;ije3e-c- L4P6T=E"WD 02/01380 1 ' S 10 15 |2C SELF BUS SW TCHI NG DEVI CE
BACKGROUND COF THE | NVENTI ON, Techni cal Field G00002 PCT/ GB02/ 00- @89 The
present i gupeldcesxor €l ates to conputer bus architecture. Mxyer/epemioisocal | ‘
the present invention relates to Inter Integrated Crcuit (I12C) buses.
Description of Related Art Many simlarities exist between seem ngly

unrel ated designs in consuner, industrial and tel econmunication

el ectronics. Exanples of simlarities include intelligent control,
general - purpose circuits (i.g ts, RAM and
application-oriented circui tIsc? h Bgﬁl ¥| rﬁé')”i nter Tntegrated Grcuit (I2C)

bus is a bi-directional tw-wre serlal bus designed to exploit these

sim | ari BPEEEROBR %R ANYHEI¥ C bus are ajmmmmmﬂmmwdl vi dual addresses,

00- FF 20 (even addresses for Wites, odd a reads). The |2C
archi t ectrgeghican feigsed for a variety of functj e exanple is Vital
Product Data (VPD). Each conponent in the system cont ains a smal |

El ectrl cally Erasable Pr o‘gram’rabl e Read Onl é % & EPROM) (tyP?l cally 256
byt es) which CONRECAT Yt ABYSASEPT Feof Het F8rFouh ra§“ &Pt teRbser s"°%Far t
nunber s) spécifAdaBQ. r Bvd proFenteimlentJ reBBeq(cq 2T udnezwrensd ConnEst a
nunber of(rdevbwees.si nul taneously to the sane pair of bus wires. However, a
probl em results when one of the devices nalfunctions and pulls a bus signal

(cl ock or datag Iow The bus will not operate and it is very difficult to
det ermin gl s devices connected to the IBC bus is
responsi ble. A simlar problemoccurs when one of the bus conductors
beconmes short @dn Giail0MtidgedbdiC BeS@ishCoensfly asye1hosd @saigsein gr ound.

SUMVARY OE, e, | N\éﬁmx@ylAmoszgiézqm{unﬁcbsdnnyfémmcerowxqrﬁgle@, Drs switch

nodul e, con r| skne% ntr or recei.ving I nstructions

froma bis"diivets "% sW t'31 %nf hcontﬁ?l ?erpeﬁalamg&%%&laﬁtl Schnffect i on
Wi ch coRRREiveRs. S\MQ GRTED BAY Paf appdiprtieevirdeniegnehtcuétsa Bhs:; wherein
t he cont pbiligsi inepenscegnatel osBMit haeowbhghisi A ¥iegpoRILohfl kRStWibet i ONS

recei ved £ 0 HHE desiMRaUZS WGBTS 2nddeTEGB1L2{+4111~89 bus driver; and

signals received in the first data connection are passed to the second dat a
connection only when the switch is closed. Preferably an inproved |2C bus

i s provided fP8YAsMsi eh the 1'S Busadte yposewred ehitndbiliduehaddesssee: tRafF has

el f unct i(ened an@sdgses Nipri Writtke, bds adasbsyg for gpeddt.e. The IC architecture

can be used for a variety of functions. One example is Vital Product Data
(VPD) . Each component in the system contains a small Electrically
Erasable Programmable Read Only Memory (EEPROM) (typically 256 bytes)
which contains the VPD information such as serial numbers, part numbers,

25 and EC revision level.

I*C busses can connect a number of devices simultaneously to the same
pair of bus wires. However, a problem results when one of the devices
malfunctions and pulls a bus signal (clock or data) low. The bus will not

30 operate and it is very difficult to determine which of the numerous
devices connected to the I®C bus is responsible. A similar problem occurs

when one of the bus conductors becomes shorted to a low impedance source,

IO

*159159*%
Accordingly, the invention provides a bus switch module, comprising:

such as, for example, ground.

« 35 SUMMARY OF THE INVENTION ”Im”lml

a control unit with an input for receiving instructions from a bus driver;
and a switch with a first and a second data connection which connect the
40 switch to a first and a second segment of a bus; wherein the control unit

opens and closes the switch in response to instructions received from the.



The present invention preferably provides a bus switch nodule for use in a
bus such as an 12C bus. In one enbodi nent, the switch nodule 10 includes a
control ugigoasise switch. The control unit preferably i nglaweBoznigonput
for receiving instructions froma bus driver as to whether to close or open
the switch. The switch preferably includes a first and a second data
connection which connect the swtch to a first and a second segnent of the
bus and includes a control input for receiving 15 commands fromthe control
unit. In a preferred enbodi nent the contral unit opens and cl oses the
switch i A% EEpBHEe®Rd SHARASUETTIREY FEcERS 867 Tr 8AT] FEMRFS *oR 98 rP35RE  si gnal s
r ecei vedt¢ rrbehsedond statdatenneomivacenlonvhgre thasyétich dst fleess@cond dat a
connection preferably only when the switch is closed in response to a

command from bhe¢opiy b Milbved i pud N 4320 $0b4 GhsiPdYl &, allayg a bus
S connqﬁ%gd i.n series by opening

driver to isolate devices, and swtch npdul e

of ol osi AE CRERIF I SPRE BPar 897 8. ESSATIENT " bi8 S PEh nodul e i o
a bi-di reezdisaaic supraER- capabl e of passing signals received at the second
data connection 25 to the first data connection and of passing signals

received at ) t bfe fpiré§éntd§£xﬂsn‘€%m%9£fé¥3bi pEQ@i_d%@CQFb@sdﬂiécﬂ%Béfé iggp only
when the swi.tch . is cl osed. nPE,%f r abl the s ogch S tqlefl“g.stthsvmtgl:h and t he
€

