;Z[\]e3eo 04p<@6TT s TITLE OF THE | NVENTI ON ELECTRONI C DEVI CE W TH SERI AL
ATA | NTERFACE AND S| GNAL AMPLI TUDE AUTOVATI C ADJUSTMENT METHOD BACKGROUND
OF THE I NVENTION 5 The present invention relates to an el ec ce
for serially transferring data using a serial ATA (Advancﬂmmmﬂﬂwﬂ m@g&
Attachnent) interface. More particularly, it relates to a

device and signal anplitude automatic adjubtment nethod utili 2i5H8*10 a
serial ATA interface suitable for automatically adjusting the anplitude of
a serial data signal, output to a serial ATA bus, in |ight of the signal
attenuation of the serial ATA bOSTLAt Opr ESENTINVENDICAY ds for serial ATA
interfaces 15 as a new type of interface for use in disk drives are now
bei ng wor ked OUELESERDHICATAVIGEeWIZEeSERLALUSEE ANTERFAREcANERC S een a
peri pheral device, represented by netic disk drive, and a host (host
system represeﬁMBHIﬁVDE b@?@ﬂﬁ&ﬁchﬁﬁ%ﬁ@MENﬂnMﬁﬁHQDQO p0|nt serial ATA
interfaces are simlar to conventional ATA interfaces_(i..e., parallel ATA
interfaces) . A peripheral dé@@%%ﬁ%@?%DaogeFH%lI%ﬁﬁNFﬁ @rface such as a

magneti c d|sk drive herelnaft referred to .2 "H % i S .connected
to a host°by a serlal DEuBTesR u&ﬁvﬁﬁtﬁﬂﬁ & FE’&BH%%;#&H%Q&vath an

ATA interface, cessar convert. an ATA i nterf into a
serial ATA |nte?F¥&8e ﬁa 885§8ﬁ?y SBPELRTATAS; dt%r agg%%hﬁosgﬁl A
i nterface.

SUChATRt?Adegﬁced Technology Attachment) interface. More
particularly, it relates to an electronic device and
signal amplitude automatic adjustment method utilizing

10 a serial ATA interface suitable for automatically

adjusting the amplitude of a serial data signal,
output to a serial ATA bus, in light of the signal
attenuation of the serial ATA bus.

At present, standards for serial ATA interfaces

15 as a new type of interface for use in disk drives are

now being worked out. Serial ATA interfaces are used
as an interface between a peripheral device,
represented by a magnetic disk drive, and a host (host
system) represented by a personal computer. In this

20 point, serial ATA interfaces are similar to

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

A peripheral device with a serial ATA interface,
such as a magnetic disk drive (hereinafter referred to

25 as an “HDD”), is connected to a host by a serial bus.

In such an HDD, to secure compatibility with an ATA

interface, it is necessary to convert an ATA interface

[T
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conversion is performed by, for exanple, an LSl (bridge LSI) called a
serial ATA bridge. 5 In the serial ATA interface standards, three | ayers of
different functions, i.e., a physical layer, link layer and transport

| ayer, are defined. The physical |ayer has a function for executing

hi gh-rate serial data transm ssion and reception. The physical 10 | ayer
interprets received data, and transmts-the data to the link layer in
accordance with an interpretation result. The physical |ayer also outputs a
serial data signal to the link layer in response to a request therefrom
The link |ayer Suppl&esethel phyai taktekéger, 15ndi thnaeréquesertialoAlput a
signal. The link |layer also supplies the transport |layer with the data
transmitted frommteefahgsichd bayBLA Theetfanspor Suchyentpeffioens
conversion for operations based on the ATA standards. Assum ng that the
above- ment i onedcQUversige Ls|resfoseadi hyanfppDexeneleol énofSthe transport

| ayer corresponds to the role of the ATA signal output unit of a
conventional ho§Prifige LELiisadlataaceRRéeti AP PRédER-dge LSl is connected

to the disk controller DC) of the HDD via an ATA bus 25 r a bus

Lol Cantoni Lot hel AFA ) batiad STl RB RE AN Birate it dhrRs

Accordi ngly, in,the conpecti.gn be en the _bridge LS and HDC.of the HDD,
oporations  LaVCEE P e aR bR CF B nOB L ORAY abad 7 n 2t REVATRSnCAYFRCe

st andards or co i i t r e r.far 4dn i.s case, the
portion of the g@ﬁ%e£%§3%1%§dtﬁga§%?§gg géya%heggfngfgggepéfe?&gd to as 5 a

Jmein DD uni ¢ dnyegandsILhe; Rhd08 |rbhcdsoRn [BRPRLAS 08l Bladessul g

a command to the tain HDD unit. According e main HDD unit” operates in

the same mannersasgialcaa¥antiranshiEBPoHt bhidzregefTASONNESl §hysikids, the
serial ATA interface has 10 conpatibility with the ATA standards concerni ng

protocol sosuch asykegifakrpesmBnésceliovavaatag daba tIiagralitspahal leltadat a
signal) processed by a parallel ATA interface nust be converted into a
serial data sighal thablThik 3exeal iATAckptreahaee witthndar ds teirpreltattd odrhat a
cable with a length of 1 m at maxi rum can be used for data transfer using
a serial ATA inresfidte. Fhethbysirheé deweal 2aAFA outtenftace steaiddr dsitset s

t he maxi mum and m ni mrum anplitudes of a signal at 20 the receive side to
600 nV and 325 wgnaésﬁ@cggeeﬂynkAéwam PN HEOROPEsEe Weed amsaredttuses are
connected using a serial ATA interface, attenuation in a data signal due to
the cable (seri &PeATArBls) G8EdLlANSt LB¥eCoRsPReies. thfahvsics lgadry s gnal

output from?25 a.transmtter that uses. a serial _ATA jnterface attenuates
Whi Lo pabSing tHibOgR FREUEREI SO CUEPHE ATALGRS). - ARE fddih taddio

anpl i tude of thSlgét%uﬁkgﬁgg the transport layer with the data

transmitted from the physical layer. The transport
layer performs conversion for operations based on the
ATA standards. Assuming that the above-mentioned

20 bridge LSI is used in an HDD, the role of the
transport layer corresponds to the role of the ATA
signal output unit of a conventional host that
utilizes ATA connection. The bridge LSI is connected
to the disk controller (HDC) of the HDD via an ATA bus

25 {or a bus compliant with the ATA bus) based on the ATA
interface standards. Accordingly, in the connection

between the bridge LSI and HDC of the HDD, operations



J

- 4, is inevitably reduced when it is received by a receiver. Thus, when
the anplitude of a signal output froma transmtter is determ ned so that
at the receive side, it falls within the range stipulated in 5 the serial
ATA interface standards, attenuation due to the cable nust be considered.
Assune here that the anplitude of a signal output froma transmtter is set
in light of maxi num signal attenuation-4ha ot€curs when a cable of 1 mis
10 connected between the transmtter and receiver, so that at the receive
side, it falls within the standard range. Assune also that the transmtter.
is actually conegeiesdlémwtthe tecetvetipylatyer ynsbhet Atabliates€rnical ATA
bus). In this case, the attenuation of 15 a signal due to the cable is
smal | er than thetasdands oaxcompabibtauaitbnthehetefhdaedsheract ual signal
anplitude at the receiver is higher than in the maxi num signal attenuation
case. As a resuperfermednpl Irutleisfcassi ghhe peceivoadoffagheeHPDbe hi gher
than 20 the reference (standard) value, which nay adversely influences the
recei ver. On thexXetweingaklde Pridaeohflcabreeisaised ®WREpsTreHetamgbit ude of
a signal output froma transnmtter is set in Iight of a_short cable, the
anpl i tude® of a &i ghatn rBeki vyt mayrpearenethenkhridget helr 8éfeBnce val ue.

The above-descri bed case ere ap assuned cable length differs fro n
actual one can %%%%F3€H§n$gﬁa§) gog lﬁﬁBéPgtﬁscPﬁmﬁﬁﬁcﬁoat @rPﬁPnA%h%
interface is co ted,i f,or a , . - Si HDD_( magneti ¢, di sk
irivey Tnis e prabfarn Bt Rin T Eag nEs ATRPL, RhEE, PRERETRE TR Be8 San e

used not only aéaﬁesﬁgéﬁgf £9ra5c§P98ﬁFE8§aﬁoﬁBBtEEil&EEﬁgaﬁbirge'SiZe HOD,
or tabl'e electr sdch “as

but al so as a storage a por oni ¢ devi ce, a

not ebook-type pessRBati&RIPUTRNLs, THHE, s@rsHR! hrdl 2RtHPP caNHAG used in
various occasions. If an HDD is used as a storage for a portable electronic

device, 1§ the spasgerivilihe HPbhi shgeAenrakkynga®Rbk. cbRAckknsnease, the
degree of freedom of selecting the length of a cable connected between the

HDD and el ectropretdeylsesushl aw. 169t cexagphrantk.a Boeivieeh HDQats used as
a storage for a notebook-type personal conputer, 15 the HDD is directly
connected to theigoaputiearallbdbutiahacabbralThpspcessthebyase pafraidedssary
to change the | ength dependi ng upon the situation. cable |ength cannot be
set in 20 the abbheimbprfepednuatebahepaveshgthidicof er setiom dadaact ual a
small HDD, it is of the cable used, In other words, the advance. This

rai ses the assufedR@abl e one. Jpn. Pat. Appln. KOKAI publication No.

2000- 13283 (hereinafter referred to,as a "prior art docunent”) discloses a
syst em et pped wi t h'ResFgRaPLt PARsARSSESACe standards stipulate that

a cable with a Length of 1 m, at maximum, can be used
for data transfer using a serial ATA interface.
Further, the serial ATA interface standards sets
the maximum and minimum amplitudes of a signal at

20 the receive side to 600 mV and 325 mV, respectively.
Actually, however, when apparatuses are connected
using a serial ATA interface, attenuation in a data
signal due to the cable (serial ATA bus) used must be
considered. That is, a data signal output from

25 a transmitter that uses a serial ATA interface
attenuates while passing through the cable (serial ATA

bus). As a result, the amplitude of the data signal



25 devi ce capabl e of automatically adjusting an output signal |evel

regardl ess of a cable length enployed. In this system a training signal is
output from - 6 a vendor device (first signal transm ssion unity to a
user device (second signal transm ssion unit) before actual data

comuni cation. The transm ssion |level of the training signal is set to a
maxi mum | evel preset 5 between the vendor 4lewvi ce and user device. The user
device detects the reception | evel of the training signal, thereby
estimating.the signal attenuation of a signal transm ssion |line. Based on
the signal attensiaiheniegdlyhecdaeept whansensiki yetgiokdtbe 10 vendor
device, the user device determ nes an actual transm ssion |evel for data
comuni cati on. dbrecspeerfi c@ahly, whent thasampiibndkewvél ai sidetérm ned so
that the level of a signal, which has been output fromthe user device and
has reached t heowepdbr fdemi setragsnbtEquali st dethenihadnam shghaktl kel t hat
can be received by the vendor device. At this tinme, the user device-
transmts a trafF@Fagvei gh@le,of»tafﬁﬁieisnmi:hévethteorﬁﬁéevéﬁésulééeidcén The
vendor device estimates, fromthe reception |level of the training signal,
the signab 20 athensarieh B?Ath€t§F§ﬁ§? ftandatrdsi ontrrREatBREedUsN tPhe

si gnal attenuatton and.the reception sensitivity of the user device, the

vendor devi ce def®rrPhes EHSECP af°PPaASHLYsi on | evel for data

conmuni cati on. More igeC|f| theﬁéransnls i on deter@ ned

so that the level of “&°§f"Gn Frewﬁpéﬁ S BB Hﬁﬁuf%f%oﬁﬁﬁﬁ'qvgﬁ&g Hdevi ce
and has reached Egﬁ ggaﬂﬁﬁiggerlgeegggl Eslégﬁt”b%' Ehgnglﬁggﬁel t hat

~ _ can be recelve e user vice scri be ove the signa

transni ssi on deXtE@nQSE%hb%ﬁat”oEEﬁr@r W%n%t cdgguneRt 1 wher a training

signal of a preset level Is transmtted 5 from another device to the signa

transm sgpon de&bﬁﬁe&tédabétﬁaéﬂl%ﬁboﬂrbh@ﬁatka% sihgnak catikeryaticon of the
transmission line is estimated fromthe reception | evel of the signal.

Based on the esthast henthesukteit/BestBansnitssiaon sl evehiaf taesisgraldagd put
fromthe 10 signal transm ssion device is determned. It is possible to
enpl oy the transanhgsi onAkeuak altomahiat &theustamrhmitéeelniiguectdeddn bed in
the prior art docunment, in a systemin which apparatuses therein are
connected vi a acesnpatedTAoi hiher Faceives Howeverryt sbomti eabdret docunent
merely descrlbes that the transm ssion level is determ ned so that the
reception |evel (s5épbdARAeRuE)si ghll tHdEpGRSkr ofhehé teiegialt iomamdni ssi on

devi ce has reached another device via the transnission line is equal to the
i ni num 20 S|gnéIsF89€ﬂ PHéttEaﬁhﬁecﬁééélﬁédSH@ d&rd theRethGedissdmedh t he

ther hand, th |, ATAcEnLenface st d late th d
i i mum bl | BB BRa L EGRAP T Rpat RS Jo i ¢ derva

