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Serial Data
InterfaC| ng Appara\gjs and Data Transfer

Rat e Sel ecti on Met hod BACKGROUND OF
of the Invention This invention relates to a digital

THE 1 NVI

seri al m N ing apparatus in which arbitration of {gi§cibbingng2 ghts
is effe to data transfer. This invention also relates to a data
transfer rate sel ection nmethod enploying this interfacing apparatus.
Description of the Related Art As an interfacing standard supporting high
speed data transfer and real time transfer ained-at nulti rred

transfer, there is known an | EEE 1394 hj gh perfornmance seri J mﬁwmwd
referred to below as | EEE 1394 standard. This | EEE 1394 stan
data transfer speeds at 104 Mops (98.304 Mps), 200 Mops (196. 60'8“?96 ps) and

400 Mops (393.216 Mips), and prescribes that a 1394 port having an upper
order t (AAEFOF'HIE DAENTEMNconpatible with the |l ower order transfer rate

This renders it possible to permt the data transfer rates of 100 Mps 200.

Mops an®igia0SsfislsDita Iakrfading A ppardtitcandioar Trahivfer RateTBelettidiEMaARdd st andar d
adopts a transfer format of the DS-Link (data/strobe |ink) encoding system
i n whi crPBACKGROUNE OFI THE BAVENTEAON nto two signals, that is the transfer
data and strobes that eke out the signals, and in V\/m ch these two signals
are exclmgiverRadvetmigenerate cl ocks, as shown in Fig.l . There is al so
prescribed a cable structure in which tw sets of twi st pairs (signal

tines) 102 shrﬁktiﬁdex%x{ tela'iés e%m &*Jr%@kai Sotpil %a@@ﬁmté’t’f&hﬂ@ﬁbaﬂal&eﬁl “PRkn 18
Cct ober

2002 2 are bundl ed a cable structure 1ch then is shiel ded

by a secofft s ebebRutiay & h&q eFRc @l fioR t& ARtadrafdPer. 2fhis HOWRAIOR 4 2-

relates to a data transfer rate selection method employing this interfacing apparatus.
Description of the Related Art . -

As an interfacing standard supporting high speed data transfer and real time
transfer aimed at multimedia data transfer, there is known an IEEE 1394 high
-performance serial bus standard, referred to below as TEEE 1394 standard.

This IEEE 1394 standard provides data transfeF speeds at 100 Mbps (98.304
Mbps), 200 Mbps (196.608 Mbps) and 400 Mbps (393 216 Mbps), and prescribes that

a 1394 port having an upper order transfer rate shall be compatible with the lower
order transfer rate. This renders it possible to permit the data transfer rates of 100
Mbps, 200 Mbps and 400 Mbps to co-exist on the: same network. The IEEE 1394
standard adopts a transfer format of the DS-Link (data/strobe link) encoding system
in which transfer data is converted into two signals, that is the transfer data and strobes
that eke out the signals, and in which these two signals are exclusive-ORed to generate
clocks, as shown in Fig.1. There is also prescribed a cable structure in which two sets

of twist pairs (signal lines) 102 shielded by first shield layers 101 and power lines 103



In the | EEE 1394 standard, two sorts of systens, that is the daisy chain
and node branching, can be used as a connection system In the daisy chain
system up to a nmaxi mum of 16 nodes of equi pnments having the 1394 port,

wi th the maxi num | ength between the nodes being 4.5 m If n&95d§quﬁ#%ng IS
al so used, such a network can be constructed to which the | arge n er of
nodes permtted by the standard, that is 63 nodes (physical node addresses)
can be connected, as shown in Fig.3. . Also, in the | EEE 1394 standard, the
above cabl es can be connected or disconpected when the equipnents are in
operation, that is in the power up state, such that, at a tine point nodes
are added or deleted, the network can be re-constructed automatically. At
this time, the equi pnments of the connected nodes can be automatically

recogni ilstethe identification or I n f ot nect ed
caui prepsouritd B gorf o Bl ik B Bt B HiOBRE BT kseBha BB ST e
interfaEaSI, iggform’ ng tq the | EEE 1394 standard, and the protocol

ar chi t etEF &04 19 givegheakled 00, asshoma\in Fi8-25i . 4. The interface of the I EEE
1394 standard can be divided into the hardware and the firmwvare. The

har dwar e i s Inethe IRED 1394 stapdachaitwb spes of Bystemsnthad is thekdaisy ehainTans

physi cal | ayer directly drives the signals of the | EEE 1394 standard. The

| i nk | apede beatiching, baiebé assl 43ed smmectibresystath. Imtherdalsyechairdsysbhem piny & cal
interface. 18 Cctober 2002 3 The firmvare is constituted by a transaction

layer, apdiiMRnfdf B MGHR38EERNpmEntshavingahé @m'dﬁmavﬁtwmb neHeidin RAagt or the
interface conformng to the | EEE 1394 standard, and a managenent [ayer,

made up pefwdndht H8bed Bind BLMAT Hmwﬁﬁ@%%@w@eaﬁ HRhdtheri %%4394

standard, termed a seriaf bus nanagene The  application [ayer is

laed by BhsrfhPRORARER e ebd bl SE S AR BErRELASS tnk BB aRd Y §5.65' "0
standarq, t he.,transfer, operation rformagd'nn a]ilnetwogk %s termed a
sub- act gfes S%‘ip%ﬁ’ﬁ rFWfsgfﬂJfg%f?W,e A EPQVA P §¥fichr onous transf er

node, terned "asynchreonous". and a sync tragnsfer node, terned

"i sochr onous 80,3l thgh LB Egh%\?"aﬁfaééyfg the grcablgsacanbe eRmeeiRe ofach
sub-action is divided into three parts, and assunes transfer states, terned
" ar bi t r sliscennected sdieatthe equipmentsiasa in epriation Khdis Bdhe pewer up stewstiche, t he
"acknow edgenent" is omtted in the "isochronous"' node. In the isochronous
sub- act ithat, atia yimodh pomumdes arsidded or geleteds thednetvorlecan be reteonstmgctede
tenporal transition state in the transfer node, the first sub-action gap

i ndi cat esitdrhaticallye At afhés afiméhehd uguipthents ubf dab¢ | @mnetted gepes scamobiet or ed
to verify whether or not the immediately previous transfer has cone to a

cl ose armitdmagealiyhetbgtized, widlst theddaitification potiriablaagethéntioféhe ainmestedt e
continues for longer than a pre-set tinme, a node desirous of transfer

deci des dqagiméms abe!Supaiise@ ons@tnaifhcbence executes arbitration in order to
acquire the bus control right. In actuality, judgnment as to the bus stop is

made by a  14,O0ebRR8heRO08Rments of the interface, conforming to the IEEE 1394

standard, and the protocol architecture, are configured as shown in Fig.4. The
interface of the IEEE 1394 standard can be divided into the hardware and the
firmware.

The hardware is made up of a physical layer (PHY) and a link layer. The
physical layer direc;tly drives the signals of the IEEE 1394 standard. The link layer has

an interface between the host interface and the physical interface.



4 node B lying at the root, as shown in Figs.6A and 6B. The node which has
acquired the bus control right in this arbitration then executes data
transfer, that is packet transmission. After the data transfer, the node
whi ch has received data executes the replying acknow edgenggiodmpef ebox ni ng
ACK (return code for confirmng the reception) responsive to the received
result. By executing the acknow edgenent, both nodes can confirmthe fact
of normal transfer based on the ACK contents. The sub-action gap state,
that is the bus idle state, is subsequently again resuned to repeat the
above-descri bed transfer operation. In $he i sochronous sub-action, transfer
is basically the sane in structure as the asynchronous transfer. However,
the i sochronous transfer in the isochronous subaction occurs in preference
to the asynchronous transfer in the asynchronous subaction as shown in Fig.

7. Thi s set sThéfirthais {sedonsntheed by htﬁahﬁaogl@arlayareﬁﬁdé upshanakieehensuch as
to realize data transfer in real-tine. real tine data is to be

i sochr ogAysr bé mlﬁ topgllaﬂbﬁ%] f@qﬂe%me?ﬂae@esh aéaﬂf tHEREETD 19981 i ncti on

of the contents nee eattac othetrans ta to recelve only
ot andar éﬁﬁh%r@ué'ﬁg da:ﬁ%n@@ﬁgﬁﬂﬁz%;z&adsw 5%@&@&8@9&@%@%&%@& e
Lo ko R R ST b il L

PORT 1, CABLE PORT 2 AND CABLE PORT 3) 206, 207 and 208, and a cl ock
generating bIbeapglimatipnkaysr is made upaf s Banagonentsofizvasnipigrfacing bstaepne i n
Fig.8. The physical |ayer |ogical block 201 perforns I/0 control with the

| i nk | ayley saftwarkdeligisetiifda ssarandrtchnaandionr dn maagement ayer.ol . It is
connected to a link layer controller (LINK CONTROLLER) 200, while being
connect ed t ol tie IBEEQB04 stindakl, 22 tramdet opdrattor peforhcd i partwoligisc bl ocks
203 to 20S. The sel ector bl ock 202 sel ects data DATA 1, DATA2 and DATA 3

and ass e&inaddadsubestihi Cﬂﬂe%lftﬁ%ﬁ%W@-act@@@n&%m%ﬂd@ond&%ﬁn‘é%ﬂ vi a
respective port logic blocks 203 to 205 connected to ports 20S t 0207,

respect in¥§dey termed “asynchronous”, and a sync transfer mode, termed  “isochronous™, and

which guarantees a transfer band, are defined. Each sub-action is divided into three
parts, and assumes transfer states, termed “arbitration”, “packet transmission” and

“acknowledgement”. Meanwhile, the “acknowledgement” is omitted in the

“isochronous”’' mode.

In the isochronous sub-action, asynchronous transfer is performed. In Fig.5,
showing the temporal transition state in the transfer mode, the first sub-action gap
indicates the idle state of the bus. The sub-action time gap is monitored to verify
whether or not the immediately previous transfer has come to a close and hence
whether or new transfer is possible.

If the idle state continues for longer than a pre-set time, a node desirous of
transfer decides that the bus can be used and hence executes arbitration in order to

acquire the bus control right. In actuality, judgment as to the bus stop is made by a



and is connected to the physical layer 201 and to the port |ogic blocks 203
to 20S. In the case of data transm ssion, the selector block 202 sends
packet data DATA, sent fromthe physical |ayer |ogical block 201, to the
port logic blocks 203 to 20S. In reception, one of sets of 1Blstdesked2 dat a
DATA 1, DATA2 and DATA 3, received via respective port |logic blocks 203 to
205, and reception clocks RXCLK1, RXCLK2 and RXCLK3, is sel ected. For
exanpl e, the packet data DATA 1, received by the port logic block 203 via
cable port 206, and the associated reception clock RXCLK1, are sent to the
physical |ayer |ogical block 201. The packet data sel ected by the sel ector
bl ock 202, such as the packet data DATAI, received by the port |ogic block
203, is witten in a FIFO nenory in the physical |ayer |ogical block 201 by
the reception clock RXCLKlL. The packet data, witten in the FIFO nenory, is

read ouiode)B Mﬁ%@mm 120k s SK&Wh n BidsofAladd 6B, alled nede whivdy lds avguireack 209.
The port logic block 203 transmts and receives arbitration signals ARB 1

and  1fe g}g& %%ro@(}?%)tﬁmdlﬁisaawaﬁjo[ngfggfsl %ﬁ%ﬁ‘t&%‘ﬂfaﬂpﬁt&nﬁgﬁi that ¢ @aékét.he

function generating reception c rom-t data sent via cable

ort 2 Is td Q i | el r.hi s | i Ll ack 203
o't ed tarEAtssioR, Bterafs BrAdfier WRaoHE bRBHF Baleshsh2at= bEGafeT e ool

bl ock 201, .Duri data transm ssion, t rt logic¢ bl ock 3.conyerts the
paoket AbIBaekIowdelhera it reugnye A ur fofe dar GrdERiBg1Ne: ot he
sel ector block 202, into serial data with the transm ssion clocks TXCLK
sent f rigReRtiAN) sespomsyerie tha reprjved wewlt- B exerting Hesasknowledgarsanh bothg seri al
data fromthe cable port 206. During data reception, this port |ogic block
203 sermfxles isen gavfiom thatfactDATIOANalrteansfardmsed an theeA€KbLentents. 206, to the

physi cal |ayer |ogical block 201, along with the reception clocks RXCLKI.

| f this portTHeogulk-abtios kgapOstates tizat! ie cthe chusyidldstasg| Bcdubsefh@artly 282in t he
packet data DATAl is witten in the FIFO nenmory in the physical |ayer

| ogi cal rebhiael t@ PdpeaftiROatoveOtlistritd PEinstdorsticinges the arbitration signal
ARB2 and data DATA2 via cable port 207, and has the function of generating

the recept! af tal ORkeRREh f2eun iR 3SR Vesithlly Hhi2afRlhsuReRke 07heand [ 1S

strobe signal. During arbitration, the port logic block 204 is fed with the
R e N S S e T R SR S O )
Thto scRia ey T SR i P a s RRE Fn et R b SR REY S BT el
data vi A0t Smn g . I afe i GopselBerc R e sipianteelagmsten ok 204
sends t %gn ,asﬁc egs g)%%gliz[gﬁzﬁazt’ransfer in real-time.

If real time data is to be isochronous-transferred at plural nodes, channel IDs
for making distinction of the contents need to be attached to the transfer data to
receive only needed real-time data.