. use - a us uc as us . n one e imen =) e .
signal s 4F% i ¥ 430 sighals. 1n4a preferre odi nent 8 B8 Swi t ch

fddul e f EREIERS CORPRITSASUTH tsaRb RS EHichch THE tIPrarehiupét araferabburt h data

connect i omclwlkdeg hanc omgeac fot rrecsWihgmrtsorta:tﬁhhs dranc auf Qutvér segent _of t he
bus. Prefgs@llyed BeosOBLI QYenUilid sPROAS aid £4iRSESlREr 38018 d 6h in

response_to instructions.received fromthe bus driver and secopd signals
recei ved T 38°1 Fe "t d Uat & CORNEE %lrlCharc%nnﬁﬁgsteh& i “(’)&tcﬁetc? 8u,rfﬁ§’da 4
connect i BreSERPY SAARPA% RE i Peh apd Achudns. 2| iPRar DY dPRYY &6 SitSBENIRENt , t he
sscond swhtreinds Sframbihed ool omek . Svint g lprefipadebeengfodpassi ige sbgna@lls

recei vedudic bpéend aHtdlodad aneofnest iian-dohse tBeiddtirhiét idat aconRRCELGN and
rﬁjtﬂgt%r%Q”é‘a%Ct' on to the fourth data

of passi i,gnalis recei yed the.thit

connect i cg)%e ?)Jr‘f Z@r\/\ﬁgﬁ atnﬁes?élég%\cfegﬁé%hll s cl 0s8d. “ VIS 057 038t

PCT/ GB02Baet: L84 hpr e°ePAiay 2t Hrane sl iR Phes e sy ot Ys e c APg SipdsdFng cl ock
si gnal s ehbsedwirerrespbansel brle seuntapfl firomctipseohtrol nuratpr ghesr etle evrdzodi ment

tee S\Ifl\li t ghidch ﬂocﬁaéaaliwidﬁCehbﬁ@"drﬁ!ﬁéx_Sithislil_d@é ﬁefiicgal%a]aiﬁd Qcklﬂ/chm&;{]hl%ge data
f)\z,a\llstsicngI g?%ig(l%%g?aﬁa%gl%l \%ﬁ%‘%\l ?h%all %?%%%\gls%/&?et 3h§ricg'gl ggeds;\nngct heogecond
switch is a data switch for passing data signals only when the data switch
is closed. 10Ihre arpfefred rexdiodivigotli mbdathust heitghsmednlanis atle-dirdeggradled
circuit busschPe&faBtaldey pidangoiilghels WBEivieBCIUERS RcbREBhed RBYLeAREna I eset
25 to the first data connection and of passing signals received at the first

data connection to the second data connection only when the switch is

closed.

Preferably the switch is a first switch and the signals are first
30 signals. 1In a preferred embodiment, the bus switch module further
comprises a second switch with a third and a fourth data connection which
connect the switch to a third and a fourth segment of the bus. Preferably
the control unit opens and closes the second switch in response to
instructions received from the bus driver and second signals received in
35 the third data connection are passed to the fourth data connection only

when the switch is closed.

In a preferred embodiment, the second switch is a bi-directional
switch capable of passing signals received at the fourth data connection
40 to the third data connection and of passing signals received at the third
data connection to the fourth data connection only when the second switch

is closed.



15 nodul e which, in response to receiving a reset signal fromthe bus
driver, opens both switches. According to one enbodi nent, the invention
provi des wdbeeH6Bm0 use in connecting el ectroni c conmponent SBCGBW1038NY. a
bus driver; and a 20 plurality of bus switch nodul es each connected by a
plurality of bus lanes with at | east ong of the plurality bus sw tch
nodul es connected to the bus driver; wherein each of the plurality of bus
swi tch nodul es conprises: a control unit with an input for receiving
instructions froma bus driver; and a_.switch with a first and a second data
connect i on whi BIREEBHHECES RETSH 153 cHodho S 5y E¢r BATPIRIseshas i @ghent of a
bus; wher@ily thre tbntdotk gmitclopensloaedl cl oses the switch in response to

i nstructions recei ved fromthe bus dri ver; and signals received in the

first data consieqlpaneais BASSAMelo twesﬁ@&@qg f a8a CANRER 0N, DL when
svmtccptls cIo Acc i.ng to, one |rren the inventio
gw des & @aiiPp ?)coé‘%gl"ﬁ'ﬁn %éet 8ﬁ? S8 é? 95%1 plurality of corrponents a

bus comuni cably coupling the plurality of conponents wherein the bus
conprises: a befdrimgr;cr@ndissepbuitahi 1y a0f1dauSswEwch Cibrpsidias Qack

connect Edsa.lg;)ﬁaf‘s raw;;avlhe;.yugf cfwk L-.m%ﬁ e Uﬂo@etd L&a%e%%of?é swéf?rp' gh—?' ity 35

