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A COWON ANALOG | NTERFACE FOR MULTI PLE PROCESSOR CORES
Background [ 0001] Enbodi nents of the present invention
WO 200at1es884 semni conduct or devi ces, and nore parkPCTUB207/§63924
to interfaci ng sem conductor devices wth systeml|evel
i nterconnect structures. [0002] Today's sem conduct or
devOBESIONe ANAIEO GMBITHRIN G ORIMRIIAIPE B IPRDCESSOR CORES
capabilities in smaller packages, and continue to
operate at higher frequencies. Higher processing
speeds and reduced size Bagkgiosad to various i ssues,
' niédbg:] @gfrb%ﬁﬂﬁgntsagfjthg g%ﬁgﬁtq{lygn?foﬁ %lgtteetg semtdfiductor devices, and
Accordingly, many processors are now being
mona paiftiaclatly ed ihteafcing cemil@ndudtor ptvecaowis siystedm-Isvelgherconnect
package, and even nultiple cores on a single die. Such
strycfye®ssors can perform high-1evel processing tasks at
| OYjon) §8RE" ! UEfRondRANCT AQiAREAHLRS] RRHRRbasing  processing
Furthefnore, greater anounts of processing can b§ d%ne
capabilitiosver shaldguenkiges, andi cogtimud toi peeatc @t bmghef 00@8hcies. Higher
However, inte ra(ﬁlinq? nultip{egores.in.a sin]?Ie. d
ProgEe g RSt AT ASCU BT GtEsEBr ah IR STk B Tdudag ipgueT a0
tempRPH@R-releRQ iSHEH AT irgdy, tighyehrb8Gho@fardTHbW IR HehE8ctured
on el ectrical performance. Specifically, nultiple '
that tnchsie redopleaforestin @rsingle ipackase.dingi avan mwigple coros owia siggle die.
sulfpEbio S EPRIRH hIBILIP B AL oG HIEH PR, raucie
hedt Ndi & OIBA e CFuriRginure, tdi¢aatgimudtits f tpiecdosing eas te dotket lower
is coupled to a system For exanple, many conputer
ffe%‘}f‘@?’éﬁrﬁsmﬁé}l{htdéeﬁor§?stem bus, often referred to as a

Fr : ‘ . el £
cofloat iSRS 1aiing Rfipyd Corll 4 bhaChRRag BHSE fhftcscor

sochst eanviaorty vaoots dsher Dub subChhspe Sy shice ofifere ndriultipledcores on
ot her system c onents. To avoid negativye el ectri cal .

clofEir dIHRRER s Sieehcilhe ﬂﬂ@@lﬁ@r%@a&gﬁ% PMghoaCges il logic

cir@itr§ as OVaI af rd1d nﬁl}ﬁut/&ft}glﬁcﬁ}_’d)gin@&fafce rdfﬁ%ﬁﬁ@r, cRugd aSsignificant
[ ower bus frequency can sighnificantly I npact

clegeicildpachoie en frdercougkt wodiemothrapighevhictutheippdessosecket is coupled
devi ces,. as bandwi dt h demand can i.ncrease in

to BT TR X R MU TRERP ! WO R, ingbdoaT Y Sgh  affon reforred

to £ BomlsRRERS PFSBE $hal iSa MARNER)H HQUSS t‘b%ﬁ{)l@@ﬁe prdcésor to other
package in a manner simlar to routing between

Systah £9IpPencpisoshgs e maawatconirglley b (M Pe syntee axpsinry, and other

tem ver, such a.design degr el.ectrical

sy AT GRS o FO il R A AR R ST LUEE B may be

cortfolle@ tben@t bt bSlosicfrdqueduyt |affettivgd agetnne Such a lower bus
capaci tance .is al so i ncreased, which can significant] }/

frequaney cpp oigniendicipipack ReformeRte e dyal @i eEtatheg multiple core

devices, as bandwidth demand can increase in proportion to the number of cores.

[0004] Some dual core processor designs connect cores together in a package in a
manner similar to routing between multiple processor sockets in a multiple processor
system. However, such a design degrades clectrical performance of the FSB. In
particular, the package trace length is significantly increased and capacitance is also
increased, which can significantly limit /O frequency. Other manners of connecting
cores can cause significant design efforts that increase complexity and affect a base core

design.
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cores can cause significant design efforts that
i ncrease conplexity and affect a base core
waleargmsBr i ef Description of the Draw ngs [ 000B¢T/Bb1807/163924
is a block diagramof a processor in accordance with
one enbodi nent of the present invention. [0006] FIG 2
is a schematic digagfAR@ption BF 2LEHERIndsN accor dance
wi th one enbodi ment of the present invention. [0007]
FI @003] F&Ga Iblivek bickgdigrast ofnaereepisar yn accordance with one
roce m w th which enbodi nrents of the
emBo@%1§§8ﬂﬁ%§§§%n%¥@59 "Det ai | ed Description [0008] In
varoones F@GdeisrrzerstlsemMI dia@lagh ©OMaeProdBtoben aOFUIENicedwith one
within a package with mniml inpact on both core
cmpedimght @fific PresPIH iy, Specifical ly, by presenting
0 C
muf 018 E1G03 s Wb BiCHALER B9 Bfipleh B b RE s with
whitbseniodederhes etha jinvanseomglhke bt asgll. may be achi eved by
digitally combining bus signals of nmultiple cores on a

single die (i.e., of pr ocessar .socket) and driving

t he conbi nation out t d?&?ii?gpgﬂgbus via a conmon

angheRg ] Ny &ida %ﬁlboaﬁn&l% %hﬂtlﬂl@ Bore® Hﬁ'ym)@tcbﬁﬁbct&ll' \Qlkﬁlﬁ la package
|nterface | ogi c coupl ed between the Cores and

