § i APLPPabe $OPKAEh iRTOCESHPAaE! bi hidy with
hi gher - r ¥AkH ¢ i trEMfEc datacsnarglent Fates.or Breamplae alsbgnab sepesng

syst em coff semiing taabllee Wflse AN ivdear FagetRbiStohige s LAt 9@1?

2bove %EE;%%L@Q?A@? B e AL ﬁgugﬁ%‘? e
data buses . A §&Ff - sendi ng system conformng to the ATA interface uses a
flat cable (described as ~a 40C | cable) conprising 40 signal |ines (data

si gnal | nesigaeat Lol thegnedgddynesia angear@d 4Rk 01318 ftlol'g S%F €
' ' He 40C cabre

(describ a omr i si.ng _8Q, si | I'i'nes. The

i ncl udeseg% e?:a%gﬁe%a%g%%ﬁgs%ospdc}sg i(%ﬁlepgﬁl fete thanater Bade dedause
the pot ehtT al8®of2thosEansi¢fat B2 G YnEodesned B9 e2 thangabiesimitiavends| y due
E?ﬁ/a si nbR adebas tsans & ngody. t h&her MlemraciATeuBB dintleh€ast gaabpot HUt

| ce, @atd Ossardlde NQIted p aRl 30 MeEgSPersied At A pLgh dala franster

rate. Togayoid. a u .. t.heref or round |1 i.S . Inserted between
si gnal Ijnes i.na'%%%%rSI(t)lgag nge t%eregg%lgﬁpgpgsg?%agwt ﬁgﬁgéﬁéﬁé N Ot such a

e C.ca ; ) . | .
cross talk hoi's&. 25eBUFALY &F tRatt Hiegnarnkirdbd nEpghiaresendi e bet ween
a r 3Ultra RAY/ 560d Hesifasyst suprmmtssudhta peringiferal ratess cepast@n HDD
i s generablgMfsgrmedet §) ast sirgnaltirAt 8EAI b¥ra T&?arﬁéfre‘}bﬁ 8kofAl d s; @ssured
to be a &hguing referencs, fRen ) #4 chjpg. fhe data g‘leﬁnal i there 1s a
possibiljity that a latching timng s dis urbelCERAAGF SOTREEIBIHHA | evel
i s chang®t by e PRk eBI ndPEEr TR FRT eby CanaateR Flahsf £1r esxamploccr s (a
dat a val Bt piandingmsassegnabnbetmpintg devitte dilftfrar srhyem andat gadal ue
recei vedulst designal toecenu BYgHEVE C&Y , o thgied e i @nalk LALLYF 1 LVidS

degr adedsrdd,. 3ikpyBere, & . h a possibility, the signal integrity
becomes high. A si gngl /0O gﬁwzg?is provi ded for each of the host system

and the peripheral devices described bel ow. Those signal 1/0 devices are
used to hangee daeat btage eMTA hénhesfacsy stemantédach pérdHelpeddpher al
devi ces.wittsiygralofl /16 devhceupesvi drdsand hesdatingt IGRSERT <5hE6rsised as
a_si gnaltoutpat Maviieecandea soal |t deulfee Piguloed.af Lhe dajg.
recei vi _r}gabslleqe_d St lﬁgg as ,a S|igna§: recel Vi gg devi ce. uc;eh a’%i Sna out put
deVice is provided wthodrivé PREuTEBeEsdd D SuopRt diammd scertrdlgnal
lines. AWM¥eldPpeui 04 sItRWd ddarepdr ovazhf bitymablei ideforiloed put ta ng a
si gnal . 8fe ehliled ciompuisic@arns®usigtala 19ingRal whih sebeehpical nPrRRerti es

(predet ergni agdapesidar REARSET Id1€3bsERMRD %r?%é&i gﬁtgpe%%séngggl glgicf}

transfer apd all the.usabl e cable types ! _

Pr obl ensb‘”{% %% Sg SedNy %ﬁgf? nv&nt i%gﬂs?hef)%afiét?raw@rl r diBeenpinsyed

bet ween H'AGEE SiddhraReMBLIE dige pBe | pheiabl evewes aswichdBD oy the | i ke is

demandediniyeyecomeuht gher thads higieroutpute (R c¥Lah Scrd s MLtk SUEI 2

requi r enentaptd L WeShRndak ded Smp"@%&p Ja.ci:ra Lt%%n’%%_?rl s er]‘ ac, Q that data
the Uftr

)
transfer.,j.§ ena t 100 s] or over In a mode. i e t he
Maxi rrumscilac%la étjrgjf’fg el%’r at%le‘lril\égloﬁgt’t it HGerl Hifd 1 ghesertase Petanmm dat a

transf er"Y%&e rdi@fAs tRe &hfe, 89¢ nceahlm | ddwegbATAsuppeedsioey misie be kept
at its dansaetbphi ¢ spdhh ahicghes - tankimg sient er f aces. This is why the range
of the data transfer rate that nmust be supported becones w der as the 5

MAY 200 ;
The accuracy of data signal/strobe signal sending between a



4, "maxi num data transfer rate becones hi gher. However, the above nentioned
convent i onal signal output device is conposed so that its drive euﬁﬂuﬁglzgg4
that operates with predeterm ned peculiar electrical properties

output a signal at every possible data transfer rate, it cannot neet the
requi rement of a higher signal integriy with respect to all the possible
data transfer rates, which will be wider and wider in the future. If a riew
cable that can further reduce the cross talk noise is devel oped, then cable
types that nust be supported will also be increased so as to enable the 40C
and 80C cables to keep their conmpatibility with higher-ranking interfaces.

However r n_a CIrCUIt the drive circuit integrity on all the
~si gnal tlﬁl(];eﬂéa Jt%?‘egggtg tran erlptkffﬁ 8d PVIFE 3D ahdDPohvelenerR} L Yiri ve

cannot obft 2 iogRssisgaBRL s eREEHRL Bondi Theorat robepsiighal a4 lasaesd and all
t he usabte bablae Undelg suefesinceunimnteschidg | Shande@bh e6tigRhlt he Py esent

i nvent i othdre piQVladep@sﬁ}:gﬂla.Jt ouirp - deviaterand a.:5:g0al; SegpLag. et hod for

reali zi Lt egrity. at ev S

is anot%gl ob)j ect ?Qtﬁégnrgseﬁt n&ént%5%1F§ Sbv?dge%F%ﬁEﬁ%ﬂnQﬁﬂﬁnn
devi ce amf=¥ é’l g"né\até‘eﬁélﬁﬁgf‘h’étﬁbﬁplf orcqual i (2 dgta Naghe sogn@lt i fteagrity on
all t he &igronalsending deniléé | dhsfeaoniriosni RY dalth va@u905é¢&\£eod4¢ dransfer
rates angigldi t hedésabhg C@Qb@c&ypesthen PrdAY; 2 ? DBy o the

| nventi qq %%rdlngm o og ect_ o resent nventlong{ Here i

provi ded Aal d@ ?, %Oﬁ%ﬁl%ﬁ%ﬁ;a é“HFFPéFlEYTCEﬁ% #%ﬁn@§ett|ng a
pIuralltkPHﬁgr Vf@?%ﬁﬁe%ﬂhéﬁhrates and relaying a signal to a signal sending
éﬁpe at a selected slewrate anong said plurality of different slew rates;

A signal I/0 device is prov1ded for each of the host system and

the peripheral devices described below. Those signal I/0
devices are used to exchange data between the host system and
each of the peripheral devices. A signal I/O device provided

at the data transfer side is used as a signal output device and
a signal I/0 device provided at the data receiving side is used
as a signal receiving device. Such a signal output device is
provided with drive circuits used to output signals to signal
lines. A drive circuit is provided for each signal line for
outputting a signal. The drive circuit can output a signal
with electrical properties (predetermined peculiar properties)
common to all the possible data transfer rates and all the
usable cable types (40C and 80C cables).

Problems to be Solved by the Invention

The data transfer rate employed between a host system and such
a peripheral device as an HDD or the like is demanded to become
higher and higher in recent years. To meet such a requirement,
a new standard is prepared for the ATA interface so that data
transfer is enabled at 100[MB/s] or over in the Ultra DMA mode.
While the maximum data transfer rate is getting higher and
higher, the minimum data transfer rate remains the same, since
the legacy ATA interface must be kept at its compatibility with
higher-ranking interfaces. This is why the range of the data
transfer rate that must be supported becomes wider as the



a controller for selecting said selected slewrate of said driver leMp‘h(i 2004
according to a predetermi ned data transfer rate, said controller being
configured to set said selected slew rate of said driver circuit according
to said predeternmined data transfer rafe and a type of said signal sending
line, wherein said controller includes a nmenory systemfor storing a table
containing a slewrate for each predeterm ned data transfer rate, said slew
rate of said driver circuit being set with reference to said table.

Accordi ng to anot her aspect of the present invention there is provided a

signal oubpirudeviiGe « :SATREE SEIG (b lkyef  glroult Tor setting a plurality
of different slew rates and relaying a si gn%l %o a si gnal sending line at a

selected _slew rate anong said plurality of different slewrates; and a
cont rol | BPWEGE sethtdhry s aiehtsonedt ednsben saile Gigrsal &udbh¥eheGh Ui t

accor di ngst canporsedet 6 nued data tdansf eriFag driver circuit being
at _the JSsett,ar%t%gf TRE LfputL & gnal

confi gur geedd A4 iYs f sl at e , .

separ at e] yS%{:r? a gc%ﬁghg?é\gv ,Fgg/%&é%c%lhé’ré’r?&rﬁ%a?ﬂ gaeputospghplt

wher ei n sar d” cont ? bl FEFLY nepetidalen datimortyragpseenrhoe, stor bagnat t able

cont ai ni Hf arefeivenars fof eabligheedetgnai nedt &gt ranst e£%§§éc§1 said slew

rate of bl dtln | pessMIC HrDLANGFRY WatBs! eI GNCE; 0 sald table. 5 MAY
) _ ‘ will be wider and

2009 Sa wider in the future.

If a new cable that can further reduce the cross talk noise is
éeveloped, then cable types that must be supported will also be
increased so as to enable the 40C and 80C cables to keep their
compatibility with higher-ranking interfaces.

H?wev§r, there has been a limit .to the conventional drive
?erULt; the drive «circuit cannot obtain a high signal
integrity on all the signal sending conditions comprising all
the possible data transfer rates and all the wusable cable
ypes.

gnder such circumstances, it is an object of the present
invention to provide a signal output device and a signal
sending method for realizing a high signal integrity at every
possible data transfer rate. It is another object &f the
p?esent invention to provide a signal output device and a
51gnal sending method for realizing a high signal integrity on
all the signal sending conditions comprising all the possible
data transfer rates and all the usable cable types.



Accordi ng to another aspect of the present invention there is proxgﬁﬁa%gr UU
signal sending system enabling a signal to be sent to a host syst [ 2 4
signal sending line, conprising: a signal output device that can set a
plurality of different data transfer rates and send a signal to an object
device via a signal sending line at a selected data transfer rate, said

signal output device including: a driver circuit for setting a plurality of

di fferent %Iugﬁﬁ:{rgto?ﬁleqﬂger{tﬁhayi ng a signal to a signal sending line at a
i ned S an

predet erm n w rate,; a controller for setting a slewrate of said
driver redeterm ned data transfer, rate froma

si gnal SL{ %{infgrdlg%ctg(ré’%iﬁg tcg%ﬁhg Bresentipeention thezgds proy ygna puiput gnal
sending line, and a quantity of peripheral devices connected to said signal
sendi ng | i device, compriging: | - 5 MAY 200g 6
a driver circuit for setting a plurality of different slew rates and relaying a
signal to a signal sending line at a selected slew rate among said plurality of different
slew rates;
a controller for selecting said selected slew rate of said driver circuit according
to a predetermined data transfer rate, said controller being configured to set said
selected slew rate of said driver circuit according to said predetermined data transfer
rate and a type of said signal sending line, wherein said controller includes a memory

system for storing a table containing a slew rate for each predetermined data transfer

rate, said slew rate of said driver circuit being set with reference to said table.

According to another aspect of the present invention there is provided a signal output
device, comprising:

a driver circuit for setting a plurality of different slew rates and relaying a
signal to a signal sending line at a selected slew rate among said plurality of different
slew rates; and

a controller for selecting said selected slew rate of said driver circuit according
to a predetermined data transfer rate, said driver circuit being configured to adjust a
first slew rate at the start of its output signal separately from a second slew rate at the
end of said output signal, wherein said controller includes a memory system for
storing a table containing a slew rate for each predetermined data transfer rate, said

slew rate of said driver circuit being set with reference to said table.



Preferred enbodi nent Enbodinment 1 Figure 1 is a block diagramof a conputer
systemto which Enbodi nent 1 of the present invention applies. The %Mﬁfﬁﬂﬂlf
systemin Figure 1 conprises a host system 1, an ATA (AT Attachnent t
cable (IDE: Integrated Device(Drive) Elgctronics) flat cable) 2, such

peri pheral devices 3 as a hard disk drive (HDD) 3a, a CD-ROM drive 3b, a

DVD (Digital Video Disc) drive, etc., a display 4, and such data i nput

devices 5 as a keypoard 5a, a se 5b,.etc. The host system 1 controls the
whol e conp c@fmﬁ@é{% ogT‘?BﬁﬁpeFWﬂFengF%enﬂnv?Wéo% gie lgygqvgﬁdla signabsepdinged wit h
a nother board 10 on which a chip set including a CPU (Central Processing
Unit) chi p systemsenabling adignartotbesento hbostisystent vida sigealrsendingdine, CPU chi p 11,
a bus controller chip 12, a main nmenory 13, an AT controller chip (ISA

(I'ndustry Sbapesing: Architecture) controller chip) 14, an I/O controller
chip 15, a systemBIOS chip (ROM 16, a graphic accelerator (chip or card)

(Sl | Corput or SR onp i SRENE ad T SRR iy RERTR Qi SRafe T 10
th b her, . ided.a h b 1 P 22, I SA
pus. (AT budfd Sttt HEbREAHGE Uidh LBRhs Mg e S Seertbalionr i (1 o

port) 26, USB%{)Uni versal Serial Bus) ports 27, and I/O ports 28. The host
bus 21 is (P8 H@&’B@a\ﬁ%‘ﬁlqwt@ﬂcipcm% bus controller 12. The bus 21
includes, for exanple, a 32-bit parallel data bus and a 90-bit parallel
control bus. The PCl apliyepgirqust for seitingiplsmlisisof differennhslew rateeamdis control | er
12, the AT controller 14, and the PCl slots 25 to each another. The PCl bus

22 includes a 32Zelbyihg palgabl ©la gt sendi 111 a prddetermin¥® ¥led ;. angommonl y by
both data and control signals. Such PCl expansion cards as a SCSI card 18,

126, Ca % B Rl AL kAl g

devi ces as an HDD 6a, a CD are

conformng to t jnpterf ngdard can, be connected .to,the SCSI card
18. Such peri phgfraea ebtilegéig{aa@%gfﬁﬁﬂ?ﬁjeog S SEEENRFY é}éé’fceé’r?)‘(}ﬁe(blhr\?e 8, etc.
that are conf Orﬂi%% to the ATA i.nterface standard can be connected to the

I DE card 19 vi ala$t SYigmcahipe of sefdsignp) ssyding hpg sad @iavenyty of periplsaalbus 23 i s
provided so as to enable the AT controller 14, the I/O controller 15, the
syst em Bl OS chi feviess conaeatesio|sgid signet sendiigtlinebe connected to each anot her.
The | SA bus 23 includes a 16-bit parallel data bus and a 24-bit parallel
control bus. This |ISA bus 23 conforns to the ATA interface standard. The
system BIGS chip 16 records systemBIOS for controlling the initial
operation of the conputer system when the systemis powered. An |SA
expansion card can be inserted in an I SA slot 25. The I/O controller 15
controls data transfer between the | SA bus 23 and each 1/0O port 28. Such
data i nput devices as the keyboard 5a, a nouse, etc., and a printer are
connected to the /O ports 28 (the keyboard 5a is connected to an |I/0O port
28 in Figure 1). The bus controller 12 is connected to the main nmenory 13,
the PCl bus 22, and the graphic accelerator 17. The bus controller 12 is

4l so connected to the CPU 11 via the host bus 21 so as to control data
transfer between the CPU 11 and the main nenory 13 or the PCl bus 22 or the
graphic accelerator 17, as well as between the nmain nenory 13 and the PCl
bus 22 or the graphic accelerator 17, and between the PCl bus 22 and the
graphic accelerator 17. The display 4 is connected to the graphic

accel erator 17. The AT controller 14 is connected to the main nenory 13,
the PCl bus 22, the | SA bus 23, the ATA ports 26, and the USB ports 27. The
AT controller 14 controls data transfer between the main nenory 13 and the
ATA port 26 or the USB ports 27 or the



3

i ' ' 1 5 MAY 200g s | SA bus 23, as well as between the PCl bus 22 and the
ATA pott 26 or the USB ports 27 or the |ISA bus 23. Such peripheral devices
3 as an HDD 3a, a CO-ROM drive 3b, a DVD drive, etc. are connectgg MAX%
ATA port 26 via an ATA cable 2 respectively. (In Figure 1, the H Ull'
the CD-ROM drive 3b are connected to one ATA cable 2.) Such data i nput

devi ces as a nouse 5b, a keyboard, etcd are connected to the USB ports 27.
(In Figure 1, the nouse 5b is connected to a USB port 27.) Signal Sending
System Conformng to the ATA Interface An ATA flat cable 2 conformng to
the ATA interface is connected to the ATA port 26. And, such peripheral
devi ces SPasfth D%%? Q;a CD-ROM drive 3b, the DVD drive, etc. that are
conf orm ngetéartrﬁg S ace are connected to the ATA port via this ATA
cable 2. Up to two peripheral devices can be connected to one ATA port 26
vi a one pxbbdiaehe 2. The host system 1 and the peripheral devices 3 (the
HDD 3a and the CD-ROM drive 3b) are provided with a signal 1/0O device

conform n&#o t e ATA interface respectively. The signal 1/0O device of the
host syst t Eé AraPlgpke Hadgal 9fe i GREPUF?D (§¥‘§F§@ ¢ tHel®HpD 3a

are contﬁﬂlﬂimﬁilmnéorh)ds@ thei gnaseseninventsiyost exprldrfsor m Dige t oompet &TA

interfacgstlem the sagRreayl tbepsigeal al /}Qadﬁvis%té}ﬁ tihe hostaraystem 1, the

ATA Cablﬁ-_t%,chﬁl.@qt he g gpal ééqtdew (GBof th ?C%Eﬁ%}q dr i \é%lgté,( re corrbl ned
€

to corrp(s)Eglﬁa gnak endi n em conf or m ng
sr gnal i Tonf 'tSuFHep%ﬁ'%Pri‘erﬁaér fjéé’écéﬁaﬁl ag a hard

- di rectisdn rls:iegnﬁiDDéerﬁﬁ,nga F@TR@kzmpﬂ\ee Mhena daYR i(Bigerdl fvoded he HDD
3a to timdwostdrayst emtt,. ,t ke asisgnaly k] OadevikGeh Ofiathei K 3@eiScassyned to

e a si apaly %ygggrgeyé ce f&uﬁgugguté{gg a signal to the ATA cable 2 and

the signal evice of ost system 1 is assuned to be a signal
receivin deV| ce for receiving a signal fromthe ATA cable 2. The above ATA
i nterfadéssemis 1Bdien parcdntaloldatthewivhhlas eonpulér day et dusasownl hin ATA

cabl 643 E::ﬁgrmfre]r m.ngThe hbet Adystdud Qr fl@CQrOVJ_d'ed wiMhYa 20089 b&§rc§“ Vo dedd
into I t, C (S an
Gerdety cabls 436 daispianal e cant ok sLopal Thnes,

ground | ines) (hereafter to as a flat
cabl e (Her®afters P UMeeHescr | bed as a 80C cable). The 80C cable is
obt ai ned by adding 40 ground lines to a 40C cable. In the 80C cable, a

ground ldmeths piatiededohpidvean Sighaholht&s, at hesebynhgduci Ngat he,£r oss

tal k noiggtdynhag @hQIB speed, datant En@ﬂéi?r 13, an AT controller chip
(ISA (Industry Standard Architecture) controller chip) 14, an
I/0 controller chip 15, a system BIOS chip (ROM) 16, a graphic
accelerator (chip or card) 17, such PCI (Peripheral Component
Interconnect) expansion cards as a SCSI (Small Computer System

. Interface) card 18, an IDE card 19, etc. B

On the mother board 10 are further provided a host bus 21, a
PCI bus 22, an ISA bus (AT bus) 23, PCI slots 24, ISA slots (AT
slots) 25, an ATA port (IDE port) 26, USB (Universal Serial
Bus) ports 27, and I/0 ports 28.

