SI NGLE W RE BUS | NTERFACE BACKGROUND Rel at ed

Applications [0001] The followi ng U S. Patent
wappisilaaeon filed concurrently herewith is relParas2a06/018107
this application: "SINGLE WRE AND THREE W RE BUS

| NTEROPERABI LI TY," U.S. Patent Application Serial No.

10/ 851, 787. Field [0002] The present invention rel ates
generally to inte j hiQ,
specifically to c%ﬁﬁﬁ%&%@?ﬁ%ﬁkggE&@gﬁaﬁggiér and sl ave
conmponents using a single wire bus interface.
Background [ 0003] Wrel ﬁﬁcm Ngati on systens are
wi del y depl oyed to provide various types of

communi cati on such as voice and data. Exanple w reless
networ ks include cellul arbased data systens. The
Related\ApBligationsever al such exanples: (1) the

’ ' ol o f ot o

0 Sy SRR iy syt i

Spe applicatid@e I“SINGEESWIRE ANDt THEREE- WHRE tBIAS ANTER OPERABILITY,”
standard offere rtiumnamed "3rd

ﬁéﬁé’@m P&?ﬁ?ﬂgﬂgﬁﬂﬁg-ﬁ?’é%pﬁgfg&(sepp) and enbodi ed in

a set of docunments including Docunment Nos. 3G TS

25.211, 3G TS 25.212, 3G TS 25.213, and 3G TS 25. 214
Fidld W CDVA standard), (3) the standard offered by a

ortiumnanmed "3rd neration.Part nershi.p, Pr.oj ect
BT b otelith BT 4o - 4reE oy it GRS and more
Sheameang tb YonfaifacARe tepweadmaper bhdl ¥laSy dodiPonentt iging a single
I'S-2000 standard), and (4) the high data rate (HDR)
gyrethaginterdaceconf orns to the TIAEIA/ IS 856 standard
(the 1S-856 standard). [0004] A wirel ess comruni cation
devi ce commonly incorporates nultiple conmponents. For
Padk@loanda baseband processor may interface with one
or nore Radi o Frequency (RF) or ofher conponents.

.. The

B0 Xfieeless somgmBHcating sySFEP ateWilely AereysoRieugaNarious types

o ! irfle ks include cellular-
PR SpicAi G ety J0BP ol ol ampl PPl e ok dncude colulr
baedtdatinsysietnsh He falleving drosaliegil sath eampdessi @) the "TIA/EIA-95-B
digi.tal to anal 0g.conversi.a ilterin .
MRt B SUOhG BRI SAPLBher DHERodn Vidghipd Spread
Spbéfun CANIAUSPALATRS IS0 SGATANCE) T BAndkrl ! fféted by a
to one or nore Slave devices by a nasteér
consortium named "3rd Generation Partnership Project" (3GPP) and embodied in a set
of documents including Document Nos. 3G TS 25.211, 3G TS 25.212, 3G TS 25.213,
and 3G TS 25.214 (the W-CDMA standard), (3) the standard offered by a consortium
named "3rd Generation Partnership Project 2" (3GPP2) and embodied in “TR-45.5
Physical Layer Standard for cdma2000 Spread Spectrum Systems" (the IS-2000
standard), and (4) the high data rate (HDR) system that conforms to the TIA/EIA/IS-
856 standard (the IS-856 standard). ’

[0004] A wireless communication device commonly incorporates multiple components.

For example, a baseband processor may interface with one or more Radio Frequency
(RF) or other components. The baseband processor may generate and receive baseband
signals, often in digital format. One or more Integrated Circuits (ICs) may be deployed
to provide functions such as analog to digital conversion, digital to analog conversion,

filtering, amplification, upconversion, downconversion, and many others. Various



devi ce (such as a baseband processor). The naster

device may need to receive (i.e. read) paraneters and
wobtheriigata fromone or nore ancillary conponeRCT/USS06k18107

as RF ICs). Such configurations of nmaster devices and

sl ave devices may be depl oyed in devices outside of

the communi,cations field as.well. [0005] A.Serial Buys

Pt ST By B oels o AT ¢ om RS IRG itiecs B a master

[@eliee (8uich, asvdbadebiisE procbyses). STigNAlastet devied hidyMeed to receive (i.e.

conmuni cati on hetween a master device and one or nore

geal) pappngters gngd joter datafipmy eng ot Biofearoillaryyropwopents §mch as RF

{ O . Dl Vi shar .

0% $in, BBl Skl FortiaBHES SIReC0REGEs S8y be deployed in

siensed outsitly of the @omininigatiofis fidléas welinponents on a

shared interface, Thu ome SBI. interfaces have been .

J0RE o oA R i thgr LS eraipoalras Redh igiieresi e prior axt, which
: Vi : [

TR e S a0 Rl o Co B B reo AU A Blck 8 Bhe or more

tshave deyicess(1.€. 01 3wanksinterface)h Vs the ISBd evatoeol falowe frhmultiple slaves

addjtional. jnterface. This may add additiopal .. . ..

35 e Py inl <05 roraETE afn GPaqBERG] EPnsityiy to acivity of

o @8mBEndAkd ort  Widred Bt fack.t Ths, kbiak §BPiftedfiel haR! Bech@eployed

reduce the nunber of pins required to interface _
athwe singde mastes rand ey bipgleaslaveadssticey do deoidcaich[ioBofience. Adding

Ther.e exist.in th Ligr_art a.nunber..of i gns for

AT B ThBhraced detfolielm Bl ol W R 1 BB (Sgoc to e
infdse daeiee fdrtcabByddifotte shtedidee This PbPYidd eddifona co@Plexity and/or
interface to comuni cate with existing SBl conponents,

westi ABe dadroreased dispaizabinpieesed RipcForst, &9. ol Sdherslare desirable to
qg&ﬂcg ﬁ? nﬁllnbg&e&i ﬁiﬁ§ trgcgﬁreﬁ rt? Siﬁt@l\ﬁée ‘?t%]t%legﬁa a%%%e?ddekf{& %nd a slave
use w each other, as well as w egacy

devipenents. It is also desirable to provide a neans

for existing designs to be nodified for comrunication

a9Pogl rldatscedstonrfhe prie eHeWber of destanminr amstsndeypes and slave
J i i 3 i t t . .

SRR it Toop U SER RS , OF £, P detibE B provido for  new
[iftedzde Oheonemimsicthevith existizg SBE dompohdis, aptinresseainteroperability,
single wre bus . interface for co ni cation between a .

0 fo Al TR A6 Be CBheT RUPITS DLV aet ReoRiassh B pewith cach
diHerr 4sp611 189 REadiPnfondRY] 4R alf) aefs_@ragﬁ%g&évm@a%eans for
converters that intéroperate with existing serial bus
ienisting designs toulphmadifiedofor comiapmizdtion oh ere§Btedppivtivetfhce with a

?ﬁé/f\r/]ﬁgﬁ( &{1}%%8‘[8 (gﬁn%gﬁfénn%%:iﬁcrg%ﬁs %{rﬁqs ?qlgri(rste .orr] nqur%rrc?c?uscts and speed

the rollout of the new interface.

[0007] There is therefore a need in the art for a single wire bus interface for
communication between a master device and one or more slave devices. There is a
further need for master devices, slave devices, and converters that interoperate with

existing serial bus interfaces, such as those adapted to the SBI protocol.

SUMMARY
[0008] Embodiments disclosed herein address the need for a single wire bus interface.
In one aspect, a device communicates with a second device via a single wire bus using a

driver for driving the bus with a write frame comprising a start symbol, a write indicator



In one aspect, a device conmunicates with a second

device via a single wire bus using a driver for
wdnoosing2the bus with a wite frame conpri si ngraTaSa06/018107
synbol, a wite indicatorsynbg, an address, and data
synbol s. I n another aspect, the device receives one or

goy%lﬁg %%lﬁd e{smg%l t‘ﬁaéa sgrgpe%: ?%%n\/\%lslle C%% g%{llcl&g%& Eecelves one or

Whdrb dataSHEmOE dlete gl @ird bas datis Wrdad fhase. UBI g aflother aspect, a
receiver for receiving a frane on the single wre bus
é‘@ﬁ*ﬁ? icompymicatas avith ayaepend deyics viea $ipgle vafePussysipg @, receiver for

3R S5m0 (B0 Single VBE Bul BbARANARY Sart DA, MR ndicator

rrving re urnr ata ass
agirﬂlbebsn\aﬂdiﬁssl; bad one bEmom:idaIatsmnbolslede 4 dbeer domdiiving return read

rame. \ari ous, of her,_as re al so presented. Thes
é?éﬁlee%sg%ﬁeevw% they AIGH IR D% GHAB Hgioaon gﬁ%ﬂ\%‘e? @ Wiite frame.
%ou%?h%ﬁas%%t@‘ﬁﬁ 41§ présenfidl Gthe Qg @Qctpgﬁgilsﬁ%fééomﬂﬁmcatmn ona

i nter-block connecti ons bet ween I ces.

BEGERWIE [bOR) Which WHoDRA N@upﬁmoﬁi pifk,@ads, érsinter-féovkrahnections

I ock gil g.]gr am of a wirel ess communi cation system
®Supporting a nunber of users; [0010] FIG 2

dep| cts a portion of a prior art nobile station 106;

[0011] FIG 3 depicts the formats of the three

transfer mdeBIHEEHESSBIPTﬁOEr@E&HE[DRAYYIN(FSE 4

ﬂ@&%ﬁf‘@té s & enrfictiodt B08RLobR Y aNbpRRATRReh Hhiay copavte
qul®@ bhsdrs;G 6 illustrates the Interrupt
Transfer access type; [0015] FIG 7 depicts

|
40030] d1Gg? delsg(s a@g@ﬁmngqfradm%ﬁrt ngpleatationd068 depi ct s
g&)n gfﬂﬁw r e%er | Igﬁ o i lhg]?%é%ﬂg’&%snc??k %lgfgmterface

[0 2] [FIG! GillBtrates tl&tH‘aeﬁ ’H&nﬁhxeMSEEB(FII‘fIlpmfeﬁtyf)@r mat ;
0018 FIG 10 i a.ti m i tratln an
SOLIAD LGS laes the Lk TashalpRiade R m%

I mpggn gﬁ»ﬂ
ﬁ%&ghlgn?lg%%?ﬂeéf}% m5 lung %Plgl%pl ts ‘an exa}lppl e
TeMNSE F1GeV demcts empiiog art SBIvonfsgpgtont SSBI or SBI;
A6 ek o bR BB Lin s 5VhASHTREr Lo S
@%ﬁhp]gusf]gferﬁgpggg ﬁger%@ and SBI, conprising an SBI

SSBI

sl ave and an sl ave converter:
[0017] FIG. 9 illustrates the SSBI transfer format

[0018] FIG. 10 is a timing diagram illustrating an example embodiment of the SSBI
signaling scheme;

[0019] FIG. 11 is an example master device for supporting SSBI;

[0020] FIG. 12 depicts an example master device configured to support SSBI or SBI;
[0021] FIG. 13 is an example slave device for supporting SSBI;

[0022] FIG. 14 is an example slave device for supporting SSBI and SBI, comprising an
SBI slave and an SSBI slave converter;

[0023] FIG. 15 depicts the example slave of FIG. 14 configured for SSBI-only
communication;

[0024] FIG. 16 depicts an example SSBI-only slave comprising an SBI slave and an

SSBI slave converter;



[0023] FIG 15 depicts the exanple slave of FIG 14
configured for SSBI-only comunication; [0024] FIG 16
wdepisatig2an exanpl e SSBI -only sl ave conpri si ngpamuSBi05/018107
slave and an SSBI sl ave conventer;[0025] FIG 17 is a
timng diagramillustrating SSBI wites, and SSBI

TREGE i P13 a2 it e G S AL B 5l

[6028)7 F1E! 18 is hQinhibf dﬁdgfaiiﬁ dfustrhitng SSBY read 2 bhOVSBI Master signals;
bet ween the clocks in a master and sl ave device;

(W88 FIG silluipetonthgdrtgrrelaenshinpriweem tiratqskein pgagter and slave
g%fégbl e for deploynent in an exanple SSBI naster;

? ] FIG 23 depicts an exanpl e enbodi nent of an

§988] FI@S 20008l pofEion24fi exampld boghy sditbe & deployment in an

il ustratl ng SSBI wites, and SSBI sl ave signals;

EBRaAlp SPPEMasTSi s 4 tining diagramillustrati ng SSBI

i Ay &8@

(ﬁ?usfggr%s%%tsgl} e cCli r%%?tﬁérxgmggl t Sesaﬁ‘lgqr Vgepl oynent

{0036 F&& advpisa tﬁ:ﬁBg dsigrare ilhustrating $SBhwates] OARSBIElaEe signals;

BV PG S o Bkt pbaips SEp5ERS HRERIR ek sigts
\G04ef LGB 26 NAWdtgest S@nid cﬁfzulﬁﬁ} SxapR! Rr éﬁ)tyment in an example
i ncluding a term nation synbol [ [0035]

SSBlslaveibes igieafapd;e circuitry suitable for depl oyrrent

SBI i fJd e
e ER ARy BT ag T ol pBPledo S 0tgl BReib REA Mgt igers block:
$003YE FIGN 28T {IRKtratbd) AR lwdveforms 3stid@nhg tthe VeadebO mflbexample burst,
illustrating the start of an FTMtransfer [ 0038] FI

rlyfing & tesmyRplion sYRROL | | ustrating the end of an FTM

il(g)g?]ts fP%S ﬁ‘gl Ll%ffg%;: e?&glrﬁblesérdu t}%?&l{ag%sﬁr ﬂﬁggglﬁéﬁ%% example

onal ~circul an exa

SSB\Iﬁtatstef mddfiél toEsRppIrBERVMAIbARY [ 0040] One or nore
ary enbodi nent s desgri bed herei n are set forth

exe
i[(H)3gﬁ E16 o3 Wipstraies apQufigh phn WP bilaescogyerier;
tis
B A e R AL S P PVERRE
e0psk @IGrMadqpmtaWevbfomsjﬂlhﬁtwtmgtthceend ofcanfM ¢ransfer; and
Conf | %Eég% 11?usﬁa‘c|e2 agp%?t%r? Iof a&éjltlona rcllr?:llijl ° o? tarei‘ example SSBI slave

converter.

L

ﬁa@[er signals;

DETAILED DESCRIPTION
[0040] One or more exemplary embodiments described herein are set forth in the
context of a digital wireless data communication system. While use within this context
is advantageous, different embodiments of the invention may be incorporated in
different environments or configurations. In general, the various systems described
herein may be formed using software-controlled processors, integrated circuits, or
discrete logic. The data, instructions, commands, information, signals, symbols, and
chips that may be referenced throughout the application are advantageously represented
by voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields
or particles, or a combination thereof. In addition, the blocks shown in each block

diagram may represent hardware or method steps.



herein may be formed using software-controlled

processors, integrated circuits, or discrete |ogic.
wohersdat|? i nstructions, conmmands, i nformati onPCT/US2005/018107

signals, synbols, and chips thkat may be referenced

t hroughout the application are advant ageously

ABRE R0 £ DA% UG et 1 OTRARE U o ey v

designed to Sppeort ane OﬂhllofﬁiCMAtshmﬂadﬁ andi/for aelsigdsl @n;,, th&&-CDMA

ARG B O3 D RO e e s B0 fkfed. Bl FOResnseigeidon, e 1XEV-

@V’Vb s@éng}s SICHAMBh SRl ibodRER Mk, § g?g%dfydg%nagy support any

designed to support one or nore "CDVA S an
darslegs stal(l@r@] or deskgn c\ﬂé@[ﬂml sChMAsystehe | S-95

d d2000, st and , .
gAY FOE sl REtR B S By Tirfud, tee dhassstapions 104 in
esaREhi¥RAGN mﬁ%&%@n&ﬁ’i@e s@ioRAtel | PRAbASS SHRRCKK 1Woverage area

wi rel ess standard or design other than a CDVA system
pPEoYtEn CPBisctlsrﬁ}Ymefe@tedyo asy Seadlh T0T-PS, wiaiRA0Q, orilREVHAY systems,

r atjons, 104 in communi cat
IR} B BRnaod el S8 B ER, B Wb sagpisication
aacﬂaaseatbe obhtbase aafidreaid telsyctbes eovepshel Dol Bferelltd as a cell. As
In 1S-95, cdma2000, or |xEV-DV systens, for exanple, a
Bed) heseip, thecetn daghetalion pwr be sle%i/ wgchanugezthhe withObRMerms access
Q
BABE NG K38k By 18R gy SR e s
usee dequépraém, (mm)e dubsaribba amits tsabicpiber atatior, WsRLs termmal remote

|nter han ably with the ter access poi nt_or
Oh RBET FErePandiog teut KR du ther i o Fhe é@‘&b rrgpbﬂe station

xﬁao&g%&%smémfé&@ga ikt (UE), subscriber unit,

subsc¢ri ber station ccess termnal, renote term naI ,
[n0431t ke wouol Fespplatiy’hs tsed herekriovmeanrf‘seﬂvmwstan ekhmple, instance,

bi I,e statlo e fixed Wre]ess .
e A RO QBT Rkt b o6 s gt necesarly to
B@écﬁisﬁué@aﬁﬁéﬁne& of ydvaﬁtagé»o@ RvEXGHEY. e@mbddﬁﬁéﬁé‘ ce, or

illustration.” Any enbodinent described herein as
[0844nPEpending en thet CRdA sysem | beingpinipdernented, reachl nabile station 106

P58 Bl P S TR Bl b siomg AR v e ik o

Qﬁ}ﬁéivémﬁbhﬁnﬁhﬁd bR c&%ﬁ%ﬁt&@mﬁé 6PnBra/Bas stﬁf‘@ns(di’lrthe reverse
ossi bl émm)re) base stations 104 on the forward |ink

: g On Whethen or nefritic mepile @tﬁwlmsdatseft Wandofh riBhediorward link
OB AT B ST D e, e

thie @efepsantilc(ilel, niplifik) Rfers dowmsniikgiont B68Y the tfobile station to the base

transm ssion fromthe base statlon to the nobile
€449 on, and the reverse link (i.e., uplink) refers to

fob 4] Sﬁ(’f’.si QBpikts A pbon B4 bfios LAt BFid kil 1B8SOThe illustrations

detailed throughout may also be deployed in other wireless communication devices,

such as a base station 104, as well as any other device or devices in which master/slave
communication is desired. In this example, a baseband processor 220 is deployed in
connection with one or more ancillary Integrated Circuits (ICs), as well as other
components, not shown. Baseband processor 220 provides communication processing
for signals to be transmitted and received, in accordance with one or more

communication systems or standards, examples of which are detailed above. A typical



station. [0045] FIG 2 depicts a portion of a prior

art nobile station 106. The illustrations detailed
woOhougapnt nmay al so be depl oyed in ot her w rebPesaS2005/018107

communi cation devices, such ag a base station 104, as

wel | as any other device or devices in which

| . . . 3 . .

