:fge3eb | "\ 6T@13 ~~1G 2003 METHOD AND APPARATUS FOR DI FFERENTI AL. STROBI NG
N A COMMUNI CATI ONS BUS 5 FIELD OF THE | NVENTI ON The present i riv@ndii® 2003
relates generally to data transfer on a comruni cati ons bus. Mre
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 f or mance because nultiple processors operate in parallel. A typical
mul ti processor system has a nunber of 1 p processors attached to a
comuni cation bus. Al though each processor can only use the bus one at a
time, bus protocols has been developed to optim ze the bus utilization. In
such a multi processor system one pan of the conmunication 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 from processor to 1 ~ ~ auc z~~ processor in accordance with
a predefined clocking scheme. 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 another 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 differential strobe signals which are phase
shifted such that rite active edges as provided by both strobes correspond
to a fast tMEEIED AVDA@PARLIUS souwmmm"?mwkdmﬁ@; fg period of the
system bus cl ock. These strobes are used by the 10 receiving processor to
|l atch the data. Differential strobe signals nean that both active | ow
and-active high strobes are ¢pdMUNIcSTTNEH ges conplexity in an active
| ow bus by requiring that one of the strobes e pre and post driven from
and to a’steady state logic | value. Furthernore, the pre and post driving
of the strobes need to be taken into consideration at the receiving I S
processors to ensure proper data capture and to deci de which strobe needs
to be pre dAELEDHTHEANVANTEQN data transfer. The nmai n probl em associ at ed
with this differgntial multipracessor approach is continuous data transfers
with changes in tHE B l%ﬁﬂlﬂ%§ﬁﬁtﬁs ggneiglly to gnimiTanafst prer cproemestions becones t he
sendi ng pr oassdbire giiticulmRIS A€ preddink @KL rOME! 1ol NEe Rl dn BYS a0 Accordingly,
there i eed | the technol ogy to have a nechanismfor S “r obe phase
t racki ngot ok “% WiRera mestes plingpevenerithp ostimdnicationguas wel | as accurately
capturing data SUMWMARY OF THE | NVENTI ON 25 Enbodi nents of the present
i nvention are dlrected to a method and apparatus for ensuring proper strobe
pre and po~5A'P 3 VENTION data transfer and a second data
transfer in a c m . The nethod includes generating a first
strobe signal %HIB Hlt“é%g%sﬁg Sﬁe[ FBEE G gfem B?I(goraa,apqyr'hq'@au%@ul@plesa' d first and
second st rob@emogmbmebebml&ltMprohrxﬁﬁltlﬁr%Eés&Hﬁ&%%saS{Eﬁt?éwf ning which of

sai d flrst and secon gtrobe signals w
Processors attached to 2 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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~ ~ AUG 20(B post driven, and pre-driving one of said frst and second
strobe signals before the second data transfer. BRI EF DES RTI Eél % THE
DRAW NGS The advantages of the present invention will beco ar'ré ddi | y
apparent to those ordinarily skilled in the art after review ng the

foll owi ng detail ed description and acconpanyi ng draw ngs, wherein: FIG 1
illustrates a typical block diagramof a conputing system FIG 2 is a

typi cal tim mgcediored /0 - ing systemof FIG 1. FIG 3 is tinmng
di agramil | u}gtg.r ating ti@n%é%gg’?%i?ﬁ%édt%cg E8H588i neviEtegus fleckyo

pr esent i nventPigHLY qiyeks daja P oda bdndilg pocagt Band Qo 8 reRERSEQlesBECOrding to an

enbodi nent of L Lnvention. FIG 5 is a block diagramof a bus
control | er acoco%hglf‘ﬁ[ R O T stk gwle s FEEEEs clogleint transfer | S DETAI LED

DESCRI PTI ON dar figrEoie\WENToON Bicsiek efesssherainal belralfefPOG RNt s of 2
strobe phsalsesvtgacki ng ,rechani sm for determ ning fch strobe t6 pre-drive
and post-dri*ve WF%@”&W&%@F IiRgAte thespeadf theclommmnimiatioronns bus. The
strobe phaseodtashktiandi® ehanlisy he proper, strobe to 20 be asserted
whi ch provi ?’e% for efficient lo!atng{h%;a%g eS?eréan Iﬁ@]yc%?ﬁ?fﬁ‘ﬁ%fé‘f"i ons bus. In
the fol | owi Ayfaedelsmgbe genals wiriclpare pose shinéd eupthanat h@fe «QRs ous details re

set forth iprAA8Ly LQLREOW a_t horough under st andi ng of the present
i nvention. However: it vﬁwéfgﬁ%esg%ngé?é I?%’sgﬁ%{"@k‘f"@ﬂé&tj’mcaﬂm art that