bus switch nmodul es é:onnecte Q t he :(1 £|ver wher el n each

plural ity Bf DU Wi TR S008I BE2 cHITBFI T 88Y FPEB RN FYL SR I &ACFShut for
réeiving instructions froma bus driver; and a switch with a first and a
second data comecpicGrridii ehbgBnasct thhdusvig ah inded ifnte§tataBdcidcgeeond
segnent ofusa bus; wherein the control unit opens and closes the 40 switch
in response to instructions received fromthe bus driver; and signals
received in the first data connection are passed to the second data
connect i on onlBFSRAEAPIY hidhes GPREEIRT | Wik| Hdydes a yppt1imyut1@8! 280e%4tBRI EF
DESCRI PTIn@Nul¥ whkEh DRAWENEEnRCEL GRO2 1089 releprLbesy adoeiedbuentiwir,t he
present ispeantssen ¥Wickn&®pow be descri bed by way of exanple only and with
reference to the following 5 drawings: Figure 1 depicts a pictorial
representation of a data processing systemin which a preferred enbodi nent
of the present®SCRYSING b & THOPEMBS: Sdhe DOVeptipn ervidepi & toys afdyl vek in

di agr am ofonaedkiing pregcessicngopseey, | comphi cinga pr eheraredesniadisrent of the

pF?SE{It Itl:n.\ﬁe&i]lt?nof &ub”ﬂll@@ﬁ"lﬁ&dlefbﬁéﬁ RolndleRA (Hysaapl%grgﬂ@t LE bqgaggr%g]
| ustra 1,N evi in.accordanc
v«'iﬂg Q; lggsts%l'x% @%h&?lﬁ%l& ug; gwn.tcﬁ mod lis gall’“ée%' ge"ﬁ’ E{}% bélsbl ock

preferred. enbodi nen esent invention,
di agr am o‘?“é{ﬁrl BT ingF e Pf otﬁ’ﬁl PHFEL &5 PErP“ﬁDﬂ'(Htéh peditepcaBRIiceni t It a

pr ef er r ecrarbodivpentvioh anhénprteSentrerenvenyg i gt r2@ i DETArbER BESARL A ,ON OF
THE PREFERRED &VBEDIWENTG Wit bafer 8eia 8oy béhdebeidd GHIAS o ck Nene

Pas i oul Al oo €1 ALERGRA' @ JoLOM Sodwer? BLG! 8L AlubaBEESENLA D o2 data

sent |nvent|on

processi % % JZ?? | ef erred
i s inplenmented e&errﬁ cf‘é A”b(fﬁfR&“éF ti‘OO"f%mdé’pﬁnét é%F%R/HF%Hrancqh@des a
syst em urius qul()'ﬁra é\ndde{sndilsmeayl\teér M vk 02t detheydoardiobOdre phosayge

devi ces 1Bthavzieebndraytd rohiie ibh PPy Wlehv@s andcat helc1byfes of per manent
and renovabl e storage rredi a, and nouse 106. Additional input devices may be

i pgl uded with personal onpu 100, such as, for exanple, a joystick,
touchpad tou@% 30 ?@r%%r? ?§8ﬂﬁ‘éﬁ¢ e cHBIERbHRE Pé‘ﬁ’ddﬁﬁea IdF‘k% Conput er
100 can b@OF?ﬁﬂléﬁe?ﬁséamu§ngﬂéﬂygsuPt@b‘Felmngﬁtcempor@mh asban | BM RS/ 6000~
conput er @mmbmitcebly Sbapiiag ommuﬁz&n;twa;ifc&bn@beer&rsom&tesnw‘helmsernati onal
Busi ness dghifes QEROTALYAR, ah@GAbALkah D FDA nBUdi 6ldaguan L he
depi ct ed croggegtsgnkt)}?'tal gpuratljgty o? bus yrge%r Wit ! agrle%st orferrgfntt%eopluraleltpr esent
Y
35 bus switch modules connected to the bus driver; wherein each of the
* plurality of bus switch modules comprises: a control unit with an input
fer receiving instructions from a bus driver; and a switch with a first
and a second data connection which connect the switch to a first and a
second segment of a bus; wherein the control unit opens and closes the
40 switch in response to instructions received from the bus driver; and
signals received in the first data connection are passed to the second

data connection only when the switch is closed.



35 invention may be inplenented in other types of data processing systens,
such as a network conputer. Conputer 100 al so preferably includes a

gr aphi cal weserocsher f ace that may be inpl enmented by neans mfT/cB&iDHED
software residing in conputer readable nedia in operation wthin conputer
100. 40 Wth reference now to Figure 2, sa bl ock diagram of a data

processi ng systemis shown in which a preferred enbodi nent of the present
i nvention WO 02/11G3.~811 PCT/ GB(12/00~89 5 is inplenmented. Data

pr ocessi néglpﬁ%stem 200 i s an exanpl e of a conputer, such as conputer 100 in
Figure 1 WPRSCRIRUGYE O TRRIARAURIGSons i npl ement i ng the processes of the
preferred enbodi nent may be | ocated. Data processing system 200 enpl oys an

I BC bus arch: tﬁgruf@frezhsnuoaﬁ&usoé 248 deSest Qhodiviestdianalowsgsi al bus
requiring,on

ri da |1 seri.al . clock l'ine
(SCL). At Sc():ﬁg Yl :fly %ﬂs‘%gmpglo %é}ty ﬁé@ew i E ﬁr o%cgehg%tt%ca Abri ity o
pafal | el $ipeésgs: serl al buses require less wiring and fewer Integrat ed
Circuit (1C connector pins. Each device (processor 202, electronically

er asabl e and pFQEkamTaRp&-tathiQbbd aTe A ¥ sdift at ERPREM 240, prbeshangt ure
sensor gy %lqdl b?( é%bhe efgpre%ex ?1%4%)4:) q'xne esengolnlvgrg:ll%lflls 248 1s