TShEnd PR Eo SET OGR! Al b5 RiAE B Bkl fnd outgoing signals,
aad nmay i perfopint vanows @theiotypesindi progessingnt imghudingd running  various
Crcuits (éﬁ;%, aa wel | as other conponents, not . i
SARHGIIORE 5 b3 PRSI MBCPRRITEMEIONS, APRIRPRERES; gifluding one
RE A662SiniFofiBbestdrdNdlgital Qidd81 HIRRSIH 1:86m8RY 4ACEHYE General or
in accordance wth one or hore conmuni cation systens

epecsil pugwse sircuty op vasousftypdsi dhbasebardigtracdset aigoevmnprise various

typi cal baseband .processor 22Q, perfor di gi t.al

SPBEBE, fop TP 30 EOUIEE Earg st tp gy or more
REMhRIBaMERY Qesifiehtidls dr¥R88aral, sREIP 8L &fdoaes, infledtrsl dnodulators,
runni ng various applications. ‘A baseband processor nay

cloensietss edeinteilenysrse glepmdelatars, seasthets, ngndorveriows eghes components,
m croprocessars, digital .signal precessors, nenor .
SRR 8F WG ey Wl K € B 5 QESDRRL BrocPop ey incorporate
\igditaPtiscuity{) @B aloh chasieR anch ¢nsiRgR@MIHBEh. CONpri se

varil ous corrponents for receivi ng and transm tti ng

49046k THe aneBlery Ags conegstcdowithohasehanpriraresses a4, are labeled RFIC
S glng . .
P05, 2508, Pinfly EANETCE neRlEI A SRR R 16, which may

dlmmﬂ?thtatm?s&; ﬁmﬁtioﬁnemehl alarar:;hplﬁ're'r@ lfﬂtﬁﬁy‘, Imﬁxere,omgﬂtamgh,&ggital-to-
exanpl es .0 ich are we now in the art. A baseb

Frejegs@YA) neRRveREs: 8riaedo-digd: {4r/R) rcoaverieps. anhithy De.  The
ShEFFb ol ORI AN P10 f 4B, morported
am enultgie REICRAWC ABPRFIC 230 May xcngx eonapoiehts dlnag ma@de shared for

i ncl ude i 0 Frequenc RF) | whi ch may . .

e B op el PO ot SHIGS 8 ShpR forilproton only. Any
ft%ﬂetcﬁfaﬁciIIMiﬁay 58 Edilrleate@dth At Mah@brdceanpbay (D A)
converters,” analog-to-digital (A/D) tonverters, and

t0047] ik &ris Tremplertho REKTS2 Horweg vaand/ dtransomtrvia aotaniaodl 0, through

?P&ﬁ‘ﬁ{ %h@g ﬁ%ﬁg’ég %%gﬁa%hsm@@bc%é‘bg%gg %{cgﬁti%% e1I 04. Antenna 210 may
GRISBSUIEE nsulfihl8 intdBiXasD s 1§ RANI&GoHAlin UitartM th nul tiple

communi cation systens. RFICs are shown for
illustration only. Any type of ancillary IC may be

%%ﬁg&q W t h baseband processor 220. [0047] i this

. the RFICs 230 receive and/or transmt via
antenna 210, through which a link may be established
with one or nore base stations 104. Antenna 210 may.
9481 BioF seramumcation of wastous parametess and coamandsonA-Wire infesface has

¥eln designed for such communication. This 3-wire interface is referred to as a Serial
Bus Interface (SBI). The 3-wire interface includes a clock line (SBCK), a start/stop line
(SBST), and a data line (SBDT). The SBI interface is detailed further below. The SBI

interface designates a master device and one or more slave devices. In this example, the
baseband processor 220 serves as the master, and one or more RFICs 230 serve as slave
devices. The SBI interface is not limited as such, and the master and slave devices may
be of any type. In detailed example embodiments below, baseband processor 220 may

be interchanged with master device 220, and RFIC 230 may be interchanged with slave



SBI Protocol [0048] For communication of various

paraneters and commands, a 3-wire interface has been
wdesisgned2f or such communi cation. This 3-w re parast@se18107

is referred to as a Serial Bus7lnterface (SBI). The

3-wire interface includes a clock |ine (SBCK), a

/ 0 i i . .

ok 2907 PPl 3k ror 320 i el y s RFICs 230

iomt earfoms eledieaied riatess citharsminlog cledigdel, amcdditiencio thwerSBI bus, not

sl ave devices. In this exanple, the baseband processor

23®"8erves as the master, and one or nore RFICs 230

J6049¢ Nste SARVR HEWhGRFIG TR EmPRbld H5RY dRTRs nPay"Bhre the same three
'imted as such, and the master and sl ave devices may

eastdr davicet ggmectioms ASB&IN.ebBEk.anpl SBIodMasints ottel cennections

aseba SSofr, 2 be i ntercha d w nmast er .
T0Te B LR R0 e St Ry SR ik fFE Hof Shown in
FIay 2davineBilesttion (R@aP aRe iliods&ie Variddoti®YcoddpvRents for use in
conmunj cate with various RFICs 230 on various
dstforaing FopnyBxcationy perunaig aplissticgisgikhape detailaerginot shown, for
t , hot shown. [0049] Note that, as shown
icﬁar&?éft%%us%ﬁ“ pl e sl ave devices may share the sane

{6050 TheSBIlinideidecdfimentheed typessof(tBsliér mOB&s[ theafotinats of which are
SBDT) . Various ot her connections between RFICs 230 and

sgBictsan Piocks 48t Fepsise Meds G{d) pravidegrier merltiglsgauences of
I Bedslds: toza.nﬁﬂlmp ﬁﬂc?ucﬁ{lﬁbb@nre%&@ af P WritdsS CEAICRBY Al e sequence
vari ous other conponents for use I n performng

Gdentifiies thetaddress torwhicknor frgmappth tetaccess is tofheswaddet ai | s

S 12 P LA e b b b CPAh s s
hRef Ofﬁ'ga%%g%fes "{:ﬁl‘_iaCﬁTﬁf BaflG8 £h§Dhel 1|‘3:aé1_'§ l@’ waites ®% not both. The

Transf er provides for nultiple sequences of
addess &y the bukn/fraistereeed nolyubk hrgnsputied peeed sMailttble reads or writes
wites. Each a@c SS Lh t h[e s‘g uence identifies the

et s seguehiialy ISP MU P*he access is to be

euke] hieRapd TRkl Meds (IMMYVRdgsedBbMralRaVd drsld B g of encoded

mul tiple sequential accesses to a single slave. T
aefounafion. | FhexSBY®/IDr (889} endicatsp ane afdmgsslaves itp ireastve themessage.

e P e PR R o 17 Bor ISPy R ABEREHRTS Hansmiteed

Qfetheme@sipel i al ly fromthis initial address. [0052]
Interrupt Transfer Mode (ITM is used to transfer a

400581 &gyt d-Coflenipicbaing migveforas ifeF1ivh BBMaiad | IBM.Srespectively.
edi 0 I3 e .

{AEASHSE-05 iRy UAR TR, WIS TR s
nes s dgasactidng argIerntindted/sompletedryt thleidlg SBST high. There is at least one
clock in between transactions (SBST and SBDT high). All changes in the state of

SBDT occur prior to a SBCK falling edge (generally there will be setup and hold

parameters specified with respect to the SBCK falling edge). The first data bit is
latched on the second falling edge after SBST has gone low. Data is transmitted Most
Significant Bit (MSB) first, Least Significant Bit (LSB) last. (Recall that for ITM, a
single bit identifies one of two slaves, followed by a message.) Unaddressed slaves wait
for the start bit of the next transaction. Data may be both read and written during a

single FTM transaction. One or more pause bits are allocated for each byte transmitted.



after the nessage. [0053] FIGS. 4-6 depict timng

wavefornms for FTM BTM and ITM respectively. Each
wWEBbosaaerss is performed as follows. Transacti 8as/usem®s/018107

initiated by pulling SBST | owg Transactions are

term nat ed/ conpl eted by taking SBST high. There is at

EAE Rl U BRI SRSk BB P b
aoi&@iont al 1 i ng edge (generally there will be setup and

hol d t ) ified with he SBCK

16t 1o gayo bimandisate fheakbess HIRE: 10 1P5F Ehbd Oder BRYL and 00 for
$EPIONThd Slabd 1Y 86 s 3 i thSRelrd @(albggaﬁaf HQUE afd Bitd Sach. Pause

transmtted Mdst Significant Bi Irst, Leas
Bitg (B)fare ensertdd aftef eSBH) 8 bus to. proRde apportumatiesffor the EMve do return data

i.ngl bit identifi f fal db ,
HulBhCertiingy i apiouih. of e, Btst oS K eines BeladEgies yther the
bERsRM rebd SR R170). PRGFTRYandB P hul@3€ adddSses can be done to

written during a si ng%e FTM transaction. One or nore
theussmenslae withow|reguang thef daveeB ko by specified for each register access.

sm,tted. Bot ter. and sl aves rel ea e dat.
ETRE Sk i Zibtlo I BE At sttty Ref Sk ssl SETME fVifed o cnable
foneoffd 16 if condebgtiveadddrdshe. Wite e fi gister addr
%&?ggf&%}r[\/l 1a0 ?ggigig% an%l eOO for I TM The?SI avﬁegpli%glsi ;a o

of thetburshj specifing. FerdHaéshe Skrved ficld isrenlacedavith i pi SID field to
& %\E}p aﬁﬁ&f‘ aa@t ttosacgéos% ﬁ#gerah [(BE ;Rregﬁ%r %4 ﬁrataeI?e‘i@s & 3gtkigl§/le"s§21ge field
spl

e opportunities ave 1o return
vd dpBaifitd.causi ng bus contention. The first bit of the
Address field denotes_whether the access is a read (1)
H055) g aractge, itdys tengel QHGthaf iR soie nsfnges, Kadiosiisquengy (RF) ICs

?%0 dep&ehGtitd _?? ﬁe F,l%h@é’ on'h L thod GRNI T TG gaxtog%\tﬁs ?%%rference,

to be speci or each register access.
téditiosal blusevdtahe tearf dgployieds woiisgjate g soffic cromedme StonBdhé or more

R B0 SaB oL RSN, & 25 S i, 7,

ﬁ%ﬁ%ﬁﬁ%&f:esrs&%ﬂ“ ESthmbuftic#es Ghfnl REICs 2I0A IlMé’aOF RA iRiMRal 3-wire

IDfield is replaced wwth a 1 bit SIDfie to specify

WBI bhses|dadisated tacapbsisvickn dn uslexsimyite gidditionalaRId (838K and 230N

field 5:bit, Me fi ' i.fied. [0055]. | )
BeofRecth Witk suAEd SRERus,, Alefomsh ARGE Ik o s Blintererence, i
Breda8ed e alMbeY of PBis re&isiredBfor ahe baRBard hroRedsbr 220, as well as the
interference on a common bus. To avoid this

npmber efiraster confdeliars. ok cxpuples a hasebarbpiocerspl 2A0amay bedeployed
i sl at f£fi :
74 Gl AL Sang Y o3 PR THRPR b e deion may be

sbvaplicdtetl by Gverhead fteduifed {6, sHags eiraAchilbRCPGEObetR2bh the various
communi cates with RFI Cs 230A - 230J on i ndivi dual
gxignakchips 230.

SSBI Protocol

[0056] To provide the reduced interference desired for sensitive ancillary chips 230,
while reducing pin count, a new single-wire bus interface is provided, detailed further
below, referred to as a Single-Wire Serial Bus Interface (SSBI). FIG. 8 depicts an
example mobile station 106 deployed with an independent single-wire (SSBI) bus
connecting each RFIC 230A — 230J with baseband processor 220. 3-wire SBI buses



SBI buses dedi cated to each device. In this exanple,
addi tional RFICs 230K and 230N are connected with a

wehersad48Bl bus. Al t hough addi ng buses can resBCYaIS2005/018107
interference, it increases the nunber of pins required
for the baseband processor 220, as well as the nunber

| . 00re: -
oy 6% agffyetln ' Birbinah it s, BARHARC e i illustrated a
rshojun Wiithgr shared 3L igeibas conrestiee RFIE@RYON H3 0l emiddrasebayd processor
conpl i cated by overhead required to _share the )
20 R BT PO ER4USHI D R increasing the
23fberoBlofts,06:066th, [ BRAkind Ahd WBMIbEE of eirts Wﬁlﬁjeviate the design
interference desired for sénsitive ancillary chips
28tiplisttionementiersdraboys, that aytoccwr wissn tsiormglneeraidedctrused to share
interface i s provjde etailed further. bel ow, .
B et A0 Tt SireSlgy e MSgrTle SAboRFRENS deiailed below, the
(SSBBhinterfidenaPbsleniifsihsd #ith espBRhE Pﬁﬁ hdr ?ﬁcﬁt %R SK¥ protocol is
depl oyed with an independent single-wire (SSBI) bus .
abarepplicalle tnberriie copsoions @80padiia hadbeeralseliehs, without pins), as

rocessor 220. 3-w.re SBl, buses al so_ be deployed in

st sfRpomli® ER wBtR S ofectnp SR HEher bads nor

ipids)S Thédead sRifl iaBwdrt Will Feadil§ Badpe ﬂl&’%ﬂﬂcﬁcfﬂem&losed herein to apply
eban

connecti ng RFI C 230N - 230K and bas processor
3o thesppl wyiong othgeesbeimentii re interface all ows for

B 4180l BBERI0 A B R 0RO el
aag ngmbenod3-wdet busds. revdricns ethbabimwesits, ekabiplesnyl whivhrare detailed

when two or nore devices need to _share a bus . .
ibglog, pHIsanay\ps ¢o l’bi:effgy use with flg}er A -Eirg %f-ézvlre bus interface.

i ' [ 1. I .
SO S b SR N s T
pirt@nd Fequsred i sxedagrd| wittatdspedt ¢o thetSBI-idteefaco nfiee bamimadth may be

reinpireB- o gtobetsn B ety Risatiop offle Bk e Rierdised to support
%@H‘i:ﬁlgﬁéli Ri3fsteryy Eﬂilvsm f‘ﬂpbbﬁih Pf'i‘l@ﬁcaﬁﬁgl toplex T197E ld@ﬁces. In this

ski in the art readi | y adapf the principles
¢rsmplesthd nhmber of addresgabloregisterhie@66and vari ous ot her

8, i b PG a v i e I G el R g AR (smcio
Qhd Setard'stop 386 (SBET) AHeRitsel S TROH the SSBI pfitedil & fepfed to herein
whi ch are detailed bel ow, pins may be configurable for

@8 SSWLIPAEA: HBte elodk ling baving beepiremorerbin the dnterface, 2 local clock is
ngé)d‘s ?t] b e EXRRL Gn PR BV Og&‘i&é inSEha! 1199 18en ec'ld(}k's? 2P the master
the to (fOWI ng properties. eT e prn count required rs

Idedide afd \ahy Rlave seeitks 1o nohaeddBlo beridhfieate. ThEhgrotocol accounts for
bandw dth may be conparable tqQ or better than the SBI
iohisep fiacBhasyand, feawsaey, a8 idgtatled fudhsrobelapport certain amount of

frequency error is tolerated, the amount depending on the specific embodiment. The

SSBI protocol is phase independent with respect to the clocks of the master and slave
devices. The local clocks may be generated using local oscillators, derived from other
clock sources, or various other clock generation techniques known in the art. The SSBI
interface

[0060] Instead of a start/stop line, a start bit is inserted into the data stream, and an idle
state (IDLE) is defined. A receiving device (i.e. a slave) may monitor the data line

(SSBI_DATA), sampling the predetermined IDLE values, and then beginning a



addi tional registers, thus supporting increasingly

conpl ex slave devices. In this exanple, the nunber of
waddrsassabl e registers is 256. [0059] To reduceCrius2005/018107

nunber of pins, the SSBI doesipot include the clock

l'ine (SBCK) and the start/stop line (SBST). The single

L] y _
el Win 2 38k B0 belied " v ek Ratih Roffpletod, the data
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e device | stead The, | ocal cl ocks.at t
itk e S Gra o gy BF L8 a1k 708 484 eSeR RS Sgeted so as
i eRLiGaR! an HRerRE BERFRh 12GHAWNvre fiRrRdesS &4 Swill bBORRE lear, this

and frequency, as detailed further below A certain
abtows tfornfnigrateyu &y ther 3-virei SBI plotocat éulthet haviren®SMk protocol. For

dependi ng on the speci.fic enbodi.nent.. The I .
SRBTBF ey RGeS FRd s uBRes Witk beicsdipitagt epgrsting both SBI
Gh@ FSBI Forni i 1o ReiRrhtcddehnlAYRiofl QWL 8flicr It etabA slave devices, as
cl ocks may be gener at ed using | ocal oscilTlators,

d@ll a,senﬁwer @W@%ﬁ‘épe%asabky gxsunedised.ofn viapilas fashinthen existing slave

5050 BRLBR EMILAVGRL"Y Py 5 RSB0 35 romas

bilzty bSrdctived,tdwinyg ttéroperabiliey ith®ath ealier gehetaof master devices
state (IDLE). i s defined. A receiving device

.e. a .
apd ey Tﬁrﬁ%‘}errﬁ?i‘ﬂc%r A slavegapy b .eﬁ@pp with Saring %orstaﬁérw@mode, a
tt Pale)
SHEAOBEAEHCH REfalcel SRSYEE DA il 338 BRI The mode may
theasederteddi by seingopretdefiael vahtes Gbat thel umsedrpynsbehen SSBI mode is
returned to the | DLE. st at t hus term,nati. t.he .
desiFrss ef’j urthegipete) 2 FRslsp 5@%@%@ mﬁwewcﬂ%% Agyfigped by adding
Wohitkrdibi168c @p dn¥ay&ting 'E%res ‘;‘sh@l{; tied asg’ingﬁ Wite fRH Dkq{}} may be
an Interface between 1- and 3-wire 1 ntéerfaces.
beoelated dhtedegacy Hi-wira| SBIvegrfats; fori tgmfapmg Witlo thet ehestmg core. Such

3-w S he 1- S
axtistie TogifdBlael SubiRebohag Y G iopel AR devicsgrig: minimal
(iinbﬁé%' on theexBANE FldBHaIRS! zﬂlo%‘@hg ﬂﬂzdne%ﬁabvﬁ:@ kdTBE %levél@ped rapidly

facilitate communication"with earlier gener ation sl ave
d’@th lijgh confilenes. | Tlmbemeﬁtérof s¢cged m@arfem@e due tm@parateecontrol lines,
duced fas stin
R PHEC S iR e IRROL AR oG ookl e RlsbeiEtiegf during
2Bhi@stionSal the Qﬁéfﬁétglaa@yo lgeed-ReRI devibes 3b s ire devices. Various
interoperability wth both earlier generation naster

dagmplesmbedingafs g defatedibglp¥es. A sl ave may be

otsabraie] shovs PSP fnblic sl R st BBl cghélsts of 2
thlmimdft)eﬂﬂ@vlmca&leﬂ SSBEADATAS eBBEAds pereovddfsinee dhe/@hry@sd end of

s eSS )R S 53 s common

ARtk P68 RYnASEE B slave. It is presumed that there is a clock available at both
the master and slave, referred to at SSBI CLK. Any common clock may be used.

2]

There is no phase relationship required between the master and slave clocks. In one
embodiment, to simplify routing, the two clocks may be derived from the same source.
The two clocks should generally be the same frequency, although some frequency error
may be corrected for. Those of skill in the art will readily tailor the amount of
frequency error allowed for any given embodiment in light of the teaching herein. This

clock needs to be on whenever SSBI communication is required.



conversion logic to the existing core, such that a
single wire SSBI DATA nmay be translated into | egacy
wG-20s5r1e498Bl signals, for interfacing with the egTrASRMG018107
core. Such conversion logic, detailed further bel ow,
may be added to a slave device with mnimal inpact on
the existing functionality, allow ng the new device to
be devel oped rapidly with high confidence. The
benefits of r®ableedMotified SSBINBSstdrPort Deseipsivas e
-controllines—and
and/ or sjgaye devides may thus bpeggiptiged during a
nigrat| on._in I he narket nI ace to three-wire devices tlo

SEpEsaghre device AT % TN
e el o 8}% gl f%?sssser %isl%? .

interface signals 3

single pin pgr devidexice sy

KSBP\EK Si nce the (gtqat c1aé1@I 28satell abedch ASfcRindEIBve
denoted in the dat Qie%fc%?&”i wiR&pbratisBCK i s renoved, |as
lIIEIE Ib d CUITITOTI LI ULK at— oot the master dllu bl davt.
It is presuned that there is a clock available at both
the master and slave, referred to at SSBI CLK. Any
conmmon cl ock may be used. There is no phase

{0063} lrbrf%%am@a UFTRRRAImERt,\Ef mﬁséernégwé? 20d ceppriges a pad for

SHBHTATA R TR BB S o BB 1 spors
tivive cstremgﬂss sfiduind g dew-akivy rherd e §amA fir htghaime mode (this is

al t hou fre uency.error corrected f
SO iR ScltiE} RECLAor eple, Y3pacs) 1 Bt Gramplg pad contains a

§éIPd{£EIe Bﬁllfdb% l&%{}‘i%é{ ﬁlﬁraosrele@{albl%"l?e@pér‘?fevﬁey Vaki¥&other pads may be
enbodi nent in light of the teachinhg herein. This clock

demldyged within the scope oéilzs prESBIt imentiomi fmeltaymate smbodiments, such as

SR o] U ST S, b e b i i
HRShAE cORYbERS? SR CANHLHAE FriferBaduf QY arﬁﬁﬁb HROTA iWintel] known by

the foll ow ng characteristics: The pa IS
Bloge pbdldlil one arti t supports drive strengths of 2 M in

d h d d .
LY B R R S veP g Bl ot o e il omeregiser
Beudss perTﬁle@éfalﬂmuﬁpdi‘wd Chnhay he thosdt &Ftaahd sinfHficailénvef FTM,

device, and a sel ectabl e keeper devli ce. Various ot her

waheutFhg nesd te spscatydbe mode phslavrell c¥jpes Giererip enlyrans slave expected
bﬂ‘éﬁé‘%hggalkﬂo%gnneg{e@%g SHRRd! % tb% %&HC& o morg g devices are

nter-b ons on a sin

ﬁﬁﬁi&dr@eﬁcﬂﬂ&dshﬁhsﬁ), thet sbalreViDt titsedre ﬁb m@tger ﬁaql:medl eAts& result there is
suc t‘& -state drivers, nuxes, and the_liKke, (? S .
M@D’I i ¢ 10156 agaessheY copparebiodhe SBI perpmapngs, Theanultiple

BPKBI %%%Es gf&f?&ﬁ%eclﬁﬁisiﬁs BRI SnRHBRL Y& Head®brder to

n y one regi
improve bandw1dth and reduce latency. The single SSBI format provides the same

benefits.

[0065] FIG. 9 illustrates the SSBI transfer format. A frame may be a read frame 920 or
a write frame 910. The first bit denotes whether a read or write is performed. Read
access is indicated by ‘1° and a write access by ‘0’. This assignment is not arbitrary, but
in fact it prevents the Slave from accidentally seeing the read operations if the SSBI
master block is inadvertently reset in the middle of an access. The Address field is a

full 8 bits, and since the read/write indication is separate, all 256 addresses are now



access per transfer is supported. It may be thought of
as a sinplification of FTM w thout the need to
wepersitffiy2e he node or slave ID. Since there i s 8aryusSems/ 018107
sl ave expected on the bus (al {/iough addressi ng schenes
may be used if two or nore devices are desired,
I I '

%351&51 dbc%g rgéws H@n?e éﬁ’é&%?s%{t/tg?ey@}faﬁﬂt ? ghl%ggﬁﬁ]ent the address
fspdce Qﬁﬁi&r@@ﬁbﬁﬁSS\BEﬂs SBipahedtctmtd bab&Bmensamnatiirestkpace size
mul t i pI e 3-wire SBI nodes provided mechani snms for

Eoﬂ?ﬁteeded overhead in order to inprove

E@BW I'D%g ‘fliefdeg ath AEGARYi \;Ellﬁ% $ eR8b&inren ldefseﬁmt below, and

same enelts 0065 FIG 9 illustrates
thre b83BI rahgafiofrerl + droyefor e)@arﬂplarreTlnla)paImnaen sadleftiffedebelow as

SRBL AR 2" b Ror B 4sss ARG ey TRl thesBR1UGR 418 Qutnyug MSB first

iFBEveiRdse by the Inastd CoftiMoubly BREERR ti¥, ndPausEWis (P) are required.
assignnent is not arbitrary, but in fact it prevents

Fhere@ﬂapeua‘er‘mmammede do aoletfyrrs edditignal neads endritgses new oprmmand is
i s Lnadvert ent

I}ﬁl{j%tpios % ngay, %he -Slave Always kiows {0 e)gpeg? f’ﬁ F}fmlg)ls Por a write,

hd $9 s 1§fdiQa6fe£dl®vHe§ESS'BM DIAQ‘A WD&a8) on is separate,
all 256 addresses are nowavail abl e to both reads and

#067le Wik i isemxpectpd thah enceslaypowl kenispnpriedper SSBI port, it is possible
ddr po%t %\Qgc?a‘)gg’ mfflﬁ\gﬁgee%ﬂg iggé té;aa éleﬁ%s’rent Lt of %SBI register

d@mJeSEEQdFOI[ &biafplle, One skat aoﬁlﬂ&’esj)ohd tpadassee Dllzeﬁwhﬂe the second

various enbodi nents_ descri bed bel ow, and can be jn

repeRasitp JAS255. By using sugh apaprroach, hawpveroigteapay be loading issues
[ I r

S

protoed., Si nce t he rraster cont i nuousl y drives the bus,

no Pa red For read e bit

é‘t"éshi‘i‘g ? é’r‘%’é‘ %ﬁ t1 16% ng @&o@‘%‘&’f%ﬁgg%‘ime’ét ﬂfgtbe SSBI

. n t I

s %ﬂm‘*‘ft{sﬁdﬁ% I‘%“@i il e alTine (FSRLIPTAL B0% R indicating

:I;bemtltd state.0 Whenrdagedis (tohe Ierﬁ,SBI;tax[DAitAg WEnsmifpd, 4 16l ¥pltage (or “17),
e it ect that one slave wi.ll,6 be s orted .