these speci Fh@ed@@@ﬂﬂe@em@fmsym@ﬁuﬂuﬁ eidcil. ”Tﬁgs&iﬁfquQarQ‘i@e‘atHg%e t he present
inventiofy |0k F°°%§g§%t§@§5§t#§§§” known el ectrical 25 structures and

circuits are sho I'n Imformin order not to obscure the

presentinventi onDiffereedisaalid sighalshden bt bsin S Rb 95K, .agr am of

mul ti-pr ocelslé::ﬁr ﬁior'%%';t er system whi ch nav_ telzgogkéﬁ%vﬁcg}ﬁealé’%%%ﬁseaﬁ?s of the

present i nv&WEi SRS TESABGE SRS ama adpye Iavcbusdbe SequiripaB&ohe BREDTY bus 1 OL

for communi eattom hetxweRR: divki 85 ocessors coupled to 30 , bus |01

Al so coupled to proc_es_sor-ngnory&%hcsiporfbs%aa?'étatﬁd)%?E"%lﬂ?:h}:%heﬁi}%reﬁm dges.

~ ~ AUK 200%¢ adhinsydrinang efdbe styobes rebdtocte mﬂﬁrﬁ@sensﬂkﬁnoﬂt(?&eéée%ﬁgemfy bus
h

101 i ncliydego kb i ddress, data and control busses (not own). In
one enbodi err%fﬁt,s e%%%h%u?@%rP geéggtéitg?%mle@?‘? 0 q5gde which stagh¢ needs®p bnpeude a snal |,

extrenel y fdiben dwingravaikt daciesiE MHeymA4R BlobS RO %{E& feferred to as a
level one (J.4 ) cache nemory for terrpor&té)rily stggt‘i%ng as)él%ﬁed’%fﬂnstructi ons
on the sanme | ntegrat eBPEIPRFMinovs dafa yeustus wite chappodia sedius owhergmsli tion, a
| arger, | eviel, whewafdibd) pfRERE HEEIR: Y /| upl ed,to processor 10S for
tenporarily, storjng data and inst r?tti%ﬁ%h$%rggel§§s)oeroﬁ)}nﬁ%c@?s‘@?esPVEE)S. I'n

ot her embodf E”,S' an L2 cache such as nmenory | 06 can be coupled to any

one of poocessongcdr@2sih QR rocessor-nenory bus 10l provides access to
the menory and inpurt/(g)gi pﬁrftjré()allﬁ&?%@%%ﬁ@%ﬂf‘ﬁfé’ﬁﬁﬁ“&%@BIIfISTetrbeI 22 is

coupl ed t o PBRGEeskins torrmsme yroburstrdtipré ed goeitdvite 4sRQ113S G tetrlﬁ/oma random
access rremggq;{mg or other dynam c storage device 121 (co nly referred
to as main neno ¥ or storing information and instnctions for processors

| 02- 10S. Display device 132, keyboard device 133, cursor control device 1 S

| 34, hard CPRYM 5 _and nmass storage device | 36 are coupled to
system I/O‘M@ﬁﬁ%&é@% r-menory bus 101 through bus bridge 124.
Bridge 2524 i s cPupb@Rfledi®ofhO SRR us 101 and system|/O bus 131 to
provi de a conmmuni cation pat hﬁzgr ggfemya%éoérfre‘&‘é%foc?ége ofl Edrapparatus for

processor - FEHBIE/PBRE sTotx Ro¢ ad/ 10Oshlinkkiveen a€iee a5t Ahndid:ANS h Sleofpt @ bet ween
devi ces ondgtpga,g@pg{a%uﬁggr isyds%?n L[%‘ffmieamgm interface between

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



20 system |/ O bus 131 and processor-nenory bus 101. 1/0 bus 131
communi cat es i nformation between peripheral devices 132-13$.3 Rlige ors
102- 10S, bus bridge 124, mass storage device 125, and nmenory controller 122
each include a bus controller 138. Bus controller 138 controls
communi cati on over processor-nmenory bus 10l when the processor or agent
containing 2S it has control of processor-nenory bus 101. FIG 2 is a
tim ng di agremt éhemang pwhatvidCsd s {ng. a ¢ cl oc
transaction. In tipi ngpdi agrﬁagcrgél herag(ipﬁ%h%dggﬁggg{résbeg Eg?fsugﬁafeg%fisé%mﬁh; '~ a
signal is dr?%‘ﬁ’?“g}'ci rcle synbol indicates that a signal is sanpled
(latched, orprEptnERp } I ol indicates that the signal is
recei ved, or observed. Tgﬁ}ﬂgg Eﬁﬁ%, Snb4 .~ 3 AUG 2003 term
“asserted" inpli d5epdvantagessif Gratesest ihehN@Willbebdise A6ki¥ill GYBleAnd the term
"deassert?d"th&smald'é@wsﬁﬁﬁ t.hei\?si gnal is driven in its inactive logic |evel.
Bus cl ock”si gnal <led 4y the art GHen e e wing ilisfolianger deiledescsipamtandf cl ock
cycle TI, siagmsipadyingdasagstvad@n the bus. At the start of T2, BCLK latches
signal A At the féj\r} of 5 T3, signal Bis asserted in response to the
| at chi ng of si gn&lC-A llestugisap tymcehlngediagtmbea tonpuisg ofsiogi.nal , i nacti ve
state in T2. It grRNoke, §HRY 449 G, hat signal B is asserted in