Therefore, even_ %1&@8d8r5%r %rtae%e§Q%I|§% %ﬁgifﬁsfh Q}HﬂlmhICh

appar at uses there are COI’II’IEC'[ ed via seria ace It 1's not

easy to make thg,amplit Udgndh af tehRUlk i$nIRals (I eGel ‘éedreséxﬂ”c%' et the
amplitude of a signal received may well be higher than
20 the reference (standard) value, which may adversely
influences the receiver. On the other hand, if a long
cable is used where the amplitude of a signal output
fromva transmitter is set in light of a short cable,
the amplitude of a signal received may be lower than
25 the reference value.
The above-described case where an assumed cable

length differs from an actual one can occur when the



_g,_receive side fall within the standard range. Mreover, since the

| evel (anplitude) of a input signal (received signal) fluctuates, the
estimated signal attenuation varies dependi ng upon the signal 5 |evel
detection tine. Therefore, in the prior art, the determ ned transm ssion

| evel may fall outside the range stipulated in the serial ATA interface

st andards, dependi ng upon the signal |evel5detection tine. 10 BRI EF SUMVARY
OF THE | NVENTI ON An enbodi ment of the invention is directed toward an

el ectronic device with a serial ATA interface having a signal output device
for outputting @pserdahs ded avisi@nak serpasenral iATérbasecobnechhbgtibhe 15
el ectronic device to another electronic device. The serial data signal is
to be transferred, tot hexampl beraesrellonicededDcémmbnehial daskas a seri al
ATA interface. A signal input device is provided in the electronic device
for receiving adskvénl dBbassignfbr20her &nslevwind feamrhhe aRdtrhEhy,

el ectronic device via the serial ATA bus. Also provided are a peak
detection circudtsnahlavbragihy epnchet usadcbapaPnsdnasi AcEiceorang &Rr
anplitude_ adjuster. The peak detection circuitdetects_an anplitude of the
serial data S|g%a@eQBt?@c%PWEHtﬁyrtﬁék§|@néﬁrgﬁpﬁﬂzaeﬁpge bgfke2aver 4§i ng

circuit averages the anglltude det ect |ts, of the peak detection
circuit. The co%p%??%% de9F c@ porta Ei gFBEthQEX%EFagFHS r&Sulft of

h h d dth
anpl | 1 ude”ad uster Sxop Yt P BaRgas §ﬁ5 eolBlE e 2L bt o T2 0t o
devi ce, an am"hﬁgd??ﬁf oL he s %r@ghgagag%&oa tput by oo gnal

out put devi ce suc at “when he seria a si ouf put fron1the si gnal

out put devi ce igsLaPbL §0sthPaBROEHET 2chBELERNLC cdRLke YA b Bgr T al ATA

bus, the input serial data signhal has anh anp |tu e at | east

approxi npg el y egyal s }%QCEhEOEXEﬁEt 86Dl ABUGeBk@RAN yaBRREI L ude In| r&h@%cor dance
wi th ot her enmbodi nents of the invention there is provided a system

conpri si ng havi 8gsa, f thet debestr efi ¢rdedbaecliavicngca iner ithle ABAGEh of
interface; a second electronic device having a serial ATA interface; and a
serial ATA bus sonaketti agnhbettdr betekent thri €Ddewnce eflectthrensecond

el ectronic device. The first electronic device includes a first signal

out put devi ce fdevbaepust Loy, t8orhexsmpilal, ATA226 .bugnch D dls detedl
signal to be transferred to the second electronic device; a first signa

i nput device forsrecéForagealfser ranogabaok-giae peEsoNalr SOMPUGMI he second
el ectronic device via the serial ATA bus; a first peak detection circuit
for detek?ing 2§h§nHBPpF?t96666F1¥h€0§€ﬁp§ﬁdd§9at§@gﬁ§mﬂq§%¥\H%$QQPQhe
first signal in ut device; a first erag in CIrCUI avera i ng
anpl i t ude detec bEESUI?Euﬁf ﬁﬁetglr§9 é&k%@ circuit; a

first conparlson deV|ce f 8 egggrl@%eaﬂe%,%%a%Eth{es It cﬁ gggaflrst

aver agi ng circuttowrth dn inpuft S|gnal i tu etertfi ned from a
reference 'nDUtdébgﬂahnanﬂbbEUQEef% tuation. In other words, the

cable length cannot be set in advance. This raises
20 the above-mentioned case where the assumed cable
length differs from the aétual one,

Jpn. Pat. Appln. KOKAI publication No. 2000-13283
(hereinafter referred to as a “prior art document”)
discloses a system equipped with a signal transmission

25 device capable of automatically adjusting an output
signal level regardless of a cable length employed.

In this system, a training signal is output from



5 the serial ATA interfaces; and a first anplitude adjuster for adjusting,
based on a conparison result of the first conparison device, an anplitude
of the serial data signal output by the first signal output device such
that when the serial data signal output 10 fromthe first signal output
device is input to the second electronic device via the serial ATA bus, the
i nput serial data signal has an anplitude @t 4 east approximately equal to

t he expected input signal anplitude. 15 Further the second el ectronic

devi ce includes a second signal output device for outputting, to the serial
ATA bus, the sesaiabndatadstrgoal (output shynbbetseasndssignalinatl ptib devi ce;
a second signal input device for receiving the serial data signal output 20
fromthe first sigsat devpot deecordvsaghhe seenamiAFAobusnis)seedndepeak
detection circuit for detecting an anplitude of the serial data signa

recei ved by theasteashddstgnabmmnputatiévohce; Thesetondmaveiagi agveilrodit for
averagi ng anplitude detection results of the 25 second peak detection
circuit; a secoRbecbapaRrisensdepptelpopetofipari B§XARUAYELHGINGTRESH t of

t he second averaging circuit with the expected input signal - 11
anpl i tude® and Be&WesRdthRApVERUaE dAfiiSEepNforS8d) dSViRE, bASEdUSRTa
conparison result of the second conparison device, an _anplituyde of serial
data signal outBEVIE§ gﬁgeg Eoﬁhesr ﬁﬁP%6GPp§FVHEVP%etEGCﬁrﬁﬁgﬁng when the

i al dat i I t f t he, d si l, devi S i tt
the first ol ectrofie aerreEearacohdRaErrs ThTaCh a8 Al HE FRbGE ok Pl "dat o
signal has an agpLibhde @Laheastsapar oxbma! ehy gaual LAt e xpected input
signal anplitude. et anot her enbodi nent of the invention 1S

characterized agtac-ABLR9EnOLnavLARBLLERLLY 0RdLEELH R VAR OREPYH ST gnal
anplitude. The nethod is enployed in a systemin which a first electronic

dev!ce W@©h a SeéhabrAaévhab?fEﬁ@eubérCa@Q@@keae%@rﬁi&%%OB@ g@;@bgptronic
device with a serial ATA interface via a serial ATA bus, the first

el ectroni c devi ceahbrligging devkgndbrodaput cdemuae cheionut puolkieng a seri al
data signal to the serial ATA bus, and a signal input device for receiving
a serial data 28pscgfiabatigpstaer édahsoiscienséeord elsecerternd ndelisoe vi a
the serial ATA bus, the output signal anplitude being an anplitude of the
serial data sighhbtothputetednofhe siignal,ouwhpoh desi beeno outpugerfiram ATA
bus. The nethod enconpasses detecting an anplitude of the 25 serial data
signal receivedtBg BRerspgNicei apdt hdsvireachgd &hsaisnded fedd@@ncyis t he
detecting per f or med during a predeterm ned tinme_period ,
5 equal to the minimum signal level that can be received
by the vendor device. At this time, the user device
transmits a training signal of a maximum level to the
vendor device. The vendor device estimates, from the
reception level of the training signal, the signal
20 attenuation of the signal transmission line. Based on
the signal attenuation and the reception sensitivity
of the user device, the vendor device determines an
actual transmission level for data communication.
More specifically, the transmission level is
25 determined so that the level of a signal, which has

been output from the vendor device and has reached the

user device, is equal to the minimum signal level that



- 12 averaging anplitudes detected during the predeterm ned periods
conpari ng an average acquired by the averaging with an expected i nput
signal anplitude determ ned froma reference input signal anplitude for the
serial 5 ATA interfaces to produce a conparison results and adjusting,
based on the conparison result, an anplitude of a serial data signal output
fromthe signal output device, such that vhen-the serial data signal output
fromthe signal output device is input 10 to the second el ectroni c device
via the serial ATA bus, the input serial data signal has an anplitude at

| east appr oxi met&hybequateived ey expectiedri aptiicaignal anplitude. The

i nvention may further be characterized in 15 accordance w th anot her

enbodi nent of the i nkentieenrabednabbeetr ani ¢hdegigaal thaassesisdlonATA
interface having a signal output device for outputting a serial data signa
to a serial ATAldusceonpecrilbgdt he thecpronkcadévileegumensnowhenr el ectronic
device, the 20 serial data signal to be transferred to the another

el ectronic deV|%etr4h%l%ﬁo§h@@aél@Et@oﬁFésﬁévﬂéﬁeﬁaéSat§éﬂﬁﬁﬂthﬁﬂ
interfaced a signal ut device for receiving a serial data signal

transferred fro ?%ea% B?ﬁ%rd%VéE?rEﬂlEhle§ﬂaﬁaélErﬁﬁémééﬁﬂap ﬂ?ﬂlﬁﬁsh 25 a
detection CIrCUIt for detectln ang % de of t rlal data signa
recei ved by the %?gﬁa?r?Hﬁﬂtsﬁ %%n ﬁﬁa?ﬁgﬂﬁ d@ 8EuPBF°Boﬁ%aring t he

anpl | tude adj usTes ForhHEtarhon § msggg LR st RS ol
conpar i son devi gy an, 2 i g, M@% ﬁggeaetha a8 3803LoutRun by S the

si gnal out put devi ce su t hat e seriral ata Si (ontthe

si gnal out put d@yéC@raﬁsmmggtoaolt%lae@t bet ; ghest Ba@batd@\fbﬁtetwea the
serial ATA bus, the input serial data signal has an anplitude approxi mtely

equal torghe eX@ggﬁ@g thpHEmSE5gN8h dOvaspl ikuderethenanp! i ttude sadj ust er
mul tiplying the anplitude A by a coefficient |less than one so that the

i nput . seri al dapassilgbal tanphplogeths CAanwBméBstisnl @éesetlhantbhetaxpect ed

i nput signal anplitude. Enbodi nents of the invention are directed toward 15
a net hod of autadntstmehy bdrbsigng, adesutrpbedsignaheapplicttudet The net hod
is enployed in a systemin which a first electronic device with a seri al
ATA interface igdocaneett eénte aysteondnewbdrhopbpadetiuseswithieraiveriral ATA
interface via a serial ATA bus, 20 the first electronic device including a
first signal outpuRedbofcBiaapdsariptsATA dAARTEAGEt device, and the second
electronl% devi ce |nclud|n a second signal output device, and a second

signal itput devi ce. *PHEVAEL h58Ci REFGdes L ta ot aeeH EW%Q%} desqradefat a 25
i | S1 f h tput _d the first | t

devi ce over t hme‘L-%%F-sﬁﬁo AEREpiRRsppphhLeate 1 Ce&ﬁ%r’?ﬁﬁ%&déoﬁﬁ‘%&a B al

d i | S1 . f h

cecond ognal oregeRtughEE T s kel LEER albdifal, TRHbUET S L O

expected | nput signat eppbihude i det AL bRl O'Pe%c'h%fde 808 Jr Rty fignal 5

anplitude for the serial ATA interfaces to produce
via the transmission line is equal to the minimum

20 signal level that can be received by said other
device. On the other hand, the serial ATA interface
standards stipulate the maximum and minimum amplitudes
of a signal input to (received by) a receiver.
Therefore, even if the prior art is applied to a

25 system in which apparatuses therein are connected via
a serial ATA interface, it is not easy to make the

amplitude of an input signal (received signal) at the



1

a first conparison result; (d) determ ning, based on the first conparison
result, an anplitude Al of a serial data signal output fromthe first

si gnal output device, such that when the serial data signal 10 output from
the first signal output device is input to the second signal input device
via the serial ATA bus, the serial. data signal received by the second
signal input device has an anplitude egual8to the expected input signal
anplitude; (e) adjusting the anplitude Al 15 by multiplying the anplitude
Al by a coefficient, Cl. less that one so that the first signal output

devi ce out put s reseival stidé af sl pnal thiwi tige aptanpitiudengd AL, and the
resulting serial data signal is transmtted over the serial ATA bus and is
received as si gfafe@Per0 dHintdhetlsecbedesi gammplinpde) de¥i eeimpdthas an
anplitude |l ess than the expected i nput signal anplitude; (f) transmtting a
serial data sighWdnsl fremeivedfsignat] ghhhcbuepas, debecestemehedsecond
signal input device over the serial ATA bus; (3) detecting an anplitude of
25 the signal SPlgezkiakienyatien seebhes sfighan iﬁﬁuFP@@vFg@ sighrthe first
signal output device; (h) conparing the detected anpljtude of the signal S2
with - A5 ante%pecieFhiRn StBRal aApFrEaHe’ debeFRAfnBEIPF0ATS ref erence

i nput signal anmplitude for th ial ATA int d d
compar i son resURtS G SCHBLRTh F FEe bRSLAPOhCE Rt Sakoht ConBrran Chesul t

5 an anplitude é%%ﬁét%%?g%%ehegaig Eﬁgn éaggipﬂ&AfEﬁg%%?%ﬁgecond si gnal

out put devi ce, he "serial "data signa fromthe second
si gnal output dgyi 1SN the firs i gk hn el kLa.the
serial ATA bus,§¥ gggté?hlg‘a?%&%%%n%%béOE?échgéaib?gﬁﬁg ?F?gg%gganal

i nput devi ce hagipg_ anplitude equal to the expected input signal anplitude;
(j) adjusting the anplitude A2 by nultiplying the anplitude A2 by a
coefficient, C2. |ess that ppersosthehrivhersegegndnsyrghnalbnout put device 15
outputs a serial data signal having an anplitude C2A2, and the resulting

serial data signal ianteabsdiineértd o¥eththensenitabnATA bHuseandd $owacei ved
by the first signal input device and has an anplitude |less than the
expect ed i nput angabéchanphitudevi@® BREEFaDESCREPTATN ORtEHEaSEVERAL VI EWS
OF THE DRAW NG The acconpanyi ng draw ngs, which are incorporated in and
constitute a paravihgtiessgeel feetpibndevitastpat eubnbbdiimanes sefritlie
invention, and together with the general description given above and the 25
det ai | ed descri@tfansdgnzhetendosehint sAghvERsShePBRecEdépgeths expl ain the

principles of the invention. FIG 1 is a block diagramillustrating the
- 16 cdH?igura?}%ﬂtB?nh¢s9§Yéﬁ?eﬁﬁiﬁB@HhﬁFtﬁlscﬁﬁgHéFiéeHF§E-drive ( HDD)

according to anTﬁgbggéfgftdgLatQEgnal is to be transferred to the

another electronic device which also has a serial ATA
interface. A signal input device is provided in the
electronic device for receiving a serial data signal

20 transferred from the another electronic device via the
serial ATA bus. Also provided are a peak detection
circuit, an averaging circuit, a comparison circuit
and an amplitude adjuster. The peak detection circuit-
detects an amplitude of the serial data signal

25 received by the signal input device. The averaging
circuit averages the amplitude detection results of

the peak detection circuit. The comparison device



v invention; FIG 2 is a block diagrammainly illustrating the 5
configurations of output signal anplitude adjusting units 13 and 23 and
signal input/output circuits 121 and 221, which are incorporated in the
systemof FIG 1; FIG 3 is aviewillustrating reference 10 anplitudes for
the output and input signals of serial ATA interfaces; FIG 4 is a graph
illustrating the rel ationship between the @anptitude of a data signal at the
receive side and the cable | ength of an SATA bus 30, when the 15 anplitude
of the data signal at the transmt side is 400 nV; and FIG 5 is a
flowchart ill ustompangsatheosedvaginperésuiredofnthemadetagahyonintuthe
enbodi nent, for adjusting the anplitude of an output signal using the 20
out put signal amptitadecadgasedngnomitsigBaandmp3itDEFAI &ED DRSCRI PTI ON OF
THE | NVENTI ON An enbodi ment in which the invention is applied to a system
equi pped with aampghbtde didrsbervedhustngbassdr pal 2aATAPALEEPRCE
(hereinafter referred to as an 25 "SATA") will be described in detail wth
reference to theEeBetbnpaniPAgCaRadrhgen APELCE, | anaappdikudragfaihe
illustrating the configuration of the sysiem equi pped - 17 with the
magneti c di sk d??%aihg?E?néf%?lrQFEW dbﬁ’otag éggnﬁibD@)lFPHEcE}FHilﬁﬁ to the
enbodi nent of the invgn#iog. A? shgmn in HDD 10 coqpri%es afnain HDD uni t
11, serial ATA %??%gg f e’ Fﬂa_?%r_?ﬁ?@ rga f0°39"8 aﬁu'gﬂ%A Efpdge") 12
and output signgj,agpliLydg,adhushLgenit 1RpuheomehE ERBcHalt 11
corresponds

electronic device via the serial ATA bus, the input
serial data signal has an amplitude at least

10 approximately equal to the expected input signal
amplitude.