Vi Sepamnt TROSER B 5 38 Gtenn Bbpdiver s bl Bohe Shgampling

AR iREmBae hat‘ées‘iﬁﬁﬂld trelewgf fier it viels #fstredBlof data. Since the

regi ster addresses. For exanple, one slave could

cemspand fomaisi dreewsBglefingd 7the wgdeivsr chie dstsooing frersgbeidsta stream

to 12 sin suc appr.oach wever

REks Bl S ey pHE A SRR PRI e RPN i B hfnster win

coinplefeShfd egn Riclth BiFidlagatdas avditfd tiadmeke sfagtbit. "EhSBhrt bit and

rot ocol .
I?iata bits are each two clock cycles long, in this example, hence the symbol period is two

cycles long. The data bits are transmitted high or low depending on whether a 1 or 0 is
being sent. In an alternate embodiment, each bit could be one clock cycle long.
However, in such a case it may be difficult for the receiver to find the center of a
symbol since there would be only half a clock cycle of accuracy. Thus, the receiver
could not guarantee it would avoid sampling the symbols when they are transitioning.
With the symbols being two clock cycles long (or longer), the receiver can guarantee it
is sampling the symbols somewhere between 0.5 and 1.5 cycles into the symbol, hence



[0068] FIG 10 is a timng diagramillustrating an

exanpl e enbodi nent of the SSBI signaling schene, hi
woOhos/1exanpl e, the data |ine (SSBI _DATA) is | orCTusm05/018107

indicating the idle state. Wign data is to be sent, a

start bit is transmtted, a high voltage (or "1"), in

t.hi I Th t t
e BT IR o P o by LAl YRGS b Bock i or
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i nce t e command formats_are wel |l defined,
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?IFSE‘HTt? ‘for the receiver to find the center of a

AHOThRI IS rBEQ i¥Ridtsthn € BBIVENBREfroR Theosltovedtdntowdit of such
accuracy. Thus, the receiver could not guarantee it
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el @, RaneyRbOhcsRfBWtatbeinvae Ipré@efi:eaffdlahaﬁle clock skew
cycl es into the synbol, henceat |east 0.5 clock cycles

heterpert ity ainystcommoRenton s“dtetWéIVﬁlymat 0B QP cf@tan%%q ggmponents
\Y 0)
het%yﬁ;g%3 %]%%I(ﬁ a%ﬁlgs(l:a{ev:é \)Zﬂpaigg%&n ot al'i gr?gdwtl/\hnt t t;ﬂeequency
digbrereqfifemdnts @sieeigned. t he SLAVE CLOCK depicted in FI G
10 may shift left or right with respect to S
(09711 ike SRBFHRI fmeqlamyterssar et Qt‘t?gleg%ﬂﬁ]ﬁtlﬁ n§ aaFTD ef figies are the
%Aﬁ-ﬁé bs foqlthé 198Ky £E98 é"’bfug Sterbrial _AKY 01828 ettiOhay be chosen

I nts are denote y the dotted vertical
forrtes varEaxs tbltsuypese gueill be ylebnto these@zfmkllbm tho erty In s example, as

il octgf glgflvgg fs{g‘%mwtéﬁhqiésp c%:ed;nil; b n&)ﬁg?ﬂg@f X {age) to center the

éﬂ?@gl stiBY. PRId §2R&Md k@ (od BRAAM). Tr'['h?es gﬁﬁlhﬂé& ah&Ghlerface with

esistant to frequency error. The all owed anount of
annpxtwmd chripsraohexamplé, RE bhipe ﬁormfhftl’lféa‘@eki\’@ﬁs)dh@}’ be ppyered on

it el FopBerdrer oSt Hel AORENER R bireBioing, o

‘{tf072]0!&[1 &ledl, SRR Hrres SEBIIMATAS aplﬁs @rﬂﬁ@ﬁi&ﬂ@ﬂt&ter tri-states
perates in the presence of variable cloc

st busain While read fdetads being shiape 5y the slayhadt @l ofber dipaesp the master
vees e tp)ne.cél%ge Bgﬁmﬁgﬁﬁgt%r and slave devices will at different times drive the

data bus, to avoid contention on the data line, the present driver of the bus releases the

bus for one symbol period (two cycles in this example) prior to the next device being
allowed to drive the bus. This duration will be referred to as a Pause bit. Pause bits are
identified by “P” in FIG. 9. For the Pause bit, the value on the data line may be held
using a pad keeper, if one is deployed. It is expected the slave will respond with read
data, using the same timing as the receiver approximates the master is using, hence the

read symbols should appear approximately where the master expects them.



(i.e. the master and/or any slaves) may generate their

own clock, within the frequency error requirenents as
wdesisgned2 [ 0071] The transfer time of any accees/us$005/018107
not dat a- dependent. Transfer fignes are the sane as for

the exanple 3-wire SBI bus interface. Any voltage
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bet drivers,.consider the.follow n Subse uent to, .
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for the master to rel ease the bus. The slave re$ponds

bytl\dt’yi writih @hemsﬂhs g@rghletbo Diroig wwael byeratidng as lang astike master and

dat f. bit. Th ter..may then

S et 08 v o 4TS SV PR D Bt ah that the
WR1O BSBOBILE R never foﬁclmeséedumw SSBhearsfa Vel WPil¥he no issue.
the master's timng to an accuracy of half a clock

¢807Fle Iothseedis rnaed do g@S@F theYBI rgpsiereat ispane pakiraryime,i for whatever

0 S yel es
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ab\ase silobe tdhieingacht SSBA lddtaSHu&V af &ieQﬁimer idortaniht@kdlé bete, it will
bus dela iis less than 1.5 cycles, there will be no

alsadsive it datp Guvidienss thers ey besnteptionsr Whse theslaye sgwt driving
ﬁi&%ﬁi! J&é}ion@é /P4 Il %esg,h[ﬁe g R éﬁ’c@nﬁ’é 1dt141§7111 not cause contention,

the slave will either remain in the idle state, or complete any current write access, then

enter idle state. (In this example, since the 1-wire formats are such that writes and reads
are 17 and 19 symbol periods long, for data width of 8 bits, at most, 19 symbol periods
later, the slave is guaranteed to be in Idle state). To solve the issue when the slave may
be driving the bus, the master may refrain from actively driving the SSBI DATA line
until it is determined that the possible contention period is over. In the example

embodiment, the master will tristate SSBI DATA and enable a pull-down device in the



transfer and deasserts when the master is done. This

makes it easy to forcibly put the slave into the idle
webteaisaigR2any time. The master may ensure SBSTPCE/US2005/018107

deasserted and, whether the sligave is already idle or

in the mddle of a transfer, it should realize there
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naster entering |d| not cause nte
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Lete an r ent t en enter idle
8 RS R L Singf L b6, QEC8RF b i, Sk rarkbirespe a 3-wire
fledackh@t a WoribiagtidNer h&AJISARE c drductPa SyHIRP IIS depicted in FIG.
Eerlodslon for data w dth of bits, at nos ]Pé

nbonilasly p slaxe flexies may bhe Cglllmed ® l‘gcﬁivfaﬂtme prctt@coﬂ) eniefther a 1-
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(o7 FLGI Ne YSBctsDARA ekkhmifleUMdsteri Helise dfz(ﬁrdsnﬁgﬁreah%r SSBI
t he possible contention period is over. |h the exanple
1 OR ReSTRgIS tvaiFe. wiA migtopracasser, ssmthﬂmlm ¢ommunicates

GRahe 3Bt %Jls’t Oi’ﬂodt%" ?orfnn e%lg ea%ﬁ f‘ Cogsg?sc c}eéal{sh%&t shown).

reset a contro e Used”
S8BI master HdWma”_f/Balst&ceilvs ab g@ﬁratd: Bthaﬂccﬂinhﬁﬁd%&irglgnals examples of

SRR o ST camang o be secd 100 P
ISSRRIATA @Vﬁi%h |cl)n1%9t@80t9 anddle@br edy g%ﬂ%ﬁga'dnig dtescribed above.

Bet ween SBI SSBI Descri’be
”ﬁh@pmbm{p&t (P$Bis dehisterSSBO SSWAi RATARIN loa SSRIpO4stE] lllel Mthe output

BooRrard i s CBpT SoiyDash DAL b 5§l masea 10 a e pad is
éﬂéﬁléﬁr(br WHPenyBh BRhes e SSBI DAT N ﬁ&g#egv%ﬁcﬁaster 1110. Other

anmpl e enbodi nent's, various exanp es
@l@gtms tsaeh #sdrespers anéyulil devicrsenay eaddpboyed as well (details not shown).

SSBI master 1110 transmits and receives according to the SSBI protocol.

[0078] FIG. 13 depicts a slave device 230 configured for SSBI communication on a
single wire. Various blocks, registers, functions, etc., may interface with the SSBI slave
1310 (details not shown). SSBI slave 1310 may provide data from write accesses, and
source data for read accesses, as directed by a master device, such as device 220 shown

in FIG. 11. SSBI slave 1310 may also receive or generate other commands or signals,



devi ce 220 and one or nore slave devices 230 that

communi cate using SSBI on a single wire interface. An
weoxemlie2rast er devi ce 220 for supporting SSBI PCE/US2005/018107

depicted in FIG 11, and a cofgespondi ng sl ave device

230 is depicted in FIG 13. It may be desirable for a
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pins 3EB) belkecaied] anbcorfigarabla iourrovige apawiety1giPusgombinations. For
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(ol 0Q7
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aligae RocantEthls (e Hens BT ool Ratmesed anyely . ersaef skill in
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accesses, asS directed by a naster device, such
Bedepiey@lzmﬂgh@hmscppe &1 te pickent$SBIntishave 1310 may aI SO

U8, 515D BnBlacite brveer Sbial borfe P 15 dHBYRLET fover
ARR, hE@ASIThEBbANSE EQRRFINEE dhatia, %%nblﬁsﬁlay%-rféduml CRof &xample,

connected to pad 1320 An exa ad i s described
denjowng Tmnb@cpqmtp gmglepyire | bussi@ allwéfse &1t sedgerl imanfarenee when

o R s Rl i

Ratesi Ba@bebisided, @8 point-¥epdint Lormestiar semb e GSBandTA heduling
from SSBI slaye 1310. Qther functions such as keepers

syiredion agbyrd BYS.-may be depl oyed as wel | (details not

3 SEPlesitRY ?)let FARSF LR850 E&’fﬁglu\f&fsto support SSBI or
iﬁkgﬁglngﬁgo Ee%&ﬁ%ﬁh

SBI. Three pins are shown, which may be used for a 3-wire interface, or alternately for
three 1-wire interfaces. There are three SSBI masters 1110A-C, and an SBI master
1220. Three pads 1250A-C receive signals via muxes 1230A-C and 1240A-C,

respectively. The muxes are controlled via a signal SSBI MODE, which indicates
whether SBI or SSBI mode will be selected.

[0082] An SBI master 1220 is known in the art, and is not detailed herein. An example
embodiment of the SBI master 1220 may be of any type. Those of skill in the art will



protocol. [0079] On a baseband processor, such as a

mast er device 220, a bank of pins may be configurable
woOao@riowizele a conbi nati on of single and 3-w r ePCT/US2005/018107
interfaces. For exanple, 12 pims nmay be allocated, and
configurable to provide a variety of bus conbinations.
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Sl'l?(ﬂAqnvgglﬁ 1983 and?}?(; ﬁ’&ﬁ'sﬁ’ﬁ%ﬁaemzdo fh Sﬁ?l (yd% The output

fewe I'nsy numnber conponents
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nt -t o- gm nt. single-wi.re buses_allows for reduced

01 @A i S8 L ogdrendasshivdtishy dugng SBhaioda (prgausearRCK pgnot a tristate
_gﬁgpﬂhéag, §aﬁBﬂ%ﬁ%c beconmes sinpler and | atency
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ués may e av as point-to-point connections
€088, @atl 12508 imwed tdpsoiiedBS hin SBhmbdedndis SSBhBATAT in SSBI

S RS R B B by o,
%Q&’Wﬂtpu‘f‘@bﬁi@s ﬁﬁf&(u%em‘tﬁeﬂﬁ)ﬁr afid ¥ YSBE DAT LT OBFCHoMA SSBI master

alternately for t ee 1-wire interfaces. There are
tLih i @B 1$$B1nagd€eragd1&ﬂmf®m oid mastSBl 220aiat SBI 1R@0. The output

TS 4B emes Bt FUS) {7308, 805 o8B 1IN ER OF o 9B maser

Vi1 f0R i$ BSBRnodsEndMeble hivhdehng BRI @xﬁidegbadaﬁée@mﬁ% n@a tristate
SSBI node will be sel ectéd. [ 0082] An master 1220

|sgnklndmahvwaywe01§put) and i s not det ai l ed herein.

THOSE 70 TIRRO LR oo P B iR e s

Ridder n@v@dqap@t &8l 1sd1%14vae§ a9ISSBIDATAS IN @6 SSBY nit¥r 92 10C, as
new ones performthe requirements of an SBI

%taérﬁBIaHHe@cSBIﬁ@@teaaa@@ b aa PepESBImaydkoagl mux11§30C, and
B SoAP kSOl h y yCR5, BPSEITOT o
8BS mapter 1 220nins8RIancden gTHemuitpe ebidile POB) @dmds, thiongh mux 1240C, and
is SSBI DATA_OE from SSBI master 1110C in SSBI mode, and is SBDT OE from
SBI master 1220 during SBI mode.

[0086] The interface to a microprocessor, or other device issuing access requests, is not
shown. Each SSBI master 1110 and SBI master may be equipped with an interface for
performing read and write accesses through the respective SSBI or SBI interface. In
alternate embodiments, multiple devices may share an interface with an SBI or SSBI
master, and thus an arbiter may be deployed to arbitrate accesses between the multiple

devices (not shown).



order to facilitate conpatibility with other devices

(described further below). [0083] Pad 1250A is used to
wonrowside25BCK i n SBI node, and is SSBI _DATAO i RCBSRBR005/018107

node. The pad input (Pl) is degivered as SSBI _DATAJN

to SSBI master 1110A. The pad out put cones through nmux
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othsx flgYices, SSBI node. The pad input (Pl) is
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B RSt 85758 20 eSlomit len 15z SCir S5 otod h 5B Botprat e 3 wires
BRShRcepid Hethe BIBIRES e Wohterfi 1400,84hidk PeffOims conversion required
erform Z read and wite accesses through the

tceg%@wil -B8B| cogrmgBeationt elnf hiseexample | I-wingagommunication is also

i I \ h e.an . in fa
W\Eﬁfﬁgeﬁr‘:‘%éﬁa’c tﬂ}é gg? Z%Oq'ﬁ e}Lr goei‘ﬁmgr%%é%tu Sv@ glnelg}eﬁla{lﬁl Igg&%gé master.
dgephpieeSSBD slavdicbhivirer aabodiemtd etengilddnBelow] bhdlothers will be
devi ces (not shomm? [0087] In_an alternate enbodi nent,

APPALEH) tOnt&@%ee pf whij Bzeﬂefemtdpéaghtdbfs@ﬁpf@mhlw herem) 4 @lternate
gﬁs&h é:ﬁfsvﬁf)#ﬁve &é\’i&sb% L KB fhay %p@Jsi@eas[o support both

Ire e such an
protocols. One advantage of designing a converter 1420, as shown in FIG. 14, is that an

existing slave device 230 may already be designed with a 3-wire interface, and to speed
time to market with a new single-wire interface, a converter may be simply inserted into
the device without the need to redesign the existing core.

[0090] In the slave device 230 of FIG. 14, the SBCK input is received via pad 1430 and
delivered to SBCK_IN of SSBI slave converter 1420. The SBST input is received via
pad 1440 and delivered to SBST_IN of SSBI slave converter 1420. These inputs are
used for SBI communication, and may be used to enable SSBI mode otherwise (as
detailed further below). Pad 1450 receives and transmits SBDT in SBI mode or
SSBI_DATA in SSBImode. The pad input (PI) connection to pad 1450 is connected to



enbodi ment is not detailed, those of skill in the art

w Il readily adapt the enbodi nents descri bed herein to
woeodsanm2e hi s support, if desired. [0088] The PaTiUs2005/018107

devi ce 220 depicted in FIG 129is one exanple of a

device suitable to mgrate from3-wire techniques to
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i.s al sp su rted, so that this slave 230 may . .
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and ot hers w pparent to those of ski I n
aptional tsegby axterndleblodlesc hi Jigsalh dorimanagmgatioel nhsabling are also

enbodi pent s, of slave devi.ces 230, an. SSBI sl ave

G BR VRS TP F SBb 0 CBRBIE ) SDIa ek B S §EeK Tor power
d8¥hEH) o GtiRr RIPYSIst Erhe | TEX GO oMNisiaBselte®to dftableS clock. The
that "an existing slave device 230 may al rea

dy be
aisibRESERL TEX0, DI i @sserted to acemwblarilte wiockpobemmlesmbodiments

rket. wi,th a pew si-pal e-w re i nterface e
TR0t tind e of i B sl Enls Bt BB ifer betow,
edd] tAn SSBESiage Cohifertox ibdcknigh20 ahey ddt@aad whethehehe slave is in 1-
sl.ave device 230 of FIG 14, the SBCK input is

FEEePR W iNgi TBOdradn oulsDtoariyx detwesa these maodspCiiedegleteasmmation may
| ) . ] coi .
D PeTa iR B, bknthe SROR SnESEST PO b pdsFE R Db and 1440),
¢o3veire enoded Mere Thaser ianguitdRioar whets SBST611 & SBCK=0, hence that
[ [ | Bl
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mentioned above, in this example, SSBI MODE is also output from the SSBI slave

converter 1420 in case it is needed for various other purposes. Example embodiments
illustrating this functionality are detailed below.

[0094] A slave device 230, as shown in FIG. 14, may be used for either 1-wire or 3-
wire communication, as described above. In an example embodiment, this slave device
230 may be configured to support only single wire SSBI communication. FIG. 13
depicts a slave device consisting of an SSBI slave 1310 that is used solely for SSBI

communication. FIG. 15 depicts a configuration in which a slave device 230,



detailed further below) . Pad 1450 receives and

transmts SBDT in SBI node or SSBIJ)ATA in SSBI node.
woherspath2e nput (Pl) connection to pad 1450 i s eommuseiosdis107
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detailed further herein. In example embodiments described below, a common rate is
shared between SBI and SSBI interfaces, although other alternate embodiments are
envisioned.

[0098] For the second issue, 3-wire SBI protocols use SBST to denote the start and end
of a transfer, thus a given transfer may contain one or many register reads and writes.
With a 1-wire bus, it is necessary to inform the slave when the last register access of a
multi-access transfer is completed. In one embodiment, a header may be added to each

transfer specifying how many register accesses to expect. This may introduce overhead.
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SSBI Master

[00101]In any embodiment including an SSBI master, one or more SSBI master blocks
1110 may be deployed. The SSBI masters 1110 may be identical, or one or more of
them may be customized in some way. In this section, an example SSBI master block
1110 is described. The ports for this example are detailed in Table 2. Timing diagrams

for write and read procedures are detailed in FIGS. 17 and 18, respectively. The



detail ed further herein. In exanple enbodi nents

descri bed below, a comon rate is shared between SBI
wanws3%Bk2i nt er f aces, al t hough ot her alt er nat ePCT/US2005/018107

enbodi nents are envisioned. [8§98] For the second

issue, 3-wire SBI protocols use SBST to denote the
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FIG, 34, which illustrates the waveformon the data o
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PR e np U Rt Rb A oL St 80t Mg ot ghown) may
dedeploydtlifor aititratigrequsstl fiorh atultiple comedBhig partles{cal&l hiasts). An

get out of sync when the master goes into idle node
witee map dake rgquestsdrqm, theosts usiedhe same sigaplureesxpe¢tpd by the SSBI

ot . . o1 k
t?ﬂﬂrﬁlggér gtl g(%.e%&ﬂ%r?{ﬂearh?g%ﬁ%faﬂbﬁ%oﬁ?aﬂ%ﬁé i ¥k Bequest to go

through while stalling requests from the other hosts. Depending on the host type,

different logic may be used. The SSBI master 1110 may be used to provide an interface
by which a host, i.e. a microprocessor, can program accesses with the SSBI through
software. A system deployed with three hosts, for example, may be deployed using the
building blocks of an arbiter and one or more SSBI masters, while a system only
requiring one host may be deployed without an arbiter and the host may interface

directly with the SSBI Master bus interface.
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synbols. This technique is ilbgstrated in detailed

enbodi nents bel ow. SSBI Master [0010I]1n any

i Lo i S B
TORBS AT QaRpHEb e STodiily {3 bilon AR by Teleployed, o
h&ﬂcﬁvarmpa%ﬁleiteiﬁ SSBE _al])AT!Ar_\RdD,ﬁisodeﬁmd efoﬁfpa‘r‘dmmnri‘ﬁy% r@rious SSBI
stom zed ip some.way. In this sectiqn, an exa e
% ISKS k8% ERd/rEe Kyag ay orss deserkast m%{QS_pb? r§1.9?§4-25, 28, 33-34,
%H&?el@cé@ﬁ@bl%s %ﬁesgﬁﬁ@td 1 HAIBPIGDZ=gTi M ng di agranms

or wite“and read procedures are detailed in FIGS. 17
O 0IFIGB o3 BLt illvsirgte Jiee iexdraple eBSB omster pl 130t eveborditibst.  This

5 o B 5 58 53 o vt
%ﬁ{[&l%ﬁt*éh.e ¥ oteRbayBIns Mal MR B Rrevasrods ARSI embodiments.

