;| }e3e}z| (6TMS& 1 ApR 200 Regul ating A Data Tranfer Tinme Background The
invention relates to using determinismwth a bus. Referring to Fi g.1HBPR&E00J
typi cal conputer system 10 may i nclude nmany devices that interact with a
processor 20 (a central processing unit (CPU), as an exanple) of the system

uuuuuu

10. For exanple, the processor 20 may_yite to a register of a bus device
14 by furnishing a wite transaction to a host bus 12. Howev mm \ m‘ mmm“;
device 14 may not directly rgs dt L ons_ t hat appe%ﬂ m t
bus 12, but rather the bus dew ing R BARTRASk: T transactions fhat
appear on another bus 18 that is directly coupled to the bus device 14. For
purposes@ﬁkﬂﬁéoduci ng the wite transaction on the bus 18, the conputer
system 10 may. hcl ux%e a 1hog& br.icgget 16. tshat .t'hs coupl ed between the buses 12
and 18. The bFidgee BPE° L APPSR A saéjélfl on on the host bus 12
based on the ReERRISE Fﬁ)cr.thWCmom@te&ayﬁstaﬁ\w%{yliﬂelua'@ﬁxaﬁ,@w&e@rmaiystem 10

may i ncl ude additional bridges to interface addifional buses together, such
as a briidtpra Vithreepro¢essar@ink edntba preceasing onib (SPTIB asanl examplhesf theisysety  f or

CLam . Tt ALl Do ISP L 00 Dl P98 Al B
si gnal s A& trarRiktRA 89 h hbfDub 12N SRMdver) thdmistiet R84S enad Ht ARGB) leSibndeb ay -

This delay may be a function of voltages and tenperatures of 'the system 10
and nmay wamsgctone that appear bmthedost esies bui tathenthelbus dewie dbraytresperd ext how

| ock I i f of . t t i t,0 . t
T omg t nERTsaons e R o B ity ed S dS it coBRER 5 s e BHEF PAaFoi ce
14. For gasﬁasys%frap%mfegg%e ﬁrﬁ?éﬁfé{sﬁﬁon(Me%ﬂ?%hh@%&nﬂﬁeﬁ%ﬁhﬁm @yt he bus

18, and a result, coherency reasons, it may be desirab for” both
subsyst eimelide ahwostduridgentlthat i ecmiplee bdreesathe bdss 42 iand ¢ s §hebadgulfssise em
fails. As another exanple, the abjli to,predict the nunper of clock

cycl es nEmPEeh eﬁf%ﬁ%ﬁﬂ&@ﬁbﬁg@% g, $prgganch RSN p@){%’ﬁérhy_t fP%he
embodi m@évic@lm%%n{gﬁer‘d?ﬁeﬂ 10Mm#y feMRIELAAiHSYA bRk iHAREcd MdiAki N9 2
predeterm ned data transter tinme and furnishing a first 1ndication of data
t 0o a por buses tagethar, lsush eghndgerdy that ia coupled beriveekthe ok ¢8 afithendsbis bus 24 Aoubl e
of skew g)?ntage first indication to produce a second indication of the data
at anot hE¥¥JFti on of the bus during another clock cycle. The *~~xxx* --

~ a r~R 1003 THalrdndrs driR\dRACRA ﬁ&n%&%&s@l&ﬁ&%ei 0 tREBRANS feel19 thdienci®eond

i ndication, and the transfer 1s regulated so that the first clock cycle and

t he ot hemstintankousybiuteather thepprsd8imay stey the pEmals dttht bgpredest fhe drletaction ted dat a
n anot her, enb udes a bus

transfer tine. | i t, a conputer systeminc a
et DUl PR Sy o Pt Sy oL BEBNeGPp LTS CEph & FROETBHE: Dievi ce
i's coupl ﬁfés?r&ex‘hhl@) DA hradagigeeto furnish a first indication of data to

a portion of a bus begi'nning at a first clock cycle. The bus is capable of
skewi ng the fiwsimd cadées; atraynba desprivld uc sclecthowanzhyi dldélcetclasrrofequined at a at

anot her porti.gn of the bus beginni ng at, anqther .cl.oc cle. The secaon

ciroutt P8R Giasisop R pRSEn Aong ki Ses el erdban PaPEATI oY 1 a
sel ect ed A RReVict | FBFor HEnDRE PG L GUbdyslefnsthSRhBRAPHRY bk QotflaN®fgE t he
data to the core circuit 1 n response to t'the second indication and regul ate

t he tranbiei8,andbhatestihefor tolenéricy reasens; esmanbe distrablodor toth sgpsgstemb e

selected latency tine after the first clock ¢
dy & Béyst

c;_ :
concurrently receive the same data in case one subsystem a?ls. As another example, the

ability to predict the number of clock cycles may be helpful in debugging a bridge chip set.