The host bus 21 is provided between the CPU 11 and a bus
controller 12, The bus 21 includes, for example, a 32-bit
parallel data bus and a 40-bit parallel control bus.

The PCI bus 22 is provided so as to connect the bus controller
12, the AT controller 14, and the PCI slots 25 to each another.
The PCI bus 22 includes a 32-bit parallel bus to be used



ATA Inf erface Standard transfer node and (b) shows data transfer nodes
supported by each ATA interface, the maxi num data transfer rate < AEAQ{ 4
.mnimumdata transfer rate supported by each ATA interface, and cabl %@Q
used by each ATA interface. Figure 2 shows the ATA interface standard. In
Figure 2, (a) shows data transfer rates in ATA interface standard data
transfer nodes, as well as a data transfer rate in each data As shown in
Figure 2, there are PIO (Program | nput/output) data transfer and multi-word
BVA (Direct Menory Access) data transfer, and Utra DVA data transfer nodes
for the ATA interface data transfer node. The PIO data transfer is a method

that th S cess t he ATA 26 directly,

thereby%ggﬁavin%% ggt %&@%ﬁcﬁat%ﬁigﬁnﬁr r%gmgt$L §§]ASI'R pég\lﬁh glgcrllt SHREEEVED by the

mai n neﬁﬁrrgslé, 8t 6C5Vi §2FReltpLpn 11D hea tshvil Yat et r st dmsemiiedi iwor d” DVA

dat a tr &hef dCIanglalist r2e DVA Stieha perdpbiea) idevaceet hed anhatpmata, i § sent

ﬂ'DE egt | gpbrOMEGRIvHE SBHVD TREDYY ér@ aflleﬂc.guglghtahﬂeerciamﬁrl o%!miflsviﬁset e8S Ej he g
a 0 t . e |l oad of t can thus be reduce

nore t h\gggﬁn%ﬁgﬂ#% dg a{;{%ré%s &r %r?etcf%ﬁ’.ecfﬁg i?AtHﬁtéFfsécga%n&é -dat a

si gnal s W%‘hpﬁﬁbplb?ratlhéjed’&tcéssﬁﬁn% HPRes2 of Dt AlmA veablae D¥YDakd izest r obe

signal W®itletgse tbhtt heescrobersimnato | tie BFA t et ATFAcealitandardheast r obe

signal be asateted ocdecip tipH RErieler engeah ofpt at ahidg e (daya)signal in

the sigpak,Lecaidyng device. The multi-word DVA data transfer ms% hod

| at ches a It?lata si‘gnal 11 1 ~5 MY-2a0 at the start of the strobe

signal. The Utra DVA data transfer nethod | atches a data signal at both

rising ébgelfhdbilal Ridng sedgevifietiheostasoli® sirgmak, theergbydreabilieng a dat a

Tpansf enaf atke doulvddasl el 10e U Liyaagd BN des g ansleritibgd. A

t ransf er.l t%g Zgr e:@l\}éae%%ggg%?ﬁ%/ g]o I\?(?cféll %@QFI\?B/ S] ?E‘I/BdéfA:é?‘S?[ I\/%)Bs] , Mbde3

=11. 1] Né?gf‘f ShdRbdE% s, BpEBILG.  FRE2JANUS t pPRASTeEer 2Aabbl parehdedbove

mul ti-wePHtDMA Hasa t ridnsf erSAroues a2 ®: chbberts =t8. BhaBhAsh, iMvde rice

11. 1[ MBssgndadl. Mod@e2 sydt€erb| MBS] chip 16 records system BIOS for

controlling the initial operation of the computer system when

the system is powered. An ISA expansion card can be inserted
in an ISA slot 25. The I/0 controller 15 controls data
transfer between the ISA bus 23 and each I/0 port 28. Such
data input devices as the keyboard 5a, a mouse, etc., and a

printer are connected to the I/O ports 28 (the keyboard 5a is
connected to an I/0 port 28 in Figure 1).

= The bus controller 12 is connected to the main memory 13, the
! PCI bus 22, and the graphic accelerator 17. The bus controller
12 is also connected to the CPU 11 via the host bus 21 so as to
control data transfer between the CPU 11 and the main memory 13

or the PCI bus 22 or the graphic accelerator 17, as well as
between the main memory 13 and the PCI bus 22 or the graphic
accelerator 17, and between the PCI bus 22 and the graphic

accelerator 17. The display 4 1is connected to the graphic
accelerator 17.

The AT controller 14 is connected to the main memory 13, the
PCI bus 22, the ISA bus 23, the ATA ports 26, and the USB ports
27. The AT controller 14 controls data transfer between the
main memory 13 and the ATA port 26 or the USB ports 27 or the



The data transfer rates in the above Utra DVA data transfer node are:

ModeO =16. 6] MB/ s], f ~E Model =22. 2[ MB/ s], Mbde2 =33. 3[ MB/ s], Mbde3 M'%Y 2001'_
.=44. 4] MB/ s], Mbde9 =66. 6] MB/ s], andMbde5= 100[ MB/s]. The U tra DVA*d

transfer node 5 is a data transfer rate whose standardi zation is being
prepared now so as to neet the requirgnent of a higher data transfer rate.
As shown in Figure 2(b), the ATA interface standard includes the | egacy ATA
interface, as well as the Utra ATA/33 interface, the Utra ATA/ 66
“interface, the Utra ATA/ 100 - 5 MAY 200g minterface, etc. The Utra

ATA/ 100 interface is being prepared now for standardization so as to neet

the requigienmn xof, ashlwa'it@ragakét Se‘tfler I Bys 1B tsgag ﬁf' o "‘t”ace
supports, ev d g m)de gz O dat 4t Fans

every rmdbe % &gv 8( ‘F \}‘\Bjr"d Bﬁ/A “dat a %‘ﬂ%fhsP%-FlI#ﬁrt?dd The
Utra A‘I‘:‘l?‘G‘LI?FeiSnt3erafsacftan sﬂ%o?@s @Ia@@-lt@arﬁélflete rit e ABVILEdSIWE/ sdto.node 0),
22. 2[ MB/ste ( nadmetred33t3[ MBAS] AMdeci)k i net heidl tya Dy data ity ansfer

node whi | & 2na gk,b@grt h?Irlt eA'[A %H%T@%C?a Qldk %@ EBSR&& %[‘%egle? ity with

hi gher - ranki n aces Ut ace Su Rdat a

t ransf er®rat gn&c 84. 49 NB}%]A%&&@%) ahd® &8 6{31%/ éPPPHD@%VMC)eﬁ mtke Utra
DMVA dat aﬂf{‘ts@ns?ker artybwaitke etabl Rhg thené¢@ac\tAThed sy fraesared .t he

U tra ATABFiignier f acthd amdeepsbt ss casmaidclil 6 ya Widsh Jairghes - 1 anki ng
interfaces. In add|t|on t he UItra ATA/ 100 interface supports the data

transfer atelo% 183(1[‘ J ﬁﬂ % inthe Utra DVA data transfer node

while ena 31‘-’1 g CRBEURY Y SAPAY 68 F?] B tHekREd Interddfpatibility with

, %gher-rankl ng i nterfaces. Consequently, for exanple, a signal sending
stem conf vt nglLi® tdw»id t pa é&'p?é&&\ﬂn@t etgaC@@uaTAbelapépfg& sgnd a

si gnal angte a m 3 6 S|gal
segdl ngaéonz]teg%tego%g ik hTh tp%%e %ﬁtraﬂiﬁi fggh é? E?s%icr lmijsetVlﬁ able to
send a sl n%ﬁ dtPho %at%lg‘?r(a]ﬁs?@? IEVEs Frorhhs P dooEVB/SE.- Alhtaﬁough a
40C or 830@ cblifersangbdoudd fASIA dattertfransfaee rahescuedhin 3Be3[WB/ s], a
80C cablprustiabenhisemrf afaidat @ . traﬁstert%@tﬁdﬁhegél‘l&éﬁcﬁs Qrano‘f)%r

Consequeaurtnxécttaettemypamr#&tteré g Anghd el Ly ATAVS3 it erface, even

e nmaxi nrum ansfer

when a 4QC.cab

transfer &t nﬁ??n&ﬁ\eda?%”tﬁl%é‘fler AGHCEF, buf the HOPt r32 AWGG nterface
and the 44 th051 A‘FA}LY@O 9t erdfrsce pearided tWidily waxisfrunatat®/ar arsfiee rates
of 66.6 WMfPBLMB/ sb ahkyABhennaeBOiccabbepdriveed. |frna %qgnaablxeol s used,

the dat aiduiaRsiedr vial 6dss Ss%}st%ta 33 3t¥h|¥B/ %]ztl gcfagﬁ@d‘% LY /ST%%&% ?fgaiﬁ

The ATAP Attach e nt er

For the A‘PAP;e ?eé’(‘?omtd 3qefdieng Prdeseolta s %‘P’l%fh’%fedafrsdmntaﬁat of
t he ATAsteﬁ‘fjéPﬂa(‘:"éfs tHhe c@afarrithster theda%A fheedbace t r afsf éher aes, and
the cablvawypés aignebnmom detiweernt hteAdsinsesfacel anchd harATABL e

interfacs. Ehahe{het hgl&:[abg_l Rter f aee t)@e AFAPEpL RGET dgge i syisel ected

iacicor di e he ob heral devi ce._For exarrple t he ATA
i nterfacr}'gmlﬁogn%ge %%mg tara i g Kh I o SHOPEPLRERT akf &#REHDD and

t he ATAPITH ﬁf‘é??é"{‘:‘eﬁ s used f or data transfer between the host systemand a
CD- ROM dri ve.

A signal sending system conforming to the ATA interface enables
bi-directional signal sending. For example, when data is sent
from the HDD 3a to the host system 1, the signal I/0 device of
the HDD 3a is assumed to be a signal output device for
outputting a signal to the ATA cable 2 and the signal I/0
device of the host system 1 is assumed to be a signal receiving
device for receiving a signal from the ATA cable 2.

The above ATA interface sends 16-bit parallel .data with use of
16 data buses. The ATA cable 2 conforming to the ATA interface



Conf i gt'Jr ation of Signal Sending System Conformng to ATA Interface Figure 3
is a block diagram of a signal sending systemconformng to the ™ MXY 2004
.interface. The system conprises a signal |1/0O device of the host system1,

an ATA cable 2, and a signal 1/0 device of a peripheral device 3 (HDD 3a or
CD-ROM drive 3b). Peripheral Devices, HDD, and Their Signal I/O Devices In
Figure 3, the HDD 3a conforns to the ATA interface. The HDD 3a is provi ded
with an ATA interface controller 31. having a driver/receiver unit (DRU)

3la connected to the ATA cable~2, an MPU (M cro Processing Unit) 32 for
controlling the whole HDD, a nenory 33, a hard disk (magnetic disk), and an

accessi ngsmegiamicam [9fo AGpe35:80 it hand Ji ke aid ang B (Hard D sk
chani sm is H S¥ records

Control | %)ltl;m far, co trnglsrlil ng thﬁ] accessl ng,

data recerVet T r smIPRE hostekyseBh Uonnd nhiResi skhaher Frfeneitat dke dat a
from t hedRaFELRAS IAsa@d 4§€»n§§b{ﬁb andyifercared fdat acaluld hhelreatftsystesn 1. The
ATA i néebéadescogbéwl her a3Boct l’tﬁHYBl)J.32hTHéﬂesdl’Bn@a[Mé”3is aHQ%&ﬂ?ecﬁ% 34 arfa
mount ed @RqEnfa i.nGed. r 0. 3a s .provjde th a signa

| /0 device fof ﬁon%?ginlq? ng;ts?digng% gxéﬁgnggg?\%th ftnhetq‘ﬁ:os O%sy%e\tlylé]rﬁrl Yia the
ATA i nt ePF A& Sutd i gREEWesn t REITA idisise thezpblyr sedivimy a
signal thg qsR0edk18ofsemMutiagATAghatper® dathetsagnedr.l / O devi ce of the
HDD 3a includes an ATA interface controller 31, an MPU (M cro Processing

Unit) 32, adf1r A JTBAREY s83nad e ATA interface controller 31 includes a
driver/receiver unit 3la connected to the ATA Gable 2. Peripheral Devices,

CD-ROM Drive and Their Signal 1/0 Devices The CD-ROM drive 3b conforns to

t he ATA FhI&rS atesheds | Eh¢ sABhovhtedfatd hstamdATAPI contrigjurer H1 having a
oy ver{ lrgzn@ba/ﬂi;criawai t t4dAsconnecied tont b@pATézgépf@ce?’ RAnNEH 424 .
control | ¢ ROMdriye, ,a an_accessi ng .mechani sm f or
accessi ngfiﬁ%a gro;%%e%égg lgndéysg %D%Q%g%%ﬁfeﬁ sK® “Contt oel’?g':en')‘E"’Qtﬁa for
control | |g(%nstfne ACEEssTY methahPe 9FHF sTEPRROM dredes  SwPRagederat es data
r ecor ded® ¥ t REACDIREVIfand, sdmds ndreinuegeterat edamkatea t patde ahasteigy st em 1.
The ATAPRPhicontr aldtar t3insebe MUé %ppbb@emré’a&ﬁAﬂnQnEQFf% 44 . pre

mount ed Q4,1 ctgrp (peLyt r 4 T CD-ROM drive may be of a type
that can recor deslta reckgfvégil t;g“)(])"% ?rllltee oascte'system 1 on a CO-ROM The

CD-ROM drive 3b is provided with a signal I/O device for Controlling signal
exchange®s vty Ha Hdstureyat ephdreyjaget REOATA: dauteer flapet/output t idigta2 Si gnal
to the AlverEHsire Zndanchuledewyidg Bvsi gl elckOMVEREr fTARCADL L 2.4.khe signal
| / O-devi gearfrtrhe CRARQM drd ve,ab | uges an ATAPI.controller 91, an MPU
42, anddﬁlgerhrérr 43, S gn%ré ﬁ%ﬁDeé\i/i{%le gTraﬁgg?r SYStA6® T8 hoste sys¥em 1 i s
provi ded Wi th a sighal I7ePuEV cBOfSr coft§ oFEPngadiignb¥ansdsrang@s anith a
peri pher®F thesli G 3 {hepISBh by @D Hon kestves Bienvila adre sAEA itmieefTace,

out put t i PRFta 26 ghakctdyt hehd¥ebycakhaildy @iith & eC@ieVidaga asSh@Nlorf 1@ t he ATA
cabl e 2.AT§cxitgnal ik/ LdeVi&e Rf thRenhostnay 1 ipgl udes an

control l g 19Tngvbplg a.4river/ rﬂg:ei velrnl uni 't A ?o%nég(?éd‘g o t'tafh"a’e%k""'A cabl e
2, a CPU 11 (See Figuréct) TraRETE" mi Rt ety D3 Sadari tiane fey. and

Ultra DMA data transfer) is a method that data is sent directly
between the main memory 13 and such a peripheral device 3 as

the HDD 3a without using the CPU 11. The load of the CPU 11

can thus be reduced more than in the PIO data transfer method.

The ATA interface sends data signals with use of the data
signal lines of the ATA cable 2 and a strobe signal with use of
the strobe signal line of the ATA cable 2. The strobe signal
is assumed to be a timing reference for latching the data
signal in the signal receiving device.

The multi-word DMA data transfer method latches a data signal



' ' 'S NLAY 200 14 Structure of ATA Cable At one end of the ATA cable 2
is provided a connector 2a for connecting the ATA port 26. of thpfidﬁ?ﬁﬁ%ﬂﬂ#
system 1l and at a mddle portion and at the other end of the ATA cable
are provided connectors 2b and 2c for connecting the |IDE ports provided on
the cards of the peripheral devices 3 ﬁﬁspectively. Tn Figure 3, the
connector 2b is connected to the IDE port 35 provided on the card 30 of the
HDD 3a and the connector 2c is connected to the IDE port 45 provided on the
card 40 of the CD-ROM drive 3b. The signal lines of the ATA cable are
connected to the driver/receiver unit 14a of the AT controller 14 via the
connect a f , Il &S t he iyer/receiver unit
35a of 1('1.%1 ﬁﬁgﬁjAQ?éﬁ%gf?@@eg%ﬁ%P %?I %J?&%’alvai ﬁehggggﬁn% o‘yarfb hAPSTRE | DE
port 35"SHA°F urthEPSS 02t HBLAr SdaPALelEi POFh FiE1Ng edget REIATRIL igoNt r ol | er
41 vi a €HEecOfnddreorstobendsidall, DEhsoeby4Sealnzihe 40Qatablteraarsdedi sposed
16 si gnahtki desbrndth4 68nthelmsitGnabrbi Pes ddiclydhage3 irphe signal
| ines and one ground line) side by side. In the 80C cable are di sposed 16
si gnal ineﬁ and 64 control signal lines (including 3 strobe signal |ines
and 41 §fodRA"Ri nBsY1E1ER B2 ki dehe THtBoerawfies irdtebt annddebpbayei ng 90
ground PlRedatd thensf@C vaBid ease that a ground line is di sposed between
signal lines, thereby reducing the cross talk noise in high speed data
transf efoqkng they coppecgti on connectors 2a, 2b, and 2c, the added 40 ground
i nes ahgdcggngc to Ehe ground line provided in the 40C cable fromthe
begi nni 8.e ﬁéé% HPV?,{the connection connectors 2a, 2b, and 2c for both
40C andMg8o€ Zabl%s’ [ABesprovi ded with 40 pins respectively. Any of the 90C

vd 80QMoabl ®s= cian 1t[huegslpe swunected to the ATA port 26, the IDE ports 35
and 95.Mod654NB§j;Q§k¢/;§.EXiver/Receiver Unit Figure 4 is a circuit
di agram of the driver/receiver unit 5la (31la or 4la) of a peripheral device
3 (HDD 3a or CD-ROM drive 3b). As shown in Figure 9, the driver/receiver
unit 51&hpr clatged tiransher i ntagreacen cditer obbeve 5ul ATAwbndi erdMece daeat rol | er
31 or ATAPhstentuceld akre4l) of the peripheral device 3 is conposed so that
any of a driver/receiver circuit 52, a driver circuit 53, and a receiver
circuitMgg i@_provideg between the signal lines of the ATA cable 2 (except
bet ween g Bu d'ﬁ'ﬁéy? ghd the signal lines of the interface controller 51
corresp¥pde ny T dt-AdMB/ ghal and nes of the ATA cable 2 respectively. The
driver ®bdeutt=53%.eytMputss.a signal to the RTA cable 2. The signal is a
signal sent to the signal 1/0O device of the host system1l fromthe
periphe&gl gevice 3. The receiver circuit 54 receives the signal output to
the ATA'CabPBY® rBRFERE SRERRI 11/ EhaedPeBe oPlERe RYBt dgfst dmansfFhe
driver/P8e@id%%: circuit 52 is provided with a driver circuit 53 and a
receiver circuit 54 and receives a signal fromthe ATA .cable 2 via the
recei vermogé r¢ W t1 0% (ARdsput puts a signal to the ATA cable 2 via the driver
fcnrcuitM§§e {Jhe '% /rﬁceived fromthe ATA cable 2 is a signal output
fromthe signal outpu device of the host system 1l and the signal output to
the ATAREDIe 2 3% 34M8Y §hal sent fromthe peripheral device 3 to the host
syst em Mod&h® -drddvudriMBésgj ver circuit 52, when the peripheral device 3
sends debaetd 4 s RQsk/systgm 1, is controlled by the interface controller
51 so tﬁg&eq?ty]kQ Mgriger circuit 53 is activated (the circuit 52 can thus
be regarded to be gro Pded only with the driver circuit 53 at this tinme).
When the host system 1 sends data to the peripheral device 3, the

driver/TeeelteracimMpuidate? tsaomdr ohdRd By ikhe iates faggneantrobler 51 so

Fegar dep 16, ba poviaea boiy o i e ParT Ve o Thur 4t “Phi nofr Efe' The 16
dat a sig%é§&%§%é§§ th%ékggsgﬁﬁfa%anﬁg%ﬁefﬁﬁeJdirectional signal |ines
used to send data signals to the

