WO 01/ 50286 PCT/ US00/ 31345 METHOD AND APPARATUS FOR DI FFERENTI AL STROBI NG
IN A COWUNI CATIONS BUS 5 FIELD OF THE | NVENTI ON The present invention

rel ates g¥R8YRPY to data transfer on a comunications bEST/URPAS
particularly, the present invention relates to a nechanismfor strobe 10
phase tracking during a nmaster changeover on the conmunication bus.
BACKGROUND OF THE | NVENTI ON A nul ti processor systemincreases system

per formance because nultiple processors operate in parallel. A typical

mul ti processor system has a nunmber of 15 processors attached to a

comuni cati on bus. Al though each processor can only use the bus one at a
time, bus protocols has been developed to optim ze the bus wutilization. In
such a multi processor system one part of the comrunication bus, the data
bus. is one of the nost inportant resources because all of the information
exchanges 20 take place on this bus. It is therefore inportant that the
data bus is efficiently utilized. In the nultiprocessor systemthe data is
transferred fromprocessor to 1 SUBSTI TUTE SHEET (RULE 26) WD 01/ 50286
PCT/ US00/ 31345 processor in accordance with a predefined cl ocki ng schene.
A system bus clock typically clocks data out of a sending processor and
into a receiving processor. Consequently, it takes one conplete clock
cycle of a systembus clock to transfer data from one processor to anot her
processor. Data can be transferred in a source 5 synchronous fashion in
order to increase the speed of the data transm ssion. In source
synchronous transm ssion, the data transfer is typically clocked by two

METHOD AND APPARATUS FOR DIFFERENTIAL STROBING IN A

COMMUNICATIONS BUS

i

FIELD OF THE INVENTION

The present invention relates generally to data transfer on a communications
bus. More particularly, the present invention relates to a mechanism for strobe

10 phase tracking during a master changeover on the communication bus.

BACKGROUND OF THE INVENTION

A multiprocessor system increases system performance because multiple
processors operate in parallel. A typical multiprocessor system has a number of
15 processors attached to a communication bus. Although each processor can only use
the bus one at a time, bus protocols has been developed to optimize the bus
utilization.
In such a multiprocessor system, one part of the communication bus, the data
bus. is one of the most important resources because all of the information exchanges
20  take place on this bus. It is therefore important that the data bus is efficiently

utilized. In the multiprocessor system the data is transferred from processor to
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differential strobe signals which are phase shifted such that the active
edges as rovi ded by both strobes correspond to a fast transfer clock
which is }‘PWI@B?BI‘W shorter than the period of the system BEEUEIGER4S These
strobes are used by the 10 receiving processor to |latch the data.
Differential strobe signals nmean that both active | ow and active high

strobes are pisefor thlkbSortidtct FFICESeITHRY @P&H{iﬁg sChefH. ?f%)’esﬁ:ﬁ} bRpYS by

requiring that one of the strobes be pre and post d romand to a
st eady st at etYPisgllg clocksdaeoutpif atshistingprocesstreandpnte aaeckiying prodessvi. ng of t he

strobes need K into consideration at the receiving 15 processors
to ensure pr 8%)%?%%% lg’ %gapl)(teﬁ?’ée cé’r‘llboﬁ?tg C{?é“f& Flﬁ‘ge ﬁiﬁ distest busrdockde fransfer be pre

driven duri ngatafrogxdne@adcasdor absh&her pro&ssiRi Dafl Qhlbe SR&d iﬁtaes?uyget h this
differential nultiprocessor approach is continuous data transters with

changes i A tfackgsousiagraringprderito increagghan speedtofiére datnicessdssidaedomes t he
over. .the. d bus. 20 Accordingly,

sendi ng proc r " r" and tak t

there is a n%g%%isﬁg{}ﬁ%@ggr n%’i“%%?/“’tt@e ﬁ%gar&f%%wﬁﬁf@wa]Pﬁlfedé’chW@e phase
tracking to diffsiehialBirofesiosdls @hReh BfeepHARISHIRSE sudh that BY BSveRIGks &5 accurately
capturing data. SUMVARY OF THE | NVENTI ON 25 Enbodi nents of tThe present

i nventi on arREovdsdly ethsBobes warpwand e Bspzanafen slotlomhichris tpicaly pr oper
strobe pre [YAS n fi,rst ta transfer d a second
data tr gnsf 25? g?%qgénc@%ﬁélﬁcéﬂgég@geﬁ g‘ﬁcéo%et ﬂ@?fc isﬁ%tfeﬁ&éesusﬁggéﬂ}ﬁi ng a first

strobe si@natceivinglpaceoodatsh tHeliatasi gnal , pre-driving one of said first

and second strob&g?fi gnal s before the first data transfer, determ ning
which of said fi CIAHRlsEEBNg2Raly Bsen thagbrth activellpwlsad activEURSTITHUFREArSHEET

(T4, 29, 08 LML, 05 B 0,
strobes be pre and post driven from and to a steady state logic 1 value. F urthermore, the
pre and post driving of the strobes need to be taken into consideration at the receiving
15 processors to ensure proper data capture and to decide which strobe needs to be pre
driven during a next data transfer. The main problem associated with this differential
multiprocessor approach is continuous data transfers with changes in the bus ownership,
i.e., when another processor becomes the sending processor or "master” and takes over
the data bus.

20 Accordingly, there is a need in the technology to have a mechanism for strobe

phase tracking to ensure proper strobe pre and post driving as well as accurately

capturing data.