Summary
In one embodiment, a method for use with a computer system includes indicating a

predetermined data transfer time and furnishing a first indication of data to a portion of a bus
beginning at a first clock cycle. The bus is capable of skewing the first indication to produce

a second indication of the data at another portion of the bus during another clock cycle. The

T
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In yet another enbodi nent, a bus device includes a core circuit, and a bus
interface. The bus interface is coupled to a bus and adapted to recei Y%Pﬁ%ﬂj
i ndi cation of data fromthe bus beginning at a first clock cycle. The
indication is provided to the bus beginning with a prior clock signal. The
bus interface is also adapted to transfe)r the data to the core circuit in
response to the indication and regul até<he transfer so that the core
circuit receives the data beginning at a selected latency tine after the
prior cl dukicyaiséerredrtp efcioay o resporsa tafhe FhconDrimda atignFing. thd trassfer iIschemat i ¢
di agr am of conput e st accordi to the prior art. Fig..2 is a
cchomar el e BES T G5 R 0 B ek BRI bbb bR e

i nventi opy ifd @edetdmifled @ata Gansfer Bne 9. 10, 11, 12, 13, 14 and 15 are timng
di agr arrsﬂb(’)% sﬁs}gnea%guo? th% g%rrf)rut e? systemof Fig. 2 according to an
enbodi nent of In hethereardadanentFa gompiBer systemsiotledasta bmsda Arpt bum ddvica, Hodre
interface circujt of bus vice of the co ter systemof Fig. 2. Fjgs.
17 and 18TSHEACHRART eirghit ghhefirsbus dsyice Toroub o,k bomeed paziedee fimish Yo
Fi 9. 16. 5 FrGSndid@licitt data BlaHtGOEOPS bifs BloRANAE 2 Bbst LRRRcyOb! GHE bigisof the
conput erasll;r/stsirér#o% yg. 2 aailgjcor I ng toﬁt}?fﬁ?é%en? esmggglﬁn%nts?oef: t%g

i nvent i otapablegpf sRewing the fiaddlirdicdtionséd paiduoga sicogmbindichiorsef tae tatdiaf dretieant

| at ency val ues for a bus of the conmputer system of Fig. 2. - 1 APR 2003
-3 Fig. partios of themsrhegiemg #@nawenslotky Ciﬂ- oherserond S Breoypled Ethsugi g, 2
accordin i . i i i 2 2B, 27
re tim e SRR Baibion D KPS e e, e SeonRireEis U 27,
accor di ngddptedd eimbfed tiediita of the béreiciveginin responketoahd sdoheididafibh amd Ref erri ng
to Fig. 2, an enbodi nent 50 of ~a conputer systemin accordance with the

i nvent i ofegwAe fhedrangier 50 Bias thgesificnid resgivep Hie %‘fa hsemaing af theesgleetgrd laercyddng ces
54) that j y receive a transaction that is furnished by a
host bri 58%111@8% Ef%cggcyglgﬁrse of furnishing this transaction to the bus 52,
the host bri dgeyéQunother Embodistendiadiuk dbvise giehidss { ot kigchif Gndabag ihberfil#
(wherein _the "#" suffix denotes negative, or inverse, logic)) that indicate
data of [hebus Herfaceiineouples tgaustad adapted tg receive antngicajiontod daladeam teityge 60
may furnj - Q] i: St S : AN NG, :

a1 cul arehBEe FRrR Y TrRuiBgn phlRep i Bt SR e e
Fig. 3), cloek simalplite) busdnidtthey g dissardspredtd walsiee thedataay ek fot6Badiaf ia5: 0] # and
shown in Fig. 10) of the F16 Dat aL 15: 0] # signals nmay not be recejved by the
bus devi &spSasejatie ndisatipn pndregulatethe raasfersodhat threcore i raeaivsy thadaed by

th k ewi i I depicted in Fig.lO,
thg Zele\g%ggn@féﬁ%g? %f%g%ﬁtéﬁ}?itg’ze;?lig%ﬁ%%r%a%%ggg@e'ngzw te IE\Iecbﬁs :jgvi Icg 54
5 n

until clock cycle nunber " I n other enbodi nents, the del ayed F

16Dat a[ 15; O]f# signal s nag/&not appear until other clock cycles, such as
clock cydrief ReserptionOr TheDraWwingkew i nt roduced by the bus 52 may be

vari abl e due tw, f{luct | A0S 4:1 (0 9 erating
condi ti ons of P?%‘el ‘ggﬁgﬁ‘%&‘egﬁs%}é%} g}r% %{6%%%%@&& g%%?cgpégosﬁgp ﬁ? ]h;ggdel ay

i ntroduced by Rif€ Buschématiodisgram ervodipwensygsterh becoedinp i &r erslysliment™d i s

adapted to permt selection of a data transfer tinme, or |atency tine.
the invention.

Figs. 3,4,5,6,7,8,9,10, 11,12, 13, 14 and 15 are timing diagrams of signals of the
computer system of Fig. 2 according to an embodiment of the invention.

Fig. 16 is a schematic diagram of a bus interface circuit of a bus device of the
computer system of Fig. 2.

Figs. 17 and 18 are schematic diagrams of logic of the bus interface circuit of Fig. 16.

Figs. 19 and 22 are schematic diagrams of reset circuitry of the computer system of
Fig. 2 according to different embodiments of the invention.

Fig. 20 is a table illustrating signals to select different latency values for a bus of the

computer system of Fig. 2.