In accordance with other embodiments of the

invention there is provided a system comprising having
a first electronic device having a serial ATA

15 interface; a second electronic device having a serial
ATA interface; and a serial ATA bus connecting the
first electronic device to the second electronic
device. The first electronic device includes a first
signal output device for outputting, to the serial ATA

20 bus, a serial data signal to be transferred to the
second electronic device; a first signal input device
for receiving a serial data signal transferred from
the second electronic device via the serial ATA bus;
a first peak detection circuit for detecting

25 an amplitude of the serial data signal received by the
first signal input device; a first averaging circuit

for averaging amplitude detection results of the first



¥

to a conventional HDD for perform ng parallel data transfer using an ATA
interface. The SATA bridge 12 is fornmed of a one-chip LSI. The SATA bridge
12 10 functions as a SATA interface control circuit for performng

i nterface conversion between an ATA interface and SATA interface. The SATA
bridge 12 is connected to a host 20 via a serial ATA bus (hereinafter
referred to as an "SATA 15 bus") 30. The host -20 is an el ectroni c device
using the HDD 10 as a storage, such as a personal conputer. The SATA bus 30
can have different |lengths in accordance with different occasions of use.
Dependi ng upon pdek héetetotorxahpteitt he Hostt2Qohpa@sannakethaek foype
personal conputer or desktop-type conputer, the I ength of the SATA bus 30
vari es. The SAT¢ohpsrB0gcan beefaghed oEsaltablfethel édtrsiccawmerepiag wiri ng
pattern. The wiring pattern can be formed on the printed circuit board of

t he host 20. |nciheuRs ehbbdaneaxrpeched| éngul efighhé SAPAibusle30 will be
referred to as a "cable | ength" regardl ess of whether the bus 30 is fornmed
of a cable or wietagpRetefhon a.refergpeesATRUbr pdgaaizamplighpectted to
the main HDD unjt 11 via an ATA bus 14 conpatible with the ATA interface
standards® The Ha8tSeBlebnPffséRtarfiarRshoshdupi €158 SMPAISEUBR dge 22 and
out put si gnal aqglitgde ?d%uséing uni t %3. The main host .unit 21
corresponds to A-¢ORVEht FORhafRERELREr BaFFSr APng HRFRPEESHat g Sttdnst er
usi ng an ATA inter e cL.dge s f f, ne-chip LSI

li ke the SATA bé?dé@g1§l%g€o$égﬁégﬁﬁgg18gg+ﬁ§’s%%gggP?&Sgdgzg o ons as a
SATA interface | 5GLLCUL r ra,Ngs, N ce: ers| et ween
an ATA interfacggg%égsi 5i§%§?%§cgagéﬁg gXTgh%r?gg%%Zglggggoﬁﬁggﬁgg to the
HDD 10 via the @&Ffcbusudh- tihe wAdA Bhedger221i 8a2kSQilnaq0BReehed to the

mai n host unit 21 via an ATA bus 24. Buses, such as peripheral conponent

interconnect (PE&Edmbubestiesfpatiphhe wutButhgehlAcbusesnphtand 2damay be
enpl oyed i nstead of the ATA buses 14 and 24. In this case, the SATA bridges

(SATA interfaceseoohdobl@ftebntui eyit? atid ZRecarrbalpnpon éed,i tha PC
bridge. The SATA bridges 12 and 22 have physical |ayer processing units 120
and 220 and |i nkhpubnseoi&ll dger pigoedshag ani bspli2udeda222east
respectively. The physical |ayer processing units 120 and 220 25 execute

hi gh-rate seria@pﬁﬁ@&lmaéﬁ%YeﬁqGﬁEaﬁgnt§§iQﬁpﬁéﬁéﬁtﬁﬁpptvﬁégmﬁé SATA bus

30. At this tinme, the data transfer rate is 1.5 Gops (gigabits per
amplitude.

15 Further the second electronic device includes
a second signal output device for outputting, to
the serial ATA bus, the serial data signal output by
the second signal output device; a second signal input
device for receiving the serial data signal output

20 from the first signal output device via the serial ATA
bus; a second peak detection circuit for detecting
an amplitude of the serial data signal received by the
second signal input device; a second averaging circuit
for averaging amplitude detection results of the

25 second peak detection circuit; a second comparison
device for comparing an averaging result of the second

averaging circuit with the expected input signal



- 19 second). The physical |ayer processing units 120 and 220 interpret
data received fromthe SATA bus 30, and transmits the data to the

|l ink/transport |ayer processing units 122 and 222 in accordance with the 5
interpretation results, respectively. Further, the physical |ayer
processing units 120 and 220 transmt respective serial data signals in
response to requests fromthe |ink/transpdit Fayer processing units 122 and
222, respectively. The physical |ayer processing 10 units 120 and 220

i nclude signal input/output circuits 121 and 221, respectively. The signal
i nput/out put ciampilisud@l and 223iecenéi sepahtuticandfuktser fak data signals
fromand to the SATA bus 30. The link/transport |ayer processing units 122
and 222 each 15adiestitiega banakdl ages poopasssny uapulandft thaspeconPayer
processing unit, which are not shown. The respective |ink |ayer processing
units of the |i@RIPABKEPDrdeVager phroaBBsikgdanpPfsserRaindapa2sigppily the
physi cal |ayer processing units 120 and 220 20 with requests_to_ out put
signals, in respdheettBYrEgfestCPREntLABALr AHEPBEL APHYER PHEEeSBRRg units
of the pr cessing un%ts 122 and  222. Further, th% respective link |ayer
processing uni t418F tRe proLessfagauiifaatooubRytoss0 ug%FySFHQH especti ve
25 transport |ayer g ocegsi g,units with daha trggsnitteg f@onlthe.physical
| ayer processinél% sO158 Ende%526° TRe PPY sB8r Fa§éfs r& 8§§Fﬁ&lﬁnits

f [ f - k ATA i SATA
Phierface. The SATHGE S BnalCaRpriCudh hd et | RECun FE 15 ohad 2005

connect ed to the; shgnah-Enpyt LaipubS GLT eHaLE 121r80dn22Ligf ol physi cal

| ayer processing Units 120 an , respectively e out put “si gna
anpl i tude adJQStbnghénékﬁeééeanﬁngétagagﬂanlaathtaebust the anplitudes of
serial data signals (output signal anplitudes, i.e., output |evels) output

from 10 the signal i wptt havtpet embedinent?2bfarthe?2dhveaAtttiomatiisc adj ust ment
by the out put signal anplitude adjusting units 13 and 23 is perforned so
that the anplitobesaoteséredl adatameitpndl s f( opohasigaall yaspjustdes, i.e.,

i nput levels) input to the signal 15 input/output circuits 121 and 221 via
t he SATA bus 30ahjoutputheiSATFA empértade.st dhdamgshpdgasdeapd oyfed Hae cabl e
|l ength of the SATA bus 30. However, the output signal anplitude adjusting
units 13 and 23acakfbemndBsyhéchha AipPitt gdestepnger dgvigst #idhgnal s i nput
to 20 the signal input/output circuits 221 and 12|, respectively.

Therefore, the Bufphtasdi §hal 1aRBETRGEe LadFaBRPAGSENTEs 21528R3%23 measur e

the anpljtudes of serial data,.signals input t si gnal_ i nput,/ out put

i rcur sl 01 ant o8t roRenBet Gy thr Gnetid e Bt 4 98 TR Middes. 1 hey
estimate the anpli serial _data.signals input t he,_si gna

i nput / out put c??cﬁ%?ggzz%kéngu521FgFegﬁgggi?%Ff?r% ﬁgh%gkécfhcorporated ir

- 21 respectiv knation: hC (o] i ch.sernial. data signals
are to be outpu?ngggakﬂ u?.g&§§¥128§§ Hﬁghgﬁgﬁ% Fﬁ2'%§ﬁ§?5535¥fons of the

out put signal agpketude adikHSkiBaaunicbschd aRedidd and pushe sgignal
i nput/output circuits 121 and 221. The signal input/output circuits 121 and

221 include outpukighpli ingus Cewipel fdki vers) viAbT aarérd21T dddzput
anplifiers 121R and 221R, respectively. The output anplifiers 121T and 221T
anplify gerial dagaalltshgsdksredt Fubonf thw iske onidlelecanspard deayiere

via the serial ATA bus, the output signal amplitude

being an amplitude of the serial data signal output

from the signal output device to the serial ATA bus.

The method encompasses detecting an amplitude of the

25 serial data signal received by the signal input

device, at a sampling frequency, the detecting

performed during a predetermined time period;



processing units 122 and 222, respectively, and output the anplified
signals to the SATA bus 30. The input anplifiers 121R and 221R anplify
serial data signals input thereto via the SATA bus 30, and supply the 15
anplified signals to the link/transport |ayer processing units 122 and 222,
respectively. The SATA bus 30 includes serial data transm ssion channels 31
and 32. The output term nal of the output l&@&mpkifier 121T is connected to
the input termnal of the input 20 anplifier 221R via the serial data
transm ssion channel 31, while the output termnal of the output anplifier
221T is connectgdetagihe banpuitteen askeotetihauripyt tagpbirbdetetAiRed a t he
serial data transm ssion channel 32. The anplifiers 121T, 121R, 25 221T and
221R are, for epanpbe; domperénti ah ampkiefeensqulledseri ahet raprsaigiRigon
channel s 31 and 32 are each fornmed of a pair of signal |ines. - 22 The
out put signal awptihtadecadpasedngnpntit sig8adndmpditndeudetpealingst ect ors
131 and 231, averaging units 132 and 232, reference val ue storage devices
133 and 233, cofbaRakorsienanandipBut sippal smgAakuSeafpri theeSadjiadt ers
135 and 235 resgectlvel¥a The peak detectors 131 and 231 detect the

0=

anplltude (peaﬁ lBEﬁR ﬁﬁ?lF9d€§?dBFesérF8mpé§ﬂ§°§l§ﬁ§P§t(|. <1 nput
signals) input to.th |npu£ ngllflggs 121R and 221R, gspectlvely The
averagi ng units? géﬁsgbngnd 355%h8Rd ﬁeCQWBPFﬂﬁﬂgsrﬁépé ted by the peak

of ¢ he det ect | o r 82t ¢ ES3P PRe¥aa bl 85Pa1 SR aa POsh R REE W 1 o
predeter i ned periady Iheplef aeence valug %harta%egevch%egﬁ;% g, 15 233

store reference a e i’n ut signals o |nter ace.

FIG 3 shows re e t h t d 4 isgnals of the
SATA interface. Eggﬁggega??gﬁ1gg%? Egé Eeagﬁg ?P&gngggggg%dgsfgerﬁé out put

and 20 input sigpatBe0ketBBASATACERbAR EaGRvSLEPWiat @ Hichg sFasiimampanpl i t ude
(maxi mum | evel ), mnimum anplitude (m ninmum |l evel) and nom nal anplitude

(recommended anpls} udre. iRpher sepgadgadbnat e igh&l RAast he eampartaldey 2tl34 25
and 234 conpare the average values (i.e., the averages of the actually

i nput signal s) tabkstl appdolymehelgvernagilngoumthes ekP2card 23utwistigntalie

ref erence - 23 anplitudes (nom nal anplitudes) for input signals stored
in the referencempaitedstorage devices 133 and 233, respectively. The

out put signal anplitude adjusters 135 and 235 adjust the anplitudes of
serial 5 data S|gnalgh@o&Pﬁﬁptépﬁnaﬁyaﬁﬁﬁﬂ@@ﬂé§ﬁ slgrrctardmachel out put
anpllflers 121T and 221T, respectively, controllin faor exanple, the
gai ns oft¥he ou?ﬁﬁ?rgﬁﬁFPfWéFg ﬁ?@?hﬁﬁde@§9ﬁlﬁﬁn§c@éf & Diemt 1are as

conmparison results he co arators 4 and 234, respectively. A
description wilf? nS&FB tghvén SVlFﬁewé gtﬁgﬁlﬁi p#%‘éﬁ% i , using, as
an exanple, they tiLo a t Lyt  si I tude A ustlng
units 13 and 23 ggghgténg %%3? 8nt§L&s?%Fﬁg a#%ﬁlfﬁi} gﬁ?yﬁd %Erla dat a
signal output fpom.ea¢hnah tRe,Sik@Rah1 ATA bus connecting the

electronic device to another electronic device, the

20 serial data signal to be transferred to the another
electronic device. The another electronic device has
a serial ATA interface; a signal input device for
receiving a serial data signal transferred from the
another electronic device via the serial ATA bus;

25 a detection circuit for detecting an amplitude of
the serial data signal received by the signal input

device; a comparison device for comparing the detected



1

i nput/output units 121 and 221 to the SATA bus 30. This automatic

adj ustnent operation is carried out when power is supplied froma power
supply to the host 20 to turn on it. In the enbodiment, the power supply 20
for the host 20 is commonly used for the HDD 10. Accordingly, when the host
20 is turned on, the HDD 10 is al so turned on. As described above, the SATA
bridge 22 of the host 20 has the signal i @bputfoutput unit 221. Assune 25
here that the output anplifier 221T of the signal input/output unit 221
supplies a serial data signal to the serial data transm ssion channel 32 at
a rate of - Zmplli SuddpeitHhas sepeatedaiapstgnabned tmadstedeedahdom t he
serial data transm ssion channel 32 to the HDD 10. The SATA bridge 12 of
the HDD 10 has ameamsphhahdé npdjustepufoundetepiinThg, sbasall data signal 5
transferred to the HDD 10 is input to the input anplifier 121R of the
signal input/ow peempaFisqRireThbt sefi Bhedaemrsrgnan eeghsterred via the
serial data transm ssion channel 32 is attenuated because of the |oss
characteristic ¥atdBpbhindn 2hafatherserie} dprtaosipradr aHERIEsPEN channel
32. The tenuatlon de ends upon the cable Jength of the transm ssion
channel . Ghe shor! chahbiges fRVife ﬁHﬁthgaé vher §BRi §PTdata signal

due to ch th h.of t SATAb th d
(e, Sta?ﬁis.%%a@ $558np1 prPRC155pm o R g APghaP ST RO FaUERRL 1tni t 121).