). It will be clear to those of skill in the art
tMedificdtione tex iy lembodivaeit narat detaitedy Eorasuppbitingt FAM dramsfers (an

on| a ario l.t ernative ' e clear I L ght
SRarknie™flca RS T Korfra0 Bl GBe M HL o s Ssibogh of gp atermate
REboliawRt, deRilbe WitWes@c b FIEBL 2831, YelowtBy operate with
a pad (i.e. 1120) for SSBI _DATA with a keeper to. )
403 061 stdescriied #hPVel 988 onBIoTY plovrions Bpss plhgstiomay duerface with an
e a tail 0 | fi i .
?@?& aﬁaétf ﬁa]t 12‘%2‘8%0%&?9@ RS nérb\?t\ngﬁ%}lm%% g%g%rlgne?f aF ‘g nl%gl ¢ for
icbmanrmdatiok tHerewith. t oy éxamplsémbodiment, of@yr bre of the hosts may

rovided to allow software to determne if the current .

SBIMICFORFRCGESOR-dPP AN el FdPerial iirpose groceesear apy gther logic
HERBYAE ok Sk, B A bERLEHP ARSIy obq ofined for
chrity nPdlvdasteon Welowdss stmynhie Tabdes 2.ddhesumiput fat owtput signals and

SSBI hel ff t har d . bl .
SPBHHRREE Aol JHT Qe AEC B R At O for producing

b %@Bﬁ&&hg 1511888l TRoR! sagN iASHE e T& YvabiBus alternative
useful whéen a read or wite is to be perfornmed at a

imterircetdesigns thot mey hergeployade asuvariosn hestsfsueh ad micgoprocessors, may

evi ce may. be.perf.orned when the sl ave device is .in )

BV FEr R b R X Pt ademoes Soitipt SRS s fud retuming
WhahisCreBidlfs Q6T Wigh8ld, BBY JFQKAl @Y itkedrt MRy SeadiRemodify the interface
requesting logic or application may use the know edge
dHustraied c orrgeteraige apprapriets loaior &rrméuib@@au@m ogetor gnere hosts of

i e f mhen ' i n e Vi ces. such.

3G Bt P THEE AP0 rfed S TS B NE GRS RR P Wiy, Ao
[eOiEt 813k arhipies SOBbst TAst Riterfatd GvithSan’ SSPDMAstBE Gsifi@lny combination of

converting a read or wite request into
read, write, data, address, and other signals to generate commands and set parameters.

Writing to or reading from pre-defined registers, or bit locations therein, may be used
for setting parameters or issuing commands, a technique well known in the art.

[00107] The SSBI master 1110 interfaces with the SSBI bus. It receives signals
describing the SSBI command to perform, then generates or monitors the serial SSBI
data stream. This example SSBI master is ambivalent about how many entities (i.e.
hosts) may initiate SSBI commands, and any desired arbitration or muxing is dealt with
external to this block. In this example, the SSBI master idles until it receives an access

request or other command. It then asserts an acknowledge line, performs the
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ADDR]7:0] Input Slave register address for transfer

WR_DATA Input Write data for slave register

[SSBI DATA_ WD-1:0]

OVR_VALUE Input Value to be driven on SSBI DATA in override
mode

OVR_MODE Input Control signal to enable override mode
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address bits, D7-DO for the data bits (SSBI DATA WD = §8), and P for the pause bit.
Note that alternate embodiments may include smaller or larger address spaces, as well

as different data widths (i.e. SSBI DATA WD not equal to 8).
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REQ |AEDBR WE @A@& (@ssewtite) asd REWDNGill feflebetht phiaistdd@for a next
cl ock cycle Q can be asserted for the next access.
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Pragstar Ryt fpnsten wittetoay nieveaing s uRkPIACK) Sl.)age should not
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Irst one conple mast er
sampletthastitesymidl hvdthout ayprion tidle veymibod heuibee iy R8BI mastdr may be

Iavesould not need to see_ a low to ghtr nS|t|on
fgst @E@eg? fippody fis  Qpifl . HAVeyRbuimy féh)les SodHpento 8 software

? Arﬁmwl% é?dﬁ'ﬁﬁéteﬁmg SWiVd! Oiét de@in@&'t@ Find< € éyﬂ&lle’sgmbols in
ence th

master may be designed to support
bme@neadhdvmﬁr,,a&dnsudd;s enbodi nent, a software

TGRS 7 OB B o AR S L5 R e mped

ST LS 4 0 B0 R

blt eST&'EE ﬁ’?CQI@le SAMPLEfI)3 endySd B2herins teggling. i pTBI asgs as a counter

B S A Bl OGO RATR o B e o

@‘ratiﬂdlﬂg @M ADDR 6 WA TAY aReashftddr N8 shifﬁﬂagséﬁr'evé@ other clock
blts of the transfer (the start bit + READ +

Dyring sr«@%l half q fiie lsliﬁ‘i symbod (P BONE, @rmﬂ@dh é\«nother signal
?15%%6 v DUNECBELICEE RRR ROUG, 21 naf B2 e TR as wets

Bﬂﬂl:‘m@EpMse( HDLE SS‘IYSMS sylmb%ll Periddg) lateny Iftheeeis &b dustanding request,
Itl)&ﬁgﬁ aﬁlﬁ]fv\ﬁt yesots, S’Jgﬂga%uﬁi% zﬁd%%ﬁgﬁf I)ﬁg&grl W%ﬁg Ifgltr:i §the next
assertion of REQ. If there is an outstanding request, the REQ signal is effectively
observed during the same cycle DONE DELX asserts, causing ACK to assert in the
subsequent cycle, and keeping STATE at SAMPLE (1). Such a transfer continues as
described for the first transfer.

[00111]FIG. 18 illustrates a read operation. The block performs the same steps as for
writes except that SSBI_DATA OE de-asserts once AQ has been transmitted. The
connected slave device then has control of the bus to return slave register data. Once

the slave has returned such data, there is another pause bit, after which the master may



DONE_DELX resets STATE to Idle (0) and the SSBI naster

waits for the next assertion of REQ If there is an
woutmstiasde ng request, the REQ signal is effectPe&iUg2005/018107

observed during the sanme cycl @7DONE_DELX asserts,

causing ACK to assert in the subsequent cycle, and

SR TR, A RT3 Fos B0 PRl 3130 ana
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HTARR Haf eeRDR SRR o milify oA IbBkL Topip, roceiving
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st.er. ma the ain. . read bits enter a
TRRqiEd P’esd%glfa’é Pnés ﬁ’@?@?@o"ﬁso and 2140),
W18 Orfe EtshfepdiRE isnihb Hﬁn&)é@ hoghidH @ SBBY nhXME should sample the
assertion. This performed this way in this exanple to

SSBLPATADbmn fox ﬁlpdmd bggl |Ing‘»h@| rifesd egsmarthe )‘SSP%J_]RA@A bus should

oA P8 LESHLDS o Faee! 408 8L R8O LGl work to
BedVenfithid RiabRiRition thoiphe Gsteddanipis) UabinSavcdtimtang i receiver

in simlar fashion as for wites, described above.
[doe ta biindphase defsstiony at Velhas varioys d?laaw%mﬁludmirad beped, and internal
%ﬁ? eggg,t'éter shoul d sanpl e the SSBI _DATA bus for the

dd s. In the ideal case, the SSBlI DATA bus shoul d
JeeHTFIGO 19 likustrates ehesa phehemenal NTikd fép WBvefdine skowsa$SBE CLK at
var i factor wor k .to_prevent this ideal
35 SSBT awStehoue-Sorar! BainAp PeveIoAp AT alsn ek SSRLDATA looks
4iR€ of \é Er SWesThfe BLviod a@yﬁﬁglgqﬁt (Téiay sONTheP it o ﬁ%aveforms
vari ous ays | ncludi ng pad ard, and 1nternal Ip
dhdwydhat hﬁ@tﬂS}Nﬂbﬁheﬂﬂsﬂﬂ ofsdr 3Bk (I Kesyrlpobdelayeimaach direction.

EWIJFS %@%dmﬁ“ag&ﬂeﬁ © qﬁfpg?%%rg%y}(ﬁg@{ 41]gzgggse\l;’:ﬂt}‘lxjﬁmaster device one full

%ﬁ)@kﬁ_@ﬁ&i\la{t&oﬂﬁ% id 4R c%&e &in@rerfﬁeqrte Qe ﬁ@ﬁel%&@vﬁl Qﬁﬁ‘ticﬁle ﬁ'le example
assum ng del ays. hird set of waveforns sh

whaae dh‘ap@wdls samhieln tlndmrémﬂ@omezvh@fe baﬁwaIS T% mtpotse:lmk period.

ASeEReaD SRR B R sugtioeihe i o B i P cfmester side
fiou114)¢h AR ep@Aple britRidRhertNSind MekiBitG 36 QdNMITLHNSSEL master to

are no delays. In addi ti on, the exanpl e sl ave device

wifigate aeging thers effpatsol Ehoesre e seftyeremmsegrapsnarsizpiupasghat allow
f&Sa li%bﬁé‘t‘éyﬁ% B to%?.n(?ﬁ ﬁgﬁyélfﬁﬁt é“&%@k oﬁ&}qﬁgcﬁgg f"ept y in

S[ID(IiQS] T[heoﬂiﬂsé] fehtrd he deksyiny GSGI’IJ]DAII‘IAEM SRliscussed above, the

flexibility js added in the SSBI master to
sampling uncertainty at the slave device may not be adJusted for at the master device,

assuming true blind phase detection. However, the delays for a given SSBI port will be
relatively fixed in a given system deployment. As a result, if there is very little delay,
the sampling point may be pulled in earlier. With relatively large delays, the sampling
point may be pushed out. To accomplish this easily in the example SSBI master,
flexibility is added to delay the incoming SSBI DATA IN signal by 0, 0.5, 1 or 1.5
clock periods. Then for all cases, the delayed version of SSBI DATA IN will be
sampled in FIG. 18 at the end of the symbol periods. In any given deployment, other
delays (including fewer or greater choices) may be used (i.e. 0.5 and 1.5 cycles only).



mtigate against these effects. There are two

sof t war e- programred features that allow for a robust
weyeisamabl e to handl e del ays up to 3 cl ock pepPCoas$2005/018107

[00115] The first feature is gglaying SSBI _DATA IN. As

di scussed above, the sanpling uncertainty at the slave
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bbedpxtrdpbeasSeBivertisieior RD_SADAIt the readyaddibid fegurteisapnirolled

BRSO R atIoto L A T AT B SRRl G SE R P ARA = 00,
&e ﬁﬁ@&erpﬁir ’BoidNnV\Fid‘rS b srP2 edbidiRdHefow,1@e dlsed BE sBAFn. When

of the synbol periods. In any gi ven depl’oynent, ot her
SELaR®_DAIA sdllnthesenmbess algrlmmﬁnteﬁbydes) may be

5 and 1.5 c es on| ng . )
BT heskisefiags B0, o R el et 80 5 Bhiofo5 DB Ptimque s
R %T&sfgﬁblu thegrebillyt ksitame tigikCad enderind e vdribus delays.
FIG 18, is shown that RD DATA is available in

ég@n@tlwy, ?—m\/@d eTYQeApRERagh meay by adequatec dfsraxadpien agorocedure

‘f‘ﬁ/a lsﬁn% krgéd %%ﬁa?? é‘?glstgp?)wtehg%g%%ﬁ\ﬂf V%ﬁg Iﬁtgé@%{lﬁgt tge setting if

&dﬂu&le&étusmdaSHIwngctve time for RD _DATA to be ready.

This feature is. controll ed hased on ranet er
Mlﬂﬂ&T%Z%uusgﬁf&ﬁa‘P@P{j iegpuifg) elfglrgeéomenttlﬁén example

I
89053 1, S B o o s o
slnﬂtm rtBe antén light efrthetteathing Hereih 0t bp Dii¢dE. 2@ illushrgtes logic for

ek PO TN, Bl oA ra BT MAERRIA DL s

%éﬁ’@rzﬂgd anghilene rSﬁHnﬁAmlsVﬁH k@ i SIoBY 2010 and 2030. Note that all
|ternatively, a trial and error approach may be

amemqhdmceﬁon FéGSm%ﬂ-éZ age godeddur %SBia(,ZI& r@plﬂy inegaigk @hown with

ticul

ey ot Bee LT b R Rt BLA ot 1Bupn SPe dat tiv-top

fz@m iﬁkloatéaswuﬁ%aanwdrédléf S8Be cgmnm{deﬂgi ﬂ@pllzt)w is clocked with
suitabl e for dﬁ&l oyment in an exané)l e SSBI ‘naster

B35BE Chjg ditseidy. nda foutnat job ilip-dap 2819 éy quteﬁb@ thie inpweof flip-flop
f h
2T S RSP i i BB i e B s o

-ﬂd}ﬁﬁ 2010nxp38.SBSBDAT ATANDIEASIE dsetito SEBEt dnl T Dol mux 2040 as the
DATA IN DEL is generated as follows. SSBI DATA is
PB’@“TH?@SBLR?—\?AQ%_ ‘0 and 2030. Note that all

[00119]Below, in FIG. 20, is logic for generating DONE DELX based on
IDLE_SYMS. In this example, DONE_DELX is formed in logic 2050 as the AND of
STB and the OR of (NOT SREAD AND BITCNT =17 + IDLE_SYMS) and (SREAD
and BITCNT = 19 + IDLE SYMS). Recall that numbers in bold correspond to
SEL_RD DATA=0, and the numbers may be modified for other values, as described

above.
[00120] FIG. 21 shows the entire shift register chain described above with respect to
FIGS. 17 and 18. Starting at the Isb, this chain is composed of a SSBI DATA WD bit



cl ocked devices in FIGS. 20-22 are cl ocked by

SSBI _CLK, or its inverse (shown with the conventi onal
woab@tiien2of a bubble in front of the clock i npar)s2005/018107
Note that flip-flop 2010 is chocked with the inverse

of SSBI _CLK, and flip-flop 2030 is clocked wth
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P8 A0 I 0 T S SFAE S e i

réisterC BiRdif tb Shif MG @ﬁraihsﬁﬁ%l@%ﬂﬂ@eﬂl év%%’ bther clock cycle
re% ster 2140, a 9-bit shift register 2130 an

datgjled frgherdelaw)( or f1ip-f1op) 2110 that drives
?@?Bﬂ%@%ﬁ@ f {b gﬂ?ﬁ %‘F%%(tglngiéﬁl i8¢ ﬂf‘edbistthé %ﬁ%)ﬁf 6F mux 2150,

I'sS 1 ni e start
Wiﬁc}s is¢lacth aRBQ%hes MdDWTA A Hs tdRsertedy laﬁdtSSBI DATA _IN_DEL
he shif gi ster

f 9-
9 e?\%g?éb?%ﬁfl mailf%@ur@lt qut SIHE akF8I e fﬂ*%t H’é‘yrg‘gdlﬁ i es@ﬂable as
D AL FﬁEadﬂ% %ﬁfﬁ @dstgﬁt c(f‘shﬁ’t % s&ﬁ“Z‘igg $Sconnected to the shift input

concat enat i on) DA TA bi t Ift register
L AGfii rsg1§11619213(§)adﬁr¢ shift bubp}ni efeshifategistapr2 140 en@unters additional logic

Sh S exetnale. Mo fnp i REPRIGBEE: PSS Mt defined to

Yo hé BELE M1 Bﬁ ﬂhﬁhﬁfer:b‘vtﬂOVP\ieﬁ! foverride the OR 2120 of the
SSBI DATA QUT, is used for the Idle state in

shiftsowratngl hift Tt@stgn @h%ﬂ WBMM@P (seed inonczmabFEBY kperation) when

SRR R Sl o 6 e ARLE 1oL outp
e i) 216049 Feiterdd tfﬁB lnﬁ;iut loR Pig-fibp 2$m gslhowagis%t Bip- 2ok Hsettable

is determ ned as the output of nux whi ch sel ects

JYREMHEN. Shgpuippire fp-flop 21d§ereduges %%I DATA_OUT.

Tt 2 My OARSEMA:P Sont i oshPE RISl LOMIRY'16 Omoe STATE

RD1 Dt oitiptit of ISet/Rbdet t((SRY tfhpl-ﬂoprZQD) fthe rdbgnﬁf 2r28 ¥66 generating

IS connected to the shift input
BITCNT 1is enabled. For writes, the shift register chain (2110, 2130, and 2140) is

enabled every other clock cycle until all the data goes out, while 0’s are shifted into the

chain. For reads, the start symbol and address bits are shifted out, while 0’s are shifted
in. However, when it is time to sample incoming read data, SSBI DATA IN DEL is
sampled by the SSBI DATA_ WD bit shift register 2140 used for write data. Once all
bits of the read data have been shifted in, they are available on RD DATA PRE and
relatched in register 2208 to generate RD DATA in the cycle before the DONE
assertion. This enable is formed as the AND of SREAD, NOT STB, NOT RESET, and
BITCNT =19.



of shift register 2130. The shift output of shift

regi ster 2140 encounters additional logic in this
weoxermlie22to il lustrate another optional featurPeT/uAm05/018107

override node is defined to aBhow the val ue indi cat ed

by paraneter OVR VALUE to override the OR 2120 of the
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ST BBl s 2o R R i W Fiiop d BosiRyescioyThe reset input
¥ folifisd ad the GroR312 SR QP ahd Noa 9STAZE10, 2130, and
2140) is enabled every other clock cycle until all the

p2SIEIEENJufa S signadis thisecxaniple, edfernateoemhedipignisrmay provide
dﬁ‘fer%ﬁ%%ﬁr%ettagﬁgqﬁﬁgrg aﬁ%ﬁjla?é Veﬁ'ﬂ%ttg%ﬁfgﬁglﬁ Pkﬂv%gv 20 ﬁ% éormed as the

lotitpus of tountéra2228NYike restt @ﬂbﬁ@téﬁm%ah&entmal to the reset of flip-flop
SSBI _DATA IN DEL is SaEEé t he SSBI DATA WD bi t
f%ﬁm

2R24.1 Thegmablg of opunter; 3 (F2XTB), e allgwsyfor counting
th
Qs st 8 ARG Mol {1V ool St er

: mas]tsaﬁfan ds afomdams) fiEAoutputt h@ﬂqyﬂbp B26,0whichhis BEKFia signal

RE el kb sl BiorRURE Tl boBrbdy NPT 0 is READ.

t
o 1, A e

R@PasaﬂndMZREBEﬂSREAE andsEATIRput to SR flip-flop

ﬁ‘ﬁﬁ?ﬁiﬁ%@% nﬁ a4 gﬁe@ﬁ’z %&M aIPBEr% 2055 STATE

?S’TRTE oivY ﬁﬁﬂb@ﬁ]@ BHI . PREOPASs 4818 a d 098 clodR @?cl& th flﬂi flop 2206

-fTop is the inAverse 2226 of s output, thus t
@JE@ﬁu@hAGKlSTB aIternatlng every cl ock cycl e when the

By 88 bRl 135h 3f s ARESSBR Bl AT B synotronousty

Ble2ENSSB2 ADA PRENN@ynétiohdiisE @xaeausing SSBIEDAALE OE to go low.
enmbadi ments may provide different paraneters requiring

&m this preaeplG.aviesisa saitwaue ARRitcatiproRyitistes some PEBE aptivity léé‘fl‘ltes to a

A e’ GOUBLPT oA e ST SRS %67t

S8 RATA PDEN bit. ZRJ?SBChmg@\B’SIE]\II‘(NTAEUB)to ‘Whiamchthe SSBI master
ﬁii@gﬁné, Aivigg “Der SR Als fos defifed dbove).' Thus, SSBI DATA_OE is
formed as the AND 2214 of NOT SSBI_DATA_PDEN and the output of flip-flop 2212.
Flip-flop 2212 is reset with RESET. Flip-flop 2212 is enabled by STB. The D input to
flip-flop 2212 is formed by the OR of BITCNT < 9, BITCNT >=19, and NOT SREAD.
[00130] Again, recall that numbers in bold correspond to SEL RD DATA=0, and the

numbers may be modified for other values, as described above. All the registers in FIG.
22 are clocked with SSBI_CLK.

SSBI Slave



[00126] SREAD is fornmed as the output of flip-flop

2210, which is reset via signal RESET. Flip-flop 2210
wo0Enal2ed with REQP. The D input to flip-fl opC22%®005918107

READ. [00127] In this exanpl e a signal

READ REQ SERVED is generated for use by other |ogic as

the AND 2230 of SREAD and STATE. [00128] REQP is

formed as the AND 2204 of REQ and the OR 2202 of NOT
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ronou y sets causi ng ATA_OE to go | ow.
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BSBSSBRTAK aignaleis aleliveted boe ejock Th SSBI slere bopimserfieei2310. Slave

RO RTINS R Py—

Rectzhisnt %rpdétélﬁﬁm%gjﬁhétﬁere&aﬁﬂtqae RSB TELK TH3€o atiibﬁbJIt is detailed
to flip-flop 2212 I's forned by the OR of BIT
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SSBI K. SSBI Sl ave 0013I]FI G 23 depicts an

walesdirora e gpvegbiiceg)39) aae gllx@recgg(ﬂpdpéegggs @Qg\yf%r %gss via the

$ﬁé{e§1f ace port descriptions are detailed in Table 3.