The latency time, in sone enbodi nents, may refer to the tinme that el apses
between the tinme when the host bridge 60 furnishes the F 16 Data| 1540Aﬁ{mm
signals and the time when core circuitry 58 of the bus device 54 receives
signals (froma bus interface 56) that .indicate the corresponding data. The
| atency time, in turn, may be sel ecteddia one of a set of | at ency val ues,
descri bed bel ow. Thus, the conputer system 50 inplenents a determnistic
schene to perFigt2isilagchémmicafiagrarh af dypio/oftht canfuser siyremprfdiaghidconling todat a
fromthe host bridge 60 to the core circuitry 58, and the latency tinme may
be i ndep@rfdehpdiBentiaféhe igkgtiaNof t he bus 52. The latency value nay directly
correspond t Q.. n r . Of hs I ' S I - 1 AWR
2003 -4 bet wadb e e 25 R vRIrlhe MG M b ARbe BelBiuter o
the cyclsgstehedt Rife2 sabalingtorRGaiboaindy of the id@hgorci rcuitry 58. In this
context, the term™"core circuitry” generally refers to circuitry of the bus
device 54 that processes the data and perforns functions other than

recei vi the data f.romthe bus 52. The bus device 54 may be, as an

exanpl e, a I Conponent I nterconnect (PCl) bridge that interfaces a
PCl bus 62 t%éf@ﬁirfg&féfl*‘i#fz, b EMBQIIREAEI0 SHESoRPuRP sysTdie ifPsdcoRiaAt O Rh thes
described in detail in The PCl Specification that is available from The PCl
Speci al ihnengiopsnayGnoluge a bus ddvagedh4 (Onegbpessipyisevergidifusideyises d)shatt vapitys. 3,

7, 11 a 12, as.an example, . the.sel ect.ed bus, | atenc al ue may. . ndicate
(o o ocie- BB FHRR Pt AERFELE Ry Tordte R0t LT BN

i nt er f agRisfandRYioh 46 Hehs 62 Onk AEst GASe 60 ifay) filrhikh dfdlta éigﬂxatlétcaﬂécgnm s (called
Fast Dat aQut [ 15: 0] and NDataQut[ 15:0], as depicted in Figs. 11 and 12) that
i ndi cat e IfaDatafid A} Guhaeipti shffix danotsk negativg,oF awefsslogic) ethaniplispteaf t er

he bus 43 oRBE nancliR R Araety HFied BB LIS Beleg AR Sl | e’

bus 52 iptg RikE SR Mt BY%hd Bust9Pebeuaih a pRAQIArQId ML yEleQecIPREhBLS. | n
sone enbodiment's, the |l atency val ue nay be sel ected by Strapping pins 53 of

a devi ce‘4ofofalsdockeignat mamedy X Clniseligstic Forgxample), bdslaged vareiog4called t hi s

manner, the st i NS may_be I i ied .predefined | ogic
Tevel s’ 1SR PRI BT dRorR e Al TBhiTihe KRBl ko B By Bt

| at ency péadivéd bptheltRs aevice 54 ﬁxquiswaaf&qckfc?éle@mmh@m thBgela9lcBused byhd ry 58,
in turn, may (i'n some enbodi nents) indicate the selected |latency value to

t he hostskewingef ségnalsbyothe bus SZrany di fferent ways. For exanple, the core
circuitry 58 i ndi cate the, sel.ected l.atenc I contrqlling the
Cogi o | evel s I oeRas B SR I e Oghe pRaTgt oRalR aife SERAt o norSheent
(call ed ﬁgirsﬁibé)buis%le@i%@?ﬁ L6 6K MBR dulier #0r 18%¥AEPLBDodiken@OfNe enbodi ment s,

| atches (not shown) of the host "bridge 60 capture the desired | atency node
on the désdaysd ¥1apatg[dpiOW signals ghy ndoappexampl ethergfloakinyckRITHh 5 glnekk cyadead t he

ircuitry. 58 i pqui t.rol..of the Li h 52 aft
Che  de- AR 2o dh elgnRetiSe oY A A sp Bpev R SarieflE oo kRS i et r o
further wafged, keepdehYer oﬁ&r%ﬁeﬁﬁ?{iﬂrﬂiti&nb@fﬂ@%ﬁfﬁ'@ﬁWsi&@@OPH@%b&{ n ned

lines may be three data |ines of bus 52, and the signals on the
r espect i iegaidieseof theydelsy intzdswcedibyrthe boe b2 [1R soperembedipgnisothe somputenfystem

le. (Diff i bl e.val f he. | at de and th
cor r esporti g Eg i BT LsrusE o Bt g bBRRIRER, D07 o7
il1ustrated iThéjatency@imel in donelnbBdRiNEHE Sndytefer tol the lifictheMpabebernban the

F16 Data[2:0]# signals are set to "111b, wherein the suffix "b" denotes
-- 1 APRheon®: whemthgihastrbyidge 60 dgraishes tho i) 6 tDPasa[ B0 B signalssaridcthe imsnwhdrs  not

d dth .t he_l | i t .sel,ected.,|n. di. ts, th
bus i nt SPBCRCHtY Shiet e Edet Ra Mol oRRS abb i BEn o bR RaRts |
interf acﬁle@grrwg%nain‘g’rdaia.e THRIALRy thBS 8h nith 4N/ be(seRble@did¥id &R deRst lagRgy Shown