B

I
response to signal A twd BCLK c%ﬁgrsmééofélfC%rf’ﬁlﬁggsﬁt‘?‘%‘)%%{é}e#t ed. FIG 3is
a tining di agranfid-Pistmagidigrasoiingetiay 060e0Re48ing & & etrﬁl’.%ﬁﬁgniséfi'g?éq
accor di ngy t g.00¢;80RQdl ment of the present invention. The INITCLK signal is
the 10 representative clock internal to the processor that is used to
synchroni ze ot heFIGs# gnablsciadighrah 0K plob&sslat@rapn nRYSe e | NTCLK i's
shown to il |Ilé§et rate the relati onshirr)) ams)ng trr1e %/%9?15&@%%{“98 tacifé}.le The BCLK
signal is tR&E BEKIE seen on the bus and is typically synchronized with
t he | NTCLK si gnal-’fIGi.BisSpdT&kf(ﬁaSéMHQ A i s, enbodi nent. the INTCLK signal is
twice faster than the BCLK si gnaP.a#‘%e&%A@ﬁr%ﬁC e ' & prRRediBem o e as seen
on the bus. PFiot HEendapodi nent as illustrated in FIG 3, the DATA signal is
transferjzked at twice the normal transfer rate. When data is not driven by
any of the bus agents, it becone high inpedance and is remains at a logic |
val ue as shBUBHRAILED NESCRIHTAONIR: TAAINYBNTEAvand 8B in FIG 3. STBp and STBn
are two strobe :Lg.%nalag that are use to drive the data onto the bus. 20 STBp
and STBn si gnal s tieB8d Pgeiafies presTbodimeats af £ stenbsfpbase wAtking meiaMibfgorbuUs agent
OF pr ocessodetemihingSehit@roBd Bh,:anfd ignal. to |atch the data. The use of
two strobe signals (i nstead%g?‘r one EE}Pﬁs R w?%eréil?qﬁ?]‘@f%%athe
jittering proBIEHPaeSdes dhedrdticethasivagling stdabiemanswoas bropA@lher, advant age
of usingot R 8&HOPELS] .18 reducion in the common node signal noise
probl em Furtahernorel,h%@}dgsﬂftﬁcg’m%taﬁ bekihe pempyrigations blse 25 bus at a
rate twi ce as fasthe&sdlowivg deuEiptib@Gkr WirgdleHYn1R0E St . e, STBp and STBn
signals are "%‘ﬁ% shifted from each otq%efr: alet%ougﬁ 't uggg%égée}aﬁsshfefti r: = does
not occur af ST17CSERSPrope & Hiorqueh gnddreangingsy thel present isteinfibd. Mgwehe, edge of
one signal ibyilide g to GRURNE B hal BCLK.signal the receiver can
exam ne bot h, STBp and STBn t(_)eobtta?n& %hhgﬁﬁgtsﬁémﬁch%ta@éﬁ?é’&h@ﬂ'ﬂ,‘éﬁdé? t he phase
shift is tRHEr orREagtaTiRe proserd iNEIBIROD: diler iatancksWRENKANST Gecicg) L F ansi tions at
both STBp angttRdBhd clibu; s.not .matt.er, which one of STBp and STBn is
posi tive-goi ng or ngéal%lg\%ge-%lg%a’hﬁ?%}( cﬁi%@n HIsinCEivp hetrie Abssny tedge f eat ur e,
one of thePatrinyertgemscgssalily. i S asserted before the data is actually
sttobed. Typi cahIC%/ .th@s a(?serti on is one half bus clock 5 before the first
crossing of the' st SbbRotT1a%aT ahpawki-proceshs comptter sysmtwigcitiakabeval i d
wi ndow as stedwrithiefboliaend of TRipsesEAL L LnASSELLion is referred to as
"ore-drive" as shown from | NTCLK signal T ACSPUETESICHNEOfpdides | v> TCLK si gnal
4A of STBnPTOIfENeRimay bl Alifer svemunitatiokber b dken: FakR0oSboNg: S asserted
at the jonst@anty AR LR8P -rc%rive data strobe toggles. Wth this pre-drive
feature, two data strobes form g PamPrygps 101 are agents such as bus bridges.