SUMMARY OF THE INVENTION

25 Embodiments of the present invention are directed to a method and apparatus for
ensuring proper strobe pre and post driving between a first data transfer and a second
data transfer in a computing system. The method includes generating a first strobe signal
and a second strobe signal, pre-driving one of said first and second strobe signals before

the first data transfer. determining which of said first and serond strobe signals will be
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BRI EF DESCRI PTI ON OF THE DRAW NGS The advantages of the pLefent inventiont
wll beco eadily apparent to 5 those ordinarily s hg% . %be ar
after revﬁ@%ﬁﬁ%ﬁ?ie foll owi ng detail ed description and _ackg ﬂ@ﬂﬁ
drawi ngs, wherein: FIG 1 illustrates a typical block diagramof a
conputing system FIG 2 is a typical timng diagramfor the conputing
system of Fl Gst driven, @nd Breidsivingumegfdaid dirstnmd kéaoat sadbengeral sbefige 8RGOEGHING O
an enbodi nen oh the 10 present invention. FIG 4 is a block diagramof a
processor ac%%? Y9t o an enbodi ment of the present |nyent|on].c FLG. 5is a
bl ock di agr aprofr BESURILPIIN ©F FACOWGINRG to an enbodi ment of the
present igveﬁTT6ﬁT—T5E%ETKTE%%j%E%CRFPTTC%§CF THE | NVENTI ON Di scl osed
herei nafter are ehiroudivastages of thegpretenvineeptvaseilltheanké ﬁrgrdﬁeﬁdi@mp@ﬁﬂeﬁﬂb
determnin ich. strobe.tq.pre-drive and post-drive during a master
changeover gotvrtn\{g%? Oré‘&ﬁﬂ& n%@%gllgﬂke 3 pdter fayievang Bisdopning dfﬁ;d%‘l%f%@“?ﬁf?@ﬁl s [n
all ows the piops AoB8wligs, vitkrfif: asserted which provides for efficien
data transfer onb?%z con%d%fcatfons bus. In the follow ng description, for
purposes of expl dfit il diustmgse tque! tkckidiagran of a s@hpdtivgtshstem. or der to
rovide a thorough ugderstanding of the present invention. However, it
\FI)\,i || be apparent q{} 'ghsea ?Plclaﬂé’agﬁghﬂﬁﬁ@‘é&ttg? ﬁ‘%fPP‘EtH@ssé(§t§%‘étfiFﬂGc1-get ails are
not required in RGASEs fifing kkh A1ishS R EERacbYERNS AR embBdi R the
instanges, wel I known ZIeg@rical ZSSst#%%tur émangﬁglrcuf¥3 éré showh in
bl ock di &gr anreseoripvéntioor der not to obscure the present invention t
unnecessarily. Fl .1s a bl.ock diagramof a multi-processor conputer
syst em whi chynay Fg’g J‘l‘fs%lblo%'i diASrarmf i RrRfssor gFcardias | eisenbodiment o thsn.
Conput er sysir&ehdi@fniigg! udes processor-nenory bus 101 for conmunication

bet ween different processors coupled to
FIG. 5 is a block diagram of a bus controller according to an embodiment of the

present invention.
15
DETAILED DESCRIPTION OF THE INVENTION

Disclosed hereinafter are embodiments of a strobe phase tracking mechanism for
determining which strobe to pre-drive and post-drive during a master changeover on a
communications bus. The strobe phase tracking mechanism allows the proper strobe to

20 be asserted which provides for efficient data transfer on the communications bus.

In the following description, for purposes of explanation, numerous details are
set forth in order to provide a thorough understanding of the present invention. However,
it will be apparent to one skilled in the art that these specific details are not required in
order to practice the present invention. In other instances, well known electrical

25 structures and circuits are shown in block diagram form in order not to obscure the
present invention unnecessarily.

FIG. 1 is a block diagram of a multi-processor computer system which may be
used with embodiments of the present invention. Computer system 100 includes
processor-memory bus 101 for communication between different processors coupled to

30 bus 101. Also coupled to processor-memory bus 101 are agents such as bus bridges.
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bus 101. Also coupled to processor-nenory bus 101 are agents such as bus
g(r)i dges. 3 SUBSTI TFJTE SHEE'FI)' (RULE 26) WO 01/50286 PCT/ US00/31345 nenory
devi ces, POUlSPSPal devices, etc. Processor-nenory bus 101PGHESGEHS
arbitration, address, data and control busses (not shown). In one
enbodi nent, each of processors 102, 103, 104, and 105 include a small,

extrenmely fagimbitaial pm&l H?\(f)qpésyetc.(fg}%es?({}gﬁlm Q o(ragﬁgpifél‘%%%ﬁ{jr ed to as

a level one (L 1) cache nenory r fe_rrporarl : _
i nst ruct i onsuigtratidne addraws, dnd eyt aned] biss&Uhbdt sASwh}. $n 35S@EbRBENPERERESOr . | N

iti I , two (L2) cache nenory 106 is coupled to processor

105 for "t erisOFRPr 1020 Bhi1RY a1 e el vy ot ey
. h { I can be co

to any one o SroneE LBRRoRy ShnsE R B HE 05D ABSn S0 B rB el dos

access t o t lstorime rdmawnamktmcqmns/onmmqmme(ih{e@a]gedmﬁyag Eé’%spé‘i@t@@bbbc@s@;@{. Ihplal er
122 i oupl to processor-nmepory bus 101 for controlling access to
r andi)fn ;ccgégﬂﬁ?rﬁﬁ?rgfﬁiﬂ\)‘f[ oYe Geheachgyemeary: 164 iscaprled tvpreeessardDs feommonl y