As shown in Figure 2(b), the ATA interface standard includes
the legacy ATA interface, as well as the Ultra ATA/33
interface, the Ultra ATA/66 interface, the Ultra ATA/100



5 MaY 2004 16 peripheral device 3 fromthe host system1l1, as well as to
send si gnals to the host system 1l fromthe peripheral deV| ce 3. .Dg MﬁY 2004
contrary, the strobe signal Iine DST1 (referred to as "I ORDY" )

one-way signal line used to send a strobe signal fromthe peripheral device
3 to the host system1l in the Utra DVjjdata transfer node. The strobe
signal line DST2 (referred to as "DIOM" ) is a one-way signal line used to

send a strobe signal fromthe host system 1l to the peripheral device 3 in
the PIO data transfer node and in the rruIti-DI\/A data transfer node. The
strobe signal line DST3 (referred to as "DIOR-") is a one- way signal l'i ne

used to :Sﬁﬂﬂrﬂc%t,r@ﬁe si gpal yheem A’Pﬁ/ﬂﬁf':ﬁﬁ%&%hc@e%cﬁem

system clin 599 Pltg)ng transfer node % gﬁ I()jata transfer
node and sen S| gn 5 Re Hosf sy ste’ﬁ"l3 EhéSFELT PR Al °feice 3 in
the U triTk data FF%‘P}%ﬁ%r it8e. In the dri ver/recel ver unit 5la, a
driver/receiver circuit 52 is provided for the bi-directional signal

sendi ng tnéﬁetét;factyh@nﬁ%neept@c@ AQsHATLY SBey dhbyer (r%c?e%“& B 4r Jecel ver

circuit P%t Pr vrdetgrforfthe EFe % I ne o A cabl e
2. The |nput Sl AP TR MAF QR 20 ¢ § rtyggc)o e(“t%’ﬁﬁe@téd’ %0 Sfgnal
wiring (et am§?'6h7if|’0144 nBMA ddlatat rtdt@éls§ﬁgna!letlhrodes d€he, Werd, ATA/3I3
correspandiengfare theponterdace el eatdi: ofThe. eyimpud] t giddenalys of the

ctrobe o Cz‘é[ibhr ?’;’e%‘g zri necisch b he banal |iner,(dat sl gaaldines OO
the |DE por % llgs e\%Pt“&% F‘%\% g‘é?? g‘é’%ﬁlifé‘ct?oﬁrﬁ’edtqeé’n

%nect ot Z%OI%HﬁFli%%ll‘Fﬁe YWikputhiByar-mansiog tlhéeré@@fr&ver Jhec ittB9 are
nect AIR/G6t Hatsrfaed duplestcdaha shgnatrdrises DRtest bobeq si gaglsil i nes
DST2, Ds(%deetﬁ )anaogﬁe§ﬁ%1/js']]ngmt08et Q? ﬁIAtt?éatUﬁ:r% Hvlﬁ 1c;‘il‘lgaltbrarps tz 35 and

45, as Ic{e as, I t he B %P . eVl ce connection conne . The
out put term na s PRRI AL etOEr TGIREYi P18y é?%erc@ﬁ’?ect”e@ tthet He tiggnal
wiring (dya srlgﬁ&FfPFﬁe§0DDeeBtr%ecgm@&fa}lbulllﬁe’s whSH2 hiPEaB; rastlcing

cor r espondiengatest he Inntasf acen cottd ablera 5\]IA/Ib6 gh@ls_lﬂdaéé neudXa@fs the ATA

(card 305 BOCrannerd: 18:0 88 n%g[”ﬂ% M TS
i nt erface Cont 1o ? f Bqde 'I’ﬁ“el 3‘?8& r‘%%e‘f rU ARt Air °8f 1P her ffs&t t¥ystem 1
in the c]fer%llttdea‘QPaa‘FﬁkPéLléWnﬁéFhtfh@f?&neaagltl%elldrqmrsecel ver unit 5la

shown in Figure 4. In the unit 19a, however, the disposition of the driver
circuit dohsa@ehbey/ e@@kve&aﬁht@w L 34ghs1 CB@H&%“EQQ&%&'&&O&EOLHQ%
driver/ rgceier;ynl tAﬂi?%gf PR aecrel pheqr a% ice respect {0 each
one- way srgna Send Phel’dt ]t ATRSEaBFe®B e FO? &t SX9Re Adcei ver
circuit 54%&@p Wstfé?& fr@rtetshefré’tnr obe Sigrifi - GI[NﬁéSDSTlpéilﬂd tehes idmiader
circuit %Cilggprsmsrtded cbofothingt tobehsi ghata | Ane/ DR 2intS iwale Quisput
Devi ce asd dp1e Bol wehdChr Qﬂ?ﬁal N EMOdi4®Nte rhnkRed 54002 fxﬁo‘?rp%%g tﬁ)ySt em
copformpng g ,/Lhe ATA interface as shown in Figure 3, the higher the data
transfer rate IS and the larger the driver circuit slewrate is, the nore
t he nunber of switching times per output signal tinme is i ncreased and t he
shar per Alfidopghent 16¢ chadife asbile respeetudw tfver datputrshgied ddues

beco;remlt(h'ilite 33l.eWMBALE, | 8 QO%OE%i%alhué:@akS@eu§@c% efc‘# th &£ Ete‘} ?”  of
out pu W e riyer cirgc C e otential o
p S na‘lfllall flgB} 30 K%l ¥&h ]S‘.e%lh Y1 of @1&% iﬁgafyp Aol

an out put__ si acco to t he potentra SI The
unit of tHET aEﬁaﬁ@% the dJhtra GrAdp3 %ntq*réfarqekeeyeeowbequen‘tqq/ catfie- - cross
j talk Hgi SE5€dn che ATA thbl Bagimen i dereedseds fehereby (hetsignalsfient egrity
i s degr adedthkf r@a;h@dﬂndaaat&radﬁfn%rfeiatﬁﬁeﬁ SeButhfheeX@ﬁfEEQ Aﬁ\h/%a?’[ MB/ s],

then a drjpLele Gir Clit s, .pravid at_t
potentia qr!t\é%fa% QH& Elt'?g Stl?l nal "1 Sﬂ%" {r%e g6 tﬁh‘f’tﬁ JlaXium - oqq

tal k norQLa‘et §rraé18§‘8’édra’f?1%r%fby6€t e dr%?l MPﬁ%bg?Wli/X/ Wren ppriffedzabilie such a
hi gh datié tUrS&Filsf el frat €0Gsc@8.6[ibBuspdprtiOQ{aVR/ slransfeet ratwwayalet changes
of the aut pot 33MaNg] sanmRierf,oll ow up with changes of the input signal in
the driver circuit of a small slew rate as described above. Thus, the

out put signal cannot keep the "low' |evel period or "high" |evel period
enough, thereby the signal integrity is degraded.



r ~ MAY 2004 ~s This is why the conventional signal output device is

pI’OVI ded with a driver circuit of a large slewrate so as to CODE@AMAY;V%U#
.maxi num data transfer rate, since the driver circuit having a fiX%

rate is used coomonly for all the possible data transfer rates. The Utra
ATA/ 66 interface and the Utra ATA/ 100 interface that is now bei ng prepared
must use the 80C cable so as to reduce!fhe cross talk noise. In this case,
however, it is unknown what kind of a host systemw || conmunicate with a
signal sending systemin which such peripheral devices as an HDD, etc. are
enpl oyed. If an HDD provided with a driver circuit designed so as to use

the 80C el grmand get Aﬂ’c%ci‘aﬂ@nmgwﬁéél]:e@afr?céﬂf%ﬁﬁseﬁ rgiso'%&ap“re%% to a

host sys a 40C c arge cross

generate£ ‘:r\?a%eby ?e gggn %]Iﬁ é‘rllyt F s OBt estfntd&nﬁ BEPFORRL el ,

si nce th‘éhas‘T%ﬁ rBEm ofh ?heoérlﬁ}@r %TI?LCBIPFelf%a(F%cr ge ThEhedadiagnttamateput

devi ce imcdgmodihmertath itsapsdwi dedted t laral dileveabCir €ypés 53rd hadmfan set a

~pluralityetfeet ffiRr @il ih%era”é@SarﬁPdtH@rhﬁlﬁtIplitnt@ pagpal @ haer Jhs
* ntroll er tﬁat can se ew rate

pr edet er e I rate, as,

of the |p\p/er %I et %5 tg't \c,ﬁ]@ilaﬁg ’T"%etr%@c%l Q)ﬁaFeé‘éﬁB‘?%ga%‘iﬂ’Fd%lﬁgorFo
conpri sﬁf@e tt'ﬁ’é’eptoédéflérﬁ?m derdphespsf eevica e diod eRempype tfe amwabl e in
use so timterfhreedewi uee@afblseiaﬁahe:rbﬁsteﬁlww@rﬁ taecabgi ngYétgex& h&si gnal

sendi ng £ONebbi 0fhg | RhkhenHRR 3 TA,; Lnt ceg, gcontr and t he
NPU 32 agee[t %rlrlbltﬂed t 0 conpose t od\%e c%ntdr?%df1 fof g tﬁe ?f[i Hdrive
the A CGHEr B T erSYATeAna" h% WEIZ &Héeconbl ned to conpose the

roIIer In the host system 1, the AT controller 14 and the CPU 11 are

; @ﬁﬂm ned Ganfdgmpestod heo L ostigakl ersemBinghovhstém Fichtraing hec S| gwar at e of

. the drivetteGifaedit 53 in Enbodinent 1 is set to the best value according to
~the signal sending condition in response to the control signal SRC entered
, fromthe controller. The driver circuit 53 in Enbodinent 1 is nounted on
one | C cdhigire 329 #dged hdlogkt hdprgramf ofheacomtgrelll eseftiiney ARy sitrier f ace
control lem@rpinhet AT AENtintlelr€acdl, e thastAh @Qﬁﬁfﬂié@ra %)gna'ﬂowever
the drivero cidale! 033 uRRY nBecmoyRtef! on gneakE chim tooether, witf the whole

trolleg f t 5
go(r:ll :gw t/r dlél:(é&adr%go o I 5é?h%lfa}‘lcuﬁi?‘”5c§ i C'Eh@ s?@n&lroéi?tneﬁgf’l d’é\}l"@grlen 'S

Enbodi meft) -1 accor di ng to the present invention. In Figure 5 the driver
circuit 53 is provided with pMOS transistors (pl, p2, and p3), nMOS

transi st ey ibRdraNZpe @ sN3hppdel Ay Gdicuit §nlPld SWi tchi ng
circuits (SW and SV(\EB) e?nd an |nverterl (1 V?n Ie/cg‘;b%\\/'gr‘l:gél rcuit 53 shown

in Figure 5 can set a plurality of different slew rates if it is configured
so as tdh&IEHFE o HuF JED 3 CORLOEMS P thihe AgS dhtehtaadr e h@MBED
i nverters® cowpprevided reith skor 4Tp1 intepBaaad coht ol ek ihehdei@y gircuits

DL1 and ddliZerdsc¥elVemsurdite (HAUS CHI OG- Gidceiielss + SWL aNgh SR, (gl ,conhi ned to

conpose f ew,rate if the.swtching timngs of the
th‘me)e @Udsmggzegéogegestlélggﬂl? gvz Plfrrceonrt SE&&P?V%I? %gndﬁng to

the val 068°6¥ the bid sPpid arﬂisﬁ‘Z (Slf‘agxlh%tlsq efflfate coftroh siapeslsiSRC.

mechanism for accessing the hard disk, and an HDC (Hard Disk
Controller) 34 for controlling the accessing mechanism. This
HDD 3a records data received from the host system 1 on a hard
disk and regenerates data from the hard disk and sends the
regenerated data to the host system 1. The ATA interface
controller 31, the MPU 32, the memory 33, and the HDC 34 are
nounted on a card (printed board) 30.

The HDD 3a is provided with a signal I/O device for controlling
signal exchanges with the host system 1 via the ATA interface,
outputting a signal to the ATA cable 2, and receiving a signal



The inverter IV inverts the transmt signal SIN entered to the i J S|gnal
_|nput terminal "in" fromthe interface controller 51, thereby sup-p M';[g{ﬂmlr
dinverted transmt signal rSINto the gate el ectrodes of the transist

and nl, the input term nal of the delay circuit DL1, and the termnals A of
the switching circuits SWL and SW2 respgegtively. The delay circuit DL1

del ays the entered transmt signal rSIN and supplies the delayed signal to
the termnal B of the switching circuit SWL.. The delay circuit DL2 del ays a
signal supplied fromthe termnal C of the switching circuit SW and
supplies the delayed signal to the termnal B of the switchi ng circuit SW2.

In this ease the heapaBised ! napnl hsléhgfagxﬁwégbggm%(gd Y &Py gach of

t he delailcl |ts DL}%‘ D%
control §i gnLé le efﬁ%c‘? er FRHaO1deE f@&mtﬁé‘ i PﬂPErféNécro
contr ol I%?Oq%ssr}éléd Poitlet 38, sl aw r at enefortyhe38ri vefthei rkTA t iamdrifhceés a
2-bit sigraircddepriddi ngcehutiss bh angdvd/rebed vRirt ubliti 318ntenadctoqt bg
swi t chi ngh&igeUickprPWMand the bit b2 is entered to the switching circuit
SW2. The switching circuit SW connects the termnal Cto either the
termnal A or B according to the |logical value of the bit bl of the slew
rate contfUIiRdiegaal DSREes | $¥DrRPY Babes arve ThwilrcBLoga ki ¥ AuiDevidksconnect s
the termnal Cto the termnal A at bl "0," thereby the transmt signal
rSIN i s suppth 0 g& e d t tors adn2 as
wel | as to th %bnfp%cé;{\ger m%]ac‘é%f&}rﬁg g§ %ecg\&c Jt{illrll_P)L ACRt aﬁ‘% f]; 177 the
swi t chi g ¢IY c?ﬁll t Lorfhetts ‘i%rtoéllﬁ'r?néll (‘;‘at"éntghé‘ t@r%eﬁdFeBelYﬁ?éreby
‘he trandwit dilgnakcorsetbéed del aybdd bhTa téaeld and tme debayed sf@ﬂal is
pl i edcdrrriche gt ehel epbledes-admt BeitéE aAnsi HERE Sy szanan%cc@§s¥\E as to

the i np%eéﬂ%rnmsﬁalfo(}f atcr&%sggggytg%%‘iﬁ%{l ngl‘ % SW' ch '89% hCUIt

connects.t he ferm accordl fig gn E}%ﬁje of
t he bi ts% 'L é?‘htmgﬂﬁﬁ ra‘f‘*e Bht F8Pt§?blrﬂaﬂg sFeEe TRECEF PG m@&bﬁnw@l to the

t ermi naITrE}SofCI?'r?é)l%vﬁhtJém NP cregendra®n® idnbeariembraedorali nghd ocbhroset ti ng
of the swid chindg mhécue@er&/ﬂateﬁhaaﬁagaal thés 1@@3@ tRy, @ .ti BRe TaPAp{ 2XT)

from t NedfaRSTLl. Shonaher S 4o dhles g, fzae Wt DG T L SN2

connect thec ter m naI Cdtg the &r m nal h& S ransmit
signal r&NSE Stpdi i©88% dPEHRE tkéoaéﬁdéct‘lroodeéphéf CPHBOer QﬁéV%thﬁﬁé B3 and
n3. Rt X -2 type tthatswienciieAgrei ¢t tr Sl viednfgons thhehtet nspaterC 10 the
term nalorBa tClkeReMy the signal is delayed by a tinme T or (2xT) fromthe
transmt signal rSIN and the delayed signal is supplied to the gate

el ectrodlens oé tr{bgqt anS|s ors p3 and n3. The source el ectrodes of the

transi stors e ForhiecREF ¥d5% HE- thovier SKUH I AR LS heoTir ain
el ect rod:é’snt(ﬂo tlhﬁgeswwﬂs@t%mgaﬁewebmn@m dibstto sylssepuf puiat eheri kA " out . "
The nterfabeMAYoR2O0t 2ihgsour ceigheTt rioslescrf e t caBpskstors Hqgto n3

are conneaiadihg hhelgﬁwnﬁoﬁ\@h@ﬂﬁh@aﬂi@'é‘ e'ﬁ%t (1%3 Of[/é)hﬁ
ITansi stor s ar %Dc%g&e(&%% t he ut t Th (% er i nal
"oUt" is, connected ca%?e (séle%f—r%&r é?é’nﬁrﬁﬁhe’@)“a'ndart H&Y r ansmi t
si gnal SAuT 386t Bu’f‘elf‘?’b\fn‘]t%e driver circuit 53 at a predeterm ned slew rate
is supplied to the AT cable 2.

Signal I/0 Device of Host System

The host system 1 is provided with a signal I/0 device for
controlling signal exchanges with a peripheral device 3 (HDD 3a
or CD-ROM drive 3b) wvia the ATA interface, outputting a signal
to the ATA cable 2, and receiving a signal from the ATA cable
2. The signal I/0 device of the host system 1 includes an AT
controller 14 having a driver/receiver unit 14a connected to

the ATA cable 2, a CPU 11 (see Figure 1), and a main memory 13
(see Figure 1).