witbanironalamaheon butle p@rac?@smyméé/@, frequeaty. eSpecﬁé@lla, By prssenting
9 sone st e en1bus
o sGaKPAG 4 SRR A SR TR TR  m G TR EHE S nivea.
In MY chBodimRshtd Ac&BBBA ehefdin! @MitABPIORETHSy begsdhieed b%ueilrgltauy
a systembus may logically act as a wired OR bus. By
CORRMAINEPUS LTy dn@nzpleo@res o singigdiedic.cpt %chp@sor socket) and
drl{flﬂ%% @o%tgg tolﬂ u'WA {he%gﬁer‘ﬁoor %tlé’\ﬁ E&hﬁoﬁ%gygg ?u? &9 To obtain
I'n ace of a processor soc , Inproved e rical
thepeorhitinseonc eligitudl is@sfecologdicpbepredtbatweaen thancobes and the common
real i zed. That 1is, onIy a s&ﬂale el ectrical load is
an%%%ﬁmﬁ CF Y &5 1 rfestS aaREEhPRiGH M or no changes to a
[ e d [
op D R e DR i e Rl B A TL)
sigedlinedtchmoldglyenayobeessed po p@lplmgstens paepbingatshegatiner] Ggrlcalsystem

operati.o 010 om1to FI 1, s is a .. .
bup gk B0l e it SULLES, Bmaten ndisd PRHOhanS digial

cir&IRP GhtBERMin @ the MAIHIE SRS WifhVe BRI MBI interface of a processor

specifically, as showmn in FIG 1 processor socket &
sodkaly Imgreyed uadctizenl ecpiounanss omdi epse @di ingplemdnitation easr lee realized.

Thgt LS 0(11335 a 51@ ere%&ré%’f ad ‘rflsnsdegg gy Ceosgzéj geggba}né) rm(mrngl dr no changes

to a base core design are needed to handle the combining of core inputs and outputs.
Accordingly, there is minimal effect on the cores’ pipelines, speed paths or logical
operation.

[0010] Referring now to FIG. 1, shown is a block diagram of a processor in
accordance with one embodiment of the present invention. More specifically, as shown
in FIG. 1 processor socket 10 may be a dual core processor including a first core 20a
(i.e., core zero) and a second core 20b (i.c., core 1). Generically, a core of processor
socket 10 may be referred to herein as core 20. While shown with only two cores in the
embodiment of FIG. 1, it is to be understood that the scope of the present invention is not

so limited and in other embodiments additional cores may be present in a given
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socket 10 may be referred to herein as core 20. Wile
shown with only two cores in the enbodi nent of FIG 1
WO 2007804884 be understood that the scope of the PCEESU7/063924
invention is not so limted and in other enbodi ments
addi ti onal cores may be present in a givenprocessor.
prok&Qdr. 1] Each core 20 may include all |ogic and
resources for the given core such as pipeline
r e$QUr ¢ Egch eore @0tmanineluie sll lagie tred yesoregsaler theegyyant eore such as

plpefulw %s% eg t h)?ercpﬁéétg n?tg r légéh%r %mon{égt pegrsr@rr Biles %gj other such

stmdtllres‘f aElﬁ“;h@hﬁSl&?Qiabh/ &loye aodngytmbluué Qts25amaﬂebhaated digital 1/0
digital 1/0 25b (generlcally, ita

I/
interE e RERSANTRYY 1 ab&otva adgy 41&1([3% |14Q32§15(g¢a9n9aﬁ1@1 digial VO 25).
As ‘&@§dr1‘BH§ ﬁLrﬁ% Do, ‘&?nraf Yot ss Bﬁ?‘(ﬂc‘i‘lﬁie%r [ Forgﬁé‘&FcuﬁtN o provide
signal's between the associated core and an cana d)
an |111‘tbl€fat0‘eaﬁ:)e sofnabs lpn‘twecﬁs ther assd)mat’edirCDmJa;n(baﬂDadalng i@, 1nterface of a

proci: O%S Ylﬁ/l‘lgﬂ.lég Ieglgs }gdta i/ngﬁL,J %a?ﬁlg: %fﬂ %} @gslr (é)ntro logic for
its Qé’s@&@féh)corel (f'ﬁ s Of ﬁ%eré’\@fed(ﬁﬂ %&%I'brgéeﬁi)t Eﬂl o't}{epvx%'i_?dé %aé}l BigRal 1/0
contr ol or its associated core 20. hus, as shown
25 isa Bm@onlrollaafoh its @B&@cmdl qued 2dedhud, Ias @mwen luD@IQ: 1 a@ch core 20
. Il as digi.tal Lrcuitr F er. it
incfffes i S it onall R EET ifreS st kit o syerstood
that'Bi¥st Bérei208 Bhd S&on® Eord20b @@t beSidbisicansd alléagt fubeahiigiBl identical.
Accordingly, a single core design can be used and
Aceagingbarethalocare dasien gaphe Kerfeaiaepligptedie weaterppackage having

two ?{11%81@"\4 tr& \&/Rf’?t Cdur fiﬂ% ) e fgtlonld &t IIRQ)% e)ﬁbohl%b%lts, first

er e odlne |rs a an Second core
cordya bed sicbhécord QOb m@rsbecﬁlffe@@e@psy@ﬁboa@ dueh es hgelogeitdus core
core designs. In this way gic of different

desigisedn thiy M3, t\haéqalyoaﬂufﬁeéﬁné ﬁ?res %YIbGrY@S%)é digigeqqt, so long as each
ihgi [
Cor%é&@ﬁ‘%ﬁ‘g%)g%gglgég gg S}g %gbrs{eaéga IT§5sﬂg§la gﬁ;h] Eér@%énﬁo& crgrés%ay both
imd ompata doingabibile bos ptacaill, c.@, an FS]&md%&iBl protocol. [0012]
T I e L R
a cé@Rdhagalb PO %@Erfﬁ%é‘ (RRIRTRIET mBPYe PR8ehtlaRd GOAbRouple signals
signals fromboth cores 20a and 20b to and from an

fromrivagi G@ﬁﬁ 8¢ ando2Okhtiogind grone e svercemwkieto viloch grosowspr sagket 10 is