. . . . . : for
referred to MR Y%k ahQ5nsiti@dd 9o, tion i DgLructions
processors ieg]?d%%g? sgﬁgglday aﬁevrllsgg gdélg,okl{éégggrocfes 8{/?60% rl_g “ cursor control
devi ce 15 18mbodiarediscapl2 deshE sechll mentoid 10665 I5d @ipRE t6laYy 6 KIPoRERrs
coupled to $ t1 /O bus 131 and to processor-nenory bus 101 't hrough bus
bri dge 124. éf‘i @e 124 is coupled to processor-nenory bus 101 and system

|/ O bus l1to ' . gnygi ' ateway for device
ei t her plg)gcesso??%%rgg/ﬁgﬁlg 101 1@?5}-%&%3}%&%% s gméa_(r:né)éggmglrnpu ?"é‘?’n‘giléﬁcjp dat a
bet ween devsuwhezstons. tMiematylwentrdiies 12Bis adgpled 2priodesdst-hahen g opesmeen 20
system /0O bus 131 and E)r ocessor-nenory bus 101. 1/0O bus 131 conmuni cat es

i nf or mat i on“PEP rf‘cf)eesﬁi‘bﬁéalna?md’é?ﬁsﬁﬁmi’%%@) opPpieredysgmic S[?Zg@_@fy,icebus
"ncl tde a b ComtioAFERrSY SEntineris) [ PRy 3 GneRl mtofi hor
processors 102-105. Display device 132, keyboard device 133, cursor control device
15 134, hard copy device 135, and mass storage device 136 are coupled to system I/O bus
131 and to processor-memory bus 101 through bus bridge 124. Bridge 124 is coupled to
processor-memory bus 101 and system I/O bus 131 to provide a communication path or
gateway for devices on either processor-memory bus 101 or I/O bus 131 to access or
transfer data between devices on the other bus. Bridge 124 is an interface between
20 system I/O bus 131 and processor-memory bus 101. I/O bus 131 communicates
information between peripheral devices 132-136.

Processors 102-105, bus bridge 124, mass storage device 125, and memory
controller 122 each include a bus controller 138. Bus controller 138 controls
communication over processor-memory bus 101 when the processor or agent containing

25 it has control of processor-memory bus 101.

FIG. 2 is a timing diagram showing what occurs on the bus during a common
clock transaction. In timing diagrams herein, a square symbol indicates thut a signal is
driven, a circle symbol indicates that a signal is sampled (latched, or captured), and a

triangle symbol indicates that the signal is received, or observed. Is used herein, the
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communi cati on over processor-nmenory bus 101 when the processor or agent

containin 25 it has control of processor-nenory bus 101.
timng dlvg PENM?3% howi ng what occurs on the bus during a cgﬁﬁ(}%ooé%ik

transaction. In timng diagrans herein, a square synbol indicates thin a
signal is driven, a circle synbol indicates that a signal is sanpled

(l atched, oneroafabserted!)immiasthat a siphdngli®veaysinehetivedéeah@btht et t he signal is
received, or observed. |s used herein, the 4 SUBSTI TUTE SHEET (RULE 26) WO
01/ 50286 PCTiieaawsed1mmtes thaf fhe: S’a@é‘é]ellstdéélen inrifslinassive fngic lgvei gnal i's driven to

its active |evel ggadith r e at th
driven in its inactive ?lgéigc IéI\</e E?C%l us c?nswg}sgfi%enzlthg(ﬁk_# |§Clac yCgllolr’n its
ri si ng edgesigAtl A lisassdraedtonalie b)isoAkt}ﬁ)sdrt&)f'ﬁrz,, BCKUR&hesSibifal AS P@ kiicafhror t he

bus. At the start % T2, BCLK latches signal A At the start of 5 T3,
signal BJs ds%%‘?acl d‘s?WGF%‘%kﬁ‘dﬁ%’@n%edott%latohtflgmfﬁ@n@lfAsﬁlslrf?élA glangispirag toA

changes stafg oﬁ% nhtt %aeﬁvegétﬁélirr T3 1ACH &St BLS F'Ia T ot sanaﬁ\@{]lsg(sasg%% f from

FIG 2 that sigha I's asserted in Tresponse to sig cycl es
af ter si gnakesporiss tcasgmltAedvo BCIX c&cllesaﬂertsigﬁhng 1§iasagfs’élm illustrating source
synchronous data ansm SSi on according to one enbodi nent of the present
i nvention. The | S &itigHEg iagrafrh@ugt{ﬁtmggp@rggmr@mop@uscda@a;kaqsm@pqmm to the

rocessor t h cl ofe] he data on
Phe data bustore LR BoTHRRNCARL Bfeshienb"Prany @k FshEir B anong ¢ ne

vari ous 18i greptesentdiine cﬁ(dkKn&ngha)I thé procbocth@Gik uss 5 eithedhiteNRhddésonaRd i s
typlcallys C‘H qﬂnth?gi with the INTCLK signal in sone fashion. In this
enbodi nent , 24 Hee 1R oathyfigta bus. {hg BETELK tieshopmdn llﬂtﬁérats@q«eéatlgnﬁnp The