10 conplenentary edges at the tine the data itself is available. Fromthere
on, the two data strobes toggle in the normal process corresﬂ)gnﬁjjggmg t he
data. Thus, by providing the edge-conplenentary data strobe wth pre-drive,
a faster tranzfer rate is achieved. In FIG 3, the internal clock is tw ce
faster than the bus clock. Wth pre-drive dual data strobe, the data can be
transferred at twce the nornmal rate: two 15 data are available in one bus
cl ock. Accorlqglf;&gtd viX‘ése”bo inl\efgt_ of the present invention, one ofthe strobe
signals nust al so be post PAFFVERCHnER Howverjnemopebus 1@aimlwdeanst er ends
(i.e., pre- darbiuetjort stk Qlata RO SN § : over js.defined as anot her
processor or_agent taking controlg([)?%'?éﬁémﬁjs. g@c()mae%] %dﬁlaférgve@%’?fg further
defined as tMEFIRe O r Hive | Uhard t05enqheststa-sdmil e tromelgiat preae 508 mefhotyn t he

same bus cl q&é sBswh)NEonth &1 Brdlel anot h@bgﬁggcessor. As shown in FIG

i
3, internal signals, strobe enag?{(gasﬁﬁe‘éeﬁanes SHEBPY fetempeilit e t he

i nternal st stwingflatg apd weiowitivng Mg hPsanRassahted BE UMWk Ess@éi&t@c?ﬁrl%fe%%tr.elﬁ nal
e

si gnal s. Accaggiqglggé&g?r;%g%%h? t invention, these signal t out put

strobe buffers o caghe Bewent 1 0grs eqyeled te prockssard 05 fe st r obes
out of the bubdoerily fhen BEaliahabicts drisd BEndAka, Y3 PYpY signal . This
signal is asgjgrched by a transmitting processor or agen O indicate it is
usi ng or is “EBBUPHY Aide Beherrych asgeatarn é0@an ke bugled b enySBS Y picgiadrs i S t he
strobe busyisigmmal . This signal is asserted by the transmtting processor
or agent to indicate it is using or about to use the strobe lines of the

bus. In BlG 3 t?F@CQSW"IBWCGY)QUSSIOQrp&iV‘ideSIcBﬁss&ﬂ@heSﬂ@ﬁbr?E&Pi!ﬁpﬁ%%ﬁﬁ?@%}gat twce
e e

the clock 3Q, 0 e B . DATA |s available during t ond hal f
of BCLK 1, orbrs ue?’i‘shfg‘fe%‘% i%&%ﬁyggt%%%ﬂ@mm@wmoww@Lﬁbri ven at BCLK

1. At BCLK Fqnu8liBp ageestohirghiowhict@®s SERBr (& Al . STBp_and STBn

conti nue tolélo(g&hﬂ% Iglac at 't he r,at?a of Blgllj(s gf)loo\é%.{hcg%aﬁﬁg?get &Yat a
transfer of th BRI TR 18 e aigynemasy ) SeBporing infrmativataed instigionest dat a
transfer takesssprao®-aft BispR0Q C n.transm ssion of data)
covering BCLK 3 and BCLK g %c%‘g%gﬁrzl’gieggé(ﬂtr%gevb‘iﬁelggncf“%oﬁ?/@r‘fﬂ &iicea sequence
of event’s obtubad gprycdisviceddd, ead nmsstsioeage deviect36skd aRBledel ReeR1fy G ven and

i ncorrectlyjdial, ' 1 t a, bei ignored. At the end of the transaction
of the transni t??ﬁgofoérg%gg%eg%ﬂb?sﬁg?g?ﬁ‘?@ U piidgs 131 drides dP4 iscompet les t he

t ransact i onPragessopostnoty bwse$1 hitesyeRfmI AT byusSial @ S i n. Fl 3, STBn
now pre-dri VSl tg?%@data at .BCLK 4. Then, STBnErv?,iV@?at grgg elcg(fonfgﬂlé’&K 4 at
the same inStant WHERCETBF RFJEIEsonmespodis 401 et 4D bintp b eccedsag ki ng of
data in theraneit datEctwicdneSit&ron 5 Gherbul bl.ock diagramillustrating a
pr ocess% or agent in more detail acecr[ci)a}l%i%rr\%g? z)?%lﬁéngﬁ%%‘ﬁ%ﬂfmof t he

pr esent “P nVEHER &Y. buadd hendigpcessor-arenairy mertot a/o sadi Wabanpalchel 0gi ¢ 407, bus
control |l er ih@8n ARk el 401, and nd strobe buffers 40315 406. As
descri bed bel ow, bus c%%?%%lhf%lrdeﬁ%f ﬁgéﬁgr ol s communi cation over bus |01
when the procesSmcesorsdgRi05,GosbiieBilNg ridss Haae QN qhs Uha g, Lus. I nternal
control an%ﬁ@&]@ ﬁ%th Iogf'tug 407, operates as %he processor s tore. Agent
102 al so may Thel e s Whlude gbuspantiollsr 3% Bys aoirotierd 380anurdbat a buf fers 40l
may be an icopuiinioatfdheivetittccdat helid 2.may be an output buffer.
However .. al.ter nat e enbodi nent s goulf'}{jﬁl{sr%é?ﬁvﬁgn%lp PCBF Ot BT AANIBaf f er s or
data buft er'd¥f FANToLefarereher-msmant s 16Dt h i nput and out put rather than