cougs® T T arEh Andt e’ G STLNTENG Mk sf o FESimcct e

a ik Q6 8HIEEH theS pFRURbE colicd, ML URpBYERAINbNEG: IASRCINd case of
and ease of design when integrating a nulticore

desigrovbesBcgrHting amslfispemrogissy IBfoghasism WiRe & sdichBusesuch as a

g I

ok 98 L 1 WL RO BP0 Al

thaf borge addifomadii).c. deqghinah) digitalrihgefce cirauiiry myayntaeypxbelded between

provi ded getmeen di |taI /O 2% and anal og 1/ 0O 30

dlg%U(% 23jagh ardop EOwER rguigisieaals SP’iéﬁeaﬁcgl‘éﬁﬁlaﬂoéﬁal}d/ g2 .1/0 30.
[ gﬁ&ﬂ%ﬁﬂ@d&@ﬁ@é& bad tﬁ\ﬂstﬂ'&rﬁdﬁlaﬁ 1%{)6%&1%&%{1 in FIG. 1, it is to be
| enentation I n e

understood that the scope of the present 1nvent10n is not so limited. That is, in various

embodiments different forms of dedicated processor circuitry may be present for multiple

cores, with a single set of analog circuitry present to provide an interface to a bus or other

interconnect for the multiple cores. In this way, the electrical load seen by the

interconnect 18 minimized, i.e., corresponding to that of a single core. As a result, the
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understood that the scope of the present invention is

not so limted. That is, in various enbodi nents
waledofaeasst forns of dedi cated processor circuiPCHUNNYT/063924

be present for nmultiple cores, with a single set of

analog circuitry present to provide an interface to a
int&BSnnREt &h%érak&é‘r@ﬁ@%ﬁb@ﬁé ueREy diewduldtif BhI§ £af88 coreprocessor

this way, the electrlcal(1 3Iseen by the interconnect
WeTesPIFhaHit i AgHocdssas. sockady r%gﬁlsﬁmrﬁgdrrsegrt prraplorityg issicdyéad, as no

|
B4 RS SRR L DIPTSR LB bt

corps. OdRshermoreS ev@hieskntcircnitd Priedesdpns adkatsingle set of analog
. Furthernore, design conplexity is reduced, as no
H“%ﬂﬂ?%ﬁéﬁ@enﬁﬁﬁﬂc circuitry |s needed within the cores
:]) g ﬂ?ﬁ&tv' tBrFI@f 2”&1{ ga CPhstic TH H?I? rom ocessor in
crrcuitry is reduced, as onfy % si ngl
acoofdaacmmtg onnteefdodmt io§ thenreeme ntventior. OBIb4d spaeffe:ahy,rug shown
to FIG 2 hown is . a schematic agr of a
in 00 268 etrecion’ 40 BRd D Cotial S GHE cemb Jtit A HAch £oRh0a and 20,
Nofér @8eMagt B Rt {aOf reMBER SREEIHIL GRFIYS. RandPaWMchls ﬁeg%nce of
2, a processor 100 may be a dual core processor that
thei mwdesp@mn@s Z’CBaslmwh 20he Noﬁe@nt:hamnwsaégelt dhe ttpe of FIG. 2,
ce nera S | Fl GS. 2 1indj S .
progPge bk S8 R b oS PokiSE Rguh ilf RIS Borton (atso
reférRddeR @66 &s THigTRI pbRioal 25 hehd aPaiod /G pottioP (D&LESGFedlein as
may be broken down into a core portion 20, a digital

analggopprsion) 80 (Gire portisme? ¢ awyhles é@dﬁcaési ool frgie e pircuitry
use%iEEo f&%gth%q?cﬁ()%)lugl%&lréso PRl?{htefrﬁ 17(9 %8@{0?1?52%{&3? n%gl%% some

Core |on
ampmttt odsdiedted @ytait@nia eadhcuf conts uzs)edaﬂ:do 200r sad Beme amount of

i.ndi vi dual cores Furthernore, digital 110 portion 25

addr‘rté\?flarl iHeerires 1egrsounted hetvsen argr ¢t avd 9% anst #najog KO gegtipn 30.

A S R Sl AT e ALY ALl Ao Bftg fprtuce
to puoaldegeouplhg betwicom nBdtiplascoiesr 2(aeandsP@wand an lfEhiR bus or other
. .anal og portion 30 may be a single common anal og
m“FHPEFg Yace to provide coupling between multiple cores

g()(ﬂ@?i A2QRoRAG FIG Oj fCo‘P@ DPa PURIASS VAR fdlglfhtl eI &Alich may
shown in 2, core 20a includes various

be ﬂat@ iof élgltal pettion (A ﬁmhruefhlmmperfa@lqurerwcﬁfn b gioraalogsoand arouting
25 f e.in i.nterfacin meen th 'c and )

chaigeh [0, " RretiZ s RGBaE bATEReb B fPur ot ROlE Hga® tines

corRdspSitg footiarBastd-ed, ré‘@éll\fel dh't@atfd grodk slgnBRSin addltlon to drive clock
corresponding to transmit data, receive data and

sigaalrlinps. sPppealicallyi phovaniin iBE. t2o card ¢ea epagcinckidgriflip-flop 110a

clotﬁéa]e%espo 1%11&1 Cc?c}ckym%@ctmdlg Qj fg‘g/ cfeh E8hfhon &iﬁa‘ra line for

cloc a common C
tramsingfiddn OCQat0 @Kd af Oorr@@di?dlﬁg) ritipAlopl otla iatiburlyi clecledr for each
t f_ dat d di fljp-fl
coqlglglgscgq]c%%}a‘r;;] }If@ fer %q—}; ggt?q ]@2@1%%{: rh\%%ri)lg r‘ghel snc%pe of t%e preosent invention

is not limited in this regard, in some embodiments 16 common clock signal lines may be
present in each of transmit and receive directions. As shown in FIG. 2, outgoing
common clock data lines may be enumerated as CCTxData#, while incoming common
clock data lines may be referred to CCRxData#. Note that the # symbol after a signal
name used to indicate an active-low logic signal, indicating a signal is in the active state

when driven to a low level, however, such active-low logic levels are for illustration
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conmon cl ock data |line for data to be received. Wile
the scope of the present invention is not limted in