The cufrent driving performance (for exanple, a nutual conductance is an

i hdex of the current driving perfornmance) should preferably be id.egt M{&y 20\0
both transistors pl and nl, in both transistors p2 and n2, and in lf
transistors p3 and n3 respectively. In addition, the threshold should be
the sane in both transistors pl to p3, .as well as in both nl to n3. In this
case, it is premsed that the current dfi vi ng performance i s the sane anong
the transistors pl to p3, as well as anong the transistors nl to n3. The
CMOS i nverter conposed of transistors pl and nl is always swtched
according to a level change of the transmt signal rSIN. The CMOS inverter
conposed s@fyLEARSI St S BZpp@d n2, when the switching circuit SW is set to
the termnal A is swtched at the same timng as that of the transistors

pl| and nl according to a | evel change of the transmt signal rSIN Wen the
swit chi A§ Gneciind i1 the @A taabiliee 2t drsmipraviBedhewevanectbe EMOBornvert er
is switchedeating tind ngadebayeps byr adHd Mmpst kiesehhe s tacthlanguhblfﬂb ng of

(he 7 aRsicalghoofh 90001 BEROLALAG b Rolevsh £ARRge 0.8 9ldnahodel aved

by atine T # gglnvere transmt si 5V

conposed “BPeEFART €7 0P84 paC ahlr %0?%5%“90%1[? dPEaRPréie PEPVEARI safe ti mi ng
as that t&f cpederahsthe operipheaad deyvieesi #i ngspkedtiyedyby dnt irdgufef r om
that of 3thentr aoshedts 2pl iandondectdtd 12 tthdi AGEdgh Ay etk ti%o%lhbaeoﬁZXT)

from t hag .ot t-hesbraps a to sgfting

swi t chi ng CEEEEI t3§ %?B\ltg%gi pa A the %\g?Rég!()Qgrz cCBera c&th ﬁ% Driver

Circuit ih e PLEV{TFE & Mafhe‘l%pfeﬁ' &tieoRPoROY HEF igte Wer circuit
53, and the correspondence anong the settings of the switching circuits SW

ﬁl SV Thehes sheal r atige¥al des, tiand pout peibBd gnale Wa¥Rh QR Ofcot hendri ver

circuit d§§ve??§e@é&tvl%l£1 ﬁhQ@a'JTLl‘é(aVSffortrFFe SH‘%"‘“cArﬁr%ﬁ”r eFfz; ars 2oxp éanat ory

ones for_ desc I ng chan | ew rates ure e, sl ew

rate caff® Bgegg‘?r rlzgat hr B5s BFRsr POt axt trumas sr“?l(l<5|als) tandtBe3 (<sr2)
accor di fgivert pecsiven rUaltle 3batoHlths WA iBRErifact heordrioddrerciBicuid 53. The
transmi tthei goain<s@JE hais amaadinst aBes| gyt ate, wH CRukshsHPRIJ eghéo the AT

cabl e f@QHbEP?r&EéﬂU@% Qhﬁﬁy'£5%3ofTQ§m§[ﬁHKyI %99&1%&%eth% I%nalt

entered to thg ver cl[cui are 1 dentical hase

is set in the %?e%ﬁ F&fjetE?SnW%lpoﬁtgﬁél SRC and bot h SWi tchl ng circuits S\/\l
and SW2 are set to the termnal A then the inverted transmt signal rSIN
i s supplInedheo 40te gatle alrectdicpeseaf 1tshelt3ha_msn$h@£ sapd ba@ R3ntasiwel |l as
nl to n3j halth@néﬁv hnei tga S ﬁﬁ% n ow
(her eaf g (S)e bdegcrl ble&hgqs : QEP%%e Hikg ]her ea stserfcﬂ%1 ggg gégg}éél bed as
the ?an5|sté’r§ 8 "to p3 are turned on sinultaneously and the
tranS|stors nl to n3 are turned off sinmultaneously at a timng tr when the
vol t age Iof tiiee S0Overdbad taransitisposegnab kSybaiallifes oahliechresbobd. Wth

the swi scBhAgY Qﬁﬁéét'(q_@élﬁélﬁ 0§€ Jily %Bé' Sstl%r 1 tﬂ%e Va?rld 0f 1 the hLgnsm t
0 0

Fi nal ange rom t level the transnt si gnal
i's c%gged Jfé:eonk% "L," the tranS|stors pl to p3 are turned off

SI mul t aneousl y and the transi stors nl to n3 are turned on simultaneously at
a tinm nGhef 8Genabhe ioldlaganet! bheadlaimegt €0 dransiiitinskgnal thS! Ab¢i ses to
the threabokdsoWehhtt he g$W¥ih&Ni Ige Oper aisw@ecpfbéém%% s aﬁﬁhstl%és, the

| evel o r m ignal SOUT |s an rom 5
MAY Zoo%h%g8b§ q&%uc&na 9nx CroSs Q g01se E&gh speed data
transfer. In the connection connectors 2a, 2b, and 2¢, the
added 40 ground lines are connected to the ground line provided
in the 40C cable from the beginning. Consequently, the

connection connectors 2a, 2b, and 2c¢ for both 40C and 80C
cables are provided with 40 pins respectively. Any of the 40C
and 80C cables can thus be connected to the ATA port 26, the
IDE ports 35 and 45.



Consequently, if bl =b2 ="0" is set for the slewrate control signal

the driver circuit 53 drives the AT cable with the nmaxi mum currentEm
performance of the driver circuit 53 obtained by the transistorssp 33?004
between the timng tr and the foll ow ng timng tf and drives the AT cable 2
‘W th the maxi mum current driving perf mance of the driver circuit 53

obt ained by the transistors pl to p3 tween the timng tf and the
following timng tr. Consequently, the slew rate of the driver circuit 53

t akes the maxi nrum value srl. The transmt signal SIN thus begins rising
fromthe "L" level at the timng tr, then keeps rising at a slewrate of
srl to reaelvihpreddi Ve ltThe transmit si gnal SIN begins falling fromthe
"H' level at the timng t then keeps falllng at a slewrate of srl to
reach the "L" level. If bl - "0" and b2 - "1" are set for the slewrate
control $rgHES SREs and ciheus i tehgran cof culie SMilvéry' reeeivert heitefha nal A
and the g@iiachingle)resi & HY¥Ripisersal deviche 3t emumbnal Br chepothgrivverted

Ito rlan;gltrsgbgggl A=) .%a sygplﬁﬁegdﬁeo § he e gt edfi\?ecrt/ff%?:givg{: LS o (L rapsistors
transmt P§P§h%?d r S’r’N i §h %ungF%ﬂfw t h‘eort}ét"&lélrecpllodeybf tlﬁéeif?ﬁ%%l stors
p3 and nS%*éE@bkﬁli VE| yor 'ATAPI| fcomgolierel 4bX ohethe gresmiphesagndbvStdN i s

changed Brdm "dompb8edHso tch@tt ragﬁisbit €1 &iﬁ.v@?@e@glaéﬁp\&gfaﬁﬁ: off and the
transi st ar tur n At tl r n the tr i stor
QE‘§VQ£ Qﬂq:a;ﬂgt ?3 ahgd £ n% etlbfgr dfgﬁtt t54t hles f BFP}“I\?

t etranslstor timng

3istu

E)tr+T) %\??He?’neggﬁﬁ EEAPRY dpBRAL |°c§nstlﬁf Z’E%s%a}ﬂ'edn%l desFept t Retvesme| of
the tran§rPundj fivgs)SQUH ithechhdoged flines"tf tie"thtedffaceheohevellef the
#Frhnsnit 5si geed reSiindsng hagigedner o gdl t 2inbs” dhetheansist @ag1p1 and p2
are turneds pEEcangd f he frangl i S<1;:[11lc1§qzd 2 gL&, i ned Oc?naﬁt ghe timng tr

and the naﬁor p3 i s turned _of t he tra SISt of 1S" tur nedt on at

the fol | W ng*PHfi ig (tT€T)S4¥&ded VI §LIW nSeTHe to JEhe: sigma MY/ 2004 24
swi t chi nge¥pes a2 f oblze dfosthoysteransifsowor the tper ipgheglaloflevhee t 8 ansmid  si gnal
SQUT is cheagesr foiomuild' suoréteivdsonsequenhhy, onfpld to the aRE Bpre "1" are
set for bhe,shewd %tl%nggn}tly(g)ldea}igga% Sﬁ‘;e td& c_i; SYef fircuit 53 drives the

AT cable 2 according™to the state o transi tors pl and p2 between the
timng tr and the timng (tr+T) and drives the AT cable 2 with its maxi num
current dPPvifelrer/recraree obtraiviéd by tie trandidsdorwigdl wo pBibet ween
the tim ngrétttTy3 amdi theetolom digrduind Bg thd recadeid laO@,lghQ@ grdpyer

circuit 5§edwmescatﬁ1€‘e Al call euge accor didio Lord & S}%@t " g,ttr ansi stors
IV S

nl and n { e e adthetlm the" AT
cable 2 \%?ﬁ Its rratQ‘l mepE E?BL? riitngt eerggf c&lBB‘t”a‘f néd-by i
transi st SFENRT EBCHVaskt TRSh e AT ?@Ol(et f2T)s apd siawat obhbmittngftémmi ng tr.
Because the cupgneht odtpwi ndepird osfratice hsstadiypstead dushdgeie gy axrhange

Of t he tbaﬂﬁlﬁrttt§| ﬂ‘[@lAﬁ Nal?ﬁedgl .aL)é' Qgsaeﬁaf%éﬁﬂ'%%ﬂea g?% ﬁe driver

nsi st Y A, tLoe

cuit géé a?jes a vgq udost Vot J%rlt fﬁe\g{%¥¥ﬁ§ﬁf?°%VgEﬁa|Cl§FNth% begi ns
r| sing fFBATt ke Eer+%alatdetvﬁéet |3msﬁ@d€r dahd keepber hgphgsastenslew rate
of sr2 t&sreaphrohleed By | ewel intAndackheontansnet 51 gsal t N degy nsnd al | i ng

I romt hﬁdrb’vei‘ e‘éﬂ:cﬁitl:t he tl'sml QQtlt\fatﬁ%'adf @Eﬁosa.{@édlﬂqgsﬁt cﬁnsh% :“% et O{( Sr2
0 reac sl ew ra e driver cirg al so takes a
val ue of r[e?gr?/\#ud ‘ \ﬁee p%%de% Py, ’16’% é;%\e BV oL |§€7v fht B%dnt rol

si gnal sﬁ&f“%hd tr‘f’éle§wttf@h|fmftm%men Iwserdsedatd thether wemabhSrahd t he
swi t chi ndeviceudt EW@ isivet/deapelilvert eintnat B2 Thi sohsrélesase aset he

sl ew r at envbefadl conthl@@g b2 sd"tite o%@'f{ tM\@ePecpé:Lver Jc1r@ﬂthbg4 50" are
set, t he prr éanFt he t. ra i st Or as the oper ations

I
of the transistors n Cl W3 r&Ver §§5 %’Forﬂpetgﬁ(SgEdV\ﬁ%anlpro"Bde%nd b2 =
"1" are 8B{Y yithphfhe S?lyer 1@llicéll§eﬁtf Bhig Helslew rate control signal SRC
and the switching circuits SWL and SW2 are set to the term nal " S MAY

200 The 16 data signal 1lines DD of the ATA cable 2 are
bi-directional signal lines used to send data signals to the



25 B, the inverted transmt signal rSINis supplied to the gate el ectrodes

of the'transistors pl and nl and a signal delayed by a time T frorn---t{lt'jnehémy2001‘b
dnverted transmt signal rSINis supplied to the gate el ectrodes of
transistors p2 and n2 and a signal delayed by a tine (2xT) fromthe

inverted transmt signal rSINis supplijgd to the gate el ectrodes of the
transistors p3 and n3. If the level of the transmt signal SIN is changed
from"L" to "H," the transistor pl is turned on and the transistor nl is
turned off at the timng tr and the transistor p2 is turned on and the
transistor n2 is turned off. at the following timng (tr+T). And, the

transi stpsrighdrait ldléK}QdeOB @B&ntﬂ@etlﬁ@éls's%}s%%mn:i I 95t BEned, of %‘thaper at
t he fol Igﬂim tleg N9l 4 +gx%é Qn‘{f hoe sW tchin Eeratl ons of ose
tranS|stoIP1 the evel Fran ’fr%lglﬁlpeé“ eloHavteri 3oL to
"H " tie o0& FaBYI ﬁ@et rEnEReG signal JSiRei sP¥Hangedférom "EY tas 'L,
the tran5TGRIN")plisi @ tomenedyoéfgmad e tusamsitst @renal al %twwesilmlat the

timng tfrandtHdedripRsisi OfePied S3 il a sLglar, N2 1's
t ur ned t theqbf oIlF 7 ot QIO k %g tranS| S Lﬁe OU“S % ur ned

n%vvlnﬂ élmnﬁ %tr+T% dt

of f and § n5| "SSP CR3MPEe t ur BT BRT ]‘iﬁ'tsﬁé?rnaalt lire Péﬁ'?o#ﬁ@lﬁmﬂ ng
(tr+2xT) w sWi téhitnPreperat isdasabf lLinesesed ansi s¢wd s s twoHeevel of
t he tran%lrﬁrtalmfgnal tBOUTosts oyfrarged toomhé Hetiphdral GeRseguentd Yond f b1 =
b2 = "1'pics Bel k@hnkher ShEW rAale qlore&lta.ohmﬂg_r@m t0g, ggl ver dc' rcuit 53

R
drives t A e ordln s ate of thetran5|s et ween
1 Itfé‘Qé ﬁggﬁgf lnﬁ?rér%at TRR5 ERe 28T cBHMR™ aé&oradl ng to

the ti m(ggeotr and t

% st at ¥ oM heSt s é%’éﬁ’ s usedane pzeb@t weenittdke t shgmagl (threm) wrd the
ng (ReTAPkEradndidricees3tte AThcahbet2 syidten t5 HRXI HREN UHT Q{httadl‘l vi ng

per f or nences@ei-ambad B¥at be thangi st QimPLakQ %apg%g\f}eﬁoé he,d

(tr+2xT) e I n adlt river circurt Scfrni es the
AT cabl e ag%cr%gr dttljr?ggp '?glet fr}%é’SEt esltyg h&ot%gﬁspgfbﬁ’ herplpdapdes Bhéntining. ,

tf and tHe Uit&FagPYA fdaba éﬁdndfevesoddle AT cable 2 according to the state
of the transistors nl and n2 between the timng 5 MAY 2004 (tf+T) and

the timmg fHd +2xNer/rScHBY¥E AUTHLEUr BRRL dr | @g% whors al.to.n3
bet ween fs()'plx%"é} @idtﬁ rg!:ni 2 andtlarl ves|d;f ogr%} capl e - Clrtcﬁl%ers or mance

obt ai nﬁ%@é gg the tim ng iR hsélgé?r;au%eé‘dtlﬁg cl&PFeﬁtf dhevi ng

per f or Sdfuétddeon YlH@ead]FJé*(ﬁél Chgngé 6f pherecanem tcisicgnal SIN by
del ayi n@ tﬁé SRMO[VGﬁIeﬂg foicnithg ohetweyt samsd St oarslipy anchen fbytha wrge T and
t he swi taaibileg2ti mi ng of the transistors p3 and n3 by a tinme (2xT) in this
way, the slewrate of the driver circuit 53 takes a value of sr3 (<sr2).

The transm t, Si naI SIN{hus begins rising fromthe "L" level at the timng
tr and keeps PrSi FGTEINALS| @fv FAE edBi Vel P Hdactd tane "d4negietl. tAnd, the
transm t5igPgharising bédites figralng ihesmdtihe stHbbé eypynat tihest i idgicng tf and

keeps falstBngeat.p sbemed@iRiioh 63 the &ﬁagbfw@ cdntdQ4gL: s4S dgggribed

above, thepdti i S o] it control s tfhe svvltchlng
tlb’m ngs oft ‘éghmc'ﬂw[féje(;rftgtii1 codrgglsggd ogc%ht ? ahsT sTBFEG2%akd f2eand the

v
CMOS | nvelgfle:i| &6 f)séa abt Fh%nﬂ' ahsiet Py p3trake EionaierldbpscB&Agi ng t he
sl ew r atPed3onk{cdur ¢ o esprondisgngopehe odTANdalLE i NgvideHealioEngopesi od of

the traldsm tndi gas) SEUT wditthodk C{aa@glige;tr igne Gyrr g@{:’lgél Véd]&é?:‘%% rmance

during kehhec t—g n | eyel p d Wto ate Slew Rate
Setting cI?QEC e %lr)| \L;aenrd chrec eIrH Ngxé gg;l{‘lnacrea?g §E§I e FatErset ti ng
t dr|

t abl e for Vers cqof’@ﬁcf:egBt% e b‘"élgd@écrlllﬂéé (datd | gignalt Renbest sl ew
rate i sPBet ShEPRE efbgRRY okinsscDSTRgNAISTSendtag) constidsp@hdeagPELS LAY a dat a
tr ansf eATRateaalkdred 2an vARA €adbl QDEy%rttshej’s aagaevgg at £s s%tetlllngast apb%

s witten is

whi ch t herbss e senlngconltlonl
st or ed froge%rél %nJlg{f Jo%%egggg AT co B n(‘ilr(%tche M&en ORERBEY 13 of

the host systent 1 °dnd® 1E‘ﬁerFf‘iF%ﬂ’?’élc«?lé(‘ifﬂlﬂioIﬁ‘ler agg @hnectefie ttenmbhy 33, 43
of the 6é9¥1®hewa¥lmﬂevi®é:a3 sipmad PrioeeddDe ssre&xeciiifhl 1Qheexanapbe, in the

manuf acDETBngepe opes&ﬁsgolaalﬁgbtsctheom@é@faéeyscio%@ro'fﬁ?ért be. peg,{mgher al

device 3rsuf®! i e aBcao%i RYLE AHR pr.ocedur e execut ed’in
manuf act uri ng process thereof A%IH bapi8° 2P e, he ground



5 MAY 200g 27 this case, the storage for storing the slewrate setting

t'abl e 'al so conposes the controller for- setting a slewrate of the %glver
_circuit 53 according to each signal sending condition. For exanpl&, thﬁAY’ZUO#
slew rate of the driver circuit 53 is changed on each signal sending
condition while a signal is sent and @?e waveform of the signal, as well as
the data transfer error occurrence rate are nonitored, thereby the best
slewrate is decided and tabul ated for each signal sending condition so as

to be stored in both the host system 1 and peripheral device 3. Figure 7 is

a configuration of the slewrate setting table of the driver circuit 53.

The tabbatﬁemmsmﬂ Ef%'h@ ¢akad f(eér&h§0d5kV@b QhBQH' int BaLy£anss eBgS' ew
rates iQ, seve rrg Bed t eps |\I, tz‘[e légﬂ Jc?’a >srt2> 53>s 4>Sr 5>Sr 6>sr 7>
IntHeg? e FEVUES (R 1 h ?edc\?éﬂﬁ@;ﬂe Winthe table
shown in Figure 7 are actually recorded bit values of the slewrate control
signal 8RE diherexi/geakiovedt puinidevise weadshd heobtt spluees of irhetgpéew rate
control c5ionat SRaLfl ALULR tth%heblssﬁt ggge% SENADGLANGLLT aR; Lrom the

sl ew rat\.7 setli 1 es val ues ver circuit

53. A si gﬂal S%?H’gutmdegﬁg'ér%ro i ded 1R t lhS W r &f8r sRAWSIGt abFBSas shown
i n Fi gufésposilionsraf fighe t ¢hel wreve kraud tof53t nddriheerrasieriveirt c33ciiitt he data
transfe54rabech3n@éd6fﬁ&ﬂEﬂha&n®fth&eCabheeEY£été£$e&0inkfSQQeo@aEﬁetranSfer

rate ispddign Qfaﬁ%&[lw §] %Q%&&P't% te%@ﬁebgrl % quﬁj %Qgg tpUt

device Sets sr2(<sr if
the dat P?aﬂgfé]i" r%%% ?asbjtse?, 23’[ VB eéﬁﬂ‘p%ﬁe ER %e‘t‘:i/‘ﬁ’éﬂi §1§66‘1tt% s| gnal

tput déviRrevided sty (ke 2ptieobet Bégribwliate DST1t henddr ther deiiveni t 53.
THow t ocBetulatis Transbeid&at fomntheSkevolRat €ipfaiDniivier p&r# cuit] Figure 8 is
a row chart for descri bing how to set a data transfer node and a data

transfer ratae é as_how set aslewratet of a driver circuit 53 in
Enbodi mefit 915+ acc V5t e Pr sser‘?t”"ﬁt/e?ﬁﬁ Hhe "BRY 4P torlocedur e
shown in Figure 8 MAY 2004 28 enabl es commands and data to be sent

bet weenIthhe ms;hasysbemﬂg aggstdre ERiiqMehgl tdewhee ada libtkhicscst age,
however shQQHelﬁ)fFf(flﬁeh%St tﬁ%shggﬂx v Ce%%ap%lﬁhH?ﬁéﬂ'ra ee\“l%e a%d ?gggnl Z€s

the i nf rmati o artner ove rans

done, for éxa % ‘?Jnvetrﬁe“ﬁlc@laats ¥y 5ks ejrs'rm'(d’éa GG e ﬁ@esﬁ‘b‘fﬂﬁét e8mput er
system ?s’lb‘é‘WeTFqutemeti eper, arpukostiongdt dmre aid tLhergrrddpherdl tdevi ce 3
det ect therpypetiod Ibdﬂtserﬁ'ﬁélcalmlaﬁga (A0 pesBOE aabl)e idutpuepsighaand S2.

Det ect i Iﬂgm&heew@@s of {hge Alfeabl&: 2 tahep@@e%ttl%istc%%é Sg@@g éugﬁ”i ng

start C the dact> transfer he peri pheral devi ce (HDD 3a

or R%%qg%f and r 8guest spltthesﬂi%?agﬁerlﬁ'te d‘?;(]i’ﬁrl:e%‘}ﬁ'1 % oSty Ehever

i nf or maftof4 Ha’f%altqeasnstfrt-?r RGeS 1ahdofata PHERILE e?lqr@tles@egéénge‘éo by the

peri phetik derieo&id) tahangseldf i anstiapuE3.signal. The unit of the

_ change rate is [V/ns] or the 1like.) Consequently, the cross

ﬁm) talk noise in the ATA cable 2 is increased, thereby the signal
integrity is degraded. If a low data transfer rate is set, for
example, to 3.3[MB/s], then a driver circuit of a small slew
rate is provided so that the potential of the output signal is
changed gently. With this, the cross talk noise is reduced,
thereby the signal integrity is improved. 1If such a high data
transfer rate as 66.6[MB/s] or 100[MB/s] is set, however,
changes of the output signal cannot follow up with changes of
the input signal in the driver circuit of a small slew rate as
described above. Thus, the output signal cannot keep the "low"
level period or "high" level period enough, thereby the signal
integrity is degraded.