havi ng two di ffgients $65%..9F ffers. ta buffer 402 tenporarily stores
data that is being .tsfans?l_%pae@dﬁ? PISRIInNg Blas Qecrs qrothe bies duripg heempewcessor via
the data | icleek gargaciond) tinfingdisgrimhdrein, DRbare BT AhesHETROLRL L Y 25
stores dat ﬁri%&aﬁci'ﬁ bei ng. transferred from anot her processor to processor
120 via bus™ 101 &5 BEwpo e thaisigabisiserapledi@atSFBpor caprutedgagh HUt put
buf f ers 408iaage shkol ifdGRA Gk ¥R s¥na 30 STBN | Hhut and output buffers 405
and 406. respectively. The strogieén?)u?%g%gﬁf %rcogjl%?/ egiqﬁﬁsﬁgé‘e?ef‘bmecontrol | er
138 for outputting the correct strobe. In addition, strobe buffers input
and receive strobe signals fromstrobe line (101c) of bus 10l. 30
Controller 138 also receives and sends DBSY and SBSY signals fromthe
conrol |ine 13 BUG 2003 ( 1 O1 b j of bus I OI to indicate when a
processor is about to use the data bus and the strobe lines of the bus.
FIG 5 is a block diagramof the features of bus controller 138. Bus
controller 138 includes bus state tracking device S00, data queue sel ector
501, strobe phase



S tracki ng device S02, transaction type tracking device SO processor
state tracking device S04 and drive enabl e calcul ator S05..%8 AlHp@i3 n FI G
S, the bus state tracking device 500, the data queue selector SO01 and the
strobe phase tracking device 502 are operabl e when the processor 102
receives informati on and the bus tracking device S04, the transaction type
tracki ng 503, the processor state tracking device 504 and the drive 10
enabl e cal cutmat GrseROdr 1ﬁ1’pﬁeﬁﬂﬁ%@Igh&ﬂ@ﬁnm(?@lt?zgcgg@f%§§ Lnd 82 (dfansm t s
information., Wien gperating in the transmtting processor 102 asserts
the DBSY and IfAieeregawndicythal the SlBlstélssitla@emtmsaeaktlwgogietﬁwde S00 monitors the
bus and determn i ] _have_.been as erted hown_in FI G
3, these signal sgﬁe]?te:ﬂagﬁsﬂ% qeﬁelégslg?%eaogﬁsen%ﬁ%edﬁ ao%%?é?ﬁ%tcédgtrérts to
be driven arsknakdad aS§erted1dsﬂnerbubmttﬁ:lmﬂ@fbeIBCEKQ'@étﬁs kigndl A. 3k MRStk NY
driven. Althgu nal% DBSY and SBSY sjgnals are represent as shown in FIG
3, these signars can ﬁ%ffﬁpod‘ﬁef‘loélﬁ%ﬁtch\ﬂ&%t‘%‘t% Mgt dughadggs slateitng f r om
the spirit atsdngmlpmaafvtehezenﬁ 3 Gitan H%\éeéhtftdmfd/“ﬂfh}]a?\élgﬁal%!%ﬁsgnéﬁ%t hese
signal may take, these waveforns are known rocéssors and
agents of tﬁ%*p%%ﬁgtt‘eﬁgnabédb’?@i%deieaﬁ@qrhgnal@nbashen&ht of the present

i nvention, nore egfgf can be used w thout departing
fromthe spirit a{t% 32%\%Blg§%%aghe Blr%gtéazlrlt] Sm’r‘i?f HP?hB?{m“Sr%é ¢ BUSESf r om t he
bus state tPerokdingjtoday pobodimert ofidie prisgtt iventon. tTheINIAtIEK Gidaalgs @&l ect or. 501,

an out puj, t e tr k| ng devi ce 502, and output to transaction
type £ F acki (r;])e %ér@%*@g%% Ty gt‘“’t%"f&&tﬁaﬁ* uShdtost PRI 5 UTles signalRef er r i ng