'S exanple SSBI slave bus interface 2310 is

pomThe $SBI tHaw! Bue Integacet 2316 1b|rmplonﬁB]2:Ofor THomgssenigl & parallel
Wi re SSBI data bu?)ls con cted with.a p génOt . hi
GUTOHOn Qe B PHE SIERR AT SO Hmo i eay Waitegpguest. This
%g@eét R 6L d&qg %gg%%g%&%&%&!k—%m-\x}hﬂh SR B \Qﬁﬂearegﬁters and is

Ivere th'the directionality
tdsporpitde famhnxihg echdviegis8B| THAFAIBRle c“ﬁhﬁgIBSBon GLeve embodlment

is delivere l.ock, to.

I e R o L R I et
fcﬁﬁﬁéa“f Forvarbudtikve Bifenl 'stwhﬁe B 'tﬁé’t% phréibulapto apélél\l'e is de}gloyed in

ani smfor determ ni n her or not t he SSBI
slaveregisters blnalk 23%0 dﬂémuseﬁermeummmaﬂlmbﬁ depdpyveder

%)g)igﬁ Sﬁgl e us €in e%%a%@%l& Sl e t?>{§3]31|_BA“°T"A & for the start

symbol, which denotes the start of a transfer. It then looks at the first symbol to
determine if it is a read or write, then scans in the address bits. Once all the address bits
are scanned in, they are fed out as ADDR to the slave registers block 2320. For a write,
the data bits are shifted in and then fed as WR_DATA to the slave registers block 2320
along with a strobe, WR_STB. WR_STB is used by the slave registers block 2320 to
sample the address (ADDR) and data (WR_DATA) fields. For a read, after ADDR is
passed to the slave registers block 2320, during the pause bit the SSBI read register data
(RD_DATA) is sampled by the SSBI slave bus interface 2310 and then shifted out bit
by bit onto the SSBI bus. Once a single transaction is complete, the SSBI slave bus
interface 2310 awaits the next start bit.



sl ave registers 2320 via the ADDR, WR _STB, WR _DATA,
and RD DATA signals. The outputs of the slave
woegisstiens are delivered for use by the slave #evius2005/018107
230. Read values fromthe sl ape device 230 are
delivered to slave registers 2320 for access via the
] . a
PRI Ry Xtltel 12 s PAE (Mo} SHEDH el eymbol
(shéh 4s BITMg dbstsibsd ghaie) areiisdlowed: Thip dohﬁgmtaﬁomprcﬁratés @fmphﬁed

wite re est This request is nt to e_redgi st
dastdless hardwirs, devergigees tRdesth an Sﬂlgableé? é’@@%@%ﬁ%w n there is

ﬁﬁ%pmhﬁ%§ tb Oﬁnd&}iﬁ% rigu n%g%dtrﬁﬁwéﬁt £E. Shha:c,r .% h&HAFR! & individual

conflrguration 1s on i nent that e advant age
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PEPATh RO DA Ry tefﬂﬁzﬁﬁgfé&%& R

sI ave bus interface 2310 and then shifted out bit by
bit onto the SSBI bus. Once a single transaction is
conpl et e, t hEatdsBl SEBASkvE s ﬂlnﬁléadedbet D@tﬂp@msi ts the

+ v+ hi t rnn1o/1 I n hi Ll el
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transacPons term ﬂmmdow th a term natDeseripsiomol

‘s”ch as BTM descrihbed ahg“e) are_disallouwed _Thisg
ﬁgﬁf icgy ati on proyi si mphhdid ed design (Iess

ardware, fewer cases to tlest), and is suitable for

%@E gyment when thfl{pﬁl.tie.s L@&B&lﬁoﬁgéf dp%?\@ﬁo%?reaskﬂ S¥A9

iple transfers over

SSBLAIALADY fmy ol T or | SSPLIBRIA PRA e FBREA

termnatied wih ajterm nafion_synbol. | 00I35

|
SPBEOATA QhBodi SRt of h§s ATty to HED gesh

stave bus—Tmterfate 2310w be U(:‘[JI Uy(:‘(.] e

S5BI 4HK8eOFay be | Outmite r@ﬂmm‘teu{iblc)ﬁn‘rﬂSBIpBAﬂ"s‘\ padl

ADDR[7:0] Output Latched SSBI address

WR_STB Output Write strobe; May be used as clock for SSBI
write registers

WR_DATA Output Latched SSBI register write data

[SSBI DATA_WD-1:0]

RD _DATA Input Muxed SSBI register read data; sampled before




configuration may have one set of ADDR, WR_STB,

VWR_DATA, and RD DATA, or additional sets of these
weigsali®22By i ncl udi ng addi ti onal sets, multi pkPeThamos/018107
of read and/or wite registers3 may be accessed

i ndependently. Another option is to have either a

bi-drrecttomat—databus—or—separate buses forread and
wite dBod. Vari oyDintdiien [al t er nati ves Wekdripbien
_a_p.par r\ni- tc thcse n-F S!\: ILI HEZ S T 2PN art I_nv nl nvi +\: f

RSEUPTON, WDhEopXanpl e efAPReAIEEES et ai | ed bel ow
will "conprise a silngle setl of ADDR VR STB_\\R _DATA,

3@@«8 RATA, wi th rate bua%nﬁlaroﬁe%ﬂmamd vmehtsem CLK is

ata.” Tabl e 3. SSBI ave [Bus Interface Port
Descri pti ons| 00136] W i t eq odf)dnaydeectorad én s blevaregister
sepaFately—hnH-G—24—andHG—25—respectively—Fhe

RIESETS $TONO QISr esQa@puty t|dJdelies eeséti YUK OS DI yedister bit

applied to the exanple endodinent detailed further

bel ow with respect to FIGS. 26-27. The read/wite
timng is described for the case when SSBI DATA WD i s
8. Alternatives for SSBI _DATA WD are described with

respect .to F|GS, 26-27. For both access
8@ iR IRl fs"s§h%n SaRBAELY H@F@&‘*@Pd?p%a?%ﬁepewvely The

I
ﬁ%l guré;%tﬂ: % ?1 N rc%;tgr@;?y b llgd(?tmfﬂeeexample embodiment
Sﬁﬂlemtheﬂ)ﬂow with agspexdto EfGSS%—ZDAThe td\dd/vﬁnte timing ésdescribed

SB| DATA IN ed. F SB
7% e aoun eSS PR R shonkRg S B S A D are
Sl AL FBsgest RSBIETY. Q@*Z7ThForV%YI?EéUe@ Bs %Sﬁéngai\ﬁém DATA

uses the notation RWto denote the read/wi't
bands shows lmteadeof separaip §S@Iaﬁ}éﬂé‘9_,mpmdASSBb_tDA'ﬁé OUT In an

piuBB Bortié il ot Aieplilr abBhBedn SSREFATA OPmortf pwpear on

SBBI IIBATAr myar glafr FAELSSSBPATATA BS wal |b@&gﬂ¢r§ﬂ &I 6F¥r reads,
dat a wi dt hs E . SSBI _DATA WD not equal

BEBLIIATANO is dzwen opferihe HEIBEDATA ad Onb’twléﬁ!ilrﬁSBIEDéﬁlﬁ OE is
T

Bltacls readc b §s wiitd, lin thidé:@iple), APUKOifor BQ AT bit§, D7-DO for the data
enerated a half cl.ock cycle later to allow fo

5, 286 dhfarithg pauss dityt Nefis. th#wmawreh%%n@wenf@de smaller or
t
SRRl B BT RS, STBLIPLROBor v

&s8)an enabl e to sanple the syrrbol S |nto the shift

2628) . Teshft er .nunper

WSO PG vk B AR 1ok Rty s eenerated
nﬁé%mg{cumaﬁ '&ﬁien'sﬁrAﬂ? id rawg)% ﬁfnpﬁj QimpreES SBADAMDevery clock

keeps tra Row many

cycle until a high is found FOUND _ST is generated a half clock cycle later to allow
for metastability resolution. FOUND_ST causes STATE to become Sample (1), which
in turn allows STB to toggle. STB, in turn, causes BITCNT to increment. STB is used
as an enable to sample the symbols into the shift register (i.e. 2628). The shift register
has a number of bits indicated by INPUT DATA_SIZE. This constant has a value that
is the larger of 8 or SSBI DATA WD. BITCNT (i.e. 2646) keeps track of how many
bits have been sampled. Once all the address bits are latched in (denoted by
BITCNT=3), the contents of the shift register are relatched (i.e. 2634) and output onto

ADDR. This relatching is optional, the purpose of which is to conserve power in the



bits have been sanpled. Once all the address bits are

| atched in (denoted by BI TCNT=8), the contents of the
wehodsi114%gi ster are relatched (i.e. 2634) and ®arwsk005/018107

onto ADDR. This relatching is3gptional, the purpose of

which is to conserve power in theSlave registers

@éﬁgzé‘e n’{)egscntﬁloéoig%i]é@' Aiggi{g%v?ﬂ‘ﬁ)béhhm ¥ ?e%g ﬁirgﬁ%%ﬁﬂ?ﬁlgllg\é amount of

aatxalogict Similerly,amcé eldl thendatalzitedre hhtd:hed fBh {dehdtet b@)BITCﬂ}EF—l 6), the

contents he shift relster e relatc
585 37 A S anRGRC ve G9E0) & gl Oy TR DATA.
SVRVSTBeEF! Sl @ISsd hRe Kla\%3 2&1&&@ VBloélo 2820 fiAbRs 1B epéffohhethe write.
DONE asserts when BIT 7, to reset STATE to
DYNEgeserts @vmn@d@emfay ﬁOerp@éSTlAfl‘EnteeIdbc(O) [soﬂmﬁpcdﬁs @ay repeat
%ﬁ e|eldledjstrat es a read operation. The bl ock perforns

e sarie steps as for wites through to outputting the
30l BSIFIGOD5 ARiRatedat resd) 6pétatich. t TRe BIoRK ipeHBrrhd tHérAme steps as for
RD_DATA may be nuxed based on ADDR, so even for
wﬁfﬁ%@mwb  (ATPUHEE Hstaddresspn WRIPRN déothevin ADBR previous figure,

SU31965 AL QOGP bl 5 APDRE Lo ML B9 V1, SREEMATA may

@)Ioteﬁtlalllﬁ @Bingeawties MIDDRA chirigef)yevint theoglp it A€ ignored. Dunng the
SSBI._DATA QUT |ine, SSBI DATA CE asserts .to indicat
FHERNTG= droxsle BR_DAReds Frepled o prhift segistand-er 266 nand shified

B A0 S AR L0, e e

40 dtive dp’taom:rﬂas she'AYBF AABA pafl andededinsHigH 38ii1 Notles ditathas been

S5BEe Bug DR B BRECKHELE, Rl s R so e
Qm%lghyrég@&\qpﬁ&dg@e address and read data. In this

case, there is one clock cycle of nonoverlap tine. An
é@iﬂéﬂﬁ‘@g@ﬂl@f reahidgtaap putpuchiiillsclodkatycie caBSHlL/2r aeaainbtdlpanod) This

h t _wh SBI it t
RO s T ent B 5 e b el 0 oSt gt 1 i
bhdel tHRRPB e CRCR cH16 of Rotdierlapnd. tAL zﬂivﬁﬁﬂagé/ of @Ys approach is that
out uttln%theread dat a earlflwnlt wll be o et

y
Bb@ﬁ@l alpjipshifipdigut whed HYP mo@é@woulddmeendrmme point of

I S 10
5 I " hRaEE e AR S CaRE: e B e B R ety By
St Khwdtldata éarl eid will beiofRetIHBhe PAIA taip cfétaﬁy\/\ﬁ]aldﬁ it
t he fliﬁlguresa The flglures show eSSBI _CLK at one extrené1 appear

ﬁ@ﬁﬁéﬁé"}{eﬁéhe pasier realbeexpeqi o segdk-st case” will be such
e S s SIS 11 B L, v o
binbchgp ittt SSBI T0AT Aesishakh ibyhofigures.odhe dipntes. shoti SSBI CLK at

does not introdyce, a prob l nst ead, of
one extreme, perhaps Hx Q‘best%asea el“rl]?e “worst case” will be such that the start bit is

found one full clock cycle later, resulting in all the signals (except SSBI_DATA) being
shifted to the right by one clock cycle. This does not introduce a problem. Instead of
sampling the symbols 25% into the symbol period, they will be sampled 75% into the
symbol period. For reads, instead of driving SBI read data 1/2 symbol period early, it
will be 1/2 symbol period late. This one cycle of variability is reduced to half a cycle,
by using the LATE signal. It is generated by the circuit similar to the one for
FOUND_ST (both detailed further below), except that it works on opposite clock edges.
When LATE is 0, SSBI_ DATA_OUT and SSBI DATA_OE are delayed by half a



sanpling the synbols 25% into the synbol period, they

wll be sanpled 75% into the synbol period. For reads,
wonsisaae2of driving SBI read data 1/2 synbol pecrws2005/018107

early, it wll be 1/2 synbol pgriod late. This one

cycle of variability is reduced to half a cycle, by

\ : L. ( " 2 DY
ERLREsRSHOTD R, ik SO 8 i
Wﬁmﬁ@mwg Llé\g’(gl lsignA@rlz alss @xist rfgrééllldz egﬁpl\osikvea doewerter 1420,
When i S , an [e

aETosyes Bpveand d%tewl%isﬁﬂb?agﬁfr%&? ESPSETTRG' 5o Sinen

i@;{glcl :A21toe ter &Pﬁ%na@ S GhbyP5e in%ludg{i‘ Sudd !h%’t“cﬂerr%iaster dhexe/ice 220 may

the LATE signal also exists for t
88ble shasleve clovk by aettihg 20meistave oegistedbigbdenetedrigre as TCXO_DIS.

Bkt bbb i BV RSHLELR H7E Bt eTe B B Sordypesin, the
tidfer UBECORBhGRItIRYisEueheO 0NBY B GaPHR d4R. SHAYS GbRfkd by the

by setting sone slave register bit, denoted here as
slaxeuiish gwireates HieRIBSET I RCXOt DIS bignall alkas sigml regers TCXO_DIS,

b2 e DR DB A9, Ty g o
$0 PUE theTHBE sia¥e GRPicHIiAkIRY kb Sh@tenceMivel paRBe @taifed further

the RESET _TCXO DI S signal. This signal resets
PelR®)DI'S, which in turn again enables the SSBI _CLK for

shave,  Thi a I t sger :
Wl FRYE 2g Al St B ol i A fRCEE oyl WlEn exemple
Sg8t alave dud intérfee 20¢0.0WariofD4lfddtives or tRE corlttal siechirésns shown
exanple circuitry suitable for _deploynment jin an
S5 deriget. Uimg AHembRAlion ol legio Fidie maghingy, gnicrocode, software,
3.{1& ﬁ{enﬂ‘%% VESthiC&xahilpfe, SN déﬂ%@é&‘%ﬁf B0 RNNEs FRYir&E Note that
epl oyed, Using any cdonbination of [ogic, state
iectunted signils depadieon SSBI UBAEA_ WM dandemay kleangk mn abdosdance with
%E%gpl ﬁi&fBl TCNT denotes the various states required.
%t H&t*%he control signals depend on SSBI _DATA WD,
Ewic;ﬁe el INFAGE QD ARAC STAM §dc 88 %s RERRfMum 2614 of 8
00143 he paraneter” | NPUTJD ATA SI'ZE is conputed as
ahe S8BI PATAR6YD. ofln harcta®gll eDbIdimant, bath taeanestenspire known

enbodi nent oth paraneters ar.e known apriori and ed
B0 el L) LR | £ beBs AT st fighPitisn” fofe 1BE Cselected
$eBEab RTASHAD _pPihiheldP) PaARNEBlk@hate ABmBbdifeAfitBay be def)loyed to
enbodi mrent” may be depl oyed t o acconmmopdat e programmabl e

vedomasodage poSEImmpbla velpes fus iSBIf BATY AP elhushfor jgkample, the bit

sel ectiaons f or e, | i 4 632- 36
S5 995 1< b L PRl B 80 P R ABSRAOb e and aer o
REQATASANH prédramgaty cAmticber Aapthepoptién ti@ Bal#eaa programmable

P ogramrabl,e . .
ADDR size, with similar changes for accommodating different values of ADDR. These

details are not shown. Those of skill in the art will readily adapt these and other options
in light of the teaching herein. For clarity of discussion, the following assumes a set
SSBI DATA_WD and INPUT DATA_SIZE for a given deployment.

[00144]Note that all clocked devices in FIG. 26 are clocked by SSBI_CLK, or its
inverse (shown with the conventional notation of a bubble in front of the clock mput).
Unless otherwise noted, the registers detailed below are clocked by SSBI_CLK.
[00145] In this example, locating the start bit is performed as follows. SSBI DATA_IN
is latched by flip-flop 2602 with inverted SSBI_CLK and by flip-flop 2610 with



ADDR size, with simlar changes for accommodati ng

di fferent values of ADDR These details are not shown.
wohosai1eR2skill in the art will readily adapt poess2@8di18107

ot her options in light of the3geaching herein. For

clarity of discussion, the follow ng assunes a set

5SRO YRy SN S100R Ly BEons s
Fd firoddée BORNID G (ﬁtked e Sﬁﬁiut@lﬁiﬂlp-cﬁlpr%SOImT]/éEﬂ&d msﬂxpvﬁbp 2612

hl&%’%%qslc %ﬁt}fl O%IQ tfg%h@f\w ,&a ghetgl el n glgsoar:]rte rgsfet by the
88 45]8f §66§?to§'sﬁ?xdré’§+@m?ﬁ? Ekpcﬁg«mw §§BN iidfched by flip-flop

hi's exanpl e ocating the start bit
geétd tr ppducsLADE] em@ledSﬁBthbMNDAZdM ofSFOENChSd :hyd NOT STATE.

s, §hacicted b indogdsaso proders TR, bgesl P toethverse of

lssm ftggkbyﬂfptﬂcﬁs b&oPisZR0bidus S BEet SEP! 9EuC Ghe enable for
N. "The output of flip-flop 2610 is Tatched

tﬂup ﬂop I26_ 2 4% detewninkd jbyvibe toatpusSEImeL R62(G vplkidk selgcts DO when

Ufo s are reset by the OR
5% Sé‘%s(?%’ SRS 5108 BES L FOUND ST N i s
|[(ﬁilﬂ$]BDNE if Bétpmith@Pas?BHEAND %QG TR AlRhe ©RR6RHo DO inputs.
the AND 2616 of FOUND ST and_ NOT STATE. FOUND ST is

The chistl ipguts 1 98 12684 262ther SNIP fu OB BEAD epb RGN = 9 +
f —
§§ %rln‘: r gjn% Tfﬁ‘ésgéecte%)ﬁl pﬁEEJE@_{SQ?—Q I@e enabeRE(%Dr and BITCNT =

ﬂhlmSBIoDAZ&QZVDS deterni ned by the output of nux

hlp DAL B Sl Lo B o
?§?§TQ@L|21§ %Habﬁﬁ%&ﬂg éég‘?[ﬁ @ﬁg%ﬂq\%@gﬁ%& REA a_[lg%arallel output
Bf ?.lﬁﬂffeglsiﬁr 2628SBlof Eiad ANRUT_IDAT A SEB8Rd Tha peast signi@Bar? 6atput bit is
st AND of D T

(el S B iy PE S TRt BESE e 1 to produce
%W‘ T BhBast R SGnP uPaBhitdldle 18001 ﬁldrel%i@térh%ﬁ’\{@ produce

2630 of NOTI STB and STATE. The paral |l el output of
ADDR, rengbled eby 2@28% obf SR &EMPUBITONTA =S| ZE. Titiee output  bits

S5 DB b P Al bR s R USA T, enbred
B&QH&ANIPEP!@OTTMEAB KEBS inGBINCNTCa0 - SYBIPDATIA tWDarKhis enable
latched in register 2634 to produce ADDR, _enabled b

signalnND st lasr;th R de @S TCRA3& toyprofines. H(R KB, basmchronouxslly reset by
%E?(?P - 1to 0 are latched in register 2636 to
DATA enabl ed by the AND of NOT READ, STB,

2001 48ISTONE fornfed-as SRROUPA TR P floplDica0 aaki éts input as NOT STB, and
reset by NOT STATE. NOT STB is formed by inverter 2644 inverting STB. NOT STB
is latched in flip-flop 2642 to produce NOT STB_D. The output of counter 2646 forms
BITCNT, which is reset by the OR of NOT STATE and DONE, and enabled by STB.
[00149] The optional clock disabling circuit, described above, is implemented in this
example as follows. TCXO_DIS is latched in flip-flop 2648, clocked by
SSBI DATA _IN. The output of flip-flop 2648 is latched by flip-flop 2650 to produce
RESET TCXO_DIS, which is clocked by NOT SSBI DATA_IN. Both flip-flops are

reset asynchronously by RESET.



signal is also latched in register 2638 to produce

WR_STB, asynchronously reset by RESET _EFF. [00148] STB
woO0dsansee as the output of flip-flop 2640, takRCmEse0s/018107

i nput as NOT STB, and reset bg7NOT STATE. NOT STB is

formed by inverter 2644 inverting STB. NOT STB is

e e g 24 B ORI TR ) e

toh@u(]af dfip-Kop ZFVATEl“mmpﬁl(}ﬂEﬂlpaﬂmp R6Abisetheyntsit Bf flip-flop 2668,

ae Phet oot S APt LREFR DA TRPY HEchsoRkdipapskisset by the OR

fzggggp@cx'(jlagﬁ)s%§ gratched in flip-flop 2648,
cl ocked by "SSBI DATA I'N. The output of flip-flop 2648

|[@ﬂ1|51itS<SiBé DAY A IQT.ﬁF id ssfecRds0a nnIXp’&ﬁﬁéwsehe shift output of shift register

! TC§$%6§ agﬁeé'{: EESﬁwﬁ‘mu@I s518 &;d—v?é-l;ﬁwc l5'664 as the

9l of Qﬁﬂ-ﬁ% RESE b T ATE 0dTRgsed@d! MRipOtd P66 0fakes as its input
fI| -flop 26 the input of which is the output of

fhe phlfq @ﬁpl;ztacrb Shlﬁh@glstﬁp 16600 clockgsl by dpe devease of SABI_CLK. The

SHBA oy 4180 bR B S AERT S W 9 B .

tIfhe sﬂﬁ ﬁ@ﬁlﬁto@hfﬂ' fé‘gﬁt@DSGQMa RESEShift F&t&13660 is loaded by the AND

SSB| | ected via nux 2664 as the shift

eﬁB&a\D 6‘?0? I%Tﬁ an@&ﬂ%@&f =% 6dhiffinepfishifragistes 2660 isemabled by the
t put

ﬁﬁﬁ??légﬁFop 2 }4Zﬂﬁ§$§ﬁ#§¥%§g§g$3{%&eFFprglop

3 R2]SEBEDATA OF lsl’]MJéctddhelaSﬂnui t2666ta3USSBIf DATA tOE REG when

L3PGB ST, Bl el Sadtu o8t me supu of ip-fiop
SoR _RALA MDA 1 deg RES{DAJsAeﬂtéHJUt Fﬂ_}b ?logh'2‘6t54' ;{%é% LR its input

shift register 2660 is a O I ster
SSBAdIADN. Ofie REKE of clRElid, N(B]? STB;e andnBir§eCNT of 9 SSBI CLK.

ek AT ACRrSRE e (Rl O deu Ti Adpord Ty Gyt fip-fop

S681 isPd ANGFof REI, %TI‘I@‘FLI’IVﬂ»a 1012h AT NS <= (0 +SSBI DATA_WD).
SSBI DATA OE REG when LATE is asserted. SSBI DATA=CE  —

FlipSpededs eriabledhby SZ%@ndagsmhbrouguqéjaresdfbyfRE%ET | K.