sof tware addressa a uni que addr ess he devices ¢an opera?e as either
transmttBESeBFP8¢ei vers. ALl | 2C bus conpati bl e devi ces have an on-chip

i Aberface which allows the devices to conmunicate directly with each ot her
via the | 2C bugig48.2 AepidtRl & thochBRkE S bave daed Frbedshhy Hxish Snat all
times. A BBIHEL e d A8ViLaRNE m;n@_hof Uk ! 832 AGLR sLh AL G RS de cl ock
signals to pernmt t trans d any devi ce addressed i'me of
transfer is considered a sl ave. The | 2C bus is a multinmaster bus, meani ng
nmore than one Hekree? dapitisea gfchemtticofidomgm tildustirat &een ab&Ccorifebted to it.
Hasever, $wiecpief aevied 20 eobotnsenithsa ppefated dnbodinkinbghe+ABSIresende.
Typical 12Gheca, Qs inplementations will support three or four 12C
expansi on slots or add-in connectors. Processor 202 and main menory 204 are
connected to PCl |ocal bus 206 25 through PCl bridge 208. PCl bridge 208

al so may i ncl ufguan ¢ depirtat edlrehoiigaraneE gid &iC andlicactienak imusysvisrch
processormadZe ddttdrdnnte GAMACHIHRIréD ebdaimentlotbiise 206s4mYiBRnIBSE

t hrough direct conponent interconnection or through add-in boards. In the

depi ct ed g2eaRDEE DELOCPTIGN @2 it vRErerfEAMmeskaRirer 210, small conputer
systeminterface SCSI host 30 bus adapter 212, and expansi on bus interface

214 are connecjfg QQf,alrgﬁ@A nQuSCQZQﬁa tBngierseQﬁd qgr‘%@%@@&la(ioﬂﬂ%%é%@o Stapt er

contrast, agdl Qap hi cs I 0/ VI

219 are cohnadted td Etcan eﬁg%seﬁlta%’cf’& Ph abé%??}l?ri’%essél‘?%&yfm"blﬁxpanm on
sl ots. Ex{Ersi %)rPrBE%rﬁeﬁt %‘Fbloét‘eawlﬂf FRB\R1§ESty IRVRITEER | ion itemantasy board and
nease adagpirerct&P0) A3mpoctem @@y derd caellivhianahcheiwery sp2adem 5681 1hosta bus

adapt er 2J2iepr @Mpdes terﬁgmegéd 0B Heboltdd dodl SkofldeV8ed26s 1to@pewrfirchvn¢ay228)

and CD- ROM dr.i.v 230 £ gtl ysiem.runs on proces 02 and i s used
h¥&15
to coordinate 2 SE (1)\\'/? dé conBr ol X’B?S var eorngn%ncfrrpo%enfnovab Ehin et a

processi n'@edslﬁstaé'ﬁil zwel RO g tponath dnpiiefeiticRy 'Ws’?%rﬁ“ﬁh‘gﬂeﬁemaih

CONMETr Ci abdrnponsiaickablteropdy, asnangasy Foemnsuple .as Wyedoss 208Mpaghitotich s

?W :jabl esdreefl) Mraersaft mlcy\@r%éo%dlﬁilel éB@F / Eﬁ%tbk(lbv8&ﬁb@r por at It on
ndows S a e S_ 0 pora i on

1 the infTagieteefline i CERAELE Ellphtdls HREs Sy B RETlche Bl &

progr anmi 7y 18yt ﬁF%’i}é’ﬁ a?"‘?é?ﬁé "hﬁf&ya%ﬁr?"}?céﬁrﬂfuﬁﬁﬁr&ﬂ"wnﬁh ‘-i"r‘f'éness

oper at i ngMayd hesnCanpbyatbet .déscatafl| i Porndrke ¥peiatk .nglshestlembker dﬁpwaeta 5

progr ans fdprapgitatadn GRSwEREEhHpubgr OBt Rt amPiRRESS BE t&l)ésﬁﬁalﬁlegé)o "Java" is

3t5radema£ eQxT: ool B! n?;}’l?iﬂl%d lxp%thep%t{éé‘g:tolfo&ﬁzg. glfocteQS’l % telmgg

syste %ect oriente EFO rannlng tem an |ca

progr ans %\‘fce‘ POAPBW TR STBPEYe dERAPEEST &&?SBSPWFHE‘%YSW‘GP?% a226 and
may be | ozehedi¢ait gsemiinterhsoe yehapmayobe dxetenenoed by peaocessS oysRHR,

software residing in computer readable media in operation within computer
100.
40
With reference now to Figure 2, a block diagram of a data processing

system is shown in which a preferred embodiment of the present invention



10 Those of ordinary skill in the art will appreciate that the hardware in
Figure 2 may vary depending on the inplenentation. Qther internal hardware
or periph@ygbsewnces, such as flash ROM (or equival ent nopyoGBbidoasienory)
or optical disk drives and the like, may be used in 15 addition to or in

pl ace of the hardware depicted in Figuse 2. Al so, the processes of the
preferred enbodi nent may be applied to a nultiprocessor data processing
system For exanple, data processing system 200, if opti onal Iy confi gured
as 20 a network conputer) may not include SCSI host Li a%apt er 212, hard
di sk driife ippignep dP3tPePBIE S Hifd SEEFROM 238, anagxan"& &d”'by GotL e(eJI 1ine 232
i n Figursic? aepotpuigropld enafisune|usinwhi¢h CPﬁatorca%@r“FWé’“éorrput er, to be
proper | y; gakhéfl 18g GheeptoceosguIber theppaffarad prbsttimeshe ag ane 1byqredof net wor k

communi Gal,on, 4L L LAEE). UElh SipAN BRI eo 210 dRdER 228 Oic 20s e

i ke. As ano’t"??cessmg at a cessing x a stangd-al one
s§st em ciAff LU &d- ?Heﬁ’é"%’ﬁbt%llgl “Fh’bet?f“‘ %/Pﬁ{g}]' Sﬁoswolr’festype oF "net or k
communi chtrieoksimt end acesrinhetlvek WimentiCliat ALphengbssenigl shuseai200t