Lo the dat asydos belecoome 5ﬁ1busomﬁe INRHIK [/ DSURMS AL RbIRGK N
device is a data,received. 2S increment selector si gna Thi's

provi des an®PRits PEYFEHS Fgnalhdhy BELKesignekis theeldch puscean thetbus tuelrxsto send dat a
to the corenfeall @M’:}%@i&éﬂwﬂnﬂé Y 'S are
asserted it )?scagﬂarnant eed t hat tﬁﬁgéﬁ ngniﬁsm%ﬁmetf%%“?ne%jets{? Hg’ §ERt . Anot her
i nput to t hieddi Glkuianel lSé’PleQ:ﬁamrtﬁﬁtthe ecmelgsﬁurmemmoshg@n@@&/(ﬁ&mmn cl ock

sel ect sjsgn gates t eed at which the clock is
runni ng. Fo?seen@%&h%e %rila pPet 2 HG‘“ igfFled: Bs AT daigpalimi ng in a
sour ce synctnmfwwéatrtwde thﬂnoanﬂam&@teomeﬂ‘aﬁlﬁas o Brisd Ay el LARK LAY devi ce
al so sends a Si giaﬁw I,ngiarobe phase tracking device 502" This signal

provi des a tmpgdancs agd iramaingpatgrlegiep value hyshovamgBN TG st r obe 5
phase bei ng;ArmugdyB&gpQ{d@lBr}gpt@. [an enbodi nent of the present invention,
t he strobe phase tracking device preenptively assunes or specul ates that a
mast er changeovengEiW@élef daattWDhteolerstgnalfsﬂavateyxsé 10 GIOIRE g dilzioh® the @asact i on.

Thi s i s~qget est te. of, the Later if a master
changeo&gr %jl: %g'?s T%glcs:g%?lag uﬁed DRASaopge fi%tggfm?efﬁe‘%y TeeeiYiBg Bisseentvecause i f

there i s nopredvasegeomes thetSTprhﬂ&SEBn%ﬂ&ﬁﬂ 1 Bt th@daltao%ﬂ&e oPhwé Repti me 10
needed to rses%f The ofut Euft of _the strobe phase trac devi ce is sent to
the strobe GUFPUSHH e loprebisgidag etlﬁ’elaieﬁ\?/f@rjtfedn&prghlam asfoctated votbher vi a

i nverter 5Qmgleldtiobe adiraios. Addeh n t buffer to be. identical.
Bus state tracki ng ?de ce 500 e?@%n%%@%ﬁg@gé&? e pields rseﬁ'écn‘éﬂmhﬁtia an early
reset si gndPmmpRdnydgsignalawise Pslb@nall:mmbs ﬂheilﬂiaﬁiatddm&tth@&ﬂ‘td‘ &fe and the
STBp ands SHR0 i 1Rkt wike 28R4 ag Iﬁgf uf f ﬁé In addition, the |ate reset,

ensure that a reset occurs Pﬁ?PG%“E&@e of the strobe is

recei ved on theTbeﬁﬁﬁdamdﬁdenghdﬁﬁ@ﬁm@§ﬁ§MQmmnﬁQmﬁbﬁkrﬁﬂmlgﬁﬁgar|y reset
si gnal rese%s a %ﬁOf t he ot her onponents i n processor e early reset
is used to PACCIAFZALHIR SEr Bucdicks.iBy Hengihe phastiat. shifngphocizssor i ght
have to predbhe/ggmnbi Qﬁarﬁcﬁﬂip th of the earl

| ate reset S|gna%s are 20 tr?gg§E§MEak %g%ﬁggegggfrﬁ@f§WﬁWﬁ§8%that
there will H&EPER SE@ﬁéfe‘éhmlnﬂedbtasTmhmueM bfthe phRe SHift iOMAMRCOATAr 102
functioning as a transmitting processor, transaction type tracking device
503 receives inputs fromthe bus state tracking device and the processor
state tracki ng device 504 which nonitors the status of the processor. The
output fromthe transaction type tracking device (which determ nes whet her
partial 25 or full data is being transgitted) is sent to a drive enable

cal cul at or 505 which stops the driving of the strobe asserted by the
processor state tracking device. The output fromdrive enabl e cal cul ator
505 is sent to the strobe output buffers and the output fromthe processor
state tracking device is sent to the data output buffer. While certain
exenpl ary enbodi nents have been described and shown in the acconpanyi ng
drawings, it is to be understood that such enbodi nents are nerely 13 AUG
2003 illustrative of and not restrictive on the broad invention, and that
thIS |nvent|on not be Ilnlted to the speC|f|c constructlons and
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Atlf 2003 WE CLAIM A nethod for ensuring proper strobe pre an i

é?iving between a first data transfer and a second data ér Qfg@@ gm@hal
conprising: generating a first strobe signal and a secon ft e oronal;
pre-driving one of said first and second strobe signals be oreb e st
data transfer; determ ning which of said first and second stro ed5|? S

w Il be post driven: and pre-driving one of said first and second stro

di to
oo S Do CRevioaues AR, LBy and STBl s Tk et rerhsb ot 1 0 at

[ further conprising \ :
tCthI (ranné o?rt RESTRP gé)d fetireis ppaitret @ring drneativd-peinget hod according to claiml,