TE t t 654, t ak
T G e R TORE ool g Bplp Bl e e eeders block
08265SEl th@LéﬁmgﬁBSsmmmﬁ@]s set toB IBdilBSdRE Qﬂio%ét Register
of flip-flop 2652. The input to flip-flo 2652|s

Am) & aTREX@flPlBIW@RFPT Sor storingAa oBIPPCNYR<REGyx DATA It receives

asyn c%% Fo o iBlinpd | R'[CB é%&é%%%:k’g@hﬁ R $FB PX1an] Biritd reglsters may

nously  rese
be deployed, and xxx may be substituted with an appropriate identifier. Note that for a

particular address, not all of the WR_DATA bits may need to be latched, and thus the

corresponding storage elements may be eliminated. An enable signal for each register
2710 may be enabled according to the corresponding address, controlled by ADDR
(details not shown). In an alternate embodiment, SSBI_CLK may be used as the clock,
with WR_STB incorporated in an enable signal. The various WR_REGxxx DATA
outputs may be delivered to the slave device 230, as desired.

[00154] RD_DATA is formed, in this example, by the output of mux logic 2720,
selected in accordance with ADDR. Various mux implementations may be deployed,

such as traditional multiplexers, combinatorial logic, tri-state bus techniques, and the



[00153] FIG 27 depicts exanple logic suitable for

depl oynent as sl ave registers block 2320. In this
woxermlie22 SSBI _DATA WD is set to 8 for illustracras2005/018107

pur poses. Register 2710 is an3gxanple register for

storing an output WR_ REG(xx DATA It receives WR _DATA

dike! U bR gﬁts Wikl g@;« ? ds1§1¥a1é’\'ﬁe§3t§d RBRY:GO DATA —

Wwite regiSters may be depl oye and xxx may be

RDREGH UDATAW thd aaraapq:ssxgped aace:ordimglt td i the. chtrb@ohﬂmrg address

for. articul ar address, t aII t he DATA
iR d Pt TR cme ToLEPTETS SF T e A Riovize 230, as

Q&Qﬁﬁge elenents may be eI|n1nated An enabl e signa
for each register 2710 may be enabl ed according to the
corresponding address, controlled by ADDR (details not
Egﬁﬁﬂl'tlﬁ gltg&&fte enbodi nent, SSBI CLK may be

th WR_STB |ncorporated in an
enabl e signal. The various WR_REGxxx_DATA out put s

Q’ébe delivered to the slave device 230, as desired.
I i@mmmwusﬁatﬁ%m@@mnl%emh@@n@nmﬁﬂnéSBiymm 1110 adapted

0 S te r dan Wi t h
e STt SR RSS! D LA bponaing
ﬂHﬁdﬁpﬁsnsi; rdathilt the rtﬂhbngesl requitedxiar the e&@iiﬁbldWSSBI I\@stek dgécdibed with
-state bus techniques, and_ thelike. The inputs to
ﬁiﬁeewz 1G5 20123 fbave. 4o gwpnost FeYicormnandretes apmgle wire bus. This

@@B’l_:ﬁhs@f“gﬁo %Q%B%lg o?%@g&ﬁﬁ% [i5ai @Sﬁf{_%n{rﬂarfdg @nd FTM commands
correspondi ng address I ons hese 1 nputs may
(ﬁmﬂenddemeiemtwlvﬁasecb omiat dmﬁguﬂaeom bﬁmlleka’[FMa MGD,E)aél‘able 4 shows

S80S ppit Fo A R eale “BPAHER S SHESR MRS COmDIE a4 the ports of

magieer 1110 adapted to support SBI FTM node, detail ed
above. FIGS. 28-31, and their correspondi ng
descriptions, detail the changes required in the

2028, - above, 100" GuANO LE A LAIERET DRAARLOu ngi o

wre bus. This SSHI _master| 1110 1s capable of
supporthﬁﬁ bot h SSBPUEHRands and FTM cHeREHON( t he
o confTguratTom ort—catted

PISABDBEY ERMA M4 Ispains  adiohi KT maddepwhers set,omilk duppress the
exanpl e enbodi ment|, whi ch |nesmineti@osybibed drowd bding fedit to the Slave
ports of Table 2. [Table 4.| ivhkl dridest t2pber Mast er Port

Descriptions [00I56] The sgg$a| FTM MODE,  When Set
i FRMapY N cesismprt | bt i ¥ pradeppesesite seristitiio
mode accesses. thd wavef or nigrminatier sysahol tovie Siave

%'TM_'I@()D‘EO the non 'Yﬁgﬁf L ed prv mode enable bit

SLAVE_ID[5:0] Input Input Slave ID

[00156] The signal FTM_ MODE, when set, indicates an access will be in FTM mode.
For non-FTM mode accesses, the waveforms and circuit may be similar to the non-
modified circuit, described above with respect to FIGS. 17-22. At a high level, to
support FTM mode, the following changes need to be made: First, the command format
will match FTM mode for 3-wire mode. Second, the circuit needs to identify when a

burst of transfers is completed so it can send a termination symbol. Third,



circuit, described above with respect to FIGS. 17-22.

At a high level, to support FTM node, the follow ng
wohersges2meed to be nade: First, the conmand fecmais2005/018107
will match FTM node for 3-w rggnode. Second, the

circuit needs to identify when a burst of transfers is
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311 note
ibp:—ébp 3i130), brd {s ussti t@dermt;esw(neﬂlenan accesit ie ltheaﬁrseseceés’LQO) or a later
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subsequent access in is burst. If so, ACK pu
teﬁ@nwedv“é)alﬁé?@NErls highdo deferning if thers is héulwaumt Iameas wsthis burst.

be GROL
?qugﬁcaKs. ?él%%so el A(}%J %&Frget%?s agéheeﬁl t\'go ti&? g ¢ é%nnormal except
\t‘hdtlth@@camr ehaio adR benbdrifighted msbﬁﬁds e RodsibRs fhnﬂhiﬂ?ave ID. Also,
start bit, node bits, slave ID and first pause bit are

D awileanereleaded éitly Y instead of @ ctines the stast bilomside bite, slave ID
3.y, DONES 0 8 1

$00166]|At nleeeis] dfm lbl&stC(mhpﬂEr it Thddea me ttaBsfeosr 4 tinch of transfers), a
duratlont er ion s ]S sen During this
fqrpgnatigp-p 1:1%6@3% ¢ Be PRER ?éﬁ@%%?fts %V@Pee dyragdon g tgpmination
symbol is sent. During this time, BITCNT needs to increment every cycle instead of

every other cycle and the pattern output is 1010. Alternate embodiments may utilize
alternate termination symbol patterns. Once the termination symbol has been sent, an
internal “done” signal, DONE_DELX, needs to be generated and delayed according to
IDLE_SYMS such that the next burst can start when available. FIG. 28 illustrates the
waveforms showing the end of an example burst. Note that, in this example
embodiment, STB pulses twice during the termination symbol, although it may be
ignored by the circuit (detailed further below).



every other cycle and the pattern output is 1010.
Alternate enbodi nents may utilize alternate

woOeorsinakeon synbol patterns. Once the term naPCoWS2005/018107
synbol has been sent, an integmal "done" signal,
DONE_DELX, needs to be generated and del ayed accordi ng
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eligmbigs MOl SPRpAFLL tg gaﬁﬁﬂﬁ {0 % T«%bh%ﬂéﬂ tegghipg herein.
Tdo‘i@ﬂ G (ﬁeitlﬁbtlraﬁgs e tidagtedds !;19‘@)3{) él@i@ﬂ@l‘l fRk %1? g%@at?bl& parameters.

| Tustrate exanple circuitry suitable for deploynment
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the nDdlfled | ogi c dependent on the configuration
st ers. SSBI _DATA I N DEL generation is the same as

TR oD s SEAERG L 08 Bara nx
bhRdeRdSSBI ¢ @EDAS]DELSISBH BWHA]EIN DIBIEis gBhéi@fda' Just as in FIG. 20.
|ncrenents every clock cycle, can_be igno

SB1d2M R4 ispfegtinto Hip- ﬂQHfiequQpaI@f 293106 Notg thaf alétom(@% devices in
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natafbSof 2BublESHI ﬁmmm@cm;dnpm ONbei thatfﬂlp-ﬁ'B)pZIMO iextocked with

Sieoicae b} SSRB{C1dkand 5 op 2070 7 Gactedii SopE i afect. The

%lﬁfg}gEB %ﬁ&p POt @l cﬁfécféﬁ t@ tﬂé‘%hﬁof Rid-ig8 20X, E@BI DATA_IN is

Note that flip-flhop 2010 I's cl ocked W't
tblévereds éo smeoinp@®SBf 1DIK ZOéﬁ,d ag Ialrep ¢ @ptpRO30L i fip-dlops K281 0-2030.

ggh&tﬁg’fkﬁﬁo% :?364 r% fe-{%:? (?I}U Itgn Of L p2646) %%Ooutput, or

SSBI _HDATA NN her.del i vered to one |nput of mux 2040, as
are The olUtputs of flip-flops 2010-2030. SSBI DATA DEL

109164 dcaino XANBCDEbXeisi based oofIDRE SYMS. ads ihF1GuLHulogic 2050

pdireaster ReB maide O (Hofidr sebap R Bk 17 +

DL ETEYRIY) ah ESTORAD! an WITCBREADY ANDIB! FOINIS)E Nifix 2910 is added to
| DLE_SYMS) an %SREAD and BITCNT = 19 + | DLE SY

m)du@ R@NE_BEB d PONS Bilee lmtﬁﬂwhem@f[@_l%)%ms%w when
HINE 3407 LNl RS 20D BRI o
EsTMdsbiidd= Recall that numbers in bold correspond to SEL. RD DATA=0, and the
numbers may be modified for other values, as described above. As before, for
simplicity, all the numbers correspond to the case when SSBI DATA WD = 8.
[00165] Most of the modifications to the logic design pertain to the shift register chain,
which are shown in FIG. 30. This chain is extended such that it can store the mode bits
(01) and SLAVE ID, along with pause bits, which are present after every set of 8 bits.
These additional pause bits are treated as transmissions (the data values themselves are
irrelevant) as opposed to tri-stating the bus (like a prior art SBI block may have done).

There is no longer a need to tri-state the bus every 8§ symbol periods.
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portion of the access, when 2&9 i cabl e 00174

2026 issseleetetds Theoutpus oﬁORgat islalse el q:tg onFT ode for the first
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e sen
mode, and may be used to bypass the mode bits, slave ID, and pause bit during the

second and additional accesses of a burst. When REQP is asserted, READ is selected as
the output of mux 3012, otherwise the shift output of shift register 3018 is selected.

[00176] Since, in this example, the termination symbol toggles every clock cycle, the
termination symbol is formed by inserting the termination symbol bits cycle-by-cycle
into the final register 2110 feeding SSBI DATA_OUT. TERM is used to identify when
the termination symbol is sent. This is implemented by feeding NOT CNT_EN into
register 2110 as it toggles every cycle (using the inverse of CNT_EN as the input allows
the output of register 2110 to be in-phase with CNT_EN). As described above, register
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RIUTPATAOPREi A4 with the other shift registers, shift register 2140 is loaded with
REQP and enabled with STB.

[00169] Register 3022 is added for use in FTM_ MODE to store a pause bit. Register
3022 is reset by REQP. The final pause bit for FTM mode isn’t directly stored, but is
shifted in to register 3022 from the shift output of shift register 2140.

[00170] Since this SSBI master supports normal SSBI mode accesses as well as FTM
mode, various muxes are used to either select or bypass additional bits required for

FTM mode. Additionally, in FTM_MODE, extra logic is used to bypass the mode bits,
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for exanple. In
FIG. 22. This logic performs all the same functions as the earlier embodiment, with the

following modifications.

[00180] As before, REQP is formed as the output of AND 2204, with REQ as one of the
inputs. For REQP generation, DONE is added so that multiple accesses can be
acknowledged within a burst. REQP is latched in flip flop 2206 to produce ACK. The
other input to AND 2204 is generated as the OR 3102 of NOT STATE, the AND of
DONE and FTM_MODE, and the AND of DONE _DELX and NOT FTM_MODE.
Compeare this logic with the logic of OR 2202 in FIG. 22.
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[00184] TERM is used to force BITCNT to increment every clock cycle during the
termination symbol. TERM is formed as the output of mux 3150, which uses SREAD
as its select line. When SREAD is asserted, TERM_READ is selected, otherwise
TERM_WRITE is selected. TERM_READ is formed as the AND of FTM_MODE,
BITCNT >= 28, and BITCNT <= 31. TERM_WRITE is formed by the AND of
FTM_MODE, BITCNT >=27, and BITCNT <= 31.

[00185] SREAD, STATE, CNT_EN, and STB are generated the same as in FIG. 22.
SREAD is formed as the output of register 2210, with READ as the input and REQP as
the enable. STATE is generated as the output of SR flip-flop 2220. The set input to SR
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TR YRVRES | B of SSBFq) AL AND ﬁfT(ﬁq'gl%Dgowzgwﬁ The load

27, and BI TCNT <= 00185] SREAD,
saltle WEKEN'@ mmvaﬂqubndém opantetlxs onr mofthEac@Rs isSREARtiof a burst.

f ou e ~ W.th READ as

PRSP SONTHS ubh B e Stk TRk et hins Weich, SiHeR ahsepted, slects
Gﬁldlb%s%%e S BIZRNT ILmWAEpa&i?@booG BhesBikel NPUt to

lop 2220 is formed as the AND 2216 of REQP and

EBM GW@, rebish jismpusedt JoSHofrh | hef | tspmidatign i symbol when

éﬁ@ﬁjﬁ‘m@%ﬁﬁ%@ ) U s ndoBithute fllows.

EN Tﬁmt@hﬂ"ﬁs fibrnfedf dsatRe 2)3%4!& of BR #1pPAdp 84 NTRe set input asserts
ﬁflop i s the inverse of its output, thus the

ROh_ONTsvipenl SENIATERMYEM) | @eaertesjfcl eEwJEERM_@NT is

%peﬁkg%ehs@@t o l%’hglg ts%-ﬁbc'o%g\)s &(}Jﬂgle{eﬁs%é&lcgtﬁé ’bK&PRM CO. The

TG ﬂ{pQﬂd;B?lf-Bll imi\liﬁ tﬁﬁOR 3142 o RESHET ard TERSL ©ATPERM_CNT is
al ternat e enbodi nents_pay _provide different paraneters
R &t frlgwg l%rm%?mpée viherah qtherdergnaeonryaboloa vampus @ther sizes

0 Ay R PN AN b e

TERM_CNT is formed as the output of counter 3148, whose carryout is assigned to
TERM_CO. Counter 3148 is always enabled, except when reset by the OR 3146 of
RESET and NOT EN_TERM_CNT. Thus, when EN_ TERM_CNT asserts, the reset to
counter 3148 is deasserted, which causes the counter to count until the carryout
TERM_CO asserts, in turn deasserting EN_ TERM_CNT.

[00189]Recall that an SSBI master 1110 does not use a slave ID for SSBI mode,

although slave IDs may be required for SBI mode. Since the slave device will decode
the slave ID, it needs to be specified by the microprocessor, or other host device,
through a control register, or other techniques well known in the art. This slave ID field
may be output to the SSBI master 1110 for each transaction. Note that, unlike with SBI,



3140 is the OR 3138 of CNT_EN (or STB) and TERM In
contrast wth exanple of FIG 22, in this exanple, the
woidish1eR2BI TCNT is increased by 1 bit since weCi/us2005/018107

| DLE_SYMS > 0 or SSBI _DATA W 8, BI TCNT may count
past 31. The |oad value for BITCNT is now dependent on

e [ g i i £ f u
I8 o 8o tallin S ot Bpd REvel nbdts 16 chhed iy o Shgle slave
WhioehectethnaneSSRY pad, Iis edditiors IO MODIS spduifiesalhethepfthe transfer
Bl TCNT_LDVAL, _and 000000 ot herwi.se. [ 00188] RM CNT,
shouihbé dongs %Fﬁﬂd OKENOF et PGy ﬂit“fsofhe SHRE cﬁs{ﬁﬁeﬁtﬂ 1110 to be

- XMd 8 : A%idessEs BREuADAYVSSBI & SBI t

%&%@fﬁo@%ﬁlﬁrﬁ%ﬂ_m is for mag as the out pu%onve o
bloclSRuéh agblbtlopd2d] détaildhfartbetbelovput asserts
EN TERM CNT when SEND TERM SYM i s asserted.
EN TERM CNT i s deasserted when the term nation synbol
5SBEGIPL Stssdbrti®sFTNdi cated by TERM CO. The reset for
W%ﬁus the OR 3142 of RESET and
TERM CO. TERM CNT is a 2-bit signal in this exanple,

| t hough ot her. ternination,synbol s .of ' :
GGG S o FHoAEN R SRl E AR, A B L B o, one
Hprbdrt® P46 6L tHYVEM tBetalERBVANT SBE siysporEloels 122(as shown in
out put of counter 3148, whose carryout iIs assigned to

FEERM40and mowdet &y SSBLslayesconvowigrsl 43R albat allowe wicte phterfprerfo a 1-wire

eset. b 0 L
e
3drfbBaté $hedSBST aintl SBCKighalscaidsfesd tHose ¢mthet extisting LwiratSBI slave
until the carryqut TERM CO asserts, |

SR 23 hg . S RATID o0 B B TerBede I 1 Sproafodssgpt be used,

r , . .
ISR bl ol et S8 o B Ler WBER, S s
1220, sTa¥es itelides puit desctiptiomiefot reexsinzple SEBY slave erawelidert 1d20.
be specified by the m croprocessor, or other host
devi ce, through a control register, or other

t echni ques welThblk30WSBIISldveeCodktrter BorsDedceptodsD fi el d

may be output to the SSBI nmaster 1110 for each

transacppgn. Note [tHBLotionnl i ke W th SBI plelirpiibhel d may
be programmed | ust| once and never needs to change

®RBD @A I8i ngl e sl avelgi S, con ted to an SSBI port. In

additi on, FTM MODE Blétci file 0\(f\}ﬁet her the transfer
Wd be done 1 n [FTM node or not ch allows the . .

same SSBl naster 1100t o he HEEARE HIS P@’éi( T’\jﬁﬂr@& it until

slaves as well as [1-wire s|H¢XQ 1§00 se an SSRI to

SBSTcB¥ivert er bl oclk uch C fetail ed

further bel ow SSEIIn% ave g%%%?ip:ﬁ%%é%%ﬁ% '

SBCK_IN Input SBCK input from chip pad.

SSBL DATA Input SSBI DATA/SBDT input from chip pad.

SBST_OUT Output 3-wire SBST signal going to SBI Slave block.

SBCK_OUT Output 3-wire SBCK signal going to SBI Slave block.

SBDT_PO_IN Input 3-wire SBDT, PO signal coming from SBI
Slave block.

SBDT_OE_IN Input 3-wire SBDT, OE signal coming from SBI
Slave block.

SBDT_PO_OUT Output 3-wire SBDT, PO signal going to chip pad.




[00190] For a slave device that needs to support the

3-wire bus and 1-wire bus, one approach is to design
woOhersghieee to retain a 3-wire SBlI support bl ocRCT2R008918107

shown in FIG 14, and to add ap SSBI sl ave converter

1420 that allows it to interface to a 1-wire bus. The

SSBI ST ave convertler bl ock 1420 may be Used to convert
l-wire ?P&nal i ng tngéfme_ﬂate t he SBST ams@BCiGnsi gnal s

lalw]] ade oy

rIreextTSsr S——-e—SBt—st+av-e
‘??Fbgu-lfﬁlﬁp ;8 l 'LIJ'h uSutptror thwgreGSED’DJ GE sighallgdmgﬁb chip pad.

A ETM ydst must be ||cnd as SSBlL__commnds

SSHLMBEE beor oper Oyt o SEEKETN B SHSTonVArfathe 23 e
circuitry 1220. Tabl e S i nciisdss iPPiired 05&!. ! P ptions

gg%?y e SSBI sijave convertet J.L|-4U [UUIa ] AR C)\allpl €
slave convert|dnpui420 |ngotnes ﬁlSIBGIEfVOTIGgISIBNMDd:k figis <0’ is

SSBI _si qnal ing intljo SBI sigmamiaheperdtizm, f 1N wheniSSBINOUE is off.