DATA si gnal S . n th i e
illustrat ed@ﬁnéﬁévggéﬁtsagga%Aﬁ @LR%I ér?glsq#r%tlﬂcs & g%log?‘ Wi 8% 1[She nor nal

transfer ratypicalthemctianizeil svithahe INT@IeIKl sipnapingost fﬁsﬂﬁ)nbuﬁthls%ﬂﬂbﬁﬁnedtt become
hi gh i npedanc is remins at a logic 1 value as shown in INTCLK |A,
3B, 4A 7Bt hgig\liagKgs@r} ISgpvgse faster thant ¢ BCLK signal. The DATA signal is the data
15 asseen on the bus. In the embodiment as illustrated in FIG. 3, the DATA signal is
transferred at twice the normal transfer rate. When data is not driven by any of the bus
agents, it become high impedance and is remains at a logic 1 value as shown in INTCLK
1A, 3B, 4A, 7B, 8A and 8B in FIG. 3.
STBp and STBn are two strobe signals that are use to drive the data onto the bus.
20 STBp and STBn signals used to synchronize data transfer. Any receiving bus agent or
processor can use the STBp and STBn signal to latch the data. The use of two strobe
signals (instead of one) for strobing data eliminates the jittering problem associated with
single strobe approach. Another advantage of using two strobe signal is reduc*ion in the
common mode signal noise problem. Furthermore, it is difficult to clock the data on the
25 bus at a rate twice as fast as the bus clock with only one strobe.
The STBp and STBn signals are phase shifted from each other although the
phase shiftir.z does not occur at all clocks. By shifting the phase, i.c.. shifting the edge

of one signal by an amount equal to half the BCLK signal the receiver can examine both

STBp and STBn to obtain the data. The consequence of the phase shift is that the DATA
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STBp and STBn are two strobe signals that are use to drive the data onto
the bus. 20 STBp and STBn signals used to synchroni ze data transfer. Any
recei vi ngWMQU8/>84ént or processor can use the STBp and STBRCEU§HE13450 | atch
the data. The use of two strobe signals (instead of one) for strobing data
elimnates the jittering problem associated with ZI ngl e st robﬁ appr oach.
Anot her advapt i . '591'[‘@! i ction in e..conmon
node si gnal r%o‘iadgg “g{egﬁéﬂ]&eéﬁ%lﬁ%%%?g@ I |%Ad§#lfq'ztu > P & IBT‘%&RVI‘E‘%'@"Bata
on the 25 busf&TBnamdaSEBnvsipmitﬁs-gbﬁgtorahsgztthe-glﬁyffg.cljo](c:k wth (r)]nl %/hone
strobe. The STBp and STBn signals are phase shifte rom each other
al t hough t he pﬁa@%ﬂg‘fﬁ SicREPHEREtaRY edgsdsgrreapnedti the fase Kisobeignelsiis t i Rgl ]E he
i.e.. kit : i Y, anpunt eq to
phase, i.e..,ghdd Be@&ertﬂ'é?da%ggctugﬁ Qitbed! %%ll?&%%s%eﬁtépngfgﬂe H%lv Blbstcé?‘%

the BCLK signal the receiver can examne l t he
dat a. TheScorfeguenist absdimpeofithasieoteliwhichi hszppéhafalt ﬁlg Q\?\rﬁé‘rﬂft tﬁe dasdBstld TUTE
SHEET (RULE 26), WO 01/ 50286 PCT/ USOQ/ 31345 is vali en ere are

transi 'E i ons ‘gF‘)dBHtaﬁ S I ]G STHYS eardy %@@Oﬁmremd&am&ﬁnm@f ShﬁWI?TBp
and STBn is irkyt i r t] I P B Qi NaVEA co enentary
edge featur eﬂ?&gg\@'ﬂg}?ygﬁ &gé%lao fs@t r bdgﬁgfogﬁr)\al s 'Il“g_mgélglszgépggfggf EYe Hat a
i s actual |y tb¢ nottethckTihpbthat data strdtieds aseed dt@i inSta@Nehdiahd plUsiveldaek 5

before the first cropssi of the strobes which happens at the center of the
data valid vﬁtfﬁg%wggg&z‘?(ﬁﬁﬁhl? Rrepfriye featurpniwo @agg styobas wmtd rawr ofs referred to

as "pre-ggi vy t@é}y\/@ I | i . ngB nd fromINTCLK
si gngl 4?01\6 ofd%g i Bn.é]Therctiagae%tag{r%ilnri%qbﬁgahg%?k%:Slja?%ﬁ?,bki'%é&%t T Orbglfeatwé)_t Bbe is
asserted at strhbesitngglant thehemnal peocpssecottebpoddihgtia thestataobe toggles. Wth this

re-drive featur t dat.a strobes forma pair of 10 conplenentary edges
gt the time the ?&P&V@t%‘%‘flgmg dhessdgeicamplemaniasy data sirebeotiith pieedrivivoa fiatea

o obes OB, ol LR or oS SRERGEATAL Al PR H S TS,
F : g\r/,'sf Ig? gr at\gitﬁ?grgeairmegiglekﬁatd snroIE%e/,Ghe datatchiebé RARfdRl a€ tvaeK the iobMh1GEref @t er
than t helgj usdat%'a?ecell(v'ailable in one bus clock. According to arr embodiment of the present
invention, one of the strobe signals must also be post driven when a every time a data
transfer ends (i.e., pre-drive, transfer, post-drive). A changeover is defined as another
processor or agent taking control of the bus. Also a changeover is further defined as the
time frame when the post-drive of one processor is in the same bus clock as the pre-
20  drive in another processor.
As shown in FIG. 3, internal signals, strobe enable A! and strobe enable A2
indicate the internal state of a transmitting processor and how it affects external signals.
According to the present invention, these signal tell output strobe buffers of a
transmitting processor or agent to drive the strobes out of the buffer. The DBSY signal
25  is the data bus busy signal. This signal is asserted by a transmitting processor or agent
to indicate it is using or is about to use or has used the data bus. The SBSY signal is the
strobe busy signal. This signal is asserted by the transmitting processor or agent to
indicate it is using or about to use the strobe lines of the bus.