C ; , : . Cowil
wherein said deteqfgi eqﬁsvvm Clh of said first and second strobe signha

be post driven is determ nagh byeHaTy gdecdeaiprg, ong of thy datgsrohsdisaels ov di ng t o

ne! : . be
[ 581 ethd it i@ nda @ sdRE M TyRfcaRPiugs {kddn R0 58 ond, stro

g: gln?lg gg?gm;qurT@Eﬁgcznd_ dats trg;sfer. Bl s rre%rhloﬁ acto ‘faF‘R dt 0

claim2, co ?fP%ei‘ﬁE‘gfs“tShféoﬁﬁWé-OBFhe\ﬂrﬂlyssxésilcdi heprenwoidt thdrenti sfahe ddvasigcond stro

' ' relale] . .0. .Th t hod, according to ciaim 1.
oharei n a0 i re aara nren S PRI o BATes s e It agdern 7. The

met hod accor BPRGNTELE!sinah 114 of$TERreind feai INIEEROA6hAI2A 37 S TBASTRL kS, if, €auest ed

ding to claim1,
cond ugust. 2003 8. The nethod according .
?ﬁn{?r |S§| ng dg’? g%cﬁ’i%%éhev%]tg% ha‘gf“r%%ﬁ Iaerediat e dnsat ks the protdsvedagnal s wil |

be post dri veémbaidgblea Vit tbberphaserestiR ot tadEYbdE Fornda ;?a‘ir O-Fhe met hod
accordi ng 0t Oco?nlp eimrgng'a’ry gd“gIQ EI}%’I;E t(i:n?errt?}g Idgtlax ?tgelfgig Qfaglglglia.r%%org there on, the two data
strobes toggle in the normal process corresponding to the data. -

Thus, by providing the edge-complementary data strobe with pre-drive, a faster

transfer rate is achieved. In FIG. 3, the internal clock is twice faster than the bus clock.
With pre-drive dual data strobe, the data can be transferred at twice the normal rate: two

15 data are available in one bus clock. According to ar embodiment of the present
mvention, 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 posi-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 A1 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



signal indicating a strobe signal is about to be transmitted. 10. The

nmet hod according to claiml, fiu-ther conprising generati gg %Hgl ?[mgl
indicating data is about to be transmtted. to 11. An appara or

transfernng data in a conputer system conprising: a bus coupled to a
plurality of agents; said plurality of agents each including a bus
controller that controls the bus during certain data transfers involving

Lhe plural | (uNTELRGRNETBAeEL Gl BcPys) APpEoRly SHLGL.asner LS A 1ot

strobe signal and a second strobe si rrves "r st and
second st robés §i¥§Advs Bpeneé STRe cditinsd todadel: datlnshienie ofebensiknes whi ch of

said first and se tygbe, signals wll be post driven, and pre-drives
one of said fi rst%g% Léie%glﬁ:’dl a%tn%B%%r Oéc}%ﬁ’é‘ic IEYe & hpeTBr isgprniepieda

transfer. 20 T]lQneXTkiEtaalallils%id?raildd§pl%ﬂéd&%eﬁ@cl@ék@ﬁmr%mmﬁﬁ%E@at@ai d bus
a master changeover occurred at the end of the

controll er. predi.ct t

first data tf%ﬁ??fl%ﬁci%? anfRLLS etk agpidinede demeisery itveniadnak saqbdnce wher ei n sai d
bus control | eendeicetrflvARS MGl upf ' i.nst and, second. strobe signal wll
be post driven by a bus 25 state, cff{?étgﬁéegegglﬁglp?t%%veﬁé% W&?WF@REEW‘% im 12
wherei n sai d"BHsIaoMeinecERwed. pitahahmid\wé thetiagsaoi dhesT tftras sthittidel grsdessan ghes €CONd

strobe signaj, e Secon ata transfer. 30 15. The appar at us
according to %]Sgll rrI?%ng gorrgfoﬁn pseaelsgmtf@saﬁ%‘ﬁ’tE}HSIPP%rd“ﬁFfeth%lF‘mFééSt@h?-dA%ne of

the first anshosednhts.St5obensl grakivbehergs MRCISEs0nHe08ta, Wilmg%lgﬁ 1213
ratus according to claim1l, wherein s t%lrst

Q;?;S: r gﬂgfeéékgzragaﬁggﬁgamwt whepiST8p togpiaset clack 4, Taming el arking ofidaor di ng t 0
claim 11, whankd iexsaidirafeend data transfer ‘

FIG. 4 is a block diagram illustrating a processor or agent in more detail
according to one embodiment of the present invention. Agent 102 internal control and
data path logic 407, bus controller 138 data buffers 401 and 4072 and strobe buffers 403-

15 406.