CONMPri Se$ave0PRe kYpsudbbut) @apbk i€PreTUpa Al EDIbukes eiskate. bisesaréqrirher

exanpl e, m}]edsast Mngcgfdﬁlfggexsm chmﬁee@p@&mee& digi ! aka@ssksiant 30
on

PDA) , d t /
Elon vol atBieeefator ) f 8%%58% éra?l? qngr sélftre?ﬁaf%g\%lse 5%?1%) EhY memory

user - genéEERREY) @4P a.teTherataps ceteeelowaﬁplaeduwmptg‘tﬁrel’f %\&cgb%ﬁﬁé descri bed
exanpl escéin@c8& ot r20uait 240 iisngpdftware hideciabla by i anunadicorddreater ehanpl e,

data pr 08&%%%93;&3/%&%2% @ié@r@angﬁlﬁeggt&bg%ﬁf@ﬂplﬂ 811 q¢c hapd hel d
|

conputer in addition to takin a A, P stem
200 al Socmtbléle dﬁ‘f]ﬁ§’ﬁ lba},ve a lgl 1rmerface4(\519 h D?{[.%wcsegs:}gegl%g¥% vy

pr ef er r egorembbeli tseAiregt by p@FFcﬁaﬁEo"”&?r pHidc B 3¢ ?B? %}él nd* COMRYGt er
in8pl emenkgdt ek NStavdCid 1@ Sonahlip Cdxipgy abeallocahesd | masted\Ds02/d@E8cel §hicly
PCT/ GBOZ{IQljt]laggs qEHHay £ SaE e 8Sandl e ©XSH:Ey naﬁﬁ' o FePRItY tRd4ran®ERly 224,

or In ong. o AR e A Yhe S 20 I R

nurmber of” %I@WC i taHeous o the sane air us W res, However,
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toalo S8aACa 8ol ce,”"Stch as" o ground ution to these

pr obl enscPaecEori-eak the bus into sections in order to determ ne which
section contains the fault. This can be acconplished with the |12C self bus
swi t chi ng dev&@@ceslb@ JoBCusEhLiDueneM b6NiaRE EARMESRATERIHCRr Bodaepds2€obus

and reSpoprﬁ,u[g}x pd:0 Pc { $,e0%8 adg&e%gidg;%h?qéj%‘ﬂs& agl mlgggs&slm@r&&na' S

¥ir ough i are turne e circuit is
cI osed (Mewor¥t ﬁ‘é“"tf@%%re@ﬁdiﬁﬁg‘t‘ MERATY FOMRTRES Rt %;chz WI 'I“? H&*@3nnect ed to

the bus ansheanoseeotis bosalt baf 206 )may\Vie matdhehyqigie Hifect" géfponerthe

downst r eamt L¥heES 18k Q;rdi;ﬁﬁ‘&lgﬂefddedn fooaad herbuse Jdpeceeyiecenaan eal

commanded, L0 LULD.] {330 SLENES Olhad pctnrput@rnqgsm i 4,205 563 1@kso be
us

t ur ned oraflnﬁe endent o Xﬁh .signal, An
el%ht - pi H“ﬁa?cf’léag%r 2091 L ATHRCES ' PP LB T8 “addrteds® Slofmetc e‘% ot 3t amed.
This al | ows 26 by lidesti cempagnyexphngftiiing Bascafiapsthadud o 8faEG  paitsh. A
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Figure 3, gz%%hﬁ ddclrﬂ'b@%&mlhééﬂe@&rﬁkbn&panh%g selds . buspad fephbing devi ce
IS deplcte In h

cordance wth a preferred of the rese
i nvent i orfRE$EECR S 43BEPVHEGS e CP‘?ﬁﬁcéh%hlfgﬂ ag Lf°3fg§%<n§‘ Dree %%tﬁuszr%lm in
Fisgur e 2modére 2B@s addi addic30@lcaemryniAfni c¥iS@ host bus adapter 212 provides

a connection for hard disk drive 226, tape drive 228, and CD-ROM drive

230,

An operating system runs on processor 202 and is used to coordinate
40 and provide control of various components within data processing system
200 in Figure 2. The operating system may be a commercially available
operating system such as Windows® 2000, which is available from Microsoft®



30 with the four main devices 311-314, plus switches 301-304. If a fault
occurs on the |2C bus, the systemw || assert a signal to reset all of the
switches @@loXAR44s0The bus master will send a bus command orcEGRIRmedi ned
address to indicate that swtch 301 should turn on. Since only switch 301
can see this command (switch 302 is di ¥gconnected), switch 301 operates but
35 switch 302 does not, since the off condition of switch 301 prevented
switch 302 fromseeing the command. This sw tch-on conmand connects the
device 311 and sw tch .302 t h o] LSLSye il cat ed
in devi céo?fi?t?sovr\l/i {(‘glﬁldgg% ,éngrélé:%o%w% Brgs r%%%%%%%%? gwg%?r %4&' hé(féog\?v# ét)c hed
on. 40 | ForpeTeLiaY iREPEt P itERSBESS r‘?&gr%‘r OtRET 6AUETAGHI'n ARFEIETconmmand to
t he predefienced addgesminBoyhtawistichaes JFOR™analy I02 i kFonivwetidn wigoihend,