The physical layer in the above-described IEEE 1394 standard includes a
physical layer logical block 201 (PHY LOGIC), a selector block (RXCLOCK/DATA
SELECTOR) 202, port logic blocks (PORT LOGIC1, PORT LOGIC2 and PORT
LOGIC3) 203, 204, 205, respective cable ports (CABLE PORT 1, CABLE PORT 2

AND CABLE PORT 3) 206, 207 and 208, and a clock generating block (PLL) 209,



received via the cable port 207, to the physical |ayer |ogical block 20,
via the selector block 202, along with the reception clock RXCLK2. If the
port logic block 204 is selected by the selector block 202, the packet data
DATA2 is witten by the reception clock RXCLK2 in the FIFO ' he
physi cal | ayer.|ogical block 201 . A port logic block 20S eﬁ%ﬁgﬁégéébdz
arbitration signal ARB3 and data DATA3, via a cable port 208, and has the
function of generating reception clocks RXCLK3 from data sent via cable
port 208 and its strobe signal. During arbitration, the port |ogic block
20S is fed fromthe physical |ayer |ogical block 201. During data

transm ssion, this part logic block 20S converts the packet data DATAS,
sent fromthe physical |ayer |ogical block 20l via the selector block 202,

into serai Lyq}at " Wi th traﬁégnssi on clocks TXCLK, afforded by the clock
generat i ﬁg BvBdR %,gr,lplgn smts the converted serial data fromthe

cabl e port 208. ring data recept.i this t 1ogjc,block 205 sends the
packet dat a %g?RQ}J’SIPé yerdagigakb 9%5@ha¢r20%$ﬁ5ws§rgtwﬁéh%ﬁmﬁqusém
reception clock RXCLK3, via the selector block 202 to the physical |ayer

| ogi cal th¢ SERE20394 Istantdard apdrarbitrgion wonsed. 105 kemndstedh te el ﬁakekaybty t he
sel ector bl ock 202, the packet data DATA3 is witten by the reception clock

RXCLK3  icontrbHeHIIANKNI@NYROLILER) 200 wiilsbeiag coaysted totheakldotarditod01l. The
cable port 206 drives the twist pair cable by a signal transmtted fromthe

;Lgn?ctliog@?hﬁéﬁ?%tg?%spb%@%&* fidic Bb3ks poBltg 2bsvel - converting the signal
pair cable to send the |evel-converted signal to the
port logic bhggksdQ3or block 202 selects data DATA 1, DATA2 and DATA 3 and
associated reception clocks RXCLK1, RXCLK2 and RXCLK3, received via
respective port logic blocks 203 to 20:.3 connected to ports 205 t 0207, respectively,
and is connected to the physical layer 201 and to the port logic blocks 203 to 205.
In the case of data transmission, the selector block 202 sends packet data
DATA, sent from the physical layer logical block 201, to the port logic blocks 203 to
205. In reception, one of sets of the packet data DATA 1, DATA2 and DATA 3,
received via respective port logic blocks 203 to 205, and reception clocks RXCLK1,
RXCLK2 and RXCLKS3, is selected. -For example, the packet data DATA 1, received
by the port logic block 203 via cable port 206, and the associated reception clock
RXCLXK]1, are sent to the physical layer logical block 201. The packet data selected
by the selector block 202, such as the packet data DATAI, received by fhe port logic
block 203, is written in a FIFO memory in the physical layer logical block 201by the
reception clock RXCLK1. The packet data, written in the FIFO memory, is read out

by system clocks SYSCLXK afforded by a clock generating block 209.

The port logic block 203 transmits and receives arbitration signals ARB1 and



The cabl e port 207 drives the twist pair cable by a signal transmtted from
the port logic block 204, while | evel-converting the signal sent via the
twi st pair cable to send the |evel-converted signal to the port |ogic block
204. The cable port 208 drives the twist pair cable by a si itted
fromthe port |ogic block 205, while |evel-converting the s?ﬁ%ngégngLia
the twist pair cable to send the |evel-converted signal to the port |ogic
bl ock 205. The cl ock generating bl ock 209 generates system cl ocks SYSCLK of
49. 152 MHz and 98.304 MHz transm ssion clocks TXCLK from 24.576 MHz cl ocks
afforded by a quartz oscillator (X'TALfizlo. The arbitration signal in the
physi cal |ayer has three |ogical values "1", "0" and "Z", and is generated
in accordance with rules shown in the followi ng Tables 1 and 2, while being

d ded,.i d | th I i n.. Tabl . Meanwhi | ih I
Ce o e A HIEERINAVEE i T 208, B b AP o o BEID kSl Vo
twi st pair Iines 202 one TPA TPA* t,ranS{rits 228”0 e signal (Strh Tx),
whi | e raedisy R LR aframs then data woat ¥inepblerpert 400 and Wissstrohg signphdnTpr/ TPB

* transmts data signals (Data Tx) while receiving a strobe signal (Strb
Rx). TrasbidationTshis pgrtdbgichbdock 703 ssi fgdavith o atbiEation sigaahARB hifidnt the Dat a
Enabl e signal are used for generating arbitration signals (Arb A Rx, Arb B
Rx). . piesical layer 18gickl slbek 28002 transm ssion arbitrationdrivernotessignal

A (Arb A Tx) Strb TxStrb EnableZ .-0 ~TPA driver, inoperative001TPA driver,
operatiVve; Duyring data transmission, the port logic block 203 converts the packet data

DATALI, sent from the physical layer logical block 201 via the selector block 202, into

serial data with the transmission clocks TXCLK sent‘ from the ¢lock generating block

209 and transmits the resulting serial data from the cable port 206.

During data reception, this port logic block 203 sends the packet data DATA]1,
received via the cable port 206, to the physical layer logical block 201, along with the
reception clocks RXCLK1. If this port logic block 203 is selected by the selector
block 202, the packet dataDATAI is written in the FIFO memory in the physical layer
logical block 201.

A port logic block 204 exchanges the arbitration signal ARB2 and data DATA2
via cable port 207, and has the function of generating the reception clock RXCLK2 .
from data sent via the cable port 207 and its strobe signal. During arbitration, the port
logic block 204 is fed with the arbitration signal ARB2 from the physical layer logical
block 201.

During data transmission, the port logic block 204 converts the packet data

DATAZ2, sent from the physical layer logical block 201 via the selector block 202, into

serial data, by the transmission clock TXCLK afforded by the clock generating block



strobe, | owlllTPA driver, operative; strobe, high Table 2 transm ssion
arbitrationdrivernotessignal B (Arb B Tx) T D ata x Data Enabl eZ- 0TPA
driver, inoperativeOOl1TPA driver, operative; strobe, | owlllTPA driver,

operative; strobe, |ow Table 3 conpared val uesarbitrati oncogbet?ﬁdn @Eof
recei vedsignals sentarbitrationarbitration (Arb n Rx)fromt ¢ Fr€

n_Tx)"'signal (Arb n)'n=A or B, this Table being valid for both A and BzZzZI f

this port is sending Z 0Z0received signal is equal to a signal transmtted
by portsilZlat the other end of cable

209, and transmits the generated serial data via cable port 207.

During data reception, this port logic block 204 sends the packet data DATA?2,
received via the cable port 207, to the physical layer fogical block 20, via the selector
block 202, along with the reception‘cl.ock RXCLK2. If the port logic block 204 is
selected by the selector block 202, the packet data DATA?2 is written by the reception
clock RXCILLK2 in the FIFO memory in the physical layer.logical block 201.

A port logic block 205 exchanges arbitration signal ARB3 and data DATA3,
via a cable port 208, and has the function of generating reception clocks RXCLK3
from data sent via cable port 208 and its strobe signal. During arbitration, the port
logic block 205 is fed from the physical layer logical block 201.

During data transmission, this port logic block 205 converts the packet data
DATA3, sent from the physical layer logical block 201 via the selector block 202, into
serial data, v;/ith transmission clocks TXCLK, afforded by the clock generating block
209, and transmits the converted serial data from the cable port 208.

During data reception, this port logic block 205 sends the packet data DATAS3,

.received via the cable port 208, along with the reception clock RXCLK3, via the
selector block 202 to the physical layer logical block 201. If this port logic block 205
has been selected by the selector block 202, the packet data DATAS3 is written by the
reception clock RXCLK3 in the FIFO memory within the physical layer logical block
201.

The cable port 206 drives the twist pair cable by a signal transmitted from the



18 COctober 2002 10 Z01lf, when this port issending O, conparatorreceives Z,
the other port issending 10000t her port is sending O or ZZllother port is
sending Olllother port is sending 1 In the physical layer, two transm ssion
arbitration signals Arb A Tx and Arb B Tx are encoded in a.k;ago %@#é@z
These states have different neanings dependi ng on whet her the ﬁé ats“are
to be sent to a parent node or to a child node, as shown in Table 4. The
parent-child relation in the | EEE 1394 standard is explained. O the plural
nodes, connected to the network, there exist several nodes positioned at
ends (leaves). Immediately after bus re§etting, each node determ nes
whether or not it is itself a leaf. The decision on whether or not each
node is a leaf is given by recogni zing how many cabl es are connected to the
| eaf in question. That is, such a node having only one port or having

pl ural portleginklonk20agwhile leveheorvesting thernigral senttvia tha tviskpaineable to eaf .
Each | eaf inquires the node to which it is connected (parent node). The

node t oseid the lelvel-tounsrted shaml betie portilbgicsblook68i ed to the inquiring node
and adopts the inquiring node as a child. The parent node further accepts

.

inquiries f VQ'HeRﬁ'bleS%MQO? dhiRes ﬂﬁﬁﬁ!ﬁt'ﬁiﬁi dadlel %?Eiigﬂﬂl trindifitteli ARG thd i s

sets the parent-child relation wthin“the net k.” The port whose ports in

their enbi18kic BYR 2B8CRMTe RRVRAbAVARARE MRSk sbAWVia the twist pair cable to

send the level-converted signal to the port logic block 204.

The cable port 208 drives the twist pair cable by a signal transmitted from the
port logic block 205, while level-converting the signal sent via the twist pair cable to
send the level-converted signal to the port logic block 205.

The clock generating block 209 generates system clocks SYSCLK of 49.152
MHz and 98.304 MHz transmission clocks TXCLK from 24.576 MHz clocks afforded
by a quartz oscillator (X’TAL) 210.

The arbitration signal in the physical layer has three logical values 17, “0” and
"Z”, and is generated in accordance with rules shown in the following Tables 1 and 2,
while being decoded in accordance with the rule shown in Table 3. Meanwhile, the
value “Z” represents the inoperative state of a driver.

. Of the two sets of the twist pair lines 202, one TPA/TPA* transmits a strobe
signal (Strb_Tx), while receiving a data signal (Data_Rx). The other twist pair line
TPB/TPB* transmits datasignals (Data_Tx) while receiving a strobe signal (Strb_Rx).
The Strb_Tx signal, Data_Tx signal, Strb_Enable signal and the Data_Enable signal
are used for generating arbitration signals (Arb_A_Rx, Arb_B_Rx).

Table 1



18 Cctober 2002 11 Table 4 arbitration structurenanme of |line statenotes(Arb
A Tx) (Arb B Tx) ZZI DLEsent to show gap0ZTX REQUESTsent to parent node

t orequest busTY _GRANTsent to child node if busis accorded01TX

PARENT_NOTI Fsent to parent candi dateYnode in Tree ID ot 200
phase01TX DATA PREFI Xsent before packet dataor between connec eé’gu'b %lg'[l on
packet datalZTX CHI LD NOTI FYsent to child node toreal i zePARENT NOTOFYTX

| DENT_DONEsent to parent node toshow that SELF | DPHASE has cone to
anendl10TX | DENT_ENDsent on conpl eti on of packet transfer11BUS RESETsent to
re-construct bus The physical |ayer decedes interpolation arbitration
signals Arb A Tx and Arb B Tx to line state, using the rule shown in the
following Table 5: Table 5 18 October 2002 12 Line State of Arbitration

Si gnal s-Received. by Physical -Lat_L-ga—sl-g-naJ,-na-nce—]ﬁ
| i nenot “S(rﬁ'ié?n,@sl@i)a(-ﬁ'tﬂaugnm ) st at esZfdsEPHY of ¢onnect edggkghbori ng node
not oper At i 3 corRest-edNSFoR et ghborl ng node i s apout
t obe a ,h| ST _Plﬂt’rb)frxco 1&:11 (Eih@BNCE Lnei ghborl ng node
abandongdrettrest-ZHR<C-BENT—RHY- of—chidnode conftetedBONESetHf
phase0ZRX_SELF_| DZPHY of pafent -node fccor ds GRANT liEAfdmwesahcbpdrEm(e
BEQUEST pPHYTof —thirioTodeTequestshusOpRy —ROOT PHY—of —ThiTdTode
and CONTENTI ONconn@ct ed nei ghbori fig noglebot H are g4bdBA duivéreoperative,
chi | dnoglesRX_GRANTPHY of parent node @ccordsbus qont r okR3BIBARENT_PHY of
par ent podeHANDSHAKEmMder-standsPARENTTNGH F‘r’RX:BﬁW
connect édnei ghborilng node ends dat abl ock sendi ng {t FPAr deverhepdrative; 18
Cct ober {2002 13 1ZRX_CHI LD _RHY of confect edH. ANDSI HAKE§[@¢[gj1h(g11 ng node
I_\ld Vo Ve \V4 IDAEL L\rnl Do L
under st amdsTA CHED N ORACDBATAPREPHY—of—CcommectedFt—Xmerghibortng node
tries to sendpacket data or to send dét afurther after end of data
bl ockt r ansni ssi on11BUS RESETsent tol#8¥edonstruct bus Meanwhile _in rhe
i nterfaci ol BEE 1394 § ard, as |descri begdabove, hhe
t ransf el ﬂ?&ﬁf lSﬁ)?l&BltL—b% transjerhrgjldp in the | EEE 12%4 standarc,
Data Tx | Data_Enable
y/ - 0 TPA driver, inoperative
0 0 1 TPA driver, operativé;
strobe, low
1 1 1 TPA driver, operative;
strobe, low
Table 3
compared values arbitration completed notes
of received signals sent arbitration
arbitration from the port signal ‘n=A or B, this Table being
(Arb_n_Rx) (Arb_n_Tx)y (Arb_n)’ valid for both A and B
Z Z Z If this port is sending Z,
0 0 received signal is equal to a
Z signal transmitted by ports
1 Z 1 at the other end of cable




referred to bel ow as the speed and defined as S 100: 98. 304 Myps, S200:
196. 608 Mops, $S400: 393. 216 Mops, is defined in Japanese Layi ng- Qpen Pat ent
H 10- 164107. However, there has been given no unanbi guous definition as to
the nethod for negotiation processing for determning the OP?Q?#‘J gn%ozr ate
for realization of these speeds. Also, if, in the routine in g ]

devi ce, the speed negotiation processing resulted in a failure, its re-try
operation falls into an infinite | oop, such that the operation has to be
repeated endl essly. On the other hand, if the nunber of tines of the re-try
operations is set to a certain value, there are occasions wherein the
negoti ati on processing at the operation enabling speed is not carried out,
but the negotiation processing is deenmed to have resulted in failure. 18

@t Ober 2009 1.4 QAN O THE LANENTLON 1Lt 1 ot hrr af or-e—ah ahl nnj r\f the
.L\J\JL .l.—l' N NT T’I L] I:_ T I\rvl’_]\l.ll =} LY LE™J LY Il'\1 J
present} i nventz on to |providg an inyerfadi ng dgvi ceffvmerﬂhmﬁ@hsserl al data
in whigh arbitration)of the bus using rights iis @gﬁ& r@jeg? &rtmlo data
transfgr as in | EEE 1394 standard, |wherein thg ﬁ priocessing
can be frealized corrdctly without falling intqd™ 1g?sr 5t a{nd a
met hod |for selecting |the data trangfer rate. |Ijt |s an%ﬁﬂ‘i‘&g bj ect of the
presentf invention to [provide an Iniferfaci ng dgqv e for é Ilal data
whi ch dnabl es %connect)i on, u& ng anjopti dbl fi et lsrﬁf'gfiw QP¥ el ent
speed tJransfer, capabillity, w thout |the cessijt f a er at.or pecjom ng
consci ous_of the speeld capatlility iln thglereal é’?lé? H%PP 08 %t hod f or
sel ectijng the (data tr@ansfer frate. 1 other port is sending 1

In the physical layer, two transmission arbitration signals Arb_A_Tx and
Arb_B_Txare encoded in a line state. These states have different meanings depending
on whether the signals are to be sent to a parent node or to a child node, as shown in
Table 4.