In FIG. 3 the two strobe signals STBp and STBn clock the data at twice the clock
30 rate of the BCLK. The DATA is available during the second half of BCLK 1, or during
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Wth pre-drive dual data strobe, the data can be transferred at tw ce the

normal r X 15 data are available in one bus clock. lf&c 5(9)93@ Jist O ai l
enbodi nmen 0%1}5}9%8 present invention, one of the strobe si gna/g rms? al so be

post driven when a every tine a data transfer ends (i.e., pre-drive,
transfer, post-drive). A changeover is defined as another processor or

agent taki ng [NQWUKOIBETHHR phslrivedl 8 BCLIC NaISONR! S?Bblgbmﬁgh deabik @%gnas
the time frame when the post-drive of one processor is’in the sane bus

cl ock as the ipdvepdowr $TBp ard SHBR bentinpe tctogslocachis tlmhvatm)fibluz BloGk. 3, )
internal signals, st enabl e Al an t oe.eqabQAZ i.ndi cate the

i nternal st gt e of AZ (’,r;ﬁaiﬁérﬁhf ??%&%%rc%§€%§l°§h@‘t%%d l?it_hﬁfsgé(ﬁ’t‘%teé‘%t”é?eﬁal
signals. AcquedbRgiatarddbfer pkessinde dfRY 8¢ dQR cldck ‘%&ﬁtra?dsﬂ{i‘s%kqntcﬁ*d'aﬁ?m put
strobe buffers of a transmtti ng processor or agent to drive thée strobes

out of the bapyeing BHK PRSY BSildhal Aqsrdisg toitke pasent ruvsntiers v sequgned of Thi s

[ [ d b . 1Lt . agent o indicate it is
ising or i o St ol ButhROREh DiGR-BRENAE eindre FREn ankipeemepi ihed ne
strobe busy gipgnadta bdiRg SerdtddNt theSerdiSoThd @ehsBNioh B8 il tRMSMidihd POBLGE fiRs DT

or agent to indicate It is using or about to use the strobe t he
bus. | n FI G transnHBing\psocsssopheomyietps shestra@FBpioandd SaBnlrivkothk cofrect dadtee. ats t wi ce

the clock 3Q rat. CLK. The. DATA j s avail.l abl e durj the second
hal f of BCLK ,“%olr% Fgér%%%“ n‘é‘()%@ﬂ%%sr egﬁéé’rﬁ?ééfg géﬁ“wﬁ%ﬂ@d@ e at
PCT/ US00/181386L Kl NdiGhKsaklBins@TiBphdns THErodley 81 4';3’gaﬁin?g-thé°@lo§g'r§o@-ﬁlatas1-8p
goes high while STBn is driven |low. STBp and STBn continue to toggle each

at the rate @fthppextdpgdtanstar. BCLK 3, the data transfer of the bl ock

initiated by the Q. S, termnate The next data transfer {akes place
after one dead cI@EEH(%%btorggrrﬂ?éaﬁfaé%ﬁ%‘ﬁ“?ﬂ“gd’&rﬁﬁes?ré’é%ﬁi"? HymeEdetal and BCLK

4. Accor di ngadeBrdirpeioRhe eMBbdihHESHthd Presit ﬁﬁ@m%ggﬁt 102 ARE g&ﬁ%i §‘hdéw3i ch

results in the correct strobe being pre-driven and 1 ncorrect atc

i nput data bédtapath freas 407, bug cantrellemid 8afatat hubfets 40 smd 40D mnd ftrabeduffemn®ai t t i ng
processor ¢ tib%.

As described below, bus controller 138, controls communication over bus 101
when the processor or agent containing it has control of the bus. Internal control and
data path logic 407, operates as the processor’s core. Agent 102 also may include a sets
of data buffers 401 and 402. Data bufters 401 may be an input buffer and data buffer

20 402 may be an output buffer. However, alternate embodiments could include more or
fewer data buffers or data buffers that couid be used for both input and output rather than
having two different sets of buffers.

Data buffer 402 temporarily stores data that is being transferred from processor
120 to another processor via the data line (101a) of bus 101. Data buffer 401 temporarily

25  stores data that is being transferred from another processor to processor 120 via bus 101.

Strobe buffers 403-406 include STBp input and output buffers 403 and 404.
respectively, and STBn input and output buffers 405 and 406, respectively. The strobe
buffers receive signals from controller 138 for outputting the correct strobe. In addition,
strobe buffers input and receive strobe signals from strobe line (101c) of bus 101.

30 Controller 138 also receives and sends DBSY and SBSY signals from the conirol line
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transmtting processors conpetes the transaction and post-drives the
correct Séﬁﬁﬁg“mAs shown in FIG 3, STBn now pre-drives tﬁﬁﬂﬂﬂ%§¥§% BCLK
4. Then, p %8P toggle at 10 BCLK 4 at the sane instant p
toggles at clock 4, starting the clocking of data in the next data

transfer. FIG 4 is a block diagramillustrating a processor or agent in

nore detail (l1a¢ofGungo! @ iadicate FHRH aPRdtessdt istdbButitb @5Eihe dud\RBhhdihe Agent
102 internal control and data path logic 407, bus controller 138 data

buffers 401 dfgekipss fithe By obe buffers 403- 15 406. As descri bed bel ow, bus

controller 138, ¢ I ni .on.over s 101 -wh t.he processor or
agent cont ai ni ng Lﬁt@t .ﬁgésgg%g%gfa%f&ttﬁ%fe&usr?s ‘%ﬁt“%f’%é{o”ébﬁﬁ' U Bfmlieét a path
| ogi ¢ 407, opsriatiedesams bla RICRMGSR Ot SOC, A qudgestlectR 308l HObEBNask ncl ude a
sets of data buffers 401 and 402. Data buffers 401 may be an input buffer

and data bufifaskingalenige Shyrapgactian Hipe rackibg fi¢wdee SHonrogessor wite taeking