VWO (12/ OQerLBan_GIé@OZA&&&vﬂ&s&cm@, Scy\/ithG!'bﬁQit:Wd bydtel shangera tS'dSWi tgh
st.atus sjnc S r.eady an .nan t co. , an
wgl I theﬁrocggﬁh%acdtr ﬁ‘g}ilgg{%ﬁ ?x(?g%%rgt:ag%lty l.Jg:lo]g gﬁ"ﬂ% go%éstﬁrgné,%?f i ?%Iggcat ed
in devi c& 15733 (e SHU L ERATELTYr sT¥25 THFFIPEOPTHIOS b OBERA BRI

cont i nuedystietth theeokisict cordenB8OB PEogHFIMIBY sElkdextidceBp 33t Earg S14. In this
exanpl e, psrhffese30atbd 203t Rage CRNDEEE, €dudH apadaakil @lsk &tiveswed,cBnB03 has
an addre [ LLe 0, i Kk i : J di fferent
fromt haltﬁaf) es%/\/l@atlagh %‘5%“%nt 06’3 %%egérvwe%((é:ﬂg%% :%/Jegg%g%gg{é???f bed herein
a8 either separate 10 chips or incorporated into the 12C bus itself, the
swi t ches coul 8hedesef mrdipayr porlat &l tbat rtonel bRrPpirsides itbes tdenPrrdretr t o
the | 2C bwsights thesyeaey debendingt &b theulmglé&e:ntacmporahed intkendAn exi sting

sW tch 0p, AR k@G 0pYiGRe M1t ResERAr Al RHSIORALS, ABH/ @ SRAVRMg to indicate
whi ch swi t chi ngifunctl 0 t he present

that the switch should perform Thus,
D hveneP B F LI BTRl 1 o Phe ARt ET TRE B At TBLHS BEEh REL i n
VW5t h r ef edditden fower drFphifice ol thy PArdwRrdidapianer ofn HAgUr2C2bi AdE?edbfonal
bus swi t phodeBdeld @fi shel @péfxiredd iambadent argebaviaphl fedpEefemibdipebbadbaent of
the presgpt, LRY&LL QN sykddn bi -directional bus 20 switch nodul e 400 may be
i npl enented as, for exanple, any of switches 301-304 in Figure 3. In the
depi cted exanple, switch nodule 400 is an ei ght pin 404-418 package that
i ncl udes cont F&Y SHATR1S4022 @B SR E B §YHED- 390, iFgprérnpliy yconfggurgdas
connect i ensstwstic roasutpewatayc oomneotlwles SCIM hbsth bewiddehterodut e h4BO dse shown.

25 Pin 4Q4;iJcS28¢ VehbaGRitHRYE, Rind E9RBACIBY, ad RoONEL LeIRRELEBN e 150 2,5 VoIt
power SOH{ (.. Eldladlfnd 8 CORIPGLEG.L 00T NGl CONLS oL 403 W L 7 espond
to a predefined addre s,ppne it of WA chii S (feterrfi ned Byppln’4 8 bei ng
pul | ed hPEPPSBLY | BWLeTRUSH 1 areCHRE e PEFITAY HilPetided stamgi FYRsaPR or 30
i NSt ruct nen®rkocanmpaidatdon antenfiaceh suoldse LAP adadddld reCemvésn ekaclorsi gnal s
IzrsomI a Euﬁg drikyer Agtrlﬂloreisﬁ%&a&\;n@ied@agsadcﬁs;gqgcepweal mbninaywaag wel | as g
o cloc 1al  sw . i.gn . opene
by cont rgﬁéﬁgé orfofy%'f‘d?%e% ,e%%ngbb% géﬁégﬁ%ﬂl\egﬁ F?pyéggc%g?'gené Switch
422 i's OPEMeTHRTF CPBRIRISRGIPR ENHeEERTS eiPRAPET AT P29 61257 LTRFEVERE Y SEEBmM
bei ng seabo tcomduiaest se@ntaw PEMmetrwod esmomidandopenterfaas].ocks 9 furaheswi t ch
422 is CL:Q&Qii_e,tmg Prite84 0GKsdt@Ratoor RELIvYes ﬁléir_aormlndﬂgji@ai Sasshbddner ecei ved
contr ni ; 1§l g I wnstreamto
g%/oher sw’c?%%)ﬂ'n%}&u%eép;gﬁa;ggr&gg Jo’[éginlf:oemtsgr\??/glr f%sﬂl%W? %%Vg?egnal switch 422
may al so™PRCELIE S B Y FI0AT PRI 4T AR EhSHHY bE 154s¥Ed°F o control unit
402 as weké¢r-gsnegrredetmtrt o ot her switch nodul es, devices, and/or the bus
driver via pin 416 if WO 02/ UC3.18U 9

The depicted example in Figure 2 and above-described examples are
35 not meant to imply architectural limitations. For example, data processing
system 200 also may be a notebook computer or hand held computer in
addition to taking the form of a PDA. Data processing system 200 also may
be a kiosk or a Web appliance.