"The parent-child relation in the IEEE 1394 standard is explained. Ofthe plural
nodes, connected to the network, there exist several nodes positioned at ends (leaves).
Immediately after bus resetting, each node determines whether or not it is itself a leaf.
The decision on whether or not each hode is a leaf is given by recognizing how many
cables are connected to the leaf in question. That is, such a node having only one port
or having plural ports but having only one cable connected thereto becomes a leaf.
‘Each leaf inquires the node to which it is connected (parent node). The node to which
the inquiry has been made is connected to the inquiring node and adopts the inquiring
node as a child. The parent node further accepts inquiries from ports where the
parent-child relation is not fixed. This sets the parent-child relation within the network.

The port whose ports in their entirety have become parents becomes the root.
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The physical layer decodes interpolation arbitration signals Arb_A_Tx and

Arb_B_Tx to line state, using the rule shown in the following Table 5:

Table 5



Fig. 2 is a schematic view showi ng the cross-sectional structure of a cable
for a serial data interfacing device according to the present invention.
Fig. 3 shows a network of nodes enploying the | EEE 1394 standard. Fig.4 is
a bl ock diagram showi ng constituent elenents of an interfaq%(%gg&ggﬁb gto
the | EEE 1394 standard and the protocol architecture. Fig.S shows packet
for asynchronous transfer. Figs.6A and 6B show the state of acquisition of
bus use rights by arbitration. Fig.7 shows a packet for isochronous
transfer. Fig.8 is a block diagram showi ng an actual illustrative structure
of a physical layer in the | EEE 1394 standard. Fig.9 is a block diagram
showi ng the structure of an interfacing device capable of |ong-distance
transfer of digital serial data. Fig.lOis a block diagram show ng the
structure of anaqther, enbqodi pent, of _t he 18, Cct.ob 20 17 interfacing
device. Fig.l 1 'lgeétﬁﬁ&gw@itaﬁmgﬁ&m%qu BeSeAld BT o'  ur t hor
enbodi nent—of the interfacing device Fig 12 is a block diagramshow ng the

struct uf ier&gi@_ %gjt,tﬁgnégdﬁln datamleyfaideaci pg device ggeerding to the

pr esent H-Rvert-oh- a Ssec%t% nce of.steps in performng the speed
on in

negot i af Jiggﬁb 4 ORKP i(mbcmem) I nteffaci ng device. DESCRIPTjl ON OF
THE PREFERRED—ENMBOPHVENTS—ReH- g+ rrg—te—t-he—draw : i ment s
of the presed inventioZ will IDLE PHY of connected
neighboring node not
_ operating
Z 0 RX PARENT PHY of connected
NOTOFY neighboring node is about to
be a child node
RX REQUEST _ PHY of connected
CANCEL neighboring node abandoned
request
Z 1 RX _IDENT _ PHY of child node completed
DONE self_ID phase
0 Z RX SELF_ID | PHY of parent node accords
GRANT bus for self ID
RX_REQUEST | PHY of child node requests
: bus
0 0 RX ROOT _ PHY of child node and

CONTENTION | connected neighboring node
both are about to be child

nodes
RX_GRANT PHY of parent node accords
bus control
0 1 RX_PARENT PHY of parent node
HANDSHAKE understands
PARENT NOTIFY
RX DATA_END PHY of connected

neighboring node ends data
block sending to free the bus




be explained in detail. In the | EEE 1394 standard, bus use right
arbitration is perfornmed prior to data transfer. In this | EEE 1394
standard, inter-node cable length is extended to enabl e | ong-di stance
transfer. An interfacing device of the | EEE 1394 standard e{hael goggrﬁ(ﬂﬁ

| ong-di stance transfer (long distance | EEE 1394 standard) is

expl ained. Referring to Fig.9, this Interfacing device includes a physi cal
| ayer logic block (PHY LOJ C) 1, a selector block (RXCLOCK/ DATA SELECTOR)
2, a converter block (4B/SB converter & ARB. SI GNAL CONVERTER) 3, scranble
bl ocks ( SCRAIvI BLEI, SCRAMBLE2) 4A, 4B, jdescranbl e bl ocks (DE- SCRAMBLEL,
DESCRAMBLE2) 5A, 5B, transm ssion bl ocks (P/S1, P/ S2) 6A, 6B, reception
bl ocks (RX-PLL 1 S/P, Rx-PLL2 S/P) 7A, 7B, and a port |ogic bl ock (PORT
LOAd C) 8, _This interfacing device also includes an analog driver (ANALOG

DRI VER) |9 andy a cl qck 8 Cct|obey 8 gener at I ) 10.} The
physi cal Iaye* | ogijc bl ock 1 perlﬁm:metrpl l%h(%f(r%%gﬂéég%&to the |ink
| ayer i the | EEE 1394 st andar|d t | SR1hbAripgnodg yaderstandariect ed
to a link layer cortroller (LI{NK CONTROLLER) |20, TXhjJRIIH2i NQTdB¥nectied to
the sel gCTOT DIOCK [Z, CONVerTgr_DIock 3 and {0 The port.Togrc brock 8. It
is noted thatlthe I/ O wi®h regpR& DNATANERE nk | ayidtYiof qonnectpthysi cdl | ayer

| ogi c bljock | is eduivalent tq the IHEE 1394| seighbaridg noide triesto send
conmmuni cation betwgen the link layer and the|phyazkeprdath dy & sdifl dida pelr f or ned

by data {signals DATIA and contrjol signals CTRL. P&gﬁlt 1 request
signal UREQ is inputted to theg physical |aye fflttg?c roéc?%%f%gigﬁr%léq est

for transm ssion td the |aver.| This physical {l aver |t53cﬂ58“6~°118‘&k 1 _enc] oses

an arbitjratiop contjrpller whi C%@%”B% t raﬁ;ﬂtstgirg_réoggg!&rbugecepti Pn
bet ween t-hg—a-Lb.L-t_L.alI.J_an—p.r-ac;es }

transm ssion request is raised, arbitration is started after a suitable gap
time. This gaMleanwhildi frf thednferfacingndevivehifithalEBB 1894 atdnalaed) ak describeide
physical |ayer logic block 1 sends the packet data DATA fromthe link |ayer

to the sgb®wd,ahe MitanskerZmattddsangtecht dta ardkfer ahteoin (HRIEHE 1R394nstitard) nk
| ayer to the converter block 3 and to the port logic block 8 The selector

bl ock 2 s&bREH Yo HetSl anthQ%Pé‘ecpﬁd\Jdeﬂﬁgd RAEABO; 9@.@@14\@%@) (029 96peer t er
block 3 and its reception clocks RXCLK1l, RXCLK2, and data DATAS3 received

connect e T PAE0 00 IO Bp SR R S AE Cp IR IAOOL, o
bl ocks 7ﬁ0v;§,e@ngwtrgef}as o %,*I?Agﬁr cgﬁ%nﬁgu[pﬁ% dgggﬁg%\‘)%ag% Q%z%t@od h?r dat a

) n
transm sSion, this Seléctor ock sen U sent from

t he physi . er_10ogi. k. 1. .t.0 the conuerter. block t e port
L ogi o bt BEBouARE bo @i tor Biichnibife 1h 0GR EM R cR F et A ke
ports. In_regception, the selector block 2 selects a set of the packet data
DATAL, DARY%nd DATA3 and associ ated reception clocks RXCLK1, |tXCLK2 and
It XCLK3, received via the converter, block 3 or the port | ogic block 8, to
send the sel edd&dy iBabkthe atine intpriacingfevice, BAG APeeth HegQUAtBCRISCESING | ock
|t XCLKI, to the physical |ayer |ogic block 1. The packet data sel ected by
t he sel ecevted] inck failureritsexeatyl eperatien fallscinto @atinfipitg Aoep, sushetbabdhey t he
converter block 3, is witten in the FIFO nmenory in the physical |ayer
| ogi ¢ bl opkratiamyhdstte beeteppatedendlessly. RXCLKI so as to be read out by the
system cl ock SYSCLK accorded by a clock generating block 10.

On the other hand, if the number of times of the re-try operations is set to a

certain value, there are occasions wherein the negotiation processing at the operation
enabling speed is not carried out, but the negotiation processing s deemed to have

resulted in failure.



The converter block 3 operates as a 4 bit/5 bit converter nmeans for data,
whi |l e operating as arbitration signal converting neans for allocating S-bit
synbol s otherthan 5-bit synbols, allocated to the data in the 4 bit/5 bit
conversion, to the arbitration signals. The converter bloc t he
arbitration signals ARB. SI GNAL1 and ARB. SI GNAL2, sent fxgwf?ﬁggéﬁ§§?ca

| ayer logic block 1, into 1 or 2 5-bit synbols, allocated as shown in
Tables 6 and 7, to send the resulting 5-bit synbols) to the scranble bl ocks
4A, 4B. Sinul taneously, the converter block 3 converts the 5-bit
arbitration signals, sent fromthe descranble bl ocks 6A, 6B, into 4-bit
signals, which are sent to the physicaﬂ4layer | ogi ¢ bl ock 1. 18 Cct ober
2002 20 Table 6 Transm ssion Synbols Allocated to Arbitration transm ssion

synbol sstates of arbitrationl111li dl e00100TX REQUESTTY GRANT00101TX PARENT
NOTI FY190MMARY 0O THE BNFRMTIQN111TX CH LD NOTI FYTX | DENY DONEQ | O TX
DATA ENDOOOOO 11111BUS RESET Table 7 Arbitration Al ocated to Received

Synbol s 111melﬁé;bmbEﬂ@b%{l&ﬂthég%daﬁﬂlﬁhﬂnﬂmrﬂolﬁfbﬁiﬂthﬁGﬁ&@ﬂR&n@E@dﬁ‘éT
CANCEL00111 11111RX | DENT DONE001001l 111RX SELF | D GRANT001001I11l RX

REQUESTR HidiPi] 1 04 AP H AR M@R&a&?ﬂﬁ%@?@@d&&'ﬁﬁg F%ﬁiﬂs Eeﬁ‘fﬁnﬁ&l R@(ﬁ@f 102002 21
OOl 11 00101 RX PARENT HANDSI 3AKEQ110111111RX DATA® ERDI111100111RX CHI LD
PREF X1 008 20001 HhiE T AT DEEr WBBOO TP T e KT BOS RESaEr Tha
exel uai By FOISATIOTRRRER] AR SUSTREDES SnCHERRAO PARPeand RIS J

selecting the data transfer rate.

It is another object, of the present invention to provide an interfacing device for
digital serial data which enables connection, using an optical fiber cable having
different speed transfer capability, without the necessity of an operator becoming
conscious of the speed capability in the real operation, and a method for selecting the
data transfer rate.

It is yet another object of the present invention to provide an interfacing device
for digital serial data in which it is possible to apprise the user of the fact that, if the
negotiation processing has been carried out, the processing has been carried out at a
frequency lower than the maximum operating speed.

In one aspect, the present invention provides interfacing device for data for
performing negotiation processing, in such a manner that, of plural operating speeds
realizing a plurality of pre-set data transfer speeds, the lowermost operating speed is
selected in an initial state, with the operating speed being raised stepwise up to a
maximum operating speed which is an allowed operating speed, wherein the device

includes speed selecting means for selecting the operating speed, speed signal



synbols ( 11000 10001 ) and two synbols (00000 11111 ) are allocated to the
TX DATA PREFI X to the BUS RESET, respectively. The resulting signals then

are transmtted. In transmtting packet data, the converter block 3
converts the packet data DATAl, DATA2, conposed of 4-bit si |s, S Vi a
the selector block 2, into 5-bit signals, allocated as shomgglgﬁ%?ﬁbgéﬁz&
and routes the 5-bit signals to the scranble bl ocks 4A, 4B. Sinultaneously,
the converter block 3 converts the 5-bit reception packet, sent fromthe
descranbl e bl ocks SA, 5B, fromthe state of the 5-bit signals into 4-bit

signals, which are then routed to the séPector block ~. Table 8 Synbols
Al'l ocated to. Data 18 Cctober 2002 22

hexadeci mal bi narysynbol s00000111101 0001010012001010100300111010140100010105

010101011601100111 070111 O J 1181 00010010910011,0011A101010110BI 01110111C11001
1U10D1161)1‘?g%9ﬂm391‘9 qfﬂl%fmlilﬁﬂ flapr of potdata gcelived Bop) an dehnal GQWRMeRt ¢ he

converter block 3, 5-bit synbols, containing a |arge quantity of clock
conponeri$ 8 spaeé signabrepresentingtthe dptactkansfat spacdamhspeqdasignal transsiftingri t s t he
reception side of the packet data DATAl, DATA2 to generate associ ated
r ecept i anearisdok sral¥i@itiihg tRX6hd€d signdl dhsed day thHelinférmmationreceived from the

speed selecting means. The maximum operating speed in the negotiation processing

is alterable. The maximum operating speed is altered depending on connecting states

to select an operating speed not higher than the maximum operating speed.