in Fig. 14) and a read pointer reset signal (called ReadPtrRst and shown in
Fi g. 15) valness gesctibedbglow THausyihietcempnis systam SRunplemens & dsfegniisicisaieme to sone
enbodi ment s,.. be f.urni.shed b eset. . logic 72 ig...2) of the st, bridge
0. “and PeTiiecbi Bht feched valif e Plisediont] B Bl e baderide plE8ne g ¢
(not  shoygyk cﬂEuiix?%S?Mﬁ e Vit &Ry Bithe thily b&lindefERRAR bf tHehengi® 8 LthelRGES. TRe MBY
deassert (drive Iow, for exanple) the WitePtrRst signal a predeterm ned
nunber ofatanicp vhlue ydyatireafly esrrdshendhioghe humbkyef 63l¢sadithes XClir sigsdlitiey etdpee dat a
to the bus 52 for purposes of Storing the data in the bus interface 56. The
reset logic 72 may deassert (drive low, for exanple) the ReadPtrRst signal
a predeterm ned nunber of clock cycles after the host bridge 60 begins
furnishing the data to the bus 52 for purposes of retrieving the data from
the bus interface 56 (and providing the data to the core circuitry 58). In
sonme enbodi nents, the bus interface 56 uses the XClk clock signal (shown in

. - - o o o, Y b1 Y e~ e o o



1 Af'R 2003 -6 of the XRST# signal for purposes of storing the data in the
bus interface 56. Thus, the reset logic 72 adjusts the tine between-1h¥R 2003
de-assertion of the WitePtrRst signal and the deassertion of the
ReadPtrRst signal to set the selected | atency. As described further bel ow,
the bus interface 56 may include one or nore buffers (first-in-first-out
(FIFO nenories, for exanple) to tenporarily store the data before the bus
interface 56 provides the data to the core circuitry 58. Referring to Figs.
7 and 104 .4l pelerslt he : i :

resul ti ngetgdélifg% @16Datna ?%?%]@BE? g‘%g‘i@?ﬁﬁ%&@52‘%%21‘:%?%9‘@%3?%5?%% ely
twi ce t heeckivedbgnlycooé cirtistrXG8k signal. In this manner, during a wite

transaction, the host bridge 60 may tjmg nultjplex the data ausi ng the
F16 Dat a[ 15: O]h#ﬂ&? AT, t%‘%%"’l’i‘dicl?’é?tcémf‘ﬁ’é’ fg,epgrlah}ﬁéq Frs(‘?ié‘ﬁ%’t"&ﬂogg‘eg’ﬁéﬁ’ﬁlé‘? i X

"P") of ' ' : f cxcl

Si g?]al ag%ﬂ%aggﬁeﬁé%q#g @té&ﬁgi@é B']%gné}?ggéntg éh?gﬁgﬁg%gég%g{t%?aﬁjaﬁ Igrhs hal f
(denot edsby ThBBupli&hdexsd My befas bhexatapie] £Pvesterd @oni@ntmanictdontéct (PCT) of
each cycle of the XClk sll)gnal. To control the reception of the data by the

bus i nt ebridgethgsintarmses P Heps Gororthgresuefihe pomprigheystemypdl The BTl protoset is#
(see Fig,_ b).,and t.b# .S i Q. 1hat  t ] 2 e t Iy ce .strobe
& gnal s dethpdt i fRGER TR ikt B kI ithe BERSHRIRY SellaPiigEsG)

respect i Gebyp, Poeddnd] Ofegoti97pui ce 54. The bus interface 56, in turn, uses
t he del ayed_stb# and del ayed nstb# si ?nal s to clock the data fromthe bus

52 into the bXeiErAngpBacelies. 3.Vt baphidias angrampple; the selaeied hpvlgienenvalue t he

bus | ! b _
negat | verddaidRRerRE ot By Rt if ARk Bh Qe FIRSIEAPARAIE E: B0 BRe
t he doublse mr firiish @& e doedeitduntey SRiakgied] sighalsded]RYEAstPaliOWB]1810]land AS

descri bed _further below, the bus interface 56 may indicate the full

doubl ewoMNEataQutf Ol oy depi¢ted in Kigy: 15aindi13) diagindicstecpariadartatameeisedd Mo (see
Fig. 13) ., Refery] , IO j j_I¥ . [ rf.ace 56
may i ncl ﬁ}fgﬁlﬁ- glte% Q%ékgégrpﬁlg) %f?\% tl’?:%lﬁ) Sgggdgéggg)q)gfrﬁﬁgﬁ‘{sﬁ&a t&?ﬁ%ﬁ@é?@ i)#ar ecei ve
the | att eignhR) theafataarache Bl & onehisl examtpl B-tht b elosikaopdledélayiheldpirus & thegi c

68 that is adapted to receive the first half of each double word. The | ogic
70 may i REF BdéntEederesanyslstayyn e reRgsiFer oY OrRE RFEEQdHat a. In this manner,

the data i s wyj g | ant to
t he del ayed ns]‘btgéﬁg ieélﬁgﬁﬁﬁae?% é?{éﬁ %tggcr)ég%%é ’F%g.bé Q@‘iﬁéﬁg@ése” gr}ét;ﬁés %j{ﬁ[s%Pt r Rst
si gnal . Teeick @f eie doguter £ysté B0 dush as tHeenks ideeicy 54 e isthéyharines thiegiehpbirigst

signal to control when the data is retrieved, or read, fromthe FIFO nenory

81. Si mi P& 35 mey ke pdeftivelygieddy pradefinefblogicheyals ipessincy puticyaslatspey yiae
i ved . 31 t i IS A } |.F 80
3R 4035 RicRR e sORcRRRLARYANE (f Mgk ity SB. foP bl ety .