enbodi nent s l.dn) e dat a buf.f r, data buffers that
coul d be usé%g 8?0%0 {Hﬁﬁﬁggggﬁgkgﬁgﬁﬁﬁgré%H%PWPHéEkiﬁgyfﬂﬁ“FW&”&F fér ent
sets of buf faevie SDAtthe bath faguedORclor BPOARAT th YirsHePhase wiRkgldedlce 562 Rei Ny
transferred from processor 120 to another processor via the data line (101

a) of bus 1Perabigrvhasthe processar Y&ngsspixes informason ansk the bustrackingatevics Sp&i ng

transferred r rocessor. 120 via b 1 t r obe
but for o 409 BoRTSAARIEb-URREE kB RBE IR by B G th i ye
respecti V@l yenatsladalGilRor 50vatt opardtionsl puikn BrolcbLbs1 02 0Panamets At6rmdi@gpect i vel y.
The strobe buffers receive signals fromcontroller 138 for outputting the

correct strobe. |‘KheRpctating in thetrapgraittng mede praspssor ddiassertsethe BB atde
TG T IR R A e e
SUBSTI TUTE SidsEdighfRbate Béeh a¥¥er@d/ 20286whGd F1dSAtRESdignal 4@ hskallyQksehis 101
to indicate O\;IVIQ %Ss cé}ocpkr l?e(t:'c?rgsdgtra sita?'tset‘ct)) gg Elri;[/e% alﬁ%i?lsﬁaqg/ e%%g gn tbjllljss clgcr]kdbc;[f(t]rg data is
15 stops being driven. Although the DBSY and SBSY signals are represent as shown in
FIG. 3, these signals can take many different waveforms without departing from the
spirit and scope of the present invention. Whatever waveforms these signal may take,
these waveforms are known by each of the processors and agents of the system.
According to another embodiment of the present invention, more or fewer that two
20 signal can be used without departing from the spirit and scope of the present invention.
The outputs from the bus state tracking device include outpi.ts to the data queue
selector 501, an output to strobe phase tracking device 502, and output to transaction

type tracking device 503 and output to data and strobe buffers. Referring to the data

queue selector 501, one input from the bus state tracking device is a data received,

o
W

increment selector signal. This signal provides an indication to the latches of the input
data buffer to send data to the core of the receiving processor. By the time the signals
are asserted it is guaranteed that the data is at the receiving agent.

Another input to the data queue selector 501 is the source synchronous/common

clock select signal. This signal indicates the speed at which the clock is running. For
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strobe lines of the bus. FIG 5 is a block diagramof the features of bus

controll us controller 138 includes bus state trgﬁhi E%%ce 500,
dat a queﬁ&oﬁéggggor 501, strobe phase 5 tracking device 5 ,"@%gﬁsaction

type tracking device 503, processor state tracking device 504 and drive
enabl e cal culator 505. As shown in FIG 5, the bus state tracking device

500, the datexafhipiy theshls eptREod be anthitdia aSohRbeyAAmBuS MBEKbNDcditmbge 502
are operable when the processor 102 receives information and the bus

tracki ng devile& mode. the transaction type tracking 503, the processor

tate t Ki day| 4 d rive,10.enabl al cul ator. 5Q4 .ar
oper ati onal when Toae Bl MIE b e Dl R frobR G aRind 4l g1
the transni tThinggnal Geovidus agessdve 1ot dsRaidl toReddifoeBthandd e SEBSHE

signals. Bus state tracking device 500 nonitors the bus and determ nes that
t hese si ghalPhRgakeingeEIrkad sdpqosding msans¢mabadimantof e [Besephiayentivngthalssoker e

usual Iy ass ; .before data starts to be dri.ven and usually
ends on buseﬂ(’:h%%gﬂacg[e}%(# gl%a g{eggilétslpﬁg 3y ompe_§ ° Se'%eﬁ‘glatéF fh\?g% maxFt %ﬂ%‘ﬁ)vf he DBSY
and SBSY si giealrgedadt thel RS Gy ilRBmSAOWFtd thansddtion. Fhistib@semshasdsed s@thet ake

many different waveforns w thout departing fromthe spirit and scope of
the present Sfagelithe bys Laeitiey mastorshangrover did @geoashy ithel phasgyisreske, This Isese

f .apd . of .t t
Aooor i ng_ ¢ <O Heeetle BRER: R no' itk 06 PR RS TV BRE PP irde o6F conor

that twol®0 nsédpdad resan Theoutpechthd stk plgRartking déviemstshg t6 fefstlbb@nd scope
of the present invention. The outputs fromthe bus state tracking device
i ncl ude out pytpst beffarhongheiag thedpeeried signat efthgother vip invgrtpui06 Thitallsves phase
tracki ng devyji c S8l ran ti,on type tracking device 503
and out put ¥%:%g%g%g%d S ?%%@H%ﬁ%fgééglé% %@ring to the data queue

sel ector 501, on®usBfatettrdckdmdeliee BUGalss attBuls haskirddet A@M4l 61 ArSeadlydaded
received, 25 increnent selector sigg?l. Thi s signal provides an indication

to the | atch&galofTheraie resphpignaliessels efdatar inpy budises. enst the 53Bplaed 83Be infutt he
e A T e S L R T
sel ect or 50#rivseddeef SipstobBe ByrBelivedAUES S@BHP Rile bus clock as shown in FIG. 3.
The early reset signal resets any of the other components in processor 102. The early
reset is used to initialize output buffers in the event that the processor might have to pre-
drive on the second bus idle cycle. Both of the early and the late reset signals are
20  triggered when the processor determines that there will be two consecutive bus cycles.
With respect to processor 102 functioning as a transmitting processor,
transaction type tracking device 503 receives inputs from the bus state tracking device
and the processbr state tracking device 504 which monitors the status of the processor.
The output from the transaction type tracking device (which determines whether partial
25 or full data is being transmitted) is sent to a drive enable calculator 505 which stops the
driving of the strobe asserted by the processor state tracking device. The output from
drive enable calculator 505 is sent to the strobe output buffers and the output from the
processor state tracking device is sent to the data output buffer.