In this interfacing device for digital serial data, since the maximum operating
speed is alterable, different operating speeds can be selected depending on connection
states.

In another aspect, the present invention provides data transfer speed selecting
method for performing negotiation processing, in such a manner that, of plural
operating speeds realizing a plurality of pre-set data transfer speeds, the lowermost
operating speed is selected in an initial state, with the operating speed being raised
stepwise up to a rﬁaximum operating speed which is an allowed operating speed, the
maximum operating speed in the negotiation processing being alterable, wherein the
method includes .altering the maximum operating speed depending on connection
states; and selecting an operating speed lower than the maximum operating speed.

In this data transfer speed selecting method, since the maximum operating
speed is alterable, different operating speeds can be selected depending on connection

states.

Also, in the serial data interfacing device, in which the maximum operating



reception signals. Also, if IDLE (I 21 I 1), that is the 5-bit synbol [
11111 ] containing a | arge 18 COct ober 2002 23 vol une of the clock
information, is allocated to the idle state in the arbitration of the |IEEE
1394 standard, the |l ock state of the PLL of the reception 3g@wtésh 2062

mai ntai ned, even in the idle state in the arbitration, thus reliably
executing the arbitration. The scranble bl ocks 4A, 4B scranble the 5-bit
transm ssion signal, sent fromthe converter bl ock 3 during packet data
transm ssion, using a shift register, % di m ni sh unneeded radi ations in
transmtting the 5-bit signal. The 5- b|]t transm ssion signals, scranbled by
the scranbl e bl ocks 4A, 4B, are sent to transm ssion blocks 6A, 6B. It is
noted that, since the arbitration signals other than IDLE (11111), TX DATA
PREFI X {pk2d0® dl2pduly, differBuiSopasiidg (spO&d0 chn Ibelsdledtpd adepeatlingheadhd by 2
[0] bits, 2 bit [0]s, found in synbol synchronization foll ow ng

seri al /@&ragrbhsl GHRERER stafes wmt@%@ﬁmumgomo thentiRasioup. Therefls t he

synbol and any five bits including the 2 [0 its can be set as one synbol

by way t I T (00000
11111) &l@o @?ﬁ‘%ﬁi"iﬁ*fﬁ\éﬁﬁf ’c‘%{ya&)‘ﬁﬁé{fr&%g’r‘%ﬁ%sd@g% Ve v@{é&ﬁ&? ﬁtout

t aki ng f count of the 2 bit [0]s. It is noted that TX DATA PREFI X (11000
10011) t&Mfet ected i ndependently of other arbitration signals. That is, the
receptign _data are _shifted one b|t to prepare five data strings each bei ng
of 10 bBRIEFJINGSCRIBTHSNSAF dd1E GSpattern (11000 10001) of TX DATA
PREFI X. I n case of coincidence, recept| on of TX DATA PREFI X i s established.
Since the pakiget iscatiming chast shovddg die stoudtyreatfiiteansfon datreinrthe SEER 138%A

PREFI X, synbol synchroni zation of the packet data can be achi eved on 18
Cct ober stafdad24 recepti on of TX DATA PREFI X. Al so, since TX DATA END
(01101) is received directly after and in succession to the packet data, it

can be detecied by the sagne, s ol synchroni atl t hat . f TX DATA
PREFI X and pﬁtskéfsyﬁav@amamﬁ%%m & Ch9SE-S t°f‘é‘(r)ﬁg ‘t‘? afé‘ is a
pattern not appearing,in a,data string of cket data converted |n Tabl e 8,
so that 3 sgrial inggrigcing W&’elaﬁcoéa’r'r‘gdt’ ?Wf(??ﬁnofﬂvfﬁt‘?‘bn the bit pattern is
not detected_partway in the packet data, thus precluding m staken data
reception. MBledshaWs mpetwprk o nadessmployingthe tﬁﬁg%ﬁ%%ﬁld%)@mm END or BUS
RESET are detected after detection of TX DATA PREFI X. The descranbl e bl ocks
SA, SB descranble the 5-bit reception signals, sent fromthe reception

B Lk ot e
(cepLion L ANal o) ISRGRODL P Bl LIS s aIble Blpeks SA S8 are sent Lo
ot g%:g S Rows packet for asynchoncas transter, | O oo O off and set to the

Figs.6A and 6B show the state of acquisition of bus use rights by arbitration.

Fig.7 shows a packet for isochronous transfer.

Fig.8 is a block diagram showing an actual illustrative structure of a physical

layer in the IEEE 1394 standard.
Fig.9 is a block diagram showing the structure of an interfacing device capable

of long-distance transfer of digital serial data.

Fig.10 is a block diagram showing the structure of another embodiment of the



The transm ssion bl ocks 6A, 6B convert the 5-bit transm ssion signals,
scranbl ed by the respective scranble blocks 4A, 4B, fromparallel data to
serial data, which is further converted fromthe NRZ (non-return-to-zero)
data to the NRZI (nonreturn-to-zero and invert on ones) datqacﬁhﬁﬁpggﬁgtion
bl ocks 7A, 7B convert the received data fromthe NRZI data to ber
2002 25 NRZ data and fron the serial data to the parallel data to send the
S-bit reception signals to the respective descranble bl ocks SA SB. Al so,
the reception blocks 7A, 7~ generate reception clocks RXCLK1L and RXCLK2 by
PLL fromthe received data to send the generated clocks to the sel ector

bl ock 2. The port logic block 8 transm ¢ and/or receives the arbitration
signals ARB. SI GNAL3, conformng to the physical |ayer of the | EEE 1394
standard, and data DATA3, and generates reception clocks RXCLK3 fromthe
dat a seniptmfRimnad@eedriver 9 and its strobe signal. In arbitration, the
port logic block 8 is fed with the arbitration signals ARB. SIGNAL3 fromthe

physi cal | ayes: 11Gqi d i i 4oL ogEg..bl ock 8
Converts ¢ he gdiar d5Ra fiaguent b2 phe SRR T ATurb R coPRlimerOEfeP 011
via selector. blogk .2, into serial data, by thé transm ssion clocks TXCLK

af f or ded! WQ%@T’%E? generating block 10, to transmt the resulting serial
data via the gnalog drjvel 9. In data,reception, the,.port. logic¢ block 8
sends packet ﬁgt EA?AbiIOCkeg’@B(P@Z‘J W‘@%\éﬁ%rﬁl"@@rﬁr?ﬁ/érd‘@}taﬁisﬁnﬁlhéa@el ect or
block 2 to the physical layer logic block 1 along .with the reception clock
R XCLK3. int¢rfading dovice laogording tocke présenkigiventies by t he sel ector block 2, the
packet data D3 is witten by its reception clock RXCLK3 in the FIFO nmenory
in the physi cBig.l13aghowsogi seqabmeek of . stdfse irc | preforngengr thei syeedl aegotidlion
generates 49.152 Mz system cl ocks SYSCLK and 98.304 MHz transm ssion

clocks T g‘iﬁ% éfatiod4n WMdinifacin@adcaccorded by the quartz oscillator
(X TAL), 11. 1 t ober 2002 26 Wtih the above-described interfacing

devi ce, IRYCRIFTION OF THEEPREFERRED FMBOIMENTY 4 bit/5 bit conversion
on the arbitration signals ARB. SIGNAL1 and ARB. SIGNAL2, it is possible to

Si gnal & ARD. SRCEE o the Bl R e D D s ARy gl

transm sgi s PA:16B and the reception blocks 7A, 7B, as 5-bit code
data, vi %e?ﬁgﬁkr?eglﬁgirﬁ%&xil.on bl ocks 6A, 6B and the reception bl ocks 7A, 7B,

to effect |ong-di nsfer, using an.opt.ical fiber cable.or

(unshi el ded tﬂ}&lejh%%gf$§‘{ slondard b U rigly, Actitration jspestey e% I?rh“ttﬂiL‘gE‘
interfacin evice, it Is possible to switch tween {he transm ssion path
by the cé@%ﬁt%&om HHsdBEE bﬁ}“h@a‘P@Eé 11@5?%&9?3&? ﬁﬁ“&ﬁﬂlst ‘F?ﬁ?n‘%‘;ﬂs torRnag i cal
fiber cable or the UTP _cable, if the device is_further provided with the
port | ogilengflistancg tranafen in inteafaging dyierofthe IBEE J3P4 standgrd enabling e si cal

| ayer of the | EEE |394 standard. That is, ifan optical connection nodule
(oPF MoDlqug=distanpg tramgferdlong diptanye BURE 1394 standatdads fisstgxpladmedyi t ti ng

and/ or receiving nodule 67A, made up of the transm ssion bl ock 6A and the
reception bl oRefetaingno hg.9j thissnfeaficmg divi¢eciacbidesa physisaljager lagicibloche
interfacing device showmn in Fig.1O it is possible to connect the optical f
ber cabl €PHYaLOGKC)ontd seléctopbliek  REChOOK/® BDA. SELESTAR ), awonverteri f  an
optical connection nodule (OPF MODI I LE2) 30B is connected to a transmtting

and/ or 1 efl6dk i(B/IP HonefiéB & NREB. USIGNATNEONYERTER) G Riafkle6BloRRs t he
reception block 7B, it is possible to connect the optical fiber cable via

this optigaiR AOMBIGET ISR ARIBL E2$4R8, 4B, descramble blocks (DE-SCRAMBLE], DE-
SCRAMBLE2) 5A, 5B, transmission blocks (P/S1, P/S2) 6A, 6B, reception blocks

(RX-PLL1 S/P,RX-PLL2 S/P) 7A, 7B, and a port logic block (PORT LOGIC) 8. This
interfacing device also includes an analog driver (ANALOG DRIVER) 9 and a clock



18 October 2002 27 During data transm ssion, the optical connection nodul es
30A, 30B convert the NRZI electrical signals fromthe transmtting and/or
recei ving blocks 67A, 67B into optical signals which are routed to the
optical fiber cable. During data reception, the optical con i | es
30A, 30B convert the optical signals, sent over the optica|q??%%$£%g§€%,
into NRZI electrical signals, which are routed to the transmtting and/ or
recei ving bl ocks 67A, 67B. Meanwhile, the interfacing device, shown in
Fig.10, is arranged for connection by the optical fiber cable only, while
the port logic block 8 and the anal og &8iver 9, shown in the interfacing
device of Fig.9, are omtted. Also, the selector block 2 and the converter
block 3 in the interfacing device, shown in Fig.9 are conbined into a sole
si gnal géoce sggﬁlghﬁﬁﬁhﬁg. Al'so, if the optical fiber cable is used as a

t r ansni SSPYRPA A eded radi ati ons are produced,, so that the
scranbl e bl ocks 4A,, 4B and the descrambl e bl ocks SA ,SB are om tted.

Meanwhi | e, t hae@biypical laysnlngie bloskdoprifarsns3d@ contml xyith 1espeatde the bk

| ong-di stance transfer and are ternmed P~VID (physical nedia dependent).
That i s layeniis tRVIEBEel 3R4estandard randrgybitfavionpecntiohs &rd scéommpentedutben link h
respect to an external equipnent. If UTP nodul es 40A, 40B are exchanged for

the optileydr confiodiet (DINKOUONER GDRERIOIS, wikile beiageonfectelfRoake keletiog
interfacing device shown in Fig.1O it is possible to connect a UTP cabl e,

as in amplodl Brdosentar BRIk SCarki e pBriflofid bldek §hat is, if a cable
transcei ver 41A (CABLE TRANSCEI VER 1) 1§ connected to the transmitting

"5_‘88’2";25 ConnLT et g QR R R TRENRE AYer AL B ca) 1Py ?ﬁéingL: se
Vi 2t ho Btk R AAET A R 1394 Sepdall i abS R eR B £l Pesrube vor

41 B ( CABLE TRANSCEI VER 2) the transmttin nd/.,or recejving, bl ock 67B,
and by Giaues i 106 rwslaah et beinkpeaiopmed DYt HEnsls CUnhAc ) oo (RJ45
CONNECTOR 2) used for connection to the UIP cable, it is possible to
connect SigraliFERdalnaddition; plinkoemmesisigral LHEQiENppied intha physicaldaxsri ssi on,
the cable transceivers 41A, 41B convert the NRZI signals fromthe

t r ansni tlogiedlapkiias a woguesti faygtphaissiopip theiaser.nt o ML.T-3 (Ml ti | evel
Transm ssion 3) signal which is sent to the pulse transformers 42A, 42B.
Duri ng data rEdepghysital tigerclaigice blocknt eacloses anlabitdtidns eomtrolleF- 8hivhgnal s,
sent via the pulse transforners 42A, 42B, into NRZlI signals, which are sent
to the teom®is trahfifisaieh aid/beesticptitng bbtveednsthe aibitatiBn pFoeest @nd thé buke pul se
transforners 42A, 42B is to shut off the cable transceiver fromthe cable

i nsof ar "Phatti§)af 8phledt tFdnsifion feqbestierdisst, alHaatbn isetartdtPaftdtaulitablend
device, shown in"Fig.ll, is dedicated to the connection to the UTP cable.