40 The processes of the preferred embodiment are performed by processor
202 using computer implemented instructions, which may be located in a



PCT/ GBBU2/ 00~89 cl ock signal switch 422 is closed and are prevented from
bei ng passed upstreamif clock signal swtch 422 is open. Pin 408 receives
dat a si gn@lgodicgsgwa bus driver and passes these 5 data si grat/epoxolsyt h t he
control unit 402 and data signal switch 420. If control unit 402 has been
instructed by the bus driver to close data signal switch 420) then data
signals received via pin 408 are still received by control unit 402 but in
addition, the signals are passed downstreamto other sw tch nodul es and/or
devi ces by data signal switch 10 420 via pin 410. If control unit 402 has
been i nstPERFEFYY the IBUSEPIfer "2 BFRITYdAa BPUHTAI 24 PEN™MOTE Fhen data
si ghal s reecel yedipheaalpdavid®8 23ée2p®evented from bei ng passed downstream by
data signal switch 420. Simlarly, any data signals received from

downstr eam by dat 2, 8l,0081 cSUidENa 4RRo BPh A0 3101 RASSE, Lo REEVALE

from bei ng passed upstreamto er_swt or the
bus dri veP2deBEA¥EnYy 6 - WwHEFRET® - d&tpfc’gf"gl‘héles%l\hst WY 9P t‘?ﬁst*ﬁeéﬁv’(ﬂeé‘sed or

opened bymzidunewpiongnind gols Swusc higmeduldosBOoralistn)i hew ud@ke d°pibas 408 1whi ch
recei ves sa¥ bpbrdteset thignaksafioam dddeibus drinienitnd passemet lesa signal s

to controho bt 20,402y Lic B, siidhch f 83Rhasi ANBhol SLERPLHEH Y £ORRLO

unit 402, both sw tcheS 420-422 are qpened ol n bus dri ver

can reset T4198 W?%‘?ftﬁﬁjﬁ’leé%meﬁt SRS |tr‘i3 Peto @%edtaﬁg%l sﬁﬁf‘f%nﬁ‘t“i%ﬁ?ng devi ce
or0swi t chaymyad} e TrRatoduhsore AasEse rrobPanshds teehserl the thuenintg pesperd y and
t hen det efidr@emhicCletefrmime wHea cestdascarused chbetaplobl emidyasabectivel y

25 turni ng. QR s, TRdi£5:URk1 bwesmLM%C&év%gng device or swtch is
found. The bi-directional bus switch nodul e depicted herein is given nerely

by way of exanple and is not intended as an architectural limtation to 30
t he present inFhtiorel ObersvErBoHigndeitiseotond toxrs they ¥'€ ugagnd kesraadanpl e,
i nel ude diéfieeesin naddeees hepdevdcandsbnelsdde ok heirgne DSMARSRYHS i Aattsshown.
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ut
and 10 a svx‘/fltce V\‘gwf’ﬁtreaf“ 'St gndsw“‘scec‘é')lnl Bat B BETTECE? Re Wit AC SARect t he
switch tosSe® ftPe Rusaktprfdigkecoes ERPetrEt et 1g tRES” . vither épmstiraTcdeticsE uni t
opens andatd @sesorinher s t@h thé Huds pams eddva ck NSinr b€ tdoaRande@cd ¥agh fitem t he

byg driveky;dnds %ngaalo%fr eqal wed suﬂtcthge danr §1sodaaatu§9@@%%lﬂﬁe§é£de9@8§fed to
enthe svmtchlscose The _bus

the 15 se onq Cd%ta ?Qectwllgé]_l onI e & L9
swi tch nodtl é as"f et Wher eitt ERESRIT ERFE% B 8P ET onal
switch caB%llés (ﬁ“epa‘%‘%ﬁeﬁg k§1tgﬁ%.|b§ F’é‘@éf“\)@d‘ atThtlﬁea]sl@E%rﬁi’léalt degbraseseion to
t he firstdedt aidorneet itbat dad offopkss path Si Jridrger pin package can have
more address options.
25
Referring now to Figure 3, a schematic diagram illustrating a I?*C
self bus switching device is depicted in accordance with a preferred
embodiment of the present invention. I?C bus 390 may be implemented as,
for example, I?C bus 248 in Figure 2. The bus driver 300 can communicate
30 with the four main devices 311-314, plus switches 301-304. If a fault
occurs on the I?C bus, the system will assert a signal to reset all of the
switches 301-304. The bus master will send a bus command on a predefined
address to indicate that switch 301 should turn on. Since only switch 301
can see this command (switch 302 is disconnected), switch 301 operates but
35 switch 302 does not, since the off condition of switch 301 prevented
switch 302 from seeing the command. This switch-on command connects the
device 311 and switch 302 to the bus. If a fault now exists, it is
located in device 311, switch 302, or on the bus connectors 321-324 just
switched on.
40
If no fault exists, the bus master can once again send a command to

the predefined address. Both switches 301 and 302 will see this command,



20 received at the first data connection to the second data connection only
when the switch is closed. 25 3. The bus switch nodule as recited in claim
1) whereiwamé@6diRdtch is a first switch and the signals armcGéB®&inossognal s)
further conprising: a second switch with a third and a fourth data
connection which connect the switch to a third and a fourth segnent of the
bus; wherein the control unit opens and closes the second switch in
response to 30 instructions received fromthe bus driver; and second

si gnal s becewiech 301 tvid 1t intr dhadgieaitoRNECh eratasesipassad ikoalreedf @urt h dat a

connect i g@; il Yovem tRE,SW €6 NtHeSc&hangd an§5~141 tm% BitsheS Wi éeghcmqgl e as
recited L I ahm 3, gxherel n the second swt edglr ecti ongh ?)\émstch

oCccurs, 1t 1is oca ed 1 2 or o
capabl e of passin gnal'S recelrved at 't ourt a connectii t he

third daf%‘l%ﬁﬂ%%g%rﬁ“&naz%f PSS PFRfeSP g‘l’Faantrlét‘%ﬁ‘ \Vé&h dihet pieitches d0dat a
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recite WIlC a_cl.ock C, P S|ng cl oc
lvl[;' q-l }Egs %ﬁm% gé 1nte£I ess '81% Oseat fgorg t%\%mﬁ %swn:ch, ?