WO piog/1068gar d, in some enbodi ments 16 comon cl BCKUS2007/063924
signal lines may be present in each of transmt and
receive directions. As shown in FIG 2, outgoing

pu §€§Qﬁd ﬂie‘%‘ék datttBe bicR@R iMRMtiBELisaidy Hﬁﬁt@ﬂ @flthdSregard.
Dat a#, | l e i ncom ng common cl ock data |1 nes may

be [(?03116&; Croee1 20 MR Dheramclup tellipHap 1 i @mwmbwl prafidgrsource
syn%hrsong}rl]sa datg 3%6%?3?1‘31’115‘[?6(1 5]19 aﬁ %gseoc%?ea? 1%tullré/ee n\?}gfog?g% %ansrmt data

hne/\l(leen SSTM}aana#)o SlnhlaWy] ﬁwehungwmcleegyncﬁmbuﬁdﬁta\tﬁay baVreceived
logic levels are for |IIustrat|on§ oses and the
alogg g sauise SYHBrqIous Esseive fpninedhes SSRe a‘la#hﬂa@optwﬁg% figrgce such

a | d

s % '] p{'&i‘ﬁw%ﬁgﬂ%a lég t ggger E)H\él E@I{s S ugrbg%éés % s fonous path may
1rnp:fat/a ptdotpeante a)ystm'mmadn@ rlamnmakpde tiatee ¢hes bus cbck (e.g., 4x).

nchrongus tr m t ta i e., SSTx

H9R: 1°Q5) 3P2 mwﬁﬁ?ﬁfgné&}% S ﬂeﬁ bl Ga Ry prpide data o a
so&@&@n%%néusoﬁl&lsﬁntsﬁwb%ql&yw eh 'SS'FQS‘t%#I eﬁ%{eVﬁaﬁﬂfpaﬂéﬁsnﬁ 4a and

(1 Dat a#) via a storage device such as

11 mgy bé nlocltedrlstOprmng Rilgon M@wurWQChrhmussdmk (ac., SSClock).

tn B SO RO (shetnd ARG R B QL eEl) may be

cmf@l@d td B 1a§idlgalt@m19apﬂfae i @@nnBYcolupletl NBrprovidk Wderive clock signal,
lip-flop 118a that is coupled to provide data to a

nangghira SOWIH SHRAOHU9YS tdrivastock signdbé-cl,i WryCllg. | Note that similar

mrcﬁﬁ&% gﬁ} dlS'C\E)Sthd gll;lc%;e :pk%%eltit 18pc%ré%6@(s%8g/n%ﬁ?h
our ce synchrono

nurﬁbr@tslan(iltheﬁdcmgssﬁlr 01@’?9) In turn, the source synchr onous

clock and a drive core Si gnal (DrlveCore) may be
colifildd Epeh of |tagiccakpyesliscysrgd ¢ figral jlimes JPW iD§ %@lﬂde@ routing
p{QV Y% I I u
o A o g iR P o TR R i fgpig within
digithllaporaomrﬁﬁ aRouiting whanmgel 120 thatindude almphﬂera,bmpeaters and the like.

resent core .20b hown th the sa ref erenge )
gl et Nt qiafel RS R Yoty Doy Jrr SecoRpr o atiye one

of @&@é’@o&jhﬁ@y@&ﬁﬂ tRinSRRkioh B &St Y aREViG %bo!;lggaltlﬁeg osAtcb&amgly,
channel 120 which in turn provides signals to and f
rouaﬁﬂlotlamluﬂurga}t aicludegiiccuitiyt toi roudti gfignalb te/bromi mresZBOa and 20b

ol R BT %, TR BRARTESTL Y ] SPRGRS S

cloPie fitah @it 2:nARY (i R!, QO xDaka#S6H QIEGDXDQE#)aﬂo@CEdtM €off3emay be
of cores 20a and 20b for transm ssi on/recei BHEOf dat a

coupiesl torpemyltigirer 1 4hewt ispeomspliechy yiesigninritay (PRANpetrol zegister-
Bt Oy O n
R G PS4 ) 20 40 DR Sl Rt cor
propesbi b Sonvlerted ligtota anglm dore fareesti (ﬁndeb(l@ I}iﬁq{bsed OEIbwever by
transmt sigpals (i. cOCCTxDat a# or

defpylo AR 1PrRIgH QRCTRHRP: B’éﬂt&&%ﬂfééo fgyacll f@? ﬁva&xléDg} m@ gate 142.
Lo 1@ g%te' B42CH %gﬂa?éjopé(ctda@%' BPichiOlquietdnt OPE W &LORM®s such as a

sterr e
GTL-signaling based bus, as logic gate 142 may act as an OR gate in an active-low

eference

signaling embodiment. In turn, the selected data line may be passed to analog portion 30,
and more particularly to an analog buffer 143, which buffers the digital signal to an
appropriate level for transmission along an interconnect to which processor 100 is

coupled, e.g., a bus. Accordingly, desired data may be transmitted along a common



10

15

20

25

30

signals (not shown in FIG 2). Such DFT signals may
all ow the dual core processor to be converted into a
w@Reghesssore for test or debug purposes. HowevRECT/UR2007/063924
default and in nornmal operation, multiplexer 140 nay
select the output of logic gate 142. Logic gate 142

cloBRYaRMhAbE tIY b {e. @S xRCCOQHR! 1RE3h M %' &ﬁ‘ﬁm@ﬁ C%CW d24 signals
OR bus such as a -signal i ng based-

| o
recgla@@V@@C@%ﬂtﬁ#clﬂn%@@rbe@ugl@ﬂ &id an lanutdmffev é41 @WP provided along
a c%h%‘i‘% L1391 GARS ? ARaY; ne'H L&;@Rxbgﬁ#)s & %“&u%% dahRel 19 From

asse oY8fal 0g pd Ion ,” and” nore

roufiag tch@nﬂearllzgr the data maplbo pakustifiercithd3flipafiore 1 wbif Aipsflop 112,
the digital signal to an appropriate |evel for
based gRdhs sedaciid coreondltamativRleripeimias signalsupyche dliysrddepll cores