It is noéﬁﬂtiﬁqfé?tTﬁigegaéﬁt:hﬁetdl?ffe@'ﬂ?cﬁ{ﬁ ofie &Bﬁyﬁfoh%{)gkcg Kotﬁer.sfhég}%ﬁc@ﬂ ocks

4A, 4B and the descranble bl ocks SA, SB constitl ﬁsol e sign processi ng
bl bck 25 o £ aci . . . i : .

cabl o or Y e ap PIN L SHIPE RIASE quBIOATA frok Ereint R PR HESICa8Eli ¢ (o
ffect | [ f.er.. i qi.t 7 '

o connelPese HEigs ERRIBRLr ST MRl Rk 8T oML Refsh SR R
and the dese] ATt Rgekidy, S8 can be

The selector block 2 selects a set of data DATA1 and DATA2, received via the

converter block 3 and its reception clocks RXCLK1, RXCLK2, and data DATA3
received via the port logic block 8 and its reception clocks RXCLK3, and is connected

to the physical layer logic block 1, converter block 3, reception blocks 7A, 7B and to



18 COctober 2002 29 on/off swtched and set in the switched position, the
scranbl e bl ocks 4A, 4B and the descranble bl ocks SA, SB can be turned on to
prohi bit unneeded radiations if the UTP cable is to be connected. The
above-descri bed contents are proposed in DAVIC (Digital Audi

Council), Baseline Docunent 77 Revision 5.0. An enbodi nment L?°¥1?§g§?%°szent
invention is hereinafter explained. The present enbodinent is directed to
an interfacing device including a structure which is simlar to the
interfacing device shown in Figs.9 to 11 and which is configured for
correctly performng the speed negotiat#®n processing. Therefore, the parts
or conponents simlar to those of the interfacing device shown in Figs.9 to
11 are depicted by the sanme reference nunerals and axe not expl ai ned
specifically. Referring to Fig.12, this interfacing device includes a

physi cal themmldg&xgbbcmgfiock 1, a selector block 2, a converter block 3, nade
up of a speed signal detection block (SPEED DETECT) 3A and a speed signal
transni ssi on Inl dutk taBiinERicHE ) sdBctardlacibl sehdothepatiet ddta DIETA) sedil e

bl ocks SA, SB, transm ssion bl ocks 6A, 6B, reception blocks 7A, 7B, a port
| ogi ¢ bl gy fhe msmh Poii¥8lock 12t0theehndafaBIbing aBHQG'thelEortGlogiéa”z
oscillator 11 a sp eé negoti ation processing bl ock 12 (SPEED

NEGOTI| AT h | S, i i Wale 0 i ng
Speed negk s THE e b S FHaATh 2 SRfsForsBi i Pores Ol RREREOE 00
transm sgi on, bl o B.in the conyerter.b Kk S ofiation
processi ﬁbesnﬁlec%‘%rclliﬁﬂc 2 sigcgcq §f’3é’¥ﬁmk§{)&)§ﬂeﬁé&?€n‘g I@?Sﬁ&%i@%@% bl ock
3A is speed sigpal detection n Lsgrim et her, oy not, the
dat a r ec@FIPEHRL r???@“@@s%lpﬁlﬁso&ﬁ@k&&i@@?@%ﬁ@l‘g@eéﬁc%Y 3!5?% e
speed signal is the signal indicating the data transfer rate. If the data
i s the sgeseertargiack 3t pethgppedt logignblockd: detsend the selectsd packst Aptes fome
information to the speed negotiation processing block 12, which is the
speed selegemplen DAEAS andtits repaeibnsilgelaRXiGIdk s todke physical daygBogis blerk speed
signal transmtting neans, and sends out the speed signal to the scranble
bl ocks 4A. FHe pholsetcdda stleetedrbp tiesdlestor block 2, for example, the packet data

DATAI, received by the converter block 3, is written in the FIFO memory in the
physical layer logic block 1 by its reception clock RXCLK1 so as to be read out by the
system clock SYSCLK accorded by a clock generating block 10.

The converter block 3 operates as a 4 bit/5 bit converter means for data, while
operating as arbitration signal converting means for allocating 5-bit symbols other than
5-bit symbols, allocated to the data in the 4 bit/5 bit conversion, to the arbftration
signals. The converter block 3 converts the arbitration signals ARB. SIGNAL1 and
ARB. SIGNAL?2, sent from the physical layer logic block 1, into 1 or 2 5-bit symbols,
allocated as shown in Tables 6 and 7, to send the resulting 5-bit symbol(s) to the
scramble blocks 4A, 4B. Simultaneously, the converter block 3 converts the 5-bit
arbitration signals, sent from the descramble block;; 6A, 6B, into 4-bit signals, which

are sent to the physical layer logic block 1.



received fromthe speed negotiation processing block 12. The respective
synbol s used in the sequence of the speed negotiation processing are
explained. In the interfacing device, the speed control synbols, shown in
Table 9, are used in the speed negoti ati on processing operagggﬂi ga?@g 9
Speed Control Synbols SSOno codeSS111000 1000111001 001 I 1 1.?&? 01
11001 11001SSR11000 10001 00111 00111SSAI DLE (see Table 6) The synbol SS1
(11000 10001 11001 00111) rmeans that the speed is to be raised from$S 100
to 5200. The synbol S S2 ( 11000 10001 11001 11001 ) neans that the speed
is to be raised from S200 to S400. The 2ynbol SSR (11000 10001 00111 18
Cct ober 2002 31 00111) is used when desired to halt the speed negotiation
processi ng operation, as when the speed is the naxi num speed of the node.
The synbol SSA ( 11111 ) nmeans an IQhE gignal, used as a set with the
synbol SSR, to confirmthe state of 13Rl¢ Gal synbol recognition. Meanwhil e,
It Is not necessary for the SSA synbol to indicate the |IDLE signal since
any other unique syntfrangiaission Syrhibslatdibchrditb ArBitegtion n the | EEE 1394

standard, S 100 is the base rate, and is not .in need of the negotiation
pr ocessi ng,

transmission symbols states of arbitration
11111 idle
00100 TX_REQUEST
TY_GRANT

00101 | TX PARENT NOTIFY

11000 10001 TX_DATA_PREFIX
00111 | TX_CHILD_NOTIFY

TX_IDENY_DONE

01101 TX_DATA_END
00000 11111 BUS_RESET
Table 7

Arbitration Allocated to Received Symbols

11111 11111 IDLE

00101 11111 RX_PARENT NOTIFY
11111 00100 | RX REQUEST CANCEL
00111 11111 RX_IDENT DONE
00100 11111 RX_SELF ID_GRANT
00100 11111 RX_REQUEST
00101 00101 | RX_ROOT_CONTENTION
00100 00100 RX_GRANT




no specified code is allocated tot the synbol
havi ng the structure as described above,
processi ng by a sequence of operations shown in Fig.l3. The
negoti ati on processing operation is started as fromstep ~S

SSO The interfaci

15

@

ng devi ce,

perfornms the speed negotiation
eed

ctobiee 2002

meani ngs of the variables used in Fig.l3 are elucidated in Table 10. Table
10 Vari abl es Used in Speed Negotiation tx_speedi ndi cates transm ssi on speed
synbol s SSO, SS1, SS2, SSR or SSArx_speedi ndi cates reception speed synbol s

SSO, SS1, SS2, SSR or SSAPLL speedcurregiE
S200 or S400retry tinmertinmer for t

correctly,

Oct ober 2002 32

retry

PLL operating frequency S100,
ection If the cable is connected

stand- by operati
(RetryTinmer) at
| ocked. It is asi

100 ns. |If, when
even after the 1
decision is givel
failure to term

as set on the re
I S repeated.

t he speed negotiation processing operation is started, as shown
in Fig.13. At step S 1, a standby tinme of, for exanple, 10 nsec, is 18
provided in order to lock the PLL.-for rnm:nfinr]_ After the
pn,  t heyoi11t ef f acigngofiqVireg mmtmsmm 2 |
M r\‘Hapl/e \Ah‘ﬁf OO he PLL is
suned t(nqmthe tijmgout tinme (p@(t]bATrpetENDtl rrer is set to
t+Hhe—PH—s—pet—toeeke ; +Hre—Pt—t-s—pot—tecked—af st ep S4
DO nsec] tile] as 10N tmcrce}myntmsmmw ed, a
T-H'raf—HTe—nr.—’,guti attormprocess Thyg—has—resutted]in a
at 1€00h0094qlienc D0dDOdper at RGDATA_PRERDEep S4, 100 msec
rly CTTTEr__hap not__er apsed, [Ne _processing. as fraomstep S3
1000 10001 00111 RX DATA_PREFIX
11000 10001 11111 RX DATA_PREFIX
00000 11111 | (don’t BUS_RESET
care)

That is, in transmission, each one symbol is allocated to each arbitration,

excluding TX DATA PREFIX and BUS_RESET, shown in Table 6, while two

symbols (11000 10001) and two symbols (00000 11111) are allocated to the '

TX_DATA_PREFIXtothe BUS RESET, respectively. The resulting signals then are

transmitted.

- In transmitting packet data, the converter block 3 converts the packet data

DATA1, DATAZ2, composed of 4-bit signals, sent via the selector block 2, into 5-bit

signals, allocated as shown in Table 8, and routes the 5-bit signals to the scramble

‘blocks 4A, 4B. Simultaneously, the converter block 3 converts the 5-bit reception

packet, sent from the descramble blocks 5A, 5B, from the state of the 5-bit signals into

4-bit signals, which are then routed to the selector block 2.

Table 8

Symbols Allocated to Data



If, at step S3, PLL |lock has been verified, the reception signal is
detected at step S5. This processing is carried out by the speed signal
detection block 3A. Specifically, it is checked whether or not the bus
resetting signal is being received at the speed of S 100. Thi1$ Q¢tossDIORY
is carried out to detect connection to a node not accommodating the speed
negoti ati on processing, that is a node that is able to accommbdate only the
speed of S 100. If the connection to the node that is able to accomvbdate
only the speed of S 100 is detected, the sequence of operations is
terminated without performing the speed2negotiati on processing. Meanwhile,
if the operation is at the speed of S100, it cannot be determned with

whi ch ‘processing timng the bus resetting signal is received. Therefore,
this reception signal is detected at all tines if the operation is at the

speed S 100. If th t bigpal . has|not received in the initia
reception signal ?H &€¥§ﬁ%ﬂt OB%QQP ﬁpgﬁﬁﬁﬁnnc ssing transfers to
step S6 to conpafje the gurrent|opgjppi N9 spquIQBLL sbeed) to the maxi mum
operating speed (mx-speed). 1t the currént gperatingl speed is the maxi num
operating speed, proces§|ng transfgyey to steqngbland ol | owi ng steps to
perform a sequeng¢e—of—operati-ohs—for—caryH-ng—-oti—t-hel negoti ati on
processing at thils spedy Convejfselggioi f the cunngnt operating speed is not
t he maxi mum oper gi-rg—speed—pioecesstrg—iransters—te—ptep S 15 and the
foll owi ng steps tjo ralse t he oberaunng speed 110ene sfep. First, if the
current operati ng—speet—ts—thelmaxrrmmroperatig—speeyl, transni ssion of the
SSR signal is cornanded4fron1tE spd¥d ng¢got i Gk016n pr pcessing bl ock 12 to

t he speed signal [transm_ ssion Hlock 3B 1§ try 1o halt|jthe speed negotiation
processing. If the counﬁerpart d@“ﬂas repll%ﬂnﬂo the transmtted SSR

signal, the SSR dignal i.s trangm é frc qgng untefpart node, as at step
S8, thus performing nutéal recdgni h ignal fromthe

count erpart node [cannot ,be receiv t he bloc itsfuntil the retry tinmer
setting of 100 miec_timds out fnfSQ£1irn1 eelggggﬁhLe.presence of the SSR
signal. If the SYR signal has teenw(ﬁpel ved dygdpeg thifs standby time, the
processi ng transflers—+o—~st-ep—StHi—H—th4 SPD—Stgﬁal as not been received
during this standby tin®, the speeﬁxnegotlatlunngrocessing has failed and

t he sequence of processtngoperatTons—Ts{termmated—A t hough it is checked
at step S 10 whetfher or Anot thdg cut@¥ht qperal@bifal speed is S 100, the
sequence of qperafTons cones 1d [ 0S€ Qgecause _nere fyhe first processing
is at issue. Ifthie SSR & gnal ils ri Qb ved, and01he spg¢ed negoti ation
processi ng operatj on ha%) 18 (btogﬁ; 2002 341 qﬁ? confirmed to have cone
to a close, ACK tjo that effect Q, itted confirm ng
operation occurs py tragsnm ssidn a recep of tlhe SSA signal by the
transm ssi on and/ e+ rehiiilnﬂ recggégnﬂ El@ggﬁps+gnal as descri bed
above. That is, af stepfﬁll transmlgylon of iﬁwo$|gnéls is commanded from
t he speed negoti af+ f bi-ock—i2to—tte—speed signal transm ssion
block 3B to try tp halt R he qued hégbtlaﬁlonlml®be53|ng I f the
counterpart node has replied to the transmtited SSA signal, the SSA signal

fromthe cou p e i s trans ted as ,at Speed neg Lation
processi ng b?‘bﬁ‘? %tt/sﬂﬂggorygﬂpf‘% ?ﬂ?rsbégﬂ?]?’tfgﬁ 91‘%%‘%18 %é}ﬂ{“?ggnal
fromthe gcounter art ?ﬁ@o cannot be recel %%he bl oc %gf 100
mec as i EEG SuRRADY af osl FEMPORRRS, B Aloralsshis i BeSketriea PadeHbe of

t he recegélon of the SSA signal. If the SSA S|%2al s recelved durlng this
st andby s ssrutsribgotecaption side fethsi prsket detar RARA LADATFAZHE ssA
signal is not recelved t he negotiation roceSS|ng results in failure so

t hat th@e@emen@@cmecbrmpssnmgod@dkxc la RXGEK2 wellishbyugh PLL froncthecked at
step S 14 whether or not the current operating speed is S 100, the sequence
of oper atceptoncsigesist o a cl ose because here the first processing is at

i ssue. By the .above sequence of operations, the ACK recognition is carried
out to termi rpab@ HDISEUENEE), AhatPls AhE S GyRitRN §1 1 PN cdrftaininy kiarge

i nterfacing devi ce, the current operating speed i's verified at” step S5 not
to be the maxi num operating speed, it is attenpted at step S 16 to raiser

the operating speed by one step. That is, if it is commanded at step S15 to
send the SS1 signal fromthe speed