RESEpASXPISuch |c verS| vvhen n 3-wire
SpeEﬂ‘9 i cal I_?/), SSBI @qﬁ g%‘?sttgls ay SR%St?rrblg‘ﬁféo reset

SSBL_DATA line,  adpng ot harrEC QuBI Egistentik t he SBCK

and SBST si gnal s for a standard 3-wire SBI sl ave
bI ock. In this exanple, SBDT does not need to be

t 1420 t
R0 AL Brbis SRBI RV oBRRHRT R0 S hrcosstfof ol eiyae SSBI
hlgmﬂng ia® SBREdghdied viave 1wvirb n[cﬁl‘ép&cbyﬂagslfé Qach%nversmn when

%8?192] The SBST. and SBCK i nput s eg%é be used
AR modps Spsgificallpy %Bwllaée Gpeveater dkes gndb@,.SS&LDATA line,

uéé‘é#] & BtHIRAGnk }[eﬁ&lat%gttﬁéjsﬁ’@ﬁ‘arﬁg ‘S'l“ ﬁgrqansgfﬁ%"} Qﬁn%r? 3-wire SBI

a COITbI n I ONn never OCCcurs urin
sleenbloek s . InTthiss exquplanSBDT S@s&ﬁtlmdttbeod@ﬁﬁra@é@hﬁSSBI slave
e selection pin o

t he need for a dedi cated d
PP 20y s 3 e P egfg‘/ g@ﬁ@eﬁeéd)etwmﬁh@ e 9p&B-wire slave

Bleék ﬁﬁ%’scﬁbg@%o‘%e@oﬁﬁlf@gﬁ%@ h to the outputs of
hi s bl ock, as detail further below. [00193] In

[DDWZI HIGTSB§T th’bSBSBI ingiugss emaydvey esddeto Bétomkind 42Q-wire or 3-wire

o 8 St b doEpee relecti b ShOEptRld SBiF iy as such a
aaihﬂ)lﬁacﬁﬁln 1Rl &:cﬁfb‘mﬁfmn%%onﬁhloﬁ%r%%sﬁkss orfiQ Bbﬁorg%g#@@tmg the

term nati on sy is used to de-asse
mAde pwids thpored fvggu dedigatedymeds stlectiogpasordiegistet.| If 3-wire mode is

B A SR8, S Ll S s o i

blb&k,zaﬁ dehilepfutthesisldeat ures is detail ed bel ow with
resggect to FIGS. 32-35. [00194] FIG 32 illustrates a
1181 -wire gue, the $PBI slgve eenverteribiock 1420exeininssithe SSBI_DATA

PRSP 590, M Ry LD SBRGLO6 SR . e
SﬁBIeslaNb&nnﬁBféKbIBclm U@ alSBRbkk forabe fh@iMAtiOY syrbol AMRch is used to
ci%e assert SBST and halt SBCK toggling. Write data goes directly to the SBI slave
block, and, similarly, read data is returned directly onto SBDT. An example
embodiment illustrating these features is detailed below with respect to FIGS. 32-35.
[00194] FIG. 32 illustrates a portion of SSBI slave converter 1420. The circuitry shown
is responsible for determining whether the mode is 1-wire or 3-wire. SSBI MODE
goes high for 1-wire mode when SBCK=0 while SBST=1, as shown by the AND 3250
of SBST_IN and NOT SBCK_IN. SSBI_MODE is delivered as an output, in this

example, in case other functions or blocks operate in accordance with the selected



of SBSTJN and NOT SBCKJN. SSBI MODE is delivered as an
output, in this exanple, in case other functions or

wohoisks4aper ate i n accordance with the sel ect edaoas2005/018107
SSBI _MCDE is al so used to conggol nuxes 3260 and 3270.
Wien in 3-wire node, i.e. SSBI _MODE is not asserted,

%r{ebgigg %ﬁg?{ afés@ﬁ;,g' rt)ou t;o%(?lﬁ%fé 3@?9 aégg?}gﬁxfhen n 3-wire

ﬁﬁﬁ&_l@JSSBI MODH isupl ysseWtE fthd $BCKvandeSBRIpad inpets (SBST IN and

SSBI MODE is asserted, nuxes 3260 and 0 | ect

SBEK &N resmectonbr_aensdlertesk foruopipt 6 é%%& anfy SBCK_OUT,
. &

I ?&lﬁvﬁ@ g y’g%gtelﬁsil gﬁlge%/mog%%ée}g a@tseﬁgﬁgg}ﬁ{ a§se cd muxes 3260 and

270 nsehacof SBYD GENclandy(S[Béch GEN stcenbmrcaﬁputha)h SBST OUT and

ggg?\aﬂ]:f wi eventual |y seen by the circuitry

HSSPEF% Yis off., Asynchronously settable

f[do'1 RIEQRS BPRGs 2 3Pdbheda & %&ﬁ@l g&&ra&t@d sPMhat 7% Qﬁ’mﬁﬁﬁl% of two
TCXAJ

YI'S and RESET. RESET EFF formed as th
olsucb wicles. ﬂhsmrfsump B RESHH e‘EHmmlﬂ befeventiplyf bagn lgrzﬂ:@ circuitry

e300 oo

tBEOR! 2 105OTCKOO DS landl RESETS RESHE! BFF $5RIrdeA TS the output of
ouId be very simlar to SBDT, so that wite and read

ﬂmrﬂﬁg 3240.r Ehexinpyt pifliphBops 3240 isrthe avighieefstlipfilaphad3Pe whose input
B R Sheb{ T Ao a R M DB 0 TP BT T

V00t 6] &Y s Sathpld, SSIBICYATA delRlybe vy Sinvilid k6lSBBTS €o ﬂiaewnte and

sl ave SBI . bl ock f e. 1220) to see al]l accesses on
£spd| mngy sy relgtielynihie same.t fogardiesk af yWhglherdomaet the §SBI to SBI

Q&R@‘s%’ﬂ o&:‘&fs r@?r%?der%ﬁ%%%ple%%}e S8BT SAYANS Lol BIV?,E and SBDT is
appears, one out*one cycle tTater than
cleatedagitle Bveieme:domb olcle kielagx pﬁnt wogld tauséshaslhes SBl[ block (i.e.

it i.s nece ry that the SSB|LJDATA b d. ont o .SBDT
m%atseeaﬂi s%r«%%ff cysis later. i:%wgf’féh ?nst ﬁ@lws&ﬂd;ﬂ%la? a gyoblem.

gﬁla}e%%%ﬁfl&féh %%n%@?étuﬁﬁémgia %?garﬁeﬂ%&ﬁ@ b€ ouPele cycle later

hals intinm to slave timng
Thansvireaythd mast@rrémaet woulddleygxpsétingeit.i | As talvesudt, itas mewssﬂry that the

SPBrUERR 1 BT afae Bt 1, "R Bkt protem

fOlo| R e start Eﬁﬁ@&@n&egeh%tesﬂlé'SBWMBCK sigiAlsCR time to meet
SBST to assert (go low. 3. Force SBCK |ow, then allow

the SBI 1Sb'gg Itemsgc hThis anas be sotmengate tipkyosinoe dn dhedyration of two

cl °ﬁ°k1§g ks é%nﬁl ﬁ%‘i %8%8%%%( )agjeel ég}%[% e Wobiter 1520 needs

@9&& lﬂ;éefrouawl@x AR RobrizeMHeGhart §en523BRJ FETA IBITetol fsdril(go low).
the idle state, then the
3. Force SBCK low, then allow it to toggle such that a falling edge occurs every two

clock cycles. 4. The second SBCK falling edge will be used to sample SBDT in the SBI

Slave. .

[00197] Consider an example in which the SSBI_DATA line is in the idle state, then the
SSBI slave converter 1420 samples the SSBI DATA line on SSBI CLK rising until it
sees a start symbol. FIG. 33 illustrates the waveforms for the start of the transfer. The
start symbol is “found” and the signal “deglitched” in half a clock cycle causing
FOUND _ST to assert. This asynchronously forces SBST low, which in turn disables
the circuit searching for the start symbol. FOUND_ST is delayed half a clock cycle,



SSBI sl ave converter 1420 sanples the SSBIJ)ATA |ine

on SSBI _CLK rising until it sees a start synbol. FIG
wGB200slhueer ates the waveforns for the start of PCDAIS2005/018107
transfer. The start synbol isg found” and the signal
"deglitched” in half a clock cycle causing FOUND ST to

[t .. Thi synch f . I . Ahi '
Bl el R REGHRS e MSERRite pflighl e bPSBCK 1o
53600 SBSTFRINIFATNDs STekraysd togbtheratoodnable SBCK eo Adggd Since the
with itself, then used to_cause the first falling, edge
8RH slave ispgplesl dee symisgiern PO JaHgefisy % eleekyg Byng sampled

. eshhetod 0 enable SBCK to toggle. Since the
?Bﬁ’lgﬁaﬁeegsan%pgéoé'he synmbol s on SBCK falling, they
0L Nbecthatv$$B1 EKnhmay awp be dindd %p ias tshowie Véattiotlepicted in FIG.

eriod. [00198] Not e that, SSB|, CLK be |i .
RS AR iAHY o chesp ot T 4 SUPTPh CRPECERES T1Eh S (e 157 pflbol s mot

d i i I i ) FARSRCRCHHEJatHC I ii@badeN 811 the signals,
g‘?gﬁd s@ﬁ%gﬁate?%%#g?ﬁggaeg?ed icnmgdi atael y, but ?af her %Slgnas

FOUNDR | 6 KBS | SBCHtshif; tchthettight byalks elocklcycle.helosprghinegly, the data
FOUND ST,. SBST, SB hift to t ri ght | ock
RS SRS T h9-s SEpREOTedy SuthEE gt for both
R, SBOTtHA SBOROMmapesd Sehnerdted WokrectBe vaMPadspett .tof SSBI DATA.
bot h cases, SBST and SBCK may be generated correctl

WATIE is spidasitto the idamicalbamamed agmal; detailad abawe %thtrﬁ@ec%/ to FIG. 25,

i dent.i cally naped.signal., ,des ai . abOVEn Wit BT

OB R RE LR ye1E B BB PR B PO BRI 0B) o
KA haickichyte (i n SBDT_PO and SBDT_CE) to half a clock

cycle. [00199] The waveforns for the end of_a transfer

0399 Rbavrvavaformetorathe ead o dr ragiar e shavth Ml s yfriiring the
A\ a it

5GP AR5 A 0, 85 440 Voo
grrphectitvendlock ¢yeiess Yiftoexangpls tdrmotation syraballs eeledted, decause it
t he shortest veformthat is.djstinguishable from any

sy S OBER avavafPTEX e guAbIS el 45 SYFRROL Aty sAn example
@ﬁé’tﬁ{ %efﬁ Hﬁ%lﬁ %ltﬁissﬁfmt@ﬁ‘n PaBtalBAAnPNEISSBICHATHA, over 4 clock
cycles Tooking Tor the pattern. separate circuit
opsesaloekingrfop thegdttein. bAtsepamip! direyitorpetates ihglatdliey bet ssokpling on

This. is n i i f. K.ri si .
S e IR Y S it A% st
Widnak tdrRfiStioh RGBS ARItIMA S e d ARrmYdEab sinbdl Wigl be caught
caught by the first circuit. Hence, together, both i
by tleaufitst cigurdtr danee, togathereboth sirewitmgusyanitas! thetdrminggion symbol will
&og(?d.d [0020Q FIG 35 illustrates a portion of

8d%™%nal circuitry for an exanple SSBI slave
YOG 35 48Riratbh e politie 6D aelifiese circiiESHdr HrfexarpléSESBI slave

BST GEN and
converter 1420. The stretched reset, RESET EFF, causes SBST GEN and

SBCK_GEN to asynchronously go high. The stretched reset is used to ensure it remains
asserted until SSBI CLK has turned on. This reset also resets part of the circuitry
generating FOUND _T, detailed below.

[00201] SSBI DATA is latched with SSBI CLK in register 3508, which is reset with
NOT SBST GEN. The output of register 3508 is delivered as the input to register
3510, clocked by the inverse of SSBI_CLK, also reset with NOT SBST_GEN. The
output of register 3510 is labeled FOUND_ST, indicating a start has been found.



SBCK_GEN t o asynchronously go high. The stretched

reset is used to ensure it remains asserted until
we3Bls/1Cyf2 has turned on. This reset al so reset BCpaISk00s/18107

the circuitry generating FOUNEYT, detail ed bel ow.

[00201] SSBI DATA is latched with SSBI _CLK in regi ster

PSSR, 1650k Vb TR S R b Olmese of

3380, CLK 0qke duipyit bhesglstey eﬁﬁﬁlsaﬁpﬁ%keg@t& 358U sthe loapat of which is
wi.th NOT SBST _GEN. The out&ut of 8| ster 3510 is
|1%@deEOF@EN§TsN i Beth asgisiss 40U é‘fl $R4 weggset by RESET_EFF.

t
L 302 R DA e PR by SREH R, B proce LATE.
®egrsteyB350@1s e&ﬁﬁ)]ﬂdbyFD’ﬁ.ﬁﬂﬂD_S”ﬁ regi ster 3504, the output
bel OUND, - ST- N. t ' 3502 .. .
abEE S B Selovnsit S BRReSt RhShdroarmin
hﬁbeft@&"ﬁ@@ rto%@@uce%ﬁ@i‘ gERY ’ﬁ%@ aCkdfind t<arP 'bﬁdéégé’ts ﬁdnves low)
Regi ster 3506 is enabl ed by FOUND- ST.

lsasmbcgN i Regdbthat DQE $ROAT GEdUsdsgts $be rdgisters f3l56§) aﬁ6 8810 which

t he OU:-TPSZ@N? ]Sﬁlhl ch é@#ﬁbgit@sé ‘ga %e&gﬁwgij%urrent access or

5&%1&6%% cﬁﬁgﬁté ahd Al ne BB BHTis Gohhd. eFﬁ'ﬁ_—‘ﬂoker%IS is clocked by the
regi sters 3508 and 3510 whi ch generate t hus

RGNS cszssmLCLKe agé zessbby BESEA FFFt He zetoris @mckqi, #ewhen enabled

tar
%&l}ﬁ%ﬁﬁ@s g;, A %ﬂ%ﬁgt;{ QB@%C{% 13k %ﬁve¥0§1élﬁbgetalled further
8B, CLK, and reset by RESET_EFF. A zero i s clocked in

when enabl ed gip FOUND T, which indicates a term nation

Wﬁeﬂﬁgﬂ B8&h ety RERR L& takes FRUNBSbas an gmppand delays
52 ESGT-:

P8y oh 3o pADEL, MHORERR s el EpINPOY R, e it

EEQUNE SIB| wineh eslused Wem _ @EdngwnihirdughQAIND- 35365 The other

St i w0 B8 v AR oams ST T ol aN &Skt foring
SBERMEAEN NWRInd 8heb ?rog?tfhe bfpat 88re 35 ﬁEl\kg ¥Yer ?ﬂq is clocked

comes™ from the out put regrster 3514. Reg
bg thd mvkisd oiﬁ)‘BSBﬂi eCLIRy@dsie agincBBBouslTIset, wil &ES@T EFF Its output,

SR K o Rt 1<) ANT 5025 AR essisd it Hef i, 38 o s imput s

§Bndr£t¥& bt gle GR15121dfSBIMHEN, FOIERES stregom he agﬁlthe output of
512 of SBST- GEN, FOUND ST, FOUND- T, and the “out

atvertey 85 1Gr SBSIE ENBCrad EQUAWA_E@uDsedrta stop (SRGKt m toggling

{ fromtoggling before SBST de-asserts.
Befdle de-asserts.

[00205] As described above, two circuits are deployed to identify the termination
symbol. In each circuit, SSBI DATA is shifted into two series of 5 registers, 3528 —
3536 and 3542 — 3550, respectively. The termination symbol pattern is detected with
two AND gates, 3538 and 3552. The first circuit has register 3528 clocked by the
inverse of SSBI_CLK, and registers 3530-3536 clocked by SSBI_CLK. Registers 3528,
3530, and 3532 are asynchronously reset by RESET EFF. The termination pattern is
located with the AND 3538 of the inverse of register 3530, register 3532, the inverse of
register 3534, and register 3536. The second circuit has register 3542 clocked by
SSBI_CLK, and registers 3542-3550 clocked by the inverse of SSBI CLK. Registers
3542, 3544, and 3546 are asynchronously reset by RESET EFF. The termination



[ 00205] As descri bed above, two circuits are depl oyed

to identify the term nation synbol. In each circuit,
we3Bls/IDMEA i s shifted into two series of 5 regPerTaIS$005/018107

3528 - 3536 and 3542 - 3550, gpspectively. The

term nation synbol pattern is detected with two AND

BRiER 45 ogﬁé%@dg@ iR 538 b 13 infhl 8 £-oA3 3584 Rhifter 3546, the

e I'nvéerse o
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%ﬁla@ﬁﬁngﬁﬁwmﬁgbg&gﬁmgegl ster 3530, register 3532,
the 1 nverse of register 3534, and register 3536. The

$092006] Noba theUFOUMNIY T sgly Heelr OISBAZdetDIDklgdiepgncﬁfﬁm whBktkier one or

nd re 3542- 3550,.cl ock he inverse .of
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canserapy noeblemgi bt anr altgnate endgidinent, 35xp6ter chie fonge &SBE_DATA to

4 r.eqi ster .3550 3540 of
Bndi s R swiBp Deor A ffal S8 Sibo Bepde R BSes i ot e o
£09287) Blo8S3 fiartiér Q%auscéleaﬁteﬁrﬂl:@d\'@ss&t FOUNERIT Qfiless a termination
term nation synbol has been found. [00206] Note that

S @dj T Presgatp &iverpthat data éxzabfé% changg cHep e deskaycles, if the clock
‘g;r?nég %ﬁ%ﬂ#ﬂ&ltﬁ Ehéjscvnji‘bo‘i 'tlraﬁé‘ﬂl&ﬁsb qﬁ%&# B gtcb cutive clock

constrai n a Su sequen
tydesswil sanme ﬂﬁ mﬂe/ahm hitethduBernatingt ‘fmeemmﬂ termmatlon symbol.

epbodi e this not. cause _any prohl em
éﬁ)’é rsﬁ%i‘Pgn% rgelai edanﬁth%ee%yn@gh efgfse @essemammpkoelther the
ol
A S S
edgecis |ahg1wadl witntite sgmbel trars@idiDidnca 8 ésthe dhitdedgenbittinonthe second
resent. G ven fhat ta s ol s_change .

BUL s Bos Roulk et T e prigHI s boho Keap g o pind that the
%&&dtﬂaﬁeﬁyﬁbmm rf@z”ﬁiet dcRBRI aﬁ@%ﬂﬂm&nﬁ)léé’ ede hrb MO two data

consecut i ve clock cycles w | sanme val Ge
syhbalhbavd ﬁOéJertht ifrihatvia ltme, then thd‘l’fdalrdesamphamlbhavg)tn‘belO since the

gt SRR St Rl RO PP Al sy 4 ¥EH B avgugpont can be

405 qbr i 'é@se RheRMIRXSHIBAE an€ AOSHE QamBltane WMIBEE Wille symbol
first sanple edge is aligned with the synbol

bmmdgncsw ile the det and thigd atr@ot-hi rd edge, but not the

S o) cur in the I
RSO AR pO R ik rCh RO M R o POl SR IR, o ama 34.
Méhat G4l @epibted i¢ Bewsky and Rt fagelr thheS B Scab® 06@Ls dudh that the
the two data synbols have to be 0. If that is true

toainating symbcrlds defrpied half p closkgxcle bateye Tp this pasecF @HD_T shifs to
e S%h? 'bgAﬂglta glp gcl&a’lj@n%l rdggsﬂl’ttaffe': SBEY T rvgﬂ(llK.n Ns can be seen,
for both “best” and “worst” cases, extra SBCK pulses are passed to the SBI Slave block.
It is expected that the SBI Slave will ignore the extra data bits once SBST is deasserted.