While certain exemplary embodiments have been described and shown in the

accompanying drawings, it is to be understood that such embodiments are merely
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clock select signal. This signal indicates the speed at which the clock is
runni ng. r UBSTI TUTE SHEET (RULE 26) WO 01/50286 PCT, 5
exanple,vgﬁghgﬁ?§clock could be running in a source synch#%#?@%béﬁgg or a
common cl ock node. Bus state tracking device also sends a signal to strobe
phase tracking device 502. This signal provides a post drive next cycle
signal to pr@kmptivealiyng hatrrgeritthe antthobead invbase, el that thisdake@tion Ascies di ng
to an enbodi pent  of the esent invention, the strobe phase tracking

devi ce pr eeng{‘%i1 ‘éFcﬁ/th8§%"lf%s”8?m§ﬁ8{’ﬁﬂ“§t%@“E%ﬁmsas}‘ﬁ%taéii descained inse

occurred at {HeRu8BthePno@YRAYords MR 08 tW][tlilc;sg oMir?ﬂﬁ?% 10 f0h% 'S determ ned

based on the state of the bus. Later 1f a master angeover did not occur,
the phase is reset. This is possible because if there is no changeover,
the bus is then idle, allowing for the tine 10 needed to reset. The out put
of the strobe phase tracking device is sent to the strobe output buffers,
one being the inverted signal of the other via inverter 506. This allows
the STBp and STBn output buffers to be identical. Bus state tracking device
500 al so outputs a late reset signal and an early reset signal. The late
reset signal resets the data input buffers, and the STBp and STBn i nput 15
and output buffers. In addition, the |late reset, ensure that a reset occurs
after the post drive edge of the strobe is received on the second idle bus
clock as shown in FIG 3. The early reset signal resets any of the other
conponents in processor 102. The early reset is used to initialize output
buffers in the event that the processor m ght have to pre- drive on the
second bus idle cycle. Both of the early and the |ate reset signals are 20
triggered when the processor determ nes that there will be two consecutive
bus cycles. Wth respect to processor 102 functioning as a transmtting
processor, transaction type tracking device 503 receives inputs fromthe
bus state tracking device and the processor state tracking device 504

whi ch nonitors the status of the processor.

10
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The output fromthe transaction type tracking device (which determ nes

whet her partial 25 or full data is being transmtted) is sent to a drive
enabl e cal'OMalBf 505 which stops the driving of the st r offe4YWel{4aq by
the processor state tracking device. The output from drive enable
calculator 505 is sent to the strobe output buffers and the output fromthe
processor stateWE&IKAIN: device is sent to the data output buffer. Wile
certain exenplary enbodi ments have been described and shown in the
acconpanyi ng dr awi‘ngsthod forieasurmngmsopadeeks odnd pett dsvioh betvivodifiesit s ar e
merely 9 §H§§TI£Q§E.SHEETC$§HLE 29% WO 01/ 50286 PCT/ US00/ 31345

i 11 ustraticaagpnserandd second dama ranster comppisings’ o o invention, and that this

i nvention not bgenerdtitigtacfitst BrobB SighaeaH hisecdn@REbBLGERLNS and arrangenment s
shown and described, since various other nodifications may occur to those

ordi narily ski | Pedirivang ere ofiseid firet and\9BSTH FuAEe SERiSTfReE 26)daD 01/ 50286
PCTIUSOO/3$§§§aUVE CLAIM 1. A nmethod for ensuring proper strobe pre and
post driving between a first data transfer and a second data transfer

conpri sing: geneésteiifigg avHidH Sitsafl firolmdSt il strabdsign 38606k §dst @pensi gnal ; 5
pre-driving one of said first and second strobe signals before the first
data trandfbr; determ ning which of said first and second strobe signals

will be post drjvep; . re-driving one of said first and secpond strobe
signal s before é%gﬂggg%n%(ggﬁgqﬁ%dm?g%ﬁggé?Qb%fgnfﬁéwﬁg?H§§e§§@ég ing to
cl ai m 20of utrhils@gr. conpri sing predicting that a

2. The method according to claim 1 further comprising predicting that a

master changeover occurred at the end of the first data transfer.

15 3. The method according to claim 1, wherein said determining which of said

first and second strobe signal will be post driven is determined by a bus state.

4. The method according to claim 2 comprising pre-driving the other of said
first and second strobe signals before the second data transfer.
20
5. The method according to claim 2. comprising the pre-driving said one of

the first and second strobe signal before the second data transfer.

6. The method according to claim 1. wherein said first data transfer is requested by

25 afirst agent.

7. The method according to claim 1. wherein said second data transfer is requested

by a second agent.

11
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mast er changeover occurred at the end of the first data transfer. 15 3. The

nmet hod acgording to claim1l, wherein said determ ning which_ of sai first
and secongegﬁﬁggﬁ signal will be post driven is deterninedQBVUgmgﬁgﬁstate.