18 Cctober 2002 35 negotiation processing block 12 to the speed signal
transm ssion block 3B, it becones possible to perform processing for

rai sing the speed fromS 100 to S200. If the SS2 signal is transmtted, it
becomes possible to perform processing for raising the speed&@eebs22002t o
$400. It is assuned here that the SSI signal is being transmtted, since
the present process is the extension of the above-described process. If, at
step. S 15 the S S 1 signal is transmtted to the counterpart node to
request speedup, the counterpart node sends back a synbol. If the
counterpart node agrees to the speedupz3it transmts the SS | signal. Thus,
at step S 15, it is checked whether or not the received signal is SS 1. If
the received signal is SS 1, that is if both nodes transits the SS 1
signal, negotiation processing fromS 100 to S200 is valid. In this case,

t he oper sblunge sPhedlock infermeaimg isdlloshted t& tHe idle statli, the helditragon bhthe
frequency of the frequency of the reciprocal transm ssion synbols is

swi t ched[kRE] 398 8iah@8rd/ Bldi8ck 3 §iRe PLRGFSIN R@efforl §i08t &1 BPmRintainedagai n
executed to repeat the speed negotiation processing. If the counterpart

ccu | orocessi ng | !

pecd of CrRR EPRETER Safk tn LAE o BAGRIE 1y D AR TR Pt b bR < o
fth t t i t.h ' ' d,.it.i

o stop the nigbEPRTR Cive dduRrcHRbiE (AR et A SR signirbisenCERR: 1 om

the counterpart node. Thus, if it _is found at, step S 16 that the signal
sent frofhq genvestastklogkrl dysias packetodatartryipmisgiony using mshidk segistesnta hi s
side node, it is checked at step S 18 whether or not the signal is a SSR
si gnal . diminigh vhygedediradidtionsbutrarsntiingtbe SRt siggahThetSbit prapsmdssiony as
18 Cctober 2002 36 fromthe step S7 is perforned to halt the negotiation
pr ocessi signald, s¢tambdedjopthe ssranbledbutkandi, 4B, bre seheto$GRssiiggia blocks 64,
checked at step S 19 whether or not the retry tinmer reaches 100 nsec. |f
100 nsec 6Bs not surpassed, the processing as fromstep S 16 is repeated. If
| 00 nsec has been surpassed, the negotiation processing is deened to have

failed and the seqRarahel QR& Md ARSitraioh S4iFhMat 6fer AharB TBRESI91111),1 S
verified whether or not the operating speed s S 100. Since here theée

oper al | nargpRACA SPRBFIRRIRMG 0B 1) BRi LI FRAUPIRMOR 1988 Al Mealidd

t erm nat at Ts, W perating spee t S 10 t he negotiation

processi qu' ?ﬂﬁ] ba! g%itt c()g%,' %uhﬁqnfs?h%%[ gyﬁ%ﬁggfe%ra én tfglgmpﬂ%?snerrgdma{ﬂleel

Ther ef or e’ negotiatt rocess 1s°n ormed” ag

o acessr o PRTGT el B, by oTOh A sk ink oS RERY ay R 4B SRS 100
"L oA B RS B5E o TR P B S

S100 has AN EoHEX P SacrSef (o0 Eu T & hulBbe Sim FehspfBRs200.

In this case, the operation at 200 has occurred normally before the

negot i at i ¥nthsremseaiting § ditss wetheubteking epeounbaihimopt(8ls: Hyissprted that s400.

Therefore, if the maxi num operati n? speed is |owered from S400 to S200,
negot i at i BX_BSEAs BREFIXatl 19800 b5 defectad indensndantly ofiathen arbisration
transm ssion and/or reception could be carfied out in the previous
negot i at i Eign@sodhssis e réwmptioardatd dre shidredsmebit togaepare five data strings each
being of 10 bits long, and compared to the bit pattern (11000 10001) of
TX_DATA_PREFIX. In case of coincidence, reception of TX_DATA_PREFIX is
established. Since the packet data is received directly after and next to

TX_DATA_PREFIX, symbol synchronization of the packet data can be achieved on



18 Cctober 2002 37 negotiation processing at S200 in the re-try operation
has not been made, the maxi num operating speed is further lowered to S 100
to performthe retry operation. If neverthel ess the processing has fail ed,
the transm ssion and/or reception at the base rate cannot bel1&Sctiber 2062
and hence the negotiation processing has resulted in failure. Therefore,

t he sequence of operations is termnated. Thus, in the interfacing,device,
t he maki num operating speed is alterable, such that it is possible to | ower
t he maxi num operati ng speed one step to performthe retry operation so that
negoti ation processing can be perforned4at the speed at which the

transm ssion and/ or reception was established at the previous negotiation
processing. |If the processing has failed, the failure is ultimately at S
104 so that the negotiation processing can be term nated. Thus, there is no
risk ofnﬂhpﬁomnf§3gﬁbA$W¢BREEE{Jng into an endl ess | oop. Since the nunber
of tinmes of the retry operation is not set, negotiation processing at the
oper ati on enaldd, gns®EER DATWIEN® f(01 1Y, isvpedetverkglitectlyi afteprandesisi ng i s
not deened to have resulted in failure. reagver, since the maxi num

oper at i BgcRR&GBH td ﬁaﬁﬁégggﬁgéﬁ; it BA%E% sébétea bhtRe SAfk SPmbBDsHfpehizaaRd at

t he operating spee to the maxi nmunioperating speed of the PVD. |f
nor eove [PgJol! ixS j 1 Ugh Li.Clerd: t D SO as
Shonn | B B PO TRE TS TAT FRIAAC R peliceP B e bris R e Bali (TFOOEY 1
maxi mum ating, speed of the physical.layer, the user b rj sed of
the f acﬂ8BﬁL}13@rPg“ePfi%°'dﬁPGBﬂPg gb@atégh‘ %éﬁqchﬁt %é’&nf’ng%%fne'ﬁ@g rgaxi num
operating ﬁpeed of thf.node. The resent,inyentioB,is not . limted ta t he
above- d&Qdhity By casseed failkige mbﬁ&mhrmat@@am it mﬁtﬁrwwﬁi@‘%&tfs g speed
can be lowered each tine plural retry operations are perforned, instead of
| ower i n@atrtiaynindhmpacketedata; thys ppesteding noistaken slateereseptipn: MpregarabPon. The
present invention nay al s6 be applied to the interfacing device having PMDs
as showarbitrafibg sigithlaothet tharSABC IDATA BND tdreBYSeBESET arcedetected rdierbe
flexibly applied to a variety of interfacing devices with different PMDs,
such as degpdotioalof TX DATA_PREFIX.
The descramble blocks 5A, 5B descramble the 5-bit reception signals, sent from
the reception blocks 7A, 7B, in meeting with the scrambling performed by the
scramble blocks 4A, 4B, to descramble the 5-bit reception signals. These 5-bit
reception signals, descrambled by the descramble blocks 5A, 5B, are sent to the
converter block 3.
The respective operations of the scramble blocks 4A, 4B and the descramble
blocks 5A, 5B can be switched on/off and set to the switched state.
The transmission blocks 6A, 6B convert the 5-bit transmission signals,
scrambled by the respective scramble blocks 4A, 4B, from parallel data to serial data,
which is further converted from the NRZ (non-return-to-zero) data to the NRZI (non-

return-to-zero and invert on ones) data.

The reception blocks 7A, 7B convert the received data from the NRZI data to



connecti on nodul es or UTP connection nodules. = 18 October 2002 39 WHAT IS
CLAIMED I'S: 1. An interfacing device for data for perform ng negotiation
processing in such a manner that, of plural operating speeds realizing a
plurality of pre-set data transfer speeds, the | owernost operl&tQatopes|2002 i s
selected in an initial state, with the operating speed being raised
stepwi se up to a nmaxi num operating speed which is an all owed operating
speed, conprising: speed selecting means far selecting said operating
speed; speed signal detection neans for detecting whether or not data
received froman external equiprment is &@5speed signal representing said
data transfer speed; and speed signal transmtting neans for transmtting
sai d speed signal based on the information received fromsai d speed

sel ecting neans; the maxi num operating speed in said negotiation processing
bei ng al NRZHtite and fiion thesdrial datape thetparalled datado beridthe dtbiereedptiemsigdalsg on
connecting states to select an operating speed not higher than said nmaxi num
oper ati ngp giedpedivelB&scrdthblef Blotkd S54e ;e Ales, thatracesivar BlovkstZACTBI m 1
wherein, if said speed signal selecting neans has detected sel ection of an

oper at i ”geﬁ&ﬁﬁ%{%gﬂﬂﬁ{cloé 2905 ARKRRENRP BTN GrodPBRGecSivbd danerd

sel ecti ng neans wers sald maxi mum operati ng”speed one step each tine said
negoti at | rocessi i S rkaor interfacing device for data
accordi ng@ého&glg%pﬁfawfﬂpﬁgﬁ t@gﬁgl@?@fﬁb@% i nput/out put interface nodul e
for data inputfing/oytputijn or said external .equipnent; whexejn 18

ot ober 2000 The 1o HoBkaklotnd dsurtin ghde dacsi SovBn Bpteatiy SIEREls | ayer
i s higher than the nmaxinmnum operating speed ahowed% sai d input/out{)ut

i nt er f ac ARBMOENAL3, q@négraning tathe physisalleverof thal S EFB Ydstandard. 8pd data ng

speed of said physical |ayer to the maxi num operating speed al |l owed by said
i nput / ouATAB el genceatapbgeption clocks RXCLK3 from the data sent via analog driver

9 and its strobe signal. In arbitration, the port logic block 8 is fed with the arbitration
signals ARB.SIGNALS3 from the physical layer logic block 1.

In data transmission, this port logic block 8 converts the packet data DATA3,
sent from the physical layer logic block 1 via selector block 2, into serial data, by the
transmission clocks TXCLK afforded by the clock generating block 10, to transmit the
resulting serial data via the analog driver 9.

In data reception, the port logic block 8 sends packet dataDATA3, received via
the analog driver 9, via the selector block 2 to the physical layer logic block 1 along
_with the reception clock RXCLK3. Ifthe port logic block 8 is selected by the selector
block 2, the packet data D3 is written by its reception clock RXCLK3 in the FIFO
memory in the physical layer logic block 1.

The clock generating block 10 generates 49.152 MHz system clocks SYSCLK
and 98.304 MHz transmission clocks TXCLK from the 24.576 MHz clocks accorded

by the quartz oscillator (X’TAL) 11.



4. The interfacing device for data according to claim1 further conprising:
detection neans for detecting that an operating speed | ower than said

maxi num oper ati ng speed has been sel ected and data transfer has been
executed at the selected operating speed. 5. The interfaci ng18&otstr2002
data according to claim4 further conprising: notifying means for notifying
that, if said detection neans has detected that an operating speed | ower

t han sai d nmaxi mum operating speed has been sel ected and data transfer has
been executed at the selected operating speed, the operating speed | ower

t han sai d nmaxi mum oper ati ng speed has Béen selected. 6. The interfacing
device for data.according to claim5 wherein said notifying neans is an
LED. .7. The interfacing device for data according to claim1 wherein said
operating speed is selected before bus resetting. 8 The interfacing device
for data accdfigh thg abovetdgseribediptastacing dsigca haning g‘élcolnéf?’é*?r Blggk g oy nk

| ayer conformng to the | EEE 1394 hi gh perfornmance serial bus standard. 9.
The i nt petfathing dhit/6 ebif condersipnaon dhelianbftration| vgmaly ARB:$iGNALildantht a i s
digital serial data. 18 COctober 2002 41 10. A data transfer speed

sel ect i RBESIGNIALR) ipeisf possitile tegednsatit emdpoocessivegarbitrationh sigmasner
that, of plural operating speeds realizing a plurality of pre-set data

transf erARBEIGNAL D EarbAWRIOMSEnAPARH. STENMIReshd the patR&!dath DATA hd ti al
state, with the operating speed being raised stepwise up to a maxi num

operati i I i i i { Loper ati ng
spoed 1 DATRY i Fehdn e BloRE, SRR B e pRB bl LV BB R g
sai d maxi ek at,i ng speed dependi c ection states: . an ecting
an oper é“togﬁ gfagagé(é%h}eo&%?ﬁ‘ﬁlﬁ%fﬂngg?‘g“rﬁ;% @%"@3@? 5??91?610%13881.%3 ﬁl" C}%Sﬁ Zé’ dat a
transfer. speed sel ecting t hod accordinhg to ai erein if. it is

det oot o fiaRbIongalistanes Haps eRHsIBE P APLiAR! @‘b“ééf&%hﬁ %"Q‘}'f%t (aRhiElRd sttt
operating, speed has been made, sai'd maxj num gQperating speed is |owered one
step eadiit)weilable af lawgosisalMiosepysi.da usinterfacingdevige dtis paeublsito pwitehl

tinmes. 12. The data transfer speed selecting nethod according to claim10
wher ei n hetweenthedsansomssigrepath by dhe gabdeicenibrming tb thelBIE §34bstandardands

hi gher than the maxi num operati ng speed all owed by an i nput/ out put

i nt er f achatinytecoptiealfiberi dabe éithe dEIRicablpuf thendgice pufitthegpravided withect to
an eternal equi pnent, said nmaxi num operating speed of said physical |ayer

I's set tthelpdet 1ogXibIbER ®pRd Slithithe aﬂaiegldﬁizém\emmmmgt@thephyéioaltlayﬁr of
interface nodule. 13. The data transter speed sel ecting nmethod according to

cl ai m 1GhweRES 1394 sthifd4gt ected that an operating speed | ower than said

maxi mum oper ati ng speed has been selected and data transfer has been

executed at thgt3€ iR S5ticAPesiidchign Bkl (OPF MODULE1, OPF: optical fiber)
30A is connected to a transmitting and/or receiving module 67A, made up of the
transmission block 6A and the reception block 7A in the interfacing device shown in
Fig.9, as in the interfacing device shown in Fig.10, it is possible to connect the optical
fiber cable via this optical connection module 30A. In similar manner, if an optical
connection module (OPF MODULE2) 30B is connected to a transmitting and/or
receiving module 67B, made up of the transmission block 6B and the reception block

7B, itis possible to connect the optical fiber cable via this optical connection module

30B.