72 deassest m tuhe nviyi (irefimdRehbaiigeak) intieete théselectsblatenogvalud ® e assdridge t he
ReadPt r Rst_si gnal_, thgif ata is retrieved fromthe FIFQ nmenpry 80. The bus

i nt er f ac®Y98 ama P! maey difirenigeys e empim the CoBBCH Uy p3imey pdicate thgnal s

(called t : t Walch : i i 58. The
ror g buPtEegde Sy el ok g 6 lolhg e Br LBl RO Enc B %20, ana
t he Fast DalieaQuibs rdset Sipnali(aiRASKXE I DiNiS bsettadideived low,fer evangde)b i §@hie 66

conbi nes these signals to formthe correspondi ng ori gi nal doubl e word that

i s indi camhpdpmenthdatehasduptishownbe! the hpstbeidereP eantursghe destred lateney modegnne
nbodi : ‘%p,e]#- ) ! i : FI FO
renerrgrlyrrg?hi§ ﬁﬁs?ﬁg@lﬁef&ﬁes 7 12&2@{ %‘f?ﬁ?i@&%ﬁf? %i%lagigaé\rg?éséogi&%gn roll ed by

a wite paantedingdish oénttddef theglimes 60 thel bustSi afterthenierassdrtien @irivireg lpod, fdrer 84
may furnish wite enable signals to select a.location of the FIFO nenory 81

to store YABPHILE isigBalhaligd NortePoRst: sthgndescribsddsloyi ¢ 70 may al so incl ude
o603 bl 188, il TSRS SR ksl s S

tri-state buffers ect a lToca

pur poses tafs 32¢hid M isiz@ald ondlichekpeetivé h@esﬁhﬁcbmww F34 . Ddts(2:0]#orgiuipsubessnt s,
the wite pointer 84 is initialized to indicate one FIFO nenory | ocation
ahead of thisexampis i Rifferentiposaibéaivalyestfhethe datengyonedeanddbe odreespomdingvogical 84
and read 86 .poi.nt renitialized. the.assertion of th T# signal .
As an ex aﬁiﬂ?lg ,0% ﬁ'ﬁﬁl ﬁgﬁ ?tﬁg'l'(gg §bgtn?‘561ﬁe B](?“gtfﬁgg K%?#i@i ghsatp,bemgedﬁidmﬁg]sm er
86 may al bawoloGach ik £Y Dalarsbfy FLGR RTRIy “F118.0(Lhatn L Siesh b 0dddtes
tri-state buffers 88 and™all ow location "1" of the FIFO nenory 81 to be
open to receive data. In sone enbodi nents, the wite pointer 84 is cl ocked
by the negative edge of the delayed nstb# signal, and the read pointer 86
is clocked by the negative edge of the XClk signal. Due to this
arrangenment, on the first negative edge of the XClk signal after the

O Ir: o~ a1 S M. - o - b v -~




100a, 100b, 100c, 100d and 100e, as exanples) that are serially coupled
together to forma delay chain for delaying the XRST# signal by a IAPRZ%}
pr edet er mi ned nunber of clock cycles. Each flip-flop 100 is clocked by the
XCl k signal. The flip-flop 100a receives the XRST# signal at its inverting
input termnal and furnishes the WitePtrRst signal. The output termnals

of the flip-flops 100b, 100c, 100c and 100d are coupled to different input
term nala%lﬂiq%Weﬁﬂaﬁbﬁxwdel%mﬁh@ sERINRGE nbMidll ah@ thits Ak fatécytvaRie is not

mul ti pl exes re coupled to the LatencbedeSeIect[l 0] signals that are
provi dedelsgtedhe core circuitry 58 (via the bus 52, for exanple), for

| t d t t t t t
oy onal Sof |t ndn e FpbdReRE e bRaarae Sy SszeCng e JRRRTER Ht P
nunber  qf 16d %Kn&mces% M@Rmt@?élﬁ Beielsipial b eaaVﬁﬁpw@ﬂﬁﬁ%s%hﬂﬁg

signals. The output signal of the nultiplexes 104, in turn, is received by
a D-typd4)kinga fdadpointz reshaslgrﬁajl(mlbﬁ&cadhteRR@ad PhoRs in Elggh’ia)l respetieelyi ng to

Fi 21, t he, P-str.obe capture a ic 68 ma
e’ el TSI BB RE PO AR s B St B POF BBPEO RS P B Febi®iefttoncy o
the FI FQ,gemoreeddy 2 ofﬁa'é%ét B 6DNEn EirsBmelchfbdldinsht e 8 Bﬁlh%agt% The
logic 110" has ‘a S|m ar design to the logic 68 wth the differencés being

poi nt ed fomtished byweset logjogndtishoway of thhdus dgiice 34.01n thed mamreer ahe aavpt legioul2f er
112 that is, coupled between the e nals of the tri- uffers
94 and tHY I‘??ﬁif'?‘ (glamow § CBFmPI’?th?EI%’é Pﬁtﬁ?ﬁ Enget Prﬁfée@a @n@aﬁrfogr 112 is
cl ocked xﬁs‘)ﬁx o V, ncy