the serial data, %%?@atobgégg $g£$%£ fng%Ehﬁlﬁ ggggc gykgf%grt%%}l gf t he

si gnal |nput/ou% unit e rer e exanple of

FIG 4, the a p a ) e ri,al si gna
at the transanAgégg&?ét ?gu%egg%F ?g? Sg%T%ﬁlgéﬁoéﬁnﬁ%B%g%hgﬁl

the mni mum | evghy ﬁapﬂgaﬁ@@yr@ gLenes anrl bkpdesell evghs) s%%;hﬁlﬂ ated for
t he i nput S|gnals of serial SATA interfaces. As is evident fromFI G 4,
even if the 25 applitudes thesh@palisudeca@gustant mal tipeytihansmet side,
they vary at the receive side, depending upon the cable [ength. An
attenuation i n smghatudaphibude coef2hciahtt hessethbneosedeo nhueasde as
the cable |l ength of the SATA bus 30 increases. That is, the |onger the
cabl e |l ength, theplbrgeridhedstgnaligaapl arpdetateensaCRowhdacht he decssi ve
side, whereas the shorter 5 the cable Iength, the smaller the signal

anpl i t ude at t entlagR obhat expectedei pBUS| d&InRL ehplawpdet.ude of an out put
signal at the transmt_ side is not set to an appropriate value according to
a si gnal attenuatlonE@BP?é§58ﬁélﬁé FBetH@V@§$P@nIéﬁ@tﬁ%ﬂeqqﬁgf§QW§?ﬂw 30,

10 the litude of an.in the rrecei,ve side will be deviated
oo e et o Sarhaa PR by RetRE e lay R BE i hg, St Brlbbttrat 10 cammot
correctly be recelyegtﬁt th geﬁg%ﬁedshde g e seri.al d%ta % nal _
transferred to PHeH %0 1 Via 8%ari af"*Pastg% r-anéni on channel 32 is
Ut L0 DOt " HELEAPY! c2FRL LA EEcIBAROLaLhRSLARA o nauliquial unit 122

and the peak def ector e output signal ustlng unit 13.
The peak deteCt?ﬁté?%aéét?@téoﬁﬂéé%éae%b %h%e%%%ﬁ %@é&%ﬂ&nf%,déglééﬁf

peak-to-peak anplitude) of the serial data signal transferred via the

serial data trapsthssi gar¢hanAeh 32AtewShie ¥iGORSIA_MiaSamald mahd,r equency
(in the enbodinent, 1.5 GHz) corresponding to the data transfer rate of the

SATA bus230. Thehanphirtudelabtdeheet dewicesuhicloldinike speak stetsictrerl 131 i s
supplied to the averaging unit 132. The averaging unit 132 sanples and
hol ds anpl i t udeodepett demicesubns auffpuist signal input device, and
the second electronic device including a second signal
output device, and a second signal input device.
The method includes (a) transmitting a serial data
25 signal S1 from the second signal output device to the.

first signal input device over the serial ATA bus; (b)

detecting an amplitude of the serial data signal S1



- 26 fromthe peak detector 131, at regular intervals of, for exanple, 10
us. In other words, the averaging unit 132 thins out the anplitude
detection results. The peak detector 131 may detect the peak value of 5 an
i nput data signal at regular sanpling cycles of, for exanple, 10 us (i.e.,
at sanpling frequency of 100 KHz), and the averaging unit 132 may acquire
all the detection results fromthe peak détector 131. The averagi ng unit
132 executes, for a preset 10 period (e.g. 10 ns), the operation of
acquiring and holding the anplitude detection results of the peak detector
131. As a resultecahesdtbe prheseirpersognhasigpapsadyvitberaygr ageng unit
132 hol ds a constant nunber (in this enbodi nent, 100) of anplitude 15

det ecti on resul $scodties ayeagougpuhi tletB2et hén) cabnpbatrg the average of

t he constant nunber of anplitude detection results, i.e., the average of
the anplitudes @¢teheed npuplstgdal sinkasoredpbytedeippuk dégeeior 131. The
cal cul ated average of the input 20 signal anplitudes is supplied fromthe
averagi ng unit amRlitudaedebapatacdr L1838, aTocEnspneet happeaRigetéct or | 31
to hold 100 anplitude detection results in_the enbodi mrent where the
averagi ng® uni t aBRLhEeder 8ert hReanprithdT251nEREERFSA FRSAFPARESr equl ar
intervals of 10 u i

, it fficient 100 I [ its f del ayi th
v Gt sot Bir FheieEa LhEheheb ot oogdr, BLestasuits, Tgngdel gyino the
connected by cascad .cognection. Al terna 'velﬁ, figs%-in éhrs%-out (FI'FO
buffer of 100 s gﬁeglﬁﬁy B§m8§5ﬁ§°?hﬁeégi%ar3 of"F32% Egﬁp_ eS"the average
of the 5 input sigoal,anplitudesncdl eul BLed Ryy! hRaxeragingohnyt 132, with
a reference anplitude Tor 1nput”sirgnals, such as a nom nal aﬁp itude (i.e.

an expect ed i npyt¢ShgnabyaEpl i kHER) chatoLRdn! Bnkheeher aa¢e wakHgist orage
devi ce 133. The conparator 10 134 acquires the diffefence betweén the

average pmd nonpagpuanprbhUdBeasikhe coFRaNi saRplhesukl icEhesnenbnal twal ue,
i.e., the nom nal value for input signal anplitudes included in the SATA
interface standandssetsnd408igWaasiapawndenibkGrild. tAeceedingl pTAlbuist is
desirable to adjust the output signal anplitude using a device at the

out put side (transnsérsatlefiatsostbatlt hecenpatl bygnak aspbntiudegnslequal to
t he nom nal val ue of 400 nV. According to the SATA interface standards, the
maxi mum and ni nimput 28euipki hadesn( bapélispdeorauaputosithraksraceée600 nv and
325 nv, respectivelg (see FIG 3). In light of this, the average anmpl i tude
of input signal 5neafcaigned pypriheudeer 4§) ngdiristing? thay applédhparéd with
t he nean value (600 + 325) nV/2 (= 462.5 nV) _of the reference 25 maxi num
and m ni him | eveY sMuFhePeBipdr F8En2FRS &IEHAST ALhEYcdnmparASC1eR% /i §1suppli ed

to the output SigggltﬁgglB%gdgoagkg%t%kel%ﬁrst signal output device

outputs a serial data signal having an amplitude ClAl,
and the résulting serial data signal is transmitted
over the serial ATA bus and is received as signal S2

20 by the second signal input device and has an amplitude
less than the expected input signal amplitude; (I)
transmitting a serial data signal S2 from the first
signal output device to the second signal input device
over the serial ATA bus; (g) detecting an amplitude of

25 the signal S2 received by the second signal input
device from the first signal output device; (h)

comparing the detected amplitude of the signal S2 with



- 28 Specifically, the difference between the average anplitude of input
signals and an expected value (a nomnal anplitude for input signals or the
mean val ue as expl ai ned above) included in the SATA interface 5 standards
is supplied as the conparison result of the conmparator 134 to the output
signal anplitude adjuster 135. The average anplitude of input signals is
the average, within a present period (20 @8), -of the anplitudes of a serial
data signal transferred via 10 the serial data transm ssion channel 32 of

t he SATA bus 30 and to be actually input to the input anplifier 121R of the
SATA bridge 12.aBasesk©bed hensabtpei §s8h &esUltuot HbecenipadaFesbml34, the
out put signal anplitude adjuster 135 15 estinmates the signal attenuation
characteristic afréberSAIA busuBOs{geal abmpali autieafism sheonechahnAlA32) .
This estimation is performed based on the assunption that the serial data
si gnal output simfeedévies thosto@0yeoat patsnd sempakidatarssyasl dfi)an
anplitude 20 (output signal anplitudeé according to the SATA interface
standards, e.g.ddbormnbrdsohesether the garardwrenpPariRenr a§elé6 400 nv -
600 nV. In the enbodi nent, a_nom nal value is used as_an output signal

anpl i t ude® accordft if R bl thde SAFACE neefPheRl2925RafddRas. CBHRYLT fEQM y, the

nom nal val ue as the output . signal itude is 500 nV, as shown in FIG 3.
As the out put s?%%afe%ﬂﬁﬁi?ha@g CQBEgBkngXlFﬁe SRTR thg%ZygePanFface
standards, the pean Yal%f of.thelnax'nug1%evel gf 600 %nd tqe m ni mum
level of 400 mP{5ed FIE-235 1 HRG bR GREY. TESMeVEr, SETOPRe S¢488 Tof the SATA
i nterface standar h ] , t n €, 0Q.%.400) nWV/ 2, of
the_naxinun1Iev%?g%¥§Gg%oﬁbgagéc¥ﬂ§uﬁiE?nﬁﬁ?lgég %oflgagin%épg%equal to the
nominal val ue. Based.op;thensi gogh,at AeAUBLEONRRaLActgni ghie Qfi ghhg SATA
bus 30 estimated fromthe conmparison resul't 10 of the conparator 134, the

output signal appteivee Byl vaberiidt dehRRM ABBURN deMilcERhagMRnl tude A for
out put signals (hereinafter referred to as an "optinmal output signal

anplitude"). Themppitaat eytiput tsi gnal eappkicbddenpuits sagnanpl i t ude which
fits to the SATA 15 interface standards, and with which a serial data

si gnal out put fampithedewt puyt adphstiey tR&TasbdadtddeeAinpyt to the signal
i nput/output circuit 221 of the SATA bridge 22 of the host 20 via the SATA
bus 30 (serial matdipiwuhsgi sbeoampbilagude) A2Thy eurpet fdicgealt,2C2anpl i t ude
adj uster 135 controls the output anplifier 121T of the signal input/output
circuit 121 so t@as thatoanpusosthasl thas seRendesdohicde @Udippiti CGFE R I n

t he enbodi nent, the gain of the si%nal,input/out ut circuit 121 is adjusted
so that the outputPYF§nal SREs2259pke §dOBAH ReY 1At GRRIATUAS £94Pault

t he output signal ,applitude_of the signal, input/output circuit, 121 of the
SATA bridge 12 ?@dagﬁﬁsfgﬁuéglPﬁaFefﬁgq d-t§051§ﬁﬁhiﬁﬁd3§ﬁn%¥¥5 | i nput

Lo,L1e 319l BQUL! OMLPL eufcuch, EA1 bl SATAiag, 3hosas o,
interface Stand@igﬁal'input device and has an amplitude less than the
expected input signal amplitude.
20 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING
The accompanying drawings, which are incorporated
in and constitute a part of the specification,
illustrate embodiments of the invention, and together
with the general description given above and the
25 detailed description of the embodiments given below,

serve to explain the principles of the invention.

FIG. 1 is a block diagram illustrating the



L

5 The serial data signal output fromthe output anplifier 121T to the
serial data transmssion |[ine 31 of the SATA bus 30 is attenuated by the
transm ssion line 31 before it is input to the signal input/output circuit
221 of the SATA bridge 22 in the host 20. 10 However, the serial data
signal input to the signal input/output circuit 221 has its anplitude

al ready adjusted by the output signal anpletude adjusting unit 13 when it
is output fromthe HDD 10 to the SATA bus 30. Accordingly, the anplitude of
the serial data 15 signal input to the signal input/output circuit 221,
i.e., the inputcenfihqhranpbhtofiea sgssabséquippbiywegnabh haghbeiexpect ed
anplitude (substantially equal to the nom nal value) that fits to the SATA
interface standaisls.d20véen(Ebe) enbodor@innhg bBoseni ahbddimesikgndl ths
transferred via the SATA bus 30 not only in the direction fromthe HDD 10
to the host 20,imventien/in the opposite direction fromthe host 20 to the
HDD 10. In the latter _case, (it is_sufficient if the output 25 signal
anplitude adjusting BRFt 2318f 2t RéOoREsEizgrpdr PaiRd Yt heé 1&gk a&dbondiicc

adj ustment of the output signal _anplitude as that perfqrned by the out put

- 31 signal an%???h@%r Hiﬁgﬁiﬂﬁ gﬁFPuESSbgnFLea@EEFEBSeIPdﬂHétbﬁﬂput

signal anplitude adjusting.,upits 13 and 23,thus , autonmatically,k adjyst the
Sl it udes of otRplb T GRafe2 ARt aroRnehasebaE/ BEERAFscERp tRotthe 5
signal input/ou t~Gl rcui 221 and 121 vi he_SATA , l.e., the

i nput si gnal an%ﬁ#t%%%é,H%%ghb%%%e?gFgggﬁﬁ?gﬁéig?eéeglgggtgﬁanfit to the
SATA interface gt@ndards. The output signal anplitude adjusting units 13 10

and 23 can utilize a Voltage or current regulation nethod to control the

output anplifiers 12¢fcand 23171 $9@sitQushangenyhe2apkihicudes of output
signals. In the voltage regul ation nethod, the anplitude of a signal input

to the SATA busamplisuebanged. the bheplb enarenputegibakienoffesbedalvwnen a
signal is input to the SATA bus 30, the amount of current which flows into
t he SATA bus 30ATA thaagéfdcedp utilize the voltage adjustnent method, the
out put anplifiers 121T and 221T nust be voltage-driven amplifiers. On the
20 other hand, to utFLGzedt he eugreph dédukitriadingethed refllad iomtsiuip
anplifiers 121T and 221T nust be currentdriven anplifiers. A voltage-driven
anplifier only kabvges the euppitudegnil aadpkit adenaf att thmsmecedivée, and
25 therefore has a sinple structure. However, when a voltage-driven
anplifier is useddetfpad| bhai AglaAdlerdthi A§ a8Bg8sTHf buSSAPA ¥ingRalthgs a

hi gh-freguency -.32_  signal] are influenced by the freguency ,
characte%gstic PP LI EAGR Bgst Rgdphe Fﬁﬁgainéé éheatFéE§g&$ Sitde. 1&s a
result, the SAbeéiﬁQalagglays. On the other hand, a current-driven

anplifier changést &’ afibtint of 5 current to be flown into the SATA bus.