18 Cctober 2002 42 14. The data transfer speed sel ecting nethod according
to claim10 further conprising: notifying that, if it is detected that the
operating speed | ower than said nmaxi num operating speed is sel ected and
data transfer is effected at said sel ected operating speed, tlB&odgeraddhg
speed | ower than said maxi mum operating speed has been sel ected. 15. The
data transfer speed selecting nethod according to claim 14 wherein the

sel ection of the operating speed | ower than said naxi mnum operating speed is
notified by an LED. 16. The data transfér speed sel ecting net hod accordi ng
to claim10 wherein said operating spee Tis selected before bus resetting.
17. The data transfer speed selecting nethod according to claim 10 wherein
said negotiation processing is performed on a physical layer for a |ink

| ayer conformng to the | EEE 1394 hi gh performance serial bus standard. 18.
The dat a t r arf3iring dgie adnsaissiovn| thg optitdlednaectominodules36A 308 ¢onwdrethei n sai d

data is digital serial data. .Ay.AA2 .AY.Al.A

NRZI electrical signals from the transmitting and/or receiving blocks 67A, 67B into
optical signals which are routed to the optical fiber cable. During data reception, the
optical connection modules 30A, 30B convert the optical signals, sent over the optical
fiber cable, into NRZI electrical signals, which are routed to the transmitting and/or
receiving blocks 67A, 67B.

Meanwhile, the inte;facing device, shown in Fi_g.lO, is arranged for connection
by the optical fiber cable only, while the port logic block 8 and the analog driver 9,
shown in the interfacing device of Fig.9, are omitted. Also, the selector block 2 and
the converter block 3 in the interfacing device, shown in Fig.9 are combined into a sole
signal processing block 23. Also, if the optical fiber cable is used as a transmission
path, no unneeded radiations are produced? so that the s;:ramble blocks. 4A, 4B and the
descramble blocks 5A, 5B are omitted. Meanwhile, the optical connection modules
30A, 30B are provided for long-distance transfer and are termed PMD (physical media
dependent). That is, this PMD operates as an input/output interfacing module with
respect to an external equipment.

If UTP modules 40A, 40B are exchanged for the optical connection modules
30A, 30B, which are the PMD as in the interfacing device shown in Fig.10, it is
possible to connect a UTP cable, as in an interfacing device shown in Fig.11. That is,

if a cable transceiver 41A (CABLE TRANSCEIVER 1) is connected to the

transmitting and/or receiving block 67A, and a RJ45 connector 43A (RJ45
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to the UTP cable, it is possible to connect the UTP cable via the RJ45 connector 43B.
During data transmission, the cable transceivers 414, 41B convert the NRZI
signals from the transmitting and/or receiving blocks 67A, 67B into ML'T-3 (Multilevel
Transmission 3) signal which is sent to the pulse transformers 42A, 42B. During data
reception, the cable transceivers 41A, 41B send MLT-3 signals, sent via the pulse
transformers 42A, 42B, into NRZI signals, which are sent to the transmitting and/or
receiving blocks 674, 67B. The role of the pulse transformers 424, 42B is to shut off
the cable transceiver from the cable insofar as the direct current is concerned.
Meanwhile, the interfacing device, shown in Fig.11, is dedicated to the
connection to the UTP cable. It is noted that the selector block 2, converter block 3,
scramble blocks 4A, 4B and the descramble blocks 5A, 5B constitute a sole signal
processing block 25,
In the interfacing device, shown in Fig.9, the optical fiber cable or the UTP
cable are connected by exchanging the connection module to effect long-distance

transfer of digital serial data, subject to exchange of connection modules. Since the

operation of the scramble blocks 4A, 4B and the descramble blocks 5A, 5B can be
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on/off switched and set in the switched position, the scramble blocks 4A, 4B and the
descramble blocks 5A, 5B can be turned on to prohibit unneeded radiations if the UTP
cable is to be connected.

. The above-described contents are proposed in DAVIC (Digital Audio-Visual
Council), Baseline Document 77 Revision 5.0.

An embodiment of the present invention is hereinafter explained. The present
embodiment is directed to an interfacing device including a structure which is similar
to the interfacing device shown in Figs.9 to 11 and which is configured for correctly
performing the speed negotiation processing. Therefore, t_he parts or components
similar to those of the interfacing device shown in Figs.9 to 11 are depicted by the
same reference numerals and are not explained specifically.

Referring to Fig.12, this interfacing device includes a physical layer logic block
1, a selector block 2, a converter block 3, made up of a speed signal detection block
(SPEED DETECT) 3A and a speed signal transmission block (SPEED SEND) 3B,
scramble blocks 4A, 4B, descramble blocks 5A, 5B, transmission blocks 6A, 6B,
reception blocks 74, 7B, a port logic block 8, an analog driver 9, a clock generating
block 10, a quartz oscillator 11 and a speed negotiation processing block 12 (SPEED
NEGOTIATION).

That is, the interfacing device includes, for performing speed negotiation, the
speed signal detection block 3A and the speed signal transmission block 3B in the

converter block 3, and the speed negotiation processing block 12.



1f 10% & ()-"1 10% & ()- 10'0' 0 10'0' 0 10'0' 0! *110% o' 0& ()- *!10% 0& () -
1110%08& ()-mbG X}[9rS4 11, 3"109WM& ()-! , 3"10%t& ()-, 3"10% & ()-!
"10992& ()-!  "10%t& ()- "10% & ()-XbC 1! 10%4& ()- 10%4& ()-
8&s10%4& () - #MLO%H&' ()- 10t 10t 10t0 "10% & ()-| T_dEbC 1!s! 10%8&dtdber 2002
Y 10%4& () - @ 10%4& () - &10%4&' ()- ! 10%4& () -

30

The speed signal detection block 3A is speed signal detection means and
discriminates whether or not the data received by the descramble blocks 5A, 5B is the
speed signal. The speed signal is the signal indicating the data transfer rate. Ifthe data
is the speed signal, the speed signal detection block 3A transmits the information to the
speed negotiation processing block 12, which is the speed selection means.

The speed signal transmission block 3B is the speed signal transmitting means,
and sends out the speed signal to the scramble blocks 4A, 4B, based on the information
received from the speed negotiation processing block 12.

The respective symbols used in the sequence of the speed negotiation
processing are explained. In the interfacing device, the speed control symbols, shown

in Table 9, are used in the speed negotiation processing operations.

Table 9
Speed Control Symbols
SSo no code
SS1 11000 10001 11001 00111
SS2 11000 10001 11001 11001
SSR 11000 10001 00111 00111
SSA IDLE (see Table 6)

The symbol SS1 (11000 10001 11001 00111) means that the speed is to be
raised from S100 to S200. The symbol SS2 (11000 10001 11001 11001) means that

the speed is to be raised from S200 to S400. The symbol SSR (11000 10001 00111
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‘ 00111) is used when desired to halt the speed negotiation processing operation, as
when the speed is the maximum speed of the node. The symbol SSA (11111) means
an IDLE signal, used as a set with the symbol SSR; to confirm the state of mutual
symbol recognition. Meanwhile, it is not necessary for the SSA symbol to indicate the
IDLE signal since any other unique symbol can be allocated to it. Also, in the IEEE
1394 standard, S100 is the base rate, and is not in need of the negotiation processing,
no specified code is allocated tot the symbol SSO.

The interfacing device, having the structure as described above, performs the
speed negotiation processing by a sequence of operations shown in Fig.13. The speed
negotiation processing operation is started as from step S100. The meanings of the
variables used in Fig.13 are elucidated in Table 10.

Table 10

Variables Used in Speed Negotiation

tx_speed indicates transmission speed symbols SS0, SS1, SS2,
SSR or SSA

rx_speed | indicates reception speed symbols SS0, SS1, SS2,
SSR or SSA

PLL speed | current PLL operating frequency S100, S200 or S400

retry timer | timer for retry detection

If the cable is connected correctly, the speed negotiation processing operation

is started, as shown in Fig.13. At step S1, a standby time of, for example, 10 msec, is
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Y6#& () (RetHPYRITE) bl step SQ%ﬂgg'at(s)teﬁ@i%@cks whether or not the PLL is locked. It is
assumed that the timeout time of the retry timer is set to 100 ms.
If, when the PLL is not locked, the PLL is not locked at step S4 even after the
100 msec time as set on the retry timer has elapsed, a decision is given that the
negotiation processing has resulted in a failure to terminate the sequence of operations.
If, at step S4, 100 msec as set on the retry timer has not elapsed, the processing as
from step S3 is repeated.
If, at step S3, PLL lock has been verified, the reception signal is detected at step
S5. This processing is carried out by the speed signal detection block 3A. Specifically,
it is checked whether or not the bus resetting signal is being received at the speed of
S100. This processing is carried out to detect connection to a node not
accommodating the speed negotiation processing, that is a node that is able to
accommodate only the speed of S100. If the connection to the node that is able to
_accommodate only the speed of S100 is detected, the sequence of operations is
‘terminated without performing the speed negotiation processing. Meanwhile, if the
operation is at the speed of S100, it cannot be determined with which processing
timing the bus resetting signal is received. Therefore, this reception signal is detected

at all times if the operation is at the speed S100.

If the bus reset signal has not been received in the initial reception signal



66dD+Cl 10%#3#4K) " 1096#&' () - 4k) " 10%6#&' () - 4k) " 1096#&' () - 4k) " 1096#8& () -
L' 10%6#&' ()-! 10%6#& () - p666*6667686d@ C! 10%#3#3" 4k) " 10%6#&' () - 4k) " 109%6#&' ()
- 4k) " 109%6#&' () - 4k) " 1096#& () - #3" 86D606] 6i 6p6Y6_?+Cl 10%t4k) " 109%6#&' () - 4k) " 10
YBH&' () - 4Kk) " 10%B#&' () - 4k) " 10Y6#&' () - 4k) " 1096#& () - 4K) " 1096#&1§ DeiBap 2+
Cl 10%#4k) " 1096#& () - 4k) " 1096#& () - 4k) " 10%6#&' () - #3" 4k) " 10%6#&' () - 4K) "1096#&
' () - 6666666gK+Cl 10%#4k) 4k) " 10%6#&' () - 4k) " 109%6#&' () - 4k) " 10%6#&' () - 4k) " 1096#&
‘() - #3"4k) " 10%6#&' () -6666667|\ <+Cl 10%t4k) " 10%6#& () - 4k) " 1096#&' () - 4k) " 10%6#
& () -4Kk) "10%6#& () -4k) " 10%6#&' ()-#3"7777777] H+Cl 10%#4k) #3" 4k) " 109%6#8& () -) 4k
)" 1096#&' () - 4k) " 10%6#&' () - 4Kk) " 1096#& () -¥#B" 777 7: 7,
7<7=7[ @CLO6#4k) " 1006#& () - #3" 4K) " 10%B#& () - 4k) " 1096#& () - 4k) " 109%B#& () - 4k)
"10%6#& () - =7>7?707R7IT7V7X7dDCLO6#| ! 10% p#: & ()-|!10% p#: & ()-|! 10% p#: & ()
- &10% p#: & () -
#MLO% prdesetior] QB HAEB8ings ranstpidatdr step GUCk 6anpatshexcsrgnt-querdtdagpspaed ) - | ! 10
% p#: & ()-]!110% p#: & ()-#3!|!10% p#: & ()-7777777hDDCLO6##3! | ! 10% p#: & () -] !
10% p#: &POL |shé tb#h&n{aknhh&xcwpeﬁﬂh {pecd $méax 79peéd hlftl@é bienitvpesating | ! 10%
p#&(8(3"T 08(?) )-1110% p @QI%O%#P% % | 110% p mg) 7g777777

7&C|( ; 1(; #%ggg g-fé éf(?fi%g}}rpjlogg/}afiﬁgép%%d |p|r§%os§18§ tf?an%ger{ 6&}4@1%%3 (ﬁ‘llf; lmlg;f g#
3100 T 4 oo R R T fqr]c%{%ﬁfr%% tyai}%é@’i‘% dprgerslibie
<IS igzgﬁgf[t&?& Y% A #& )& gggg@gé}%g& ((;)erét}rgg %éé#ﬁ?t%lé @?&C}Bme(rﬁltmg

/1 10%#8 ( 10%9#& ()- <<<<<<= iaANMlOF i&u 109 & (t QU 10% &
&U' 10% &sRe)e pgomgglgg(a)ansfgm% siep $15 and the Tollowing steps to raise the operating
@L10% & () - ====%&=' =cGNAA10p#&U' 10% & ()- &U'10% & ()- &U'10% & () -

&U' 109 &sHéed basen SteRU 1096 & () - ' =(=*=, =1=B=C=| \ 8NA41#3H>, T" &U' 10% & () -
&U10% & ()- &U 10% & ()- &U'10% & () -

#3H>, T" C=E=G=Rust;j Hk theDddd2#B dpeftinpOsh&d )is tH8 HraXintinthl 0peltify- speed,

&U 10% & ()- &U 10% & ()- &U 10% & ()- k=l =mey=z={=| ==hL, 4&U' 10% & () -

&U' 10% &transmiesickDaf the(SSR # hﬁl,l}_ cSHmAded ffdmtl@é}s Hnkg 6ﬁlatl(&HB %s@ng)
—======qG 4&U' 10% & &U' 10% QU 10% & ()- &U' 10% & () 109 &

#3H>, T (&léckof@t%tﬁ):sge%_d:ﬁgrﬁ tﬁné&%sl&#ﬁldﬁkﬁ%t Haltthe s ébﬁaﬁbn

&U 10% & ()- &U' 1096 T =t=====qH, 480" L0#3H>, &U' 0% & () -

#3§>J@i§é&ﬁlﬁﬁ%‘*’i€‘%@fﬁ*‘&ﬂ° o s AL Pl et SR siepgh e SR

M fmm@%ﬁé’“‘?@iﬁﬁ@}%%é% Sl
EDYL[)&], t 303:3‘%?§ L{ﬁ@@@:&g}%f%"zéuﬁf%@f@e#“@ %P)f%f e b0 Hhé brock
fii’;;ﬁ‘g@z}?%g%g% tgeffgg%f%égg‘r& %rjmgw & g% )tll‘r%%u])_l%o &(éx%f rm the possible