4. The method according to claim2 conprising pre-driving the other of said
first and second strobe signals before the second data transfer. 20 5. The

met hod accor di ng. tTae ﬁieﬁioﬂ!aZeor@i@lgﬁcﬁ LIS @, WheeiR rs@id@"sitrﬁi)@&a%@-itrgclﬁﬁgad@vfice the
first and second strobe signal before the second data transfer. 6. The

net hod accpt@mpiges whigh af said firshard secondsgiode fignals wilhbapestdnsérer is request ed
by 25 a first agent. 7. The nethod according to claim1l. wherein said
second data transfer is requested by a second agent. 11 SUBSTI TUTE SHEET

(RULE 26) WO 01H5088meG/atiS08ihg i3diaim 8. futthe RipHGid aes@astgntsifmi cl ai m 1.
wherein said a strobe phase tracking device determnes which of said first
and secondinsiGagpea sirefivangnahjsiabowdo ppsrnsritteen. 9. The met hod according to
claim1, further conprising generating a signal 5 indicating a strobe
signal is about to be transmtted. 10. The nethod according to claiml,
further conprisimgTiganehad id@rdngiodidin 1,ifidics abhp@sif@behetatin@AQitnat 0 be
transmtted. 10 11. An _apparatus for transferring data in a conputer system
conpri si ngindicgtipgdate isabpeidobe trgngspigiedl i ty of agents; said plurality of
agents each including a bus controller the controls the bus during certain
data transfers involving the agents wherein said controller generates a

first g0robe siignah agachras Beaamdersihg ae iSh 86BputelySrel dongrisare of said
first and second strobe signals 15 before the first data transfer,

det er ni nes whi chbusfcodplpditq § plyralignef ageptsnd strobe signals will be

said plurality of agents each including a bus controller the controls the bus during
certain data transfers involving the agents wherein said controller generates a first strobe
signal and a second strobe signal, pre-drives one of said first and second strobe signals
15 before the first data transfer, determines which of said first and second strobe signals will be
post driven, and pre-drives one of said first and second strobe signals before the second data

transfer.

12. The apparatus according to claim 11 wherein said bus controller predicts that a

20 master changeover occurred at the end cf the first data transfer.

13. The apparatus according to claim 11, wherein said bus controller determines

which of said first and second strobe signal will be post driven by a bus state.

25 14. The apparatus according to claim 12 wherein said bus controller pre-drives the

other of said first and second strobe signals before the second data transfer.

15. The apparatus according to claim 12 wherein said bus controller pre-drives said

one of the first and second strobe signal before the second data transfer.

12
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post driven, and pre-drives one of said first and second strobe signals
before th data transfer. 12. The apparatus according to claim1l
wherein sald bus controller predicts that a 20 naster cha35366@@395%urred
at the end of the first data transfer. 13. The apparatus according to claim
11, wherein said bus controller determ nes which of said first and second
strobe signal wilbl D gppamatuderspadingyo claipus!, stteren s@é fitd datdvansfppiar at us

according to chég1%§imherein said bus controller pre-drives the other of
n

said first ang sec "3t 955Be signals before the second data transfer. 15.

The apparatus according to claim212 wherein said bus controller pre-drives
said one of the first and second strobe signal before the second data
transfer. 30 12 17SUBSTPPRIATEs SeERngtRolgEMAE) whgeDishB0286:dRETH tuSeRt 81345  16.

The appara [ | aim 11, wherein said first data transfer is
requestg% %%ﬁgggfgggsggg%?g§ﬁ7_ The apparatus according to claim1l

wherein said second data transfer is 5 requested by a second agent. 18.
The apparatus according to claim 11, wherein said bus controller includes a
strobe phase tr a8kl heyarraiatesccopidig teletaim il nekereiniseid bus cemiallef inchidesand

second str Sl Wl |.be post driven.,.10 19. The agpparatus accordi ng
to claim 1%?&&%%%845&%5%%# e‘ﬁlﬁg W(?gc(r?ft&re STERes é"é’h%‘rﬁ#@‘g figst ??é%éﬂngisﬁﬂl?ec%@aﬂfg a
strobe si gmall bé posakieiuén.t 0 be transmtted. 20. The nethod according to claim

1, wherein said bus controller generates a signal 15 indicating data is
about tl§ be transnmitted. 21. The apparatus according to claim 11, wherein

said bus contr Ollé.e'fhcr zﬁa%?{llaYL%Sac&rding to claim 11, wherein said bus controllzr generates a

signal indicating a strobe signal is about to be transmitted.

20. The method according to claim 1, wherein said bus controller generates a signal

15 indicating data is about to be transmitted.

21. The apparatus according to claim 11, wherein said bus controller receives a

signal indicating a strobe signal is about to be transmitted.

20 22. The method according to claim 1, wherein said bus controller receives a signal

indicating data is about to be transmitted.

23. A computer system comprising:
a bus having a bus clock, said bus comprising a data bus, said bus providing a first
25 strobe and a second strobe, the first and second strobe signals clocking data in a first and a
second data transfers;
a first agent coupled to said bus for initiating said first or second data transfer. said
first data transfer being pre-driven by said one of said first strobe and said second strobe

signals: and  a second agent coupled to said bus for initialing the second data transfer. said
13
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signal indicating a strobe signal is about to be transmtted. 20 22. The
nmet hod according to claiml1, wherein said bus controller receives a signa
indicatiﬁﬁoﬁﬁﬂﬁ‘is about to be transmtted. 23. A corrputeIPC Th345
conprising: a bus having a bus clock, said bus conprising a data bus, said
bus providing a first 25 strobe and a second strobe, the first and second
strobe si geadial ddrD@kisheg belak drd-drivenftyrsald e dthar oSRROME Hhaba abhd &a6AESEbe A
first agent coupled to said bus for initiating said first or second data
transfer, SgH¥p first data transfer bei ng pre-driven by said one of said
first strobe and said second strobe signals: and a second agent coupled to
said bus for initialing the second data transfer. said 13 SUBSTI TUTE SHEET
(RULE 26) WD 01/50286 PCTI USOQ 31345 second data transfer being pre-driven
by said the other of said first strobe and second strobe signals. 14
SUBSTI TUTE SHEET (RULE 26)
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