Accordingly, FIG. 5 is a flowchart illustrating a procedure,

performed in a modification of the embodiment, for
adjusting the amplitude of an output signal using the
20 output signal amplitude adjusting units 13 and 23.
DETAILED DESCRIPTION OF THE INVENTION
An embodiment in which the invention is applied
to a system equipped with a magnetic disk drive having
a serial ATA interface (hereinafter referred to as an
25 “SATA”) will be described in detail with reference to
the accompanying drawings. FIG. 1 is a block diagram

illustrating the configuration of the system equipped



. when a current-driven anplifier is used, SATA signals are not influenced by
the frequency characteristic of the SATA bus and the inpedance of the
recei ve side. However, the structure of the current-driven anplifier 10 is
complex. In light of the above, if it is preferred to sinmplify the
structure of an anplifier used, the voltage regulation nmethod is utilized,
while if stabilization of the output signall applitude is preferred, the
current regulation nethod is utilized. 15 [Mdification] A nodification of
the enmbodi nent will be described. Wien both the output signal anplitude

adj usting unitswith atide 28agfiet he #DEk10rand Khhste28adttenakifealkky &adj ust
the anplitudes of output signals, 20 the foll ow ng problem may occur. For
exanpl e, assuneas hat YHRDAhpl atadeddhgatsethal edhvdimeghabf( thput signal
anplitude) input to the signal input/output circuit 221 of the host 20
abrupt |y reachesnapnekpect elisvahoenaf eer HPRelBucpuprisgrar aaphi HhBe 25
adjusting unit 13 of the HDD 10 perforns output signal anplitude
adjustment. I n &pi§ %hsesefhéloﬁgbubréﬁgﬁalhaﬁﬁﬂpﬁgﬂéraéﬁé§ﬁrﬁé &Ri 8523 of
the host 20 operatgs to ntain the present output signa

anpl i t ud S|ncea?hgs%%%u?r§?§ﬁ niﬁp???uaHtBthﬁég§PénéWBﬁﬁEHF%output
circuit 221 is an. aggro rlatﬁ Y?Iue h In otheﬁ @0 Ee out put si.gnal

anpl i tude adjus??%% hi'? 98156f 'ehe 57Ro%E1B07H gnﬁgt efPoFmEatHat si gnal
anpl i tude adj usyge tcé’%?ﬂt%né;ﬂ. @39@8} gg&%gy ﬁhgapgﬁ}%ﬁ%tlerda%ta' c of the

SATA bus 30. Thérefore Séria a'signal ‘Tnput to the

s gnal [ nput | out puh £bE Ol tnd2 % OhThhentOPLALRY riQl s %Aagr&@ggxeéct ed

val ue. Further anplitu out put signal anplitude) of a serial data

si gnal output fygnréheegi gpak bHEUEﬁQﬁt pHt  Ci el 5aT211ef digjhe 1HDD 10 to the
SATA bus 30 may greatly differ fromthat of a serial data Si gnal out put
fromthel @i gnal rhnpui AUt Ut a15ACAr eHtbr23dteotohiie chosti rédito fbke SATA bus
30. This is the problemthat may occur when both the output signal
anpl i tude adj uspénfounihg iltanda2d obnivbesHbDB betardnhast A2@. perform

out put signal anplitude automatic adjustment. 20 In light of this, the
nmodi fi cati on of inheréabedangnSABAplinygsréatechni que for controlling one of

t he out put signal | itude adjusting units 13 and 23 to prevent the
anpl i tude of an outhbesﬁéﬁélbﬁﬁdﬁﬁbgﬁngSa@@@@@@¢e§dﬁﬂs@e@0ﬁ¢ &b via
appropriate val ue. ThIS 25 technlque will be described with reference to
the flowchart ot EeElat ARR Bupy (hereibaffer §?§ﬁ§Fe§nﬁP|ﬁ@d@nadﬁﬁg?Ers 135
and 235 t he out put gn 4_ anplitud usting units 13 and 23
ot of i e 1 copcbiPat. 3t Pnaheolpple 20 dharta ERLGEBE CAR AN SIRGed on

t he respective np. S results of the comparators 134 and 234 (step S1).
The conpari son ggregéptganeﬁn tﬁ§°r8§8écFP§ &t PePENESs ﬁﬂ%ﬁn%%

averages of [ nniheskanal paapkyludoyand a0 epxheqted alis (om nal val ue

for input signa |tu es) stipulated inthe terf ace standards.

Subsequent |y, thceyaQHtceswg@ﬁl d@%@ékb%eo%@a%%%%t odod ukso and 235 mul tiply
the determ ned optimal output signal anplitudes Al and A2 by a constant

value, e.g., a pegsgtiifgefibbeai aAktEekOWELrt RaRmbl o, eIPRCtHIER] Yo step S2) .
The out put signal anplitude adjusters 135 and 235 control the out put

amplifiez® 15 121focasdodkitypk bbessngialkompuutierodrpule siopHtwel21 and 221
So as to generate output signals having anplitudes that are equal to the
anplification resuptise€CAlthrdl€AZthsbdp t88) SATRUDUS BA heamizd f | C&te on of

t he enbodi nent, 20 the output signal anplitude adjusters 135 and 235 do not
adj ust the anpl BAGHebusf 3ucpit bsi foaned ot Ive ctlianale hesitudss Alzand A2,

but to the values CA1 and CA2 (C < 1) snaller than the optiml _ values Al
and A2, respectPVelVyriPRd PRCSCe&Ase, wilfdg Fagit@rn can be formed

on the printed circuit board of the host 20. In the
25 embodiment, the length of the SATA bus 30 will be
referred to as a “cable length” regardless of whether

the bus 30 is formed of a cable or wiring pattern.




25 anplitudes of the signal input/output circuits 221 and 121 of the host
20 and HDD 10 do not abruptly reach an expected value. Accordingly, the

out put si gnal - 35 anplitude adjusting units 13 and 23 newl y determ ne
optimal output signal anplitudes Al' and A2' fromthe averages of the new

i nput signal anplitudes of the signal input/output circuits 121 and 221,
respectively 5 (step S1). After that, thel®utput signal anplitude adjusters
135 and 235 again adjust the anplitudes of output signals to val ues CAl'
and CA2' snaller than the optiml values Al' and A2', respectively (steps
S2 and S 3 ) . e ASAPAfliritige hDdifi cahhentedepar ahe meéhf HODDents Cl and
C2 may be utilized for multiplying the respective anplitudes such the

out put signal vahieslbecbaeaClATA GraA2lAndo@pAtible2a2thetbe A§Adescri bed
above, in the nodification of the 15 enbodi nent, the output and 235 do not
adj ust to the optteafagal skandapdstout put circuits HDD 10. Instead, the 20
adj usters 135 and 235 c¢ signal anplitude adjusters 135 the anplitudes of
out put signals that &Pe BRPECEEJCPRPLRAESSi gnapipo hoghd vpit &/t FéTHost 20

d t i | . L fud djust th ti t put. si I litud
To the vl uos AREHAPBAE Dyl O BPYEng SRe oRTPIAE U0 BOE SEORAI anpl i t udes
b t fficient .th . As lt, th litud t put
o) gnal " anpl i uatit Eof 2t neTh8 FRihoRPrt oo BRF 2l R EeSPaRAR BBut put to the.
SATA b 30 f ‘ j i i L 2 f the HDD 10
and hogf 20 c;ggL%8§Y%%?P§£%%ggggé?Eégukgggégggb?a#%%agggél%£$%e regetition
of the steps SlilgnSPofasDRaSLAPREA (ALER AL | 1 rnEOLARKABRLG.! O

conparison results of the conparators 134 a 234 (i.e respective

di fferences betygenothedayer ageseSchlpl ABY, $h@BakhamBhirhuees gaRd 12n
expected value stipulated in the SATA interface standards) are |l ower than a

const antiwal ue ¢presetHbbr eshol dheakpep. bAitgenabi ¥ahytibhe mepet ishiTen of
the steps S1 to S3 nay be stopped if a predeterm ned period has el apsed 10
since the startiofetheceroorssoll nirheiabdve- dexcvirbedgerdbadinfent, t he

out put signal anplitude adjusting units 13 and 23 are provided

i ndependent | y ofontviergabn bEbDvaant anlAZAdimtenfhost apai SATRE. However, they
may be incorporated 15 in the main HDD unit 11 and nmain host unit 21.
Further, the outptersagpal ahpl FRGAeLadPdSt RAglgniconnRched Be itheoHBd at ed

in a disk controller (HDC), not shown, in the main HDD unit 11, i.e., an
HDC connect ed t &0t a2 SA¥R BRTAgEUE230i a £he BATA Baddgs 220 imuPdiser nore,

the f i t hat lized by.th i iits 13 23 d

(e Tunctons £tk 85EaACEL EEE BL:ATERUCIATLIS.ULS 03, 257 an
litud dj i I 1 i t ,

arpl 1 e, 21Ukl BgLnL i 19,00 T3 BeLSgecd s G Lot st

o Tl abotesdesetl et e 6 40 8,54 o
employed instead of the ATA buses 14 and 24. In this
case, the SATA bridges (SATA interface control

20 circuits) 12 and 22 can be provided in a PCI bridge.
The SATA bridges 12 and 22 have physical layer
processing units 120 and 220 and link/transport
layer processing units 122 and 222, respectively.
The physical layer processing units 120 and 220
25 execute high-rate serial data transfer

(transmission/reception) via the SATA bus 30. At this

time, the data transfer rate is 1.5 Gbps (gigabits per



, - 37 However, the present invention is also applicable to a system
equi pped with another type of disk drive, such as an optical disk drive,
magnet o-optical disk drive, etc. It is sufficient if the disk drive has 5 a
SATA interface. The present invention is further applicable to a system
equi pped with an el ectronic device other than disk drives, if only the
el ectroni c device has a SATA interface- Additt+onal advantages and
nodi fications will 10 readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limted to the specific details
and represent at syeordpodi TRt shgbowalandydesprbbedshageunitAccandangdl vy,
various nodifications may be nade w thout departing fromthe 15 spirit or
scope of the gex2dalintavenetvéatanceptimsddétbmedhbysShfia appelfedacbai s
and their equival ents. - 38 WHAT IS CLAIMED IS: 1. An electronic device
with a serial ATrensmérféatke dehprisi hje aiskghaknepoptit lageirce for
outputting a serial 5 data signal to a serial ATA bus connecting the
el ectroni c deviBeoE®sanpgheriEpedfroane dévi ép, acherdepicsl wadabatdegnal to
be transferred to said another electronic device, said_another electronic
devi ce ha¥ing alRERFRFeRFBIPHt BRFHEES/ Ge§p§F§ﬁ¥?anquu6§9F€e foe

| dat |t f d f | ect,
Govico via t he BaYFERs Arkedie paé‘é%%ﬁ?raé? et o 120 COt PAr CaGPeRtEng an

anplitude of theg serlglvgagari gagnpgggagqsbxpeggﬁgénglg@ gﬁ%%hgeV|ce

an averagi ng ci TETY T ror “av e de resu € peak

detection ci rCummatﬁgr@%wegaﬂggb% 19, COPRALLRE ;23 mﬂc@,g';a@ and

222, respectively. The physical layer processing

10 units 120 and 220 include signal input/output circuits
121 and 221, respectively. The signal input/output
circuits 121 and 221 receive and transmit serial
data signals from and to the SATA bus 30. The
link/transport layer processing units 122 and 222 each

15 include a link layer processing unit and transport
layer processing unit, which are not shown. The
respective link léyer processing units of the
link/transport layer processing units 122 and 222
supply the physical layer processing units 120 and 220

20 with requests to output signals, in response to
request from the transport layer processing units of
the processing units 122 and 222. Further, the
respective link layer processing units of the
processing units 122 and 222 supply the respective

25 transport layer processing units with data transmitted
from the physical layer processing‘units 120 and 220.

The transport layer processing units perform interface



result of the averaging circuit with an expected input 20 signal anplitude;
and an anplitude adjuster for adjusting, based on a conparison result of

t he conparison device, an anplitude of the serial data signal output by
sai d signal output device such that when the serial data 25 signal output
fromthe signal output device is input to said another electronic device
via the serial ATA bus, the input serial @&8ta-signal has an anplitude at

- 39 least approximtely equal to the expected input signal anplitude. 2.
The el ectronic device according to claim1, wherein the anplitude adjusting
circuit includiognvérsibderibetmaseontheaAsAf ontdefecai andgsamAanpl i t ude of
the serial data signal output by the signal output device, said anplitude
determi ned suchinhexfade. serial data signal output by the signal output

devi ce and passing through said serial ATA bus and then received 10 by an

i nput device of sai dTRRCPHEPUEI 8éERBAI amRédtedehasingtamsl nddé dS recei ved
by said input device of said another electronic device equal to the
expect ed i nput 3RYnaP kPl FenRectaddtrebRe FoPTRANERBIEY RYLPRE signal

out put device to, 15 caus he serjal data signal output by said signal
ST A= G AR Y S SN b e L

3. Th I iC. i j | ai, wh i h [ ituyd

5, 1, Shectroni devi e acgorghno, Lo, elalil, WNELg B L. amml) Lude
[itud f th i d i I - b h i t i ,

arml ude o {Resserioh Caid,3L00al LQULBLL DX g S LaRal oULBUt lovt oo,

si gnal out put d§¥ﬁﬁ§ta@ﬂgpéﬁﬁi@9?8Q5939h5§§%§%385k§|s@@ﬁa@ S (dRdpifren

received 25 by an I nput device of said anot el ectroni c device has an
anpl i tude as reg@gﬂsﬂ BpsatdakBput . deyi eatphitsaideangt ber palegtioani
device equal to the expected - 40 input signal anplitude; and neans for
mul tiplyimg thethgptignde depeepbuegubyctheudekenniinahidor2neans by a preset
coefficient less than 1; and 5 nmeans for controlling the signal output

devi ce to causeAthemseicabddatamsngnbl thepoutbytsaidnsilgaalplduiyiet devi ce
to have an anplitude acquired by nmultiplying the anplitude determ ned by

t he deterni natiadjwebhsgbynihe pBesstl E8efifi peedbormed 4o Theteltdet ronic

devi ce according to claim1, _ . ' .
amplitudes of serial data signals (input signal

amplitudes, i.e., input levels) input to the signal

15 input/output circuits 121 and 221 via the SATA bus 30
fit to the SATA interface standards regardless of the
cable length of the SATA bus 30. However, the output
signal amplitude adjusting units 13 and 23 cannot
measure the amplitudes of serial data signals input to

20 the signal input/output circuits 221 and 121,
respectively. Therefore, the output signal amplitude
adjusting units 13 and 23 measure the amplitudes of
serial data signals input to the signal input/output
circuits 121 and 221, respectively. From the measured

25 amplitudes, they estimate the amplitudes of serial
data signals input to the signal input/output circuits