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 buffers 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 (101 a} 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 conurol line



5 is requested by a second agent. 18. The apparatus according to claim 11,
wherein said bus controller includes a strobe phase trackﬁ@pﬁﬂ@vﬂﬁﬁ whi ch
determ nes which of said first and second strobe signals will be post
driven. 10 19. The apparatus according to claim 11, wherein said bus
controller generates a signal indicating a strobe signal is about to be
transmtted. 20. The nethod according to claim1ll, wherein said bus

control | er 1Bigenamat &8 @ iﬁi&@bhén@ﬂﬂr&é&jopﬂ ag(ﬁ:tt & ds§ it%bcﬁ Lok O Lg%i 4 bus

transmtted. 21. The apparatus according to clarm erern
control | er ré&&dreves of tgbynal indicating a strobe signal is about to be

transmtted. 20 2 2 d accordi.ng to.claim , wherein said bus
control l er recei v@g' gt%l lgﬁ% ﬁ?%%l?ggrthle ﬁedgjﬁtogg?ssw%éfff 13% Bps coptsisni t t ed.
23. A conput &8 sylsd@mucomprihaiingdevite 50S BAYINE sdchuss03! Seke %ﬁéé d bus

conpri sing atd ta bus; 25 a first agent, including a first bus controller,
coupl ed to sHFHIEHEVCENE Hasacirdyrsd@aking devide 363 mepcasssesondadking cont rol | er

coupl ed to sadvitel39s adirive bRatAMGHS a1 Q@3 A& &Im%%lle giﬂ;est;[ sg‘re]lt(cjets cond bus
controllers generating a first strobe signa? and a second SFIdBe % gnal

cl ocki ng dat @Vics S80-fthe data quee selestor Shdardabastiobapisfetrackagiddvité s6targlat a
transfer bei - 0 of said.first strobe and. said second
strobe si gna?.%mrag{legwggitﬁ&eﬂs?%%ésﬁa rl1(?atre(geltv FARLraTiopant the freterkingdaviey Sdhe ot her
of said fir sthegensadion aipd taedon IS the PR eSbat BackiiddviensoLfasil difirst and
second byg confrollers also determning which of said first and second
strobe signala Gt g %8&3 Werararnl whan pracessosX8? mgnsmdts informiatigig AQ

. AuY. Ax. Af . Ac! | r Wrhlop&hiingShYiRe transmitting mode, processor 102 asserts the DBSY and
the SBSY signals. Bus state tracking device 500 monitors the bus and determines that
these signal have been asserted. As shown in FIG. 3, these signals are usually asserted
one bus clock before data starts to be driven and usually ends on bus clock before data is
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 outputs to the data quene
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,

25 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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10 needed to reset. The output 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 also outputs a late reset signal and an early reset
signal. The late reset signal resets the data put buffers, and the STBp and STBn input

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 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 cyele. 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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various other modifications may occur to those ordinarily skilled in the art.

10
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RITBID: 3 Gesl <) <IV'VX mZathod for ensuring proper strobe pre and post driving between a first
data transfer and a second data transfer comprising:
generating a first strobe signal and a second strobe signal;

5 pre-driving one of said first and second strobe signals before the first data
transfer;
determining which of said first and second strobe signals will be post driven:

and

pre-driving one of said first and second strobe signals before the second data

10 transfer.

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 ciaim 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.

It
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+*00! 10% 1& ()8. ! B<T193' %19% o\dgﬁcgzgrdinfg to claim 1, comprising determining which of
said first and second strobe signals will be post driven with a strobe phase tracking

device.

5 9. The method according to claim 1, further comprising generating a

signal indicating a strobe signal is about to be transmitted.

10.  The method according to claim 1, further comprising generating a
signal indicating data is about to be transmitted.
10
11. Anapparatus for transferring data in a computer system comprising:
a bus coupled to a plurality of agents;
said plurality of agents each including a bus controller that controls the bus
during certain data transfers involving the plurality of agents wherein said bus
15 controller generates a first strobe signal and a second strobe signal, pre-drives one of
said first and second strobe signals 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.

20 12. The apparatus according to claim 11 wherein said bus controller

predicts that a master changeover occurred at the end of 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

25 state.

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.

30 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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18.  The apparatus according to claim 11, wherein said bus controller
includes a strobe phase tracking device which determines which of said first and
second strobe signals will be post driven.

10

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

generates a signal indicating a strobe signal is about to be transmitted.

20.  The method according to claim 11, wherein said bus controller

15 generates a signal 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 11, 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;
25 a first agent, including a first bus controller, coupled to said bus; and

a second agent, including a second bus controller, coupled to said bus

13
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said second data transfer being pre-driven by the other of said first strobe and second

5  strobe signals, said one of said first and second bus controllers also determining which

of said first and second strobe signals will be post driven.
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