Rece|V|ng the setting start command in step S4, the peripheral deV|ce 3
notifi'es the host system1 of its own information such as the datqrﬁ gQ62004
nmodes and data transfer rates that the peripheral device 3 can support

step S5. The host system|, receiving the information of the peripheral

device 3 in step S6, sets a data trangger node and a data transfer rate to

be used in the communication with the peripheral device 3 with reference to
the data transfer nodes and the data transfer rates that the peripheral

device 3 can support, as well as the type of the ATA cable in use and the
~data transfer nodes and the data transfer rates that the host system1l

itself GI&ﬂsSL!LFbO%}{ '{hétcﬁﬂw%zltlé Ler sg.g'ﬁlgl Bﬂ%d:&ea\%f da]t ]}Elnoq;lie £s the
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1 of th&adieesp anako inedvae §hpp©msatdéﬂ<anmaﬂsfer rate of 33.3 [MB/s] or
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gﬁit em Perféﬁ srehedpiicezl ae oh tHWD,sledw.r atree camilagledsi gnaf SRCHDDOM t he

w r atprosgtieidngitabke astioeed cifctibe gRENgHEOEY 13 95 Lbe Afeceptroller
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condi npri si ng F55sFer Yate and

subj ect SI

the typ€ o St e rJE‘Slme i dset Gl'h‘éa T &@m PrtgﬁerFrﬁfﬁpltiaéé‘ tnﬁ’ésﬁead bi t
val ues t8ld1Pet engrptved, cihenghys B @flgtlhé dnteeritece wegnadett téa.
Consequentderiocatl leheldr svpte Cti€Usledrattee SRILtRO dfie dresdi shew rate

st andar d ;ygkue on the above signal sending condition. The peripheral device
3, receiving the report of both data transfer node and data transfer rate
that are set in step S10, reads the bit values of the slew rate control
signal 9ike fyigmatlheousipany rdsvd csetini ngmbabimentielld in phevidebryiG3 ar 43 and
suppl i esirtirerbicti reai tes3t ahakl! dahe sdti werpBirQuitls oF3 Hfffeh@nt slew

dr i ver/eeebvehaUkh SlepiSla Ofor %ba)at' 0 3 £2Retdini JOP Did, Yaludes are used

to set §,best slew ove Ssi sendihg cond: £ corrprl si ng

rat
the set atlaatrans?er E'IL rantd1 1Y i lof 2 tﬁée‘ﬁaﬁf"é i Rfusde SFAyEguently,
all the SdrryéfF E?r%‘iﬁ‘tréi%‘@ &P the aiovel/turkingeccnditiolaameiséngto the
best sl éher predstardared valtae toans ber ataree asidgnaé s@psli dlg Laiki @a. This

conpl et s eSebt itRgt 0t ht hge gt a ddransfier naod n € cLate, as
v%)l | as %étgiggai)ftstbﬁ s?ew ra%e of tt r%lse g??vg%évgllf%% ?%sécr %@ﬁlgft dat a

trfansfer can e 1ot fie” preaoer{ erm ned data transfer node at the
predeterm ned data transfer rate. ~ MAY 2004 30
In the HDD 3a, the ATA interface controller 31 and the MPU 32

are combined to compose the above controller. In the CD-ROM
drive 3b, the ATAPI controller 41 and the MPU 42 are combined
to compose the controller. In the host system 1, the AT
controller 14 and the CPU 11 are combined to compose the
controller. As shown in Figure 4, the slew rate of the driver
circuit 53 in Embodiment 1 is set to the best value according
to the signal sending condition in response to the control
signal SRC entered from the controller.

The driver circuit 53 in Embodiment 1 is mounted on one IC chip



Corrparl son between Signal Qutput Device in Enbodiment 1 and Con t I
ohe' Figures 9 and 10 are charts for conpari son between the si gﬁ MQW‘ZUO‘P
waveforns of the signal output device in Enbodinent 1 according to the
present invention and the signal waveforns of the conventional signal

out put device. In Figures 9 and 10, (&P shows the waveforns of the strobe
signal DST and the data signal DD output fromthe signal output device in
Enbodi rent 1 and (b) shows the wavefornms of the strobe signal DST and the
data signal DD output fromthe conventional signal output device. The
scales of the tinme axis (horizontal) and the potential axis (vertical) in
Fi gures gaég, 0 co te t S atg.tra er.rate |n Fi gure
9is assﬁoned ek WlVP)l gm(:jgt h&yd éth% %%tfgffrxgt e&lhhe FIB&I}I’G € 24ssuned
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devi ce i )Enboddwesrar, ] the shtives checbhist Syahae lse améuntfddgume dea)rcand to
the bestchid udgeitBet>5180 tHe RhQWEecdntHAherThe slew rate of the driver
circuit of the conventl onal signal output device is fixed and Figure 9(b)
shows the_ si wavef orm output fromthe driver circuit whose slewrate is
fixed to s Hﬁfalgllaﬁr%f 16D PreNBRsCHHRYST dRaFRedEnssr th out put from the
driver circuit whose slewrate is fixed to sra. Because a small slewrate

val ue sraidureses t@rat ke rduiveuiahrami b£53 idribabodiinentt 158hq %h% Figure
e

9(a), t SS, i is._r nseguent can atched
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Enbodi ment 1 shown - 5 MAY 2004 31 in Figure 11(a) is set to a |large slew
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~ MAY 4 Q04y: In this case, it is premised that the signal
delay time delayed by each of the delay circuits DL1 and DL2 is



32 verification according to the received CRC code word (CRC code_agt&ﬁggd
data) 'and notifies this CRC verification data to the signal output del¥ 2004
_of the peripheral device 3. The signal output device of the peripheral

device 3 also calculates the CRC verification data about the CRC code word
sent to the host system 1 separately, <p the signal output device of the

peri pheral device 3 executes CRC verification according to the CRC
verification data calculated by itself and the CRC verification data

notified fromthe host systeml|, thereby determ ning whether or not a

sending error has occurred. The peripheral device 3 then notifies the

result to the host system- 1 and takes statistics of the sending error
occurrence rate, If a sending error is detected, the peripheral device 3

sends the sane data again and executes other necessary processings. \Wen
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- 5 MAY ZOO-r 34 slewrate is changed in step S27 in the same procedure
as that in step S21. After that, in step S29, the signal 1/0 device \/\5
_determ nes whet her or not the sendl ng error occurrence rate is belo MAYZUOII'
al l owabl e threshold Eth after the slewrate is changed in step S27 in the
same procedure as that in step S22. Ifyit is below the allowable threshold
Eth, control goes to step S92, where the slew rate standard val ue of the
signal sending condition in the slewrate setting table is updated to the
val ue changed in step S27. If it is over the allowable threshold Eth,
control goes to step S30. In step S30, the signal /0O device determ nes
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cont rol THBeSMPP dPupr e, conpited © IairangiiAbars o5t apd S84 Lhatlwkes sendi ng
error oewitclnteacadedigy bebow thesal | analjee dhresbokdafbdit | Bighep S42,
the si 99§tN| / Oid{%V'@I%élpgﬁl&&@téﬂ“ec&{ﬁd’!erdat@f Sﬁf‘a(}ﬁjs% \r@ FL EL ObJ ect
si gnal |@gecond|ttcbgn in. r Yi gﬁ/ rate S tt |ngttab t he va
changed |n sted:g S¥IECRRe r Sit fH?‘a tutfs 585 dCephiteqmined Ay dJe'ierm ned
in st epS'$3eChethtat nkhe efRiihgt BRI ot dithaternde tlhaft dragspyerrs hiel akpdwabl e
t hr eshohd EBEchorthegsitgna l1é¢@devhamyeded £r hhaesruhether sognaot r§he. sendi ng
Sr ror owgﬁrmﬁe Eat ecfdger c&h@uﬁt ewyhat £ i %e(ﬁggtgge@hle” @&Béé?@ S "

ecr eas t e s_decr ease
co)rcu rol ﬁgoe\g&;ng %ﬁg@*ﬁe lgln%ipe?f lasr[]%c%% r%%l Qtoestltmlnsgt éiﬁh S ¥ 3t is

det er i f £8P 888 FHAFCRIRG sEMEingg ofr rté“le dEeneiehers riak ealil% ot
decr eas@@cérding htw beflevelt lvhagheworfatae signal delayed by a time T

from the inverted transmit signal SIN. The CMOS inverter
composed of transistors p3 and n3 is switched at any one of the
same timing as that of the transistors pl and nl, a timing
delayed by a time T from that of the transistors pl and nl, and
a timing delayed by a time (2xT) from that of the transistors

pl and nl according to setting of the sw:Ltch:Lng circuits swl
and SW2.



't| ~ is changed, the signal 1/O device returns the slew rate of the driver
circui't 53 to the standard value set in the slewrate setting tab1‘e5(Mp'¥¥Q001'_
value) in step S41. Control then returns to step S21. If it is determ ned

in step S35 that the sending error occurrence rate is decreased fromthat
before the slewrate is changed, the signal 1/0O device further increases

the slewrate of the driver circuit 532 y one in step S36, then in step 37
takes statistics of the sending error occurrence rate after the slewrate

is changed in step S36 in the sane procedure as that in step S21 and
determnes in step S38 whether or not the sending error occurrence rate is
bel ow th% al | gv.vabl eft{}rlesho.l d -5 MAYZ,OO% 36 Eth after the slewrate is
changed % “&@&p°838%i WS & WakeCpr oeEdure BERCHHER S i step S21. If it is

bel ow the all owabl e threshold Eth, control goes to step S42 and updates the
sl ew r atri gstrandarshowsl umeofodehatobhest sh@nalisanding.gendit 'baQ1|'31 i‘dhe:] he slew
rate setdd e : ER.. S . 0f 0 e
al | owabl e r{l%sbgﬁg%aé% %I?&é%ﬁ{h%ols(éggggsgoéfs\t%{e %g%g?ﬁég s?lgﬂ%ﬁll ¥l gV}&evi ce
det er ni is{’ﬁst eSS Shhetatsr Grlusst fRe SBRBFhgSEIMY wRaiorEscefr at e
af ter tHées|dwveat ecliruwdltarfifed | That eptiS86 $ Syrddc reased rinvsomhichat ibef or e

the chargeuurkf 6 taté depraasedy CoHYs Ofor eddHdISbliAgSi@Rngd8 ard L1k, si gnal
I/ O deviggfurther increases the slew rate of the grl ver circuit 53 by one.

| f not decreased, control goes to step S40. In step S40, the signal 1/0
device decreases the slewrate of the driver circuit 53 by one fromthe
curr ent Afalshewha 19l Ewgrae et hat shiwirdtzesanhbeseati iy ehrear dtates Wit hin a
%Eiger m{éue(m:ahamumhﬁ $abl &gijl)l,lel)andc%ﬁrﬁisrtzg_e@c%%éiﬁé) %e&des%%‘e%pdd' _

ates the SLeEW.Late; n va .t he abjec gnal, sendi ng .condi ti on
in the slew rat ersettll%aajt ;%{el otggeg\%%ﬁeure ¢ LJacrlllltédg:‘j’h ?%}é% 'R SNt r ol

then retih9hélt 5OUf ePas2An 98 uidSer FheY Ebidve WEKE pPoseRRY S HewENen Fi gur e
11 chand€s qadid eslfawny athe idrivhe toktwim ngp st epse ofigrial] AougetaridngHehe sl ew
rate of sily@adriseer &riteGididt 23 e aqstandarid cviak ue3aGeRr didig i the

predet eryined data transfer rate, thereby starting signal sending; [B]
determ ni ng whether or not the data transfer error occurrence rate is bel ow
the allowable threshold Eth while the data transfer error occurrence is
caused By ®lsighdl =séfl i® tdfe igi ghal steeeiatingodevbtesfgmm t4Re dmidver
circuit to3h( stvepshBad anceGA2) ;sWiClanehangi Bget Bt st &W KAt € 9fi dahe adr i ver
cireui t B3l foriel 1h9odeLET PNt {iBhat N3k hes SERSiNG. £75.07 aceur Lence
rate 1s ., 2:M32%97 n i

: € transistors pl to p3, as well as nl to n3.

If the level of the transmit signal SIN is changed from Low

{hereafter, to be described as "L") to High (hereafter, to be
_ described as "H"), the transistors prl to p3 are turned on
simultaneously and the transistors nl to n3 are turned off
simultaneously at a timing tr when the voltage of the inverted
transmit signal rSIN falls to the threshold. With the
switching operations of those transistors, the level of the
transmit signal SOUT is changed from "L" to "H."

If the level of the transmit signal SIN is changed from "H" to
"L," the transistors pl to p3 are turned off simultaneously and
the transistors nl to n3 are turned on simultaneously at a
timing tf when the voltage of the inverted transmit signal rSIN
rises to the threshold. With the switching operations of those

transistors, the level of the transmit signal SOUT is changed
from "H" to "L."



" 37 over the allowabl e threshold Eth, then searchi ng a slewrate val@gwgw?oﬂ
‘decreases the sending error occurrence rate bel ow the all owabl e thre d If
_Eth or decreases the sending error occurrence rate in [B] (steps S23 to

S40); [D] setting the searched slew rate value as a new standard value it

the slew rate val ue decreases the sending error occurrence rate bel ow the

al l owabl e threshold Eth or decreases tR8 sending error occurrence rate in

[C] (step S42). The step [C] in which a slew rate that decreases the

sending error occurrence rate below the all owable threshold Eth or

decreases it nore is further divided into the follow ng steps; [Cl]

decr easi egraggeueslt wrate of t hg driver circuit 53 fromthe standard val ue

if the sénding etror déchlirsnte Tat® ils 6¢&r feRethe | thatblratehceshobd Eth in
[B], thefldRderTBGi fdiantsatilver chirpoitthz Gendisngher rOr caBeHr wepEetRate i s
decr easedafstwepsci2denitd &2H)ind Gdr SMGRENG 2 SleWfAlS val 1§, that;

decr ease J er. ence te below the all owabl e threshol d
Eth or nf%‘?%‘nﬁ‘f%’gg#’% e RIE S PSRBT ofT V57 U8 (St e CBF afGBi 8O VEF (R 1t he

sending &r¥ of COERUFPEnEENHAY e tis A€ r¥HsEs ithd AT Cabbps 2526 ANdLIS27 t o
S31); ' MA¥Emim | gerlessi ndriies| per fatenteomft htest @andand yadaig d fs4 he
sendi ng evtraimeat Gy M@RCE rhakestsrH0b1 desreAsed Jeapl %L’ i Ren, def erm ni ng

whet her ke NS 1TRE nge Pl or occurrence rate is decreased (stepS S32 to
S35); and (4] seapgh?ngﬂgg g{rre'w rate val ue that decreases the sending error

occurrence rate below the allowable threshold Eth or minimzes it within a
| ar ger v%?%%%@ﬁlwhetéﬁaﬁélawdrwm uef i fhet hirisemdicigeait 063 0EEKES eRGe rate
cﬁs., decr esmeiduninn faG3k (st eps 634 taAHsS36 & éﬁo)s-INT*Eggé,' ?%’giﬁ‘& erfg_r{ ection

. effé 0

ocedur g-Hdeserkd begdn a ig.al .1.- 5 MAY 2009 ctive bt ai n
hi gh sigr C?@i ﬁ{léegr? yggﬁglevé;cy tzll% rari88nditng tilSHdi]%eieBﬁ v @hét tthe sl ew

rate stan é’fdrébt'aﬂ sHtl i §P 1A e e devElng Thbl briassmbt $henddest and
t he bestSHY ehegite fallchangewrdytien Bal | yeveAccar dilg ¢ OniEKbOdd Mefte il

descri beikeaboval1bagasse the.sicgnal o oW pute dexihcs {15 cqmpesed,so as to
include a driver circuit that can set a plurality of di feren%"sl ew rates

and can Bety i he hest slew rate according to each signal sending condition
conpri sing & predet erMihef dat altr a88f S€tr o d¢ astepperadfe thentcaldl e in
use, hi gH-%i3gn&RCi ardgEhe ys\ektiragobtiained DMl eaclsesi ghathsendimichal

condi ti dhn.arUrtiterswitenihgcauseuihesiatia teanshekner Lok, AGEUr enge rate is

noni t or eghaviihge err ceur; i used b .si.gnal sent to a signal
hBelfie SREQRLAPEIIGHGE trssa@g the Ssu%g%l?gt encoof tHhe Whsver

~receivi n&e%%\é'oﬁg fr?mtg river CIrcui
circuit 15 changdd®fo t@evaraBstAtr Tl détiedde tane J€ndinty arvigmal
occur r erftéd-a¥&gtle Byelaovt inepriedistoey tibeed nadel bwabk eatdmias holghaar daer aase it
more if sipplienditng weter oatacceld@neerale itheOMSankhe: B dpternyned
al | onablesfRcesbel g, high signal integrity can be obtained on each signal
sendi ng condi ti on even when the object slewrate standard value set in the

;sl)ew rate s%tti ng table is not the best and the best slew rate is changed
~dynanic§¥% he levVel of the transmit signal SIN is changed from "L" to

"H," the transistors pl and P2 are turned off and the
transistors nl and n2 are turned on at the timing tr. And, the
transistor p3 is turned on and the transistor n3 is turned off
at the following timing (tr+T). With the switching operations

of those transistors, the level of the transmit signal SOUT is
changed from "L" to "H."

If the level of the transmit signal SIN is changed from "H" to
"L," the transistors pl and p2 are turned off and the
transistors nl and n2 are turned on at the timing tr and the
transistor p3 is turned off and the transistor n3 is turned on
at the following timing (tr+T) respectively. With the



" Al though the best slewrate is set according to a predeterm ned data
transfer rate and a type of the cable in use in Enbodiment 1 desmﬁq‘dgﬂ‘yggmt
_ above, the signal output device may be conposed so as to set the best slé
rate according to only a data transfer rate. The best slew rate that can
obtain high signal integrity al so depends on the nunber of peripheral

devi ces connected to the sane cable. Qdnsequently, the best slew rate nay
be set according to a signal sending condition. The condition consists of a
data transfer rate and a type of the cable in use that are set according to
t he nunber of peripheral devices connected to the sane cabl e and detected
by the si %nal _out put 5 MAY 204g 39 device of the host systemor a

peri phersif- tEBYRE e OPgEalkP S a8 Tt HElGEnbiEra G SERES pethBhdreyelde&s clle

connect édanentihes s@meEl cabliTe is Eobodjarerfiro® The &l ¢dat.ri cal properties (nutual
conductance, threshold voltage, etc.) should preferably be the sane between
pMOS tr i.stors,.and n t ransi,stor f a griver circuit., wever, those
el ectri ?&%SS%E% Y’esl'%n/;sl p6ss'i%bl a’bdz b& i er{entalbeet %%nk?]‘het%?\/[%?ew

transi stiéits &PRtARBS SieaAsi SR6r s téﬁe drévohr Fohsutond t Apkses netaudhBg t he
manuf actaabileg proacessiingt cto | thsoseattases. tha suelsistease,plt hendsape sl ew
rate came@iiebf @RtaicRREngt tbobhAqstREt t ARthend ) aRnaubPYesi gl apf the
driver G hqui t, |‘$itthheitssan1}13a);t.lmm ng. is . set Olf or ., Swi té:rhfon bot hog gl. urgl ity of
pPMOS transistSrs and a plurarity of n {Fans] stor <SP FRe CBFRYRY ci r cui t
as show?¥ FheritFemeistorsn Ehbbai REnPeiveRis clihedBgvd trtrR) opbér th® avoi d
such a tfrrddbkeéengt hemmgral. oumpatddevere tihe EBrbodr nentcd ti $3prHevieed with a
%l velr ]EthéC%:I‘L ctag@{e £ afc &l disly %ozkﬁw f@é@e %{f tchtg §{:1§t{§i%for:cst ﬁ%oyﬁ@;“ t

gnal fro e driver circuit _and,a slew rate e end of its_outpu

si gnal <% ;Breéltwéaleﬁ t}{‘ﬁefcé%n?h%fs%ﬂ% ‘s—‘ﬁ%wgv}%%g cgchﬂttjpé 35@ SE1Bot ht8tart and
end of iAls &@Ppat 3i gribth evidd wieKiBPBCt PR thr OpéYines rardodnanes ent

bet ween dotanskst bysthbet eafisidtdrsgurle tb2 ndsbatbé@cket agmamgof(ta+dyi ver
circuit Qg the $bHIn&kiRUIAWE Ldevice in Enbodi nent 2 according to the
present invention. In Figure 12, the sane synbols are given to the sane
parts as those shown in Figure 5. The driver circuit shown in Figure 12 is
provi dePSHHRCPNBS t FHTSRSt G VPRIt PEFACOTRMES t Fandfsedked nfluridiga del ay
circuitsleDel t ch®hde 9l t thiengtramauiitt s sSYlal o SSWB, banddadaviimgertee | V. The
d][i ver hCém:c’iQt@irI]lﬁnghQ%%h@ bEgune %Zah?i@@f@%ﬁﬂ &R tr{Batk%}Ige? Shd Oitﬂi lﬂﬂ ]Ei m ng
of eac ; p r i s 0 n_be a separa rom
that of Gach Bt FaenkiRy ShEk SoP lul (i 88 gaFo Rl WY G, 8P8T Sh
of sr2(<srl). The transmit signal SIN thus begins rising from

the "L" level at the timing tr and keeps rising at a slew rate
of sr2 to reach the "H" level. And, the transmit signal SIN
begins falling from the "H" level at the timing tf and keeps
falling at a slew rate of sr2 to reach the "L" level. )

The slew rate of the driver circuit 53 also takes a value of
sr2 when bl = "1" and b2 = "0" are set for the slew rate
control signal SRC and the switching circuit SW1l is set to the
terminal B and the switching circuit SW2 is set to the terminal
A. This is the same as the slew rate when bl = "0" and b2 =
"1" are set. When bl = "1" and b2 = "0" are set, the
operations of the transistors p2 and p3, as well as the
operations of the transistors n2 and n3 are reversed from those
when bl = "0" and b2 = "1" are set.