a read pa;él{crﬁ%)% ﬁ:ﬁ&( g‘%@bgd{ace e rea lgﬁ g'férr]&tagarﬂog% Bllﬁgszﬁﬁ)?k ﬁ%ﬁlsézse

i ndi cat estariveg thé Bfa hmmaﬂ)us)mtafaeadéofrhb heset Joigtd ‘2 mag deassat(dpive idverfod2, i . e. ,

the read 114 d wite 90, pojnters both indjicate the sanme_| ocation

i ti al iFEAPIG e K étr%ﬁﬁesala | RRed e ABIngd PR IHoSkCles AGer e BATORESHUS 52
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1 1~Pf; "t003 What is clainmed is: A nethod usable with a conputer system
conprising: indicating a predeterm ned data transfer tine; furnishird APR 2003
first indication of data to a portion of a bus beginning at a first clock
cycle, the bus being capable of skewing the first indication to produce a
second indication of the data at another portion of the bus; in response to
the second indication, storing a third-bndication of the data in a nenory;
and at the begi nni ng of anot her clock cycle, comunicating the third
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conpri si i@ resultiisdelayed F16Data[15:0]# signals) may be clocked at approximately twice the
frequency of the XClk signal. In this manner, during a write transaction, the host bridge 60
may time muitiplex the data by causing the F16_Data[15:0)# signals to indicate the first half
(denoted by the prefix “P”) of a double word during the first half of each cycle of the XClk
signal and cause the F16_Data[15:0]# signals to indicate the latter half (denoted by the prefix
“N”") of the double word during the latter half of each cycle of the XClk signal. To control
the reception of the data by the bus interface 56, host bridge 60 may furnish strobe signals
called pstb# (see Fig. 5) and nstb# (see Fig. 6) that the bus 52 skews to produce strobe signals
called delayed_pstb# (see Fig. 8) and delayed _nstb# (see Fig. 9), respectively, near the bus
device 54. The bus interface 56, in turn, uses the delayed pstb# and delayed nstb# signals to
clock the data from the bus 52 into the bus interface 56. More particularly, in some
embodiments, the bus interface 56 receives the latter half of the double word on each negative
edge of the delayed nstb# signal and receives the first half of the double word on each
negative edge of the delayed pstb# signal. As described further below, the bus interface 56
may indicate the full doublewords to the core circuitry 58 via signals called DataOut[31:0]
(see Fig, 13).

Referring to Fig. 16, in some embodiments, the bus interface 56 may include N-strobe
sample and capture logic 70 that is adapted to receive the latter half of each double word and
P-strobe sample and capture logic 68 that is adapted to receive the first half of each double
word. The logic 70 may include a2 FIFO memory 81 to store the received data. In this
manner, the data is written from the bus 52 and into the FIFO memory 81 pursuant to the
delayed nstb# signal after the reset logic 72 deasserts the WritePtrRst signal. The reset logic
72 may also selectively deassert the ReadPtrRst signal to control when the data is retrieved,
or read, from the FIFO memory 81. Similarly, the logic 68 may include a FIFO memory 80

to store the received data, and the appropriate data is written into the FIFO memory 80



- 1 ApR 2003 -12T a first bus device coupled to the bus to furnish a first

I ndi cation of data to a portion of a bus beginning at a first clock.pmka%j
t he bus being capable of skewing the first indication to produce a secon

i ndication of the data at another portion of the bus; a core circuit; and a
second circuit coupled to the bus to: -rlecei ve an indication of a selected

| atency tinme, in response to the second indication, store a third
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comuni cation so that the core circuit receives the data beginning at the
sel ect edR{E y tinme after the first clock cycle. 7. The conputer system
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nunber of clock cycles. The conputer systemof claim7, wherern the second

ci rcui t Dasa@uif3he]) tetapdicate the datatto the coneciamity 6% Themmgeduffehégrasaivay at a
N A e S B e T S
o, g IO e ks M SR PR SRR 0
| ogi ¢ adiapbledvdrd teatabindidated hyehelDpOut[8i:0¢ sigoals.t in response to the first
¢l ock Referring to Fig. 17, in some embodiments, the N-strobe sample and capture logic 70
may include the FIFO memory 81 that receives the delayed_F16Data[15:0]# signals as
vontrolled by a write pointer 84 of the logic 70. In this manner, the write pointer 84 may
furnish write enable signals to select a location of the FIFO memory 81 to store the next
incoming word of the data. The logic 70 may also include a read pointer 86 that furnishes
read enable signals to selectively enable tri-state buffers 88 to select a location of the FIFO
memory 81 for purposes of retrieving a word from the FIFO memory 81. In some
embodiments, the write pointer 84 is initialized to indicate one FIFO memory location ahead
of the location indicated by the read pointer 86 when the write 84 and read 86 pointers are
initialized by the assertion of the XRST# signal. As an example, during the assertion of the
XRST# signal, the read pointer 86 may allow location “0” of the FIFO memory 81 to flow
through to the tri-state buffers 88 and allow location “1” of the FIFO memory 81 to be open
to receive data.
In some embodiments, the write pointer 84 is clocked by the negative edge of the
delayed_nstb# signal, and the read pointer 86 is clocked by the negative edge of the XClk
signal. Due to this arrangement, on the first negative edge of the XClk signal after the
ReadPtrRst signal is deasserted, the read pointer 86 increments to FIFO location number “17
(for example) so that the NDataQut{15:0] signals indicate the word stored in FIFO location
number “1.” On the subsequent positive edge of the XClk signal, the word is stored in the
sixteen least significant bits of the merge buffer 66.
Referring to Fig. 18, the P-strobe sample and capture logic 68 has a similar design to
the logic 70 with some of the main differences being pointed out below. In particular, the