221 and 121, respectively, which are incorporated in




wherein the peak detection circuit detects the anplitude of the serial data
signal received by the signal input device, at a sanpling frequency
corresponding to a data transfer rate of the serial 15 ATA bus. 5. The

el ectroni c device according to claim1, wherein the conparison device uses,
as the expected input signal anplitude, a nom nal input signal anplitude
stipulated in standards for the serial ~ATAL20-interfaces. 6. The el ectronic
device according to claim 1, wherein the conparison device uses, as the
expected i nput signal anplitude, an internedi ate val ue between a nmaxi num

i nput signal anpdspecielanddastinationi dpuic@5 Srogmabndnpbi whdeh t he maxi num
i nput signal anplitude and the m ni mum i nput signal anplitude being
stipulated in stental ddatarsipeaterane pFAoenterpatesnd inpdt. 7. A system
conprising: a first electronic device having a serial ATA interface; a
second el ectroni c deffee Rawphglyd skewal th¥Acenfagurpidensand &hserial ATA
bus connecting the first electronic device to the second_el ectroni c device,
wherein the firQitRvectionpt ehiebudacpddestingfpsEssignandodeparddevi ce
for outputting, to 10 the serial ATA bus, a serial _dat ignal to be
Lransferred to tHE Seetml SPECLfBHFEUReGHEQULEST 1AL A8RgAAL| nBUE devi ce
for receiving a_seri I.datg signa transfgrrgglfro§1épg'sec?na el ectronic
devi ce via the ¥efiTar ATA” Gg? RBCaCt et Be ddtec ntBFrEEPt for
detecting an amplibhec.ghyioeeperiabodataonional) regeivadabysihe first
signal input device; a rst averaging Circui r-averagrng anmplitude

detection resul {s,0f thel{ristsPeakndehacshon, Cbehbbridtig sk

conpari son devi ce conmpari ng an averagli ng resu the first averaging

circuit with anoexpeet edpi DPULrsi 9palr anaml bbideadlgt exp Bediknoawaar ef erence
i nput signal anplitude for the serial ATA interfaces; and 25 a first

anpl i t udeo adj ust egnh0E adipsti Agombaredl onkAteanppbirsonakesul t of the first
conpari son devi ce,
processing units 122 and 222, respectively, and output
the amplified signals to the SATA bus 30. The input
amplifiers 121R and 221R amplify serial data signals
input thereto via the SATA bus 30, and supply the
15 amplified signals to the link/transport layer
processing units 122 and 222, respectively. The SATA
bus 30 includes serial data transmission channels 31
and 32. The output terminal of the output amplifier
121T is connected to the input terminal of the input
20 amplifier 221R via the serial data transmission
channel 31, while the output terminal of the output
amplifier 221T is connected to the input terminal of
the input amplifier 121R via the serial data
transmission channel 32. The amplifiers 121T, 121R,
25 221T and 221R are, for example, differential

amplifiers. The serial transmission channels 31 and

32 are each formed of a pair of signal lines.



an anplitude of the serial data signal output by said - 42 first signal
out put device such that when the serial data signal output fromthe first
signal output device is input to the second el ectronic device via the
serial ATA bus, the input serial data signal has 5 an anplitude at | east
approximately equal to the expected input signal anplitude, and wherein the
second el ectronic device includes: a secoRld signal output device for
outputting, to 10 the serial ATA bus, the serial data signal output by said
second signal output device; a second signal input device for receiving the
serial data signal ollhpudbutpom shenéilraempdigndk edfjpstidgviunetei a3t he
serial ATA bush 15 a second peak detection circuit for detecting an
anpl i tude of thende?? alndhitde spemkl debeetored bylt Ards@dondaveygadingnput

devi ce; a second averaging circuit for averagi ng anplitude detection
resul ts of the weklohdl peakn@02det cEeforReRFRCYRLUG sE0B5AESCEARPAERSOA3devi ce
for conparing an averaging result of the second averaging circuit with the
expect ed i nput MGnad3anpPreaERtCeRdl A4 s_REnd3 AnpPtREE SdPnster for

o0 uoti g, based 25, 002 £orpar son Lesubh ol e second. compar ypgn devi ce.
devi ce such thaéegpegeteétg§s 131 and 231 detect the amplitudes |
(peak-to-peak amplitudes) of serial data signals
(i.e., input signals)'input to the input amplifiers
121R and 221R, respectively. The averaging units 132
10 and 232 hold the amplitudes detected by the peak
detectors 131 and 231, respectively, and calculate the
respective averages of the detection results of the
detectors 131 and 231 obtained within a predetermined
period. The reference value storage devices 133 and
15 233 store reference amplitudes for the input signals
of the SATA interface.
FIG. 3 shows reference amplitudes for the output
and input signals of the SATA interface. As seen from
FIG. 3, the amplitude standards for the output and
20 input signals of the SATA interface stipulate the
maximum amplitude (maximum level), minimum amplitude
(minimum level) and nominal amplitude (recommended
amplitude) .
Referring again to FIG. 2, the comparators 134
25 and 234 compare the average values (i.e., the averages
of the actually input signals) calculated by the

averaging units 132 and 232, with the reference




the, serial data signal output fromthe second signal output device is input
to the first electronic device via the serial ATA bus, the input serial
data signal has an anplitude at |east approximtely equal to the 5 expected
i nput signal anplitude. 8. The system according to claim7, wherein the
first anplitude adjuster including: first determ nation neans for

determ ning an anplitude of the serial ~datd8 signal output by the 10 first
signal output device, said anplitude determ ned such that the serial data
signal output by the first signal output device and passing through said
serial ATA bus anglitedes e¢eombdabyathbéisedenll f§ognahpuhpytgdetisce has an
anplitude as received by said second 15 signal input device at |east
approxi mat el y egtaredoinhthexpeterdntapualsegabbragpl deudessadd3meads for
controlling the first signal output device to cause the serial data signa
output by said #P?strespparivaiput deei estpPythatenaheamppliittidge 20

determ ned by the first determ nation neans, and wherein the second
anpl i tude adj us¥erUFhRer8ded® aBEoAd detdratnhbroAMRE AR LS OdefEr AR ng an

EZ‘V’! %é?di ?Ldé'&%#% P%i'@sra%?ta?fhgﬁﬁkugﬁ%%t Qiénigﬁaégaie%i?%uﬁ EEE:FH out put
P Eut . . C&1S1 ghért out put
ATA bus and theh T GEBFURR BYELRGLFFPot 20T gHAR PRRGC ABTPEE RIS LA Kol i tude

as received by égﬁgr%lg?éﬁgigg@lF%gﬁgg?ggﬁhgeggﬁngeg ttigpgg{gl tely equal

to the expected 1 npu np 5°nmeans for contr ing the

second signal ouiput cdeyiCeai0 SAHS9- Bejaehiabdahaesional Lautput by said

second signal output device to have the anplitude determ ne y the second

determ nation negRgarPsofheesistemacenediBaph@atbism 34 wWher eiza,t he 10
anplitude adjuster includes: first determ nati on neans for determ ning an

anpl i tudeo of theespetsivdaya signal output by the first signal output
device, said anplitude determ ned such that the serial data signal output
by the first 15 signal destpuptdewi @dlandopads g vichr efghthsaiopexertiialn ATA
bus and then received by the second signal input device has an anplitude as
recei ved by sai dfstbendmbpdhmbntnpusidegvi ee anh kgasplappitde wwealariegqual to
t he expected input signal anplitude; and 20 first nultiplication neans for
mul tiplyi ng theC@npifhudé BheePHfREE ByIrheé AMPILtydeepdinalil®¥ neans by a

preset coefficient less than_1; and neans for contnolling@;he first signal
out put device tBRéRBse3t ABAsEP| 5P autamstdral Lyuppdishy t5& dmPs ifGudsy

STonal opiput deyice Lo Ieve R0 atpLLyude scaulied bY Ll Bh 1S
coefficient, and whey sl PohReuREEaNd23MBL 498 3D Y8kesata bus 30.
This automatic adjustment operation is carried out
when power is supplied from a power supply to the host
20 to turn on it. In the embodiment, the power supply
20 for the host 20 is commonly used for the HDD 10.
Accordingly, when the host 20 is turned on, the HDD 10
is also turned on.
As described above, the SATA bridge 22 of the
host 20 has the signal input/output unit 221. Assume
25 here that the output amplifier 221T of the signal
input/output unit 221 supplies a serial data signal to

the serilal data transmission channel 32 at a rate of



i ncludes: second determ nation neans for determning an 5 anplitude of the
serial data signal output by the second signal output device, said
anplitude determ ned such that the serial data signal output by the second
si gnal output device and passing through said serial ATA bus and then
received by the first signal input 10 device has an anplitude as received
by said first signal input device at |east4approximately equal to the
expected i nput signal anplitude; and second multiplication nmeans for
mul tiplying the anplitude determ ned by the second determ nation neans 15
by a preset coeifbctleps. | eBsishaarial addtarangnbdr isohrernkfengetihérsmcond
signal output device to cause the serial data signal output by said second
si gnal output delvéceerbahadetantaapeiniadeoncqberedlby2ntibt theyHRE the
anpl i tude determ ned by 20 the second determ nation neans by the preset
coefficient. 1oTh¢\%%?%oarbﬁgau%%nafiEaﬁ|§Dadﬂashaﬁgtaﬁ gugpat signal

ed in_a systemin which a first

anpl i tude, the netho? bei ng enpl o
el ectroni ¢ devi t&PWF %uEBug %ngaiszA TheePfheeli d2tBnfddFad to a second
| ect i devi ith i ATA_j f i i all ATA bus, th
o ctronig, devige LD 2osoEl ol AL LRI 906 g gLl AT bus, tne
t tti i \ i t he. i al i (I t
Gov oe to ToocBLPRLE BORAL ! Enb e L BAL M nON sy BSppR o I ro 1282 o™

el ectronic devig e5s¥£?%ih8aﬁﬁr%%énéIAtQHﬁsFE?§e8UBE ttﬁhgﬁékiéﬁphkkﬁde

bei ng an anplitude o e serial data signal output fromthe signal output
device to the S@fé@émf@@i@ﬂfch&ﬁﬁeﬂegboﬁsCﬁEEéhﬁbEQd,B%E%ﬁ%bngfa@h%”p|'tUde

of the serial data 10 signal received by the signal input device, at a
sanpling frequensys snadadetecting pectentvdiddr cRgracpeedetecyl aed tine

pert od. 10 the transmission channel 32. The attenuation depends
upon the cable length of the transmission channel 32.
FIG. 4 shows changes in the amplitude of a serial
data signal due to changes in the cable length of the
SATA bus 30 at the receive side (i.e., at the input
15 amplifier 121R of the signal input/output unit 121),
the serial data signal being output from the output
amplifier 2217 of the signal input/output unit 221 to
the input amplifier 121R. In the example of FIG. 4,
the amplitude (peak-to-peak amplitude) of the serial
20 data signal at the transmit side (at the output
amplifier 221T) is 400 mV. 400 mV is the minimum
level among the reference émplitudes (levels)
stipulated for the input signals of serial SATA
interfaces. As is evident from FIG. 4, even if the
25 amplitudes of signals are constant at the transmit
| side, they vary at the receive side, depending upon

the cable length. An attenuation in signal amplitude



averagi ng anplitudes detected during the predeterm ned period; 15 conparing
an average acquired by the averaging with an expected i nput signal
anplitude determned froma reference input signal anplitude for the serial
ATA interfaces to produce a conparison results and adjusting, based on the
conparison result, 20 an anplitude of a serial data signal output fromthe
signal output device, such that when the 8trial data signal output fromthe
signal output device is input to the second el ectronic device via the
serial ATA bus, the input serial data signal has an anplitude at 25 |east
approxi mat el y edudiha oredel expeodedinoapedsss gaal theptabldeleddth The net hod
according to claim 10, wherein - 47 the adjusting includes: determ ning
an anplitude oftheheSAE ks d3i alntrprasedut pTihabyis hetlsé ghahgeut pue devi ce
such that the serial data signal output by the signal output 5 device and
passi ng t hrougFadhi® a9t Ame pareed thensigeal vampbjtudei nput devi ce of
the second el ectronic device has an anplitude equal to the expected input
signal anpl it ufdS-HHP I r3t 1§ ??ﬁ@%Y%n%}d%ut%%?r%%%iE%etéﬁﬁéﬁgé the 10
serial data signal output. b ai d_signal. output device to haye the

det er mi ng’d arrp%i %&ea$ﬁ%_le#%%t%% Sefﬁ%]of ng"¢ oS t93¢ M ?L%Pf%‘éii%i n the

adj usting i ncl udi,ng: N 1.0i | i tude of e serial.data 15_signal
out put by the gﬂ%nauﬁnjiﬁég%é@%%§%¥%§$$réﬁ§%he éng%T %%?51€F§ﬁa?foutput

by the signal ol pujcfevi e and passiog: iligngh said perkal ATA bus and

t hen received by an i'nput device of the second elecironic device has an

anpl i tude equalad %gmf&@e@p%ﬁsﬂeimrﬂwa&o a{fgéi&ff fsageegggldgﬁl yi ng

the determ ned anplitude by a preset coefficient ss”than
control I'ing thesigdoraiinyitt sesicecdwl €ausegthec serhadl sk a,gkgnal out put

by said signal output device 25 to have an anplitude acquired by
mul tipl yiong theche amplitude of an input signal at the receive side
will be deviated from an expected value. In this
case, it is very possible that data cannot correctly
be received at the receive side.
The serial data signal transferred to the HDD 10
15 via the serial data transmission channel 32 is input
to both the input amplifier 121R of the signal
input/output unit 121 and the peak detector 131 of the
output signal amplitude adjusting unit 13. The peak
detector 131 detects (measures) the peak value (i.e.,
20 the peak-to-peak amplitude) of the serial data signal
transferred via the serial data transmission channel
32, using a constant sampling frequency (in the
embodiment, 1.5 GHz) corresponding to the data
transfer rate of the SATA bus 30. The amplitude
25 detection result of the peak detector 131 is supplied
to the averaging unit 132. The averaging unit 132

samples and holds amplitude detection results output



determ ned anplitude by the preset coefficient. 13. An el ectronic device
wth a serial ATA - 48 interface conprising: a signal output device for
outputting a serial data signal to a serial ATA bus connecting the

el ectronic device to another electronic device, the 5 serial data signal to
be transferred to said another electronic device, said another electronic
device having a serial ATA interface; a signal input device for receiving a
serial data signal transferred from said another electronic device 10 via
the serial ATA bus; a detection circuit for detecting an anplitude of the
serial data sigfinbmrebei pedkbylethetsrghal, i aputedelaceinaececoapar b$on devi ce
for conparing the detected 15 anplitude with an expected input signal
anpl i tude; and &oraepeiplde hdj uster IhoptHerevardsngthbaswdragiagconpari son
result of the conparison device, an anplitude A of the serial data signal
out put by sai d 8ihghal33duthiprsdevtcehsuahrl hindahdaternsisnr rapudtsdat a
signal output fromthe signal output device is input to said another

el ectroni ¢ devi €eevPgaknecsefFfar Q?A Bég,dﬁﬁéanEg? BeRkalVadH€acdi gnal has

an anplitude approxi matel y, equal to the expected input signal anplitude,
oni 0 ol i aae R0, RePRE e TSR enh] therSERTaET PelaR b s YA esoPEr ol ont

| ess than one sgogha% ﬁhfeinEHt seqkal dat sg nﬁknangkgtﬂgﬁc§so§A which is
| ess than the expec?ea anﬁt siﬁﬁal aﬁpriFudg. pLing 4

100 KHz), and the averaging unit 132 may acquire all
the detection results from the peak detector 131.
The averaging unit 132 executes, for a preset

10 period (e.g. 10 ms), the operation of acquiring and
holding the amplitude detection results of the peak
detector 131. As a result, when the preset period has
elapsed, the averaging unit 132 holds a constant
number (in this embodiment, 100) of amplitude

15 detection results. The averaging unit 132 then
calculates the average of the constant number of
amplitude detection results, i.e., the average of the
amplitudes of the input signals measured by the peak
detector 131. The calculated average of the input

20 signal amplitudes is supplied from the averaging -
unit 132 to the comparator 134.