[00209] LATE is used to alter the timing of the SBDT output when in SSBI_ MODE.
SBDT OE_OUT is formed as the output of mux 3560, which takes as its inputs
SBDT _OE_IN and a delayed version, as latched in register 3558. Register 3558 takes
SBDT OE_IN as its input and delays the input by one cycle. SBDT PO _OUT is

formed as the output of mux 3566, which takes as its inputs SBDT PO IN and a




made for the case where the second and fourth sanples

are aligned wth synbol boundaries while the first and
wohoosd1ene not. [00208] Again, note that SSBI_@CKUSENS/018107

not be |ined up as shown in FISQSS. 33 and 34. \Wat is

depicted is actually the "best" case. The "worst" case

such th '
ASAPES vEIER, b Blotlliint BLiteP 3550 ROUIRG s fs%, RS SHIE R Q IN and
idelai/h ﬂler mgl!fttbyb(yhdﬁ@}de aThd ssléct dycbeth Imbdee B5d@asd 3566 is formed as
af f ect SBST or n be seen, for both "

S OR3SE1 of Tt and 0T wges Thi% it DS HMODE,

§EI?”§|(§E’ QBT Y kselelcfed' 5 SupAcicrd iihahgt %ﬁ%‘o DBYEis selected as
‘Tngoret eextra data bits ohce

SBREEQ O, TH00208]scleATa issmaseit bohaineinlSIBI MODI and LATE

f the SBDT oF
FoPfbassated nQVbiR STTors HEietsEdd SSHILMPakie dlayedgversions of
ismyit DPBR La@sBDY 3 I 4ekayady ib?&l?énoﬂéspe%ﬁvé &Etgﬁ‘t@d n

regi ster  3558. Register 3558 takes SBDT OE rN asS its
|[0ﬂ§il|0] RESETHAICK_DIseisi ﬁopu@d by theneutpytoifaregiSBDBS ) Whith takes the

3 whi. ch
ot R Seeatstied RS KR s PR, TRLB7 DR pects i
m sRQI3358hs Sebidd B3eg$BI ¢ @JA@&MI&g@f&%S%@sRB@;éd\byﬁﬂﬁ inverse of

del"ays the input by one cycle. The select for
WmBEsDATA0 Bih 3BeBlars areag@rhrenously @sctsbﬁmEIATEhus when

RO Y, o [Hilfe ETASKRI RATR HMO3hrisiar 3554, and 2

isebseghatt eflllag SBE%: PQf! Nssﬁh@me stk eqbiienr | 35%8de asserting
for both when in SSBI MODE and LATE is not asserted.
WM@Q&DI&S%H% i Ml SBSSRERATAhe ctf| dipeqused  to  assert

#ﬁel r—res pmﬁv%ﬁ% glgglf ggg{%?@é@@ T%X%%Bl % Bfhet Plocks) is

fdisabled. da ahhexampleperhbadimenyiRESHT 830 DIS mhylbahssd tdnee-enable
out put of §€g}g@lster 3554 as its input. Register 3554

088 8T Peke disebisdlerkss ts input. Register 3554 is

cl ocked by SSBI DATA. Register 3556 is clocked by the
inverse of SSBI _DATA. Both registers are

dgiditiduabAtiershtg Bralsoelimbts RESET. Thus, when TCXO DIS is
asserted, a rising edge of SSBI DATA sets register

3554, and a subsequent falling edge of SSBI DATA sets

TQh Bl &fditdnab emﬁ@cﬁﬁfehtsnz&e REwsibnd &XBoPleam E‘y be des1rab1e to
SBI 'DATA can be used to assert RESET_TC ’DIS

titterfadeautwet iSSBI sBSBIdeTicks with logdicy SBY masters. aﬂsowlch) a Bsmre to 1-

Bttty Hal Be PR e B SRSToRBRC B DT Shals and

generating a single SSBI DATA signal therefrom. Such a converter may be deployed

within an SSBI slave device, to allow for either type of interface to be supported,
without the use of an SBI slave, as detailed above. Alternately, such a converter may be
added to a legacy master device, to intercept the 3-wire protocol and generate a single
wire interface therefrom. In other alternatives, the converters described herein may be
deployed as standalone components, external to either a master or slave of either type
(SBI or SSBI).

[00212] Another embodiment of a slave may include both SBI and SSBI slave interfaces.
A sensor may be deployed to monitor an incoming data line (which may be shared for

both SSBI DATA or SBDT), and determine which type of protocol is being used on the



Addi ti onal Alternate Enbodi nents [00211] Additiona

enbodi nents are envisioned. For exanple, it may be
wdesisrialg2e to i nterface newer SSBI sl ave devi ceeTmiSk(ws/018107

| egacy SBI masters. As such, 333-wire to 1- wire

converter may be depl oyed, receiving the SBST, SBCK,

a . Sl gnal d_gener at.i ] S AT
SRwre ik 07 o ARnAR" B3 p, B 28 Gt Jarect one stave
whteifhde anthSIBhers(SBY &r FSBIY. e Thvee of slaly ifi akie @it tWillr reboeze myriad

of interface to, be supparted, w thout the use of an,

spmbylatigns of 3-WEe Ande i vao Miastery, 1Slavgst @idy conyigeprsg which may be
3 J i .t .

G Sk Sp2Ut6g kach heARGH, IPRAEbAE Uik ne o

\W02a3]iThbes b elalltih ¢hiecsint ovould onderdiard thht mforataiive and tsipaals may be

converfers .descri bed herein be, depl oyed as .
SERERTAI GBI 5 i VATt G FUIerPBt PR s g gphmiques. For
kpleOtata! IiBhictiohRecdniBAnRY i I a)tion£ QQRAL] bifn Qgggél;ls, and chips

enbodi ment” of a slave may include both "SBI" and
shaivmay rhrceréfaxspecd frougivut thayabbee dlegdripyied mey rienidpoesented by

an.incomng datfa line (which may be red for. both.
SRR e Eete QB RS e 6y e tples, opical fields or
RRRIcREObr dny ddftibithtidh GkréyT, t hei ncom ng lines. In the
alternative, a slave may be programmabl e to sel ect one

400244 Thase of akd! ayould dugherepprremite ghatsie) yariopsodlustsdtive logical
ihl i WL jze ri . inatiaons of .

Fiep A, Rk g FERABA Syl R BRT 00 B8 it the

whibolinteays 8icldsid kureid may Be implenedtdns déctionfe Riré@erR! computer

invention, in_light of the teaching herein, [00213] .
PrBwarepfor sggmbingtions 1pd bath. whe deathyd dlustraiothish saterchangeability of
i s . n ny: .
SRARFEE b RoOtes 0% R 0 o FRORRR bRk S Wiroits, and
lsteps havripler destaibad abovetgeneatllp nstermo oftheid functionality. Whether such
information,. signals, bits, synbols, and chips that i
THRFORBR 18 BIIGEET R} 58 JHBUYATE 18 SHBVE® g Sp¥Ran thaparticular
N B e R L L R S
paplenehtthe described fooctininabty innvaryieg eclys fH0€Rh4jartiduies eapplication,
f skill uld further appreciate.that the var.ious
Pht b el Spienlagi B nd BRLI g k8 Prettd G fepuing gigoarture fom
WIRODS B beRentdRRGEbREd 1 n connection with the
enbodi nent s di scl osed herein nmay be inplenented as

d003¢ 5] Ibni varinas dillasteativeologleak blenkst wendslespand circuits described in
conbi pations,of both. To.clearly i.llustrate this
AP B RO I oy pIERA Borein P! HEEPIbPSieq gg performed
iithugt gedkiay GuesH¥p Preeussor, l dightsl, siphd UbrBesséd (IDSP), Sin application
and steps have been described above generally in terns
specifife integrated toitsaid| (ASYC), \AnEeldeprogigamable gate array (FPGA) or other

programmable logic device, discrete gate or transistor logic, discrete hardware

components, or any combination thereof designed to perform the functions described
herein. A general purpose processor may be a microprocessor, but in the alternative, the
processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor, a plurality of
microprocessors, one or more microprocessors in conjunction with a DSP core, or any

other such configuration.



functionality is inplenmented as hardware or software
depends upon the particular application and design
woaosting2nt s i nposed on the overall system SkipCra82005/018107
artisans may inplenent the degcribed functionality in
varying ways for each particul ar application, but such

. d h
BT ol St N AL ShBkEof i ue

EMNSTHnRR - difdd8b3d Herelh enatabé @Hboiliel Wiitecty iin thatdygir€,ain a software
bl ocks, npdules, and circuits described in connection

ol tehectierhbY| A PEQACESOB; N Gewinbiastion Piithg t A software module

ancrggls l?ld g%g\lfl S{H{ Igf&g:s nm tngerng%rgssorﬁ( %WS%PROM emory,

BBPROBA inhédorg PERistérs, lhaﬁtﬂ eliskataadmovatdeidisk{ ASTI)ROM, or any other
f| el d pr ogr armabl e gat rray égeg(te@ or ot her

fiarads Befiyg) inche play gogpeemediun s ggupled to
n

ST BN s BByt s .

ﬂﬁsstdsnag@crhddanm nn the gdtemmative, pihe psmregqomdm oraynled insegral to the

m cropro essor but the alternative, €. pro
FiRy- B0 afge BOHbSAL Fashihe SHBEREEHR BN ErfN Bran ASIC. The ASIC
Hﬁ grré’s? Q! LhdeBformial S HRHR dl'iéﬁﬁh{?‘@ thépRICEEES S theBYrage medium

be i npl emented as a conbi nat’i on’ of conputi ng
ey iresids, aseligrgic aowpersintssn agMerdtmangsP and a

P LARREP G373t uaPubt Al bbitlood SHORiTRER2hvidRRf Blable ny

Pérs@¥kiRERI th o GRIRE 08 UESihe PReseRidédtiohh &V Bioap mcﬂiﬁo’atlons to
met hod or al gorithm described in connection with the

theboanhedimenti widl bseadihe ppparcnidy thnse skillsdiie dhepthewd) the generic
mc1t?]§§ \gaﬁned he?elﬁ ﬁayﬁr&%ﬁggﬁggﬁ@ ?ﬁﬁ&#fn%ﬂts Q}Vlﬂﬁ)fut \(%%partmg from

or 1n

it srscopest g innerfiol ﬂH[ﬁSI the Ifrémhmvemmy:,s Olihtended to be
menory, EPROM nenory, EEPROM regi sters, hard

imsted ta {he @A BERE SROWR @rﬁlmchw 5 toa s ageaded s ﬁﬁl%ﬂst scope
?ér%ﬁs?&? Mqhgg*}éngfﬁ[\é%aéﬂnmﬁfe es ﬂbl@s’éﬁ 'ﬁ?xi]eﬁf.y storage

umis cou e processor suc e processor
can read information from and wite information to,
the storage nedium In the alternative, the storage
medi um may be integral to the processor. The processor
and the storage nediummay reside in an ASIC. The ASIC
may reside in a user termnal. In the alternative, the
processor and the storage nmedi um may reside as

di screte conponents in a user termnal. [00217] The
previ ous description of the disclosed enbodinents is
provided to enable any person skilled in the art to
make or use the present invention. Various

nodi fications to




these enbodiments will be readily apparent to those
skilled in the art, and the generic principles defined
woeo@in4aray be applied to other enbodi ments w PODAIS2005/018107
departing fromthe spirit or gsgope of the invention.

Thus, the present invention is not intended to be

Rk AL t pdi ments shown herein but is to be
ggg%¥§g%tﬁﬁgﬂ§Fgg§f scope consistent with the

princi ples and novel featur@EATIMSC| osed herein. WHAT | S
CLAIMED I'S: CLAIMS 1. A device, operable to

communi cate with a second device via a single wire

qus. QOB oPiabi ficoMfiudie Hith Yl Rodd'Eeviéd b s MAIE wire bus,
bus with a wite frame, the wite frane conprising
sbmptisisgnbol , a wite indicator synbol, one or nore

syitbol s i.ndicatin n .address, an ne oy nore data . .

B Br' dp¥ingthe BleROPEPITER it Aiion e YCuR RS Gogaprising o

AtaHEGRIDEE M2 WiHe b8 SoY sVHELANEnO6r MBFcsyHMofs ﬁﬂiﬁéﬁ’ﬁgq afP Address, and

the single wire bus during a read frane; and whereln:

ohe onmprecdatd spoatieds. dri ves the single wire bus for one

or nore portions of the read frane and rel eases the

single wire bus for one or nore portions of a read

fr ane The Aevies bFE@RinP O futtBér Rinpimgf ead frame conpri sing

a start symbol, a read indicator synbol, and one or

FIEEIesy fpioTeseivV g angrar vaerg Watigymbels on e single wdiedus during a read
e'Lon of the read frame conprising one or nore data

synbol s surrounded by pause synbol durations. 3. The

ded iwberetf: claim 1, wherein zero or nore idle synbols

are transmtted on the single wire bus. 4. The devjce

de drver dyrther drixesths single wits by deroone o mpre\rontions qfithe read frame
: T ! : et U .
%ﬁ? }‘@lgase§ the gﬁ?%g %ﬁt{ﬁusoforgn@'dfinéﬁorg I}%ﬁ?ﬁ&ﬁrofﬁé)fgsﬁlﬁ 'nﬁ;é[ng@ tRe driven

evi ce, devi ce VI ng t he
phbrtiniuishe ©ad fremiedbmpsigimgal starbsynitivd, iead ireliaforsymbol, ind one or

further. conprising a keeper for keepin val ue on the .
G P Sigrng i adSEoD dbe rsFSBIol o1 S e comprising
Wh Br ﬁofe‘%?a@a[‘é%q%\fé _ﬁﬁro‘(lhée@b%eﬂlgé @yﬁ%&l%upd%ns. “
conprising: a receiver for receiving a frane on the

single wire bus, the frame conprising a start

3. The device of claim 1, wherein zero or more idle symbols are transmitted on the

single wire bus.
4. The device of claim 3, wherein an idle symbol is driven by the driver.

5. The device of claim 3, further comprising a pull device, the pull device for

driving the single wire bus to the idle symbol.

6. The device of claim 1, further comprising a keeper for keeping a value on the

single wire bus.



synbol, a wite indicator synbol, one or nore synbols
i ndi cating an address, and one or nore data synbols
wohers/ k2w i te i ndi cator synmbol identifies a RCTUS2005/018107

frame; a driver for driving regurn read data on the
single wre bus when the wite indicator synbol
Hdent i | f dhe r : . .
Tosoci oy S iop Rl b SFalrace Al ek BRE 0B Puta a ingle wire bus
aomprising:or connecting to a single wire bus; a signa
genenat%% for. gener ting first sin Ieiiiq$al ..

JAPFYE 1R T i @ YL SPEGoVES OYs.iG MFams, Frepprisipg a start
Wihbl, b ReHite 2 BEatSy SRR, &féeor%ofmryﬁ]b&émh@ﬂcaiﬁgl% G@drbdi0and one
an address, and oné or nore data Synmbols when the
wr inoee datalsymbads whymths wiite didieaterssymbat idestifies aiwriteefrachar
driving the first si on the .single wre . bus T
i Ront i ot A B S Rl e P Syt o aveie incicator
symBdIadaitiRs B¥sad Hired) Gkt fehifn BAGIdaid hsSoctRE6PRHH ARIRIdrds.
receiver for receiving a second signal fromthe single
W re bus through the port, the second signal being

ctiv [ .ng . a tion of tine the driver is
%ber ag%eé&%ehg?rﬁ%&s%%ond node, when the wite indicator
ayotidbr condecthilgds aginghadlire blig second signal conpri sing
return read data in response to the address, 9. The .
delignad generatos; iRt gengipidnge Anitish singler sigadngampyising, opa@r more idle

e [ : i .
SFhabdla®y M.y ngl o Ble dnlicatt SghB, b of Bcre 59RO Sicatng an
addrpss, saé oan drnhore-dd gymbols edicnothe vwiite indieatdevimmboloindicates a
claim8, wherein the port conprises an inter-chip
frection. 13. A system operable to comunicate with

@ dB9EORE dﬁ@mg% HisBsignal oA ShEsiHEIE HifdHus 1HOTEN {tp0in first mode
single wire bus; a first device conprising a iver
fnd refeasingtige sihgle siiregiue thvongh thepontiin b secomdimalef r ame,

b et o A Send stefar 5o Jhe sRkle Wi bl Mgt the port, e
36L9NE SRnaPBh ORIV duiiRE 8 pdatioh DR drivBFisdpeREiRR%h the second

device conprising a receiver, connected to the single
wiode, when theorritedndicatongymbal indicates freade thelgecoffthsignal comprising

Vi C claim13 erein: the first device further
geg%rr?%cg ataa1 rgipeolnislee?o%%?ﬂrgséei ving one or nore data

synbol s on

0. The device of claim 8, wherein the port comprises a pad.

10.  The device of claim 8, wherein the port comprises a pin.

11.  The device of claim 8, wherein the port comprises an intra-chip connection.

12.  The device of claim 8, wherein the port comprises an inter-chip connection.



the single wire bus during a read frane; and wherein
the driver of the first device further drives the

weiogiie492er e bus for one or nore portions of theTusa®s/018107
frame and rel eases the singlespire bus for one or nore
portions of a read frame, the driven portion of the
read f o) (184 LAl G .
b0l et AR B b, S Ehecoflt HEAL VI SRUE wire bus,
ichmprieihgased portion of the read frame conprising one
or.npre.data synbol s surrounded by pause synbol
GFIET BHE OU9%5. The device of claim 14, wherein the
%%@%vﬁ%vao&gﬁsﬁfgtmves QoM vESShe sﬁ{%é/@{re 1588 withi AR frame, the
return read data on the single wre bus when the wite
iwrite diamer coyprisilg a etaritsymbel aawritsaddicataneymbdie onebumore symbols
r.ead dat a sociated with t addr ess, ;and wherein the
ifeaOB R eliRs ot ot b i SRR Hda s nole wi e
AU cord@evideABR MY 4 $dcblref cdhAddtedtoNie singfe Wirk s, for receiving
I ndi cator synbol, one or nore synbols indicating an

tesfratamd one or nore data synbols when the wite

i ndi cator synbol identifies a wite frame.16. A nethod
for communication on a single wire bus conprising:
tigans mhktdevige of slhin 13,Sytideh; transmtting a wite
i ndi_cator. synbol; transmtting one or nore synbols
ithefish Aeee gﬁﬂlﬁﬁ eeIBREses BIBGREYAL o] Fegeivig ane aipnare datagsymbols on
%Hé‘é?@élé&ﬁ%%stdﬁﬁ g\ﬁ&éaﬁﬂ.%. cator synbol indicates a
W access,; and receiving one or nore data synbols

\whé whicksin e drver ndithafiost dsyioddirthiendirieed #he single@dre bus for one or

access. .17. The nethod of ¢laim 16, furfher conprising

ERAR PSS Bﬁereaé e _wiKﬁ F@e%sy%laﬁ SIMEPRWII st {96 pue or more
: [ ;

P P O rcll S Tl st symbol,

synehd indicaparedyniboty amdeonerornmore syyibols imdicating an iaddress the released

address; recej ving one .or nore data nbol s .when the

RPTHoG "Gt i St eBPriF e ooa. s hore A, SRS SaTougl by pause
sy apsinduritiond. one or nore data symbols when the wite

i ndi cator synbol indicates a read

15.  The device of claim 14, wherein the second device further comprises a driver for
driving return read data on the single wire bus when the write indicator symbol
identifies a read frame, the return read data associated with the address, and wherein the
receiver further receives a frame on the single wire bus, the frame comprising a start
symbol, a write indicator symbol, one or more symbols indicating an address, and one

or more data symbols when the write indicator symbol identifies a write frame.



access. 19. The nethod of claim 18, further conprising
storing the received data synbols in accordance with
woOhersrieeeeved address when the wite indi cator peymseios/ 018107
indicates a wite access. 20.s5ghe nethod of claim 18,
further conpri sing retrieving data in accordance with

i o2 BB R Aloahd PSS BB BEph e C L O,

&@ﬂﬂiﬁmﬁigr‘zgstamembolfor transmtting a start synbol on a
single wre bus; neans for transmtting a wite
frapsTRifing 2 wyiRsBficair $Hebdi ngl e wire bus; means for
%ﬁé?ﬁlmﬁé‘dx{é%%eg U&E%ﬁéﬁﬁﬁ@%ﬁa&&i@ésca“ ng an address
on ngl e vvlre us; means for trahsmitting one or
trenanittatgroreyarinoirs dafasmmbbls wireh tlee Writh indicator symiellindicates a write
indicates a wite access on the single wire bus; and
AELAS 2ROr receiving one or nore data synbol s when t he
Y’Ec'efv?ng Gﬁjé 62 hidke am%bbﬁ%ﬁéﬁt 188 white GAdcAGE ?’ﬁﬁbdlrin&lﬁﬁes a read
single wre bus. A devi ce conprising: neans for
pewed.vi ng a start syrrbol on a single wre bus; neans
for receiving a wite indicator synbol on the single
Wi re bus; nmeans for receiving one or nore synbols
i1ndi cahkNEetAbd asFdé1gins 18N fifffer dongrBind frEndMBing"BANSr more idle
for receiving one or nore data synbols when the wite
sybelat or synbol indicates a wite access on the
single wire bus; and neans for transmtting one or
nore data synbol S when the wite indicator synbol
i18di ca msthad feadnanndsioadntangé Wireduvncoplisifg: 23.
Conmput er readabl e nedi a operable to performthe

rseivang wefad 6¥pROL t ransnitting a start synbol ;

di cator synbol; transmtting
géﬁ:gﬂlgrgggrm%%glggl o:r%ﬁlnir)] fcating an address;
trecaiving drtel orgnam eymbolsiudicatiaf an agddosd; s when the wite

I ndj cat or nbol .indicates a wite access; an
recelving one 01y more data s g ols when the write indicafor symbol indicates a write

access; and
transmitting one or more data symbols when the write indicator symbol indicates a read

access.

19.  The method of claim 18, further comprising storing the received data symbols in
accordance with the received address when the write indicator symbol indicates a write

access.

20.  The method of claim 18, further comprising retrieving data in accordance with
the received address for transmission when the write indicator symbol indicates a read

access.



recei ving one or nore data synbols when the wite

i ndi cator synbol indicates a read access. 24. Conputer
woeeaabke2 medi a operable to performthe foll owPagus2005/018107

steps: receiving a start synbed; receiving a wite

i ndi cator synbol; receiving one or nore synbols

2 mor st Rs AP BIRIER L [ G cator symbol indi cates a

meahefon trasssittigastbnt ayraboltdn aginglesierbuspr e dat a

3 n‘gsoég g\éggr_rl]itérlpgea Q)Avﬁnltet i%d{cgt%lr g}?r}ﬂ())cgl o%%ﬂ:aos%lnglle réglrecl?uts?s a

means for transmitting one or more symbols indicating an address on the single wire
bus;

means for transmitting one or more data symbols when the write indicator symbol
indicates a write access on the single wire bus; and

means for receiving one or more data symbols when the write indicator symbol

indicates a read access on the single wire bus.

22. A device comprising:

means for receiving a start symbol on a single wire bus;

means for receiving a write indicator symbol on the single wire bus;

means for receiving one or more symbols indicating an address on the single wire bus;
means for receiving one or more data symbols when the write indicator symbol
indicates a write access on the single wire bus; and

means for transmitting one or more data symbols when the write indicator symbol

indicates a read access on the single wire bus.

23.  Computer readable media operable to perform the following steps:

transmitting a start symbol;

transmitting a write indicator symbol;

transmitting one or more symbols indicating an address;

transmitting one or more data symbols when the write indicator symbol indicates a write
access; and

receiving one or more data symbols when the write indicator symbol indicates a read

access.
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24.  Computer readable media operable to perform the following steps:
receiving a start symbol;
receiving a write indicator symbol;
receiving one or more symbols indicating an address;
receiving one or more data symbols when the write indicator symbol indicates a write
access; and
transmitting one or more data symbols when the write indicator symbol indicates a read

access.