logic 70 includes a write pointer 90 (for the FIFO memory 80) that is clocked on the negative

edge of the delayed_pstb# signal. A read pointer 92 (for the FIFO memory 80) is clocked on



signal . 10. The conputer systemof claim9, wherein the logic is further
adapted to enable the read pointer circuit a predeterm ned nunber of" 1A5B 12003
cycles after the first clock cycle. wl ~FR?003 13 11. The conputer
system of claim®6, wherein the second circuit conprises: a nenory; a wite
pointer circuit to indicate locations in the nmenory to store at |least a
portion of the third indication in the.genory; and | ogic adapted to enabl e
the wite pointer circuit in response to the first clock signal. 12. The
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of the data to the core circuit, and regulate the comruni cation so that the
core cir theilogicddethesnablpmenttsif the read pointer 92 is controlled by the ReadPtrRst signal, and
the enablement of the write pointer 90 is controlled by the WritePtrRst signal.
Referring to Fig. 19, the reset logic 72 may include D-type flip-flops 100 (flip-flops
100a, 100b, 100c, 100d and 100e, as examples) that are serially coupled together to form a
delay chain for delaying the XRST# signal by a predetermined number of clock cycles. Each
flip-flop 100 is clocked by the XClk signal. The flip-flop 100a receives the XRST# signal at
its inverting input terminal and furnishes the WritePtrRst signal. The output terminals of the
flip-flops 100b, 100c, 100c and 100d are coupled to different input terminals of a multiplexer
104. The select input terminals of the multiplexer 104 are coupled to the
LatencyModeSelect[1:0] signals that are provided by the core circuitry 58 (via the bus 52, for
example), for example, to indicate the selected latency value. In this manner, the output
signal of the multiplexer 104 indicates the XRST# signal delayed by a number of clock cycles
that is selected by the LatencyModeSelect[1:0] signals. The output signal of the multiplexer
104, in tumn, is received by a D-type flip-flop 102 that furnishes the ReadPtrRst signal.
Referring to Fig. 21, in some embodiments, the P-strobe capture and sample logic 68
may be replaced by P-strobe capture and sample logic 110 if the read latency of the FIFO
memory 80 is larger than the core circuitry 58 can tolerate. The logic 110 has a similar
design to the logic 68 with the differences being pointed out below. In particular, the logic
110 includes a sample buffer 112 that is coupled between the output terminals of the tri-state
buffers 94 and the input terminals of the merge buffer 66. The sample buffer 112 is clocked
by the XClk signal. For purposes of achieving the desired latency, a read pointer 114 (that
replaces the read pointer 92) is initialized to indicate one FIFO location ahead of the
initialized read pointer 92, i.e., the read 114 and write 90 pointers both indicate the same
location when initialized. For this embodiment, the data and strobe lines from the bus 52

meet a setup time of the sample buffer 112.



I ndication of the data beginning at a selected latency tine after the prior
clock cycle. 14. The bus device of claim 13, wherein the sel ected | atiefiRy2003
time conprises a predeterm ned nunber of clock cycles. 15. The bus device
of claim 14, wherein the bus interface_ s further adapted to: store the
data in the nenory beginning at a second predet er mi ned nunber of clock
cycles after the first clock cycle. 16. The bus device of claim 13, wherein
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clock Cyﬁ‘ﬂF% memory 81. Thus, during reset, the signals furnished by the expansion bus device 59 to

select the latency flow through the FIFO memory 81 and into the core circuitry of the host
-ridge 60. The core circuitry of the host bridge 60, in tumn, latches the logical states of these
signals when the reset logic 72 de-asserts the WritePtrRst signal.

In some embodiments, at the end of reset, the write pointer 84 indicates one FIFO
memory location ahead of the read pointer 86. To make this occur, the reset logic 72 may be
replaced by reset logic 73 that is depicted in Fig. 22. The reset logic 73 has a sirnilar design
to the reset logic 72 except that the logic 73 includes an additional D-type flip-flop 130 that is
coupled between the output terminal of the multiplexer 104 and the input terminal of the flip-
flop 102. The flip-flop 130 is clocked by the XClk signal. In this manner, the flip-flop 130
delays the ReadPtrRst signal by one cycle of the XClk signal to allow the write pointer 84 to
indicate one location ahead of the location indicated by the read pointer 86 before the read
pointer 86 comes out of reset.