I red data
Wi e Rt i By e P My 8 e o
t h@O(]dl8$ Reéergng stibk (ﬂﬂB&Ga#) soukcecomichignowsTdaa te Ibectiqnslmtt&d from
nal s, received VI ta# |ines | ed :
ong peceas 2 Whieist St BB P éw@ia ided via a
givh OBkrek eEBE VR dat ﬁ‘lult{ﬂ‘&ef' 184 » (1CCREBRS Bt)aths® &mttlls@qxnata#)
channel 120. Fromrouting channel 120, the data may be

Fuptesmetk, tthesei linee rard coypléd opallegia gute 146 pv1ﬁ¢h) pr&ra@b as discussed
on t seJec coLe. t er,natd ve i,ncom
bBRSTEN Sl R GRS B I 5o G BRI AP T4 T Bipassed to

a 13tBIE M| Weigend@b&deivy NGourée §jiRNroAbEs H@vdT PERS Satéth 48 passes the
signals. [0018] Referring still to FIG 2, source

datg it Bf dm@ahp@ﬁpa 26 singetotar buféari kP eaf anelom roiweornB0.c dn dlis way, a
glV%IQ o@t@g 5%78 usbgatg qllﬁtee(ql el Wx%%%talﬁg L%{}%F ga&eh ?rkn%*al ]tf%gsmltted

prOV| V|a a given core’s
ﬂm&ﬁﬁ (|. - cOSSTxData# or cl SSTxDat a#). Furthernore,

these lines are coupled to a |logic gate 146 whi ¢h
op&YHPéEon dcaming, SAEES AWREORUS awe@p@efe% Yy fremgatbys, the

dat&”ig coggl%d Scﬁllo gﬁ & V\R&'@éra &1 Qmy ﬁ'%??ds}?&e%leor a bl RARSARB. The

en c ocked a source synchronous
opedatllozenf tdtdc R63 In&tycbe Td@rqlksdsies ab thcdlaihg soutce osfynchrgildiuﬂl strobe

. rtio 5 d a byffer 149 analo por t

sigfi] G SSGeyPRE WhoRiist hratdy dlte i SRone it il ket 165 and s

pro@ride@ to % t@findrRy2Maxe the SdodRRl siiARSIILS t Reeive data (ic.,
t hereon. [0019] For incom ng source synchronous data

SSR@Dptla%): edsoshon@0inf Fm 2, lhmhl,pqume l@atraay be ccoutmléedl based on the

mCP]gJIutgn 90?_116% ks))lile: ?oglﬁég é%r?lgﬁ} mépa p{i}f’ol%/ #dﬁ%ﬁd%gathﬁoggﬁ a Varlable delay

inveA&t 173, hQQsl&&CV SdledtBYCDTH, AFd %@Mh&eva‘iﬁéﬁ&m&iyoiﬁ%ﬁérfl@be Based on
signal (i.e., SSRxStb#) Wien | atched through, data is

thepeays elgr twhigh the tdajs ex ertendigd, aodingschsnaeli 20 vl M@:tthﬁgsource
syn‘("cﬁrao%ﬁé geéé%ﬁa"’lﬁt g& e@@i’ ’Fﬁlgo \A;MIB% %"éq (LJQIB‘S A[l?e n?é@ﬂ )%féc? a3 gith the
comiyn o ckoyigmaid H@drlbasﬁﬂavmilsﬂyh Sourte @ﬁichgmﬁ@:u F&eived data may be
del&gfnq%grg ﬁ)g?lgéﬁzisr IOI%S alsicli % 16% tAs 211‘:10\)!1118 1nplgl%v I2(:1‘[eh%set IQIrFOsgaTe 2ontrolled
by the incoming source synchronous receive strobe signal, also routed through routing
channel 120.

[0020] Still referring to FIG. 2, source synchronous transmit strobe signals may be
generated in cores 20a and 20b and provided through routing channel 120 to a

multiplexer 150 and an associated logic gate 152. Specifically, each core may generate

source synchronous strobe signals provided to multiplexer 150 via source synchronous
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inverter 173, a deskew selector 175, and anot her

vari abl e delay inverter 180. Based on the core for
waiochodske data is intended, routing channel 1ROT/WB1007/063924

pass the source synchronous receive data to either

FI FO 116a or 116b. Alternatively, and as with the

traf@iBRo el 16K (56.9068 ST-S@SC it Dk P USIhE, seR@iUGRobe signal is
synchronous received data may be delivered to both

proFidedsirameaubiméexen 460 and fsrlmlh 1A thptgn purn tip ecdeckrd frgsa source
I b
synr%[engoéllgggﬁét% S o%k Qf%ﬁatf ewhf}ﬁ 1@1 d%%v?c? glroglﬁ 11’?%%#% 1%%% gsynchronous

drieh alooe!sighd. (1[eQ0:®SBDSTzC1ﬂ<# afndfcelISlSIDﬂWlk@) Hoﬁa aZgiv&Dusreethrough
synchronous transmt strobe s%%nals may_ be gener at ed

rouline cBrs! bebanshinoud a@rfaR;ﬁatﬁvi eddinyasiagle ingyter 158. The
sel J?@cf]%%lrce]sgail@g &grgﬁlob ﬁ? &5 1&5&&% gﬂ 14erP ?5:4 Qﬁdegrowded toa

ogl ¢ gat peC| a y, each cofe may generate
buﬁﬂulrﬁefosytrmlhmmﬂmusalsﬁg di@ebuﬂ gnalssurpe syndheehous strobe signal (i.c.,