If bl = b2 = "1" is set for the slew rate control signal SRC
and the switching circuits SW1 and SW2 are set to the terminal



40 trahsistors nl to n4, thereby the slewrate at the start of |tsu§ t _
signal’ can be adjusted separately fromthat at the end of the outp LM%? 2004
_signal. The delay circuits DL1 to DL3 and the switching circuits SWM to SWB
are conbined so as to conpose a device (a first device) for setting a slew
rate at the start of the output signal fromthe driver circuit when the
switching tining of each of the pMOS t#&nsistors pl to p4 is set according

to the values of the bits bl to b3 of the slewrate control signal SRC. The
delay circuits DL4 to DL6 and the switching circuits SW9 to SW are

conbi ned so as to conpose a device (a second device) for setting a slew

rate at the end of an output signal fromthe driver circuit when the

swi t chi Ny t FRT ngnBerehtednaHe Mgt &53Nsti6r SupPliednioj $heetgadecor di ng

to the valamsocdest bé bhéstbohdiathesoplt ed slievirndate segnal odie Bd @Al ySRC.
Because §hei il ew i e tﬁ%%téat thfns?rﬁtO‘éHBHElskgﬂ@l lé r ;?]hi%ddrt' over

circuit an be adjusted separa romthat "at the e e out put

si gnal %e%actﬁ bé‘e]ue%(?\?@s Piie Eﬁnﬁrgpﬁwfioart (,Zar‘i’méje l'&et‘”t‘dora botdadt art and
end of t%léw.ﬂdplhy i griale dvaf) wiheen t biee el ssntiedalt rpnopel t $egnadi fiS@N bet ween
pPMOS transi st Siande\Mke t gansi slo¢tseodbie dMvald efrdnéiishvekt $3t hgdt ransni t
signal SN entered to the signal input termnal "in" fromthe controller,

t hereby supplying the inverted transmt signal rSINto the gate el ectrodes

of the transistors pl and nl, the input termnals of the delay circuits DL1
and DLO, Tstheelleved of tthe tapnimdl sSimrefl BN swi chnggd ciraui'tls’ SWL to SW6
respecti viel'y. tHdet ted siys tirr @i ti Ditdeldays aahd e tsdagnralstapdnsuppl i es the
g%ayed shandl di& the ther m%g Btpfartcheaﬁewttr%ttgmgt&t r;gylts Sé/tt&ne' nghis

e, the al delay tine ay clircults 6 is
assunmed 'y bg}q SRBSETRW r B eléo%t”rEBF si° grﬁalats)l%éleen %]r]éﬁ“tntg tttfé“ltné*rm nal
src from #He)i-nt enkac&heohtdwiisdor) 3usedtuonakiona aghethe at rafistioe dri ver
circuit.nit Iss Burfidd toBf 998k £OPPLESI N bEo 1Ry T8uing - (Br MAY)2004 41
bi t bk (\%ltfh thg swltc}gt\ﬂgo o) er}%tghﬁgv Bgt %hSQQt E?Jﬂn :&P) s, R&\ %] ter ed to

ro

t he switchi clrcult are SI or, ‘con eIlngthe

swi t chi ng P tﬂ% 8F"the® tspgﬂsf“it%"rasn f 1f6° 4 ISo s "to"set a slew rate
at the start of an output si gnal fromthe driver circuit. Bits b4 to b6 are-
signal s Idrtleontewl iofg thiee tswhslht Ngi giam BgNOkist branddd transimst s nl to

n4 so as"ﬁo'S@ﬁeatfﬂﬁgﬂskékepqt1EhQu?Hgdogf%hgn@uﬁﬂ@ttfﬂﬁg¥¥torThﬁ %ﬁ@tChlng

circuit connects the ter mn cco g to the
| ogi cal gl\é!t\krbee ot” taht it SRt ?ﬁea%ﬁs n&&ﬁ??’él A>s atfurétﬁér {r% this
case, th%n%wtfléhltﬁ@“éﬂﬁlé‘a?t n@v%lscoﬁ‘h@tetds t’%eatcertlﬁ%afﬂéott@ntghetltl@m nal A
at bk "O(tar® ,t artcheheertmanai s®mtpbkis tikned e teadnitnal sr&iofstdie

oo’ oL UM, 9808, e Garssiadig LR g@%e}ctm% 1of the
B

e ha R S b Ry R T

t—r)an5| st b3 élﬁﬂaie%?iér%tlisvélhﬁmgq%ef%r 8E BPetki'odes of the transistors
to p9 are connected to the power supply VDD and the drain el ectrodes are

c?n?ﬁcttedot@ctdtteltqytfmt bermgal- "qut 1sr§é9€§c§ﬂ meley - slzgteﬁ@é"&gqt@ﬂﬁqcyodes

o e S n re c ed-to0 roun rain

el ectrodejg&gre %%%hec @ ? COJt%%tgtt § dtr V’e%utunres ect nb eZ The

out put t BFPFEFHPI dR thie S@Sﬁﬁe@f—eah? ot’Eq‘féSWFoéaBIlebEtW%@é W@u@é‘sl@ and 4)

and the trahithesitgmahgSOLT+Dutgnet drigast hiee vl veiblei Rcactoradimy to

predet er gheoedtakew 4t ené s t34RRk ke d Opl h%rﬁT I\}gzabho%t%eeJ hehkr ansisier pl is
svmtched ge rding to the transm %bﬂgna rSIN and the transistor p2 is

swi t ched '5eE0r diig ¥ a5 Hg9al (o8 e¥f r Ot ¥ G teh 99168 redfitthswa.  The
transi st oFs pIndEIEYR + HEFeREcof8ivd o ReiogRaNce uppPEangd ot hethswi t chi ng
circuit S¥nsildmrisr pnsitst pB PdtwdersWheCRedidgcorting)t an@ sh@nadnisippl i ed
from thegsw t ghi Bgdi?t{&r&“ terdBirilRe LHBSLEL 95 Adidas: SMid Glied ancording to
the transold, &Nl lNsclRe LEAORLSEAINIA S S BEPECACERl ALlg AP @

g Epand the timing (tf+T) and drives the AT cable 2 according to

the state of the transistors nl and n2 between the timing



-5 MAY 200g 42 the switching circuit SW9. The transistor n3 is svmtched
according to a signal supplied fromthe switching circuit SwS. The 4] ggglt
transistor n4 is switched according to a signal supplied fromthe switc
"circuit SWs. Figure 13 is a table for describing the operation of the
driver circuit shown in Figure 12. The tabl e shows the correspondence

bet ween set val ues of the switching cibuits SWL to SW and the slew rates
of the object driver circuit. As shown in Figure 13, the driver circuit

- shown in Figure 12 enables the sane slewrate to be set at both start and
end of its output signal, as well as in the four steps of srl (max.), sr2
(<srl), sr3 (<sr2), and sr4 (<sr3) according to the slewrate control

si gnal SRE i 2 |they HeyingTHE fde xkTler arg r @i e ssHdvin AT daibder € M2 ténabl es
the sl ew %t natinume suarendf frdving putersiognahceo betsieted n Hyi vehet eps

accor di ngrdrixilsh@rsetnyalidesnof Jdigeaw t el NG Gl HGUT [8r+2\Wk )t 0, BT 43 and the

sl ew ratgat, s output signal to be Set iIn flve steps accor di ng
to the set:L ve‘{}llt}gsgggllqied%w tching circuits SW to SWs. For exanple, if

. SWL-3 - (ABA) is described for a case that the switching circuit SW is set
- to the tBgqausal e t her teartm analviBg gredt fiomeahee rriinalad&ustla@n dulkengl aw rate

at the siasdl othapgeutput tf’degn@l:al\{\érhit b%l%ﬁh% bel - 3

‘(AAA)AtsﬁWtc% A’é@n W3 éB (zABB (tB\ngg Ll
_ 151(; A%l? f th g@%ﬁls%rs ?. é/rg) ime rTsragld(

<rsr4)
(A{m sv\1-3t (?A‘B’Aachalﬁ@ (BRI, Orfsr‘zhﬁi staﬁfsﬁ}rﬁé@rﬁugﬁ |9k ™ SYM23 tingAAB) . At
SWL- 3 = (BBA) iy $h9si wansstimed jeustrakekef atheSW-i%er €ABB)it 91 tah@ssane
way, t hen stele abe atat hesend. of M Otipisni®i GNAhal sTND @AY 4094143
kﬁ# rising from the "L" level at the timing tr and keeps rising at
a slew rate of sr3 to reach the "H" level. And, the transmit
signal SIN begins falling from the "H" level at the timing tf

and keeps falling at a slew rate of sr3 to reach the "L" level.

As described above, the driver circuit 53 is composed so that
it controls the switching timings of the CMOS inverter composed
of the transistors p2 and n2 and the CMOS inverter composed of
the transistors p3 and n3, thereby changing the slew rates only
during the rising period and during the falling period of the
transmit signal SOUT without changing its current driving
performance during both "H" and "L" level periods thereof.

How to Create Slew Rate Setting Table for Driver Circuit

Next, how to create a slew rate setting table for the driver
circuit 53 will be described. At first, the best slew rate is
set beforehand for each signal sending condition comprising a
data transfer rate and an ATA cable type, then a slew rate
setting table in which the best slew rate for each signal
sending condition is written is stored beforehand in each of
the AT controller 14 or the main memory 13 of the host system 1
and the interface controller 31, 41 or the memory 33, 43 of the
peripheral device 3. This procedure is executed, for example,
in the manufacturing process of the subject computer system.
For the peripheral device 3 supplied as a single unit, the
procedure is executed in the manufacturing process thereof. In



fromthe driver circuit will be as shown bel ow. At SWB-6 =(AAA).

fsrl(fax.)At SW-6 =(AAB)... fsr2(<fsrl)AtSW-6 =(BAB)... fsr3(<f_ssumg?%-6
=(ABB)... fsr4(<fsr3)AtSWI-6 =(BBB)... fsr5(<fsr4) The driver ckr

in Figure 12 disables the sane slewrate to be set at both start and end of
its output signal due to a difference oi el ectrical properties (nutual

. conduct ance, threshold voltage, etc.) betvveen the pMOS transistors pl to p9
and the nMOS transistors nl to n4 when the sane switching timng is set for
“the pMOS transistors pl to p4 and the nMOS transistors nl to n4. It is
assuned that the slew rate becones |ike

fsri>rsrsfsrd> ~fsr sr3 sr9>rsr4f 5>r r5 when the slew rates rsrl
to rsrb t<l€1t Stsh‘“gagstar%the Sg ]ga e P ?C(li)l fsS BWaf 2t he> EHd- tfﬁ?iaLSut put

si gnal f30ifl t AERRSSFerthy r%?ﬁ‘trodrlérobfé)ér vtk tdtndeac hs bsi t Edtsepfi ije Fi gure
13 is a dabter farcdescid biargrdenyi ny esfcht hégsal t sdridigngcicbndi tsorof t he
driver circuit in the above case. Wien SW.-3 = (AAA) and SV®-6 = (AAB) are

set, ( = rsrl r2 set for | ew rat e of both
start andpslg% %\rp]ianngﬁ éew YA ‘tg Strlﬁe) ﬁ‘lerldﬁrvgrr%\”r%ufff ﬁ\%

(AAB) arff SAFhe Sigeeibtsﬁewlél%épndthéoeaﬁﬁlﬂz cigpaf2is :‘rﬁsrrt3<a§1|d1)thﬁs set
for the wiwforat eof thot kighaif and venld ofs anheudput sirgmalfetr @mrbhe driver
cireui t.odMgeaWt- 3ate( BAR) rnd cS¥86 thé ghe B&Le EB&NS?gﬁan i3 (= rsr3

= fsrd<sg sel f e, slew rate o rt an out put -
si gnal fr%crrltdtel(1j A vter%u%iap Qi £or AﬁaChWﬁe‘?F%\/\l aﬁaoevn%as (BBB)
are set,tqHe sireedrip (botrhsrt@e hegh SRSTER ﬂsae‘étpef@rphteﬁelsqi‘ewcr%ﬁe of both
'start and end of an out put signal fromthe driver circuit. In the above

se, th}ﬁ:r_c_ﬂfﬂeVeﬂ fol ra@%dnﬁ WAtk Bn Fbgufl?e 12y &ane- adi uéétttlblg YaB¥er gte in

four st switch_s is witten as
t he bestaﬁg ewlr%g%e ?s?lart%ard va ueh: bﬁeeacﬂwrslrbrnafl%‘eﬁﬁedr nd 5c SRdi F%‘Sn in the

sl ew ’Sl‘txﬂéivczeegllmthateceet%rngst%l@f(es%elrﬁfmﬂee Pr. 1Ree etapple, if
srl is sJetkef osrt he(rslx@wunat er Dfs i@ rde s v&F s 04 sadidt , . SWLI3 -t {AAA) e@gnd SWA- 6
(AAB) s G\}'hls,l%t“s'fllgﬁ eaee%tatrt@ari»d %ﬁu@ mi?efd 191 Eﬁ'lae etbag s%fo%ncon”ol
srgnal S_J&Cbt ct Orcg 43 nd b6 =
"1" and ‘SW c% ng CII‘CUIat uét}\iy éti@ G ! aarlélesget Fhens ey r’ﬁaﬁﬁ A and
SwWi t chi MfEPREiTPdui T9NNB SROW, ERel SWBRat eo3BPUE 0dEHECE eFpRdml tBe bit
respectivaiues the dheverlesi rcatié showol nsEggal e Sk2 widlategeras etak a sl ew
rate of dib’jZacﬁt bf)érlihls'iééﬁdﬁ:f@ eeﬁldi?vilcltrhef%lﬁtpttthe&g{@% lréhtat@e%t&hget ht he
inverte [ ate.electrodes o
transi sto%ﬂslaeglggthosggi aécf tﬁe %é ga Yl goa&g?g%r i1 del“ay&d* By&g time T from
the inverted transmt signal rSTNis supplied to the gate el ectrodes of the
transi sthorsignel putpahddadicespentided yitihensibe revelsaftivige tabaasm t
si gnal SN drowehanged ghirenm” ket 0stH, foif hend r ansi stares otﬂ e R3idke turned

on and thg Lfiansd-st ks (pl n3_ar r of t aft er t he

(Thansi stofertLl i séfu?%\edﬂona&a}% t e esrftaalr%s:}sdtc?r slSnZ%6 a]r ea?%rﬁtga of f .
th the asR/tn Ry opertG-ons Idf 1’c}r‘F‘os%""’t""t‘ ahSPEEEPS, rtaﬁé lisvetd of PKe

t ransmi t335|3dN§I/S$CEJﬂTd| the heaigled fyremi'sL'80Ce 'tHe" Slgz\NﬂenouttmltI eeetlicef the

transm tsetisgnat2 §tMN1)s ehranged &nem HHtet @ f Lenet ReitEaNSistQLs B . to p3

are turngg of; ff aﬂg HggﬁtEMﬁEOEE gllgn%} nﬁ@rg tgrgtors nafﬁanldlne T after

t hat , thet LS turne nsrs are

tor

turned on e ss’\ﬂ”ta&hlol’f pBEefiﬁY’r?ﬁtsseiﬁs tHosel t5#nsiforotse ©A6W evel of
t he transthg °§| @hal dSQYE icgrehang® from "H' to "L." Consequently, when t he
| evel of the transmt signal SINis changed from"L" to "H " the driver

circuit ﬂﬂhy%g the ﬁ%xP%QB%s%egqg % g?e%hg §¥L @ t@I Qf) the

transistors pl to p3, then a tine ter Fiver ci lﬁt]drrves
the AT cable 2 vvrth its maxi num current driving performance obtained by the
transi stior@iygl § oipd,a t Akrebyhahte deivelesciikbing how HoMREt2QD~kata

transfer mode and a data transfer rate, as well as how to set a
slew rate of a driver circuit 53 in Embodiment 1 according to
the present invention. The setting procedure shown in Figure 8



45 opérates at a slewrate of sr2(rsr2) at the start of its output signal.
Wien the level of the transmit signal SINis changed from"H' tqQ fL,, tQ?
_driver circuit drives the AT cable 2 first according to the smﬁtcﬁih&xy 004

states of the transistors nl and n3, then a tine T after that, the driver
circuit drives the AT cable 2 with its28axi mumcurrent driving perfornmance
obtained by the transistors nl to n4, thereby the driver circuit operates
at a slewrate of sr2(=sr3) at the end of its output signal. In accordance
wi th Enbodi nent 2 according to the present invention as described above,
because the driver circuit is conposed so that the slewrate at the start

of its cuhplesstoneindanme adausbedesepatabetyedd oWRd st @Ystahe of the

end of thg p ' [ ssiple fo set the best slewrate_on each
2R P pler Fgggél {i%;leir pé)'obtgrlgn]dtrllls hT gir <i gRATEVicht ePPEy°Bn each

. h
si gnal ndi.ng ., con I on, e n
si gnal gz]ﬁdiq?%tp&yﬁt?Woﬁ, 3 V\B}qy %%r‘iptheirﬁpé’seé’llﬁlee%t Fesegnipes shhe sl ew
rate at IBEPRM3EdPR <hdltendagtnehbs odgpide, sisgndhe egbovevhdata heagkeetri cal
propertiiasdane, didf ex@mblbet Weethd raRSHSERr Sr HMReShBg-t he driver circuit.
Advant ages of the invention As described above, according to the present
i nventiqn, .hecause the signal output device is provided with a driver
circui t thatScaiP&Cta I“‘gPEFth?YBFe‘Hi LfePenered edr r seast antheahoset the
best sl éwsitarel agedridingeardphepakdéderad Bededata thansfer oratae Rrgh signal
i ntegritabacanzbes@mbtcai Bed empeachdatapkransiigl spate (or each signal
sending condition conprising a data transfer rate and a signal sending
type). Furthgrm)re, because the rate of the data transfer error occurrence,
%\lgi ch i PEEEHELY biPS WRfAT &6t AL S3kIgnal FredicAthgvedemceé beodsa driver
rcuit 2 i selplia optdrso dolvabntiheirs| eher ategaof ttdves thd VR6AEI Ui £hé S
changed peeiph¥pd Liedthate decr @asessd hersendiRbl eY)0r 2 QECULLENCE Tate bel ow
an al | oywabl S rydecr it re if the sendi error_occurrence
rate is\ﬁ%\éegh%%fa{;?%%a | & ?%r gg%flcgl%(\f ﬁl’t@i%%&é“gitbi’% Rgaggt aFA"STeE vaY200g
46 hi gh"SPgRaliht 8gFRt yCRANSEEEN ERSS t PHRBPEFCS ab¥ (Bre opesaphesiynal
sendi ng deundRt $ortcarmseil§i hy stagatsd.transfer rate and a signal sending line
type) even when a slew rate standard value set in the slewrate setting

tabl e i : t e hest slew rate js changed dynanj cally.
Furt her %rggv%ﬁégaﬁg% ?%qs\é/[;\%v[a?%?echfm?rh% & a7 > an it %&flg orat from
the dri \%Vl%?r%u?‘ftjcﬁ&ﬁsbéhﬁd]‘%’f et d&Faracd| jter o t Ffogvaipat suett t he end
of the &8t gde siafifal trarfegamodsisevancat @atoant benstetr atateot heisitarthand end
of the petrppbesigralvieven shensudperel estsigalssproperties differ among the
transistors of the driver circuit. 9. Brief Description of the Draw nds:

Fi gure LS | ock, di agram of. a conputer system in Enbodi ment 1 according
to the épésgﬁ piﬁ 2h ofr; HGuveng gﬁSwénf‘é L Forigdder psicagharalaTA

i nterfafevatandarn FHefur 663 issta bl odktali agrasfof mosé gmal senditdg system
conf or nitmgns bet heraAFA itot ebkacesednposednel acth@iedadilo® deyige @fe a host
(System papi MéLabhs; and thasi gl L/ Vi f ri pheral device (HDD
'o)rr CDR@{Iddﬁ\ée)da%hovéq in_Figure 1; rgelhéﬁgr 3%41:?%%%% (%uﬁflgg‘ia g?l% bf a
driver/ feceiver Ganft SFPTHET pERFpheFRRC dEDE cBEF RIS L 2RO & i%4Y) shown
in Fi guPEPROrE gt el sag Ehe chiyre dbfigklaen BFA acalplevetn ciseuaid priovi ded in
the si grakaottrpusfadeviaies rrfahod et kraceeedi pgctd tRe: PEESORbst
| nventi @Rstéh QUr €cfe SOV, &R HQr J8RCKHPI NG FRe eperation of the
driver ES,EE&H 1511 1flirésF|1§1uer epeSJ:‘ipheral device 3 of both set data

transfer mode and data transfer rate that are set in step S8.