signal s oan Is C G¢*SH ¢ ¢h nodul e as
recited in clalml, V\/nereln the swltch is a data switch for passing data
signal s only wherughethgataitshes dlave scegholedribpd HFheibuss switchsegrdake as
reci ted tnigd akMn3orydiaked NntbecHki 18t b t&d £, Scr 61 0GheSWdER 5196 MASSi ng
clock S! ghal:sopileh WS ohiIBCLAE e Wdblclen € a3R0 RN, he second switch

is a data switch assing data signals only entﬁe data switch is
cl osed. §urtﬁ’?ém%ﬁfs} ‘é’@é)ts(‘fht%ﬂﬁ‘l‘]@ B8 IPERTROZATTTh 1BFQIAh TXiSkARY SMAEEthE bus i s

an interaprifegleaier] vk casPpr s sigRle, anfifer lpgmmangist b imdikAte @sicheci ted in
clai m 1, swheshehq fuhetantiial thdisvitackuslas pedrese! ithpsl ca8Grasémset nodul e
whi ch, 'Qn&e%%@@ﬁ‘%% ho rlf;ﬁ?ee\é' a9 the! §RGLE R g%dlkéwdw&%é fliLyer, opens

both sw tches. 10. use I n connecting electronic conponents,
conprising: a bus drlver, and a plurality of bus switch nodul es each as
claimed in anyigt refeiemge InPpste Figuemd. enbhododhestaedobyenalysl urality of bus
| anes wi bh-direbeiashl ane ofitchenqaliue alsi fypiltsd SwW f&dbramsie ascrc@nnected to
t he bus gféﬁéQEed Je;lrbocfsin@ﬂ&aofp'f:ﬂgﬁééé}ﬁ §1¥\%tn%mn.CO{EErLJ.S-idqgéctional bus
20 switch module 400 may be implemented as, for example, any of switches
301-304 in Figure 3. 1In the depicted example, switch module 400 is an
eight pin 404-418 package that includes control unit 402 and switches
420-422. For clarity, not all connections, such as power connections,
within switch module 400 are shown.
25
Pin 404 is a voltage input pin connected, in one embodiment, to a &
volt power source. Pin 412 is connected to ground. Control unit 402 will
respond to a predefined address, one bit of which is determined by pin 418
being pulled high or low. Thus, the bus driver may direct certain data or

30 instructions to a particular switch module.

Pin 416 receives clock signals from a bus driver and passes these
signals to control unit 402 as well as to clock signal switch 422. Clock
signal switch 422 can be closed or opened by control unit 402 as directed

35 by a bus driver. If clock signal switch 422 is open, any clock signals
received via pin 416 are prevented from being sent to downstream switch
modules or devices. If clock signal switch 422 is closed, then any clock
signal received via pin 416 is still received by control unit 402 but in
addition, the signal is passed downstream to other switch modules and/or

40 devices via pin 414. Clock signal switch 422 may also receive signals
from pin 414 which may be passed to control unit 402 as well as upstream

to other switch modules, devices, and/or the bus driver via pin 416 if



30 a plurality of components; and a bus as clained in claim210 comrunicably
coupling the plurality of conponents.
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switch modules at once in response to a malfunctioning device or switch
module that has caused the I?C bus cease functioning properly and then
determine which of the devices has caused the problem by selectively
25 turning on switch modules until the malfunctioning device or switch is

found.

The bi-directional bus switch module depicted herein is given merely
by way of example and is not intended as an architectural limitation to
30 the present invention. Other embodiments of a bus switch may, for
example, include different numbers of pins and include other components

not shown.
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15 second data connection only when the switch is closed.

2. The bus switch module as recited in claim 1, wherein the switch is a
bi-directional switch capable of passing signals received at the second
data connection to the first data connection and of passing signals

20 received at the first data connection to the second data connection only

when the switch is c¢losed.

3. The bus switch module as recited in claim 1, wherein the switch is a

first switch and the signals are first signals, further comprising:

25
a second switch with a third and a fourth data connection which
connect the switch to a third and a fourth segment of the bus; wherein
the control unit opens and closes the second switch in response to
30 instructions received from the bus driver; and
second signals received in the third data connection are passed to
the fourth data connection only when the switch is closed.
35 4, The bus switch module as recited in claim 3, wherein the second

switch is a bi-directional switch capable of passing signals received at
the fourth data connection to the third data connection and of passing
signals received at the third data connection to the fourth data
connection only when the second switch is closed.

40
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8. The bus switch module as recited in claim 1, wherein the bus is an

inter integrated circuit bus.

15
9. The bus switch module as recited in claim 1, wherein the control
unit includes a reset input and a reset module which, in response to
receiving a reset signal from the bus driver, opens both switches.
20 10. A bus for use in connecting electronic components, comprising:
a bus driver; and
a plurality of bus switch modules each as claimed in any of claims 1
25 to 9 and each connected by a plurality of bus lanes with at least one of
the plurality bus switch modules connected to the bus driver.
11. A data processing system, comprising:
30 a plurality of components; and

a bus as claimed in claim 10 communicably coupling the plurality of

components.