' xer 150 vi a source nchr onoustransmnjt strob
Xxﬁgﬁé@ 0, W, TRqeEdRg sirphe %ﬁ’aﬁg F‘%@% BIHICC SHICHEORORE piERPe lines
aresﬂr&g@@d ! agcﬁfffer 131 RUAVA dednd 1fs %%s'gkﬂ Itﬂrb@éhe&(%rlajo@de@@dm@erter 173

I'atch 154 that in turn is clocked by a source
andspregtied to usitidg ichannel ddkalengaabyrcakyrshrinouseceivedtrbbohme (i.c.,

ur ce nchr onous drlv cl oc
SSRESBH o8 RITLTS DIRED TRy S the Sl BURsT hbudly fputine
chan@elt 12000 ¢hapd1 @l sebifRd @R of BIFDIN 6aRn@R1 @Rt Whils Aedpie@with this
vari abl e delay inverter 158. The sel ected source

parggyeh fraplemsntgtion be thsi fgn@dlmgntl otldked. ithisdadls yndeestpotshat the
sco? ghﬁhé&%ﬁ gvén?loﬁ 1;? lﬂH ﬁ{nht%é §n tl% %éa (Esﬂdsosthé)mmﬁl%&ltanons of

source synchronou hal

providsgSh h-a%)nmdm adlddn mtmﬁcce fbn g1u$tip’1® kercsiofriapocakongichhg a dual
source synchronous strobe lines are provided to a
corg pFcgpsor 9an begerbizedi n turn i s passed through a variable

gf'éng L@Y@rﬁ% al‘[ﬁg’clﬁ RLOYE q{fz%x&&pfagwgt)&g?sshagggalsé,g@& with

source sync ous recei ve str
wh&SFbrﬂtdnbﬁhentk of ther m,vemthm 1$16}LI tbe aissd/ nABrsnd threﬂt rtlod e:rrn “system”
nal is OVIded % h routi,ng chann 120 t
ma}f t43] ty%e P@&?Séar S@FF@BCH%%%\ aﬂ% BomWFli & desktop

cori;ﬁ?u?t&r 'a@%ﬁfeWcBﬁEﬁ%,sazﬁﬁfo?' &)'fﬁlﬁl'feri)%bﬁgﬁ@td@{rlb Man a\fbp‘hﬁﬁ‘ce a set-

&
mbodi ment  of ' e under st ood t hat
t0psla®<pe)rtth@ lise.e Somteni AU clustes iasprieetssor i G exhipin ntayi 136 a general-

pulp e b sp Bl ORE b PRSTT o0 e PSR $E h{ yBent invention,

proREREES BP a§ Ueha ﬁﬁllt&oﬁélgfocés%ﬁ . O£ @68810dor€ pfocb®or. Furthermore,
realized. [0021] FIG is a block di agram of an

progsssfipd Ht ap insd parpaee @nalos ieefgettn oiplle reduced electrical load,

in aﬁfeﬁtr)[?o‘ijl' tg% of%fortﬁr&e §1H%ﬁg ?r{)lleo(f%m Yntg 9 ﬁﬁgore Afoclésc's%g

eterm SysS ean

prQMHS$QIobasﬁmo&w&mgqno&mgh:H@1amﬁabmbmaﬁ&o®anpuhatmdebus
a desktop conputer, server conputer, ﬁﬁ | apt op

31%&?@&{1@?10ryah%%30amféglaévlte@, 3y B EPYRe &0 aéygt@mtlaﬁmory 320,

which may be a dynamic random access memory (DRAM) in one embodiment, via a
memory bus 325. While not shown in the embodiment of FIG. 3, it is to be understood
that in various embodiments, additional multicore or other such processors may be
coupled to front side bus 315. Memory hub 330 may also be coupled over an Advanced
Graphics Port (AGP) bus 333 to a video controller 335, which may be coupled to a
display 337. AGP bus 333 may conform to the Accelerated Graphics Port Interface
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box, or the like. System 300 includes a processor 310,

whi ch may be a general purpose or speci al - purpose
wWee@ecaesdt . | n an enbodi ment of the present i nRENUBINT/063924

processor 310 may be a nulticore processor, e.g., a

dual core processor. Furthernore, processor 310 may

SpddifdatdR, ReESBATI, 3udlisHedi Mbeuf 2088 M@fdcﬁ{)érﬁﬂw &hnta Clara,
electrical load, in addition to ease of porting a

Cah@ﬁgﬁe core design into a multicore processor [ 0022]

r S 1 e \%
| PARPSL IR TR P PR SRR 5 Rl BRaCR R 4R S50 o
1npt1t1wtpum(&)50)k1ﬁ1bc©4mﬂﬁd id oupleglydt £ it SIBID Byz 3140.to \Mueebwndralys 344,
be a _dynani c random access ne in one
Firgtrhye ﬁw be\gogplad o b qs)agrolé.%%%\ﬁmq CONHRIS AGFSNIP §N§ OF more

yot Jﬂé?vm%gb%gsj IR0 9 Fil. S, tl’%’se géwbe?s ﬁl?y g %qﬁr&lre%%otdﬁ‘ﬁ%nt input

i N vari ous embo i ment’s, It1rona tlcore or ot
devsesshsyghas esegbsarddy?2 laRd ammrpise654 o I/Or lartt 344 wley blss b3 Tbupled to,

Menor .0 o he c r, an_ Advanced
for Gramhlce & Tk AGHS Th0 954 Do CRTGHONS heDAHEL Mo Falia may
am&@éﬁﬁhﬂﬁxnp%mﬁgy@b@d to a display 337. AGP bus 333 may
conformto t'he Accel erated G aphics Port

| {24 Se@pddiukilddtmanglsRby p@upb@d ®. GyriopsibdinpéredtsMagluding, for

1998, b In Cor por anta Clara, Califor
oS3 D 30 hg b B KBTS 1% 4o kgpimertecs
364.1 W‘iréﬁé’b@)mt%ﬂa@ﬁ 6REY heukedin €drfatd eﬂﬁb@dlﬁéﬁtsttb @&bminfunicate with
coupled to a first bus 342 and to a second bus 344.