If the ATA cable 2 is a 40C cable, the host system 1 does not
set a data transfer rate of 44.4[MB/s] or over which the 80C
cable must set, but sets a data transfer rate of 33.3[MB/s] or
under in step S7 even when the host system 1 and the peripheral
device 3 can support a data transfer rate of 44 .4[MB/s} or



' Flgure 7 is a block diagramof a slewrate setting table of a driver
Circuit provided in the signal output device in Enbodi ment 1 acce dhﬂqy¢2004
~the present invention; - 5 MaY 200 47 Figure 8 is a flow chart
procedures for setting both data transfer node and data transfer rate, as
wel | as a procedure fox setting a slewgrate of a driver circuit in
Enbodi ment 1 according to the present i'nvention; Figure 9 shows charts for
t he conparison between the signal wave form of the signal output device in
Enbodi ment 1 according to the present invention and the signal waveform of
t he conventional signal output device (at a |low data transfer rate); Figure
10 shows charts for the conpari son between the signal waveform of the
si gnal 8Ufput device in Enbodi nent 1 according to the present invention and
t he signal waveform of the conventional signal output device (at a high
data tramstae Aehedabid gurig Ll dog @afah.@W eRar eﬂfpﬂéitﬁﬁpﬁggﬁgé”t? ey t
correct S odi o, t he_present .invention;
Fi gure hBE%gya£§¥?%§%€ ? @QP P %I%g?g%IrCUI hﬁo@?@ AR T he si gna

out put é%%?cér??ﬁﬁﬁﬁxﬁﬁFﬁeﬁt §3aé&%?dﬂng”id“5ﬁ% PrReSERP PRVENER oWbeand
Figure 18 fsnasupim faodadestrats fuy thadeopér af i HIMBIs]t be drvever The cuit

shown i BeFighden1l2evREChI ﬁ&j{oé]lsmc kel $hd cabl SEHCHLE] Fies ATA
Cabl e Sit tOPgE pheral. Devi Mot her

0 .
Board 1 Egrlpheﬁa; Qﬁwgﬁg 3 f&DQhe R?S&Dﬁ VP F?eﬁxmay éetect

he cable type and notifies 1t to the peripheral device 3.

Q;J Next, the host system 1 reads the bit value of the slew rate
' control signal SRC from the slew rate setting table stored in
the main memory 13 or the AT controller 14 in step S9. The bit
value is used to set the best slew rate on the subject signal
sending condition comprising the set data transfer rate and the
type of the cable in use. The host system 1 then supplies the
read bit wvalues to all the driver «circuits 53 of the
driver/receiver unit 14a. Consequently, all the driver circuit

53 are set to the best slew rate standard value on the above
signal sending condition.

The peripheral device 3, receiving the report of both data

transfer mode and data transfer rate that are set in step S10,

reads the bit values of the slew rate control signal SRC from
— the slew rate setting table held in the memory 33 or 43 and
supplies the bit wvalues to all the driver circuits 53 of the
driver/receiver unit 5la (3la or 4la) in step S11. The bit
values are used to set the best slew rate on the above signal
sending condition comprising the set data transfer rate and the
type of the cable in use. Consequently, all the driver
circuits 53 of the driver/receiver unit 5la are set to the best
slew rate standard value on the above signal sending condition.

This completes setting of the data transfer mode and the data
transfer rate, as well as setting of the slew rate of those
driver circuits. Hereafter, data transfer can be made in the

predetermined data transfer mode at the predetermined data
transfer rate.



48 14a' ... Driver/Receiver Unit 26 ... ATA Port 30 ... Card 31 .. SA'Q &04

I'nterfrace Controller 31a ... Driver/Receiver Unit 32 ... MPU 33 |

40 ... Card 41 ... ATAPI Controller 4l1a ... Driver/Receiver Unit 42

"43 ... Menory 51 ... Interface Oontroller 5la ... Driver/Receiver Unit 52
... Driver/Receiver Crcuit 53 ... 5rCircuitDL1to DL6 ... Delay
Circuit SWL to SW ... Switching Clrcu pl to p9 ... pMOS Transistor nl to

nd ... nMOS Transistor - 5 MAY 200g 49 CLAI M5

Comparison between Signal Output Device in Embodiment 1 and
Conventional One’

Figures 9 and 10 are charts for comparison between the signal
waveforms of the signal output device in Embodiment 1 according
to the present invention and the signal waveforms of the
conventional signal output device. In Figures 9 and 10, (a)
shows the waveforms of the strobe signal DST and the data
signal DD output from the signal output device in Embodiment 1
and (b) shows the waveforms of the strobe signal DST and the
o data signal DD output from the conventional signal output
Lﬁﬂ device. The scales of the time axis (horizontal) and the
potential axis (vertical) in Fiqgures 9 and 10 are completely
the same. The data transfer rate in Figure 9 is assumed to be

VD1l and the data transfer rate in Figure 10 is assumed to be
VD2 (>VD1).

The slew rate of the driver circuit of the signal output device
in Embodiment 1 is set to the best value sra in Figure 9(a) and
to the best value srb (>sra) in Figure 10(a). The slew rate of
the driver circuit of the conventional signal output device is
fixed and Figure 9(b) shows the signal waveform output from the
driver circuit whose slew rate is fixed to srb and Figure 10 (b)
shows the signal waveform output from the driver c1rcu1t whose
slew rate is fixed to sra.

Because a small slew rate value sra is set for the driver
circuit 53 in Embodiment 1 shown in Figure 9(a), the cross talk

noise is reduced. Consequently, data can be latched correctly
at both start and end of the strobe signal DST in the signal
receiving circuit. On the contrary, because the slew rate is
fixed to a large value srb for the conventional driver circuit
shown in Figure 9(b), a large cross talk noise remains in the
data signal DD. Consequently, wrong data may possibly be

latched at both start and end of the strobe signal DST in the
signal receiving circuit.

Furthermore, because the driver circuit in Embodiment 1 shown



“A'si gné i ising: a driver circuit for setting a
‘A signal output device, conprising: a | L (
pl urgl ity of different slewrates and relaying a 5 NAYI 200I4i ?4 SMAY(?[RM
signal sending line at a selected slew rate anong said plura ; yI L ate of
‘different slewrates; a controller for selecplng ZaLd f?;ﬁg;gr fafe ae
. : . . : o at a 1
said driver circuit according to a predggermn ate, salc
' ' | ected slew rate of sai riv
controller being configured to set said se f
[ [ [ [ data transfer rate and a type o
circuit according to said predeternined _ o i
i i i [ d controller includes a nenory sy
sai d signal sending |ine, wherein sai f cpnSiudes a memory sy
r storing a table containing a slewrate for each pre (
I?ansfer iflgfégus@ibll(@l)emr ate 0b saldkql isvely ehteW 1 ReiNG Seh T.]l]..

o1 erenoanto gal dtahl pexZoalne:s! RNt By eyl Cey accorg it o b aim

- i ' 1t _1s. tnclu on an 1 nt _ .
loast parp ol <ol g Ri P o b8 IRES Crigmal ot pet gbvpoetbcctitiog to
claiml eréVilsAtd BeFestart caind ferd hef chrpriteede asiYnd ]?éqy'ach o a
ci r cui t sConPRIETEdL | ndatevicae fioe dekankag @or%‘@ctt‘i?' ngnt:ctrpaen??g%% S esi on
pluralityeoéiviaiqd &MIB LI rC@ht%hEOcﬁgﬁ&ggb,ab@@ggsg % g %onventional
by a del gy;$d e 865, ¢ shown in Figure 10(b) is fixed to a small slew

rate value sra, the "L" level period is not secured enough for

both strobe signal DST and data signal DD. Consequently, wrong

data may possibly be latched.
g;a How to Correct Slew Rate by Sending Error Occurrence Rate

Figure 11 is a flow chart for describing how to correct a slew
rate in Embodiment 1 according to the present invention. At
first, if data transfer is started in a data transfer mode and
at a data transfer rate and at a slew rate standard value of
the driver circuit set respectively in the procedure shown in
Figure 8, the signal I/0 devices of both host system 1 and
peripheral device 3 (HDD 3a and CD-ROM drive 3b) start a
statistical processing of the data transfer error occurrence
rate of errors detected in data transfer between the host
System 1 and the peripheral device 3 in step 521 in Figure 11.

The signal output device for outputting data delimits transmit
1 data at a given length and adds an error correction code to
’ each delimited data before sending it. 1In this case, the error
correction code is a CRC (Cyclic Redundancy Check) code. The
CRC code can verify whether or not the object data is correct
and can correct an error within the predetermined number of
bits. Such error verification by the CRC code is done in the
peripheral device 3 in data transfer between the host system 1

and the peripheral device 3.

For example, when data is sent from the signal output device of
the peripheral device 3 to the signal receiving device of the
host system 1, the signal receiving device of the host system 1
calculates the data (CRC verification data) used for CRC



‘according to a control signal fromsaid control ler, said setting device

i ncl udi ng a delay circuit and a switching circuit. 5 MAY ZOQGEMAY E[jjm-
signal output device, according to claim1, wherein said control™ &
‘monitors a rate of data transfer error occurrence caused by a signal sent

to a signal receiving device fromsaid :gi]l ver circuit and changes said slew
rate of said driver circuit to a val ue at can decrease said data transfer
error occurrence rate bel ow a predeternined allowable threshold. s. A

si gnal output device, conprising: a driver circuit for setting a plurality
of different slewrates and relaying a signal to a signal sending line at a

. id pl lity of different slew rates; and a
cont ront ot fdRaBo PR A o b eifeatueth SRE GPdsarardr fver ety t

accor di n@t?%f&d?ﬁjéﬁ@t)eramdné@tdétiaﬂ thihsf GRCr artei fiea il idesra cid calid  bei ng
confi gurethnadl adjyste addiicst o emd aperiphedrle Hedfiteof i t STQUt Pt Si gnal
separ at ebytduUtony & 128 o §A§mbéﬁgﬁhé¥aftu%vice 3 also calculates the
CRC verification data about the CRC code word sent to the host
system 1 separately, so the signal output device of the
peripheral device 3 executes CRC verification according to the
CRC verification data calculated by itself and the CRC
verification data notified from the host system 1, thereby
determining whether or not a sending error has occurred. The
peripheral device 3 then notifies the result to the host system
%ﬁa 1 and takes statistics of the sending error occurrence rate.
If 'a sending error is detected, the pefipheral device 3 sends

the same data again and executes other necessary processings.

When data is sent from the signal output device of the host
system 1 to the signal receiving device of the peripheral
device 3, the signal receiving device of the peripheral device
3 executes CRC verificétion according to the received CRC code
word (CRC code attached data) so as to determine whether or not

a sending error has occurred. The host system 1 then notifies
the result to the host system 1 and takes statistics of the
sending error occurrence rate. If a sending error is detected,

the host system 1 sends the same data again and executes other
necessary processings.

Next, each signal I/0 device determines whether or not the
sending error ‘occurrence rate is below an allowable threshold
Eth in step s22. The determination in this step S22 is done
each time the predetermined number of CRC code attached data
items is sent (each time a predetermined amount of data is
sent) or each time data is sent by the predetermined number of
times or at a predetermined time interval. The allowable
threshold Eth is 0 or another predetermined value. If the
sending error occurrence rate is below the allowable threshold
Eth, control returns to step s21. If the allowable threshold
Eth is exceeded, control goes to step S523.



“end of said out put signal, wherein said controller includes a nenpry system
for storing a table containing a slew.rate for each predeterm necﬁcM;Ag}( 2804
transfer rate, said slewrate of said driver circuit being set with
reference to said table. 6. The signal output device, according to claims,
wherein said driver circuit further, ggnprises: a plurality of first
conductive transistors provi ded between a signal output term nal and a
first power supply; a plurality of second conductive transistors placed

bet ween said signal output term nal and a second power supply; "0 MAY
20fl ~ sl a first setting device for setting a turn-on timng of each of a

Dl oral Y o Bheoakfialhd SLo O0duElIMe LS, 9s RTLORILLY L0 BeTbESL SonITO

si gnal rom sai d f thé r'hp utt 8d° S|gnal S
changedth?oﬂ%%PWQQ%ﬁ thegshotd Bthyeldbrideredél; Bhel %PQ&99§n§l§§FilﬁéodeV|ce
for settevpgca derreagest itilenglew eatd of theldriatdrt yietuit 53 by one

from the set standard value in the slew rate setting table
(table value) in step S823.

Next, the signal I/0 device takes statistics of the sending

error occurrence rate after the change of the slew rate in step

524 in the same procedure as that in step S21, then determines
whether or not the sending error occurrence rate is below the

. allowable threshold Eth after the change of the slew rate in
k:ﬂ step S25 in the same procedure as that in step S$22. If the
sending error occurrence rate is below the allowable threshold

Eth after the change of the slew rate, control goes to step

S42. If it is over the allowable threshold Eth, control goes
to step S26.

If the sending error occurrence rate is below the allowable
threshold Eth after the change of the slew rate in step $25, in
step S42, the subject signal I/0O device updates the slew rate
standard value of the object signal sending condition in the

slew rate setting table to the value changed in step $23.
Control then returns to step S21.

. If the sending error occurrence rate is determined to be over

{ ) the allowable threshold Eth after the change of the slew rate

in step S25, then the signal I/O device determines in step $26

whether or not the sending error occurrence rate after the

change of the slew rate is decreased from that before the

change of the slew rate. If it is determined to be decreased,
control goes to step S27 and if not, control goes to step S32.

If it is determined in step S26 that the sending error
occurrence rate after the change of the slew rate is decreased
from that before the change of the slew rate, then the signal
I/0 device decreases the slew rate of the driver circuit 53 by
one in step S27. Then, in step S28, the signal I/0 device
takes statistics of the sending error occurrence rate after the



“sai d second conductive transistors accordi ng to a second control signal
from gai d signal output device if the |level of said i nputted si-g aMAiQZUUI'_
changed fromsaid second level to said first level. 7. A signal Sendi‘hd
"system enabling a signal to be sent to a host systemvia a si gnal sending
i ne, conprising: a signal output devi&g that can set a plurality of
different data transfer rates and send signal to an object device via a
signal sending line at a selected data transfer rate, said signal output
device including: a driver circuit for setting a plurality of different
slew rates and relaying a signal to a signal sending line at a _
predeterm ned slew rate; and a controller for setting a slewrate of said
driver ci¥uitetscdsr ghagyed anpseertniimedbgatsamer ansteduratas frlorh a
signal oin psteplestte provéredhdior tn hesdp Sysd enthel §ygen1ofr R gesignal

sendi ng 4d@midRd AnEHRRE i LY Rf+ PELd pg@fﬂlngd%!Eg?SogQGPP&ceed IS8 d signal
sending géfg% thg a\ﬁéa%QQeSZthreshold Eth after the slew rate 1is
changed in step S27 in the same procedure as that in step S822.
If it is below the allowable threshold Eth, control goes to
step S42, where the slew rate standard value of the signal
sending condition in the slew rate setting table is updated to
the value changed in step S27. If it is over the allowable
threshold Eth, control goes to step $30.

In step S30, the signal I/O device determines whether or not
the sending error occurrence rate after the slew rate is
changed in step 827 is decreased from that before the change of
the slew rate. If it is decreased, control returns to step S27
and the signal I/O device further decreases the slew rate of

the driver circuit 53 by one and if not, control goes to step
531.

In step 831, the signal I/O device increases the slew rate of
the driver circuit 53 by one from the current value (a slew
rate that minimizes the sending error occurrence rate within a
smaller value than the table Value). After this, control goes
to step sS42 and the signal I/0 device updates the slew rate
standard value of the object signal sending condition in the

'.} slew rate setting table to the value changed in step S831.
Control then returns to step S21.

Next, if it is determined in step $26 that the sending error
occurrence rate after the change of the slew rate is not
decreased from that before the change of the slew rate, the
signal I/0 device increases the slew rate of the driver circuit
53 by one from the standard value set in the slew rate setting
table (table value) in step S$32.

Next, in step S33, the signal I/O device takes statistics of
the sending error occurrence rate after the slew rate is
changed in step $32 in the same procedure as that in step S21



8. The signal sending system according to claim7, wherein sai d signal
sendi ng system.conforns to the ATA i nterface standard. 9. The sngﬂ\
sending system according to claim7, wherein said signal sendrl h{eZ(ﬂ&lr
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, 84z, the signal I/O device updates the slew rate standard value
FE% of the object signal sending condition in the slew rate setting
table to the value changed in step S32. Control then returns

to step S21.

If it is determined in step S34 that the sending error
occurrence rate is over the allowable threshold Eth, the signal
I/0 device determines whether or not the sending error
occurrence rate after the slew rate is changed in step S32 is

decreased from that before the change in step S35. If it is
decreased, control goes to step $36 and if not, control goes to
‘step S41.

If it is determined in step S35 that the sending error
occurrence rate is not decreased from that before the slew rate

f } is changed, the signal I/0O device returns the slew rate of the
driver circuit 53 to the standard value set in the slew rate
setting table (table value) in step S41. Control then returns

to step S21.