To enable the peak detector 131 to hold 100
amplitude detection results in the embodiment where
the averaging unit 132 aéquires the amplitude

25 detection result at regular intervals of 10 us, it is
sufficient if 100 delay circuits for delaying

the amplitude detection result at regular intervals



- 49 14. A nethod of automatically adjusting an output signal anplitude,
the nmet hod being enployed in a systemin which a first el ectronic device
with a serial ATA interface is connected to a second 5 el ectronic device
with a serial ATA interface via a serial ATA bus, the first electronic
device including a first signal output device, and a first signal input
devi ce, and the second el ectronic deviee Riicl #ding a second si gnal out put
device, and a second 10 signal input device, the nmethod conprising: (a)
transmtting a serial data signal S1 fromthe second signal output device
to the first sighaloimpuirdevocecored lsqi dasendal cAdAebtspn(b) detecting an
anplitude of the serial data 15 signal Sl received by the first signa

i nput devi ce fridhteheatievehd, sfynat-bot purstevitte(FLEY) cbnpéeritngft hEO
detected anplitude with an expected input signal anplitude determ ned from
a reference i npatagegraay appl wsede for the serial ATA 20 interfaces to
produce a first conparison result (dé determ nin based on the first
conparison result, ahR@npPrPagatar & 4aC§@Pﬁéﬁsdgb§ svgrageo@fpFtef r om t he
first signal oufput device, such that when the serjal data si%nal out put

fromthe ¥irst '@%5|82%n6ht%%@laévﬁeé Falrhpatetot¥nEhgeadRdagigial i nput
device via the serja TA bus, the_serial data,.signal. received by the
second si gnal i%%h% L%éic%lﬁgsa refggengp ﬁﬁﬁiﬁﬁﬁgg gaﬁaFnPB%the expect ed
Input signal amp|Lfufe; [ghnagdiustipdihhe apphituds A% By, myktiplying the
expected input signal amplitude), stored in the
reference value storage device 133. The comparator

10 134 acquires the difference between the average and
nominal amplitude as the comparison result. The
nominal value, i.e., the nominal value for input
signal amplitudes included in the SATA interface
standards, is 400 mV as shown in FIG. 3. Accordingly,

15 it is desirable to adjust the output signal amplitude
using a device at the output side (transmit side), so
that the input.signal amplitude is equal to the
nominal value of 400 mV. According to the SATA
interface standards, the maximum and minimum

20 amplitudes (levels) for input signals are 600 mV and
325 mV, respectively (see FIG. 3). 1In light of this,
the average amplitﬁde of input signals calculated by
the averaging unit 132 may be compared with the mean
value (600 + 325) mV/2 (= 462.5 mV) of the reference

25 maximum and minimum levels.

The comparison result of the comparator 134 is

supplied to the output signal amplitude adjuster 135.



anplitude Al by a coefficient, Cl. less that one so 5 that the first signal
out put device outputs a serial data signal having an anplitude ClAl1, and
the resulting serial data signal is transnmtted over said serial ATA bus
and is received as signal S2 by said second signal input device and has an
anplitude less 10 than the expected input signal anplitude; (f)
transmtting a serial data signal S2 from2B8he-first signal output device to
t he second signal input device over said serial ATA bus; (g) detecting an
anplitude of the signal S2 15 received by the second signal input device
fromthe first Sspgnaficalpyl tlewi deffé¢hdnconpatwvagnt heedetreetigd anpl it ude
of the signal S2 with an expected i nput signal anplitude determ ned froma
ref erence i nputamsphhdanpf i inplet f 9igR81lshendeanakbxpAtedt erlaeedat o
produce a second conparison result; (i) determ ning, based on the second
conpari son resuteminnl aamppl i tdde APoBf inpYEr PAbnd4Eacsi §hal meanpvelieom t he
second signal output device, such that when 25 the serial data signa

out put from t he2SeR¥ptaspgRarboviehuinaévied i3 FRpubALd LRESFLRSE si gnal

i nput device via thg sgrial ATA gus, t he ﬁerial data signal - 51
recei ved Dy t heSFRRERISH ghdl STARLUL SdedFcE ﬁagoﬁﬁaéﬁﬁPPtgﬁéuéﬁuﬁﬁ to the

d i ' I | itud ' ' ' he . itude.A2 b
i ol yi 'ggpﬁhe?%gélﬁwﬁ”ﬁa@%zfﬁé‘ bocbBFT PEPEHE, Sa ot cePEAAR e so ¢ hat
anpl | tude Cons, SSECTRE 1851 (The RRMF 408 SRRV SRR B LR ATHER D

sald serial AT bugnangd lpafigeelyeiRyaSpldsbhtsheshdnaysd0xhpub device

and has an anplitude | ess than the expec I'nput signal anplitude. 15. The
met hod as reci t%elgmgiﬁtﬁaéé,o%uat Beri&9MRALal BYghaRealhRg rakeRy (ak

through (j) a plurality of tinmes where on each repeat, the signal Sl has
the 15 ampl it udend2seangltgtai gpahspZsbasnt BRaanpli BedefAthe SATA
bus 30 and to be actually input to the input amplifier
121R of the SATA bridge 12.
Based on the comparison result of the comparator
134, the output signal amplitude adjuster 135
15 estimates the signal attenuation characteristic of the
SATA bus 30 (serial data transmission channel 32).
This estimation is performed based on the assumption
that the serial data signal output side device
(host 20) oufputs a serial data signal of an amplitude
20 (output signal amplitude) according to the SATA
interface standards, e.g. 400 mV dr some other set
value within the range of 400 mV - 600 mV. In the
embodiment, a nominal value 1s used as an output
signal amplitude according to the SATA interface
25 standards. Specifically, the nominal value as the
output signal amplitude is 500 mV as shown in FIG. 3.

As the output signal amplitude according to the SATA




. 16. . The nethod as recited in claim215 wherein C1 is equal to Cl. 17. The

nmethod as recited in claim 14 wherein O is equal to Cl.

. A AU. Ah. AL9. A9h. ALh9. A9&. A9&. A{. Ah. AL& ALW9. A9&. A9{ 9. A9h9. A. A9. A9{ & ALh&. A
9h&. A9&. A9{. AL{. A9. A. AL. A9&. A9&. A9&. A9&. A9. A{. A9. A. A9. A9. A&&. A9. A9. A9{. AL{.
A9&. A9h9. A9&. A9h&. A&9. A9h&. A9U9. A9. AOL9. A9Sy5X, c |y8
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1096p&f§)-3| 10§§@§TQ}15§%1Q%(B%'QhE host 20 via the SATA bus 30
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121T of the signal input/output circuit 121 so that
its output signal has the determined amplitude A.
In the embodiment, the gain of the signal input/output
circuit 121 is adjusted so that the output signal has
25 the determined amplitude A. As a result, the output

signal amplitude of the signal input/output circuit

121 of the SATA bridge 12 is adjusted so that the
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circuit 221 of the SATA bridge 22 becomes an expected
value, such as a nominal value (400 mV), which fits to
the SATA interface standards.

5 The serial data signal output from the output
amplifier 121T to the serial data transmission line 31
of the SATA bus 30 is attenuated by the transmission
line 31 before it is input to the signal input/output
circuit 221 of the SATA bridge 22 in the host 20.

10 However, the serial data signal input to the signal
input/output circuit 221 has its amplitude already
adjusted by the output signal amplitude adjusting
unit 13 when it is output from the HDD 10 to the SATA
bus 30. Accordingly, the amplitude of the serial data

15 signal input tQ the signal input/output circuit 221,
i.e., the input signal amplitude, is substantially
equal to the expected émplitude (substantially equal
to the nominal value) that fits to the SATA interface
standards.

20 In the embodiment, a serial data signal is
transferred via the SATA bus 30 not only in the
direction from the HDD 10 to the host 20, but also in
the opposite direction from the host 20 to the HDD 10.
In the latter case, it is sufficient if the output

25 signal amplitude adjusting unit 23 of the host 20

performs the same automatic adjustment of the output

signal amplitude as that performed by the output
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5 signal input/output circuits 221 and 121 via the SATA
bus 30, i.e., the input signal amplitudes, can be set
to appropriate values that fit to the SATA interface
standards.

The output signal amplitude adjusting units 13
10 and 23 can utilize a voltage or current regulation
method to control the output amplifiers 121T and 221T
so as to change the amplitudes of output signals.
In the voltage regulation method, the amplitude of
a signal input to the SATA bus 30 is changed. In the
15 current regulation method, when a signal is input to
the SATA bus 30, the amount of current which flows
into the SATA bus 30 is changed. To utilize the
voltage adjustment method, the output amplifiers 121T
and 221T must be voltage-driven amplifiers. On the
20 other hand, to utilize the current regulation method,
the output amplifiers 121T and 221T must be current-
driven amplifiers.
A voltage-driven amplifier only changes the
output signal amplitude of a transmit side, and
25 therefore has a simple structure. However, when
a voltage-driven amplifier is used, the leading and

trailing edges of a SATA signal as a high-frequency
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when a current-driven amplifier is used, SATA signals
are not influenced by the frequency characteristic of
the SATA bus and the impedance of the receive side.
However, the structure of the current-driven amplifier
10 is complex. In light of the above, if it is preferred
to simplify the structure of an amplifier used, the
voltage regulation method is utilized, while if
stabilization of the output signal amplitude is
preferred, the current regulation method is utilized.
15 [Modification]

A modification of the embodiment will be
described. When both the output signal amplitude
adjusting units 13 and 23 of the HDD 10 and host 20
automatically adjust the amplitudes of output signals,

20 the following problem may occur. For example, assume
that the amplitude of a serial data signal {(input
signal amplitude) input to the signal input/output
circuit 221 of the host 20 abruptly reaches an
expected value after the output signal amplitude

25 adjusting unit 13 of the HDD 10 performs output signal
amplitude adjustment. In this case, the output signal

amplitude adjusting unit 23 of the host 20 operates to
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adjustment based on the signal attenuation
characteristic of the SATA bus 30. Therefore, the
amplitude of a serial data signal input to the signal
input/output circuit 121 of the HDD 10 may not be an
10 expected value. Further, the amplitude (output signal
amplitude) of a serial data signal output from the
signal input/output circuit 121 of the HDD 10 to the
SATA bus 30 may greatly differ from that of a serial
data signal output from the signal input/output
15 circuit 221 of the host 20 to the SATA bus 30. This
is the problem that may occur when both the output
signal amplitude adjusting units 13 and 23 of the HDD
10 and host 20 perform output signal amplitude
automatic adjustment.
20 In light of this, the modification of the
embodiment employs a technique for controlling one of
the output signal amplitude adjusting units 13 and 23
to prevent the amplitude of an output signal from
being abruptly adjusted to an appropriate value. This
25 technique will be described with reference to the

flowchart of FIG. 5. Firstly, the output signal

amplitude adjusters 135 and 235 of the output signal
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10 10¥ respective optimal output signal amplitudes Al and A2
based on the respective comparison results of the
comparators 134 and 234 (step S1). The comparison
5 results mean the respective differences between the
averages of input signal amplitudes and an expected
value (nominal value for input signal amplitudes)
stipulated in the SATA interface standards.
Subsequently, the output signal amplitude

10 adjusters 135 and 235 multiply the determined optimal
output signal amplitudes Al and A2 by a constant
value, e.g., a preset coefficient C lower than 1,
respectively (step S2). The output signal amplitude
adjusters 135 and 235 control the output amplifiers

15 121T and 211T of the signal input/output circuits 121
and 221 so as to generate output signals having
amplitudes that are equal to the amplification results
CAl and CA2 (step S3).

Thus, in the modification of the embodiment,

20 the output signal amplitude adjusters 135 and 235 do
not adjust the amplitudes of output signals to the
optimal wvalues Al and A2, but to the values CAl and
CA2 (C < 1) smaller than the optimal wvalues Al and A2,
respectively. In this case, the input signal

25 amplitudes of the signal input/output circuits 221 and
121 of the host 20 and HDD 10 do not abruptly reach

an expected value. Accordingly, the output signal
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output signals to values CAl"and CA2'" smaller than

the optimal values Al’ and A2’, respectively (steps S2
and S3).

10 As a further modification, separate coefficients
Cl and C2 may be utilized for multiplying the
respective amplitudes such the output signal values
become C1Al, C2A2 and ClAl’, C2AZ2’ etc.

As described above, in the modification of the

15 embodiment, the output signal amplitude adjusters 135
and 235 do not adjust the amplitudes of output signals
to the optimal values that are expected in the signal
input/output circuits 221 and 121 of the host 20 and
HDD 10. Instead, the output signal amplitude

20 adjusters 135 and 235 adjust the respective output
signal amplitudes to the values acquired by
multiplying the optimal output signal amplitudes by
a preset coefficient C lower than 1. 'As a result,
the amplitudes (output signal amplitudes) of the

25 respective serial data signals output to the SATA bus
30 from the signal input/output circuits 121 and 221

of the HDD 10 and host 20 can be finally made
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comparison results of the comparators 134 and 234
(i.e., the respective differences between the averages
5 of input signal amplitudes and an expected value
stipulated in the SATA interface standards) are lower
than a constant value (preset threshold value).
Alternatively, the repetition of the steps S1 to S3
may be stopped if a predetermined period has elapsed
10 since the start of the process.
In the above-described embodiment, the output
signal amplitude adjusting units 13 and 23 are
provided independently of the main HDD unit 11 and
main host unit 21. However, they may be incorporated
15 in the main HDD unit 11 and main host unit 21.
Further, the output signal amplitude adjusting unit 13
may be incorporated in a disk controller (HDC),
not shown, in the main HDD unit 11, i.e., an HDC
connected to the SATA bridge 12 via the SATA bus 14.
20 Furthermore, the functions that are realized by the
averaging units 132 and 232 and comparators 134 and
234, which are incorporated in the output signal
amplitude adjusting units 13 and 23, can be realized
by CPUs (not shown), employed in the main HDD unit 11
25 and host 20, in substitution for the mentioned units.