rengite devienss Ag4poyrayn BEG.chwpredass trietdaec300meyrinelod¢ @dipglpgor other
antéﬂ%%é%?@“é% é‘%ﬂg?ﬁll%ﬁ 30&1190 20k SIREE 111 ﬁ?]g@v: (?f %Or]iléé%? additional

ese devices nmay

devéedRatkiynendoupudud fide \bus 842 aﬁdltbfseaﬁndadeéMbO@[lﬂloﬁ@ﬁitl@rﬂésc&iption
mouse 354. 1/ 0. hub 340 may al so be coupled tao, for

MaGSAHRTENCce 40 KRECH IGIFURPIENtS @f 3ggem 3005 i 1y %P%f‘énﬁ}ﬁféé gt Gypperous
b
ok uO5l HORF e FRAA A RATELS bty ay e

possiblazar i ous conponents including, for exanple, a

ot R Bt i s B8 B e R4 RS PTLBE 86 Hofestorege

meHREA hhing @fotréﬁ ﬂle‘f:‘émqgétﬁﬁﬁbﬁs Wl&lom ﬁﬁhetovﬁrbgkaﬁlemﬂlﬁem to
devi ces. As shown in 3, wireless interface

perfaryn thecinsidestiansli ok @toasageotnhémnama}zé naeuds dug ad mtgluwtcd] to, any
t h | G 3)... .

oo e SRIRTRE Db Bl®iel SRR il e aidiRee SBHES Shemagiss (cD-
f)saﬁﬂmt Bk rSfdtabldk (@D@Wsy h@d des@EioRiptiell dTBHSE Semiconductor

erence to specific conponents of system 300, it is
de‘é‘éﬂﬁtséﬁlbﬁfafﬁ‘éé ophamemarey RIQMsbdrtdosnescsssmamerics (RAMs) such as

dyﬁe/aﬁ%lc %ﬂd%ﬂfac%fesstrﬂ éscgﬂlggﬂls?%gatlc rhRAE BRES memories (SRAMs),

odi ment s nay
erasable programmable read- only memories (EPROMs), flash memories, electrically

erasable programmable read-only memories (EEPROMs), magnetic or optical cards, or
any other type of media suitable for storing electronic instructions.

[0026] While the present invention has been described with respect to a limited
number of embodiments, those skilled in the art 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 this present

invention.
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[ 0025] Enbodi ments may be inplenented in code and may
be stored on a storage nedi um having stored thereon
WO a®UNus84 ons whi ch can be used to program a SRCI/EMMND063924
performthe instructions. The storage nedi um may
include, but is not limted to, any type of disk
I nelpdid@aitdegappy di sks, optical disks, conpact disk
read-only menories (CDROVs), conpact disk rewritables
( Clp- RV Ay %Egraﬂg% fzi@pt i cal disks, sem conductor
devi ces su as read-only nenories (ROVs), random
O e e e
digitaSinAdvEare cecdsabl e progranmabl e read-only nmenori es
(EPROMB), flash nenories, electrically erasable
Pr @@EciaRRd R sdof adkead bycdiRmasthsioh SHERRQMNI proB@b&tdoge Or
. optical cards, or_any other type of nedia suitable for
inclugting saeanddigielrisisriacs Gsquitnstandns. [ 0026] Wile the
present invention has been described with respect to a
| i mdleglinterfdvemeghs eqripbadl trgint Grst pioosssorsdare viedhd first figital

: rt will appreciate nunmerous nodi.fi,catiaons,.and.

inteiice; e g H i e eand HocoRor ety Seroid q%a‘f 1ppdited

cirCLﬁJ[r?,i tHB afdy@Intéfdce sieahs R @binhfiAldaORS traffid béaldcAta (RBRagRS
fall wthin the true spirit and scope of this present

inclydanetheifss. 2p aecond percapser dotics andjan ingeregupastaoupled thereto.
conprising: a first processor core to execute
i n&t r ucthhonpparatheof ¢laist 1,privres o pasbage doneirisds mprofceyset

digital interf [ itry;
sockt Aefying B Pk BRGaEphfiooisier Sulthd s BASCER st Bicfns

i n¢l udi d digit i nterf [ itry;

andl 3gf 1 ?351?%@@5 ﬁ%%%gf ,v{a@ﬁr%é tﬁ‘%&sﬁé@%‘sg{ oy Sbe gpoond
proctgé%? ootk BombPAsd hdigboeBlid @red, WheFiRaR b Gitd Erﬁetf?&@ chruitry

he second processor core via the second digita
and thetseedndghgital irgenfaaeycircuitny aansibogniizltyesimdee neans f or
conmuni cating traffic between a package including the
fidst afitic apeoads pf deies30orhaenelse antbganterfatemearsneat present a
. coupled thereto. 2. The apparatus of claim1l, wherein
Smglceﬁie%%@& ferg pr%%wasq;@s@@&f‘oameé%wsft i ncl udi ng t he
first and second processor cores and the analog .
i nfer f ad&e appasatus of claine L. dpheraonyprismee enpnon digitdisierface

couﬂé%?n%{t{lvé%{ the %ﬁ&%gg QULeohi@ oA Eé\}gsé it 9%@5 Pt FAl @S,

eter neous "cor es,

digital 4 nt era{c %ﬁe élr.cug LIy alng t he sgcgndtﬁp.i gelr%; gé rises
| nber  adbaprasii pUCRES ottty gL gt bRt o

a maRplatatitScledt ted @iffic ZromMheRtHrédtesorRalcay thd§c@bhdF@cessor core
means is to present a , , , ,

for communication on the interconnect, wherein the multiplexer is to receive an output of

selection logic means for emulating a wired OR bus.

7. The apparatus of claim 5, wherein the common digital interface comprises

a router to route the traffic along a common clock path or a source synchronous path.