If it is determined in step S35 that the sending error
occurrence rate is decreased from that before the slew rate is
changed, the signal I/O device further increases the slew rate
of the driver circuit 53 by one in step S36, then in step 37
takes statistics of the sending error occurrence rate after the
slew rate is changed in step 836 in the same procedure as that
in step 821 and determines in step S38 whether or not the
sending error occurrence rate is below the allowable threshold
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As described above, the procedure shown in Figure 11 changes

the slew rate in the following steps of;

[A] setting the slew rate of the driver circuit 53 to a
standard wvalue according to the predetermined data transfer
rate, thereby starting signal sending;

[B] determining whether or not the data transfer error
occurrence rate is below the allowable threshold Eth while the
data transfer error occurrence is caused by a signal sent to

the signal receiving device from the driver circuit 53 (steps
S21 and 822);

[C] changing the slew rate of the driver circuit 53 if it is
determined in {B] that the sending error occurrence rate is
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over the allowable threshold Eth, then searching a slew rate
value that decreases the sending error occurrence rate below
the allowable threshold Eth or decreases the sending error
occurrence rate in [B] (steps S23 to S40);

[D] setting the searched slew rate value as a new standard
value if the slew rate value decreases the sending error
occurrence rate below the allowable threshold Eth or decreases
the sending error occurrence rate in [C] (step S$42).

L=4 The step [C] in which a slew rate that decreases the sending
’ error occurrence rate below the allowable threshold Eth or
decreases it more is further divided into the following steps;

[C1] decreasing the slew rate of the driver circuit 53 from the
standard value if the sending error occurrence rate is over the
allowable threshold Eth in [B], then determining whether or not
the sending error occurrence rate is decreased (steps S23 to
S26);

[C2] searching a slew rate value that decreases the sending

error occurrence rate below the allowable threshold Eth or

minimizes it within a smaller value than the standard value if

the sending error occurrence rate is decreased in [C1] (steps
-, S25 and 827 to S831);

[C3] increasing the slew rate from the standard value if the
sending error occurrence rate is not decreased in [C1l], then
determining whether or not the sending error occurrence rate is
decreased (steps 832 to S$35); and

[C4] searching a slew rate value that decreases the sending
error occurrence rate below the allowable threshold Eth or
minimizes it within a larger value than the standard value if
the sending error occurrence rate is decreased in [C3] (steps
534 and S36 to 540).

The slew rate correction procedure described above is also
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effective to obtain high signal integrity on every signal
sending condition even when the slew rate standard value set in
the slew rate setting table is not the best and the best slew
rate is changed dynamically.

According to Embodiment 1 described above, because the signal

output device is composed so as to include a driver circuit

that can set a plurality of different slew rates and can set

the best slew rate according to each signal sending condition

comprising a predetermined data transfer rate and a type of the
L=# cable in use, high signal integrity can be obtained on each
' signal sending condition.

Furthermore, because the data transfer error occurrence rate is
monitored while the error occurrence is caused by a signal sent
to a signal receiving device from a driver circuit and the slew
rate of the driver circuit is changed to a wvalue that can
decrease the sending error occurrence rate below a
predetermined allowable threshold or decrease it more if the
sending error occurrence rate is over the predetermined
allowable threshold, high signal integrity can be obtained on
each signal sending condition even when the object slew rate
standard value set in the slew rate setting table is not the
best and the best slew rate is changed dynamically.

1 ) Although the best slew rate is set according to a predetermined
data transfer rate and a type of the cable in use in Embodiment
1 described above, the signal output device may be composed so

as to set the best slew rate according to only a data transfer
rate.

The best slew rate that can obtain high signal integrity also
depends on the number of peripheral devices connected to the
same cable. Consequently, the best slew rate may be set
according to a signal sending condition. The condition
consists of a data transfer rate and a type of the cable in use
that are set according to the number of peripheral devices
connected to the same cable and detected by the signal output
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device of the host system or a peripheral device, as well as
the number of the peripheral devices connected to the same
cable.

Embodiment 2

The electrical properties (mutual conductance, threshold
voltage, etc.) should preferably be the same between pPMOS
transistors and nMOS transistors of a driver circuit. However,
those electrical properties may possibly be different between
the pMOS transistors and nMOS transistors due to various

g;# conditions including the manufacturing process, etc. in some
cases. In such a case, the same slew rate cannot be obtained
at both start and end of an output signal of the driver circuit
if the same timing is set for switching both a plurality of
pPMOS transistors and a plurality of nMOS transistors of the
driver circuit as shown in (Figure 5) in Embodiment 1 described
above.

In order to avoid such a trouble, the signal output device in

Embodiment 2 is provided with a driver circuit that can adjust

a slew rate at the start of its output signal from the driver

circuit and a slew rate at the end of 1its output signal

separately, thereby the same slew rate can be set at both start

and end of its output signal even when electrical properties
| are different between transistors thereof.

Figure 12 is a block diagram of a driver circuit of the signal
output device in Embodiment 2 according to the present
invention. In Figure 12, the same symbols are given to the
same parts as those shown in Figure 5. The driver circuit
shown in Figure 12 is provided with pMOS transistors pl to p4,
nMOS transistors nl to n4, delay circuits DLl to DL, switching
circuits SWl to SW6, and an inverter 1IV.

The driver circuit shown in Figure 12 is composed so that the
switching timing of each of the PMOS transistors pl to p4 can
be adjusted separately from that of each of the nMOS
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transistors nl to nd, thereby the slew rate at the start of its
output signal can be adjusted separately from that at the end
of the output signal. The delay circuits DL1 to DL3 and the
switching circuits SW1 to SW3 are combined so as to compose a
device (a first device) for setting a slew rate at the start of
the output signal from the driver circuit when the switching
timing of each of the pMOS transistors pl to p4 is set
according to the values of the bits bl to b3 of the slew rate
control signal SRC. The delay circuits DL4 to DL6 and the
switching circuits SW4 to SW6 are combined so as to compose a
device (a second device) for setting a slew rate at the end of

"y an output signal from the driver circuit when the switching
timing of each of the nMOS transistors nl to n4 is set
according to the values of the bits b4 to b6 of the slew rate
control signal SRC.

Because the slew rate at the start of an output signal from the
driver circuit can be adjusted separately from that at the end
of the output signal as described above, the same slew rate can
be set for both start and end of the output signal even when
the electrical properties differ between pMOS transistors and
nMOS transistors.

The inverter IV inverts the transmit signal SIN entered to the

signal input terminal "in" from the controller, ﬁhereby

(I supplying the inverted transmit signal rSIN to the gate
electrodes of the transistors pl and nl, the input terminals of
the delay circuits DL1 and DL4, as well as to the terminals A
of the switching circuits SW1 to SWé respectively.

The delay circuit DLk delays an input signal and supplies the
delayed signal to the terminal B of the switching circuit swk.
In this case, the signal delay time of each of the delay
circuits DLl to DL6 is assumed to be T.

The slew rate control signal SRC entered to the terminal src
from the interface controller is used to set a slew rate of the
driver circuit. It is a 6-bit signal comprising bl to b6. The
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The switching circuit SWk connects the terminal C to the
terminal A or B according to the logical value of the bit bk of

= the slew rate control signal SRC. In this case, the switching
circuit SWk connects the terminal C to the terminal A at bk =
"0" and to the terminal B at bk = "1." The terminals C of the

switching circuits SW1 to SW3 are connected to the gate
electrodes of the PMOS transistors p2 to p4 respectively. The
terminals C of the switching circuits SW4 to SW6 are connected
to the gate electrodes of the nMOS transistors n2 to n4
respectively.

The source electrodes of the transistors pl to p4 are connected
to the power supply VDD and the drain electrodes are connected
to the output terminal "out" respectively. The source
electrodes of the transistors nl to n4 are connected to the
ground GND and the drain electrodes are connected to the output
. terminal "out" respectively. The output terminal "out" is
' connected to the AT cable 2 (see Figures 3 and 4) and the
transmit signal SouT output from the driver «circuit at a
predetermined slew rate is supplied to the AT cable 2.

The transistor pl is switched according to the transmit signal
r3IN and the transistor p2 is switched according to a signal
supplied from the switching circuit SWl. The transistor p3 1is
switched according to a signal supplied from the switching
circuit sw2. The transistor p4 is switched according to a
signal supplied from the switching circuit SW3. The transistor
nl is switched according to the transmit signal rSIN. The
transistor n2 is switched according to a signal supplied from



I10%\/r(|\/& ()- 9): 109 (ME ()- XPYQYRYSYTY_YbYJZvUA3( 9 110%2) & ()-|

2) &{()-

$,:*10%"2)c" & ()-m 9510%2) & ()- 10|\/r(|v|10|vr(|v|10|vr(|v| -

95! 109V (M8 () -sJZ[ ZZE] ~An* 0" | [:-410 2) 9 9y/110%2) & ()-9 9-10%'2)
9s$!10% 2) & ()-9 9f110%2) & ()-@9s- 10%

42

the switching circuit sw4. The transistor n3 is switched
according to a signal supplied from the switching circuit Sws.
The transistor n4 is switched according to a signal supplied
from the switching circuit SWé.

Figure 13 is a table for describing the operation of the driver
circuit shown in Figure 12. The table shows the correspondence
between set values of the switching circuits SW1 to SW6 and the
slew rates of the object driver circuit. As shown in Figure
13, the driver circuit shown in Figure 12 enables the same slew
rate to be set at both start and end of its output signal, as
well as in the four steps of srl (max.), sr2 (<srl), sr3
(<sr2), and sr4 (<sr3) according to the slew rate control
signal SRC (bits bl to b6) .

The driver circuit shown in Figure 12 enables the slew rate at
the start of its output signal to be set in five steps
according to the set values of the switching circuits SWl to
SW3 and the slew rate at the end of its output signal to be set
in five steps according to the set values of the switching
circuits SW4 to SW6.

For example, if SW1-3 = (ABA) is described for a case that the
switching circuit SWl is set to the terminal A, the terminal B,
and the terminal A, then the slew rate at the start ‘of an
output signal will be as shown below.

At SW1-3 = (ARA) ... rsri (max.)
At SW1-3 = (AAB) ... rsr2 (<rsrl)
At SW1-3 = (BAB) ... rsr3 (<rsr2)
At SW1-3 = (ABRBR) ... rsrd (<rsr3)
At SW1-3 = (BBB) ... rsr5 (<rsr4)
At SW1-3 = (ABA) and (BAA), rsr2 is assumed just like at SwW1-3

= (AAB). At SW1-3 = (BBA), rsr4 is assumed just like at SW1-3
= (ABB) .

In the same way, the slew rate at the end of an output signal
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At SW4-6 = (AAA) ... fsrl (max.)

At SW4-6 = (AAB) ... fsr2 (<fsrl)
At SW4-6 = (BAB) ... fsr3 (<fsr2)
At SW4-6 = (ABB) ... fsr4 (<fsr3)
At SW4-6 = (BBB) ... fsr5 (<fsrd)

The driver circuit shown in Figure 12 disables the same slew
rate to be set at both start and end of its output signal due
to a difference of electrical properties (mutual conductance,
threshold voltage, etc.) between the PMOS transistors pl to p4
and the nMOS transistors nl to n4 when the same switching
timing is set for the pMOS transistors pl to p4 and the nMOS
transistors nl to n4. It is assumed that the slew rate becomes
like fsrl>rsrlsfsr2>rsr2xfsr3>rsr3nfsrd>rsrd~fsr5>rsr5 when the
slew rates rsrl to rsr5 at the start and slew rates fsrl to

fsr5 at the end of an output signal from the driver circuit are
observed at each switch setting.

Figure 13 is a table for describing setting of the switching
circuits of the driver circuit in the above case. When SW1-3 =
(AARA) and SW4-6 = (AAB) are set, the same srl (max.) (= rsrl =
fsr2) is set for the slew rate of both start and end of an
output signal from the driver circuit. When SW1-3 = (AAB) and
SW4-6 = (BAB) are set, the same sr2 (= rsr2 = fsr3<srl) is set
for the slew rate of both start and end of an output signal
from the driver circuit. When SW1-3 = (BAB) and SW4-6 = (ABB)
are set, the same sr3 (= rsr3 = fsr4<sr2) is set for the slew
rate of both start and end of an output signal from the driver
circuit. And, when SW1-3 = (ABB) and SW4-6 = (BBB) are set,
the same sr4 (= rsrd4d = fsr5<sr3) is set for the slew rate of
both start and end of an output signal from the driver circuit.

In the above case, the driver circuit shown in Figure 12 can
adjust the slew rate in four steps of srl to sr4. BAny of the
above switch settings is written as the best slew rate
(standard value) to each signal sending condition in the slew
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operate at a slew rate of sr2 at both start and end of the

: output signal. At this time, the inverted transmit signal rSIN

kﬁ# is'supplied to the gate electrodes of the transistors pl to p3

and nl and n3 while a signal delayed by a time T from the

inverted transmit signal rSIN 1is supplied to the gate
electrodes of the transistors p4, n2, and n4 respectively.

When the level of the transmit signal SIN is changed from "L"
to "H," the transistors pl to p3 are turned on and the
transistors nl and n3 are turned off. A time T after that, the
transistor p4 is turned on and the transistors n2 and nd4 are
turned off. With the switching operations of those

transistors, the level of the transmit signal SOUT is changed
from "L" to "H."

- When the level of the transmit signal SIN is changed from "H"
! ) to "L," the transistors pl to p3 are turned off and the
transistors nl and n3 are turned on. A time T after that, the
transistor p4 is turned off and the transistors n2 and nd are
turned on. With the switching operations of those transistors,

the level of the transmit signal SOUT is changed from "H" to
"L- "

Consequently, when the level of the transmit signal SIN 1is
changed from "L" to "H," the driver circuit drives the AT cable
2 according to the switching states of the transistors pl to
p3, then a time T after that, the driver circuit drives the AT
cable 2 with its maximum current driving performance obtained
by the transistors pl to p4, thereby the driver circuit
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In accordance with Embodiment 2 according to the present
invention as described above, because the driver circuit is
composed so that the slew rate at the start of its output
signal can be adjusted separately from the slew rate of the end
of the output signal, it is possible to set the best slew rate
on each signal sending condition, thereby obtaining high signal
integrity on each signal sending condition, as well as it is
possible to set the same slew rate at both start and end of the
output signal even when the electrical properties are different
between transistors composing the driver circuit.

Advantages of the invention

As described above, according to the present invention, because
the signal output device is provided with a driver circuit that
can set a plurality of different slew rates and can set the
best slew rate according to a predetermined data transfer rate,
high signal integrity can be obtained on each data transfer
rate (or each signal sending condition comprising a data
transfer rate and a signal sending type).

Furthermore, because the rate of the data transfer error
occurrence, which is caused by a signal sent to a signal
receiving device from a driver circuit, is monitored so that
the slew rate of the driver circuit is changed to a value that
decreases the sending error occurrence rate below an allowable
threshold or decreases it more if the sending error occurrence
rate is over the allowable threshold, it is possible to obtain
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Figure 1 is a block diagram of a computer system in Embodiment
1 according to the present invention;

Figure 2 shows tables for describing an ATA interface standard;

Figure 3 is a block diagram of a signal sending system
conforming to the ATA interface composed of a signal I/0 device
of a host system, an ATA cable, and the signal I/O device of a
peripheral device (HDD or CD-ROM drive) shown in Figure 1;-

Figure 4 is a circuit diagram of a driver/receiver unit of the
peripheral device (HDD or CD-ROM drive) shown in Figure 3;
Figure 5 is a circuit diagram of a driver circuit provided in
the signal output device in Embodiment 1 according to the
present invention;

Figure 6 shows a table for describing the operation of the
driver circuit shown in Figure 5;

Figure 7 is a block diagram of a slew rate setting table of a
driver circuit provided in the signal output device in
Embodiment 1 according to the present invention;
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Figure 9 shows charts for the comparison between the signal
waveform of the signal output device in Embodiment 1 according
to the present invention and the signal waveform of the
conventional signal output device (at a low data transfer
rate);

Figure 10 shows charts for the comparison between the signal
waveform of the signal output device in Embodiment 1 according
to the present invention and the signal waveform of the

conventional signal output device (at a high data transfer
rate);

Figure 11 is a flow chart of the procedure for correcting a
slew rate in Embodiment 1 according to the present invention;

Figure 12 is a circuit diagram of a driver circuit provided in
the signal output device in Embodiment 2 according to the

present invention; and

\ Figure 13 is a table for describing the operation of the ariver
P circuit shown in Figure 12.

Description of symbols

1 ... Host System

2 ... ATA Cable

3 ... Peripheral Device
3a ... HDD

3b ... CD-ROM Drive

10 ... Mother Board

11 ... CPU

13 ... Main Memory

14 ... AT Controller
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3la ... Driver/Receiver Unit
32 ... MPU
33 ... Memory
40 ... Card
41 ... ATAPI Controller
4la ... Driver/Receiver Unit
) 42 ... MPU

Fﬁé 43 ... Memory
51 ... Interface Controller
5la ... Driver/Receiver Unit
52 ... Driver/Receiver Circuit
53 ... Driver Circuit
DL1 to DL6 ... Delay Circuit
SW1 to SW6 ... Switching Circuit
pl to p4 ... pMOS Transistor
nl to n4 ... nMOS Transistor
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a controller for selecting said selected slew rate of said driver circuit according
to a predetermined data transfer rate, said controller being configured to set said
selected slew rate of said driver circuit according to said predetermined data transfer
rate and a type of said signal sending line, wherein said controller includes a memory
system for storing a table containing a slew rate for each predetermined data transfer

rate, said slew rate of said driver circuit being set with reference to said table.

2. The signal output device, according to claim 1, wherein said driver circuit is

included on an integrated circuit with at least part of said controller.

3. The signal output device according to claim 1, wherein said driver circuit
further comprises:

a plurality of CMOS circuits; and

a setting device for delaying a switching timing of each of a plurality of said
CMOS circuits to control a wave shape of a transmission by a delay time set
according to a control signal from said controller, said setting device including a delay

circuit and a switching circuit.
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4, The signal output device, according to claim 1, wherein said controller

monitors a rate of data transfer error occurrence caused by a signal sent to a signal

receiving device from said driver circuit and changes said slew rate of said driver

circuit to a value that can decrease said data transfer error occurrence rate below a

predetermined allowable threshold.

5. A signal output device, comprising:

a driver circuit for setting a plurality of different slew rates and relaying a
signal to a signal sending line at a selected slew rate among said plurality of different
slew rates; and

a controller for selecting said selected slew rate of said driver circuit according
to a predetermined data transfer rate, said driver circuit being configured to adjust a
first slew rate at the start of its output signal separately from a second slew rate at the
end of said output signal, wherein said controller includes a memory system for
storing a table containing a slew rate for each predetermined data transfer rate, said

slew rate of said driver circuit being set with reference to said table.

6. The signal output device, according to claim 5, wherein said driver circuit
further, comprises:

a plurality of first conductive transistors provided between a signal output
terminal and a first power supply;

a plurality of second conductive transistors placed between said signal output

terminal and a second power supply;
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a first setting device for setting a turn-on timing of each of a plurality of said
first conductive transistors according to a first control signal from said signal output
device if the level of an inputted signal is changed from a first level to a second level;
and

a second setting device for setting a turn-on timing of each of a plurality of
said second conductive transistors according to a second control signal from said
signal output device if the level of said inputted signal is changed from said second

level to said first level.

7. A signal sending system, enabling a signal to be sent to a host system via a
signal sending line, comprising;

a signal output device that can set a plurality of different data transfer rates
and send a signal to an object device via a signal sending line at a selected data
transfer rate, said signal output device including:

a driver circuit for setting a plurality of different slew rates and
relaying a signal to a signal sending line at a predetermined slew rate; and
a controller for setting a slew rate of said driver circuit according to a

predetermined data transfer rate from a signal output device provided for a

host system, a type of said signal sending line, and a quantity of peripheral

devices connected to said signal sending line.
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8.  The signal sending system, according to claim 7, wherein said signal sending

system conforms to the ATA interface standard.

9. The signal sending system, according to claim 7, wherein said signal sending

line is one of a plurality of signal sending lines included in a flat cable.

10.  The signal sending system, according to claim 7, further comprising a
peripheral device selected from the group consisting of a hard disk drive (HDD), a
compact disc read only memory (CD-ROM) drive and a digital video disc (DVD)

drive.

11. The signal sending system, according to claim 7, wherein said signal output
device is mounted on a card of a peripheral device or on the mother board of said host

system.

12. The signal sending system, according to claim 7, wherein said signal output

device is mounted on a mother board of said host system.