#3H>, T" &U' 10% & >>>>>>> U'10% & (&Y' 10%.8

&U' 10% &p(ﬁsenca@ ﬁgR(;xgnff&f} the SR pigna epﬂg;epem@;g‘ gw(wg this ‘slandby
>>>>>>>hD04&U" 1096 &#3H>, T" &U' 10% & ()5 &U 10% & ()- &U' 1096 & () -

&U' 1096 &time, the Hprogessing- ransfats tagten dd &1f $he IRR Sigpakhag not beer received
#3H>, T'&U 10% & () - &U'10% & ()- &U'10% & ()- &U'10% & () -

22( ?) 7* ?-dmringahissitandiog ke she 6pece! riegotiagdon powesing hasdailedendthe)sequence
#3H>, T"&U'10% & ()- &U'10% & ()- , 2<?=22?A?K?d?_?, 4&U' 109&U" 10% & () -
&U'10% & qt)pro&s!’si]l@%pﬁr@t)ens&hftétﬁﬁﬁ&’ed.) Althdkizh Trigchddhosi &t §tep S10 whether or
d?e?f 272?2?2@a@ QD7&104#10#10# & S610%t& ()- &s310%t& ()-m &s, 2 10%& () -

&U' 1096 & r{ox the/Sliredt (GEERENED g@&ﬁ@@&kﬁ#sé@%ﬁ&of dparatlené ébthés to)a- 1869
#&8 ()-) & 10% #& ()-  &10% # & 10% #& () - | CQD7810#" 10%

#&' () - 9 431 " 10%
()-)@lé%%f@%ﬁéw@ﬁ@%@“?gﬁﬁmlg%@ be I() )" 10% #& ()-)" 10%

S A Gl bt

)
)’
)" 10% #& () -) #3i " 10% #& ()-) " 10% #&' () - ) GAAAA+ACCO7" 10% #" 10%
)" 10% #& () -) " 10% #& ()-)) " 10% #& () -) #31 " " 10%
-) *A, A- A Al A?A@NDO7" 10% ##3i " 10% #&' ()-)" 10% #& ()-) " 10%
)" 10% #& () -) #3i " G\AABANA_ A AaAbAdH, 7" 10% #& () -)" 10%
)
)
)
)
)

3+
Ro

3+
Ro

NN AN AN AN AN AN AN NN NN
Y N N N N N N N N N N
1 1 1

S)#3i " 10% #& ()-)"10% #& ()-)"10% #& ()-)" 10%

- ) bAi AAAAAACG, 7" 10% #& ()-) " 10% #& ()-))" 10% #& ()-)" 10%

-)#3i " 10% #& () -) " 10% #& () - ) AAAAAAA 2, 7" 10% #" 10% #& () -) " 10%
"10% #8& ()-)"10% #8& ()-)#3i " 10% #8& () - ) AAAAAAAI@ 7" 10% ##3i " 10%
"10% #& ()-)"10% #& ()-)"10% #& () - ) #3i " AAAAAAA' D, 7" 10% ##" 10%

ArNrSrSrsr<r~ 11 A NN 7

- HEH T EREN
> R0 R0 R0 R0 R0 Ro Ro R0 Ro Ro



C3" 10%#&' ()- NNNNNPQQA410k#C C & 10% & ()-- C 10%9"0& ()-- C 109" 0& () --
C1090" 0& ()- C# 1099"0& ()- 10k#10k#QTTUU UUUULVU410 CLO%t& () -

C'Y 10%#& ()-10!"110!"110!"! 4 L! "10%"!& ()- CL! "10%9"0& ()- CL!

"109%0" 0&' () - UKVEWAWWK| [ : vU410 C CS# "10%t& ()-C T 10% & () 1g @Eto%%‘??@%) -
Cl SF"10%#& ()- C SF"10%& ()- CSF"10%#& ()- X. XXYYYYYY|[ NA410TO#10#

>S# "10%t& ()- CS# "10%t& ()- CS# "10%t& ()- SH "10%t& ()- S#

"109%& () - YYZZf ZzZZ| ZINA41010 “!110% & ()-'!1C 1 10%<& ()-' C 410% & ()- CL3
mMo% & ()- CLO®W& ()- C #MLOW & ()-ZZ?[[[[F]|[:NA41010 CO" "10% & ()- CsS
109 & ()- C9310% & ()- C 10%g& ()- !109#& ()-&

Cl110%& ()-&]T UV Wg j_ "vT310 C "10%¥W& ()-!C "10%W& () -

C@LOWMW&' () - C@L10%MWL' ()-10"10"10" C " "10% & ()-" a<bbTdeeee| [ NA410
10WHW 1QWHWLOWEW CO#G' L0 () - C CO#G' 109WW& ()-C | "109%#& ()-  C

" 109 Wheen confirmed te hawe comedoaecdpse,IACK. ta timt effect is omemitted. This AGKS ()- S
CL"10% & ()-SICL "10%t& ()-S ClO% & ()- C# 10% & ()-111111M bl bB410" C
N) 10%h Ore@h{iymihgdperdidhddesir By trasSmisionlaid oy receptith 0fitie(9SA signal by the

C, # 109hm0h& ()-10"10"bl xI yI T1711sW410" N) 10%0h& ()-C N) 1090h& () - CA(

N) 10%Ohfanishrisidh ARABP FeeeptiotfrocthsiRgBOtHE SR Signhl hd désciBld@bave. That

is, at step S11, transmission of SSA signals is commanded from the speed negotiation
processing block 12 to the speed signal transmission block 3B to try to halt the speed
negotiation processing. If the counterpart node has replied to the transmitted SSA
signal, the SSA signal from the counterpart node is transmitted, as at step Speed
negotiation processing block 12, thus assuring mutual recognition. Ifthe SSA signal
from the counterpart node cannot be received, the block awaits until 100 msec as set
on the retry timer times out to confirm possible presence of the reception of the SSA
signal. If the SSA signal is received during this standby time, the speed negotiation
processing is terminated. Ifthe SSA signal is not received, the negotiation processing
results in failure so that the sequence of processing comes to a close. Although it is
checked at step S14 whether or not the current operating speed is S100, the sequence
of operations comes to a close because here the first processing is at issue. By the
‘above sequence of operations, the ACK recognition is carried out to terminate the
sequence of processing operations.

If, in the interfacing device, the current operating speed is verified at step S6 not
to be the maximum operating speed, it is attempted at step S16 to raiser the operating

speed by one step.

That is, if it is commanded at step S15 to send the SS1 signal from the speed
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signal is transmitted, it becomes possible to perform.processing for raising the speed
from S200 to S400. It is assumed here that the SS1 signal is being transmitted, since
the present process is the extension of the above-described process.

If, at step.S15, the SS1 signal is transmitted to the counterpart node to request
speedup, the counterpart node sends back a symbol. If the counterpart node agrees to
the speedup, it transmits the SS1 signal. Thus, at step S15, itis checked whether or not
the received signal is SS1. If the received signal is SS1, that is if both nodes transits
the SS1 signal, negotiation processing from S100 to S200 is valid.

In this case, the operating speed is increased at step S17 to S200, that is, the
frequency of the frequency of the reciprocal transmission symbols is switched to a
desired value, and the processing as from step S1 is again executed to repeat the speed
negotiation processing.

If the counterpart node is not agreeable to the speedup, for example, the current

_operating speed of this side node is not the maximurh operating node, with the speed
of the counterpart node being the maximum operating speed, it is necessary to stop the
negotiation processing. In such case, a SSR signal is sent from the counterpart node.
Thus, if it is found at step S16 that the signal sent from the counterpart node differs
from the SI signal sent from this side node, it is checked at step S18 whether or not the

signal is a SSR signal. If the signal is decided to be the SSR signal, the processing as
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from the step S7 is performed to halt the negotiation processing. If the signal is
decided not to be the SSR signal, it is checked at step S19 whether or not the retry
timer reaches 100 msec. If 100 msec is not surpassed,. the processing as from step S16
is repeated. If 100 msec has been surpassed, the negotiation processing is deemed to
have failed and the sequence of operations is terminated. At step S20, it is verified
whether or not tﬁe operating speed is S100. Since here the operating speed is
unchanged at S100, the sequence of operations is terminated.

That is, if, with the operating speed at S100, the negotiation processing has
failed, it is the failure caused by the base rate. Therefore, the negotiation processing
is not performed again and the sequence of operations is terminated. If the speed is
other than S100, processing transfers to step S21 where the operating speed is set to
SIOO and the maximum operating speed is lowered by one step to perform the re-try
operation as from step S1.

In the following explanation, it is assumed that the negotiation processing at the

maximum operating speed of $400 has failed and the maximum operating speed has

_to be lowered to S200.

In this case, the operation at 200 has occurred normally before the negotiation
processing is attempted at the maximum operating speed at S400. Therefore, if the
maximum operating speed is lowered from S400 to S200, negotiation processing can
be carried out at a speed at which the transmission and/or reception could be cartied

out in the previous negotiation processing. However, if, for some reason, the
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negotiation processing at S200 in the re-try operation has not been made, the maximum
operating speed is further lowered to S100 to perform the retry operation. If
nevertheless the processing has failed, the transmission and/or reception at the base
rate cannot be established and hence the negotiation processing has resulted in failure.
Therefore, the sequence of operations is terminated.

Thus, in the interfacing,device, the maximum operating speed is alterable, such
that it is possible to lower the maximum operating speed one step to perform the retry
operation so that negotiation processing can be performed at the speed at which the
transmission and/or reception was established at the previous negotiation processing.
If the processing has failed, the failure is ultimately at S100 so that the negotiation
processing can be terminated. Thus, there is no risk of the retry operation falling into
an endless loop.

Since the number of times of the retry operation is not set, negotiation
processing at the operation enabling speed is not performed, while negotiation
processing is not deemed to have resulted in failure.

Moreover, since the maximum operating speed is alterable, negotiation
processing can be performed at the operating speed matched to the maximum
operating speed of the PMD.

If moreover an indicator is provided for producing flickering of the LED 50 as
shown in Fig.12 if negotiation processing has not been carried out at the maximum

operating speed of the physical layer, the user may be apprised of the fact that the
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The present invention is not limited to the above-described specified
embodiments. For example, maximum operating speed can be lowered each time
plural retry operations are performed, instead of lowering the maximum operating
speed by one step every retry operation.
The present invention may also be applied to the interfacing device having
PMDs as shown in Figs.10 and 11. Specifically, the present invention may be flexibly

applied to a variety of interfacing devices with different PMDs, such as optical

connection modules or UTP connection modules.
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F10%8& (rﬁa@ﬁe?Thit?éfﬁai]Jraﬂ %é )speeds realizing a plurality of pre-set data transfer

speeds, the lowermost operating speed is selected in an initial state, with the operating
speed being raised stepwise up to a maximum operating speed which is an allowed
operating speed, comprising:

speed selecting means for selecting said operating speed,

speed signal detection means for detecting whether or not data received from
an external equipment is a speed signal representing said data transfer speed; and

speed signal transmitting means for transmitting said speed signal based on the
information received from said speed selecting means;

the maximum operating speed in said negotiation processing being alterable;

said maximum operating speed being altered depending on connecting states to
select an operating speed not higher than said maximum operating speed.
2. The interfacing device for data according to claim 1 wherein, if said speed signal
selecting means has detected selection of an operating speed higher, than said
maximum operating speed, said speed selecting means lowers said maximum operating
speed one step each time said negotiation processing is performed.
3. The interfacing device for data according to claim 1 further comprising:

an input/output interface module for data inputting/outputting for said external

equipment; wherein
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if the maximum operating speed allowed by a physical layer is higher than the
maximum operating speed allowed by said input/output interface module, said speed
selection means sets the maximum operating spee;i of said physical layer to the
maximum operating speed allowed by said input/output interface module.
4. The interfacing device for data according to claim 1 further comprising:
detection means for detecting that an operating speed lower than said maximum
operating speed has been selected and data transfer has been executed at the selected
operating speed. |
5. The interfacing device for data according to claim 4 further comprising:
notifying means for notifying that, if said detection means has detected that an
operating speed lower than said maximum operating speed has been selected and data
transfer has been executed at the selected operating speed, the operating speed lower
than said maximum operating speed has been selected.
6. The interfacing device for data according to claim 5 wherein
said notifying means is an LED.
7. The interfacing device for data according to claim 1 wherein
said operating speed is selected before bus resetting.
8. The interfacing device for data according to claim 1 constituting a physical layer
for a link layer conforming to the IEEE 1394 high performance serial bus standard.
9. The interfacing device for data according to claim 1 wherein

said data is digital serial data.
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11. The data transfer speed selecting method according to claim 10 wherein

if it is detected that selection of an operating speed higher than said maximum
operating speed has been made, said maximum operating speed is lowered one step
each time said negotiation processing is effected once or plural times.
12. The data transfer speed selecting method according to claim 10 wherein

if the maximum operating speed allowed by a physical layer is higher than the
maximum operating speed allowed by an input/output interface module responsible for
data inputting/outputting with respect to an eternal equipment, said maximum
operating speed of said physical layer is set to the maximum operating speed allowed
by said input/output interface module.
13. The data transfer speed selecting method according to claim 10 wherein

it is detected that an operating speed lower than said maximum operating speed

has been selected and data transfer has been executed at the selected operating speed.
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14, The data transfer speed selecting method according to claim 10 further
comprising:

notifying that, ifitis detected that the operatiné speed lower than said maximum
operating speed is selected and data transfer is effected at said selected operating
speed, the operating speed lower than said maximum operating speed has been
selected.
15. The data transfer speed selecting method according to claim 14 wherein the
selection of the operating speed lower than said maximum operating speed is notified
by an LED.
16. The data transfer speed selecting method according to claim 10 wherein

said operating speed is selected before bus resetting.
17. The data transfer speed selecting method according to claim 10 wherein

said negotiation processing is performed on a physical layer for a link layer
conforming to the IEEE 1394 high performance serial bus standard.

18. The data transfer speed selecting method according to claim 10 wherein said data

is digital serial data.