8. The apparatus of claim 7, wherein the common digital interface further
comprises a strobe path, wherein the strobe path and the source synchronous path are

controlled by a common drive clock signal.

9. The apparatus of claim 7, wherein the source synchronous path comprises:
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single electrical load for the processor socket to the
interconnect. 5. The apparatus of claim1l1, further

W@ wpniessyg a comon digital interface coupl edPOBEUSRIOTI063924
the first and second processor cores and the anal og
interface nmeans. 6. The apparatus of claimb5, wherein

t hg RQMIBR tFhicdéil @ incbMily dAL for SRt H:©8csBordrd b £%@6nd latch
to select the traffic fromthe firs rocessor core or

to regppize st fito e shoecerst propessoiceneniitd it anshscepnd latches
' nne ) LN .l tiplexer is to receive an
Cmﬁ%ﬁ@g%ﬁ%&&‘§§F%@%ﬁgﬁﬁ{%%@ﬁﬂﬁgans for emulating a wred
OR bus,.. .7. The apparat of, cl aim erein the
comBRRiFiear A REIE S <Bd atpp Bues e PRl IR sptisble
by atdeskdw @fidckdt, ik @BGked LRIFTTR okt bl PR fRe PicothiSOMFSHR signal.
synchronous path. 8. The apparatus of claim7, wherein

t hgocompy, i dint-erface further conprises a
strobe pa%ﬁ, m%%@%?% he strobe path and the source

sy r -
o! SIBRALBRR: HelaER bl HEY spViaP a PR bt face, g oond
coredauvinge ssysreihdigind ustcpadehabairmses amaldg irsérfdcatcotipledto the first
recei ve incomng data for the first processor core and
coregnd gheois8ONEE¥F t o recei ve incoming data for the second
processor core, the first and second | atches
c oAy BIMigHRrRdony a¢essy MeweiyH&PRAMetradsi gnal ; and a
mul ti pl exer coupled to the first and second | atches,
t he shartd in¢resmmrecciormonple Itdneltisyrespraessiaevio el RRAdE., t he
deskew sel ector controll able by the incom ng strobe
si dhal . ThOsyséers pé tleim ¢ Onphidrsinniye mubicord firocss@ comprises a single
rocessor including a first core having g first
substfa(g; lflﬁvglpaﬂeergérék@d sscandegrie. e isﬁﬁ)"g digialfyerfaces and the
comflofiah&@beimtgidace, and a common anal og interface
coupled™to the first core and the second core; a
dynam c FEIRLYin (RN .
inggrcogﬁgggﬁg%%ggﬁgﬁé ThéﬁéﬂﬁtlcofgogggggégggﬁggH?ﬁgﬁmaﬁ
a singkRANkctddal 1okdefray siteefimsodore hiad thie k€condisereab nhd dhared interconnect.
mul ti core processor conprises a single substrate
i ngBudi Mye biieerh of Slaind N0, HABANBnGRRES a ddenbd digltaldftrface
second digital interfaces and the common anal og )
coupled katvgerethe fipst apd scappd digiiabmtfagpnenpthe gpramen gnglpg interface.
common analog interface is to present a single
el éét ri dak syster of clom t hevhidreigtthceamemandigitabingataonthcludes a

55 5D RS AL LEPRIRSH s BRgRAE S hamision on

the dhategnfitegeneupl ed between the first and second digital
interfaces and the comon anal og interface.

15. The system of claim 14, further comprising logic means coupled to the

multiplexer, the logic means for emulating a wired OR interconnect.
16. A method comprising:
providing data of a first core to a common multiplexer;
providing data of a second core to the common multiplexer;

selecting the data of the first core or the data of the second core for output from the

common multiplexer; and

10
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14. The system of claim 13, wherein the conmon digital
interface includes a nmultiplexer to receive data of

w0 b@7fld6834 core and data of the second core foPCT/US2007/063924
transm ssion on the shared interconnect. 15. The
system of claim 14, further conprising |ogic neans
coupltmg tﬁ@se‘lé'&@edrﬂélté thRd BRI contriéh AR@ LCintERABS fdr e first core and
emulating a wired OR interconnect. 16. A nethod

the seepnskdos¢ top shapaddaisdi ng data of a first core to a
common nul ti pl exer; providing data of a second core to
t hé7 c onba methadi qﬂcmnerl 6, Sethec tcpm]glstnl@pmatdmg)tﬁle idhte of the first

first core or.the data f the se for
coreyp S RS RHBIT S5 11 BRI CRRGBACE NG ERE Eepuprgiing the
data @&t debsRUDR: B 16O U&ﬁﬁloﬁ'ﬂﬁhﬁﬂlek&tﬁé 4 3&8nd Bhs @cﬁ@roﬁblr Stthe
core and the second core to a shared bus. 17.
secopgedisd of claim 16, further conprising providi ng the
data of the first core to the common nmultiplexer via a
fid8t blse owthadaiflebnmalf6, herefn seddctiog the @tedcqmnm’isiesipﬂ@orming a

.t dat a. ofth cond core.to the co n | t

wirc SR P Ridhie Bt B ILE it cofter d o Eb secbpg cofe from

the cbfindehApiQhr.cl ai m 16, wherein selecting the data
conprises performng a wired OR operation to out put
t hegdat 0
cord fram TRURE G P RAIRL il kg TpSGREPFine fir

coregind itlm d=8 off the s¢vend corpn iadegig gatewbupledip thb eomatoa nofltipleser.
first core and the data of the second core in a logic
gate. colpt etttliod dffetaimobarrthan bdmpﬁ@%@pmvﬂﬁhg d'dﬂaéoszBthlil@leore
of claim 16, further conprising providing data of

to thegpmgnasgpil il erandelertne Whaidatamt dxehrsheric %th@éﬁq%@ COffePr the
third @@ f c?fou{ﬂﬁ?ﬁ%hlrtﬁ% c&@hfo Qﬁulg Rx§econd core or the third

core tor output fromt e C n mul tipl exer.
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