The above-described embodiment is directed to

a system equipped with an HDD (magnetic disk drive).
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drive, etc. It is sufficient if the disk drive has
5 a SATA interface. The present invention is further
applicable to a system equipped with an electronic
device other than disk drives, if only the electronic
device has a SATA interface.
Additional advantages and modifications will
10 readily occur to those skilled in the art. Therefore,
the invention in its broader aspects is not limited to
the specific details and representative embodiments
shown and described herein. Accordingly, various
modifications may be made without departing from the

15 spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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10 10 ! & "10% 1. An electronic device with a serial ATA
interface, comprising:
a signal output device for outputting a serial
5 data signal to a serial ATA bus connecting the
electronic device to another electronic device, the
serial data signal to be transferred to said another
electronic device,_said another electronic device
having a serial ATA interface;
10 a signal input device for receiving a serial data
signal transferred from said another electronic device
via the serial ATA bus;
a peak detection circuit for detecting an
amplitude of the serial data signal received by the
15 signal input device;
an averaging circuit for averaging amplitude
detection results of the peak detection circuit;
a comparison device for comparing an averaging
result of the averaging circuit with an expected input
20 signal amplitude; and
an amplitude adjuster for adjusting, based on
a comparison result of the comparison device,
an amplitude of the serial data signal output by said
signal output device such that when the serial data
25 signal output from the signal output device is input

to said another electronic device via the serial ATA

bus, the input serial data signal has an amplitude at



& ()-1$& "109B58& ()-!& "109B5& ()- *10%B& () - &z[ 9 P1! Hf #10%& () - F

- 109 ()-!9"109% ()- !9"109% ()- !'109% ()-y!i!10900& ()-y&TUWWPB4 10 10
10! $L. 4" 109& ()- & L. 4" 109BB& () - &cf #S109%E& ()-F cf #s109& ()-F Hf #109%& ()-F
W/ b1T} A<PB4

10/ L' 109 () - @®s! 109%&' ()-f!9s! 10%&' ()-f!10%& ()-y! n! 10%P5P& () -y@ 10%&' ()
-KOXz[9+4 10 ! 7S10% - 39 -
& ()-"."10%& ()-f! ."109% ()-f!L3% 10¥8BB& ()-S'L3% 10%&' ()-SL!10%B8& ()- @Qg
H4 10 ! 7S1 YI0% & ()- 109 ()-T 10% & ()- & 10%W& ()-s@10% & ()- 10
10 least approximately equal to the expected input signal
amplitude.
2. The electronic device according to claim 1,
wherein the amplitude adjusting circuit including:
5 determination means for determining an amplitude
of the serial data signal output by the signal output
device, said amplitude determined such that the serial
data signal output by the signal output device and
passing through said serial ATA bus and then received
10 by an input device of said another electronic device
has an amplitude as received by said input device of
said another electronic device equal to the expected
input signal amplitude; and
means for controlling the signal output device to
15 cause the serial data signal output by saild signal
output device to have the amplitude determined by the
determination means.
3. The electronic device according to claim 1,
wherein the amplitude adjusting means including:
20 determination means for determining an amplitude
of the serial data signal output by the signal output
device, said amplitude determined such that the serial
data signal output by the signal output device and
passing through said serial ATA bus and then received
25 by an input device of said another electronic device

has an amplitude as received by said input device of

said another electronic device equal to the expected
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input signal amplitude; and

means for multiplying the amplitude determined by
the determination means by a preset coefficient less
than 1; and

5 means for controlling the signal output device to
cause the serial data signal output by said signal
output device to have an amplitude acquired by
multiplying the amplitude determined by the
determination means by the preset coefficient.

10 4. The electronic device according to claim 1,
wherein the peak detection circuit detects the
amplitude of the serial data signal received by the
signal input device, at a sampling frequency
corresponding to a data transfer rate of the serial

15 ATA bus.

5. The electronic device according to claim 1,
wherein the comparison device uses, as the expected
input signal amplitude, a nominal input signal
amplitude stipulated in standards for the serial ATA

20 interfaces.

6. The electronic device according to claim 1,
wherein the comparison device uses, as the expected
input signal amplitude, an intermediate value between
a maximum input signal amplitude and a minimum input

25 signal amplitude, the maximum input signal amplitude
and the minimum input signal amplitude being

stipulated in standards for the serial ATA interfaces.
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7. A system comprising:
a first electronic device having a serial ATA
interface;
a second electronic device having a serial ATA
5 interface; and
a serial ATA bus connecting the first electronic
device to the second electronic device,
wherein the first electronic device includes:
a first signal output device for outputting, to
10 the serial ATA bus, a serial data signal to be
transferred to the second electronic device;
a first signal input device for receiving
a serial data signal transferred from the second
electronic device via the serial ATA bus;
15 a first peak detection circuit for detecting
an amplitude of the serial data signal received by the
first signal input device;
a first averaging circuit for averaging amplitude
detection results of the first peak detection circuit;
20 a first comparison device for comparing an
averaging result of the first averaging circuit with
an expected input signal amplitude determined from
a reference input signal amplitude for the serial ATA
interfaces; and
25 a first amplitude adjuster for adjusting, based

on a comparison result of the first comparison device,

an amplitude of the serial data signal output by said
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first signal output device such that when the serial

data signal output from the first signal output device

is input to the second electronic device via the

serial ATA bus, the input serial data signal has

5 an amplitude at least approximately equal to the

expected input signal amplitude,

and wherein the second electronic device
includes:

a second signal output device for outputting, to

10 the serial ATA bus, the serial data signal output by
salid second signal output device:

a second signal input device for receiving the
serial data signal output from the first signal output
device via the serial ATA bus;

15 a second peak detection circuit for detecting
an amplitude of the serial data signal received by
the second signal input device;

a second averaging circuit for averaging
amplitude detection results of the second peak

20 detection circuit;

a second comparison device for comparing
an averaging result of the second averaging circuit
with the expected input signal amplitude; and

a second amplitude adjuster for adjusting, based

25 on a comparison result of the second comparison
device, an amplitude of serial data signal output by

sald second signal output device such that when
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the serial data signal output from the second signal
output device is input to the first electronic device
via the serial ATA bus; the input serial data signal
has an amplitude at least approximately equal to the
5 expected input signal amplitude.
8. The system according to claim 7, wherein the
first amplitude adjuster including:
first determination means for determining an
amplitude of the serial data signal output by the
10 first signal output device, said amplitude determined
such that the serial data signal output by the first
signal output device and passing through said serial
ATA bus and then received by the second signal input
device has an amplitude as received by said second
15 signal input device at least approximately equal to
the expected input signal amplitude; and
means for controlling the first signal output
device to cause the serial data signal output by said
first signal output device to have the amplitude
20 determined by the first determination means,
and wherein the second amplitude adjuster
includes:
second determination means for determining an
amplitude of the serial data signal output by the
25 second signal output device, said amplitude determined
such that the serial data signal output by the second

signal output device and passing through said serial
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device has an amplitude as received by said first
signal input device at. least approximately equal to
the expected input signal amplitude; and
5 means for controlling the second signal output
device to cause the serial data signal output by said
second signal output device to have the amplitude
determined by the second determination means.
9. The system according to claim 7, wherein the
10 amplitude adjuster includes:
first determination means for determining an
amplitude of the serial data signal output by the
first signal output device, said amplitude determined
such that the serial data signal output by the first
15 signal output device and passing through said serial
ATA bus and then received by the second signal input
device has an amplitude as received by sald second
signal input device at least approximately equal to
the expected input signal amplitude; and
20 first multiplication means for multiplying the
amplitude determined by the first determination means
by a preset coefficient less than 1; and
means for controlling the first signal output
device to cause the serial data signal output by said
25 first signal output device to have an amplitude

acquired by multiplying the amplitude determined by

the first determination means by the preset
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and wherein the second amplitude adjuster
includes:
second determination means for determining an
5 amplitude of the serial data signal output by the
second signal output device, said amplitude determined
such that the serial data signal output by the second
signal output device and passing through said serial
ATA bus and then received by the first signal input
10 device has an amplitude as received by said first
signal input device at least approximately equal to
the expected input signal amplitude; and
second multiplication means for multiplying the
amplitude determined by the second determination means
15 by a preset coefficient less than 1; and
means for controlling the second signal output
device to cause the serial data signal output by said
second signal output device to have an amplitude
acquired by multiplying the amplitude determined by
20 the second determination means by the preset
coefficient.
10. A method of automatically adjusting an output
signal amplitude, the method being employed in
a system in which a first electronic device with
25 a serial ATA interface is connected to a second

electronic device with a serial ATA interface via

a serial ATA bus, the first electronic device
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including a signal output device for outputting

a serial data signal to the serial ATA bus, and

a signal input device for receiving a serial data

signal transferred from the second electronic de&ice
5 via the serial ATA bus, the output signal amplitude

being an amplitude of the serial data signal output

from the signal output device to the serial ATA bus,

the method comprising:

detecting an amplitude of the serial data

10 signal received by the signal input device, at
a sampling frequency, said detecting performed during
a predetermined time period;

averaging amplitudes detected during the
predetermined period;

15 comparing an average acquired by the averaging
with an expected input signal amplitude determined
from a reference input signal amplitude for the serial
ATA interfaces to produce a comparison result; and

adjusting, based on the comparison result,

20 an amplitude of a serial data signal output from the
signal output device, such that when the serial data
signal output from the signal output device is input
to the second electronic device via the serial ATA
bus, the input serial data signal has an amplitude at

25 least approximately equal to the expected input signal
amplitude.

11. The method according to claim 10, wherein
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the adjusting includes:

determining an amplitude of the serial data
signal output by the signal output device such that
the serial data signal output by the signal output
device and passing through said serial ATA bus and
then received by an input device of the second
electronic device has an amplitude equal to the
expected input signal amplitude; and

controlling the signal output device to cause the
serial data signal output by said signal output device
to have the determined amplitude.

12. The method according to claim 10, wherein

the adjusting including:

determining an amplitude of the serial data
signal output by the signal output device such that
the serial data signal output by the signal output
device and passing through said serial ATA bus and
then received by an input device of the second
electronic device has an amplitude equal to the
expected input signal amplitude; and

multiplying the determined amplitude by a preset
coefficient less than 1; and

controlling the signal output device to cause the
serial data signal output by said signal output device
to have an amplitude acquired by multiplying the
determined amplitude by the preset coefficient.

13. An electronic device with a serial ATA

10" 9
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interface comprising:

a signal output device for outputting a serial
data signal to a serial ATA bus connecting the
electronic device to another electronic device, the

5 serial data signal to be transferred to said another
electronic device, said another electronic device
having a serial ATA interface;

a signal input device for receiving a serial data
signal transferred from said another electronic device

10 via the serial ATA bus;

a detection circuit for detecting an amplitude of
the serial data signal received by the signal input
device;

a comparison device for comparing the detected

15 amplitude with an expected input signal amplitude; and

an amplitude adjuster for determining, based on

a comparison result of the comparison device,
an amplitude A of the serial data signal output by
said signal output device such that when the serial

20 data signal output from the signal output device is
input to said another electronic device via the serial
ATA bus, the input serial data signal has an amplitude
approximately equal to the expected input signal
amplitude, said amplitude adjuster multiplying the

25 amplitude A by a coefficient less than one so that the
input serial data signal amplitude is CA which is less

than the expected input signal amplitude.
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14. A method of automatically adjusting an output
signal amplitude, the method being employed in
a system in which a first electronic device with
a serial ATA interface is connected to a second
5 electronic device with a serial ATA interface via
a serial ATA bus, the first electronic device
including a first signal output device, and a first
signal input device, and the second electronic device
including a second signal output device, and a second
10 signal input device, the method comprising:

(a) transmitting a serial data signal S1 from the
second signal output device to the first signal. input
device over said serial ATA bus;

(b) detecting an amplitude of the serial data

15 signal S1 received by the first signal input device
from the second signal output device;

(c) comparing the detected amplitude with
an expected input signal amplitude determined from
a reference input signal amplitude for the serial ATA

20 interfaces to produce a first comparison result;

(d) determining, based on the first comparison
result, an amplitude Al of a serial data signal output
from the first signal output device, such that when
the serial data signal output from the first signal

25 output device is input to the second signal input
device via the serial ATA bus, the serial data signal

received by the second signal input device has
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(e) adjusting the amplitude Al by multiplying the
amplitude Al by a coefficient, Cl. less that one so
5 that the first signal output device outputs a serial
data signal having an amplitude ClAl, and the
resulting serial data signal is transmitted over said
serial ATA bus and is received as signal S2 by said
second signal input device and has an amplitude less
10 than the expected input signal amplitude;

(f) transmitting a serial data signal S2 from the
first signal output device to the second signal input
device over said serial ATA bus;

(g) detecting an amplitude of the signal S2

15 received by the second signal input device from the
first signal output device;

(h) comparing the detected amplitude of the
signal S2 with an expected input signal amplitude
determined from a reference input signal amplitude for

20 the serial ATA interfaces to produce a second
comparison result;

(i) determining, based on the second comparison
result, an amplitude A2 of a serial data signal output
from the second signal output device, such that when

25 the serial data signal output from the second signal
output device is input to the first signal input

device via the serial ATA bus, the serial data signal
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received by the first signal input device has
an amplitude equal to the expected input signal
amplitude;

(7) adjusting the amplitude A2 by multiplying the
amplitude A2 by a coefficient, C2. less that one so
that the second signal output device outputs a serial
data signal having an amplitude C2A2, and the
resulting serial data signal is transmitted over said
serial ATA bus and is received by said first signal
input device and has an amplitude less than the
expected input signal amplitude.

15. The method as recited in claim 14, further
comprising repeating steps (a) through (j) a plurality
of times where on each repeat, the signal S1 has the
amplitude A2, and the signal S2 has the amplitude Al.

16. The method as recited in claim 15 wherein Cl
is equal to Cl1.

17. The method as recited in claim 14 wherein Cl

is equal to Cl.