The timing of the above-described flow-through scheme is illustrated in Figs. 23, 24,
25,26 and 27. While the reset logic 73 asserts the WritePtrRst signal (see Fig. 23), the write
pointer 84 (see Fig. 17) provides signals (called PWritepointer[3:0] and shown in Fig. 25)
that point to location “0” in the FIFO memory 81, and likewise, while the reset logic 73
asserts the WritePtrRst signal, the read pointer 86 (see Fig. 17) provides signals (called
PReadPointer[3:0] and shown in Fig. 26) that point to location “0.” Also when the
WritePtrRst signal is asserted, the bus device 54 sets the logical levels of the predetermined
lines of the bus 52 to select the latency values, as depicted in Fig. 27 for the example of a
latency of two clock cycles. After the reset logic 73 deasserts the WritePtrRst signal, the read

pointer 86 is held in reset one clock cycle longer than the write pointer 84, and as a result, the
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109& () - Thus, the invention is not intended to be limited to the illustrated computer system 50 but

rather, the computer system 50 is an example of one of many embodiments of the invention.

The host bus 158 may be coupled by the host bridge 60 to an Accelerated Graphics
Port (AGP) bus 162. The AGP is described in detail in the Accelerated Graphics Port
Interface Specification, Revision 1.0, published in July 31, 1996, by Intel Corporation of
Santa Clara, California. The AGP bus 162 may be coupled to, for example, a video controller
164 that controls a display 165. The host bridge 60 may also couple the AGP bus 162 and the
host bus 158 to a memory bus 161. The memory bus 161, in turn, may be coupled to a
system memory 156.

The host bridge 60 may also be coupled (via a hub link 166) to another bridge, or
input/output (I/O) hub 168, that is coupled 10 an 1/0O expansion bus 170. The I/O hub 168
may, in turn, be coupled to, as examples, a CD-ROM drive 182 and a hard disk drive 184.
The I/O expansion bus 170 may be coupled to an I/O controller 174 that controls operation of
a floppy disk drive 176 and receives input data from a keyboard 178 and a mouse 180, as
examples.

While the invention has been disclosed with respect to a limited number of
embodiments, those skilled in the art, having the benefit of this disclosure, will appreciate
numerous modifications and variations therefrom. It is intended that the appended claims

cover all such modifications and variations as fall within the true spirit and scope of the

invention.
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furnishing a first indication of data to a portion of a bus beginning at a first
clock cycle, the bus being capable of skewing the first indication to produce a second
indication of the data at another portion of the bus;
in response to the second indication, storing a third indication of the data in a
memory; and
at the beginning of another clock cycle, communicating the third indication of
the data to a circuit in response to the second indication; and

regulating the communication so that the first clock cycle and said another

clock cycle are approximately separated by the predetermined data transfer time.

2. The method of claim 1, wherein the predetermined data transfer time

comprises one or more clock periods.

3. The method of claim 1, wherein the act of storing the third indication in the
memory comprises:
storing the third indication in the memory beginning after a second

predetermined number of clock cycles after the first clock cycle.

4. The method of claim 1, further comprising:

synchronizing the acts of furnishing and communicating to a common clock

signal.
5. The method of claim 1, wherein the act of indicating comprises:
furnishing an indication of the predetermined data transfer time to the bus.
6. A computer system comprising:

a bus;
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a core circuit; and
a second circuit coupled to the bus to:
receive an indication of a selected latency time,
in response to the second indication, store a third indication of the data in a
memory of the second circuit,
beginning on another clock cycle, communicate the third indication of the data
to the core circuit in response to the second indication, and

regulate the communication so that the core circuit receives the data beginning

at the selected latency time after the first clock cycle.

7. The computer system of claim 6, wherein the selected latency time comprises

a predetermined number of clock cycles.

8. The computer system of claim 7, wherein the second circuit is further adapted
to:
store the data in the memory beginning at a second predetermined number of

clock cycles after the first clock cycle.

9. The computer system of claim 6, wherein the second circuit comprises:
a memory;
a read pointer circuit to indicate locations in the memory to retrieve at least a
portion of the third indication from the memory; and

logic adapted to enable the read pointer circuit in response to the first clock

signal.

10.  The computer system of claim 9, wherein
the logic is further adapted to enable the read pointer circuit a predetermined

number of clock cycles after the first clock cycle.
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12.  The computer system of claim 11, wherein
the logic is further adapted to enable the write pointer circuit a predetermined

number of clock cycles after the first clock cycle.

13. A bus device comprising:

a core circuit; and

a bus interface coupled to a bus to:

receive a first indication of data from the bus beginning at a first clock cycle,
the first indication being provided to the bus beginning with a prior clock signal,

in response to the first indication, store a second indication of the datain a
memory of the bus interface;

beginning on another clock cycle communicate a third indication of the data to
the core circuit, and

regulate the communication so that the core circuit receives the third

indication of the data beginning at a selected latency time after the prior clock cycle.

14. The bus device of claim 13, wherein the selected latency time comprises a

predetermined number of clock cycles.
15. The bus device of claim 14, wherein the bus interface is further adapted to:
store the data in the memory beginning at a second predetermined number of

clock cycles after the first clock cycle.

16.  The bus device of claim 13, wherein the bus interface comprises:
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17. The bus device of claim 16, wherein
the logic is further adapted to enable the read pointer circuit a predetermined

number of clock cycles after the first clock cycle.

18. The bus device of claim 13, wherein the bus interface comprises:
a memory;
a write pointer circuit adapted to indicate locations in the memory to store at
least a portion of the second indication of the data in the memory; and

logic adapted to enable the write pointer circuit in response to the first clock

signal.

19. The bus device of claim 18, wherein
the logic is further adapted to enable the write pointer circuit a predetermined

number of clock cycles after the first clock cycle.



